3
2

Methods in lEnzymology
Volume 102

H@rmmw Action

Pars §
Pepiide Hormones

BDITED BY

1 ’ I R 29
Ltz Birnbanumes

Bery W. O’ Malley



Methods in Enzymology

Volume 109

Hormone Action

Part 1

Peptide Hormones

EDITED BY

Lutz Birnbaumer

DEPARTMENT OI' CELL BIOLOGY
BAY!L.OR COLLEGE OF MEDICINE
HOUSTAONTFYAS

BersrW. O’Mallay

DEPAREBMENT OF CELL BIOLOGY-
BAYLOR COLLEGE S MFDICINE
LJOUSTON. TEXAS

1985

ACADEMIC PRESS, INC.

(Harcourt Brace Jovanovich. Publishers)

Orlando San Diego New York London
Toronto Montreal Sydney Tokyo



CoPYRIGHT © 1985, 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.
Orlando, Florida 32887

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 0-12-182009-2
PRINTED IN THE UNITED STATES OF AMERICA

85 86 87 88 987654321



Methods in Enzymology

Volume 109
HORMONE ACTION.
Part 1 '
Peptide Hormones



METHODS IN ENZYMOLOGY

EDITORS-IN-CHIEF

Sidney P. Colowick Nathan O. Kaplan



Contributors to Volume 109

Article numbers are in parentheses following the names of contributors.
Affiliations listed are current.

GRETI AGUILERA (10), Endocrinology ‘and
Reproduction Research Branch, National
Institute of Child Health and Human De-
velopment, National Institutes of Health,
Bethesda, Maryland 20205

G. AiLHAUD (33), Centre de Biochimie du
CNRS, Faculte des Sciences, Parc
Valrose, 06034 Nice Cédex. France

CLAUDE D. ARNAUD (4, S), Department of
Medicine, Veterans Adr histration Medi-
cal Center, and Departments of Medicine
and Physiology, University of California,
San Francisco, California 94121

GILBERT ASHWELL (19), National Institute
of Arthritis, Diabetes, and Digestive and
Kidney Diseases, National Institutes of
Health, Bethesda, Maryland 20205

ALBERT BaukaL (10), Endocrinology and
Reproduction Research Branch, National
Institute of Child Healih and Human De-
velopment, National Institutes of Health,
Bethesda, Maryland 20205

ERNST BAYER (26), Physiologisch-Chem-
isches Institut der Universitit, D-8700
Wiirzburg, Federal Republic of Germany

SuzaNNE K. BECKNER (30, 31), Laboratory
of Cellular and Developmental Biology,
National Institute of Arthritis, Diabetes,
Digestive and Kidney Diseases. National
Institutes of Health, Bethesda, Maryland
20205 '

HAroLD R. BEHRMAN (25), Reproductive
Biology Section, Department of Obstet-
rics and Gynecology and Pharmacology,
Yale University School of Medicine, New
Haven, Connecticut 06510

TiMOTHY P. BENDER (55), National Cancer
Institute/ Navy Medical Oncology
Branch, Naval Hospital, Bethesda, Mary-
land 20814

Xi

JOHN J. M. BERGERON (18), Pepartment of

Anatomy, McGill University Medical
School, Montreal, Quebec H3A 2B2,
Canada

L. BIRNBAUMER (1, 38, 45), Department of
Cell Biology, Baylor College of Medicine,
Houston, Texas 77030

P. F. BLACKMORE (43), Howard Hughes
Medical Institute, and the Department of
Physiology. Vanderbilt University School
of Medicine, Nashville, Tennessee 37232

DaNIEL F. BOWEN-POPE (8), Department of
Pathology, School of Medicine, Univer-
sity of Washington, Seattle, Washington
98195

BARRY L. BROWN (24), Department of Hu-
man Metabolism and Clinical Biochemis-
try, University of Sheffield Medical
School, Sheffield S10 2RX, England

MicHAEL S. BROWN (36), Departinent of
Molecular Genetics, University of Texas
Health Science Center at Dallas, Dallas,
Texas 75235

SusaN A. BuHROW (62), Department of Bi-
ological Chemistry, The John Hopkins .
University School of Medicine, Balti-
more, Maryland 21205 \

ROBERT E. CANFIELD (50), Departmentaf—

Medicine, Columbia University College
of Physicians and Surgeons, New York,
New York 10032

GRAHAM CARPENTER (9), Department of
Biochemistry and Division of Dermatol-
ogy, Vanderbilt University School of
Medicine, Nashville, Tennessee 37232

‘REvIN J. CATT (10), Endocrinology and Re-

production Research Branch, National
Institute of Child Health and Human De-
velopment, National Institutes of Health,
Bethesda, Maryland 20205



Xii CONTRIBUTORS TO VOLUME 109

JANICE YANG CHou (34), Human Genetics
Branch, National Institute of Child
Health and Human Development, Na-
tional Institutes of Health, Bethesda,
Maryland 20205

Juan Cobina (38, 45), Department of Cell
Biology, Baylor College of Medicine,
Houston, Texas 77030

PeEDRO CUATRECASAS (35), Department of
Molecular Biology, The Wellcome Re-
search Laboratories, Research Triangle
Park, North Carolina 27709

MicHAEL P. CzecH (14), Department of
Biochemistry, University of Massachu-
setts Medical School, Worcester, Massa-
chusetts 01605

FREDERICK J. DARFLER (30, 31), Laboratory
of Cellular and Developmental Biology,
National Institute of Arthritis, Diabetes,
Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland
20205

WiLLiaM H. DAUGHADAY (59), Metabolism
Division, Department of Medicine, Wash-
ington University School of Medicine, St.
Louis, Missouri 63110

Pierre N. E. pE GRrRAAN (11), Division of
Neurobiology, Rudolf Magnus Institute
for Pharmacology, and Institute of Mo-
lecular Biology, State University Utrecht,
NI-3508 TB Utrecht, The Netherlands

RoBerT B. DicksoN (21), Medical Breast
Cancer Section, Medicine Branch, Divi-
sion of Cancer Treatment, National Can-
cer Institute, National Institutes of
Health, Bethesda, Maryland 20205

JeAN DsiANE (12, 52), Laboratoire de Phys-
iologie de la Lactation, Institut National
de la Recherche Agronomique, CNZR,
78350 Jouy-en-Josus, France

PauLINE R. M. DoBsoN (24, 63), Depart-
ment of Human Metabolism and Clinical
Biochemistrv, University of Sheffield
Medical School, Sheffield S10 2RX, En-
gland

_ISABELLE DUSANTER-FOURT (52), Labora-

toire de Physiologie de la Lactation, Insti-
tut National de la Recherche Agrono-
mique, CNRZ, 78350 Jouy-en-Josas,
France

ALEX N. EBERLE (11), Laboratory of Endo-
crinology, Department of Research, Uni-
versity Hospital and University Chil-
dren’s  Hospital, CH-4031  Basel,
Switzerland

PaurL H. EHRLICH (50), Sundoz Research
Institute, Sandoz Inc., East Hanover,
New Jersey 07936

JoseprH EICHBERG (41), Department of Bio-
chemical and Biophysical Sciences, Uni-
versity of Houston, Houston, Texas 77004

W. H. Evans (20), National Institute for
Medical Research, Mill Hill, London
NW7 1AA. England

J. H. ExToN (43), Howard Hughes Medical

Institute, and the Department of Physiol-
ogy, Vanderbilt University School of
Medicine, Nashville, Tennessee 37232

. N. FAIN (39), Section of Biochemistry,

Division of Biology and Medicine, Brown
University, Providence, Rhode Island
02192

DAviD R. FERRY (42), Rudolf Buchheim-In-
stitut fiir Pharmakologie, Justus Liebig
Universitit, Giessen, D-63 Giessen, Fed-
eial Republic of Germany

[

JaMmes B. FIELD (45), Division of Endocri-
nology, Department of Medicine, Baylor
College of Medicine, Houston, Texas
77030

FRANCES M. FINN (37), Protein Research
Laboratory, University of Pittsburgh,
School of Medicine. Pittsburgh, Pennsyl-
vania 15261

C. Forest (33), Centre de Biochimie du
CNRS, Faculte des Sciences, Parc
Valrose, 06034 Nice Cédex, France

H. G. FrIESEN (54), Department of Physiol-
ogy. Faculty of Medicine, University of
Manitoba, Winnif;eg, Manitoba R3E
OW3, Canada



CONTRIBUTORS TO VOLUME 109

Xiii

JERRY D. GARDNER (7, 23), Digestive Dis-
eases Branch, National Institute of Ar-
thritis, Diabetes, and Digestive and Kid-
ney Diseases, National Institutes of
Health, Bethesda, Maryland 20205

THOMAS GLASER (26), Troponwerke, Neuro-
biology Department, D-5000 Koln, Fed-
eral Republic of Germany

HARTMUT GLOSSMANN (10, 42), Institut fiir
Biochemische Pharmakologie, A-6020
Innsbruck, Austria

JosepH L. GOLDSTEIN (36), Department of
Molecular Genetics, University of Texas
Health Science Center at Dallas, Dallas,
Texas 75235

P. GRIMALDI (33), Centre de Biochimie du
CNRS, Faculte des Sciences, Parc
Valrose, 06034 Nice Cédex, France

BERND HAMPRECHT (26, 27), Physio-
logisch-Chemisches Institut der Universi-
tit, D-8700 Wiirzburg, Federal Republic
of Germany

JoHN A. HANOVER (21), Laboratory of Mo-
lecular Biology, National Cancer Insti-
tute, National Institutes of Health, Be-
thesda, Maryland 20205

Joe HARFORD (19), National Institute of Ar-
thritis, Diabetes, and Digestive and Kid-
ney Diseases, National Institutes of
Health, Bethesda, Maryland 20205

CHARLES A. HARRINGTON (41), Analytical
Neurochemistry Laboratory, Texas Re-
search Institute of Mental Sciences,
Houston, Texas 77030

Jose A. HEDoO (47), Diabetes Branch, Na-
tional Institute of Arthritis, Diabetes, Di-
gestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland
20205 :

JouN T. HERBERG (2, 17), Department of
Cell Biology, Baylor College of Medicine,
Houston, Texas 77030

JoHuN D. HiLDEBRANDT (38, 45), Worcester
Foundation for Experimental Biology,
Schrewsbury, Massachusetts 01545

Kraus H. HorFMANN (37), Protein Re-
search Laboratory, University of Pitts-
burgh, School of Medicine, Pittsburgh,
Pennsylvania 15261

Louis-MARIE HOUDEBINE (52), Labora-
toire de Physiologie de la Lactation, Insti-
tut National de la Recherche Agrono-
mique, CNRZ, 78350 Jouy-en-Josas,
France

RENE E. HUMBEL (60), Biochemisches In-
stitut, University of Ziirich, CH-8057 Zii-
rich, Switzerland

RAVI IYENGAR (2, 17), Department of Cell
Biology, Baylor College of Medicine,
Houston, Texas 77030

STEVEN JAcOBs (35), Department of Molec-
ular Biology, The Wellcome Research
Laboratories, Research Triangle Park,
North Carolina 27709

LEONARD JARETT (15), Department of Pa-
thology and Laboratory Medicine, Uni-
versity of Pennsylvaria, Philadelphia,
Pennsylvania 19104

CAROLE L. JELSEMA (40), Laboratory of
Cell Biology, National Institutes of Men-
tal Health, National Institutes of Health,
Bethesda, Maryland 20205

RoBerT T. JENSEN (7, 23), Digestive Dis-
eases Branch, National Institute of Ar-
thritis, Diabetes, and Digestive and Kid-
ney Diseases, National Institutes of
Health, Bethesda, Maryland 20205

INHAE J1 (16), Department of Biochemistry,
University of Wyoming, Laramie, Wyo-
ming 82071

TAE H. J1 (16), Department of Biochemistry,
University of Wyoming, Laramie, Wyo-
ming 82071

LEONARD R. JOHNSON (6), Department of
Physiology and Cell Biology, University
of Texas Medical School, Houston, Texas
77025 -

MARK L. JOHNSON (46), Department of Bio-
chemistry, St. Jude Children’s Research
Hosnital, Memphis, Tennessee 38101



Xiv

CONTRIBUTORS TO VOLUME 109

C. RoNALD KAHN (47, 48), Research Divi-
sion, Joslin Diabetes Center, and Depart-

r ment of Medicine, Brigham and Wom-
en's Hospital, and Harvard Medical
School, Boston, Massachusetts 02215

MasAaTo KAsuGa (48), Third Department of
Internal Medicine, School of Medicine,
University of Tokyo, Tokyo, Japan

Masao KAToH (12, 52), Laboratory of Mo-
lecular Endocrinology, Royal Victoria
Hospital, Montreal H3A 1Al Quebec,
Canada

Paur A. KevLvry (12, 52), Laboratory of Mo-
lecular Endocrinology, Royal Victoria
Hospital, Montreal H3A [Al Quebec,
Canada

Masoop N. KHAN (18), Department of
Medicine, McGill University Medical
School, Montreal, Quebec H3A 1Al,
Canada

C. SHIRLEY LIN (49), Department of Immu-
nology and Inflammation Research,
Merck Sharp and Dohme Research Labo-
ratories, Rahway, New Jersey 07065

Micuaer C. Lin (30, 31), Laboratory of
Cellular and Developmental Biology, Na-
tional Institute of Arthritis, Diabetes, Di-
gestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland
20205

FRIDOLIN LOFFLER (27), Physiologisch-
Chemisches Institut der Universitit, D-
8700 Wiirzburg, Federal Republic of Ger-
many

JupiTH L. LUBORSKY (25), Reproductive Bi-
ology Section, Department of Obstetrics
and Gynecology, Yale University School
of Medicine, New Haven, Connecticut
06510

VINCENT C. MANGANIELLO (40), Labora-
tory of Cellular Metabolism, National
Heart, Lung, and Blood Institute, Na-
tional Institutes of Health, Bethesda,
Maryland 20205

P. MANJUNATH (56), Reproduction Re-
search Laboratory, Clinical Research In-
stitute of Montreal, Montreal, Quebec
H2W IR7, Canada

BERNICE MARCUS-SAMUELS (51), Diabetes
Branch, National Institute of Arthritis,
Diabetes, Digestive and Kidney Diseases,
National Institutes of Health, Bethesda,
Maryland 20205

IDA K. MARIz (59), Metabolism Division,
Department of Medicine, Washington
University School of Medicine, St. Louis,
Missouri 63110

JOAN MASSAGUE (14), Department of Bio-
chemistry, University of Massachusetts

" Medical School, Worcester, Massachu-
setts 01605

RAFAEL MATTERA (45), Department of Cell
Biology, Baylor College of Medicine,
Houston, Texas 77030

J. MaxweLL McKENzIE (53), Department
of Medicine, University of Miami School
of Medicine, Miami, Florida 33101

R. MOLENAAR (22), Department of Bio-
chemistry 1I, Medical Faculty, Erasmus
University, 3000 DR Rotterdam, The
Netherlands

JoEL Moss (40), Laboratory of Cellular Me-
tabolism, National Heart, Lung, and
Blood Institute, National Institutes of
Health, Bethesda, Maryland 20205

WiLLiAM R. MoyLE (50), Department of *
Obstetrics and Gynecology, University of
Medicine and Dentistry of New Jersey,
Piscataway, New Jersey 08854

R. NEGREL (33), Centre de Biochimie du
CNRS, Faculte des Sciences, Parc
Valrose, 06034 Nice Cédex, F"rance

ROBERT A. NISSENSON (4, 5), Department
of Medicine, Veterans Administration
Medical Center, and University of Cali-
fornia, San Francisco, California 94121

SAMUEL R. NussBauM (49), Endocrine
Unit, Massachusetts General Hospital,
and Harvard Medicual School, Boston,
Massachusetts 02114

THoMAS F. PARSONS (57), International Ge-
netic Engineering, Inc., Santa Monica,
California 90404



CONTRIBUTORS TO VOLUME 109 XV

IRA PASTAN (21), Laboratory of Molecular
Biology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda,
Maryland 20205

JoHN G. PIERCE (57), Department of Biolog-
ical Chemistry, UCLA School of Medi-
cine, Los Angeles, California 90024

BARRY |. POSNER (18), Department of Medi-
cine, McGill University Medical School,
Montreal, Quebec H3A 1A, Canada

JouN T. Potts, JR. (49). Massachusetts
General Hospital, and Harvard Medical
School and Medical Services, Boston,
Massachusetts 02114

FRIEDRICH PROPST (26), Frederick Cancer
Research Facility, Frederick, Maryland
21701

ELAINE W. RAINES (58). Department of Pa-
thology, University of Washington, Seat-
tle, Washington 98195

GEORG REISER (26), Physiologisch-Chem-
isches Institut der Universitit, D-7400
Tiihingen, Federal Republic of Germany

FERNANDO A. P. RIBEIRO-NETO (45), Divi-
sion of Endocrinology, Department of
Medicine, Baylor College of Medicine,
Houston, Texas 77030

JOHN R. RODGERs (46), Howard Hughes
Medical Institute, Baylor College of Med-
icine, Houston, Texas 77030

FraNcisco J. Rosas (1), Department of Ob-
stetrics and Gynecology, University of
Texas Health Sciences Center at San An-
tonio, San Antonio, Texas 78284

F. F. G. ROMMERTS (22), Department of
Biochemistry I, Medical Faculty, Eras-
mus University, 3000 DR Rotterdam, The
Netherlands

JEFFREY M. ROSEN (46), Department of Cell
Biology, Baylor College of Medicine,
Houston, Texas 77030

MicHAEL ROSENBLATT (49), Biological Re-
search, Merck Sharp and Dohme Re-
search Laboratories, West Point, Penn-
sylvania 19486

ALAN S. ROSENTHAL (49), Department of
Immunology and Inflammation Research,
Merck Sharp and Dohme Research Labo-
ratories, Rahway, New Jersey 07065

WALTER ROSENTHAL (38), Department of
Cell Biology, Baylor College of Medicine,
Houston, Texas 77030

RusseLL Ross (8, 58), Departments of Pa-
thology and Biochemistry, School of
Medicine, University of Washington, Se-
attle, Washington 98195

M. R. SAIRAM (56). Reproduction Research
Laboratory, Clinical Research Institute of
Montreal, Montreal, Quebec H2W IR7,
Canada

SENKITI SAKAL (12), Department of Animal
Breeding, Faculty of Agriculture, Univer-
sity of Tokyo, Tokyo 113, Japan

D. M. SaLmoN (32), Hormones Division,
National Institute for Biological Stan-
dards and Control, Holly Hill, Hamp-
stead, London NW3 6RB, England

BERNARD P. SCHIMMER (29), Banting and
Best Department of Medical Research,
University of Toromto, Toronto, Ontario
M5G 1L6, Canada

WOLFGANG J. SCHNEIDER (36), Department
of Molecular Genetics, University of
Texas Health Science Center at Dallas,
Dallas, Texas 75235

MICHAEL SCHRAMM (28), Department of Bi-
ological Chemistry, The Hebrew Univer-
sity of Jerusalem, 91904 Jerusalem, Israel

Joyce A. SCHROER (55), Laboratory of Im-
munogenetics, National Institute of Al-
lergy and Infectious Diseases, National
Institutes of Health, Bethesda, Maryland
20205

D. ScHULSTER (32), Hormones Division,
National Institute for Biological Stan-
dards and Control, Holly Hill, Hamp-
stead, London NW3 6RB, England

RoNALD D. SEKURA (38, 44, 45), Labora-
tory of Developmental and Molecular Im-
munity, National Institute of Child Health
and Human Development, National Insti-
tutes of Health, Bethesda, Maryland
20205



XVi

CONTRIBUTORS TO VOLUME 109

ERric M. SHOOTER (3), Department of Neu-
robiology, Stanford University School of
Medicine, Stanford, California 94305

J. S. A. SimpsoN (54), Diagnostic Assays
Department, Hazleton Biotechnologies
Corporation, Vienna, Virginia 22180

ROBERT M. SMITH (15), Department of Pa-
thology and Laboratory Medicine, Uni-
versity of Pennsylvania, Philadelphia,
Pennsylvania 19104

JAMES V. STARoS (62), Department of Bio-
chemistry, Vanderbilt University, School
of Medicine, Nashville, Tennessee 37232

SONIA STEINER (28), Department of Biologi-
cal Chemistry, The Hebrew University of
Jerusalem, 91904 Jerusalem, Israel

PHILIP G. STRANGE (63), Department of
Biochemistry, The Medical School,
Queen's Medical Center, Nottingham
NG7 2UH, England

THOMAS W. STRICKLAND (57), AMGen,
Thousand Qaks, California 91320

MARIORIE E. SvoBoDA (61), Department of
Pediatrics, Division of Pediatric Endocri-
nology, University of North Carolina
School of Medicine, Chapel Hill, North
Carolina 27514 -

SIMEON . TAYLOR (51), Diabetes Branch,
National Institute of Arthritis, Diabetes,
Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland
20205

ANNE P. TEITELBAUM (4, 5), Department of
Medicine, University of California, San

= Francisco, California 94121

Lisa H. UNDERHILL (51), Diabetes Branch.
National Institutes of Arthritis, Diabetes,
Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, Maryland
20205

RoNALD D. VALE (3), Department of Neu-
robiology, Stanford University School of
Medicine, Stanford, California 94305

‘H. J. VAN DER MOLEN (22), Department of
Biochemistry II, Medical Faculty, Eras-
mus University, 3000 DR Rotterdam, The
Netherlands

Jupson J. VAN WYk (61), Department of
Pediatrics, Division of Pediatric Endocri-
nology, University of North Carolina
School of Medicine, Chapel Hill, North
Carolina 27514

M. A. WALLACE (39), Section of Biochemis-
try, Division of Biology and Medicine,
Brown University, Providence, Rhode Is-
land 02912

Mogris F. WHITE (48), Research Division,
Joslin Diabetes Center, Boston, Massa-
chusetts 02215

MARK C. WILLINGHAM (21), Laboratory of
Molecular Biology, National Cancer In-
stitute, National Institutes of Health, Be-
thesda, Maryland 20205

CLeMenT W. T. YEUNG (13), Playfair
Neuroscience Unit and Department of
Biochemistry, University of Toronto, To-
ronto, Ontario MST 288, Canada

CeciL C. Yie (13), Banting and Best Depart-
ment of Medical Research, University of
Toronto, Toronto, Ontario M5G 1L6,
Canada

MARGARITA ZAKARUA (53), Department of
Medicine, University of Miami School of
Medicine, Miami, Florida 33101

PETER P. ZuMSTEIN (60), Dara-Farber
Cancer Institute, Boston, Massachusetts
02115



Preface

The field of hormone action is undoubtedly one of the fastest growing
areas of biological science. A rough assessment of the rate of growth of
this field, as determined from an evaluation of journal articles and pro-
grams of national meetings, leads us to the surprising conclusion that an
approximate tenfold expansion has occurred over the last decade. Re-
search in hormone action not only has grown into a dominant effort in
endocrinology and reproductive biology, but has also captured a large
share of the more general disciplines of biochemistry, cell biology, and
molecular biology. This development has occurred because of the dy-
namic aspects of the field and the increasing interest inherent in the new
discipline of regulatory biology. None of these advances could have oc-
curred without a widespread concurrent development of new techniques
or adaptation of relevant techniques from other disciplines for studies on
hormones and the mechanisms involved in hormone action.

In this volume of Methods in Enzymology a series of techniques and
methods of study as they relate to research on peptide hormones and their
mechanisms of action have been compiled. It has been subdivided into
sections on receptor assays, identification of receptor proteins on cell
surfaces, methods for the identification of internalized hormones and hor-
mone receptors, preparation of hormonally responsive cells and cell hy-
brids, purification of membranc receptors, assays for hormonal effects
and related functions, the use of antibodies in the study of hormone
action, and, finally, into a section on general methods which includes a
variety of methods for the modification of protein hormones, purification,
some of the newer growth factors, as well as other methods of interest.

As always, the techniques gathered are not all-inclusive, some of the
research areas are presented in a fragmentary way, and, undoubtedly,
important methods have escaped our attention. We hope, however, that
the approaches and methods that we have collected in this volume will be,
as they have already been, of very general applicability and an aid both to
researchers and to the more rapid advancement of the field of hormones
and hormone action.

LuTZ BIRNBAUMER
BERT W. O'MALLEY
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