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Preface

Since the publication of Volume LVII of Methods in Enzymology on
Bioluminescence and Chemiluminescence in 1978 (edited by Marlene A.
Del.uca), many new and exciting developments have occurred in the
field. For example, the genes encoding firefly luciferase, bacterial luci-
ferase, and aequorin have recently been cloned and expressed. Novel
new approaches to chemiluminescent assays have been reported during
the past six years. Several international symposia have been devoted to
luminescent assays. Judged by the response from our colleagues, the time
seemed appropriate for an updating of the various techniques that have
been used in this research.

In Section I we attempt to cover the major developments in biolumi-
nescence. This includes basic science and some applications of the firefly,
bacterial, Renilla, Aequorea, and dinoflagellate luciferases. Special tech-
niques on the cloning of luciferases and the immobilization of the light-
emitting systems leading to automated continuous flow assays have been
included. Space prevents a comprehensive coverage of all of the applica-
tions of these techniques; however, we have tried to include representa-
tive types of all assays. A more complete coverage can be found in publi-
cations resulting from recent symposia. Section 1l is devoted to the major
recent advances in chemiluminescence. Included in these papers is excel-
lent coverage of various acridinium esters and their use in immunoassays,
haptens and protein interaction, horseradish peroxidase-enhanced chemi-
luminescence, phagocytic leukocyte oxygenation as revealed by lumi-
nescence, and chemiluminescent probes for singlet oxygen in biological
reactions,

Section III contains a chapter on the characteristics of commercial
luminometers.

We would like to take this opportunity to thank our colleagues for
their many suggestions and, in particular, recognize the cooperation of
the authors for their timely reviews. As usual the staff of Academic Press
was very helpful in organizing the material for publication.

MARLENE A. DELucA
WiLLiaM D. McELroy

xiii



METHODS IN ENZYMOLOGY

EDITED BY

Sidney P. Colowick and Nathan O. Kaplan

VANDERBILT UNIVERSITY DEPARTMENT OF CHEMISTRY
SCHOOL. OF MEDICINE UNIVERSITY OF CALIFORNIA
NASHVILLE, TENNESSEE AT SAN DIEGO

LA JOLLA, CALIFORNIA

1. Preparation and Assay of Enzymes
I1. Preparation and Assay of Enzymes
111. Preparation and Assay of Substrates
1V. Special Techniques for the Enzymologist
V. Preparation and Assay of Enzymes
VI. Preparation and Assay of Enzymes (Continued)
Preparation and Assay of Substrates
Special Techniques
VII. Cumulative Subject Index

XV



METHODS IN ENZYMOLOGY

EDITORS-IN-CHIEF

Sidney P. Colowick and Nathan O. Kaplan

VoLuME VIII. Complex Carbohydrates
Edited by EL1ZABETH 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

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

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

VoLuME 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

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

Xvii



XVviil METHODS IN ENZYMOLOGY

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

VoLuME X1X. Proteolytic Enzymes
Edited by GERTRUDE E. PERLMANN AND LASZLO LORAND

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

VoLuME XXI. Nucleic Acids (Part D)
Edited by LAWRENCE GROSSMAN AND KIVIE MOLDAVE

VoLuME XXII. Enzyme Purification and Related Techniques
Edited by WILLIAM B. JAKOBY

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

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

VoLUME 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

VoLUME 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

VoLUME 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 KiviIE MOLDAVE AND LAWRENCE GROSSMAN

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



METHODS IN ENZYMOLOGY XiX

VoLuME 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

VoLuME XXXV. Lipids (Part B)
Edited by JOHN M. LOWENSTEIN

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

VoLuME 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. WoobD

VoLuME XLI. Carbohydrate Metabolism (Part C)
Edited by W. A. Woobp

VoLuME XLIII. Antibiotics
Edited by JoHN H. HASH

VoLuME XLIV. Immobilized Enzymes
Edited by KLAUS MOSBACH

VoLUME XLV. Proteolytic Enzymes (Part B)
Edited by 1.AsZ1.0 LORAND



XX METHODS IN ENZYMOLOGY

VoLuME XLVI. Affinity Labeling
Edited by WiLLIAM B. JAKOBY AND MEIR WILCHEK

VoLuME XLVIIL. Enzyme Structure (Part E)
Edited by C. H. W. HiRs AND SERGE N. TIMASHEFF

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

VoLUME 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

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

VoLuME 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

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

VoLuME LVII. Bioluminescence and Chemiluminescence
Edited by MARLENE A. DELucCA

VorLuME LVIIL. Cell Culture
Edited by WiLLIAM B. JAKOBY AND IRA PASTAN

VoLuME LIX. Nucleic Acids and Protein Synthesis (Part G)
Edited by Ki1vIE MOLDAVE AND LAWRENCE GROSSMAN



METHODS IN ENZYMOLOGY XXI

VoLuME 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 DoNALD 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 Complex Enzyme Systems)
Edited by DANIEL L. PURICH

VOLUME 65. Nucleic Acids (Part I)
Edited by LAWRENCE GROSSMAN AND KIVIE MOLDAVE

VOLUME 66. Vitamins and Coenzymes (Part E)
Edited by DONALD B. McCoRrMICK AND LEMUEL D. WRIGHT

VoLUME 67. Vitamins and Coenzymes (Part F)
Edited by DoNALD B. McCoORMICK 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

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

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



XXii METHODS IN ENZYMOLOGY

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

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

VoLuME 75. Cumulative Subject Index Volumes XXXI, XXXII, and
XXXIV-LX

Edited by EDWARD A. DENNIS AND MARTHA G. DENNIS

VoLuME 76. Hemoglobins
Edited by ERALDO ANTONINI, LuiGl 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

VorLuME 80. Proteolytic Enzymes (Part C)
Edited by 1.AszLO 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 LEoN W. CUNNINGHAM AND DixiE W. FREDERIKSEN

VoruME 83. Complex Carbohydrates (Part D)
Edited by VICTOR GINSBURG

VoLuUME 84. Immunochemical Techniques (Part D: Selected Immunoas-
says)
Edited by JOHN J. LANGONE AND HELEN VAN VUNAKIS



METHODS IN ENZYMOLOGY XXili

VoLuME 835. Structural and Contractile Proteins (Part B: The Contractile
Apparatus 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,
Stereochemistry, and Rate Studies)
Edited by DANIEL L. PURICH

VoLUME 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

VoLuME 91. Enzyme Structure (Part 1)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLUME 92. Immunochemical Techniques (Part E: Monoclonal Antibod-
ies and General Immunoassay Methods)
Edited by JoHN J. LANGONE AND HELEN VAN VUNAKIS

VoLUME 93. Immunochemical Techniques (Part F: Conventional Anti-
bodies, Fc Receptors, and Cytotoxicity)
Edited by JoHN 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 and 76—80
Edited by EDWARD A. DENNIS AND MARTHA G. DENNIS

VOLUME 96. Biomembranes [Part J: Membrane Biogenesis: Assembly
and Targeting (General Methods; Eukaryotes)]
Edited by SIDNEY FLEISCHER AND BECCA FLEISCHER



XXIV METHODS IN ENZYMOLOGY

VoLUME 97. Biomembranes [Part K: Membrane Biogenesis: Assembly
and Targeting (Prokaryotes, Mitochondria, and Chloroplasts)]
Edited by SIDNEY FLEISCHER AND BECCA FLEISCHER

VoLUME 98. Biomembranes [Part L: Membrane Biogenesis (Processing
and Recycling)]
Edited by SIDNEY FLEISCHER AND BECCA FLEISCHER

VoLUME 99. Hormone Action (Part F: Protein Kinases)
Edited by JACKIE D. COrRBIN 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
Proteins)
Edited by ANTHONY R. MEANS AND BERT W. O’MALLEY

VoLuME 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 WoLD AND Ki1VIE MOLDAVE

VoLuME 107. Posttranslational Modifications (Part B)
Edited by FINN WoLD AND Ki1VIE MOLDAVE

VoLuME 108. Immunochemical Techniques (Part G: Separation and
Characterization of Lymphoid Cells)

Edited by GIovaANNI Di SABATO, JOHN J. LANGONE, AND

HELEN VAN VUNAKIS

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



