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Biotechnology has made the world a different place. Biotechnology has made it possible

to identify the genetic causes behind many different inherited diseases. Biotechnology has
made it possible for people to survive to a much higher population density by providing
more food per acre. The advent of modern molecular biology and genetics has advanced our
understanding of the genomes of a wide range of organisms from viruses and bacteria to trees
and humans. The application of this knowledge has revolutionized the sciences, changing
them from a descriptive nature to a variety of disciplines that provide new products such as
drugs, vaccines, and foods.

——

Biotechnology has opened doors to making proteins with new functions, and even new
biochemical pathways with altered products. With new proteins and new biochemical
pathways, it seems only logical to find ways to incorporate the new functions into crops,
into animals, and, it is hoped, into people with genetically based illnesses. Only a short
time ago, agriculturists largely relied on green fingers to get good yields; today they use
green fluorescent protein to assess gene expression in transgenic crops. The ability to make
such direct changes will result in major changes for the future. Will biotechnology find the
proverbial fountain of youth by identifying the molecular changes that cause us to age or
develop cancer? Will it change the way we treat diseases? Will the way we wage war change
with the development of new biological agents?

Biotechnology: Applying the Genetic Revolution explains how the information from the genetic
revolution is being used to answer some of these questions. It informs the reader about Xv
the many avenues where biotechnology has changed the original field of study. The first

few chapters provide a clear and concise review of the basics of molecular biology. These
topics are explained in more detail in the first book of this series, entitled Molecular Biology:
Understanding the Genetic Revolution. This review will take the student through the basics,
including DNA structure, gene expression, and protein synthesis, as well as survey the variety
of organisms used in biotechnology research. The student is then presented with the basic
methodologies used in biotechnology research. Chapter 3 explains how nucleic acids are
isolated, cloned into humanmade genetic vehicles, and then reinserted into one of the
model organisms for in-depth analysis. The next two chapters discuss in more detail various
techniques that have been developed to investigate the function of genes. Chapter 4 focuses
on DNA, dealing with both in vivo and in vitro synthesis of DNA and the polymerase chain
reaction. Chapter 5 focuses on RNA, explaining antisense technology, RNA interference,

and ribozymes. Familiarity with these chapters is critical to understanding the rest of the
textbook.

The remaining chapters focus on different fields of research, presenting some of the ways the
genetic revolution has irreversibly changed these areas. Chapter 6 begins this approach by
presenting newer techniques to generate antibodies for genetic research and for creating new
vaccines. Chapter 7 delves into a different realm, one based on the nanoscale. This chapter
evaluates how molecular biology will be changed by the ability of scientists to work in the
nanoscale world. It discusses how scientists are using novel nanoscale structures to deliver
drugs, identify biological molecules in situ, and manufacture antibacterial materials. The
chapter illustrates how nanobiotechnology exploits the self-assembly property of DNA to
create nanodevices. It shows how DNA can physically control the shape of proteins. This new
field of research is intimately intertwined with molecular biology and will only become a
stronger component of molecular biology courses in the future.
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Preface

The next section returns to the more familiar world of genomics and proteomics. These
chapters emphasize the applied aspect of these topics and discuss the medical applications
of advances in genomics and proteomics. The proteomics chapter includes a variety of
techniques used to isolate and characterize proteins, including the more recent developments
in mass spectrometry. Proteomics provides a nice segue to the next chapter, which surveys
how proteins are studied by expressing them in various organisms and cultured cells. The
creation of proteins with novel properties by protein engineering follows.

Because single genetically modified proteins have their limitations, Chapter 12 moves

from the lab to the environment and presents the emerging field of metagenomics. This
approach bypasses the traditional method of identifying new genes one at a time from model
organisms in the laboratory. Instead, metagenomics skips directly to isolating genomic
sequences from the environment without identifying the organism from which they originate.
The investigation of novel gene functions continues in Chapter 13. Biochemical pathways
may be altered using recombinant DNA technology, and this chapter presents a few of these
novel pathways. Construction of novel proteins and biochemical pathways is pointless unless
they can be inserted into plants and animals. So the next two chapters present the student
with the latest advances in creating transgenic plants and animals.

The next block of chapters focuses on the medical arena. First, in Chapter 16, the molecular
basis for inherited defects is examined. This leads into the following chapter on gene therapy.
Several chapters then present the molecular basis of cancer, a selection of noninfectious
diseases, such as erectile dysfunction, diabetes, and obesity, and then aging. Last, molecular
biology has made huge strides in our understanding of bacterial and viral diseases. In
Chapter 21 and Chapter 22, the student will learn how bacteria and viruses exploit our
cellular machinery to cause disease. The latest research on the unusual prion diseases, such
as mad cow disease and Creutzfeldt-Jakob disease, is also covered. Chapter 23 builds on

the knowledge of bacterial and viral pathogenesis to present a survey of biowarfare and
bioterrorism.

Chapter 24 surveys how the field of forensics has been altered by the genetic revolution. The
way criminals are identified via molecular biology has changed the penal system irreversibly.
New cases, old cases, and unsolved cases are all now examined with DNA testing which is
more accurate and reliable than previous identification methods. The use of DNA in criminal
investigation has even spawned popular television series that showcase these advances and
their effect on society. As the book comes to a close in Chapter 25, the subject of bioethics is
presented. Rather than discussing scientific methodology, this chapter asks questions about
the role of these methodologies in society. Should we use the genetic revolution to clone a
human, create transgenic crops, do research on human stem cells? Should our genetic identity
be open to the public domain?

Biotechnology: Applying the Genetic Revolution demonstrates many different ways in which
advances in technology and the revolution in molecular biology have merged. The combined
ability to process large volumes of information along with analyzing our bodies and other
organisms with infinitesimal precision has and will continue to change our society, our ethics,
and our personal surroundings. This book gives the student a basic knowledge of some of
those changes that have already occurred, with the hope that they will be able to apply this
knowledge toward future advances.
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INTRODUCTION

MODERN BIOTECHNOLOGY RELIES ON ADVANCES IN
MOLECULAR BIOLOGY AND COMPUTER TECHNOLOGY

Traditional biotechnology goes back thousands of years. It includes the selective breeding
of livestock and crop plants as well as the invention of alcoholic beverages, dairy products,
paper, silk, and other natural products. Only in the past couple of centuries has genetics
emerged as a field of scientific study. Recent rapid advances in this area have in turn allowed
the breeding of crops and livestock by deliberate genetic manipulation rather than trial

and error. The so-called green revolution of the period from 1960 to 1980 applied genetic
knowledge to natural breeding and had a massive impact on crop productivity in particular.
Today, plants and animals are being directly altered by genetic engineering.

New varieties of several plants and animals have already been made, and some are in
agricultural use. Animals and plants used as human food sources are being engineered to
adapt them to conditions that were previously unfavorable. Farm animals that are resistant
to disease and crop plants that are resistant to pests are being developed in order to increase
yields and reduce costs. The impact of these genetically modified organisms on other species
and on the environment is presently a controversial issue.

Modern biotechnology applies not only modern genetics but also advances in other sciences.
For example, dealing with vast amounts of genetic information depends on advances

in computing power. Indeed, the sequencing of the human genome would have been
impossible without the development of ever more sophisticated computers and software.

It is sometimes claimed that we are in the middle of two scientific revolutions, one in
information technology and the other in molecular biology. Both involve handling large
amounts of encoded information. In one case the information is humanmade, or at any

rate man-encoded, and the mechanisms are artificial; the other case deals with the genetic
information that underlies life.

However, there is a third revolution that is just emerging—nanotechnology. The development
of techniques to visualize and manipulate atoms individually or in small clusters is opening
the way to an ever-finer analysis of living systems. Nanoscale techniques are now beginning to
play significant roles in many areas of biotechnology.

This raises the question of what exactly defines biotechnology. To this there is no real answer.
A generation ago, brewing and baking would have been viewed as biotechnology. Today,

the application of modern genetics or other equivalent modern technology is usually seen

as necessary for a process to count as “biotechnology.” Thus, the definition of biotechnology
has become partly a matter of fashion. In this book, we regard (modern) biotechnology as
resulting in a broad manner from the merger of classical biotechnology with modern genetics,
molecular biology, computer technology, and nanotechnology.

The resulting field is of necessity large and poorly defined. It includes more than just
agriculture: it also affects many aspects of human health and medicine, such as vaccine
development and gene therapy. We have attempted to provide a unified approach that is
based on genetic information while at the same time indicate how biotechnology has begun
to sprawl, often rather erratically, into many related fields of human endeavor.
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Inherited Defects

FIGURE1.1
Inheritance of
Recessive Mutations
A defective mutation
usually occurs in only one
copy of a gene. Therefore,
most affected individuals
will have one normal copy
(A) and one mutated copy
(@) of the gene. When two
people, both carrying a
recessive mutation in the
same gene, have children,
25% of the children will
inherit both mutant copies
and exhibit the disease.

A)
Aa

Aa AA Aa

OEO

AA

B) Standardized symbols for a family tree

D = males
O = females

INTRODUCTION

Genetic defects vary from trivial to life threatening. Although we tend to think of inherited
conditions such as diabetes and muscular dystrophy as diseases, we often refer to cleft
palates or color blindness as inherited defects. However, they are all the result of mutations
in DNA, the genetic material. Not only are some diseases directly caused by mutations,

but susceptibility to infectious disease and other damaging environmental factors, such as
radiation, is also influenced by a variety of genes.

Precise rates of mutation are difficult to estimate, but for humans and apes, the mutation rate
is around 5.0 x 10+ per kilobase of DNA per generation. For rodents, the rate is some 10-fold
less because fewer cell divisions are needed to form gametes from ancestral germ cells. Thus

a considerable number of mutations are constantly accumulating in the germline of humans
and other animals. Most of these have little or no effect, but a small percentage give rise to
serious hereditary defects. A full listing of human hereditary defects, known as OMIM (Online
Mendelian Inheritance in Man), is available on the Internet at http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?db=OMIM.

Mutations in the human genome are responsible for a wide variety of inherited defects and diseases.

HEREDITARY DEFECTS IN HIGHER ORGANISMS

If the DNA of a single-celled organism is mutated, the mutation will be passed on to all of
its descendants when it divides. The situation in multicelled creatures is more complex. In
animals, the germline cells are reserved for reproductive purposes and give rise to the eggs
and sperm in mature adults. The somatic cells forming the rest of the body are not passed
on to the next generation (seeVol. 1 Ch.1). However, mutation of somatic cells is involved in
cancer, which is dealt with separately inVol. 5 Ch.3 .

Higher organisms such as animals and plants are normally
diploid and have two copies (i.e., two alleles) of each gene.
Therefore, if one copy is damaged by a mutation, the other
copy can compensate for the loss. Because most mutations

Aa | AA are relatively rare, it is unlikely that both alleles of the same
gene will carry mutations. Furthermore, most detrimental
mutations are recessive to the wild type (Fig. 1.1 and

Aa AA Table 1.1 ). That is, a single functional allele is sufficient

for normal growth and the defective copy has no noticeable
effect on the phenotype.

Nonetheless, we humans all have quite a few mutations
randomly scattered among our 25,000 genes. Obviously,
close relatives tend to share many defects. Individuals share
half of their genetic information with their brothers, sisters,
father, and mother, although, of course, not the same half
with each of them. Therefore, a child from the mating of
close relatives (for example, as in brother/sister or father/
daughter), has a much increased chance of getting two

aa Aa

= mati ; : .
;"rzdl‘ﬁing copies of 'the same de.fect, that is of being homozygous for
L b ected mdividual 2malesand  the recessive allele (Fig. 1.2 ).
8
(shading) 1 female )
Mating between close relatives, even cousins, makes
- = deceased genetic disease more likely. This is because a rare recessive
= incestuous i
D=O i allele present in one ancestor may be passed down

both sides of the family and two copies may end up



