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Preface

The modern biologist takes almost for granted the rich repertoire of
tools currently available for manipulating virtually any gene or protein of
interest. Paramount among these operations is the construction of fusions.
The tactic of generating gene fusions to facilitate analysis of gene expression
has its origins in the work of Jacob and Monod more than 35 years ago.
The fact that gene fusions can create functional chimeric proteins was
demonstrated shortly thereafter. Since that time, the number of tricks for
splicing or inserting into a gene product various markers, tags, antigenic
epitopes, structural probes, and other elements has increased explosively.
Hence, when we undertook assembling a volume on the applications of
chimeric genes and hybrid proteins in modern biological research, we con-
sidered the job a daunting task.

To assist us with producing a coherent work, we first enlisted the aid
of an Advisory Committee, consisting of Joe Falke, Stan Fields, Brian Seed,
Tom Silhavy, and Roger Tsien. We benefited enormously from their ideas,
suggestions, and breadth of knowledge. We are grateful to them all for
their willingness to participate at the planning stage and for contributing
excellent and highly pertinent articles.

A large measure of the success of this project is due to the enthusiastic
responses we received from nearly all of the prospective authors we ap-
proached. Many contributors made additional suggestions, and quite a
number contributed more than one article. Hence, it became clear early
on that given the huge number of applications of gene fusion and hybrid
protein technology—for studies of the regulation of gene expression, for
lineage tracing, for protein purification and detection, for analysis of protein
localization and dynamic movement, and a plethora of other uses—it would
not be possible for us to cover this subject comprehensively in a single
volume, but in the resulting three volumes, 326, 327, and 328.

Volume 326 is devoted to methods useful for monitoring gene expres-
sion, for facilitating protein purification, and for generating novel antigens
and antibodies. Also in this volume is an introductory article describing
the genesis of the concept of gene fusions and the early foundations of this
whole approach. We would like to express our special appreciation to
Jon Beckwith for preparing this historical overview. Jon’s description is
particularly illuminating because he was among the first to exploit gene
and protein fusions. Moreover, over the years, he and his colleagues have
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continued to develop the methodology that has propelled the use of fusion-
based techniques from bacteria to eukaryotic organisms. Volume 327 is
focused on procedures for tagging proteins for immunodetection, for using
chimeric proteins for cytological purposes, especially the analysis of mem-
brane proteins and intracellular protein trafficking, and for monitoring and
manipulating various aspects of cell signaling and cell physiology. Included
in this volume is a rather extensive section on the green fluorescent protein
(GFP) that deals with applications not covered in Volume 302. Volume
328 describes protocols for using hybrid genes and proteins to identify
and analyze protein—protein and protein—nucleic interactions, for mapping
molecular recognition domains, for directed molecular evolution, and for
functional genomics.

We want to take this opportunity to thank again all the authors who
generously contributed and whose conscientious efforts to maintain the high
standards of the Methods in Enzymology series will make these volumes of
practical use to a broad spectrum of investigators for many years to come.
We have to admit, however, that, despite our best efforts, we could not
include each and every method that involves the use of a gene fusion or a
hybrid protein. In part, our task was a bit like trying to bottle smoke because
brilliant new methods that exploit the fundamental strategy of using a
chimeric gene or protein are being devised and published daily. We hope,
however, that we have been able to capture many of the most salient and
generally applicable procedures. Nonetheless, we take full responsibility
for any oversights or omissions, and apologize to any researcher whose
method was overlooked.

Finally, we would especially like to acknowledge the expert assistance
of Joyce Kato at Caltech, whose administrative skills were essential in
organizing these books.

JEREMY THORNER
Scort D. EMR
JonN N. ABELSON



METHODS IN ENZYMOLOGY

VoLuME L. Preparation and Assay of Enzymes
Edited by SIDNEY P. CoLowick AND NATHAN O. KAPLAN

VoLuME II. Preparation and Assay of Enzymes
Edited by SIDNEY P. CoLowicKk AND NATHAN O. KAPLAN

VoruME III. Preparation and Assay of Substrates
Edited by SIDNEY P. CoLowicK AND NATHAN O. KAPLAN

VoLuME IV. Special Techniques for the Enzymologist
Edited by SIDNEY P. CoLowick AND NATHAN O. KAPLAN

VoOLUME V. Preparation and Assay of Enzymes
Edited by SIDNEY P. CoLowick AND NATHAN O. KAPLAN

VoLUME VI. Preparation and Assay of Enzymes (Continued)
Preparation and Assay of Substrates

Special Techniques

Edited by SIDNEY P. CoLowick AND NATHAN O. KAPLAN

VoruME VII. Cumulative Subject Index
Edited by SIDNEY P. CoLowick AND NATHAN O. KAPLAN

VoruME VIII. Complex Carbohydrates
Edited by ELizABETH F. NEUFELD AND VICTOR GINSBURG

VoLuME IX. Carbohydrate Metabolism
Edited by WiLLIs A. WooD

VoLuME X. Oxidation and Phosphorylation
Edited by RoNALD W. ESTABROOK AND MAYNARD E. PULLMAN

VoLuME XI. Enzyme Structure
Edited by C. H. W. Hirs

VoruME XII. Nucleic Acids (Parts A and B)
Edited by LAWRENCE GROSSMAN AND KI1vIE MOLDAVE

VoruME XIII. Citric Acid Cycle
Edited by J. M. LOWENSTEIN

VoruME XIV. Lipids
Edited by J. M. LOWENSTEIN

VoLuME XV. Steroids and Terpenoids
Edited by RaymonD B. CLAYTON

VoLuME XVI. Fast Reactions
Edited by KENNETH KUSTIN

XiX



XX METHODS IN ENZYMOLOGY

VoLuME XVII. Metabolism of Amino Acids and Amines (Parts A and B)
Edited by HERBERT TABOR AND CELIA WHITE TABOR

VorLuME XVIII. Vitamins and Coenzymes (Parts A, B, and C)
Edited by DoNALD B. McCorMICK AND LEMUEL D. WRIGHT

VoLuME XIX. Proteolytic Enzymes
Edited by GERTRUDE E. PERLMANN AND LAszLO LORAND

VoLuME XX. Nucleic Acids and Protein Synthesis (Part C)
Edited by KiviE MOLDAVE AND LAWRENCE GROSSMAN

VoruME XXI. Nucleic Acids (Part D)
Edited by LAWRENCE GROsSMAN AND KivIE MOLDAVE

VorLuME XXII. Enzyme Purification and Related Techniques
Edited by WiLLiaM B. JAKOBY

VoLuME XXIII. Photosynthesis (Part A)
Edited by ANTHONY SAN PIETRO

VorLuME XXIV. Photosynthesis and Nitrogen Fixation (Part B)
Edited by ANTHONY SAN PIETRO

VoLuMmE XXV. Enzyme Structure (Part B)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLuME XXVI. Enzyme Structure (Part C)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VorLuME XXVII. Enzyme Structure (Part D)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VorLuME XXVIII. Complex Carbohydrates (Part B)
Edited by VicTorR GINSBURG

VoruME XXIX. Nucleic Acids and Protein Synthesis (Part E)
Edited by LAWRENCE GROSSMAN AND KIVIE MOLDAVE

VoLuME XXX. Nucleic Acids and Protein Synthesis (Part F)
Edited by KiviE MOLDAVE AND LAWRENCE GROSSMAN

VoLuME XXXI. Biomembranes (Part A)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VoLuMmE XXXII. Biomembranes (Part B)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VoLuME XXXIII. Cumulative Subject Index Volumes [-XXX
Edited by MARTHA G. DENNIS AND EDWARD A. DENNIS

VoLuME XXXIV. Affinity Techniques (Enzyme Purification: Part B)
Edited by WiLLiaM B. JAKOBY AND MEIR WILCHEK

VoLuMmE XXXV. Lipids (Part B)
Edited by JoHN M. LOWENSTEIN



METHODS IN ENZYMOLOGY XX1

VoLuME XXXVI. Hormone Action (Part A: Steroid Hormones)
Edited by BERT W. O’MALLEY AND JOEL G. HARDMAN

VoLuME XXXVII. Hormone Action (Part B: Peptide Hormones)
Edited by BERT W. O’MALLEY AND JOEL G. HARDMAN

VorLuMmE XXXVIII. Hormone Action (Part C: Cyclic Nucleotides)
Edited by JoEL G. HARDMAN AND BERT W. O’MALLEY

VoLuME XXXIX. Hormone Action (Part D: Isolated Cells, Tissues, and Organ
Systems)
Edited by JoEL G. HARDMAN AND BERT W. O’MALLEY

VorLuME XL. Hormone Action (Part E: Nuclear Structure and Function)
Edited by BERT W. O'MALLEY AND JOEL G. HARDMAN

VoLuME XLI. Carbohydrate Metabolism (Part B)
Edited by W. A. Woob

VoruMmE XLII. Carbohydrate Metabolism (Part C)
Edited by W. A. Woob

VorLuME XLIII. Antibiotics
Edited by Joun H. Hasn

VoLuME XLIV. Immobilized Enzymes
Edited by KLaus MosBACH

VoLuME XLV. Proteolytic Enzymes (Part B)
Edited by L.aszLo LORAND

VoruME XLVI. Affinity Labeling
Edited by WiLLIaAM B. JAKOBY AND MEIR WILCHEK

VorumE XLVII. Enzyme Structure (Part E)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoruME XLVIIIL Enzyme Structure (Part F)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoruME XLIX. Enzyme Structure (Part G)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLuME L. Complex Carbohydrates (Part C)
Edited by VicTOR GINSBURG

VoLuME LI. Purine and Pyrimidine Nucleotide Metabolism
Edited by PaTrICIA A. HOFFEE AND MARY ELLEN JONES

VoLuMmE LII. Biomembranes (Part C: Biological Oxidations)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VoruMmE LIII. Biomembranes (Part D: Biological Oxidations)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VoLuME LIV. Biomembranes (Part E: Biological Oxidations)
Edited by SIDNEY FLEISCHER AND LESTER PACKER



xxii METHODS IN ENZYMOLOGY

VoLuME LV. Biomembranes (Part F: Bioenergetics)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VoLuME LVI. Biomembranes (Part G: Bioenergetics)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VorLuME LVII. Bioluminescence and Chemiluminescence
Edited by MARLENE A. DELuca

VorumMmE LVIIIL. Cell Culture
Edited by WiLLiaM B. JAKOBY AND IRA PAsTAN

VoruME LIX. Nucleic Acids and Protein Synthesis (Part G)
Edited by KiviE MOLDAVE AND LAWRENCE GROSSMAN

VoruME LX. Nucleic Acids and Protein Synthesis (Part H)
Edited by KiviE MOLDAVE AND LAWRENCE GROSSMAN

VoLuME 61. Enzyme Structure (Part H)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLUME 62. Vitamins and Coenzymes (Part D)
Edited by DoNnaLD B. McCormICK AND LEMUEL D. WRIGHT

VoLuME 63. Enzyme Kinetics and Mechanism (Part A: Initial Rate and Inhibitor
Methods)
Edited by DaNIEL L. PURICH

VoLUME 64. Enzyme Kinetics and Mechanism (Part B: Isotopic Probes and Com-
plex Enzyme Systems)
Edited by DaNIEL L. PUuricH

VoLUME 65. Nucleic Acids (Part I)
Edited by LAWRENCE GROSSMAN AND KiviE MOLDAVE

VoLUME 66. Vitamins and Coenzymes (Part E)
Edited by DoNaLD B. McCorMICK AND LEMUEL D. WRIGHT

VoLuME 67. Vitamins and Coenzymes (Part F)
Edited by DoNnaLD B. McCorMICK AND LEMUEL D. WRIGHT

VoLUME 68. Recombinant DNA
Edited by Ray Wu

VoLUME 69. Photosynthesis and Nitrogen Fixation (Part C)
Edited by ANTHONY SAN PIETRO

VoLuME 70. Immunochemical Techniques (Part A)
Edited by HELEN VAN VUNAKis AND JOHN J. LANGONE

VoLuMmE 71. Lipids (Part C)
Edited by JoHN M. LOWENSTEIN

VoLuMmE 72. Lipids (Part D)
Edited by JoHN M. LOWENSTEIN



METHODS IN ENZYMOLOGY xxiil

VoLuME 73. Immunochemical Techniques (Part B)
Edited by JouN J. LANGONE AND HELEN VAN VUNAKIS

VoLuME 74. Immunochemical Techniques (Part C)
Edited by JouN J. LANGONE AND HELEN VAN VUNAKIS

VoLuME 75. Cumulative Subject Index Volumes XXXI, XXXII, XXXIV-LX
Edited by EDWARD A. DENNIS AND MARTHA G. DENNIS

VoLuME 76. Hemoglobins
Edited by ERALDO ANTONINI, LUIGT ROSSI-BERNARDI, AND EMILIA CHIANCONE

VoLuME 77. Detoxication and Drug Metabolism
Edited by WiLLIAM B. JAKOBY

VoLuME 78. Interferons (Part A)
Edited by SIDNEY PESTKA

VoLuME 79. Interferons (Part B)
Edited by SIDNEY PESTKA

VoLuME 80. Proteolytic Enzymes (Part C)
Edited by LaszLo LORAND

VoLuME 81. Biomembranes (Part H: Visual Pigments and Purple Mem-
branes, I)
Edited by LESTER PACKER

VoLuME 82. Structural and Contractile Proteins (Part A: Extracellular Matrix)
Edited by LEoNn W. CUNNINGHAM AND DixiE W. FREDERIKSEN

VoLuME 83. Complex Carbohydrates (Part D)
Edited by VicTOR GINSBURG

VoLuME 84. Immunochemical Techniques (Part D: Selected Immunoassays)
Edited by JouN J. LANGONE AND HELEN VAN VUNAKIS

VoLuME 85. Structural and Contractile Proteins (Part B: The Contractile Appara-
tus and the Cytoskeleton)
Edited by DixiE W. FREDERIKSEN AND LEON W. CUNNINGHAM

VoLUME 86. Prostaglandins and Arachidonate Metabolites
Edited by WiLLiaM E. M. LaNDs aND WiLLIAM L. SMITH

VoLuME 87. Enzyme Kinetics and Mechanism (Part C: Intermediates, Stereo-
chemistry, and Rate Studies)
Edited by DANIEL L. PURICH

VoLuMmE 88. Biomembranes (Part I: Visual Pigments and Purple Mem-
branes, II)
Edited by LESTER PACKER

VoLUME 89. Carbohydrate Metabolism (Part D)
Edited by WiLLis A. WooD

VoLuME 90. Carbohydrate Metabolism (Part E)
Edited by WiLLIs A. WooD



XX1V METHODS IN ENZYMOLOGY

VoLuME 91. Enzyme Structure (Part I)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLUME 92. Immunochemical Techniques (Part E: Monoclonal Antibodies and
General Immunoassay Methods)
Edited by JouN J. LANGONE AND HELEN VAN VUNAKIS

VoLuME 93. Immunochemical Techniques (Part F: Conventional Antibodies, Fc
Receptors, and Cytotoxicity)
Edited by JonN J. LANGONE AND HELEN VAN VUNAKIS

VoLUME 94. Polyamines
Edited by HERBERT TABOR AND CELIA WHITE TABOR

VoLUME 95. Cumulative Subject Index Volumes 61-74, 76-80
Edited by EDWARD A. DENNIS AND MARTHA G. DENNIS

VoLUME 96. Biomembranes [Part J: Membrane Biogenesis: Assembly and Tar-
geting (General Methods; Eukaryotes)]
Edited by SIDNEY FLEISCHER AND BEccaA FLEISCHER

VoLuME 97. Biomembranes [Part K: Membrane Biogenesis: Assembly and Tar-
geting (Prokaryotes, Mitochondria, and Chloroplasts)]
Edited by SIDNEY FLEISCHER AND BEccA FLEISCHER

VoLUME 98. Biomembranes (Part L: Membrane Biogenesis: Processing and Re-
cycling)
Edited by SIDNEY FLEISCHER AND BEcca FLEISCHER

VoLUME 99. Hormone Action (Part F: Protein Kinases)
Edited by JAckiE D. CorBIN AND JOEL G. HARDMAN

VoLuME 100. Recombinant DNA (Part B)
Edited by Ray Wu, LAWRENCE GROSSMAN, AND KiviE MOLDAVE

VoLuME 101. Recombinant DNA (Part C)
Edited by Ray Wu, LAWRENCE GROSSMAN, AND KiviE MOLDAVE

VoLuME 102. Hormone Action (Part G: Calmodulin and Calcium-Binding Pro-
teins)
Edited by ANTHONY R. MEANs AND BERT W. O’MALLEY

VorLumE 103. Hormone Action (Part H: Neuroendocrine Peptides)
Edited by P. MicHAEL CONN

VoLuME 104. Enzyme Purification and Related Techniques (Part C)
Edited by WiLLiaM B. JAKOBY

VoLuME 105. Oxygen Radicals in Biological Systems
Edited by LESTER PACKER

VoLuME 106. Posttranslational Modifications (Part A)
Edited by Finn WoLp AND Ki1vIE MOLDAVE

VoLuMmE 107. Posttranslational Modifications (Part B)
Edited by Finn WoLDp AND Ki1vIE MOLDAVE



METHODS IN ENZYMOLOGY XXV

VoruME 108. Immunochemical Techniques (Part G: Separation and Characteriza-
tion of Lymphoid Cells)

Edited by Grovanni D1 SABATO, JOHN J. LANGONE, AND

HEeLEN VAN VuNaKiIs

VoLuME 109. Hormone Action (Part I: Peptide Hormones)
Edited by Lutz BIRNBAUMER AND BERT W. O’MALLEY

VoruME 110. Steroids and Isoprenoids (Part A)
Edited by Jonn H. Law anD Hans C. RiLLING

VoLuME 111. Steroids and Isoprenoids (Part B)
Edited by Jonn H. Law anD Hans C. RiLLING

VoLUME 112. Drug and Enzyme Targeting (Part A)
Edited by KENNETH J. WIDDER AND RALPH GREEN

VoLuME 113. Glutamate, Glutamine, Glutathione, and Related Compounds
Edited by ALTON MEISTER

VoLuME 114. Diffraction Methods for Biological Macromolecules (Part A)
Edited by HArRoLD W. Wyckorr, C. H. W. Hirs, AND SERGE N. TIMASHEFF

VoruME 115. Diffraction Methods for Biological Macromolecules (Part B)
Edited by HArRoLD W. Wyckorr, C. H. W. Hirs, AND SERGE N. TIMASHEFF

VoLuME 116. Immunochemical Techniques (Part H: Effectors and Mediators of
Lymphoid Cell Functions)

Edited by Giovanni D1 SABATO, JOHN J. LANGONE, AND HELEN VAN

VUNAKIS

VoruME 117. Enzyme Structure (Part J)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLuME 118. Plant Molecular Biology
Edited by ARTHUR WEISSBACH AND HERBERT WEISSBACH

VoLuME 119. Interferons (Part C)
Edited by SIDNEY PESTKA

VorLuME 120. Cumulative Subject Index Volumes 81-94, 96-101

VoLuME 121. Immunochemical Techniques (Part I: Hybridoma Technology and
Monoclonal Antibodies)
Edited by JouN J. LANGONE AND HELEN VAN VUNAKIS

VoLuME 122. Vitamins and Coenzymes (Part G)
Edited by FRANK CHYTIL AND DoNALD B. McCormIck

VoLuME 123. Vitamins and Coenzymes (Part H)
Edited by FRaANK CHYTIL AND DoNALD B. McCormick

VoLUME 124. Hormone Action (Part J: Neuroendocrine Peptides)
Edited by P. MicHAEL CONN



XXVi METHODS IN ENZYMOLOGY

VoLUME 125. Biomembranes (Part M: Transport in Bacteria, Mitochondria, and
Chloroplasts: General Approaches and Transport Systems)
Edited by SIDNEY FLEISCHER AND BEccA FLEISCHER

VoLUME 126. Biomembranes (Part N: Transport in Bacteria, Mitochondria, and
Chloroplasts: Protonmotive Force)
Edited by SIDNEY FLEISCHER AND BEccaA FLEISCHER

VoLUME 127. Biomembranes (Part O: Protons and Water: Structure and Translo-
cation)
Edited by LESTER PACKER

VoLuMmE 128. Plasma Lipoproteins (Part A: Preparation, Structure, and Molecu-
lar Biology)
Edited by JERE P. SEGREST AND JOHN J. ALBERS

VoLuME 129. Plasma Lipoproteins (Part B: Characterization, Cell Biology, and
Metabolism)
Edited by JouN J. ALBERS AND JERE P. SEGREST

VoruME 130. Enzyme Structure (Part K)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLuME 131. Enzyme Structure (Part L)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLuME 132. Immunochemical Techniques (Part J: Phagocytosis and Cell-Medi-
ated Cytotoxicity)
Edited by Giovanni D1 SABATO AND JOHANNES EVERSE

VoLUME 133. Bioluminescence and Chemiluminescence (Part B)
Edited by MARLENE DELuUcCA aAND WiLLiaAM D. McELROY

VoLuME 134. Structural and Contractile Proteins (Part C: The Contractile Appa-
ratus and the Cytoskeleton)
Edited by RicHARD B. VALLEE

VoLuME 135. Immobilized Enzymes and Cells (Part B)
Edited by KLaus MOSBACH

VoLUME 136. Immobilized Enzymes and Cells (Part C)
Edited by KLaus MosBACH

VoLuME 137. Immobilized Enzymes and Cells (Part D)
Edited by KLaus MosBACH

VoLuMmE 138. Complex Carbohydrates (Part E)
Edited by VICTOR GINSBURG

VoLuME 139. Cellular Regulators (Part A: Calcium- and Calmodulin-Binding
Proteins)
Edited by ANTHONY R. MEANS AND P. MicHAEL CONN

VoLuME 140. Cumulative Subject Index Volumes 102-119, 121-134



METHODS IN ENZYMOLOGY XXVil

VoLUME 141. Cellular Regulators (Part B: Calcium and Lipids)
Edited by P. MicHAEL CONN AND ANTHONY R. MEANS

VoLUME 142. Metabolism of Aromatic Amino Acids and Amines
Edited by SEYMOUR KAUFMAN

VoLuME 143. Sulfur and Sulfur Amino Acids
Edited by WiLLiaM B. JAKOBY AND OWEN GRIFFITH

VoLUME 144. Structural and Contractile Proteins (Part D: Extracellular Matrix)
Edited by LEoN W. CUNNINGHAM

VoLuMmE 145. Structural and Contractile Proteins (Part E: Extracellular Matrix)
Edited by LEoN W. CUNNINGHAM

VoLUME 146. Peptide Growth Factors (Part A)
Edited by DAvID BARNES AND DAVID A. SIRBASKU

VoLUME 147. Peptide Growth Factors (Part B)
Edited by DAvVID BARNES AND DAVID A. SIRBASKU

VoLuME 148. Plant Cell Membranes
Edited by LESTER PACKER AND RorLAND DoOUCE

VoLUME 149. Drug and Enzyme Targeting (Part B)
Edited by RaLprH GREEN AND KENNETH J. WIDDER

VoLuME 150. Immunochemical Techniques (Part K: In Vitro Models of B and T
Cell Functions and Lymphoid Cell Receptors)
Edited by Giovanni D1 SABATO

VoLUME 151. Molecular Genetics of Mammalian Cells
Edited by MicHAEL M. GOTTESMAN

VoLuME 152. Guide to Molecular Cloning Techniques
Edited by SHELBY L. BERGER AND ALAN R. KiMMEL

VoLUME 153. Recombinant DNA (Part D)
Edited by RaAy Wu AND LAWRENCE GROSSMAN

VoLUME 154. Recombinant DNA (Part E)
Edited by RaAy Wu AND LAWRENCE GROSSMAN

VoLuME 155. Recombinant DNA (Part F)
Edited by Ray Wu

VoLUME 156. Biomembranes (Part P: ATP-Driven Pumps and Related Trans-
port: The Na,K-Pump)
Edited by SIDNEY FLEISCHER AND BEccA FLEISCHER

VoLUME 157. Biomembranes (Part Q: ATP-Driven Pumps and Related Trans-
port: Calcium, Proton, and Potassium Pumps)
Edited by SIDNEY FLEISCHER AND BEccA FLEISCHER

VoLuME 158. Metalloproteins (Part A)
Edited by JAMEs F. RIORDAN AND BERT L. VALLEE



XXViil METHODS IN ENZYMOLOGY

VoLUME 159. Initiation and Termination of Cyclic Nucleotide Action
Edited by JackiE D. CORBIN AND ROGER A. JOHNSON

VoLuME 160. Biomass (Part A: Cellulose and Hemicellulose)
Edited by WiLL1s A. Woob AND ScotT T. KELLOGG

VoLUME 161. Biomass (Part B: Lignin, Pectin, and Chitin)
Edited by WiLLis A. Woob AND ScotT T. KELLOGG

VoLUME 162. Immunochemical Techniques (Part L: Chemotaxis and Inflam-
mation)
Edited by Giovanni D1 SABATO

VoLuME 163. Immunochemical Techniques (Part M: Chemotaxis and Inflam-
mation)
Edited by Giovanni D1 SABATO

VoLUME 164. Ribosomes
Edited by HARRY F. NOLLER, JR., AND KIVIE MOLDAVE

VoLUME 165. Microbial Toxins: Tools for Enzymology
Edited by SIDNEY HARSHMAN

VoLUME 166. Branched-Chain Amino Acids
Edited by ROBERT HARRIS AND JOHN R. SokATCH

VoLuME 167. Cyanobacteria
Edited by LESTER PACKER AND ALEXANDER N. GLAZER

VoLuME 168. Hormone Action (Part K: Neuroendocrine Peptides)
Edited by P. MicHAEL CONN

VoLUME 169. Platelets: Receptors, Adhesion, Secretion (Part A)
Edited by JACEK HAWIGER

VoLuME 170. Nucleosomes
Edited by PAuL M. WASSARMAN AND ROGER D. KORNBERG

VoLuME 171. Biomembranes (Part R: Transport Theory: Cells and Model Mem-
branes)
Edited by SIDNEY FLEISCHER AND BEcca FLEISCHER

VoLUME 172. Biomembranes (Part S: Transport: Membrane Isolation and Char-
acterization)
Edited by SIDNEY FLEISCHER AND BEccA FLEISCHER

VoLUME 173. Biomembranes [Part T: Cellular and Subcellular Transport: Eukary-
otic (Nonepithelial) Cells]
Edited by SIDNEY FLEISCHER AND BEccaA FLEISCHER

VoLUME 174. Biomembranes [Part U: Cellular and Subcellular Transport: Eu-
karyotic (Nonepithelial) Cells]
Edited by SIDNEY FLEISCHER AND BEcca FLEISCHER

VoLuME 175. Cumulative Subject Index Volumes 135-139, 141-167



METHODS IN ENZYMOLOGY XXIX

VoLuME 176. Nuclear Magnetic Resonance (Part A: Spectral Techniques and Dy-
namics)
Edited by NORMAN J. OPPENHEIMER AND THOMAS L. JAMES

VoLuME 177. Nuclear Magnetic Resonance (Part B: Structure and Mechanism)
Edited by NORMAN J. OPPENHEIMER AND THOMAS L. JAMES

VoLUME 178. Antibodies, Antigens, and Molecular Mimicry
Edited by JouN J. LANGONE

VoLuME 179. Complex Carbohydrates (Part F)
Edited by VicTOR GINSBURG

VoLuME 180. RNA Processing (Part A: General Methods)
Edited by JAMEs E. DAHLBERG AND JOHN N. ABELSON

VoLuME 181. RNA Processing (Part B: Specific Methods)
Edited by JaMES E. DAHLBERG AND JOHN N. ABELSON

VoLuME 182. Guide to Protein Purification
Edited by MURRAY P. DEUTSCHER

VoLuME 183. Molecular Evolution: Computer Analysis of Protein and Nucleic
Acid Sequences
Edited by RusseLL F. DOOLITTLE

VoLuME 184. Avidin—Biotin Technology
Edited by MEIR WILCHEK AND EDWARD A. BAYER

VoLuME 185. Gene Expression Technology
Edited by DAaviD V. GOEDDEL

VoLuME 186. Oxygen Radicals in Biological Systems (Part B: Oxygen Radicals
and Antioxidants)
Edited by LESTER PACKER AND ALEXANDER N. GLAZER

VoLuME 187. Arachidonate Related Lipid Mediators
Edited by RoBERT C. MURPHY AND FRANK A. FITZPATRICK

VoLuME 188. Hydrocarbons and Methylotrophy
Edited by Mary E. LiIDSTROM

VoLuME 189. Retinoids (Part A: Molecular and Metabolic Aspects)
Edited by LESTER PACKER

VoLuMmE 190. Retinoids (Part B: Cell Differentiation and Clinical Applications)
Edited by LESTER PACKER

VoLuME 191. Biomembranes (Part V: Cellular and Subcellular Transport: Epithe-
lial Cells)
Edited by SIDNEY FLEISCHER AND BEccA FLEISCHER

VoLUME 192. Biomembranes (Part W: Cellular and Subcellular Transport: Epi-
thelial Cells)
Edited by SIDNEY FLEISCHER AND BEccaA FLEISCHER



XXX METHODS IN ENZYMOLOGY

VoLUME 193. Mass Spectrometry
Edited by JaAMEs A. McCLOSKEY

VoLUME 194. Guide to Yeast Genetics and Molecular Biology
Edited by CHRISTINE GUTHRIE AND GERALD R. FINk

VoLuME 195. Adenylyl Cyclase, G Proteins, and Guanylyl Cyclase
Edited by ROGER A. JOHNSON AND JACKIE D. CORBIN

VoLUME 196. Molecular Motors and the Cytoskeleton
Edited by RicHARD B. VALLEE

VoLuME 197. Phospholipases
Edited by EDWARD A. DENNIS

VoLuME 198. Peptide Growth Factors (Part C)
Edited by DAvVID BARNES, J. P. MATHER, AND GORDON H. SATO

VoLUME 199. Cumulative Subject Index Volumes 168-174, 176-194

VoLuME 200. Protein Phosphorylation (Part A: Protein Kinases: Assays, Purifica-
tion, Antibodies, Functional Analysis, Cloning, and Expression)
Edited by ToNy HUNTER AND BARTHOLOMEW M. SEFTON

VoLuME 201. Protein Phosphorylation (Part B: Analysis of Protein Phosphoryla-
tion, Protein Kinase Inhibitors, and Protein Phosphatases)
Edited by ToNy HUNTER AND BARTHOLOMEW M. SEFTON

VoLuME 202. Molecular Design and Modeling: Concepts and Applications (Part
A: Proteins, Peptides, and Enzymes)
Edited by JouN J. LANGONE

VoLuME 203. Molecular Design and Modeling: Concepts and Applications (Part
B: Antibodies and Antigens, Nucleic Acids, Polysaccharides, and Drugs)
Edited by JouN J. LANGONE

VoLuME 204. Bacterial Genetic Systems
Edited by JEFFREY H. MILLER

VoLuME 205. Metallobiochemistry (Part B: Metallothionein and Related Mole-
cules)
Edited by JAMEs F. RIORDAN AND BERT L. VALLEE

VoLuME 206. Cytochrome P450
Edited by MicHAEL R. WATERMAN AND ERic F. JoHNSON

VoLUME 207. Ion Channels
Edited by BERNARDO RuDY AND LINDA E. IVERSON

VoLuME 208. Protein—-DNA Interactions
Edited by ROBERT T. SAUER

VoLuME 209. Phospholipid Biosynthesis
Edited by EbwARD A. DENNIs AND DENNIS E. VANCE

VoLuME 210. Numerical Computer Methods
Edited by LupwiG BRAND AND MICHAEL L. JOHNSON



METHODS IN ENZYMOLOGY XXXI1

VoLuME 211. DNA Structures (Part A: Synthesis and Physical Analysis of
DNA)
Edited by Davip M. J. LILLEY AND JAMESs E. DAHLBERG

VoLUME 212. DNA Structures (Part B: Chemical and Electrophoretic Analysis
of DNA)
Edited by Davip M. J. LILLEY AND JAMES E. DAHLBERG

VoLuMmE 213. Carotenoids (Part A: Chemistry, Separation, Quantitation, and
Antioxidation)
Edited by LESTER PACKER

VoLUME 214. Carotenoids (Part B: Metabolism, Genetics, and Biosynthesis)
Edited by LESTER PACKER

VoLuME 215. Platelets: Receptors, Adhesion, Secretion (Part B)
Edited by JACEK J. HAWIGER

VoLUME 216. Recombinant DNA (Part G)
Edited by Ray Wu

VoLuME 217. Recombinant DNA (Part H)
Edited by Ray Wu

VoLuMmE 218. Recombinant DNA (Part I)
Edited by Ray Wu

VoLUME 219. Reconstitution of Intracellular Transport
Edited by JamEs E. ROTHMAN

VoLuME 220. Membrane Fusion Techniques (Part A)
Edited by NEJAT DUZGUNES

VoLuME 221. Membrane Fusion Techniques (Part B)
Edited by NEJAT DUZGUNES

VoLuME 222. Proteolytic Enzymes in Coagulation, Fibrinolysis, and Complement
Activation (Part A: Mammalian Blood Coagulation Factors and Inhibitors)
Edited by LaszL.o LoRAND AND KENNETH G. MANN

VoLuME 223. Proteolytic Enzymes in Coagulation, Fibrinolysis, and Complement
Activation (Part B: Complement Activation, Fibrinolysis, and Nonmammalian
Blood Coagulation Factors)

Edited by L.aszLo LORAND AND KENNETH G. MANN

VoLUME 224. Molecular Evolution: Producing the Biochemical Data
Edited by EL1ZABETH ANNE ZIMMER, THOMAS J. WHITE, REBECcA L. CANN,
AND ALLAN C. WILSON

VoLuME 225. Guide to Techniques in Mouse Development
Edited by PauL M. WASSARMAN AND MELVIN L. DEPAMPHILIS

VoLUME 226. Metallobiochemistry (Part C: Spectroscopic and Physical Methods
for Probing Metal Ton Environments in Metalloenzymes and Metalloproteins)
Edited by JAMEs F. RIORDAN AND BERT L. VALLEE



XXXIi METHODS IN ENZYMOLOGY

VoLUME 227. Metallobiochemistry (Part D: Physical and Spectroscopic Methods
for Probing Metal Ion Environments in Metalloproteins)
Edited by JAMEs F. RIORDAN AND BERT L. VALLEE

VoLuME 228. Aqueous Two-Phase Systems
Edited by HARRY WALTER AND GOTE JOHANSSON

VoLuME 229. Cumulative Subject Index Volumes 195-198, 200-227

VoLuME 230. Guide to Techniques in Glycobiology
Edited by WiLLIAM J. LENNARZ AND GERALD W. HART

VoLuME 231. Hemoglobins (Part B: Biochemical and Analytical Methods)
Edited by JonAaNNES EVERSE, Kim D. VANDEGRIFF, AND ROBERT M. WINSLOW

VoLuME 232. Hemoglobins (Part C: Biophysical Methods)
Edited by JoHANNES EVERSE, KIM D. VANDEGRIFF, AND ROBERT M. WINSLOW

VoLuME 233. Oxygen Radicals in Biological Systems (Part C)
Edited by LESTER PACKER

VoLUME 234. Oxygen Radicals in Biological Systems (Part D)
Edited by LESTER PACKER

VoLuME 235. Bacterial Pathogenesis (Part A: Identification and Regulation of
Virulence Factors)
Edited by VIRGINIA L. CLARK AND PATRIK M. BAvoIL

VoLUME 236. Bacterial Pathogenesis (Part B: Integration of Pathogenic Bacteria
with Host Cells)
Edited by VIRGINIA L. CLARK AND PATRIK M. BAvoIL

VoLuME 237. Heterotrimeric G Proteins
Edited by RAavi IYENGAR

VoLuME 238. Heterotrimeric G-Protein Effectors
Edited by Ravi IYENGAR

VoLUME 239. Nuclear Magnetic Resonance (Part C)
Edited by THomas L. JAMES AND NORMAN J. OPPENHEIMER

VoLuME 240. Numerical Computer Methods (Part B)
Edited by MicHAEL L. JoHNsON AND LUDWIG BRAND

VoLuME 241. Retroviral Proteases
Edited by LAWRENCE C. Kuo AND JULES A. SHAFER

VoLUME 242. Neoglycoconjugates (Part A)
Edited by Y. C. LEe aAnND REIkO T. LEE

VoLUME 243. Inorganic Microbial Sulfur Metabolism
Edited by HARRY D. PECK, JRr., AND JEAN LEGALL

VoLUME 244. Proteolytic Enzymes: Serine and Cysteine Peptidases
Edited by ALAN J. BARRETT



METHODS IN ENZYMOLOGY XXXiil

VoLuME 245. Extracellular Matrix Components
Edited by E. RuosLAHTI AND E. ENGVALL

VOLUME 246. Biochemical Spectroscopy
Edited by KENNETH SAUER

VoLUME 247. Neoglycoconjugates (Part B: Biomedical Applications)
Edited by Y. C. LEe aND REIkO T. LEE

VoLUME 248. Proteolytic Enzymes: Aspartic and Metallo Peptidases
Edited by ALAN J. BARRETT

VoLuME 249. Enzyme Kinetics and Mechanism (Part D: Developments in En-
zyme Dynamics)
Edited by DaNIEL L. PURICH

VoLuME 250. Lipid Modifications of Proteins
Edited by PaTrick J. CASEY AND JANICE E. Buss

VoLuME 251. Biothiols (Part A: Monothiols and Dithiols, Protein Thiols, and
Thiyl Radicals)
Edited by LESTER PACKER

VoLUME 252. Biothiols (Part B: Glutathione and Thioredoxin; Thiols in Signal
Transduction and Gene Regulation)
Edited by LESTER PACKER

VoLUME 253. Adhesion of Microbial Pathogens
Edited by RoN J. DOYLE AND ITZHAK OFEK

VoLuME 254. Oncogene Techniques
Edited by PETER K. VOGT AND INDER M. VERMA

VoLUME 255. Small GTPases and Their Regulators (Part A: Ras Family)
Edited by W. E. BALcH, CHANNING J. DER, AND ALAN HALL

VoLUME 256. Small GTPases and Their Regulators (Part B: Rho Family)
Edited by W. E. BALcH, CHANNING J. DER, AND ALAN HALL

VoLuME 257. Small GTPases and Their Regulators (Part C: Proteins Involved in
Transport)
Edited by W. E. BALcH, CHANNING J. DER, AND ALAN HALL

VoLuME 258. Redox-Active Amino Acids in Biology
Edited by JupiTH P. KLINMAN

VoLUME 259. Energetics of Biological Macromolecules
Edited by MicHAEL L. JOHNSON AND GARY K. ACKERS

VoLUME 260. Mitochondrial Biogenesis and Genetics (Part A)
Edited by GIUSEPPE M. ATTARDI AND ANNE CHOMYN

VoLUME 261. Nuclear Magnetic Resonance and Nucleic Acids
Edited by Tnomas L. JAMES

VoLUME 262. DNA Replication
Edited by JupitH L. CAMPBELL



XXXIV METHODS IN ENZYMOLOGY

VoLUME 263. Plasma Lipoproteins (Part C: Quantitation)
Edited by WiLLiaM A. BRADLEY, SANDRA H. GIANTURCO, AND JERE P. SEGREST

VoLUME 264. Mitochondrial Biogenesis and Genetics (Part B)
Edited by G1UusepPE M. ATTARDI AND ANNE CHOMYN

VoLUME 265. Cumulative Subject Index Volumes 228, 230-262

VoLUME 266. Computer Methods for Macromolecular Sequence Analysis
Edited by RusseLL F. DOOLITTLE

VoLuUME 267. Combinatorial Chemistry
Edited by JonN N. ABELSON

VoLuME 268. Nitric Oxide (Part A: Sources and Detection of NO; NO Synthase)
Edited by LESTER PACKER

VoLuME 269. Nitric Oxide (Part B: Physiological and Pathological Processes)
Edited by LESTER PACKER

VoLuME 270. High Resolution Separation and Analysis of Biological Macromole-
cules (Part A: Fundamentals)
Edited by BARRY L. KARGER AND WILLIAM S. HANCOCK

VoLuMmE 271. High Resolution Separation and Analysis of Biological Macromole-
cules (Part B: Applications)
Edited by BARRY L. KARGER AND WiLLIAM S. HANCOCK

VoLuME 272. Cytochrome P450 (Part B)
Edited by Eric F. JoHNsON AND MICHAEL R. WATERMAN

VoLuMmE 273. RNA Polymerase and Associated Factors (Part A)
Edited by SANKAR ADHYA

VoLuME 274. RNA Polymerase and Associated Factors (Part B)
Edited by SANKAR ADHYA

VoLuME 275. Viral Polymerases and Related Proteins
Edited by LAWRENCE C. Kuo, DaviD B. OLSEN, AND STEVEN S. CARROLL

VOLUME 276. Macromolecular Crystallography (Part A)
Edited by CHARLES W. CARTER, JR., AND ROBERT M. SWEET

VoLUME 277. Macromolecular Crystallography (Part B)
Edited by CHARLES W. CARTER, JR., AND ROBERT M. SWEET

VoLuME 278. Fluorescence Spectroscopy
Edited by LubwiG BRAND AND MICHAEL L. JOHNSON

VoLuME 279. Vitamins and Coenzymes (Part I)
Edited by DoNALD B. McCorwmick, JOHN W. SUTTIE, AND CONRAD WAGNER

VoLuME 280. Vitamins and Coenzymes (Part J)
Edited by DonaLD B. McCorwmick, JoHN W. SUTTIE, AND CONRAD WAGNER

VoLuME 281. Vitamins and Coenzymes (Part K)
Edited by DoNaLD B. McCorwmick, JOHN W. SUTTIE, AND CONRAD WAGNER



METHODS IN ENZYMOLOGY XXXV

VoLuME 282. Vitamins and Coenzymes (Part L)
Edited by DoNnaLD B. McCorwmick, Joun W. SUTTIE, AND CONRAD WAGNER

VorLuME 283. Cell Cycle Control
Edited by WiLLiaM G. DUNPHY

VoLUME 284. Lipases (Part A: Biotechnology)
Edited by ByRoN RUBIN AND EDWARD A. DENNIS

VoLuME 285. Cumulative Subject Index Volumes 263, 264, 266-284, 286—289

VoLUME 286. Lipases (Part B: Enzyme Characterization and Utilization)
Edited by BYRoN RUBIN AND EDWARD A. DENNIS

VoLuME 287. Chemokines
Edited by RicHARD HORUK

VoLuME 288. Chemokine Receptors
Edited by RicHARD HORUK

VoLuME 289. Solid Phase Peptide Synthesis
Edited by GREGG B. FIELDS

VoLuME 290. Molecular Chaperones
Edited by GEORGE H. LORIMER AND THOMAS BALDWIN

VoLuME 291. Caged Compounds
Edited by GERARD MARRIOTT

VoLuME 292. ABC Transporters: Biochemical, Cellular, and Molecular Aspects
Edited by SURESH V. AMBUDKAR AND MICHAEL M. GOTTESMAN

VoLuME 293. Ion Channels (Part B)
Edited by P. MicHAEL CONN

VoLUME 294. Ton Channels (Part C)
Edited by P. MicHAEL CONN

VoLuME 295. Energetics of Biological Macromolecules (Part B)
Edited by GarRY K. ACKERS AND MICHAEL L. JOHNSON

VoLUME 296. Neurotransmitter Transporters
Edited by SusaNn G. AMARA

VoLUME 297. Photosynthesis: Molecular Biology of Energy Capture
Edited by LEE McINTOSH

VoLUME 298. Molecular Motors and the Cytoskeleton (Part B)
Edited by RiIcHARD B. VALLEE

VoLuME 299. Oxidants and Antioxidants (Part A)
Edited by LESTER PACKER

VoruME 300. Oxidants and Antioxidants (Part B)
Edited by LESTER PACKER

VoruME 301. Nitric Oxide: Biological and Antioxidant Activities (Part C)
Edited by LESTER PACKER



