Methods in Enzymology
Volume 315

Vertebrate
Phototransduction and the
Visual Cycle
Part A

EDITED BY
Krzysztof Palczewski

DEPARTMENT OF OPHTHALMOLOGY
UNIVERSITY OF WASHINGTON SCHOOL OF MEDICINE
SEATTLE, WASHINGTON

ACADEMIC PRESS
San Diego London Boston New York Sydney Tokyo Toronto




Table of Contents

CONTRIBUTORS TO VOLUME 315 xi

PREFACE. xvii
VOLUMES IN SERIES . Xix
Section I. Expression and Isolation of Opsins

1. Heterologous Expression of Bovine Opsin in NAMOUTIN G. ABDULAEV AND
Pichia pastoris Kevin D. RIDGE 3
2. Baculovirus Expression System for Expression and Corng H. W. KLAASSEN AND
Characterization of Functional Recombinant Vi- WiLLEM J. DEGRip 12
sual Pigments
3. Development of Stable Cell Lines Expressing High Jack M. SULLIVAN AND
Levels of Point Mutants of Human Opsin for Bio- MicHAEL F. SATCHWELL 30
chemical and Biophysical Studies
4. Folding and Assembly of Rhodopsin from Ex- KeviNn D. RIDGE AND
pressed Fragments NAMOUTIN G. ABDULAEV 59
5. Isolation of Isoelectric Species of Phosphorylated J. Huce McDOWELL,
Rhodopsin : JosepH P. NAWROCKI, AND
PauL A. HARGRAVE 70
6. Rhodopsin Trafficking in Photoreceptors Using Dusanka DERETIC 77
Retinal Cell-Free System
Section II. Characterization of Opsins
7. Preparation and Amnalysis of Two-Dimensional GeEBHARD F. X. SCHERTLER
Crystals of Rhodopsin AND PauL A. HARGRAVE 91
8. Domain Approach to Three-Dimensional Structure ARLENE D. ALBERT AND
of Rhodopsin Using High Resolution Nuclear PriLip L. YEAGLE 107
Magnetic Resonance
9. Analysis of Functional Microdomains in Rhodopsin STevEN W. LiN, May HaN,
’ AND THoOMAS P. SAKMAR 116
10. Mapping Tertiary Contacts between Amino Acid MARY STRUTHERS AND
Residues within Rhodopsin ' DanieL D. OpriaN 130
11. Energetics of Rhodopsin Photobleaching: Photoca- ROBERT R. BIRGE AND
lorimetric Studies of Energy Storage in Early and Bryan W. VougHT 143

Late Intermediates



vi

TABLE OF CONTENTS

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Absorption Spectroscopy in Studies of Visual Pig-
ments: Spectral and Kinetic Characterization of
Intermediates

Structural Determinants of Active State Conforma-
tion of Rhodopsin: Molecular Biophysics Ap-
proaches

pK, of Protonated Schiff Base of Visual Pigments

Assays for Detection of Constitutively Active
Opsins

Synthetic Retinals: Convenient Probes of Rhodop-
sin and Visual Transduction Process

Assays for Activation of Opsin by all-trans-Retinal

Assays for Activation of Recombinant Expressed
Opsin by all-trans-Retinal

Electrical Approach to Study Rhodopsin Activation
in Single Cells with Early Receptor Current Assay

Analysis of Amino Acid Residues in Rhodopsin
and Cone Visual Pigments That Determine Their
Molecular Properties

Phylogenetic Analysis and Experimental Ap-
proaches to Study Color Vision in Vertebrates

JAMES W. LEwIs AND
Davip S. KLIGER

KarRM FAHMY,
THOMAS P. SAKMAR, AND
FRIEDRICH SIEBERT

THaoMmas G. EBREY

PryiLis R. RoBINsON

Jong Lou, QIANG TaN,
EreEnNA KARNAUKHOVA,
NiNa BEROVA,

Ko NAKANISHI, AND
RosaLie K. CroucH

KRisTINA SACHS,
DIETER MARETZKI, AND
Kraus PETER HOFMANN

May HAN AND
THOMAS P. SAKMAR

Jack M. SULLIVAN,
LiouBov BRUEGGEMANN, AND
PRAGATI SHUKLA

Hiroo IMal,
Ax1HISA TERAKITA, AND
YOSHINORI SHICHIDA

SHOZO YOKOYAMA

Section III. Proteins That Interact with Rhodopsin

Light Scattering Methods to Monitor Interaction
between Rhodopsin-Containing Membranes and
Soluble Proteins

Heterogeneity of Rhodopsin Intermediate State In-
teracting with Transducin

Limited Proteolytic Digestion Studies of G Protein—
Receptor Interaction

Monitoring Proton Uptake from Aqueous Phase
during Rhodopsin Activation

MARTIN HECK,
ALEXANDER PULVERMULLER,
AND KLAuUs PETER HoFMANN

YOSHINORI SHICHIDA,
SHUn TACHIBANAKI,
Hiroo IMAI, AND
AxkitHisA TERAKITA

MaRria R. MAZZONI AND
Hem1 E. Hamm

CuristoprH K. MEYER AND
Kraus PETER HOFMANN

164

178
196
207

219

238

251

268

293
312

329

347

363

377



TABLE OF CONTENTS

vii

. Use of Peptides-on-Plasmids Combinatorial Library
to Identify High Affinity Peptides That Bind Rho-
dopsin

. Purification of Rhodopsin Kinase by Recoverin Af-
finity Chromatography

28. Heterologous Expression and Reconstitution of
Rhodopsin with Rhodopsin Kinase and Arrestin

29. Arrestin: Mutagenesis, Expression, Purification,
and Functional Characterization

30. Mapping Interaction Sites between Rhodopsin and
Arrestin by Phage Display and Synthetic Peptides

31. Characterization of RanBP2-Associated Molecular
Components in Neuroretina

ANNETTE GILCHRIST, ANLI Li,

AND Himr E. Hamm

CHING-KANG CHEN AND
JamEes B. HURLEY

SHoJ OsAawa,
DavanNibHI RAMAN, AND
ELLEN R. WEIss

VsevoLop V. GUREVICH AND

JErFREY L. BENOVIC

W. CLAY SMITH AND
PauL A. HARGRAVE

Pauro A. FERREIRA

388

404

411

422

437
455

Section IV. Transducin and Regulators of G-Protein Signaling

32. Intrinsic Biophysical Monitors of Transducin Acti-
vation: Fluorescence, UV/Visible Spectroscopy,
Light Scattering, and Evanescent Field Tech-
niques '

33. Fluorescent Probes as Indicators of Conformation
Changes in Transducin on Activation

34. Goy/Gay Chimeras Used to Define Structural Basis
of Specific Functions of G,

35. Enzymology of GTPase Acceleration in Phototrans-
duction .

36. Mutational Analysis of Effectors and Regulators of
G-Protein Signaling Interfaces of Transducin -

OLIVER P. ERNST,
CHRISTOPH BIERI,
HoRrsT VOGEL, AND
Kraus PeTER HOFMANN

CHII-SHEN YANG,
NikoLAl P. SKiBa,
Maria R. Mazzoni,
TariTa O. THOMAS, AND
Hzip1 E. Hamm

NixoLAl P. SKiBA,
Tarrra O. THOMAS, AND
Hemi E. HamMm

CHRISTOPHER W. COWAN,

THEODORE G. WENSEL, AND

VapiM Y. ARSHAVSKY

MiICHAEL NATOCHIN AND
NikorLal O. ARTEMYEV

Seection V. Photoreceptor Protein Phosphatases

37. Isolation and Properties of Protein Phosphatase 2A
in Photoreceptors

38. Purification and Characterization of Protein Phos-
phate Type 2C in Photoreceptors

MUHAMMAD AKHTAR,
ALASTAIR J. KING, AND
NmaA E. M. McCARTHY

SusanNnE KLumPP AND
DAGMAR SELKE

471

490

502

524

539

557

570



viii

TABLE OF CONTENTS

39. Photoreceptor Serine/Threonine Protein Phospha- Xizaonc Huang,

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

tase Type 7: Cloning, Expression, and Func-
tional Analysis

MARK R. SWINGLE, AND
RicHARD E. HONKANEN

Section VI. Photoreceptor Phosphodiesterase and
Guanylyl Cyclase

Purification and Assay of Bovine Type 6 Photore-
ceptor Phosphodiesterase and Its Subunits

Transcriptional Regulation of cGMP Phosphodies-
terase 8-Subunit Gene

Inhibition of Photoreceptor cGMP Phosphodiester-
ase by Its y Subunit

Kinetics and Regulation of cGMP Binding to Non-
catalytic Binding Sites on Photoreceptor Phos-
phodiesterase

Purification and Autophosphorylation of Retinal
Guanylate Cyclase

Use of Nucleotide a-Phosphorothioates in Studies
of Photoreceptor Guanylyl Cyclase: Purification
of Guanylyl Cyclase Activating Proteins

Heterologous Expression and Assays for Photore-
ceptor Guanylyl Cyclases and Guanylyl Cyclase
Activating Proteins

Spectrophotometric Determination of Retinal Rod
Guanylyl Cyclase

Calcium-Dependent Activation of Membrane Gua-
nylate Cyclase by S100 Proteins

Characterization of Guanylyl Cyclase and Phospho-
diesterase Activities in Single Rod Outer Seg-
ments

Section VII. Cyclic Nucleotide-

Covalent Tethering of Ligands to Retinal Rod Cy-
clic Nucleotide-Gated Channels: Binding Site
Structure and Allosteric Mechanism

TerrY A. COOK AND
JosepH A. BEAvVO

LeoNip E. LERNER AND
Desora B. FARBER

ALexeEYy E. GRANOVSKY,
KuakiM G. MURADOV, AND
NikorLal O. ARTEMYEV

Rick H. Cote

JEFFREY P. JOHNSTON,
JENNIFER G. APARICIO, AND
MEREDITHE L. APPLEBURY

WoiciecH A. GORCZYCA

James B. HURLEY AND
ALEXANDER M. D1zHOOR

GREGOR WOLBRING AND
PauL P. M. SCHNETKAMP

ARI SITARAMAYYA,
Nixoray PozDNyakov,
ALEXANDER MARGULIS, AND
AKIKO YOSHIDA

Yiannis KOUTALOS AND
Kmng-War Yau

Gated Channels

JEFFREY W. KARPEN,
Marial.uisa Rurz, AND
R. LANE BROWN

579

597

617

635
646

673
689

708

718

730

742

755



CONTRIBUTORS TO VOLUME 315 ix

“51. Using State-Specific Modifiers to Study Rod cGMP- SHARONA E. GORDON 772
Activated Ion Channels Expressed in Xenopus
Oocytes

52. Identification and Characterization of Calmodulin KArRL-WiLHELM KocH 785

Binding Sites in cGMP-Gated Channel Using Sur-
face Plasmon Resonance Spectroscopy

53, Determination of Fractional Calcium Ion Current STEPHAN FRINGS,
in Cyclic Nucleotide-Gated Channels Davip H. Hackos,
CrLAuDIA DZEJA,
Tsuvosur OHYAMA,
VoLKER HAGEN,
U. Benyamin Kaupp, AND
JuaN 1. KORENBROT 797

54. Modulation of Rod ¢cGMP-Gated Cation Channel MARIA E. GRUNWALD AND
by Calmodulin KmG-Wai Yau 817

Section VIII. Na*/Ca?*-K* Exchanger and ABCR Transporter

55. Purification and Biochemical Analysis of cGMP- ROBERT S. MoLDAY,
Gated Channel and Na*/Ca?*-K* Exchanger of RENE WARREN, AND

Rod Photoreceptors Tom S. Y. Kim 831
56. Spectrofluorometric Detection of Na*/Ca?*-K* Ex- CoNaN B. COOPER,
change ROBERT T. SZERENCSEI, AND
PauL P. M. SCHNETKAMP 847

57. Purification and Characterization of ABCR from JINHI AHN AND

Bovine Rod Outer Segments RoBERT S. MoLDAY 864
58. ABCR: Rod Photoreceptor-Specific ABC Trans- Hur Sun AND

porter Responsible for Stargardt Disease JEREMY NATHANS 879
AutHOR INDEX . . . . . . . . . . oL ..o 89

SUBJscrINDEx..........._..............935




