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Foreword

Ever since the genetic code was solved in 1966, the brain and the phenomena it oversees—
perception, memory, and thinking—have stood out like Himalayan peaks to the world of
molecular biologists. Until very recently, however, most of us have believed that we have
little unique to offer those long professionally involved in neurobiological phenomena and
that the brain in particular was far beyond our capabilities. Those few molecular biologists
who did move into neurobiology we have in the past regarded as frightfully brave or
recklessly silly.

Apparently particularly hopeless was the approach that should be the most natural to us,
that of focussing first on the structure and functioning of the molecules out of which the
nerve cells are made. Although such research of itself could become fun to do, for many years
the chances seemed nil that it would be through molecular biology that the intimate secrets
of the brain would fall out. So an audacious few of us had moved into the fields of
psychophysics, hoping that bouts of hard thinking could do the job. But here again the odds
that fundamental revelations would quickly emerge seemed painfully low.

Today, however, we sense a new meod among those molecular biologists who gaze up-
wards toward the brain. By using recombinant DNA, monoclonal antibodies, and the facts of
receptor biochemistry to the fullest, we should have a fighting chance to understand the
uniqueness of nerve cells and the ways they come together to form functional networks. To
mark this new mood, we decided to hold the 48th Symposium on Molecular Neurobiology.

In putting together this meeting, we received excellent advice from many colleagues. We
wish to thank Eric Kandel and Charles Stevens, both long associated with the Cold Spring
Harbor summer courses in neurobiology. The final result was a program of 91 speakers that
started with an introduction by Max Cowen and concluded with a summary by Eric Kandel.
The total attendance was 233 participants, all of whom thought that this Symposium would
be long remembered as a decisive turning point in the development of neurobiology.

Our Meetings Office—Gladys Kist, Barbara Ward, Maureen Berejka, Merilyn Simkins—
with their usual cheerful competence made sure that everyone was well received, well fed,
and well housed. Herb Parsons expertly oversaw the audio-visual aspects of the meeting.

Financial support for this meeting was provided by the National Institutes of Health, Na-
tional Science Foundation, and the Department of Energy. These much-needed funds en-
abled us to cover the meeting costs of our invited speakers and to provide travel expenses for
many of our overseas speakers.

This year we have worked especially hard to publish these volumes in the same year as our
June meeting, an interval of less than 7 months. So we have been firm in sticking to our re-
quests that the manuscripts must be handed in during the Symposium week or immediately
after. We note the great cooperation we have received from our speakers, a happy situation
to which we must also credit the friendly persistence and speedy editing of Judith Cuddihy,
Dorothy Brown, Karen Sundin, and Joan Ebert of our Publications Department, which con-
tinues to be ably headed by Nancy Ford.

J.D. Watson
R. McKay
November 17, 1983

xiii



COLD SPRING HARBOR SYMPOSIA
ON QUANTITATIVE BIOLOGY

VOLUME XLVIII



Contents

Symposium Participants
Foreword

Part |

Acetylcholine Receptor and Its Channel

The Arrangement and Functions of the Chains of the Acetylcholine Receptor of Torpedo
Electric Tissue A. Karlin, R. Cox, R.-R. Kaldany. P. Lobel, und E. Holizman

Subunit Organization and Structure of an Acetylcholine Receptor  R.H. Fuirciough. J.
Finer-Moore, R.A. Love, K. Kristofferson, P.J. Desmeules, and R-M. Stroud

The Nicotinic Acetylcholine Receptor: Subunit Structure, Functional Binding Sites. and
lIon Transport Properties M.A. Rafierv. S M.J. Dunn, B.M. Conti-Tronconi, 2.§.
Middlemas, and R.D. Crawford

Allosteric Properties of the Acetyicholine Receptor rotein n Torpedo mar
morata J.-F. Changeux. F. Bon. J. Cariaud. A. Devi'lers wv, J. Giraudai, T
Heidmann, B. Holion. H -O. Nghiem. J [. Popor R Van Rapenbusch, and S.
Tzartos

Muscarinic Receptor Subclasses: Allosteric Interactions N.J.M. Birdsall. E.C. Hulme,
and J.M. Stockton

Molecular Structure of the Nicotinic Acetylcholine Receptor S Nwma, M Noda, H
Takahashi, T. Tanabe, M. Toyosato, Y. Furutani, and S Kikyotani

Molecular Cloning of the Acetylcholine Receptor J. Patrick. M. Balliver, L. Boas, T.
Claudio, J. Forrest, H. Ingraham, P. Mason, 5. Stenge/n, S. Ueno. and S.
Heinemann )

Structure and Expr. ssion of Genomic Clones Coding for the §-Subunit of the Torpedo
Acetylcholine Rc-eptor N.D. Hershey, D.J. Noonan, K.S. Mixter, T. Claudio,
and N. Davidson

Genomic Sequences Encoding the a-Subunit of Acetylcholine Receptor Are Conserved
in Evolution M. Ballivet, P. Nef, R. Stalder, and B. Fulpius

Use of Monoclonal Antibodies to Study Acetylcholine Receptors from Electric Organs,
Muscle, and Brain and the Autoimmune Response to Receptor in Myasthenia
Gravis J. Lindstrom, S. Tzartos, W. Gullick, S. Hockschwender, L. Swanson, P,
Sargent, M. Jacob, and M. Montal

A Developmental Change in the Immunological Properties of Acetylcholine Receptors
at the Rat Neuromuscular Junction Z. W. Hall, M.-P. Roisin, Y. Gu, and P.D.
Gorin

Acetylcholine and GABA Receptors: Subunits of Central and Peripheral Receptors and
Their Encoding Nucleic Acids E.A. Barnard, D. Beeson, G. Bilbe, D.A. Brown,
A. Constanti, B.M. Conti-Tronconi, J.O. Dolly, S.M.J. Dunn, F. Mehraban, B.M.
Richards, and T.G. Smart

Molecular Events in the Synthesis and Assembly of a Nicotinic Acetylcholine Recep-
tor D.J. Anderson and G. Blobel

The Regulation of Acetylcholine Receptor Expression in Mammalian Muscle J. P,
Merlie, R. Sebbane, S. Gardner, E. Olson, and J. Lindstrom

p

Sodium Channel

Inactivation of Open and Closed Sodium Channels Determined Separaiely R W.
Aldrich and C.F. Stevens
Structure and Functional Reconstitution of the Voltage-sensitive Sodium Channel from
Rat Brain J.A. Talvenheimo, M.M. Tamkun, R.P. Hartshorne, D.J. Messner,
R.G. Sharkey, M.R.C. Costa, and W.A. Cartterall
xv

Xill

35

53

o
~1

71

79

83

89

101

147



xvi

CONTENTS

The Voltage-regulated Sodium Channel from the Electroplax of Electrophorus elec-
tricus W.S. Agnew, J.A. Miller, M.H. Ellisman, R.L. Rosenberg, S.A. Tomiko,
and S.R. Levinson

Immunochemical Studies of the Voltage-sensitive Sodium Channel from the Electroplax
of the Eel Electrophorous electricus L.C. Fritz, H.-P.H. Moore, M.A. Raftery,
and J.P. Brockes

The Molecular Mechanism of Action of the 3-Adrenergic Receptor M. Schramm, M.
Korner, G. Neufeld, and E. Nedivi

Calcium and Potassium Channels

Modulation of Calcium Channels in Cultured Cardiac Cells by Isoproterenol and
8-Bromo-cAMP H. Reuter, A.B. Cachelin, J.E. De Peyer, and S. Kokubun

Calcium Channels: Mechanisms of 8-Adrenergic Modulation of lon Permeation R.W.
Tsien, B.P. Bean, P. Hess, and M. Nowycky

Modulation of a Specific Potassium Channel in Sensory Neurons of Aplysia by
Serotonin and cAMP-dependent Protein Phosphorylation J.S. Carmardo, M.J.
Shuster, S.A. Siegelbaum, and E.R. Kandel

Genetic and Voltage-clamp Analysis of a Drosophila Potassium Channel L. Salkoff

Mutating a Gene for a Potassium Channel by Hybrid Dysgenesis: An Approach to the
Cloning of the Shaker Locus in Drosophila L.Y. Jan, S. Barbel, L. Timpe, C. Laf-
fer, L. Salkoff, P. O’Farrell, and Y.N. Jan

Ion Transport by Single Receptor Channels B. Sakmgnn, J. Bormann, and O.P.
Hamill

Excitable Membrane Properties of Cultured Central Nervous System Neurons and
Clonal Pituitary Cells J.L. Barker, B. Dufy, D.G. Owen, and M. Segal

Glutamate- and GABA-receptor Channels at the Locus Nerve-Muscle Junction: Noise
Analysis and Single-channel Recording S.G. Cull-Candy

Chemical and Pharmacological Approaches to the Definition and Quantitation of
Calcium Channels P.J. Gengo, E. Luchowski, D.E. Rampe, A. Rutledge, A.M.
Triggle, D.J. Triggle, and R.A. Janis

Purification and Characterization of ATP-dependent Calcium Pumps from Synap-
tosomes S.M. Goldin, S.Y. Chan, D.M. Papazian, E.J. Hess, and H. Rahamimoff

Studies of the Na*-K* ATPase of Skeletal Muscle and Nerve D.M. Fambrough

Studies on Neuronal Proteins with Recombinant DNA Techniques

Detection and Regulation of the Tyrosine Hydroxylase mRNA Levels in Rat Adrenal
Medulla and Brain Tissues J. Mallet, N. Faucon Biguet, M. Buda, A. Lamouroux,
and D. Samolyk

Cloning and Characterization of Rat-brain-specific Transcripts: Rare, Brain-specific
Transcripts and Tyrosine Hydroxylase D.M. Chikaraishi, M.H. Brilliant, and
E.J. Lewis

Dopamine-3-Hydroxylase Rat mRNA: Structure, Regulation, and Tissue Localiza-
tion K. O'Malley, A. Mauron, G. Makk, D.L. Wong, R.D. Ciaranello, J.D.
Barchas, and L. Kedes

Evidence for the Existence of Homologous Gene Coding Regions for the Catecholamine
Biosynthetic Enzymes T.H. Joh, E.E. Baetge, M.E. Ross, and D.J. Reis

Neuron-specific Phosphoproteins as Models for Neuronal Gene Expression L.J.
DeGennaro, S.D. Kanazir, W.C. Wallace, R.M. Lewis, and P. Greengard

Expression of Cell-type-specific Neuronal Phosphoproteins R.M. Lewis, W.C.
Wallace, S.D. Kanazir, and P. Greengard

Studies on Voltage-operated Calcium Channels Using Radioligands R.J. Gould,
K.M.M. Murphy, and S.H. Snyder

Molecular Aspects of Neuropeptides

Peptides in Neuronal Function—Studies Using Frog Autonomic Ganglia Y.N. Jan,
C.W. Bowers, D. Branton, L. Evans, and L.Y. Jan

Generation of Diversity and Evolution of Opioid Peptides E. Herbert, E. Oates, G.
Martens, M. Comb, H. Rosen, and M. Uhler

Analysis of POMC Gene Expression by Transcription Assay and In Situ Hybridization
Histochemistry J.L. Roberts, J.H. Eberwine, and C.E. Gee

The Enkephalinergic Neuron: Implications of a Polyenkephalin Precursor J. Rossier,

165

181

187

193

201

213

221

233

247

259

269

279

287
297

305

309

319

327

337

347

355

363

375

385



