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This textbook is designed for an introductory course in
molecular biology. But what is molecular biology? The
definition of this elusive term depends on who is doing
the defining. In this book, I consider molecular biology to
be the study of genes and their activities at the molecular
level.

When I was a student in college and graduate school I
found that I became most excited about science, and
learned best, when the instructor emphasized the experi-
mental strategy and the data that led to the conclusions,
rather than just the conclusions themselves. Thus, when I
began teaching an introductory molecular biology course
in 1972, I adopted that teaching strategy and have used it
ever since. I have found that my students react as posi-
tively as I did.

One problem with this approach, however, was that
no textbook placed as great an emphasis on experimental
data as I would have liked. So I tried assigning reading
from the literature in lieu of a textbook. Although this
method was entirely appropriate for an advanced course,
it was a relatively inefficient process and not practical for
a first course in molecular biology. To streamline the
process, I augmented the literature readings with hand-
drawn cartoons of the data I wanted to present. Later,
when technology became available, I made transparencies
of figures from the journal articles. But I really wanted a
textbook that presented the concepts of molecular biol-
ogy, along with experiments that led to those concepts. I
wanted clear explanations that showed students the rela-
tionship between the experiments and the concepts. So, I
finally decided that the best way to get such a book would
be to write it myself. I had already coauthored a success-
ful introductory genetics text in which I took an experi-
mental approach—as much as possible with a book at
that level. That gave me the courage to try writing an en-
tire book by myself and to treat the subject as an adven-
ture in discovery.

Organization

The book begins with a four-chapter sequence that should
be a review for most students. Chapter 1 is a brief history
of genetics. Chapter 2 discusses the structure and chemi-
cal properties of DNA. Chapter 3 is an overview of gene
expression, and Chapter 4 deals with the nuts and bolts of
gene cloning. All these are topics that the great majority
of molecular biology students have already learned in an

xii

introductory genetics course. Still, students of molecular
biology need to have a grasp of these concepts and may
need to refresh their understanding of them. I do not deal
specifically with these chapters in class; instead, I suggest
students consult them if they need more work on these
topics. These chapters are written at a more basic level
than the rest of the book.

Chapter § describes a number of common techniques
used by molecular biologists. It would not have been pos-
sible to include all the techniques described in this book in
one chapter, so I tried to include the most common or, in
a few cases, valuable techniques that are not mentioned
elsewhere in the book. When I teach this course, I do not
present Chapter 5 as such. Instead, I refer students to it
when we first encounter a technique in a later chapter. I
do it that way to avoid boring my students with technique
after technique. I also realize that the concepts behind
some of these techniques are rather sophisticated, and the
students’ appreciation of them is much deeper after
they’ve acquired more experience in molecular biology.

Chapters 6-9 describe transcription in prokaryotes.
Chapter 6 introduces the basic transcription apparatus,
including promoters, terminators, and RNA polymerase,
and shows how transcripts are initiated, elongated, and
terminated. Chapter 7 describes the control of transcrip-
tion in three different operons, then Chapter 8 shows how
bacteria and their phages control transcription of many
genes at a time, often by providing alternative sigma fac-
tors. Chapter 9 discusses the interaction between prokary-
otic DNA-binding proteins, mostly helix-turn-helix pro-
teins, and their DNA targets.

Chapters 10-13 present control of transcription in eu-
karyotes. Chapter 10 deals with the three eukaryotic
RNA polymerases and the promoters they recognize.
Chapter 11 introduces the general transcription factors
that collaborate with the three RNA polymerases and
points out the unifying theme of the TATA-box-binding
protein, which participates in transcription by all three
polymerases. Chapter 12 explains the functions of gene-
specific transcription factors, or activators. This chapter
also illustrates the structures of several representative acti-
vators and shows how they interact with their DNA tar-
gets. Chapter 13 describes the structure of eukaryotic
chromatin and shows how activators can interact with
histones to activate or repress transcription.

Chapters 14-16 introduce some of the posttranscrip-
tional events that occur in eukaryotes. Chapter 14 deals



with RNA splicing. Chapter 15 describes capping and
polyadenylation, and Chapter 16 introduces a collection
of fascinating “other posttranscriptional events,” includ-
ing rRNA and tRNA processing, trans-splicing, and RNA
editing. This chapter also discusses two kinds of posttran-
scriptional control of gene expression: (1) RNA interfer-
ence; and (2) modulating mRNA stability (using the trans-
ferrin receptor gene as the prime example).

Chapters 17-19 describe the translation process in
both prokaryotes and eukaryotes. Chapter 17 deals with
initiation of translation, including the control of transla-
tion at the initiation step. Chapter 18 shows how
polypeptides are elongated, with the emphasis on elonga-
tion in prokaryotes. Chapter 19 provides details on the
structure and function of two of the key players in trans-
lation: ribosomes and tRNA.

Chapters 20-23 describe the mechanisms of DNA
replication, recombination, and translocation. Chapter
20 introduces the basic mechanisms of DNA replication
and repair, and some of the proteins (including the DNA
polymerases) involved in replication. Chapter 21 pro-
vides details of the initiation, elongation, and termina-
tion steps in DNA replication in prokaryotes and
eukaryotes. Chapters 22 and 23 describe DNA re-
arrangements that occur naturally in cells. Chapter 22
discusses homologous recombination and Chapter 23
deals with translocation.

Chapter 24 presents concepts of genomics and pro-
teomics. The chapter begins with an old-fashioned posi-
tional cloning story involving the Huntington disease gene
and contrasts this lengthy and heroic quest with the rela-
tive ease of performing positional cloning with the human
genome (and other genomes) in hand.

New to the Third Edition

One of the most obvious changes has been the addition
of Analytical Questions to each chapter (except Chap-
ter 1). I have always intended the Review Questions to
check students’ retention of the material in each chap-
ter, and the answers are readily available in the text and
figures. But many users of the book have asked me for
questions that require a bit more thought and extrapo-
lation beyond the presented material. That is the pur-
pose of the new Analytical Questions. I thank Marie
Pizzorno for her contribution to this new set of ques-
tions and welcome further contributions to expand
these questions in future editions.

Most of the chapters of this third edition have been
updated and include new information. Here are a few
highlights:

Chapter 6: A considerable amount of new structural
information has been added on prokaryotic RNA
polymerase, including new x-ray crystal structures of
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the prokaryotic RNA polymerase holoenzyme and of
the holoenzyme bound to DNA.

Chapter 7: The x-ray crystal structure of the complex
of lac DNA, CAP-cyclic AMP, and the a-CTD of
RNA polymerase shows exactly what part of the CAP
protein contacts the o-CTD.

Chapter 8: This chapter shows a new insight into how
transcription is controlled in bacterial cells infected
with A phage, including new evidence that shows how
NusA facilitates transcription termination by
facilitating the formation of a hairpin at the
terminator, and how the A N protein overrides
termination by inhibiting hairpin formation. Also, we
know how the heat shock o-factor appears so rapidly
after heat shock in E. coli: Elevated temperature melts
inhibitory secondary structure in the mRNA,
rendering it more accessible to ribosomes.

Chapter 10: New structural information on RNA
polymerase II and its mechanism is presented in
Chapter 10. For example: The structure of yeast
polymerase II at atomic resolution reveals a deep cleft
that can accept a linear DNA template from one end
to the other. The catalytic center, containing a Mg?*
ion, lies at the bottom of the cleft. A highly mobile
clamp appears to swing open to allow the DNA
template to enter the cleft.

Chapter 11: Chapter 11 examines a new class II
transcription elongation factor: Sometimes,
phosphorylation on serine 2 of the RNA polymerase II
CTD is also lost during elongation and that can cause
pausing of the polymerase. For elongation to begin
again, rephosphorylation of serine 2 of the CTD must
occur.

Chapter 12: This chapter presents new information on
insulators and insulator regulation, and new insights
into how transcription can be controlled by covalent
modifications, including ubiquitination and
sumoylation of transcription factors.

Chapter 13: A new concept of a histone code is
introducted in Chapter 13, with the interferon-f3
(INF-B) gene as an example. In principle, each
particular combination of methylations, acetylations,
phosphorylations, and ubiquitinations can send a
different message to the cell about activation or
repression of transcription.

Chapter 14: A minor class of introns with §'-splice
sites and branchpoints can be spliced with the help of
a variant class of snRNAs, including U11, U12,
U4atac, and U6atac.

Chapter 15: The CTD of the largest subunit of RNA
polymerase II serves as a platform for assembly of
factors that carry out capping, polyadenylation, and
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splicing. These factors come and go as needed, and the
phosphorylation state of the CTD can change as
transcription progresses. Also, new information on the
coupling of polyadenylation and transcription
termination is presented.

Chapter 16: We introduce a more widespread form of
RNA editing: Some adenosines in mRNAs of higher
eukaryotes, including fruit flies and mammals, must be
deaminated to inosine posttranscriptionally for the
mRNAs to code for the proper proteins. Enzymes
known as adenosine deaminases active on RNAs
(ADARs) carry out this kind of RNA editing.

Chapter 17: We introduce a new eukaryotic
translation initiation factor: This factor, eIFSB, is
homologous to the prokaryotic factor IF2. It resembles
IF2 in binding GTP and stimulating association of the
two ribosomal subunits.

Chapter 19: We examine another role for IF1 in
prokaryotic translation initiation: preventing
aminoacyl tRNAs from binding to the ribosomal A
site until the initiation phase is over.

Chapter 24: This chapter has seen the greatest change,
as befits such a rapidly evolving subdiscipline. The
proteomics part of the chapter has been expanded,
including new techniques to probe protein—protein
interactions. To relfect this expansion, the chapter has
been renamed Genomics and Proteomics. We have
also designed a short tutorial on the use of the NCBI
website including: querying the database for a
sequence match; finding information on a gene of
interest; and viewing the structure of a protein of
interest in three dimensions by rotating the structure
on the computer screen.

The genomics part of the chapter has also been
extensively revised. For example, the positional
cloning of the Huntington disease (HD) gene has been
moved to the beginning of the chapter as an
introduction to genomics to illustrate how laborious
such searches were before the genomics era. We also
present a hypothesis to explain why expansion of the
polyglutamine tract in huntingtin leads to the
deterioration of the central nervous system that
characterizes HD.

We also show that is is possible to define the
essential gene set of a simple organism by mutating
one gene at a time to see which genes are required for
life. In principle, it is also possible to define the
minimal genome—the set of genes that is the
minimum required for life.

Supplements

A presentation CD-ROM contains digital files for all
of the line art, tables, and photographs in the text in
an easy-to-use format. This format is compatible with
either PC or Macintosh.
Text-Specific Website
The following website, specific to this text, provides
access to digital image files, updates, and web links for
both students and instructors. Separate message
boards for both instructor and student discussion are
also available:

www.mhhe.com/weaver3
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GUIDE TO EXPERIMENTAL TECHNIQUES

IN MOLECULAR BIOLOGY

Technique Chapter Page Technique Chapter Page
Activity gel assay 13 405 Gel mobility shift assay S 123
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Allele-specific RNAi 18 624 Gene cloning with M13 phage vectors - 70
Autoradiography N 96 Gene cloning with phagemid vectors 4 70
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c¢DNA cloning 4 74 Gene cloning with plasmid vectors 4 62
Chromatin immunoprecipitation (ChIP) 13 410 Gene cloning with BACs 24 816
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CsCl gradient ultracentrifugation 20 666 G-less cassette transcription S 118
Designing a probe by protein Hybridization 2 39,
microsequencing 18 619 Hybridization competition 6 133
Detecting DNA .bending by Hydroxyl radical probing 18 625
electrophc?reéls / e In situ hybridization 5 104
DMS footprinting 3 124 . e
; Ak Inactivation of transcription by
DNA fingerprinting 5 101 ultraviolet irradiation 16 520
DNA helicase assay 20 677 Ion-exchange chromatography 5 95
DNA microarrays 24 830 Isoelectric focusing %) 94
DNA microchips 24 830 Knockout mice L 126
DNA sequencing (automated) S 105 Linker scanning mutagenesis 10 289
DNA sequencing (Sanger chain Liquid scintillation counting 5 98
termmz?tlon) 2 109 Microsatellites 24 818
DN 178 ‘“3 e 3 14 Nick translation 4 74
DNA—protem.cr(')sslmklng 6 157 Nosthers llang 5 103
DNas'e ,fOOtp pngng 4 124 Oligonucleotide-directed RNA
End-filling S 115 degradation 14 439
Epitope tagging 10 276 Oligonucleotide probe design 4 71
Exon trapping 24 806 Phosphorimaging 5 97
Expressed sequence tags (ESTs) 24 820 Plaque hybridization 4 69
Expression vectors 4 A Polymerase chain reaction (PCR) 4 72
Far Western blotting 15 497 Positional cloning 24 805
Filter-binding assay (DNA-pr otein Posttranscriptional gene silencing 16 535
interaction) 5 122 Pri ;

) . i rimer extension S, 116
Fmgerprmtlng (p 'roteln) o # o Protein fingerprinting 3 54
Fluores.cer‘lce in 31tu. hybridization (FISH) 5 104 Protein fuseseliiting 21 730
Footprinting (p roFem) s S Pulse-chase labeling 16 526
Gel electrophores%s (DNA,) 3 #h Pulsed-field gel electrophoresis (PFGE) 5 93
Gel e.lectr(.>phor651s (protein) 5 93 Radintion B e 24 319
Gel filtration chromatography 5 95
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xvii

Technique Chapter Page Technique Chapter Page
Rapid amplification of cDNA ends SDS-PAGE (protein) S 93
(RACE) 4 78 Sequence-tagged sites (STSs) 24 818
Replica plating 4 63 Serial analysis of gene expression (SAGE) 24 834
Reporter gene transcription assay S 119 Shotgun sequencing 24 815
Restriction fragment length Site-directed mutagenesis 5 112
polymorphisms (RFLPs) 24 805 Southesn Hlotdg 5 99
ResiHetion Mmapping 5 107 Stopped-flow kinetic assay 18 610
Reverse transcriptase PCR (RT-PCR) 4 74 Symtliesio lethal seresn 14 451
R'lo"pmg . 223 Toeprinting 17 569
RNA helicase assay 17 568 :
) . Topoisomerase assay 20 682
RNA interference (RNAI) 16 535 Transformation 2 18
RNA-RNA cross-linking (with 4-thioU) 14 434 . . .
- . Two-dimensional gel electrophoresis 5 94
RNA-RNA cross-linking (with psoralen) 14 435 Ulbsaesntrifupation ) 18
RNase mappmg (RNase protection assay) S 116 Variahle sumber tandem repeats
Run-off transcription 5 117 (VNTRs) 24 817
Run-on transcription 5 119 X-ray crystallography 9 244
$1 mapping S 114 Yeast two-hybrid assay 14 452
Screen 4 63 Yeast two-hybrid screen 14 453
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