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Preface

The enzymes involved in the metabolism of the aromatic amino acids
and amines were last reviewed in this series in 1970 and 1971 in Volumes
XVII A and XVII B, which cover all of the amino acids. It is a testimony
to the progress in this area since then that a separate volume is now
needed to adequately cover this group of enzymes.

1t is worth noting that in many cases several purification procedures
for the same enzyme from the same source have been published. For the
vast majority of enzymes for which this type of duplication was evident, [
selected the procedure that in my opinion was the most useful. However,
for a few enzymes 1 thought the inclusion of two procedures for the same
enzyme would give the investigator a valuable choice; in those cases, 1
opted to include both of them.

During the process of compiling the final list of topics and contribu-
tors, ! received invaiuable advice from a number of investigators work-
ing in this area, including Drs. Crawford, Coggins, Gorish, Jensen, and
Knowies. I gratefully acknowledge their help. 1 was pleasantly surprised
by the high percentage of enthusiastic acceptances that 1 received from
those ! contacted.

1 want to thank ail of the contributors for their articles and many of
them for their words of encouragement. { am also pleased to acknowledge
the cooperation of the staff of Academic Press. Finally, I want to mention
that Sidney Colowick and Nathan Kaplan served as essential catalysts for
this endeavor. Without their etforts, including some gentle prodding at
times, the book would not have been written. I respectfully dedicate this
volume to their memory.

SEYMOUR KAUFMAN

Xvii



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

I. Preparation and Assay of Enzymes
II. Preparation and Assay of Enzymes
III. Preparation and Assay of Substrates
IV. Special Techniques for the Enzymologist
V. Preparation and Assay of Enzymes
V1. Preparation and Assay of Enzymes (Continued)
Preparation and Assay of Substrates
Special Techniques
VII. Cumulative Subject Index

Xix



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

VorLume IX. Carbohydrate Metabolism
Edited by WiLLis A. Woop

VorLuME 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

VorLuMmE X1V, 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

xxi



XXii METHODS IN ENZYMOLOGY

VorLuMmEe XVIIIL. 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

VoLUuME XX. Nucleic Acids and Protein Synthesis (Part C)
Edited by K1vIE MOLDAVE AND LAWRENCE GROSSMAN

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

VoLuME XXI1. Enzyme Purification and Related Techniques
Edited by WiLLIAM B. JAKOBY

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

VorLuME 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

VorLuME 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

VoLuME XXVIII. Complex Carbohydrates (Part B)
Edited by ViCTOR 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 KIVIE MOLDAVE AND LAWRENCE GROSSMAN

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



METHODS IN ENZYMOLOGY XXiii

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

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

VoLuME XXXIV. Affinity Techniques (Enzyme Purification: Part B)
Edited by WiLL1AM 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

VorLuME 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 BErRT W. O’'MALLEY

VoLume 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)
_&(ttcdby W. A. Waop
. }
Vorume XLII. Carbohydrate Metabolism (Part C)
Edited by W. A. Woop

VorLuMEe XLIII. Antjbiotics
Edited by JouN H. HAsH

VoLuME XLIV. Immobilized Enzymes
Edited by KiL.Aus MOSBACH

VorLuME XLV. Proteolytic Enzymes (Part B)
Edited by 1.Asz1L.0 LORAND



XXiV METHODS IN ‘ENZYMOLOGY

VorLuME XLVIi. Affinity Labeling
Edited by WitLiaM B. JakoBY AND MEIR WILCHEK

Vorume XLV Enzyme Siructure (Part E)
Edited by C. H. W, Hiks AND SERGE N. TIMASHEFF

VorLume XLVIill. Enzyme Structure (Part £)
Edited by C. . W. tlirs AND SERGE N. TIMASHEFF

Vorume XLiX. iinzyme Structure (Part G)
Edited by C. . W. Hirs AND SERGE N. TIMASHEFF

VoruME L. Complex Cartohydrates (Part C)
Edited hv Yictor GINSBURG

VoLuME L1, Purine and Pyrimidine Nucleotide Metabolism
Edited by PATRICIA A. HOFFEE AND MARY ELLEN JONES

VoruME L1, Biomembranes (Part C: Biological Oxidations)
Edited by SIDNEY FLEISCHER AND LLESTER PACKER

Vorume L1, Biomembranes (Part D: Bioiogical Oxidations)
Edited by SIDNEY FLEISCHER AND LESTER PACKER

VoLuMe L1V. Biomembranes (Part E: Biological Oxidations)
Edited by SIDNEY fLEISCHER AND L.ESTER PACKER

VorLuME 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 LVIL. Bioluminescence and Chemiluminescence
Edited hy MARLENE A. DELuca

Vorume LVIIL. Celt Culture
Edited by WiLLIAM B. JAKOBY AND IRA PASTAN

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

W/ ndr b



METHODS IN ENZYMOLOGY XXV

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

VOLUME 62. Vitamins and Coenzymes (Part D) .
Edited by DonaLp B. McCorMick AND LEMUEL D. WRIGHT

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

VorLuME 64. Enzyme Kinetics and Mechanism (Part B: Isotopic Probes
and Complex Enzyme Systems)
FEdited by DANIEL L. PURICH

Vo1L.UME 65. Nucleic Acids (Part 1)
Edited by LAWRENCE GROSSMAN AND KiIVIE MOLDAVE

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

Vorume 67. Vitamins and Coenzymes (Part F)
Edited by DoNALD 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

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

VorLuME 71. Lipids (Part C)
Edited by JouHN M. LOWENSTEIN

VorLuME 72. Lipids (Part D)
Edited by JouN M. LOWENSTEIN



XXvi METHODS IN ENZYMOLOGY

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

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

VorLuME 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, LUIGI 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 L.AszLO LORAND

VoLuME 81. Biomembranes (Part H: Visual Pigments and Purple Mem-
branes, 1)
Edited by LESTER PACKER

VoLuME 82. Structural and Contractile Proteins (Part A: Extracellular
Matrix)

Edited by LEON W. CUNNINGHAM AND DixiE W. FREDERIKSEN

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

VoLuME 84. Immunochemical Technigues (Part D: Selected Immunoas-
says)
Edited by JoHN J. LANGONE AND HELEN VAN VUNAKIS



METHODS IN ENZYMOLOGY XXvii

VoruME 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 WiLLiaM E. M. LANDS AND WiLLIAM L. SMiTH

VorLuME 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

VoruME 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 I)
Edited by C. H. W. Hirs AND SERGE N. TIMASHEFF

VoLUME 92. Immunochemical Techniques {2art E: Monoclonal Anubod-
ies and General Immunoassay Methods)
Edited by JouN J. LANGONE AND HELEN VAN VUNAKIS

VoLuME 93. Immunochemical Techniques (Part F: Conventional Anti-
bodies, Fc Receptors, and Cytotoxicity)
Edited by JouN 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 Targeting (General Methods; Eukaryotes)]
Edited by SIDNEY FLEISCHER AND BECCA FLEISCHER



