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Preface

The Handbook of Proteins was conceived as a specialized
reference work designed to serve a wide range of
researchers and students in the molecular life sciences.
The two volumes draw on the rich resources of Wiley's
Encyclopedia of Life Sciences (ELS). First published online
in 2001, ELS now includes over 4,000 articles by eminent
scientists in every discipline related to Biology. However,
the very breadth and depth of information in ELS can be
daunting when the answer to a simple question is needed
quickly. This Handbook provides a focused and accessible
resource that assembles the more than 200 ELS articles
dealing with a topic of fundamental importance — the
proteins.

Proteins are involved in almost every function in a cell.
Every scientist and student interested in the molecular
underpinnings of life regularly finds themselves dealing
with proteins on some level. Understanding proteins is one
of the prerequisites for advanced study in any area of
biochemistry and molecular biology. This reference work
has been developed with those researchers and students in
mind.

There are few aspects of protein structure, function, or
chemistry that are not illuminated by one or more articles
in this volume. Numerous articles also provide an
introduction to almost every method used to purify
proteins, determine their structures and properties, and
catalogue them in databases. The emphasis placed on
methods has led to the inclusion of articles covering topics
from chromatography to crystallography to calorimetry to
centrifugation to circular dichroism. And that only covers
the Cs. Dozens of additional articles detail important
aspects of enzymatic catalysis and protein-ligand interac-
tions. Many others deal with protein structure. Our
goal has been to create a resource that will command a

How to use this book

Articles are divided into two categories indicating their
level of complexity: Introductory and Advanced. Intro-
ductory articles have been written primarily for

prominent place on the shelf of students and working
scientists, and that will encourage frequent retrieval.

The articles speak for themselves. The authors were
commissioned in recognition of their expertise, and all of
the articles were peer-reviewed. Many of the articles were
already a part of ELS. A few dozen were newly commis-
sioned or updated to make this work as complete a resource
as possible. An outstanding editorial staff helped to ensure
readability and quality.

The compilation of the Handbook before you was a team
effort, and would not have been possible without the work
and help of the following people. First, we thank the
Editorial Advisory Boards for the Biochemistry and
Structural Biology sections of ELS, Aseem Ansari, Samuel
Butcher, Perry Frey, Joachim Frank, Richard Gourse,
James Ntambi, and Olivier Lichtarge. These individuals
not only advised us in the selection of topics and potential
authors, but also read and reviewed significant numbers of
articles. We also thank the editors at John Wiley & Sons,
particularly Fionnuala Rose (Project Editor), Andrea
Baier (Commissioning Editor), and Kate Osborne
(Assistant Editor). We are sure we tested their patience
on more than one occasion, but Fionnuala, Andrea and
Kate kept the project on track and provided pleasant
encouragement and advice at all the right times.

Finally, we thank all of the authors for their splendid
contributions. The real joy of this project has come in
reading these many articles. They have provided hours of
informative inspiration for us, and we anticipate they will
do the same for the users of the Handbook.

Michael M. Cox and George N. Phillips, Jr.
Madison, Wisconsin
December 2007

undergraduates and non-specialists requiring the basic
concepts of a particular subject. Advanced articles provide
a more detailed discussion of specialist subjects, equivalent
to that found in graduate level texts.

XXi



Contents

Volume 1

Contributors
Preface
How to Use This Book

Introduction

History of Protein Chemistry
Graeme K Hunter

Protein Structure

Amino Acid Side Chain Hydrophobicity
Hig Sun Chan

Amino Acid Substitutions: Effects on Protein Stability
Zhiping Weng and Charles DeLisi

Evolution of Protein Domains
Corin A Yeats and Christine A Orengo

Hydrogen Bonds in Proteins: Role and Strength
Roderick E Hubbard

Hydrophobic Effect
Judith Herzfeld and Donald J Olbris

Hydrophobic Interactions in Proteins
Brian W Matthews

Immunoglobulin Fold: Structures of Proteins in the
Immunoglobulin Superfamily
Israel M Gelfand, Cyrus Chothia and Alexander E Kister

Mining Biological Databases
Jaime Prilusky

Molten Globule
Anthony L Fink

Peptide Bonds, Disulfide Bonds and Properties
of Small Peptides
Hiram F Gilbert

Peptides: Biological Activities of Small Peptides
Amram Mor

Primary Protein and Nucleic Acid Three-dimensional
Structure Databases
Philip E Bourne

Proline Residues in Proteins
Charles M Deber and Barbara Brodsky

23

32

37

45

51

58

60

66

73

81

86

Protein Databases
Gerritsen Vivienne Baillie and Bairoch Amos

Protein Denaturation and the Denatured State
Per Hammarstrom and Bengt-Harald Jonsson

Protein Design
Emmanuel Lacroix and Luis Serrano

Protein Family Databases
Nicola J Mulder

Protein Motifs: ATP-binding Motifs
Allan Matte and Louis TJ Delbaere

Protein Motifs: GTP-binding Loop
Guangpu Li

Protein Motifs: the Helix-Loop-Helix Motif
Fred Sablitzky

Protein Motifs: the Helix-Turn-Helix Motif
Brian W Matthews

Protein Motifs: the Leucine Zipper
Dmitry Krylov and Charles R Vinson

Protein Motifs: Zinc-fingers
David Gell, Merlin Crossley and Joel Mackay

Protein Quaternary Structure: Subunit-Subunit
Interactions
Susan Jones and Janet M Thornton

Protein Quaternary Structure: Symmetry
Patterns
Ronald E Stenkamp

Protein Secondary Structures: Prediction
John-Mare Chandonia

Protein Sequence Databases
Winona C Barker

Protein Stability
C Nick Pace and Gerald R Grimsley

Protein Structural Flexibility: Molecular Motions
Richard H Henchman and J Andrew McCammon

Protein Structure Classification

Frances MG Pearl, Christine A Orengo and Janet M

Thornton

92

98

105

109

114

118

123

127

132

138

143

149

154

159

162

166



Protein Structure: Unusual Covalent Bonds
Nancy L Scott and Juliette T J Lecomte

Protein Tertiary Structures: Prediction from Amino
Acid Sequences
Hongyu Zhang

Protein Unfolding and Denaturants
Lars Konermann

Protein: Cotranslational and Posttranslational
Moadification in Organelles
Doug A Brooks

Proteins: Fundamental Chemical Properties
Alain J Cozzone

Structural Databases of Biological Macromolecules
Helen M Berman

Unstructured Proteins
A Keith Dunker

Protein Synthesis
Chaperones, Chaperonin and Heat-Shock Proteins
Valerio Consalvi and Roberta Chiaraluce

Chaperonins
Valerio Consalvi and Roberta Chiaraluce

Codon Usage in Molecular Evolution
Richard L Grantham

Protein Folding In Vivo
Sarah Teter and F Ulrich Hartl

Protein Synthesis Inhibitors
D N Wilson, U Stelzl and Knud H Nierhaus

Protein Synthesis Initiation in Bacteria
Marianne Grunberg-Manago

Proteins: Postsynthetic Modification — Function and
Physical Analysis

Brigitte Wittmann-Liebold and Theodora Choli-
Papadopoulou

Protein Degradation

Amino Acid Degradation
Gary Sawers

Lysosomal Degradation of Proteins
J Fred Dice

Protease Complexes
Marion Schmidt and Daniel Finley

Vi

181

191

198

204

209

218

223

235

241

246

252

258

270

276

287

294

301

Proteases
Alan J Barrett and Neil D Rawlings

Ubiquitin Pathway
Y Amy Lam and Cecile M Pickart

Enzymes

Binding Constants: Measurement and Biological
Range
Donald J Winzor

Engineered Enzymes
Ben M Dunn

Enzymatic Rate Enhancements
Daniel M Quinn and R Steven Sikorski

Enzyme Activity: Control
Shorena Nadaraia, George J Yohrling IV, George C-T
Jiang, John M Flanagan and Kent E Vrana

Enzyme Classification and Nomenclature
Sinead Boyce and Keith F Tipton

Enzyme Kinetics: Steady State
W Wallace Cleland

Enzyme Kinetics: Transient Phase
Kenneth A Johnson

Enzyme Specificity and Selectivity
Lizbeth Hedstrom

Enzymes: General Properties
Timothy DH Bugg

Enzymes: Purification
Jerome Salem

Enzymes: The Active Site
Eman Ghanem and Frank M Raushel

Radical Enzymes
Britt-Marie Sjoberg and Margareta Sahlin

Substrate Binding to Enzymes
Viadimir K Pliska

Enzyme Activity
Acid—Base Catalysis by Enzymes
Anthony John Kirby

Binding and Catalysis
Michael D Toney

Covalent Nucleophilic Catalysis
George L Kenyon

311

318

327
333
340

347

355
365
370

376

390
396
403

417

429
436

441



