two decades, Dr. Gerald Karp has written Karp's
B Duwring this time, he has maintained a consistent
Ssces on combining rigor with accessibility, so that even stu-
demts without prior training in cell biology, melecular biology,
or biochemistry have been able to learn cell biology not just as
2 collection of facts but as a process of discovery. The value of
this approach is that the lessons learned extend far beyond the
field of cell biology, and provide a way for students to learn how
science works, how new experiments can overturn previous
dogmas, and how new techniques can lead to groundbreaking
discovery. This approach makes cell biology come alive.
After seven editions, Dr. Karp is ready to move on to other
adventures. We are excited to take on the challenge of continuing
Dr. Karp’s unique approach to teaching cell biology, while con-
tinuing to put students first. Our goal for this revision was to build
upon Karps hallmark experimental approach by bringing in our
own unique perspectives and harnessing today’s technology.
One key feature of the past editions was to highlight how
cell biology impacts our daily lives, in terms of medicine and
other areas of society. The Human Perspectives sections high-
light human interest stories to reinforce and review basic cell
biology, and also provide examples of how fundamental dis-
coveries have progressed into clinical practice. We have
expanded this feature so that now every chapter has at least
one Human Perspectives section at the end of the chapter. As
part of this feature we report on the latest clinical trials for
various cell biology-based therapies and drugs, a feature that
we hope will inspire students who are pursuing careers in
health sciences fields. In addition to the full Human
Perspectives sections, each chapter is now introduced with a
short “chapter opener” designed to generate enthusiasm about
the science in each chapter through provocative issues or
questions. We hope that this will give our readers the oppor-
tunity to think more about the links between science, society,
and our place in the universe.
Working on the Global edition side by side with Dr. Karp
has given us renewed admiration for his writing and his ability
to keep track of the cutting edge in the full range of topics that
comprise cell and molecular biology. In this and future editions
of Karps Cell Biology we are dedicated to carrying out Dr. Karp’s
original mission of providing an interesting, modern and read-
able text that is grounded in the experimental approach. We
welcome your ideas and feedback as we continue our work on
this text, so please feel free to get in touch.

Janet Iwasa (jiwasa@gmail.com)
Wallace Marshall (Wallace Marshall@ucsf.edu)

Book Companion Site
(www.wiley.com/college/karp)
For the Student

o Additional reading resources provide students with an
extensive list of additional useful sources of information.

® Experimental Pathways for Chapters 6, 7, 9 and 13.

Faor the Instructor
@ Answers to all Conceptual Questions.
® Answers to the end-of chapter Analytic Questions.

® Biology Visual Library; all images in jpg and PowerPoint
formats.

® Clinical Case Studies and accompanying questions by
Claire Walczak, Indiana University & Anthony Contento,
SUNY Oswego.

#® [nstructor’s Manual:

Clicker Questions by Leocadia Paliulis, Bucknell University
and Omar Quintero, University of Richmond

Lecture PowerPoint Presentations by Edmund B.Rucker,
University of Kentucky

Test bank and Answer Key by Robert Seiser, Roosevelt
University

Instructor Resources are password protected.

ACKNOWLEDGEMENTS |———

Gerald Karp, who dedicated many years to carefully and
thoughtfully writing and editing this text, has left a remarkable
legacy that we are grateful to inherit. In putting together this
edition, we are thankful for his insight, wisdom and advice
that was always cheerfully and generously provided to us.

We are grateful to many individuals at John Wiley & Sons
who made this edition possible. Kevin Witt brought us on
board at the beginning stages and infused us with his enthusi-
asm for the project. Bonnie Roth provided superb leadership,
guidance and support throughout the writing and editing pro-
cess. Carrie Thompson, Melissa Edwards, Beth Pearson, and
Liz Baird helped to keep us on organized and on track with the
text and the various media elements. Patty Donovan of SPI
Global played a central role in coordinating the production of
the text, incorporating changes to the text and numerous illus-
trations and images. Billy Ray led the team in obtaining new
images used in this edition.

Janet Iwasa thanks Rob Savage, Dyche Mullins and Jack
Szostak, for inspiring and guiding her along the path towards
becoming a biologist. Janet is particularly grateful for the
support of her family, Adam, Aki and Kenzo, and the life-
long encouragement of her parents, Kuni and Mieko.

Wallace Marshall thanks his scientific mentors, Rolf
Sternglanz, John Sedat, and Joel Rosenbaum, for launching
him in the direction that he went. He thanks his parents,
Clifford and Adele Marshall for making him who he is. And he
thanks his family, Jennifer and Wyeth, for continued inspira-
tion and support.




FREFACE WV

We also wish to thank all reviewers of this and previous editions:

STEVE ALAS

California State Polytechnic University,
Pomaona

RAVI ALLADA

MNorthwestern University
DEREK APPLEWHITE

Reed College

LINDA AMOS

MRC Laboratory of Molecular Biology
KARL . AUFDERHEIDE
Texas A&M University
GERALD T. BABCOCK
Michigan State University
WILLIAM E. BALCH

The Scripps Research Institute
KENNETH |. BALAZOVICH
University of Michigan
JAMES BARBER

Imperial College of Science—
Wolfson Laboratories

JOHN D. BELL

Brigham Young University
WENDY A. BICKMORE
Medical Research Council,
United Kingdom

ASHOK BIDWAI

West Virginia University
ALLAN BLAKE

Seton Hall University
MARTIN BOOTMAN
Babraham Institute

DAVID BOURGAIZE
Whittier College

DANIEL BRANTON

Harvard University
THOMAS R. BREEN
Southern Illinois University
SHARON K. BULLOCK
Virginia Commonwealth University
RODERICK A. CAPALDI
University of Oregon
GORDON G. CARMICHAEL
University of Connecticut Health Center
RATNA CHAKRABARTI
University of Central Florida
KENT D. CHAPMAN
University of North Texas

K H. ANDY CHOO

Royal Children’s Hospitals—
The Murdoch Institute
DENNIS O. CLEGG
University of California—Santa Barbara
KATE COOPER

Loras College

RONALD H, COOPER
University of California—Los Angeles
PHILIPFPA D. DARBRE
University of Reading

ROGER W. DAVENPORT
University of Maryland

SUSAN DESIMONE

Middlebury College

LINDA DEVEAUX

ldaho State University

RICHARD E. DEARBORN
Albany College of Pharmacy
BARRY . DICKSON

Research Institute of Molecular Pathology
DAVID DOE

Westfield State College

ROBERT 8. DOTSON

Tulane University

JENNIFER A, DOUDNA

Yale University

MICHAEL EDIDIN

Johns Hopkins University

EVAN E. EICHLER

University of Washington

ARRI ETSEN

Emory University

ROBERT FILLINGAME
University of Wisconsin Medical School
ORNA COHEN-FIX

MNational Institute of Health, Laboratory
of Molecular and Cellular Biology
JACEK GAERTIG

University of Georgia

BENJAMIN GLICK

The University of Chicago
REGINALD HALABY

Montclair State University
MICHAEL HAMPSEY

University of Medicine and Dentistry
of New Jersey

MICHAEL HARRINGTON
University of Alberta

MARCIA HARRISON

Marshall University

R. SCOTT HAWLEY

American Cancer Society Research
Professor

REBECCA HEALD

University of California, Berkeley
ROBERT HELLING

University of Michigan

MARK HENS

University of North Carolina,
Greensboro

ARTHUR HORWICH

Yale University School of Medicine
JEN-CHIH HSIEH

State University of New York at Stony
Brook

JOEL A. HUBERMAN

Roswell Park Cancer Institute
GREGORY D. D. HURST
University College London
KEN JACOBSON

University of North Carolina
MARIE JANICKE

University at Buffalo—SUNY
MICHAEL JONZ

University of Ottawa

ROLAND KAUNAS

Texas A&M University

HAIG H. KAZAZIAN, JR.
University of Pennsylvania
LAURA R. KELLER

Florida State University

TOM KELLER

Florida State University
REBECCA KELLUM
University of Kentucky

GREG M. KELLY

University of Western Ontario -
NEMAT O. KEYHANI
University of Florida

KIM KIRBY

University of Guelph

NANCY KLECKNER

Harvard University

WERNER KUHLBRANDT
Max-Planck-Institut fir Biophysik
JAMES LAKE

University of California—Los Angeles
CLAIRE M. LEONARD
William Paterson University
ROBERT C. LIDDINGTON
Burnham Institute

FAITH LIEBL

Southern Illinois University,
Edwardsville

VISHWANATH R. LINGAPPA
University of California—San Francisco
JEANNETTE M. LOUTSCH
Arkansas State University

JON LOWRANCE

Lipscomb University
MARGARET LYNCH

Tufts University

CHARLES MALLERY
University of Miami




vi PREFACE

MICHAEL A. MCALEAR
Wesleyan University
ARDYTHE A. MCCRACKEN
University of Nevada—Reno
THOMAS MCKNIGHT
Texas A&M University

JOANM MEERSCHAERT
St. Cloud State University
JOUHN MENNINGER

University of lowa

KIRSTEN MONSEN

Montclair State University

ANDREW NEWMAN

Cambridge University

MICHELLE MORITZ

University of California—San Francisco
ROBERT MORRIS

Wheaton College

ALAN NIGHORN

University of Arizona

ROBERT M. NISSEN

California State University, Los Angeles
JONATHAN NUGENT

University of London

VERONICA C. NWOSU

North Carolina Central University
MIKE O'DONNELL

Rockefeller University

GREG ODORIZZI

University of Colorado, Boulder
LEOCADIA PALIULIS

Bucknell University

JAMES G. PATTON

Vanderbilt University

HUGH R. B. PELHAM

MRC Laboratory of Molecular Biology
JONATHAN PINES

Wellcome/CRC Institute

DEBRA PIRES

University of California—Los Angeles
MITCH PRICE

Pennsylvania State University
CHARLES PUTNAM

University of Arizona

DAVID REISMAN

University of South Carolina

DONNA RITCH

University of Wisconsin—Green Bay

JOEL L. ROSENBAUM
Yale University
WOLFRAM SAENGER
Freie Universitat Berlin
SHIVENDRA V. SAHI

Western Kentucky University
JAMIE SATEORD
Ohio Northern University

JOSHUA SANDQUIST
Grinnell College

PRASANNA SATPUTE-KRISHNAN
National Institute of Health
INDER. M. SAXENA
University of Texas, Austin
RANDY SCHEKMAN
University of California—
Berkeley

SANDRA SCHMID

The Scripps Research Institute
TRINA SCHROER

Johns Hopkins University
TIM SCHUH

St. Cloud State University
DAVID SCHULTZ,

University of Louisville

ROD SCOTT

Wheaton College

KATIE SHANNON

University of North Carolina—
Chapel Hill

JOEL B. SHEFFIELD

Temple University

ERIC SHELDEN

Washington State University
DENNIS SHEVLIN

College of New Jersey

JEFF SINGER

Portland State University
ROGER D. SLOBODA
Dartmouth College
HARRIETT E. SMITH-SOMERVILLE
University of Alabama

BRUCE STILLMAN

Cold Spring Harbor Laboratory
ADRIANA STOICA
Georgetown University

ANN STURTEVANT
University of Michigan-Flint

COLLEEN TALBOT
California State Univerity,
San Bernardine

WILLIAM TERZAGHI
Wilkes University

GISELLE THIBAUDEAU
Missiasippl State University
JEFFREY L. TRAVIS
University at Albany—SUNY
PAUL TWIGG

University of Nebraska-Kearney
NIGEL UNWIN

MRC Laboratory of Molecular
Biology

AJIT VARKI

University of California—San Diego
JOSE VAZQUEZ

New York University
CLAIRE E. WALCZAK
Indiana University

PAUL E. WANDA

Southern Illinois University,
Edwardsville

JENNIFER WATERS
Harvard University

CHRIS WATTERS
Middlebury College
ANDREW WEBBER
Arizona State University
BEVERLY WENDLAND
Johns Hopkins Un iversity
GARY M. WESSEL

Brown University

ERIC V. WONG

University of Louisville
ANDREW WOOD

Southern Illinois University
GARY YELLEN

Harvard Medical School
MASASUKE YOSHIDA
Tokyo Institute of Technology
DANIELA ZARNESCU
University of Arizona
JIANZHI ZHANG

University of Michigan
ROBERT A, ZIMMERMAN
University of Massachusetts




