Msthods in Bnzymelogy

= \s;;‘a -

5 x 5 e
- ne o @paains & asgpnioia rrwﬁ T ’«‘}"’5‘
UL wa-@‘! 1S Bods daudslioTy [T u.\&.v,f; 9{.4.49
fmﬁ ‘-'u % ,v',‘_,)._‘_ g

T e, repn g V0
pa 31 ) -
SWILEBE 8

Sidney Fleischer

[w o }"r?{f; "Vv'_.-.?l’-
&b -

&I G S lma g



Methods in Enzymology |

Volume 96

Biomembranes

Part J
Membrane Biogenesis: Assembly and Targeting

(General Methods, Eukaryotes)

EDITED BY

Sidney Fleischer
Becca Fleischer

DEPARTMENT OF MOLECULAR BIOLOGY
VANDERBILT UNIVERSITY
NASHVILLE. TENNESSEE

Editorial Advisory Board

David Baltimore Walter Neupert

Giinter Blobel George Palade

Nam-Hai Chua David Sabatini
1983

&

ACADEMIC PRESS

A Subsidiary of Harcourt Brace Jovanovich, Publishers

New York London
Paris San Diego San Francisco Sido Paulo Sydney Tokyo Torontoe



CopPYRIGHT © 1983, BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED.

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR ANY
INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
111 Fifth Avenue, New York, New York 10003

United Kingdom Edition published by
ACADEMIC PRESS, INC. (LONDON) LTD.
24/28 Oval Road, London NW1 7DX

LiBRARY OF CONGRESS CATALOG CARD NUMBER: 54—-9110
ISBN 0-12-181996 -5

PRINTED IN THE UNITED STATES OF AMERICA

83 84 85 86 987654321



Contributors to Volume 96

Article are in p

ing the names of contributors.

JoHN S. Apbis (51), Department of Anat-

omy, University of Mississippi School of .

Medicine, Jackson, Mississippi-39216

MILTON ADESNIK (42), Department of Cell
Biology, New York University School of
Medicine, New York, New York 10016

DAviD J. ANDERSON (8, 29), Institute of
Cancer Research, Columbia University
College of Physicians and Surgeons, New
York, New York 10032

Leir C. ANDERSSON (22), Department of
Pathology and Transplantation Labora-
tory, University of Helsinki, 00290, Hel-
sinki 17, Finland

MonNIQUE ARPIN (9), Unité Biologie des
Membranes, Department Biologie Molec-
ulaire, Institut Pasteur, 75724 Paris Ce-
dex 15, France ’

RusseLL J. BARRNETT (51), Department of
Cell Biology, Yale University School of
Medicine, New Haven, Connecticut
06510

VANN BENNETT (25), Department of Cell
Biology and Anatomy, The Johns
Hopkins University School of Medicine,
Baltimore, Maryland 21205

GUNTER BLOBEL (3, 6, 8, 29, 47, 52, 53),
Laboratory of Cell Biology, The Rockefel-
ler University, New York, New York
10021

IRVING BOIME (61), Department of Pharma-
cology, Washington University School of
Medicine, St. Louis, Missouri 63110

MARCIA L. BOLOGNA (24), Department of
Pathology, Yale University School of
Medicine, New Haven, Connecticut
06510

STEFANO BONATTI (40), Istituto di Bio-
chimica Cellulare e Molecolare, II

xi

Facolta di Medicina e Chirurgia, Via
Pansini 5, 80131 Napoli, Italy

WiLLiAM M. BoNNER (15), Laboratory of
Molecular Pharmacology, National Can-
cer Institute, National Institutes of
Health, Bethesda, Maryland 20205

WiLLiam A. BRaeLL (20), Department of
Biochemistry, Stanford University School
of Medicine, Stanford, California 94305

Joser BRUNNER (31), Laboratorium fiir Bio-
chemje, ETH-Zentrum, CH-8092 Zurich,
Switzerland

ROBERT A. BURNS (65), Department of Ge-
netics, University of Wisconsin, Madison,
Wisconsin 53706

B. Burr (18, 56), Department of Biology,
Brookhaven National Laboratory, Upton,
New York 11973

F. A. Burr (18, 56), Department of Biology,
Brookhaven National Laboratory, Upton,
New York 11973

Don W. CLEVELAND (16), Department of
Physiological Chemistry, The Johns
Hopkins University School of Medicine,
Baltimore, Maryland 21205

Davip R. CoLMAN (30), Department of Cell
Biology, New York University School of
Medicine, New York, New York 10016

CAroLYN A. CONVERSE (19), Department of
Pharmacy, University of Strathclyde,
Glasgow GI 1XW, Scotland

RicHARD L. CrRoWELL (35), Department of
Microbiology and Immunology, Hahne-
mann University School of Medicine,
Philadelphia, Pennsylvania 19102

GustAv DALLNER (43), Department of Pa-

- thology at Huddinge Hospital, Karo-
linska Institutet Medical School, S-14186
Huddinge, Sweden



xii CONTRIBUTORS TO VOLUME 96

STELLA DE LEON (45), Banting and Best De-
partment of Medica! Research, C. H.
Best Institute, University of Toronto, To-
ronto, Ontario M5G IL6, Canada

JosepH W. DEPIERRE (43), Department of
Biochemistry, Arrhenius Laboratory,
University of Stockholm, S-10691 Stock-
holm, Sweden

RANDALL L. DiIMOND (65), Department of
Bacteriology, University of Wisconsin,
Madison, Wisconsin 53706

BERNHARD DOBBERSTEIN (26, 54), Euro-
pean Molecular Biology Laboratory,
D-6900 Heidelberg, Federal Republic of
Germany

JAN-ERIK EDSTROM (39), European Molecu-
lar Biology Laboratory, D-6900 Heidel-
berg, Federal Republic of Germany

ANN H. ERricksoN (3), Laboratory of Cell
Biology, The Rockefeller University, New
York, New York 10021

BRENT EsMON (64), Department of Anat-
onty, University of California, San Fran-
cisco, California 94720

DouGLAs M. FAMBROUGH (27), Department
of Embryology, Carnegie Institution of
Washington, Baltimore, Maryland 21210

RicArRDO A. FEI DMAN (1), Department of
Viral Oncology, The Rockefeller Univer-
sity, New York, New York 10021

HELENE FERACCI (32), Centre de Biochimie
et de Biologie, Moléculaire-CNRS, 13402
Marseille Cedex 9, France

SusaN FErroO-Novick (64), Department of
Microbiology and Molecular Genetics,
Harvard Medical School, Boston, Massa-
chusetts 02115

CHARLES FIELD (64), Department of Bio-
chemistry, University of California,
Berkeley, California 94720

PauL A. FISHER (47), Department of Phar-
macological Sciences, State University of
New York at Stony Brook, Stony Brook,
New York 11794

WERNER W. FRANKE (48), Division of Mem-
brane Biology and Biochemistry, Institute
of Cell and Tumor Biology, German Can-

cer Research Center, D-6900 Heidelberg,
Federal Republic of Germany

BERNARD K.-K. FUNG (50), Department of
Radiation Biology and Biophysics, Uni-
versity of Rochester, Rochester, New
York 14642

HeiNzZ FURTHMAYR (21), Department of

Pathology, Yale University School of
Medicine, New Haven, Connecticut
06510

SanciA GAETANI (1, 9), Istituto Nazionale
della Nutrizione, Rome, Italy

CarL G. GAHMBERG (22), Department of
Biochemistry, University of Helsinki,
00170, Helsinki 17, Finland

_ HENRIK GAROFF (39), European Molecular

Biology Laboratory, D-6900 Heidelberg,
Federal Republic of Germany

Davip GoLbMAN (17), National Institute
on Alcohol Abuse and Alcoholism, Be-
thesda, Maryland 20205

PaMELA GREEN (5), Department of Bio-
chemistry, State University of New York
at Stony Brook, Stony Brook, New York
11794

G. GRIFFITHS (37), European Molecular Bi-
ology Laboratory, D-6900 Heidelberg,
Federal Republic of Germany

ALBERT HAID (13), Institut fiir Genetik und
Mikrobiologie der Universitiit, Miinchen,
D-8000 Miinchen 19, Federal Republic of
Germany

WALLACE B. HAIGH, JR. (23), Department
of Protein Chemistry, Molecular Diag-
nostics, Inc., West Haven, Connecticut
06510

GLEN HORTIN (61), Department of Pharma-
cology, Washington University School of
Medicine, St. Louis, Missouri 63110

TiMm HUNT (4), Department of Biochemistry,
University of Cambridge, Cambridge CB2
1QW, England

JaMes B. HURLEY (50), Biology Division,
California Institute of Technology, Pasa-
dena, California 91125

MASAYORI INOUYE (5), Department of Bio-
chemistry, State University of New York
at Stony Brook, Stony Brook, New York
11794



CONTRIBUTORS TO VOLUME 96

Xiii

RICHARD J. JACKSON (4), Department of
Biochemistry, University of Cambridge,
Cambridge CB2 1QW, England

RoBert C. JACKSON (62), Department
of Bibchemistry, Dartmouth Medical
School, Hanover, New Hampshire 03756

MIKKO JOKINEN (22), Department of Bio-
chemistry, University of Helsinki, 00170,
Helsinki 17, Finland

KEevIN B. JORDAN (65), Department of Ge-
netics, University of Wisconsin, Madison,
Wisconsin 53706

Leevi KAARIAINEN (36), Recombinant
DNA Laboratory, University of Helsinki,
SF-00380, Helsinki 38, Finland

OLLE KAMPE (22), Department of Cell Re-
search, University of Uppsala, Uppsala
§-75122, Sweden

Kimmo K. KARHI (22), Department of Bio-
chemistry, University of Helsinki, 00170,
Helsinki 17, Finland

Keitaro KaTo (60), Department of Bio-
chemistry, Kyushu University, Fukuoka
812, Japan

SIRKKA KERANEN (36), Recombinant DNA
Laboratory, University of Helsinki,
SF-00380 Helsinki 38, Finland

H. KinbL (55), Biochemie, Fachbereich
Chemie der Philipps-Universitit, D-3550
Marburg, Federal Republic of Germany

HaNs-DIETER KLENK (34), Institut fiir
Virologie, Justus-Liebig-Universitdt,
D-6300 Giessen, Federal Republic of
Germany

Davip A. KNECHT (65), Department of Bi-
ology, University of California at San
Diego, La Jolla, California 92037

WiLLiam J. KNOWLES (24), Department of

Pathology, Yale University School of
Medicine, New Haven, Connecticut
06510

VicToria P. KNUTSON (33), Department of
Physiological Chemistry, The Johns
Hopkins University School of Medicine,
Baltimore, Maryland 21205

Craupia KoNbpor-KocH (39), European
Molecular Biology Laboratory, D-6900

Heidelberg, Federal Republic of Ger-
many

Davip L. KrRAH (35), Department of Virol-
ogy, The Rockefeller University, New
York, New York 10021

GEeRT KREIBICH (30, 41, 42, 60), Department
of Cell Biology, New York University
School of Medicine, New York, New York
10016

GeorG KrROHNE (48), Division of Membrane
Biology and Biochemistry, Institute of
Cell and Tumor Biology, German Cancer
Research Center, D-6900 Heidelberg,
Federal Republic of Germany

MicHAEL N. Krupp (33), Department of
Metabolic Diseases, Pfizer Inc., Central
Research Division, Groton, Connecticut
06340

C. KRruse (55), Biochemie, Fachbereich
Chemie der Philipps-Universitdt, D-3550
Marburg, Federal Republic of Germany

SuNE Kvist (26), European Molecular Biol-
ogy Laboratory, D-6900 Heidelberg, Fed-
eral Republic of Germany

BurtON J. LANDAU (35), Department of
Microbiology and Immunology, Hahne-
mann University School of Medicine,
Philadelphia, Pennsylvania 19102

M. DANIEL LANE (33), Department of Phys-
iological Chemistry, The Johns Hopkins
University School of Medicine, Balti-
more, Maryland 21205

Paur B. Lazarow (57), The Rockefeller
University, New York, New York 10021

HaNs LEHRACH (39), European Molecular
Biology Laboratory, D-6900 Heidelberg,
Federal Republic of Germany

C. L. LEONARDI (12), Department of Anat-
omy and Cell Biology, University of Mi-
ami School of Medicine, Miami, Florida
33101

GEORGE P. Livi (65), Department of Bacte-
riology, University of Wisconsin, Madi-
son, Wisconsin 53706

PauL M. Lizarbpi (2), Department of Cell
Biology, The Rockefeller University, New
York, New York 1002]



Xiv

CONTRIBUTORS TO VOLUME 96

HARVEY F. LopisH (20), Department of Bi-
ology, Massachusetts Institute of Tech-
nology, Cambridge, Massachusetts 02139

ALDONS J. Lusis (44), Departments of Med-
icine and Microbiology, University of
California, Los Angeles, California 90024

DAviD H. MACLENNAN (45), Banting and
Best Department of Medical Research,
C. H. Best Institute, University of
Toronto, Toronto, Ontaric M5G IL6,
Canada

JOHN MAPOLES (35), Department of Micro-
biology and Immunology, Hahnemann
University School of Medicine, Philadel-
phia, Pennsylvania 19102

EuGeNeE E. MARCANTONIO (41), Depart-
ment of Cell Biology, New York Univer-
sity School of Medicine, New York, New
York 10016

VINCENT T. MARCHESI (21), Department of

Pathology, Yale University School of
Medicine, New Haven, Connecticut
06510

SuzANNE MARoOUX (32), Centre de Biochi-
mie et de Biologie, Motéculaire-CNRS,
13402 Marseille Cedex 9, France

JosepH E. Mazurkiewicz (51), Depart-
ment of Anatomy, Albany Medical
School, Albany, New York 12208

CARL R. MeRRIL (17), Laboratory of Gen-
eral and Comparative Biochemistry, Na-
tional Institute of Mental Health, Be-
thesda, Maryland 20205

Davip I. MeYER (54), Cell Biology Pro- ‘

gram, European Molecular Biology Labo-
ratory, D-6900 Heidelberg, Federal Re-
public of Germany

TakasH1 MoriMoTo (1, 9), Department of
Cell Biology, New York University Medi-
cal Center, New York, New York 10016

JoN S. Morrow (23), Department of Pa-
thology, Yale University School of Medi-
cine, New Haven, Connecticut 06510

RACHEL MYEROWITZ (58), Genetics and
Biochemistry Branch, National Institute
of Arthritis, Diabetes, Digestive and Kid-
ney Diseases, National Institutes of

Health, Bethesda, Maryland 20205

EL1zaBETH F. NEUFELD (58), Genetics and
Biochemistry Branch, National Institute
of Arthritis, Diabetes, Digestive and Kid-
ney Diseases, National Institutes of
Health, Bethesda, Maryland 20205

PETER Novick (64), Department of Biology,
Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139

GEeORGE E. PALADE (xxix), Section of Cell
Biology, Yale University School of Medi-
cine, New Haven, Connecticut 06510

RiCHARD D. PALMITER (10), Department of
Biochemistry, University of Washington,
Seattle, Washington 98195

DAvID S. PAPERMASTER (19, 38, 49), De-
partment of Pathology, Yale University
School of Medicine, New Haven, Con-
necticut 06510

PER A. PETERSON (22), Department of Cell
Research, University of Uppsala, Upp-
sala §-75122, Sweden

RICHARD L. Prola (58), Genetics and Bio-
chemistry Branch, National Institute of
Arthritis, Diabetes, Digestive and Kidney
Diseases, National Institutes of Health,
Bethesda, Maryland 20205

CHRISTINA M. PucHALSKI (58), Genetics
and Biochemistry Branch, National Insti-
tute of Arthritis, Diabetes, Digestive and
Kidney Diseases, National Institutes of
Health, Bethesda, Maryland 20205

JaKoB REISER (14), Institut fﬁr‘Molekular-
biologie I, Universitat Zurich, 8093 Zu-
rich, Honggerberg, Switzerland

HeiMo RIEDEL (39), European Molecular
Biology Laboratory, D-6900 Heidelberg,
Federal Republic of Germany

APRIL R. RoBBINS (58), Genetics and Bio-
chemistry Branch, National Institute of
Arthritis, Diabetes, Digestive and Kidney
Diseases, National Institutes of Health,
Bethesda, Maryland 20205

GABRIELE V. RONNETT (33), Department of
Physiological Chemistry, The Johns
Hopkins University School of Medicine,
Baltimore, Maryland 21205

MELVIN G. ROSENFELD (60), Department of



CONTRIBUTORS TO VOLUME 96

XV

Cell Biology, New York University School
of Medicine, New York, New York 10016

RICHARD L. ROTUNDO (28), Department of
Embryology, Carnegie Institution of
Washington, Baltimore, Maryland 21210

R. W. RuBIN (12), Department of Anatomy
and Cell Biology, University of Miami
School of Medicine, Miami, Florida 33101

CLARENCE A. RYAN (46), Institute of Bio-
logical Chemistry, Washington State Uni-
versity, Pullman, Washington 99164-6340

Davip D. SaBaTini (30, 41, 42, 60), Depart-
ment of Cell Biology, New York Univer-
sity School of Medicine, New York, New
York 10016

G. GARY SAHAGIAN (58), Genetics and Bio-
chemistry Branch, National Institute of
Arthritis, Diabetes, Digestive and Kidney
Diseases, National Institutes of Health,
Bethesda, Maryland 20205

JAAKKO SARASTE (36), Department of Virol-
ogy, University of Helsinki, SF-00290
Helsinki29, Finland

GEORGE ScHEELE (7), Laboratory of Cell
and Molecular Biology, The Rockefeller
University, New York, New York 10021

RANDY SCHEKMAN (64), Department of Bio-
chemistry, University of California,
Berkeley, California 94720

MILTON J. SCHLESINGER (63), Department
of Microbiology and Immunology, Wash-
ington University School of Medicine, St.
Louis, Missouri 63110

BARBARA G. SCHNEIDER (38), Department
of Pathology, Yale University School of
Medicine, New Haven, Connecticut
06510

PER O. SEGLEN (59), Department of Tissue
Culture, Norsk Hydro's Institute for Can-
cer Research, The Norwegian Radium
Hospital, Montebello, Oslo 3, Norway

GIOoRGIO SEMENZA (31), Laboratorium fiir
Biochemie, ETH-Zentrum, CH-8092 Zu-
rich, Switzerland

K. Simons (37), European Molecular Biol-
ogy Laboratory, D-6900 Heidelberg, Fed-
eral Republic of Germany

JuLiA A. SmiTH (1), Peter Bent Brigham
Hospital, Brookline, Massachusetts
02146

PAMELA STANLEY (11), Department of Cell
Biology, Albert Einstein College of Medi-
cine, Bronx, New York 10461

GEORGE R. STARK (14), Department of Bio-
chemistry, Stanford University School of
Medicine, Stanford, California 94305

LUBERT STRYER (50), Department of Struc-
tural Biology, Stanford University School
of Medicine, Stanford, California 94305

MORDECHAI SuissA (13), Department of
Biochemistry, Biocenter, University of
Basel, CH-4056 Basel, Switzerland

BeATE TiMM (39), European Molecular Bi-
ology Laboratory, D-6900 Heidelberg,
Federal Republic of Germany

K. T. Tokuyasu (37), Department of Biol-
ogy, University of California at San
Diego, La Jolla, California 92093

MARGARET L. VAN KEUREN (17), Labora-
tory of General and Comparative Bio-
chemistry, National Institute of Mental
Health, Bethesda, Maryland 20205

IsMo VIRTANEN (36), Department of Pa-
thology, University of Helsinki, SF-00290
Helsinki 29, Finland

HaNs WACKER (31), Laboratorium fiir Bio-
chemie, ETH-Zentrum, CH-8092 Zurich,
Switzerland

MARY WALKER-SIMMONS (46), Institute of
Biological Chemistry, Washington State
University, Pullman, Washington 99164-
6340

PETER WALTER (6, 53), Department of Bio-
chemistry and Biophysics, University of
California School of Medicine, San Fran-
cisco, California 94143

G. WARREN (37), European Molecular Biol-
ogy Laboratory, D-6900 Heidelberg, Fed-
eral Republic of Germany



Preface

Volumes 96 to 98, Parts J, K, and L of the Biomembranes series, focus
on methodology to study membrane biogenesis, assembly, targeting, and
recycling. This field is one of the very exciting and active areas of re-
search. Future volumes will deal with transport and other aspects of
membrane function.

We were fortunate to have the advice and good counsel of our Advi-
sory Board. Additional valuable input to this volume was obtained from
Drs. Vincent T. Marchesi, Harvey F. Lodish, and Keith Mostov. We
were gratified by the enthusiasm and cooperation of the participants in the
field whose contributions and suggestions have enriched and made possi-
ble these volumes. The friendly cooperation of the staff of Academic
Press is gratefully acknowledged.

SIDNEY FLEISCHER
BEccA FLEISCHER

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 )
VIiI. Cumulative Subject Index



METHODS IN ENZYMOLOGY

EDITORS-IN-CHIEF
Sidney P. Colowick Nathan O. Kaplan

VoLuME VIII. Complex Carbohydrates
Edited by EL1ZzABETH 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. HIRrs

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

VorLuME XIV. Lipids
Edited by J. M. LOWENSTEIN

VoLuME XYV. Steroids and Terpenoids
Edited by RAYMOND B. CLAYTON

VoLUME XVI. Fast Reactions
Edited by KENNETH KUSTIN

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

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

XXi



XXii METHODS IN ENZYMOLOGY

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

VorLuME XX. Nucleic Acids and Protein Synthesis (Part C)
Edited by KiviE 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

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

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



METHODS IN ENZYMOLOGY XXiii

VoruME 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 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 JOoEL G. HARDMAN AND BERT W. O'MALLEY

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

VorLuME XLI. Carbohydrate Metabolism (Part B)
Edited by W. A. WoobD

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

VorLuME XLIII. Antibiotics
Edited by JouHN H. HASH

VoLuME XLIV. Immobilized Enzymes
Edited by KLAUsS MOSBACH

VoLuME XLYV. Proteolytic Enzymes (Part B)
Edited by 1.Asz1L.0 LORAND

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



XXiv METHODS IN ENZYMOLOGY

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

VoLuME 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

VorLuME 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

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

VorLuME 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

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

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

VorLuME LVIII. Cell Culture :
Edited by WiLLIAM B. JAkoBY AND IRA H. PASTAN

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

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



METHODS IN ENZYMOLOGY XXV

VoLUME 61. Enzyme Structure (Part H)
Edited by C. H. W. HirRs 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 KIiVIE 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 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

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

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

VoLuME 72. Lipids (Part D)
Edited by JOHN M. LOWENSTEIN

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



XXVi METHODS IN ENZYMOLOGY

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

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

VoLUME 76. Hemoglobins
Edited by ERALDO ANTONINI, LuiGI ROSSI-BERNARDI, AND EMILIA
CHIANCONE

VoLuME 77. Detoxication and Drug Metabolism
Edited by WiLLI1AM B. JAKOBY

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

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

VorLuME 80. Proteolytic. Enzymes (Part C)
Edited by LLASZLO LORAND )

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

VoruME 82. Structural and Contractile Proteins (Part A: Extracellular
Matrix)
Edited by LEON W. CUNNINGHAM AND, DiXIE W. FREDERIKSEN
s,
R
VoL UME 83. Complex Carbohydrates (Part D)
Edited by V1CTOR GINSBURG

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

VoLuME 85. Structural and Contractile Proteins (Part B: The Contractile
Apparatus and the Cytoskeleton)
Edited by Dixie W. FREDERIKSEN AND LEON W. CUNNINGHAM



METHODS IN ENZYMOLOGY XXVil

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

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

VoLuME 92. Immunochemical Techniques (Part E: Monoclonal Anti-
bodies and General Immunoassay Methods)
Edited iy 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, 76—80 (in prepa-
ration)
Edited by MARTHA G. DENNIS AND EDWARD A. DENNIS

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

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



XXViii METHODS IN ENZYMOLOGY

VoLUME 98. Biomembranes [Part L.: Membrane Biogenesis (Processing
and Recycling)] (in preparation)
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 KI1VIE MOLDAVE

VoLuME 101. Recombinant DNA (Part C)
Edited by RAY Wu, LAWRENCE GROSSMAN, AND Ki1VIE MOLDAVE

VoLuME 102. Hormone Action (Part G: Caimodulin and Calcium-Binding
Proteins)
Edited by ANTHONY R. MEANS AND BERT W. O’MALLEY

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

VoLUME 104. Enzyme Purification and Related Techniques (Part C) (in
preparation)
Edited by WiLLIAM B. JAKOBY

VoLuME 105. Oxygen Radicals in Biological Systems (in preparation)
Edited by 1LESTER PACKER



