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Preface

The past several years have witnessed an explosive increase in the
number of articles dealing with calcium and lipids as informational mole-
cules. Synthesis and degradation of lipids along with the identification of
molecules that are regulated as a result of lipid metabolism have become
significant areas of research interest.

This volume presents methods which will be of use to investigators
interested in calcium and lipids as informational molecules. Methods are
presented for the quantitation and modification of intracelular lipid and
calcium levels and for the study of lipid synthesis and degradation. Meth-
ods are also described for studying eftector molecules such as protein
kinase C. Some topics have been described previously in this series, so to
assist the reader in locating related topics a cross-index has been pro-
vided.

The editors want 1o thank the contributors for their willingness to
provide detailed descriptions of methodologies and for their cooperation
in meeting press deadlines, thus allowing the publication of a timely
volume.

P. MicHAEL CoNN
ANTHONY R. MEANS

xiii



METHODS N ENZYMOLOGY

EDITED BY
Sidney P. Colowick and Nathan O. Kaplan

VANDERBILT UNIVERSITY DEPARTMENT OF CHEMISTRY
SCHOOL. OF MEDICINE UNIVERSITY OF CALIFORNIA
NASHVILLE, TENNESSER AT SAN DIEGO
LA JOLLA, CALIFORNIA

1. Preparation and Assay of Enzymes
I11. Preparation and Assay of Enzymes
111. Preparation and Assay of Substrates
1V. Special Technigues for the Enzymologist
V. Preparation and Assay of Enzymes
V1. Preparation and Assay of Enzymes (Continied)
Preparation and Assay of Substrates
Special Techniques
V1l. Cumulative Subject Index



METHODS IN ENZYMOLOGY

EDITORS-IN-CHIEF

Sidney P. Colowick and Nathan O. Kaplan

VorLuME VII1. Complex Carbohydrates
Edited by ELizABeTH F. NEUFELD AND VICTOR GINSBURG

VoruME IX. Carbohydrate Metabolism
Edited by WiLris A. Woop

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

VorLuME X1. Enzyme Structure
Edited by C. H. W. Hirs

VorLuME XII. Nucleic Acids (Parts A and B)
Edited by L. AWRENCE GROSSMAN AND KIVIE MO1.DAVE

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

VoruME X1V. Lipids
Edited by J. M. LOWENSTEIN

VoLUME XV. Steroids and Terpenoids
Edited by RAYMOND B. CLAYTON

VoLuME XVI1. Fast Reactions
Edited by KENNETH KUSTIN

VoLuME XVIL. Melabolism of Amino Acids and Amines (Parts A and B;
Edited by HERBERT TABOR AND CELIA WHITE TABOR

xvii



Xviii METHODS IN ENZYMOLOGY

Vot ume XVIL Vitamins and Coenzymes (Parts A, B, and C)
Edited by DoNALD B. MCCORMICK AND LEMUEL D. WRIGHT

Vor uME XIX. Proteolytic Enzymes
Edited by GERTRUDE E. PERLMANN AND [.ASZ1.O |.LORAND

Vor.uME XX. Nucleic Acids and Protein Synthesis (Part C)
Edited hy KiviE Mol DAVE AND LAWRENCE GROSSMAN

Voi uMme XXI. Nucleic Acids (Part D)
Edited by 1 AWRENCE GROSSMAN AND KiVIE MOI.DAVE

Voi ume XXI1. Enzyme Purification and Related Techniques
Lidited by Wui11aM B. JakoBy

VorumEe XXIIL. Photosynthesis (Part A)
Edited by ANTHONY SAN PIETRO

Voir.uMmE XXI1V. Photosynthesis and Nitrogen Fix:.ion (Part B)
Edited by ANTHONY SAN PIETRO

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

Vor ume XXVI. Enzyme Structure (Part C)
Edited by C. H. W, HirS AND SERGE N. TIMASHEFF

Voir uMe XXVII. Enzyme Structure (Part D)
Edited by C. H. W. HiIrRs AND SERGE N. TIMASHEFF

Voir ume XXVIHL. Complex Carbohydrates (Part B)
Edited by ViCTOR GINSBURG

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

VorLuME 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



METHODS {N ENZYMOLOGY Xix

VoLume XXXII. Biomembranes (Part B)
Edited by SIDNEY FLEISCHER AND LLESTER PACKER

Voirume XXXIIH. Cumulative Subject Index Volumes I-XXX
Edited hy MARTHA G. DENNIS AND EDWARD A. DENNIS

VoLume XXXIV. Affinity Techniques (Enzyme Purification: Part B)
Edited hy WiLLiAM B. JAKOBY AND MEIR WILCHEK

VoLUME XXXV. Lipids (Part B)
Edited by JOHN M. LLOWENSTEIN

VoruMe XXXVI. Hormone Action (Part A: Steroid Hormones)
Edited by BERT W. O'MALILEY AND JOEL G. HARDMAN

Vorume XXXVIIL. Hormone Action (Part B: Peptide Hormones)
Edited by BErR1 W. O’MALLEY AND JOEL G. HARDMAN

VorLume XXXVII. Hormone Action (Part C: Cyclic Nucleotides)
Edited by Joer G. HARDMAN AND BERT W. O'MALI FY

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

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

VoruME XL1. Carbohydrate Metabolism (Part B)
Edited by W. A. Woob

Vorume XLII. Carbohydrate Metabolism (Part )
Edited hy W. A. Woobp

VoruMmE XLIIL. Antibiotics
Edited by Joun H. HAsH

VoLuME XLIV. Immobilized Enzymes
Edited by Ki.AUS MOSBACH

VoLuME XLV. Proteolytic Enzymes (Part B)
Edited by 1.As71.0 LORAND



XX METHODS IN ENZYMOLOGY

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

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

VoLuMEe XLVIIL. 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

VoruME L. Complex Carbohydrates (Part C)
Edited by ViCTOR GINSBURG

VorLuME LI. Purine and Pyrimidine Nucleotide Metabolism
Edited by PATRICIA A. HOFFEE AND MARY ELLEN JONES

VoruME LI11. Biomembranes (Part C: Biological Oxidations)
Edited by SIDNEY FLEISCHER AND LLESTER PACKER

VoLuME LI, Biomembranes (Part D: Biological Oxidatious)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

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

VoLuMmE LV. Biomembranes (Part F: Bioenergetics)
Edited by SIDNEY FLEISCHER AND LLESTER PACKER

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

VoLuME LVIIL. Bioluminescence and Chemiluminescence
Edited by MARLENE A. DELUCA

Voir.uME LVIIL. Cell Culture
Edited by WiL.LIAM B. JAKOBY AND IRA PASTAN

Voir.uME LIX. Nucleic Acids and Protein Synthesis (Part G)
Edited by KiIViE MOLDAVE AND LAWRENCE GROSSMAN



METHODS IN ENZYMOLOGY Xxi

VorLuME 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

VorLuME 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 MOILDAVE

VOLUME 66. Vitamins and Coenzymes (Part E)
Edited by DoNALI 8. MCCORMICK AND LEMUEL D. WRIGHT

VoLUME 67. Vitamins and Coenzymes (Part F)
Edited by DoNALD B. McCorMICK AND LLEMUEL D. WRIGHT

VoLUME 68. Recombinant DNA
Edited by Ray Wu

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

Vorume 70. Immunochemical Techniques (Part A)
Edited by HELEN VAN VUNAKIS AND JOiN J. LANGONE

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

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



XXit METHODS IN ENZYMOLOGY

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

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

Vorume 75, Cumulative Subject Index Volumes XXXI, XXXIl,
XXXIV-LX

Edited by EDWARD A. DENNIS AND MARTHA G. DENNIS

Voi.uME 76. Hemoglobins

Edited by ERALDO ANTONINI, LUIGI ROSSI-BERNARDI, AND EMILIA
CHIANCONE

Vor.uMe 77, Detoxication and Drug Metabolism
Edited by Wi Li1AM B. JAkory

. YoruME 78. Interferons (Part A)
Edited by SibNEY PESTKA

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

VoiruMe 80. Proteolytic Enzymes (Part C)
Edited by 1.asZ1.0 1.ORAND

Voir.uME 81. Biomembranes (Part H: Visual Pigments and Purple Mem-
branes, I)

Edited by LESTER PACKER

Voirume 82. Structural and Contractile Proteins (Part A: Extracellular
Matrix) )
Edited by LLEON W. CUNNINGHAM AND DiX1E W. FREDERIKSEN

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

Voir uMEe 84, Immunochemical Techniques (Part D: Selected Immunoas-
says)
Edited by JOUN J. [.LANGONE AND HELEN VAN VUNAKIS



METHODS IN ENZYMOLOGY xXiii

VorLuMme 85. 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 WiLL1AM E. M. LANDS AND WiLLIAM [.. SMITH

VoLuME 87. Enzyme Kinetics and Mechanism (Part C: Intermediates,
Stereochemistry, and Rate Studies)
Edited by DaNiEL L. PURICH

VoLuMmE 88. Biomembranes (Part I: Visual Pigments and Purple Mem-
branes, 11)
Edited by LESTER PACKER

Voir.uME 89. Carbohydrate Metabolism (Part D)
Edited by WiLL1S A. WooD

VoLUME 90. Carbohydrate Metabolism (Part E)
Edited by WiLLis A. Woob

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

VoLuME 92. Immunochemical Technigues (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 CE11A 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 Targeting (General Methods; Eukaryotes)}
Edited by SIDNEY F1EISCHER AND BECCA FI EISCHER



XXiv METHODS IN ENZYMOIL.OGY

Voit uME 97. Biomembranes [Part K: Membrane Biogenesis: Assembly
and Targeting (Prokaryotes, Mitochondria, and Chloroplasts))
Edited by SiDNEY FiEISCHER AND BECCA FLFISCHER

Vorume 98. Biomembranes [Part L.: Membrane Biogenesis (Processing
and Recycling)}

Edited by S1IDNEY FLEISCHER AND BECCA Fi EISCHER

VoiuMEe 9. Hormone Action (Part F: Protein Kinases)
Edited by JackiE D. CorBIN AND JoEL. G. HARDMAN

Voi uME 100. Recombinant DNA (Part B)
Edited by Ray Wu, LAWRENCE GROSSMAN, AND KiVIE MOLDAVE.

VoruMme 101. Recombinant DNA (Part C)
Edited by Ray Wu, LAWRENCE GROSSMAN, AND KIVIE MoLDAVE

Vor uMe 102. Hormone Action (Part G: Calmodulin and Calcium-Binding
Proteins)

Edited by ANFHONY R. MEANS AND BerRT W. O'MALLEY

VoruME 103. Hormone Action (Part H: Neuroendocrine Peptides)
Edited by P. MiCHAEL CONN

Vo1 uME 104, Enzyme Purification and Related Techniques (Part C)
Edited by Wi 1.1aM B. JakoBY

Voi uME 105. Oxygen Radicals in Biological Systems
Edited by 1.LESTER PACKER

VorLuME 106. Posttranslational Modifications (Part A)
Edited by FiInn WolL.D AND KiVIE MOLDAVE

Voit uME 107, Posttranslational Modifications (Part B)
Edited by FiINN WoL.D AND KiViIE MOLDAVE

Voir.uMg 108. Immunochemical Techniques (Part G: Separation and
Characterization of 1.ymphoid Cells)

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

HELEN VAN VUNAKIS



