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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 1 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 molecutar 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, 1 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
finally decided that the best way to get such a book would
be to write it myself. | 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
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. 1 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
lecture on 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 prokaryortes.
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 four different operons, then Chapter 8 shows how
bacterta 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 eukaryortic
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 rar-
gets. Chapter 13 describes the structure of eukaryortic
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
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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-
terrin 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 mechanism of DNA replication, and
some of the proteins (including the DNA polymerases) in-
volved in replication. Chapter 21 provides details of the
initiation, elongation, and termination steps in DNA
replication in prokaryotes and eukaryotes. Chapters 22
and 23 describe DNA rearrangements that occur naturally
in cells. Chapter 22 discusses homologous recombination
and Chapter 23 deals with site-specific recombination and
translocation,

New to the Second Edition

After the Introduction, all the chapters of this second edi-
tion have been extensively updated and include new infor-
mation. Three major expansions of the first edition are
evident:

* First, Chapter 24 on genomics is new. Since the first
edition appeared, the total sequences of many complex
genomes have been obtained, including the genomes of
a worm, a fly, and a mustard plant. We even have a
rough drafr of the human genome, and a polished
human genome sequence is on the horizon. These
historic developments have already begun to
revolutionize molecular biology. Now we can examine

the activities of all the genes in an organism at once
and see how they respond to various perturbations,
including development and disease. The sequence of
any genetic loci, including those involved in disease
states, is instantly available from the sequence
database. Genomes of related organisms can be
compared to detect the effects of evolution and to
pinpoint conserved DNA sequences that are likely to
be keys to the function of gene products.

* Second, Chapter 22 of the first edition has been split
in two (Chapters 22 and 23). Trying to force all of
recombination and translocation into one chapter did
not allow for enough treatment of either topic. Now
Chapter 22 is devoted exclusively to homologous
recombination, so the mechanism of that vital process
can be analyzed in detail. A new discussion of meiotic
recombination in yeast has also been added.

Chapter 23 covers site-specific recombination—with

A integration and excision as the major example—and
translocation. The translocation section has been
considerably expanded and now includes new
discussions of retroviruses, non-LTR retrotransposons
such as LINES, nonautonomous retrotransposons such
as Alu elements, and transposable group Il introns.

® Third, Chapter 20 includes a new section on DNA
damage and repair. These are important elements of
molecular biology, and they also play a major role in
human disease, especially cancer.

Supplements

* Visual Resource Library
The presentation CD-ROM contains digital files for
all of the line art, tables, and most of the 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/weaver2



In writing this book, I have been aided immeasurably by the advice of many editors and reviewers. They have contributed
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biguities. For those, I take full responsibility. I would like to thank the following people for their help.

Second Edition Reviewers
Anne Britt
University of California,
Davis
Mark Bolyard
Southern llinois University
M. Suzanne Bradshaw
University of Cincinnati
Robert Brunner
University of California,
Berkeley
Stephen J. D’Surney
University of Mississippi
Caroline J. Decker
Washington State
University
Jeffery DeJong
University of Texas, Dallas
John S. Graham
Bowling Green State
University
Ann Grens
Indiana University
Ulla M. Hansen
Boston University
Laszlo Hanzely
Northern Illinois University
Robert B. Helling
University of Michigan
Martinez J. Hewlett
University of Arizona
David C. Hinkle
University of Rochester
Barbara C. Hoopes
Colgate University
Richard B. Imberski
University of Maryland
Cheryl Ingram-Smith
Pennsylvania State
University
Alan Kelly
University of Oregon

Robert N. Leamnson
University of
Massachusetts, Dartmouth
Karen A. Malatesta
Princeton University

Robert P. Metzger

San Diego State University
David A. Mullin

Tulane University

Brian K. Murray

Brigham Young University
Michael A. Palladino
Monmouth University

James G. Patton
Vanderbilt University

Martha Peterson
University of Kentucky
Marie Pizzorno
Bucknell University
Florence Schmieg
University of Delaware

Zhaomin Yang
Auburn University

First Edition Reviewers
Rodney P. Anderson

Obio Northern University
Kevin L. Anderson
Mississippi State University

Prakash H. Bhuta
Eastern Washington
University

Dennis Bogyo

Valdosta State University
Richard Crawford
Trinity College
Christopher A. Cullis

Case Western Reserve
Unijversity

Beth De Stasio
Lawrence University

R. Paul Evans

Brigham Young University
Edward R. Fliss

Missouri Baptist College
Michael A. Goldman

San Francisco State
University

Robert Gregerson

Lyon College

Eileen Gregory

Rollins College

Barbara A. Hamkalo
University of California,
Irvine

Mark L. Hammond
Campbell University
Terry L. Helser

State University of New
York, Oneonta

Carolyn Herman
Southwestern College
Andrew S. Hopkins
Alverno College

Carolyn Jones

Vincennes University
Teh-Hui Kao
Pennsylvania State
University

Mary Evelyn B. Kelley
Wayne State University
Harry van Keulen
Cleveland State University
Leo Kretzner

University of South Dakota
Charles J. Kunert
Concordia University
Robert N. Leamnson
University of
Massachusetts, Dartmouth
James D. Liberatos
Louisiana Tech University

Cran Lucas

Louisiana State University
James ]J. McGivern
Gannon University

James E. Miller

Delaware Valley College
Robert V. Miller
Oklahoma State University
George S. Mourad
Indiana University-Purdue
University

David A. Mullin

Tulane University

James R, Pierce

Texas A&'M University,
Kingsville

Joel B. Piperberg
Millersville University
John E. Rebers

Northern Michigan
University

Florence Schmieg
University of Delaware
Brian R. Shmaefsky
Kingwood College

Paul Keith Small

Eureka College

David J. Stanton

Saginaw Valley State
University

Francis X. Steiner
Hillsdale College

Amy Cheng Vollmer
Swarthmore College
Dan Weeks

University of Iowa
David B. Wing

New Mexico Institute of
Mining & Technology

xVil



About the Author vi
Preface xv
Acknowledgments xvii

Guide to Experimental Techniques in Molecular
Biology xviii

ntroductlon

1 A Brief History 1
2 The Molecular Nature of Genes 16
3 An Introduction to Gene Function 38

PART {1 '
Methods in Molecular Blology

4 Molecular Cloning Methods 59

5 Molecular Tools for Studying Genes and Gene
Activity 91

 PART i1

Transcnptlon in Prokaryotes

6 The Transcription Apparatus of Prokaryotes 133

7 Operons: Fine Control of Prokaryotic
Transcription 175

8 Major Shifts in Prokaryotic Transcription 205
9 DNA-Protein Interactions in Prokaryotes 231

PART IV

Transcription in Eukaryotes

10 Eukaryotic RNA Polymerases and Their
Promoters 261

11  General Transcription Factors in Eukaryotes 297

12 Transcription Activators in Eukaryotes 342

13 Chromatin Structure and Its Effects
on Transcription 380

Posttranscriptional Events

14
15

16

Posttranscriptional Events I: Splicing 418

Posttranscriptional Events II: Capping
and Polyadenylation 462

Posttranscriptional Events III: Other Events 497

Translation

17
18

19

The Mechanism of Translation I: Initiation 528

The Mechanism of Translation II: Elongation
and Termination 567

Ribosomes and Transfer RNA 606

DNA Replication, Recombination,
and Transposition
20

21
22
23

DNA Replication I: Basic Mechanism
and Enzymology 642

DNA Replication II: Detailed Mechanism 684
Homologous Recombination 717

Site-Specific Recombination and Transposition 747

Genomes

24

Genomics 784

Glossary 819
Index 842



About the Author vi
Preface xv

Acknowledgments  xvii

Guide to Experimental Techniques in Molecular
Biology xviii

Introduction

CHAPTER 1

A Brief History 1

1.1  Transmission Genetics 2

Mendel’s Laws of Inheritance 2

The Chromosome Theory of Inheritance 3

Genetic Recombination and Mapping 3§

Physical Evidence for Recombination 10
1.2  Molecular Genetics 10

The Discovery of DNA 10

The Composition of Genes 10

The Relationship Between Genes and Proteins 11

Activities of Genes 11

Box 1.1 Celt Structure 4

Box 1.2 Cell Cycle and Mitosis 6

Box 1.3 Meiosis 8

CHAPTER 2

The Molecular Nature of Genes 16
2.1 The Nature of Genetic Material 17

Transformation in Bacteria 17
The Chemical Nature of Polynucleotides 19
2.2 DNA Structure 23
Experimental Background 23
The Double Helix 23
2.3  Genes Made of RNA 27
2.4  Physical Chemistry of Nucleic Acids 27
A Variety of DNA Structures 27
DNAs of Various Sizes and Shapes 34

CHAPTER 3

An Introduction to Gene
Function 38

31

3.2
3.3

Storing Information 39
Overview of Gene Expression 39
Protein Structure 39

Protein Function 44

Discovery of Messenger RNA 45
Transcription 46

Translation 49

Replication 54

Mutations 54

Sickle Cell Disease 55

Methods in Molecular Biology

CHAPTER 4

Molecular Cloning Methods 59

4.1

4.2

4.3

Gene Cloning 60

The Role of Restriction Endonucleases 60

Vectors 63

Identifying a Specific Clone with a Specific Probe 72
The Polymerase Chain Reaction 73

¢DNA Cloning 75

Methods of Expressing Cloned Genes 79
Expression Vectors 80

Other Eukaryotic Vectors 85

Using the Ti Plasmid to Transfer Genes to Plants 85
Box 4.1 Jurassic Park: More than a Fantasy? 76

CHAPTER 5

Molecular Tools for Studying Genes
and Gene Activity 91

5.1

Molecular Separations 92
Gel Electrophoresis 92
Two-Dimensional Gel Electrophoresis 95



5.2

53

5.4

5.5

5.6

5.7

Ion-Exchange Chromatography 95

Gel Filtration Chromatography 96
Labeled Tracers 97

Autoradiography 97

Phosphorimaging 98

Liquid Scintillation Counting 99
Nonradioactive Tracers 99

Using Nucleic Acid Hybridization 99

Southern Blots: Identifying Specific DNA
Fragments 100

DNA Fingerprinting and DNA Typing 102

Forensic Uses of DNA Fingerprinting and DNA
Typing 102

DNA Sequencing 105
Restriction Mapping 110

Protein Engineering with Cloned Genes: Site-Directed
Mutagenesis 112

Mapping and Quantifying Transcripts 115
S1 Mapping 115
Primer Extension 117

Run-off Transcription and G-less Cassette
Transcription 118

Measuring Transcription Rates in Vivo 120
Nuciear Run-on Transcription 120

Reporter Gene Transcription 121

Assaying DNA-Protein Interactions 122
Filter Binding 122

Gel Mobility Shift 124

DNase Footprinting 125

DMS Footprinting and Other Footprinting
Methods 125

Knockouts 127

Transcription in Prokaryotes

CHAPTER 6
The Transcription Apparatus
of Prokaryotes 133
6.1 RNA Polymerase Structure 134
o as a Specificity Factor 134
6.2 Promoters 137
Binding of RNA Polymerase to Promoters 137
Promoter Structure 140
6.3  Transcription Initiation 141

The Function of ¢ 141

Extent of Polymerase Binding to Promoters 146

6.4

6.5

Contents ix

Structure of 6 147

Destabilizing Nonspecific Polymerase-DNA
Interactions 151

The Role of the a Subunit in UP Element
Recognition 152

Elongation 154

Core Polymerase Functions in Elongation 154
The Role of o in Polymerase Assembly 159
Structure of the Elongation Complex 160
Termination of Transcription 165
Rho-Independent Termination 165
Rho-Dependent Termination 168

CHAPTER 7

Operons: Fine Control of Prokaryotic
Transcription 175

7.1

7.2

7.3

7.4

The lac Operon 176

Negative Control of the lac Operon 176
Discovery of the Operon 178

Repressor-Operator Interactions 180

The Mechanism of Repression 181

Positive Control of the lac Operon 184
Mechanism of CAP Action 186

The mal Regulon 191

The Role of CAP in the mal Regulon 191
Evidence for the Role of CAP in the mal Regulon 192
The ara Operon 193

The ara Operon Repression Loop 194

Evidence for the ara Operon Repression Loop 194
Autoregulation of araC 197

The trp Operon 197

Tryptophan’s Role in Negative Control of the trp
Operon 198

Control of the trp Operon by Attenuation 198
Defeating Attenuation 199

CHAPTER 8

Major Shifts in Prokaryotic
Transcription 205

8.1
8.2

8.3

Modification of the Host RNA Polymerase 206

The RNA Polymerase Encoded in
Phage T7 208

Control of Transcription during
Sporulation 208



X

8.4

8.5
8.6

Contents

Genes with Multiple Promoters 211

The B. subtilis spoVG Gene 211

The Anabaena Glutamine Sythetase Gene 213

The E. coli ginA Gene 213

The E. coli Heat Shock Genes 214

Infection of E. coli by Phage A 215

Lytic Reproduction of Phage A 215

Establishing Lysogeny 220

Autoregulation of the ¢I Gene During Lysogeny 223

Determining the Fate of a A Infection: Lysis or
Lysogeny 226

Lysogen Induction 228

CHAPTER 9

DNA-Protein Interactions

in Prokaryotes

9.1

9.2

9.3

924

231

The A Family of Repressors 232

High-Resolution Analysis of A Repressor-Operator
Interactions 238

High-Resolution Analysis of Phage 434
Repressor-Operator Interactions 241

The trp Repressor 244
The Role of Tryptophan 245

General Considerations on Protein-DNA
Interactions 247

Hydrogen Bonding Capabilities of the Four Different
Base Pairs 247

The Role of DNA Shape in Specific Binding to
Proteins 249

The Importance of Multimeric DNA-Binding
Proteins 250

DNA-Binding Proteins: Action at a
Distance 250

The gal Operon 250

Duplicated A Operators 250

The lac Operon 254

Enhancers 255

Box 9.1 X-Ray Crystallography 234

Transcription in Eukaryotes

CHAPTER 10

Eukaryotic RNA Polymerases

and Their Promoters

10.1

10.2

10.3

261

Multiple Forms of Eukaryotic RNA
Polymerase 262

Indications of Multiple Eukaryotic Polymerases 262
Separation of the Three Nuclear Polymerases 262
The Roles of the Three RNA Polymerases 264
RNA Polymerase Subunit Structures 266
Promoters 279

Class Il Promoters 279

Class I Promoters 286

Class Il Promoters 288

Enhancers and Silencers 291

Enhancers 291

Silencers 291

CHAPTER 11

General Transcription Factors

in Eukaryotes

11.1

11.2

297

Class II Factors 298

The Class II Preinitiation Complex 298
Structure and Function of TFIID 301

Structure and Function of TFIIA and TFIB 312
Structure and Function of TFIIF 315

Structure and Function of TFIIE and TFIIH 316
Elongation Factors 322

The Polymerase Il Holoenzyme 324

Class I Factors 325

SL1 325

UBF 328

Structure and Function of SL1 329



11.3

Class III Factors 331
TFIIA 332

TFIUB and C 332

The Role of TBP 334

CHAPTER 12

Transcription Activators

in Eukaryotes

12.1

12.2

12.3

12,4

12.5

12.6

342

Categories of Activators 343
DNA-Binding Domains 343
Transcription-Activating Domains 343

Structure of the DNA-Binding Motifs of
Activators 344

Zinc Fingers 344

The GAL4 Protein 346

The Nuclear Receptors 348

Homeodomains 350

The bZIP and bHLH Domains 351

Independence of the Domains of Activators 352
Functions of Activators 354

Recruitment of TFIID 354

Recruitment of TFIIB 355

Recruitment of Other General Transcription
Factors 358

Recruitment of the Holoenzyme 359
Interaction among Activators 360
Dimerization 361

Action at a Distance 362

Multiple Enhancers 365

Architectural Transcription Factors 367
Insulators 369

Mediators 371

Regulation of Transcription Factors 374
Signal Transduction Pathways 374

Contents xi

CHAPTER 13

Chromatin Structure and Its Effects
on Transcription 380

13.1
13.2

13.3

Histones 381

Nucleosomes 382

The Nucleosome Filament 385

The 30-nm Fiber 386

The Role of Histone H1 in Chromatin Folding 388
Higher Order Chromatin Folding 388

Chromatin Structure and Gene Activity 390

The Effects of Histones on 55 rRNA Gene
Transcription 390

The Effects of Histones on Transcription of Class II
Genes 393

Nucleosome Positioning 397

Histone Acetylation 403

Histone Deacetylation 405

Chromatin Remodeling 408

Heterochromatin and Silencing 409
Nucleosomes and Transcription Elongation 410

Posttranscriptional Events

CHAPTER 14

Posttranscriptional Events I:
Splicing 418

14.1

14.2

Genes in Pieces 419

Evidence for Split Genes 419

RNA Splicing 420

Splicing Signals 421

The Mechanism of Splicing of Nuclear mRNA
Precursors 422

A Branched Intermediate 422

A Signal at the Branch 427

Spliccosomes 428



xii Contents

Snurps 430
Spliceosome Assembly and Function 439
Alternative Splicing 448
14.3  Self-Splicing RNAs 450
Group I Introns 451
Group Il Introns 454
14.4 (RNA Splicing 456

CHAPTER 15

Posttranscriptional Events II: Capping

and Polyadenylation 462

15.1 Capping 463
Cap Structure 463
Cap Synthesis 464
Functions of Caps 467
15.2  Polyadenlation 470
Poly(A) 470
Function of Poly(A) 471
Basic Mechanism of Polyadenylation 474
Polyadenylation Signals 476

Cleavage and Polyadenylation of a Pre-mRNA 481

Poly(A) Polymerase 485
Turnover of Poly{A) 487

15.3  The Effects of the Cap and Poly(A)
on Splicing 490
Dependence of Splicing on the Cap 490
Effect of Poly(A) on Splicing 491

CHAPTER 16

Posttranscriptional Events III:
Other Events 497

16.1 Ribosomal RNA Processing 498
Eukaryotic rRNA Processing 498
Prokaryotic IRNA Processing 501

16.2  Transfer RNA Processing 502
Cutting Apart Polycistronic Precursors 502
Forming Mature 5-Ends 502
Forming Mature 3’-Ends 503

16.3  Trans-Splicing 505
The Mechanism of Trans-Splicing 505

Polycistronic Arrangement of Coding Regions
in Trypanosomes 507

16.4 RNA Editing 509
Mechanism of Editing 510

16.5  Posttranscriptional Control of Gene
Expression 513

Casein mRNA Stability 513
Transferrin Receptor mRNA Stability 514

16.6  Posttranscriptional Gene Silencing (RNA
Interference) 520

Translation

CHAPTER 17

The Mechanism of Translation I:
Initiation 528

17.1  Initiation of Translation in Prokaryotes 529
tRNA Charging 529
Dissociation of Ribosomes 529
Formation of the 30S Initiation Complex 534
Formation of the 70S Initiation Complex 542

Summary of Initiation in Prokaryotes 544
17.2  Initiation in Eukaryotes 545

The Scanning Model of Initiation 545

Eukaryotic Initiation Factors 550

Overview of Translation Initiation in Eukaryotes 550
17.3  Control of Initiation 556

Prokaryotic Translation Control 556

Eukaryotic Translation Control 557

CHAPTER 18

The Mechanism of Translation II:

Elongation and Termination 567
18.1  The Direction of Polypeptide Synthesis and
of mRNA Translation 568
18.2  The Genetic Code 569
Nonoverlapping Codons 570
No Gaps in the Code 570
The Triplet Code 571
Breaking the Code 571

Unusual Base Pairs Between Codon and
Anticodon 573

The (Almost) Universal Code 574

18.3  The Elongation Mechanism 576
Overview of Elongation 576
A Three-site Model of the Ribosome 578

Elongation Step 1: Binding an Aminoacyl-tRNA to the
A Site of the Ribosome 580




Elongation Step 2: Peptide Bond Formation 586
Elongation Step 3: Translocation 589
The Structures of EF-Tu and EF-G 593
GTPases and Translation 593
18.4  Termination 594
Termination Codons 594
Stop Codon Suppression 597
Release Factors 597

CHAPTER 19

Ribosomes and Transfer RNA 606

19.1 Ribosomes 607
Gross Ribosomal Structure 607
Fine Structure of the 708 Ribosome 608
Ribosome Composition 612
Ribosome Assembly 613
Fine Structure of the 308 Subunit 614
Fine Structure of the 508 Subunit 621
Polysomes 625

19.2  Transfer RNA 626
The Discovery of tRNA 626
tRNA Structure 626

Recognition of tRNA by Amincacyl-tRNA Synthetase:

The Second Genetic Code 631

Proofreading and Editing by Aminoacyl-tRNA
Synthetases 635

DNA Replication, Recombination,
and Transposition

CHAPTER 20

DNA Replication I: Basic Mechanism
and Enzymology 642

26.1  General Features of DNA Replication 643
Semiconservative Replication 643
Semidiscontinuous Replication 645
Priming of DNA Synthesis 648
Bidirectional Replication 649
Unidirectional Replication 652
Rolling Circle Replication 653

20.2  Enzymology of DNA Replication 654
Strand Separation 654
Single-strand DNA-binding Proteins 655

203

Contents

Topoisomerases 659

Three DNA Polymerases in E. coli 661
Fidelity of Replication 667

Mulitple Eukaryotic DNA Polumerases 667
DNA Damage and Repair 668

Damage Caused by Alkylation of Bases 668
Damage Caused by Ultraviolet Radiation 669
Damage Caused by Gamma and X-Rays 670
Directly Undoing DNA Damage 670
Excision Repair in Prokaryotes 671

Excision Repair in Eukaryotes 672
Mismatch Repair 675

Failure of Mismatch Repair in Humans 675

can

Coping with DNA Damage without Repairing It 676

CHAPTER 21

DNA Replication II: Detailed
Mechanism 684

211
21.2

21.3

214

Speed of Replication 685
Initiation 686

Priming in E. coli 686
Priming in Eukaryotes 689
Elongation 694

The Pol 11l Holoenzyme and Processivity of
Replication 694

Termination 705
Decatenation: Disentangling Daughter DNAs 706
Termination in Eukaryotes 708

Box 21.1 Telomeres, the Hayflick Limit, and
Cancer 712

CHAPTER 22

Homologous Recombination 717

22.1

222

Models for Homologous Recombination 718
The Holliday Model 718

The Meselson-Radding Model 719

The RecBCD Pathway 720

Experimental Support for the RecBCD
Pathway 722

RecA 722
RecBCD 726
RuvA and RuvB 729
RuvC 734



