T

VAN R e

7

R R S S e

T e e L s O U S S U W

O e AL Sl R G SRS S T




VOLUME FOUR HUNDRED AND THIRTY-ONE

METHODS IN

ENZYMOLOGY

Translation Initiation:

Cell Biology,
High-Throughput Methods,
and Chemical-Based
Approaches

EDITED BY

JON LORSCH

Department of Biophysics and Biophysical Chemistry
Johns Hopkins University School of Medicine
Baltimore, Maryland

,‘ ¢ AMSTERDAM e BOSTON e HEIDELBERG ¢ LONDON
e (O NEW YORK e OXFORD e PARIS ¢ SAN DIEGO
e . SAN FRANCISCO e SINGAPORE ¢ SYDNEY ¢ TOKYO

ELSEVIE Academic Press is an imprint of Elsevier




Academic Press is an imprint of Elsevier
525 B Street, Suite 1900, San Diego, California 92101-4495, USA
84 Theobald’s Road, London WC1X 8RR, UK

This book is printed on acid-free paper.

Copyright ©) 2007, Elsevier 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.

The appearance of the code at the bottom of the first page of a chapter in this book indicates the
Publisher’s consent that copies of the chapter may be made for personal or internal use of specific
clients. This consent is given on the condition, however, that the copier pay the stated per copy fee
through the Copyright Clearance Center, Inc. (www.copyright.com), for copying beyond that
permitted by Sections 107 or 108 of the U.S. Copyright Law. This consent does not extend to other
kinds of copying, such as copying for general distribution, for advertising or promotional purposes,
for creating new collective works, or for resale. Copy fees for pre-2007 chapters are as shown on the
title pages. If no fee code appears on the title page, the copy fee is the same as for current chapters.
0076-6879/2007 $35.00

Permissions may be sought directly from Elsevier’s Science & Technology Rights Department in
Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333, E-mail: permissions@elsevier.
com. You may also complete your request on-line via the Elsevier homepage (http://elsevier.com),
by selecting “Support & Contact” then “Copyright and Permission” and then “Obtaining
Permissions.”

For information on all Elsevier Academic Press publications
visit our Web site at www.books.elsevier.com
ISBN: 978-0-12-373964-3

PRINTED IN THE UNITED STATES OF AMERICA
07 08 09 10 9 8 7 6 5 4 3 2 1

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER  BOOKAID = oo Foundation




;gi%%%* VOLUME FOUR HUNDRED AND THIRTY-ONE

METHODS IN

ENZYMOLOGY

Translation Initiation:

Cell Biology,
High-Throughput Methods,
and Chemical-Based
Approaches




METHODS IN ENZYMOLOGY

Editors-in-Chief

JOHN N. ABELSON ano MELVIN I. SIMON

Division of Biology
California Institute of Technology
Pasadena, California

Founding Editors

SIDNEY P. COLOWICK ano NATHAN O. KAPLAN



CONTRIBUTORS

Paul Anderson
Division of Rheumatology, Immunology, and Allergy, Brigham and Women’s
Hospital, Boston, Massachusetts

Yoav Arava
Department of Biology, Technion—TIsrael Institute of Technology, Haifa, Israel

Mark P. Ashe
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Traude H. Beilharz

Molecular Genetics Program, Victor Chang Cardiac Research Institute (VCCRI),
Sydney, Australia; and

St. Vincent’s Clinical School, University of New South Wales, Sydney, Australia

Letizia Brandi
Biotechnomics, Insubrias BioPark, Gerenzano, Italy

Susan G. Campbell
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Marcello Carotti
Department of Biology MCA, University of Camerino, Camerino, Italy

Regina Cencic
Department of Biochemistry, McGill University, Montreal, Quebec, Canada

Nam Song Choi
Department of Chemistry, Texas A&M University, College Station, Texas

Jennifer L. Clancy
Molecular Genetics Program, Victor Chang Cardiac Research Institute (VCCRI),
Sydney, Australia

Yongjun Dang
Department of Pharmacology, Johns Hopkins School of Medicine, Baltimore,
Maryland

Xi



xii Contributors

Edward Darzynkiewicz
Division of Biophysics, Institute of Experimental Physics, Faculty of Physics,
Warsaw University, Warsaw, Poland

Naama Eldad
Department of Biology, Technion—Israel Institute of Technology, Haifa, Israel

Attilio Fabbretti
Department of Biology MCA, University of Camerino, Camerino, Italy

Edith Gomez
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Ewa Grudzien-Nogalska

Division of Biophysics, Institute of Experimental Physics, Faculty of Physics,
Warsaw University, Warsaw, Poland; and

Department of Biochemistry and Molecular Biology, Louisiana State University
Health Sciences Center, Shreveport, Louisiana

Claudio 0. Gualerzi
Department of Biology MCA, University of Camerino, Camerino, Italy

Raphaél Haddad
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Yi-Shuian Huang
Division of Neuroscience, Institute of Biomedical Sciences, Academia Sinica,
Taipei, Taiwan

David T. Humphreys
Molecular Genetics Program, Victor Chang Cardiac Research Institute (VCCRI),
Sydney, Australia

Jacek Jemielity
Division of Biophysics, Institute of Experimental Physics, Faculty of Physics,
Warsaw University, Warsaw, Poland

Nancy Kedersha
Division of Rheumatology, Immunology, and Allergy, Brigham and Women’s
Hospital, Boston, Massachusetts

Shukun Li
Department of Chemistry, Texas A&M University, College Station, Texas

Jun O. Liu
Department of Pharmacology; Solomon H. Synder Department of Neuroscience;
and Department of Oncology, Johns Hopkins School of Medicine, Baltimore,
Maryland



Contributors xiii

Woon-Kai Low
Department of Pharmacology, Johns Hopkins School of Medicine, Baltimore,
Maryland

Gil Ma
Department of Chemistry, Texas A&M University, College Station, Texas

Daniel Melamed
Department of Biology, Technion—Israel Institute of Technology, Haifa, Israel

Pohl Milon
Department of Biology MCA, University of Camerino, Camerino, Italy

Sarah S. Mohammad-Qureshi
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Christopher V. Nicchitta
Department of Cell Biology, Duke University Medical Center, Durham, North
Carolina

Klaus H. Nielsen
Department of Molecular Biology, University of Aarhus, Aarhus, Denmark

Marco Nousch
Molecular Genetics Program, Victor Chang Cardiac Research Institute (VCCRI),
Sydney, Australia

Karren S. Palmer
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Kaapjoo Park
Department of Chemistry, Texas A&M University, College Station, Texas

Graham D. Pavitt
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Jerry Pelletier
Department of Biochemistry and McGill Cancer Center, McGill University,
Montreal, Quebec, Canada

Cynthia L. Pon
Department of Biology MCA, University of Camerino, Camerino, Italy



Xiv Contributors

Thomas Preiss

Molecular Genetics Program, Victor Chang Cardiac Research Institute (VCCRI),
Sydney, Australia;

St. Vincent’s Clinical School; and School of Biotechnology and Biomolecular
Sciences, University of New South Wales, Sydney, Australia

Christopher G. Proud
Department of Biochemistry and Molecular Biology, University of British Columbia,
Vancouver, Canada

Robert E. Rhoads

Department of Biochemistry and Molecular Biology, Louisiana State University
Health Sciences Center, Shreveport, Louisiana

Jonathan P. Richardson
Faculty of Life Sciences, The University of Manchester, Manchester, United
Kingdom

Joel D. Richter
Program of Molecular Medicine, University of Massachusetts Medical School,
Worcester, Massachusetts

Francis Robert
Department of Biochemistry, McGill University, Montreal, Quebec, Canada

Daniel Romo
Department of Chemistry, Texas A&M University, College Station, Texas

Robert M. Rzasa
Department of Chemistry, Texas A&M University, College Station, Texas

Tilman Schneider-Poetsch

Department of Pharmacology, Johns Hopkins School of Medicine, Baltimore,
Maryland

Helene A. Shea
Department of Chemistry, Texas A&M University, College Station, Texas

Zonggao Shi

Department of Pharmacology, Johns Hopkins School of Medicine, Baltimore,
Maryland

Samuel B. Stephens

Department of Cell Biology, Duke University Medical Center, Durham, North
Carolina

Janusz Stepinski
Division of Biophysics, Institute of Experimental Physics, Faculty of Physics,
Warsaw University, Warsaw, Poland



Contributors XV

Ryszard Stolarski
Division of Biophysics, Institute of Experimental Physics, Faculty of Physics,
Warsaw University, Warsaw, Poland

Leos Valasek

Laboratory of Regulation of Gene Expression, Institute of Microbiology, Prague,
the Czech Republic

Xuemin Wang
Department of Biochemistry and Molecular Biology, University of British Columbia,
Vancouver, Canada

Belinda ). Westman
Division of Gene Regulation & Expression, School of Life Sciences, Wellcome
Trust Biocentre, University of Dundee, Dundee, United Kingdom

Joanna Zuberek
Division of Biophysics, Institute of Experimental Physics, Faculty of Physics,
Warsaw University, Warsaw, Poland



PREFACE

Over the past 15 years, it has become clear that translation initiation is a key
regulatory point in the control of gene expression. Loss-of-control of
protein synthesis has been implicated in a variety of diseases ranging from
cancer to viral infection, and there is increasing interest in the development
of new drugs that target translation initiation. Despite the profound
biological and medical importance of this key step in gene expression, we
are only beginning to understand the molecular mechanics that underlie
translation initiation and its control, and much work remains to be done.

These MIE volumes (429, 430, and 431) are a compilation of current
approaches used to dissect the basic mechanisms by which bacterial,
archaeal, and eukaryotic cells assemble, and control the assembly of, ribo-
somal complexes at the initiation codon. A wide range of methods is
presented from cell biology to biophysics to chemical biology. It is clear
that no one approach can answer all of the important questions about
translation initiation, and that major advances will require collaborative
efforts that bring together various disciplines. I hope that these volumes
will facilitate cross-disciplinary thinking and enable researchers from a wide
variety of fields to explore aspects of translation initiation throughout
biology.

Initially, we had planned to publish a single volume on this subject.
However, the remarkable response to my requests for chapters allowed us to
scale up to three volumes. I would like to express my sincerest appreciation
and admiration for the contributors to this endeavor. I am impressed with
the outstanding quality of the work produced by the authors, all of whom
are leaders in the field. I am especially grateful to John Abelson for giving
me the opportunity to edit this publication and for his support and advice
throughout the project. Finally, I am indebted to Cindy Minor and the staff
at Elsevier for their help and wisdom along the way.

JoN LORSCH
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