CONTENTS

Contributors

Preface

PARTI Assembly

1. Asscrnbly of lon Channels
ZuFang Sheng and Carol Deutsch

1. Introduction
1. Strategies and Methods
Reeferences

PART II Genetics

2. Identification of Ton Channel-Associated Proteins Using the Yeast

Twao-Hybrid System

Martin Niethammer and Morgan Sheng

I. Introduction

I1. Principles of Two-Hybrid System

III. Materials and Methods

1V. Limitations, Perspectives, and Qutooks

Appendix: Solutions
References

PART III  Electrophysiology

3. Patch-Clamp Studies of Cystic Fibrosis Transmembrane Conductance

Regulator Chloride Channel

John W. Hansahan, Zie Kone, Ceri J. Mathews, Jiexin Luo, Yanlin Jia, and Paul Linsdetl

[. Introduction

11. Choeice of Expression Systems

xv

Xx1

[¥2]

22
23
34
34
37

42
42



[11. General Patch-Clamp Methods

IV. CFTR Channel Permeation

V. Regulation of CFTR Chloride Channel

VL DRSCAN: A pCLAMP-Compatible Program for
Anayzing Long Records
Appendix
References

. Tight-Seal, Whole-Cell Patch Clamping of €. elegaris Neurons
S. R. Lockery and M. B. Geodman

I. Introduction
1I. Overview
III. Preparing C. elegans for In Situ Electrophysiology
IV. Fabricating Patch Pipettes with Submicron Openings
V. Solutions
V1. Patch-Clamp Setup
VII. Recording from Neurons Labeled with GFP
VI, Tight-Seal, Whole-Cell Recording
IX. Interpreting Parch-Clamp Recordings from Small Cells
X. Spatial Control of Voltage
XI. Prospects
XIL Conclusion
References

. Gating Currents

Francisco Bezanilla and Enrico Stefani

I. Introduction
II. Studying Gating Currents
III. Charge per Channel
IV. Detection Problem
V. Separation Problem
VI. Voltage Clamp
VIL. Recording Step
VIHI. Recording of Gating Currents
IX. Elementary Gating Event
X. Recording of Gating Currents in Frequency Domain
References

. Determining lon Channel Permeation Propertics

Ted Begenisich

I. Introduction
iI. Single-Ton Nernst Potential

43
44
51

56
58
63

66
66
67
70
70
70
72
73
75
77
78
78
79

81
82
83
84
85
87
89
93
96
98
100

101
102



[II. Ton Channel Selectvity
IV. Classification of lon Pores
V. Pore-Blocking Studies
VI. Determining Pore Occupancy
VIL. Conclusion
References

PART IV  Expression Systems

7. Expression of Ligand-Gated Ien Channels Using Semliki Forest Virus
and Baculovirus

Kathryn Radford and Gary Buell

L. Introduction

I1. Generation of Viral DNA or RNA
II1. Choice and Cultivation of Host Cells
IV. Amplification and Titranon of Virus Stocks

V. Optimization of Process Parameters
V1. Applications of lon Channels Expressed by Baculovirus and SFV
V1I. Conclusion

References

8. Recombinant Adenovirus-Mediated Expression in the Nervous System
of Genes Coding for Ton Channels and Other Molecules Involved
in Synaptic Function

Markus . Ehrengruber, Markus Lanztein, Youfeng Xu, Mark C. Jasek,
David B. Kantor, Erin M. Schuman, Henry A. Lester, and Norman Davidson

1. Introduction
I1. Preparation of Recombinant Adenovirus
11§, Techniques
IV. Expression of Potassiumn Channels
V. Use of Adenovirus in Acute Hippocampal Slice Physiology
V1. Future Directions
References

9. Transient Expression of Heteromeric Ion Channels

Alison L. Eertmocd, Yolanda F. Vallejo, and William N. Green

I. Updatc
II. Introduction
III. Methods
V. Results
V. Summary
References

103
105
105
106
107
108

112
118
122
124
127
129
132
133

135
136
139
146
148
152
133

155
156
158
163
175
175



PART V Model Simulations

10. Computer Simulations and Modeling of Ion Channels
Michael E. Green

I. Introduction
II. Fundamental Statistical Ideas
111 Potcntial Energy
IV. Nonlinear Poisson—Boltzmann Equation
V. Summary of Simulation Procedures
References

PART VI  Physical

11. Fluorescence Technigues for Measuring lon Channel Activity

Génidl Veligelebi, Kenneth A. Stauderman, Mark A. Varney, Michael Akong,
Stephen D). Hess, and Edwin C. Johnson

I. Introduction
II. Experimental Procedures
I, Pharmacologic Validation of Assay
IV. Ion Channels with High Fractional Ca®* Response
V. Ton Channels with Moderate Functional Ca®™ Response
VI. Ton Channels with Low Fractional Ca** Response
VII. Limitarions of Fluorescent Dye-Based [Ca®*; Assay for Measurement
of Ion Channel Activity
VIII. Advantages of Fluorescent Dye-Based [Ca®*]; Assays
References

12. Ligand Binding Methods for Analysis of Ion Channel Structure and Function
Steen E. Pedersen, Monica M. Lurrz, and Rao V. L. Papinens

L. Introduction to Revised Article
II. Introduction
I, Comparison of Methods
IV. Methods
V. Fluorescent Ligand Binding Assays
VI. Analysis of Ligand Binding
VII. Thermodynamic Cycle Analysis
References

179
183
185
200
205
206

212
213
217
217
224
229

233
234
235

238
238
239
240
246
247
251
254



13. Three-Dimensional Structure of Membrane Proteins Determined by
Two-Dimensional Crystallization, Electron Cryomicroscopy, and Image Analysis

Maik Yeager, Vinzenz M. Unger, and Alok K. Mitra

[. I[ntroduction 256
[1. Steps in Structural Analysis of Membrane Proceins by Electron

Cryocrystallography 258

[11. Interpretation of Maps 289

1V. Conclusions 293

References 294

14. Voltage-Clamp Biosensors for Capillary Electrophoresis

COwe Onvar, Kent Jardemark, Ceclia Farve, Ingemar Jacobson, Alexander Moscho,
Jason B. Shear, Harvey A. Fishman, Shevi . Lillard, and Richard N. Zare

1. Introduction 297
II. Capillary Electrophoresis 299
1II. Fabrication of Fractured Electrophoresis Capillaries 301
IV. Cell Preparation 303
V. Capillary Electrophoresis—Patch-Clamp Recording 306
VI. Two-Electrode Voltage-Clamp Recording 3N
VII. Summary 313
References 313

15. Ion Channels as Tools to Monitor Lipid Bilayer-Membrane Protein Interactions:
Gramicidin Channels as Molecular Force Transducers

0. S. Andersen, C. Nielsen, A. M. Maer, J. A. Lundbek, M. Goulian, and R. E. Koeppe II

I. Recent Developments 316

II. Introduction 318
I1I. Protein Conformational Changes and Bilayer Perturbations 319
IV. Membrane Perturbations and Channel Function 321
V. The Membrane Deformation Energy 322
VI. Carrier Versus Channel—Choice of Reporter Protein 324
VII. Molecular Force Transducers 325
VIII. Measuring AG{;;;H and the Phenomenological Spring Constant 327
IX. Conclusions 332

References 332



PART VII Purification and Reconstitution

16. Purification and Reconstitution of Epithelial Chloride Channel Cystic Fibrosis
Transmembrane Conductance Regulator

Mohabir Ramjeesingh, Elizabeth Garami, Kevin Galley, Canhui Li, Yanchun Wang,
Pawl D. W. Eckford, and Christine E. Bear

I. Update
II. Introduction
I, Expression of CFTR in Sf9%—Baculovirus System
[V. Solubilization and Purification of CFTR
V. Reconstitution of CFTR
VI. Assessment of Functional Properties of Reconstituted CFTR. Channels
Reeferences

17. Reconstitution of Native and Cloned Channels into Planar Bilayers

Isabelle Favre, Ye-Ming Sun, and Edward Moczydiowski

[. Update
II. Introduction and General Overview
III. Rat Muscle T-Tubule Membranes: A Reliable Source of K-,
Channels and Na] Channels
IV. Preparations for Reconstituting Diverse Types of Channels
from Native Tissues
V. Methods for Reconstituting Cloned and Heterologously Expressed
Channels into Planar Bilayers
Reeferences

PART VIII Second Messengers and Biochemical Approaches

18. Protein Phosphorylanon of Ligand-Gated Ton Channels
Andrew L. Mawen, Sunjeev Kamboj, and Richard L. Huganir

I. Introduction
II. Biochemical Characterization of Phosphorylation of Ligand-Gated
Ton Channels
III. Functional Effects of Ligand-Gated Ton Channel Phosphorylation
IV. Conclusion
References

338
338
341
342
348
350
356

359
360

364

367

368
374

380

380
391
395
395



19. Analysis of Jon Channel Associated Proteins
Michael Wyszynski and Morgan Sheng

1. Introduction
II. General Considerations
L. In Fitro Binding of Recombinant Proteins
IV. Association of Full-Length Proteins in Heterologous Cells
V. Colocalization of lon Channel and Associated Protein In Five
VI Coimmunoprecipitation of lon Channel and Associated Protein from
Native Tissue
VII. Conclusion
Rferences

20. Sccondary Messenger Regulation of lon Channels/Plant Patch Clamping

Sarah M. Assmann and Lisa Romatio

I. Update
II. Introduction
III. Membrane Access
IV. Patch Clamping of Plant Versus Animal Cells
V. Secondary Messenger Regulation of fon Channels
VI. Concluding Remarks
Appendix
References

PART IX Special Channels

21. ATP-Sensitive Potassium Channels

M. Schwanstecher, C. Schwanstecher, F. Chudziak, U. Panten, J. P. Clement IV,
G. Gonzalez, L. Agutlar-Bryan, and J. Bryan

L. Introduction
1I. Drug Synthesis
ITII. Tissue Cuiture
IV. Transfection Protocols
V. Rubidium Efflux Assays
VI. Membrane Isolation
VIIi, Photolabeling Protocols
VIIL. Receptor Solubilization
IX. Partial Purification of SUR1
X. Additional Purification Steps
X1, Sedimentation
XII. Binding Assays
References

397
399
399
403
405

407
409
410

411
415
415
423
426
440
440
441

430
451
456
456
457
458
458
439
459
460
461
461
463



22. Simplified Fast Pressurc-Clamp Technique for Studying Mechanically
Gated Channels

Don W. McBride, Jr. and Owen P. Hamill

i. Introduction
[I. Mechanical Ammangement ot Simplified Pressure Clamp
IIIL. Electronic Control of Pressure Clamp
1V. Some Practical Tips for Construction
Appendix
References

23. Purification and Heterologous Expression of Inhibitory Glycine Receptors
Bodoe Laube and Heinvich Betz

I, Introduction
II. Purification of Glycine Receptor from Mammalian Spinal Cord
1II. Heterologous Expression of Glycine Receptor
IV. Transicnt Expression in HEK293 Cells
V. 2x BBS
VI. Baculovirus System
References

24. Functional Analyses of Aquaporin Water Channel Proteins
Peter Agre, John C. Mathai, Barbara L. Smith, and Gregory M. Preston

I, Introduction

II. Punfication of Red Cell AQP1 Protein

III. Expression of AQP1 in Yeast

IV. Reconstitution of AQP1 into Proteoliposomes

V. Water Permeability of AQP1 Proteoliposomes

V1. Homelogy Clening of Aquaporins by Degenerate Oligenucleotide PCR
VI1. Water Permeability of AQP1 Expressed in Oocytes

References

PART X Toxins and Other Membrane Active Compounds

25, Conus Peptides as Probes for lon Channels
J. Michael Mclntosh, Baldomero M, Olivera, and Lourdes J. Cruz

I. Introducdon
II. Biochemical Overview of Conus Peptides
HI. Some Practical Considerations in Handling Conus Peptides
References

Contents

465
466
468
470
472
472

474
474
476
482
484
485
485

488
488
491
492
495
497
503
507

511
512
524
526



26. Scorpion Toxins as Tools for Studying Potassium Channels

Maria L. Garwia, Markns Hanner, Hans- Giinther Knaus, Robert Slaughuer,
and Gregory J. Kaczorotskt

1. Intreduction

II. Purification of Peptidyl Inhibitors of K™ Channcls from Scorpion Venoms
111, Svnthesis of K™ Channel Inhibitory Peptides by Recombinant Techniques

1V, Radiclabeling of K* Channel Inhibitery Peptides
V. Receptor Binding Studics
V1. Summary

Reeferences

27. Use of Planar Lipid Bilayer Membranes for Rapid Screening
of Membrane-Active Compounds

Tajib A, Mirzabekov, Anatoly Y. Silberstein, and Bruce L. Kagan

I. Update
II. Introduction
1. A New Bilayer Membrane System
IV. Planar Lipid Membrane Sctups and Chambers
V. Materials
V1. Applications for Perfusion Planar Lipid Membrane Technique
References

28. Antibodies to Ton Channels
Angela Vincent, Ian Hart, Ashwin Pinto, and F. Anne Stephenson

I. Introduction
1I. Spontaneous Antibodies in Human Disease
HI. Ligand-Gated Receptors
IV. Voltage-Gated Ion Channels
V. Commercial Products
Reeferences

Index

329
531
534
537
540
542
542

546
547
549
549
352
554
558

561
566
376
584
585
586

591



