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o COVER Artist’s conception shows stem cells, the Breakthrough of the
Year in 1999, under the microscope. The fate of many of the cells
remains a mystery to researchers, as indicated by opaque cells. But
under scrutiny, some stem cells reveal their ability to become different

www.sciencemag.org kinds of cells, including neurons, fat cells, muscle cells, and red blood

cells. See the Breakthrough of the Year special section, beginning on
p- 2238, and the Editorial on p. 2267. [illustration: Steve Keller]
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QUANTUM RATCHETS

Particles can be made to move in one di-
rection by applying a time-varying asym-
metric potential. For proteins and small
molecules, these “ratchets” act classically,
but quantum-mechanical effects have
been predicted for particles that can tun-
nel through their potential barriers. One
manifestation is that the ratchet would
reverse the net direction of particle flow
as a function of temperature. Linke et al.
(p. 2314) have now verified this effect ex-
perimentally for electron flow in a semi-
conductor heterostructure and present a
simple model that explains why current
reversals occur.

COHERENT INCREASES IN
CONDENSATES

Recent work has shown that Bose-Ein-
stein condensates exhibit superradi-
ance—the interaction between coher-
ent light and the condensate can set
up a grating of atoms with well-de-
fined momentum. Kozuma et al. (p.
2309) have controlled this emission
process by using a small, well-defined
seed condensate and by applying

well-timed laser pulses that add more
atoms to the grating. They demon-
strated amplification of the initial
matter wave by a factor of 10. More-
over, they show that this amplifica-
tion is coherent—it maintained the
phase of the initial seed condensate.
This matter wave amplifier is analo-
gous to the optical wave amplifier
that revolutionized the optical laser.

VIEWING IMPURITIES
Dislocations and other defects have long
been known to affect the distribution of
impurity atoms in the material, which are
enriched in the vicinity of the defects. Such
“Cottrell atmospheres” lead, for example,
to strain-aging in steels. However, direct
imaging of this effect, which could shed

light on enrichment rates, has been ham-
pered by instrument limitations. Blavette
et al. (p. 2317; see the Perspective by
Miller) used a three-dimensional atom
probe technique to image such enrich-
ments on an atomic scale in iron-alu-
minum alloys. The increased solute concen-
trations are accompanied by an unexpect-
ed depletion in aluminum, which is likely to
affect the plasticity of the material.

DUST IN THE SOLAR WIND
Interstellar dust grains in the outer solar
system have been sampled during the last
10 years by the Ulysses and Galileo
spacecraft. Landgraf et al. (p. 2319) exam-
ined the dust detector data and noticed a
deficit of grains within a specific mass
range at distances between 2 to 4 astro-
nomical units (the Earth-sun distance)
from the sun. In a model study, they show
that this deficit could arise through solar
radiation pressure overwhelming solar
gravitation for these specific grains, thus
removing them from this narrow region.
The authors’ model is consistent with
grains composed of astronomical silicates,
maghnetite, or graphite.

FLAT COLLOIDAL CRYSTALS
The assembly of colloidal particles of one
charge and surfactants of the opposite
charge normally creates three-dimension-
al fractal aggregates. Ramos et al. (p.
2325) examined the interaction of nega-
tively charged latex particles with vesicles
made from neutral and cationic surfac-
tants. In certain composition ranges, the
latex particles assembled into two-dimen-
sional (2D) crystals of several hundred
particles that were robust against dilution
or shearing. In the authors’ model for
crystal formation, the latex particles ad-
sorb onto a vesicle until charge is neutral-
ized and then attract to form a “raft.” The
bilayers present on the particles eventual-
ly fuse and form the final crystal.

POCKETING THE TEMPLATE
RNA polymerase from T7 bacteriophage
(T7RNAP) is a single subunit enzyme that
binds to specific promoter DNA se-
quences and initiates transcription. During
the initiation phase, short RNA products
are repeatedly synthesized and released
until a transition occurs to give a stable
elongation complex that can transcribe
the complete T7 phage DNA. Cheetham
and Steitz (p. 2305) present a 2.4
angstrom structure of a transcribing T7
RNA initiation complex that provides in-

sight into how the enzyme selects for
synthesizing RNA and how RNA products
up to about 8 nucleotides long can be
formed without breaking promoter con-
tacts. The authors provide evidence for a
“scrunching” model in which the DNA
template accumulates in the active site
pocket of T7RNAP during the early stages
of transcription: Once the pocket is filled,
either the RNA product will be abortively
released or T7RNAP will dissociate from
the promoter to allow entry into the pro-
cessive elongation phase.

TWO FOR NUN

In transcribing DNA template into RNA,
either sequence elements or protein fac-
tors can signal the end to transcription.
The phage factor Nun stops transcription
of phage template by binding to the
nascent transcript and blocking the
progress of bacterial RNA polymerase
(RNAP). What are the molecular interac-
tions between Nun and the transcription
machinery that enable the phage factor
to stop the large bacterial RNAP? In
the presence of zinc, the Nun COOH-
terminus inhibits its own RNA binding by
blocking the amino-terminal binding do-
main. However, another phage protein,
NusA, can stimulate the binding of Nun to
RNA. Watnick and Gottesman (p. 2337)
studied these interactions further with
photochemical cross-linking analyses and
found that Nun directly contacts the
nascent RNA, RNAP, and double-stranded
DNA. Contact with DNA occurs at the
DNA binding site of RNAP. Nun may ar-
rest transcription by acting to anchor the
RNAP to DNA. Thus, Nun, along with
RNAP, contacts both the nascent RNA and
template DNA.

DNA HELICASE DEFECTS

Bloom’s syndrome and Werner's syn-
drome are two human disorders that are
characterized by growth retardation and a
high incidence of cancers. The genes re-
ported to be mutated in these disorders,
the Bloom's syndrome gene BML and
Werner's syndrome gene WRN, encode
DNA helicases. Two reports focus on ac-
tion of homologs of BML and WRN, the
yeast gene SGST and Neurospora gene
qde-3, respectively. Cogoni and Macino (p.
2342) cloned the gde-3 gene and show
that it participates in post-transcriptional
gene silencing, which suppresses the ex-
pression of a foreign gene when intro-
duced into a cell. Lee et al. (p. 2339)
showed that mutation of SGS7 and

CONTINUED ON PAGE 2231
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another helicase homolog SGS2 resulted
in defects both in transcription by the
RNA polymerase | molecule and in DNA
replication. The combination of gene si-
lencing, transcription, or replication ef-
fects exhibited by homologs of the
Bloom’s and Werner’'s syndrome genes
may contribute to the various genetic de-
fects observed in the human disorders.

A PROTEIN VERSION
OF TRNA

The translation process that synthesizes
peptides is ended by release factors that
liberate the completed peptide and a ribo-
some recycling factor (RRF) that partici-
pates in the release of the messenger RNA
and the fission of the two ribosomal sub-
units. Selmer et al. (p. 2349) now provide
the crystal structure of RRF and find that it
looks remarkably like a molecule of trans-
fer RNA (tRNA). The two molecules each
contain two arms of the same dimensions
that are set at the same angle. The only
major difference is that RRF does not ex-
tend to the 3'-CCA terminus of the tRNA,
the spot where the amino acid is attached.
The shape similarity suggests that RRF
binds to the tRNA entry site on the sta-
tionary ribosome during disassembly.

INFLAMMATION IN ALZHEIMER'S

DISEASE
Activation of microglial cells in the brain
may be responsible for the inflammatory
component of Alzheimer’s disease. Tan et
al. (p. 2352) now show that cultured mi-
croglial cells exposed to the pathogenic
amyloid-B peptide (AB) exhibit an in-
‘crease in surface expression of CD40, a re-
ceptor that is important in the inflamma-
tory response. Exposure of AB-treated
cells to the ligand for CD40 resulted in ac-
tivation of microglial cells and an increase
in their production of the inflammatory

cytokine tumor necrosis factor . These
findings suggest that AP} can promote the
interaction of microglial cells with CD40
ligand that leads to inflammation.

DEVELOPMENT'S ROLE IN
COGNITIVE DEFICITS

Normal adults who suffer brain damage
can exhibit a cognitive performance pat-
tern in which some abilities are spared
while others are significantly diminished.
These phenotypes often are used as
models for cognitive deficits observed in
various genetic disorders, one of which is
Williams syndrome (WS). Adult WS indi-
viduals perform relatively poorly on visu-
al-spatial and numerical tasks while dis-
playing approximately normal verbal
skills. Paterson et al. (p. 2355; see the
Perspective by Bishop) study a group of
WS infants and find that they do well on
number but less well on language. This
dissociation suggests that cognitive de-
velopment may not occur in strictly
modular fashion and that cognitive pro-
files in genetic disorders may change
during development.

ANTIBIOTIC ACTION

Expanded usage of antibiotics has led an
alarming increase in resistance of bacteria
to the currently available store of antibi-
otics and spurred the search for new
classes of antibiotics. Breukink et al. (p.
2361) have examined the mechanism of
action for a promising peptide antibiotic
called nisin Z. Nisin is derived from Lacto-
coccus lactis and is a common food
preservative. Like vancomycin, nisin Z tar-
gets the Lipid Il bacterial membrane com-
ponent. However, unlike vancomycin, nisin
Z performs its bactericidal effect by pok-
ing holes in the bacteria. Insights into the
actions of nisin may assist in developing a
new class of highly efficient antibiotics.

TECHNICAL COMMENT SUMMARIES

Visual
Mechanisms

The full text of these comments can be seen at

www.sciencemag.org/cgi/content/full/286/5448/2231a

Lee and Blake (Reports, 14 May, p. 1165), designed an experiment to test whether the
visual system could resolve larger geometric objects using only unpredictable but
synchronized changes among local features. Their results led to the suggestion that
there may be a new visual mechanism sensitive to temporal structure.

Adelson and Farid comment that these results “can be explained with well-known
mechanisms"” because in their experiments, which involved changes in the temporal
structure of an object and background, “there will be moments by chance when one
region’s contrast is high while the other’s is low...”

Lee and Blake respond that “to assert that these infrequent, hypothetical events
explain the perception of form seems conjectural” but “agree that there is no need to
posit the existence of new visual mechanisms.”
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1223 South 47th Street
Richmond, CA 94804
Toll-Free 800.922.2226

waww. babco.com

PO. Box 7200
Denwver, PA 17517
Toll-Free 800.345.4114

WWW. COVANCE.COM.

immunology.services@covance.com
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Life Technologies®
creates a breakthrough!

U.S. Academic Orders/TECH-LINE™™: (800) 828-6686 Internet: www.lifetech.com/gateway
U.S. Government Orders/TECH-LINE: (888) 584-8929
U.S. Industrial Orders/TECH-LINE: (800) 874-4226



GATEWAY™ Cloning Technology

Now you can reach your destination more quickly and
simply than ever before with a universal cloning system

that provides a rapid and highly efficient route to protein

expression, functional analysis and cloning/subcloning of

DNA segments.

Enter the future.

GiBco BRL® Gateway ™ Cloning
Technology has been developed by
Life Technologies in response to
your growing need for faster,
better ways to clone and express
DNA sequences.

Whether your goal is to study a
few genes in-depth or multiple
genes in a high-throughput
manner, GATEWAY Cloning
Technology will accelerate the
pace of your research.

Go farther and do more.

* Accelerate cloning experiments
by transferring DNA segments
or populations of genes into

multiple vectors in parallel while maintaining

orientation and reading frame.

* Reduce screening. >90%, and typically >99%,
of resulting colonies are desired clones.

* Save time by performing rapid, directional cloning and
expression of PCR products in parallel.

» Eliminate many steps previously necessary such as

subsequent PCR amplifications, restriction endonuclease
digestion, ligation and gel electrophoresis and analysis.

DNA fragments from:

Restriction Endonuclease
Digestion and Ligation

Polymerase cDNA Library

Chain Reaction
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Gisco BRL Gareway Cloning Technology facilitates cloning
of genes by PCR, restriction endonuclease digestion and
ligation, or site-specific recombination from a cDNA library
constructed in a GATEway-compatible vector. You can then
move a DNA segment into (or back out of) one or more
Destination Vectors simuftaneously.

+ Enjoy unprecedented flexibility.
Generate N-terminal or
C-terminal fusion proteins or
express as native protein.

» Take advantage of this
universal “open”system by easily
converting any vector to a
GATEWAY-compatible version.

Connect with GATEWAY
Cloning Technology at
www.lifetech.com/gateway

Find out how to use this break-
through to your best advantage.

Go online for in-depth information
and education.

Prefer hard copy? Contact us online

or by phone and we’ll rush you our comprehensive guide to

GATEWAY Cloning Technology.

Take the fastest, easiest route to protein
expression and functional analysis through

new Gisco BRL Gateway Cloning Technology.

LIFE@TECI—NOLOGIES@

Essential Technologies for the Science of Life

These products are for laboratory use only and are not i

ded for h or

I diagnostic, therapeutic or clinical uses, unless otherwise stated.

This product is the subject of U.S. patent 5,888,732. Limited label licenses apply.

Circle No. 50 on Readers’ Service Card

© 1999 Life Technologies, Inc. 99-137MS



Sciéice

EDITOR-IN-CHIEF
Floyd E. Bloom

EDITOR
Ellis Rubinstein

MANAGING EDITOR
Monica M. Bradford

EDITORIAL
DEPUTY MANAGING EDITORS: R. Brooks Hanson (Physical Sci-
ences), Katrina L. Kelner (Biological Sciences); SUPERVISORY SE-
NIOR EDITORs Linda J. Miller, Guy Riddihough, Phillip D. Szuro-
mi; SENIOR eDITORs Gilbert J. Chin, Pamela ). Hines, Barbara
Jasny, Paula A. Kiberstis (Boston), L. Bryan Ray; ASSOCIATE EDI-
ToRs Lisa D. Chong, Beverly A. Purnell, Linda R. Rowan, H.
Jesse Smith, Valda Vinson; ebiroriaL surporT Carolyn Kyle,
Elise Laffman, Patricia M. Moore, Anita Wynn, Karen Yuan;
ADMINISTRATIVE SUPPORT Sylvia Kihara :
SCIENCE'S COMPASS

SENIOR EDITOR/POLICY FORUM Barbara Jasny; seNIOR EDITORS/PERSPEC-
Tives Orla Smith, Julia Uppenbrink; ASSOCIATE BOOK REVIEW EDITOR

Sherman J. Suter; cCONTRIBUTING EDITORs Kevin Ahem, Richard Peters,
Robert Sikorski, David F. Voss; puBucATION AssisTANTs Jeffrey Heam,
Elizabeth Lenox; INFORMATION SPECIALIST Janet Kegg; ASSOCIATE LETTERS
epimor Christine M. Pearce; puBLICATION AssisTANT Charlene King
NEWS
News eDiIToR Colin Norman; reaTures epitor Tim Appenzeller;
DEPUTY NEWS EDITORs Elizabeth Culotta (contributing editor),
Jean Marx, Jeffrey Mervis, Richard Stone; NEws wrITERs Martin
Enserink, Laura Helmuth (intern), Constance Holden, Jocelyn
Kaiser, Richard A. Kerr, Andrew Lawler, David Malakoff, Eliot
Marshall, Elizabeth Pennisi, Gretchen Vogel BUREAUS: BERKELEY,
ca Marcia Barinaga (contributing correspondent); san biEGo,
ca Jon Cohen (contributing correspondent); pACIFic NORTH-
WwEsT Robert F. Service; copy epiTors Linda B. Felaco, Daniel T.
Helgerman; cONTRIBUTING CORRESPONDENTS Barry A. Cipra, Ann
Gibbons, Robert Irion, Charles C. Mann, Anne Simon Moffat,
Virginia Morell, Evelyn Strauss, Gary Taubes, Ingrid Wickel-
gren; ADMINISTRATIVE SUPPORT Scherraine Mack, Fannie Groom
EDITING AND PROOFREADING
EDITORIAL MANAGER Cara Tate; seNlor copy epiTors Cay Butler, Har-
ry Jach, Etta Kavanagh, Barbara P. Ordway, copy ebmors Jeffrey
E. Cook, Jason Llewellyn, Joshua Marcy, Monique Martineau,
EDITORIAL COORDINATORS Ellen E. Murphy, Beverly Shields; pusLica-
TIoNs AssisTANTs Chris Filiatreau, Joi S. Granger, Gail Murphy; ep-
ITORIAL AsSISTANT Kathy Libal
PRODUCTION
DIRECTOR James Landry; MANAGER Wendy K. Shank; ASSISTANT pro-
DUCTION MANAGERS, Lizabeth A. Harman (internet), Rob Masson;
AssocIATEs Patricia Riehn Berg (Internet), Vicki . Jorgensen,

Tara L. Kelly, Jessica K. Moshell, Rebecca Thomas

ART
DESIGN DIRECTOR C. Faber Smith; ART pIRECTOR Alan T. Stone-
braker; AssocIATE ART DIRECTOR Stephanie D. Halvorson; scien-
TIFIC iLLUSTRATORS Carin Cain, Katharine Sutliff; GrapHICs Assocl-
ates Holly Bishop, Preston Morrighan; PHOTO RESEARCHER
Leslie Blizard; GrapHics AssisTANT Debra J. Morgenegg

SCIENCE INTERNATIONAL
EUROPE
EDITORIAL: SUPERVISORY SENIOR EDITOR Andrew M. Sugden; ASSOCIATE
epiTors Stella M. Hurtley, lan S. Osborne, Peter Stern; News: EDI-
Tor Daniel Clery, corresponDenT Michael Hagmann; coNTrisuT-
ING CORRESPONDENTS Michael Balter (Paris) Robert Koenig
(Bern); sciEncE's NEXT WAVE, UK TEAM: Hazel Crocker, Robert Met-
zke (Bonn); EDITORIAL SUPPORT Jenny Parker; ADMINISTRATIVE SUP-
PORT Janet Mumford, Liz Ellis
ASIA

JAPAN NEWS BUREAU: Dennis Normile (contributing correspon-
dent); cHINA REPRESENTATIVE Hao Xin; Pallava Bagla (contributing
correspondent, India )

SCIENCENOW: www.sciencenow.org
eoiTor Erik Stokstad

SCIENCE'Ss NEXT WAVE: www.nextwave.org
MANAGING EDITOR Wendy Yee; senior eDimor Nicole Ruediger wriT-
ers Melissa Mertl, Vid Mohan-Ram; canapa epitor Charles
Boulakia; AssisTaNT Suzanne Moore

PUBLISHER
Richard S. Nicholson

ASSOCIATE PUBLISHER
Beth Rosner

MEMBERSHIP/CIRCULATION DIRECTOR
Michael Spinella

MEMBERSHIP/CIRCULATION

SUBSCRIPTION SERVICES: 202-326-6417; 800-731-4939
DEPUTY DIRECTOR Marlene Zendell, MEMBER SERVICES: MANAGER
Michael Lung; supervisor Mary Curry; REPRESENTATIVES
Laurie Baker, Pat Butler, Mari Pope, Jantell Smith; MARKET-
ING: MANAGER Scott Oser; AssociATEs Lauri Sirois, Deborah
Stromberg; EUROPE MANAGER Jane Pennington; EXECUTIVES
Ruth Jackson, Martin Paine; RESEARCH: MANAGER Renuka
Chander; BUSINESS AND FINANCE: MANAGER Teressa Stirk; Assis-
TANT Susan Maxim; coMpUTER speciALIST Charles Munson

FINANCE AND ADVERTISING

BUSINESS AND FINANCE: BUSINESS MANAGER Deborah Rivera-
Wienhold; senior ANALYST Randy Yi; FINANCIAL ANALYST Lisa
Donovan RIGHTS AND PERMISSIONS: ASSOCIATE Emilie David; As-
SISTANT Karen Lentz MARKETING: DIRECTOR John Meyers; Asso-
ciaTe Allison Pritchard ELECTRONIC MEDIA: MANAGER David
Gillikin; probucTION AssociaTEs Mark Croatti, Ellen
McGuire, Robert Owens, Louis Williams ADMINISTRATIVE
SUPPORT Jessica Tierney

PRODUCT ADVERTISING
NATIONAL SALES MANAGER NORTHEAST AND E. CANADA Richard Teeling:
973-694-9173, FAX 973-694-9193 « MIDWEST/ SQUTHEAST Eliza-
beth Mosko: 773-665-1150, FAX 773-665-2129 * WEST COAST/W.
canapa Neil Boylan: 415-673-9265, FAX 415-673-9267 « MID AT-
LANTIC AND U, INSIDE SALES Christopher Breslin: 410-273-1007, FAX
410-273-1591 NEw MEDIA saLES MANAGER Chrris Peterson: 410-560-
3960, FAX 410 560-3961 + UK/SCANDINAVIA/FRANCE/ITALY/BELGIUM/
NETHERLANDS Andrew Davies: (44) 7-071-226-216, FAX (44) 7-
071-226-233 + GERMANY/SWITZERLAND/AUSTRIA Tracey Peers: (44) 1-
260-297-530, FAX (44) 1-260-271-022 japaN Mashy Yoshikawa:
(81) 3-3235-5961, FAX (81) 3-3235-5852  TRAFFIC MANAGER Carol
Maddox; saLes associates Sean Gee, Sheila Myers

RECRUITMENT ADVERTISING

SALES AND PRODUCTION OPERATIONS MANAGER Terri Seiter Azie us.:
sALEs MANAGER Gabrielle Boguslawski: 718-491-1607, FAX 202-
289-6742; INTERNET SALES MANAGER Beth Dwyer; saLes SUPERVISOR
Daryl Anderson; saLes REPRESENTATIVES Kathleen Clark, Beth Dwyer,
Christina Geiger, Bren Peters-Minnis, Kristin Westapher; assis-
TanTs Erika Bryant, Sussy Castilla, Jody Fenty, Shirley Young pro-
DUCTION: TRAFFIC MANAGER Jennifer Rankin; associates Christine
Borkowski, Dawn Bruno uK/EUROPE: SALES MANAGER Debbie Cum-
mings; PROMOTIONS COORDINATOR Richard Walters saLes execuTive
Sabine Lenud; assistanT Elisabeth Py: (44) 1223-326500, FAX
(44) 1223-326532 AusTrALIA/NEW ZEALAND: Keith Sandell: (61)
02-9922-2977, FAX (61) 02-9922-1100 japAN: Mashy
Yoshikawa: (81) 3-3235-5961, FAX (81) 3-3235-5852

AAAS BOARD OF DIRECTORS
RETIRING PRESIDENT, CHAIR M. R. C. Greenwood
PRESIDENT Stephen Jay Gould
PRESIDENT-ELECT Mary Lowe Good
TREASURER William T. Golden
EXECUTIVE OFFICER Richard S. Nicholson

Lewis M. Branscomb; Robert D. Goldman; Alice S. Huang;
Sheila Jasanoff; Sally Gregory Kohlstedt; Marcia C. Linn;
Neena B. Schwartz; David E. Shaw

Published by the American Association for the Advancement of Sci-
ence (AAAS), Science serves its readers as a forum for the presentation
and discussion of important issues related to the advancement of sci-
ence, including the presentation of minority or conflicting points of view,
rather than by publishing only material on which a consensus has been
reached. Accordingly, all articles published in Science—including editori-
als, news and comment, and book reviews—are signed and reflect the in-
dividual views of the authors and not official points of view adopted by
the AAAS or the institutions with which the authors are affiliated.

The American Association for the Advancement of Science was found-
ed in 1848 and incorporated in 1874. Its objectives are to further the
work of scientists, to facilitate cooperation among them, to foster sci-
entific freedom and responsibility, to improve the effectiveness of sci-
ence in the promotion of human welfare, to advance education in sci-
ence, and to increase public understanding and appreciation of the im-
portance and promise of the methods of science in human progress.

DEPUTY EDITORS

Philip H. Abelson (Engineering and Applied Sciences); John . Brauman (Physical Sciences); Thomas R. Cech (Biological Sciences)

BOARD OF REVIEWING EDITORS

Frederick W. Alt

Children’s Hospital, Boston
Don L. Anderson

California Institute of

Technology
Michael Ashburner

University of Cambridge
Frank S. Bates

Univ. of Minnesota, Minneapolis
Stephen J. Benkovic

Pennsylvania State University
Alan Bernstein

Mount Sinai Hospital, Toronto
Michael ). Bevan

University of Washington, Seattle
Seth Blair

University of Wisconsin, Madison
David E. Bloom

Harvard School of Public Health
Plet Borst

The Netherlands Cancer Institute
Henry R. Bourne

Univ. of California, San Francisco
James J. Bull
_ University of Texas at Austin
Kathryn Calame

Columbia Univ, College of

Physicians & Surgeons
Dennis W. Choi

Washington Univ. School of

Medicine, St. Louis
Joanne Chory

The Salk Institute

2234

David Clapham
Children'’s Hospital, Boston
Adrienne E. Clarke
University of Melboume, Parkville
F. Fleming Crim
University of Wisconsin, Madison
Paul J. Crutzen
Max-Planck-Institut fiir Chemie
James E. Dahlberg
University of Wisconsin Medical
School, Madison
Robert Desimone
National institute of Mental
Health, NIH
Hans Eklund
Swedish Univ. of Agricultural
Sciences, Uppsala
Paul T. Englund
Johns Hopkins University
School of Medicine
G. Ertl
Max-Planck-Gesellschaft
Richard G. Fairbanks
Lamont-Doherty Earth Observatory
Douglas T. Fearon
University of Cambridge
Harry A. Fozzard
The University of Chicago
Roger I. M. Glass
Centers for Disease Control
Peter N. Goodfellow
SmithKline Beecham, UK
Jack F. Greenblatt
University of Toronto

17 DECEMBER 1999 VOL 286

Peter Gruss Nicole Le Douarin
Max Planck Institute of Institut d'Fmbryologie Cellu-
Biophysical Chemistry laire et Moléculaire du CNRS

Philip C. Hanawalt
Stanford University
Paul Harvey
University of Oxford
M. P. Hassell
Imperial College at
Sitwood Park
Nobutaka Hirokawa
University of Tokyo
Tasuku Honjo
Kyoto University
Susan D. Iversen
University of Oxford
Eric F. Johnson
The Scripps Research Institute
Hans Kende
Michigan State University
Elliott Kieff
Harvard University
Jeffrey T. Kiehl
National Center for Atmospheric
Research, Boulder
Judith Kimble
University of Wisconsin,
Madison
Stephen M. Kosslyn
Harvard University
Michael LaBarbera
The University of Chicago
Antonlo Lanzavecchia
Basel institute for Immunology

Norman L. Letvin
Beth Israel Hospital, Boston
Harvey F. Lodish
Whitehead Institute for
Biomedical Research
Richard Losick
Harvard University
Seth Marder
University of Arizona
Diane Mathis
Harvard Medical School
Susan K. McConnell
Stanford University
Anthony R. Means
Duke University
Medical Center
Stanley Meizel
University of California, Davis
Douglas A. Melton
Harvard University
Andrew Murray
Univ. of California, San Francisco
Elizabeth G. Nabel
National Heart, Lung, and Blood
Institute, NIH
Shigetada Nakanishi
Kyoto University
Roger A. Nicoll
Univ. of California, San Francisco
Staffan Normark
Swedish Institute for Infectious
Disease Control

Kiyotaka Okada Tomoyuki Takahashi
Kyoto University University of Tokyo
Bert W. O'Malley Masatoshi Takeichi
Baylor College of Medicine Kyoto University
Stuart L. Pimm Keiji Tanaka
The Univ. of Tennessee, Knoxville RIKEN institute
Yeshayau Pocker David Tilman

Univ. of Washington, Seattle
Martin Raff
University College London
Douglas C. Rees
California Institute of Technology
T.M. Rice
ETH-Hbnggerberg, Ziirich
David C. Rubie
Universitat Bayreuth
Erkki Ruoslahti
The Burnham Institute, CA
Jozef Schell
Max-Planck-Institut fiir Zuch-
tungforschung
Ronald H. Schwartz
National Institute of Allergy
and Infectious Diseases, NIH
Terrence ). Sejnowski
The Salk Institute
Christopher R. Somerville
Carnegie Institute of Washington,
Stanford, CA
Michael P. Stryker
Univ. of California, San Francisco
Cliff Tabin
Harvard Medical School
John Jen Tai
National Taiwan University

SCIENCE  www.sciencemag.org

Univ. of Minnesota, St. Paul
RobertT. N.Tjian

Univ. of California, Berkeley
Yoshinori Tokura

University of Tokyo
Derek van der Kooy

University of Toronto
Geerat |. Vermeij

University of Galifornia, Davis
Bert Vogelstein

Johns Hopkins Oncology Center
Gerhard Wegner,

Max-PlancklI}vstitut fiir

Polymerforschting
Arthur Weiss

Univ. of California, San Francisco
Zena Werb

Univ. of California, San Francisco
George M., Whitesides

Harvard University
lan A, Wilson

The Scripps Research Institute
Alan P.Wolffe

National Institute of Child Health

and Human Development, NiH
Martin Zatz

National Institute of Mental

Health, NIH



Are You SpendingYour dime

1 or
Ordering Supplies?

Chemdex™ —Your One-Stop Shop for Life Science Supplies

The hours you spend ordering lab supplies cut into your day, distracting you from your research.
You have more important things to do than search through dozens of catalogs for the product you
need or track the status of your order.

Chemdex offers a faster, easier way to order lab supplies with an online marketplace that contains
hundreds of thousands of products from the suppliers you know and trust. When you buy
through Chemdex, you get:

> An expanding database of reagents, instruments and equipment

> One, simple electronic order form that can be used for multiple suppliers
> A fast, easy-to-use search engine

> A “personal favorites” page for quick and easy re-ordering

> Rapid, real-time order tracking

> World-class customer service and support

Make Chemdex your one-stop shop for laboratory supplies. Go to www.chemdex.com.
You'll spend less time placing orders, and more time focusing on science.

© 1999 Chemdex Corporation. Chemdex is a trademark of Chemdex Corporation.
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Panorama™ Human Cytokine
Gene Arrays
375 genes encoding human cytokines,
chemokines, interleukins, growth
factors, receptors and more, spotted
in duplicate on nylon membranes.

Panorama™ L. coli Gene Arrays
4,290 PCR-amplified open reading
frames representing all E. coli protein
coding sequences, arrayed in duplicate
on nylon hybridization membranes.

Microbial ORFmers
PCR primer pairs designed to amplify
each open reading frame (ORF) in
E. coli and B. subtilis from the start
codon to the stop codon. H. pylori
primer pairs are designed to amplify
most of the ORF with an average

length of ~1 kb.

SIGMA
GENDSYS

Sigma-Genosys, The Woodlands, Texas
Phone: 877-260-0763 or 281-363-3693
ginformation@sial.com

Cambridge, UK.:
Phone (+44)(0) 1223 839000
genosys@genosys.co.uk
Hokkaido, jJapan:
Phone: 81 133 73 5005

genosys@genosys.co.jp
Wwww.genosys.com

Australia:
Phone: 61 2 9841 0555
Sigmaa@ibm.net
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PROFILING

PANORAMA™ B. SUBTILIS
GENE ARRAYS

FOCUS o the Entire
ubtitis Genome

No Special Equipment Necessary.

Our Panorama B. subtilis Gene Arrays let you monitor differential expression of all

the B. subtilis genes simultaneously and cost-effectively. Standard radiolabeling and
hybridization techniques make whole genome expression profiling possible

in virtually any molecular biology laboratory.

* 4,107 PCR amplified ORFs representing the entire B. subtilis
genome, spotted in duplicate on nylon membranes

» Allows for analysis of B, subtilis gene arrays by phosphorimaging
or autoradiography

* Analysis tools and information links for all B. subtils genes included
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The New
Mini-Prep 24
for Automated
Plasmid Mini-Preps

The Mini-Prep 24 uses a new method of
plasmid purification based on agarose
electrophoresis and
subsequent recovery by
electroelution.

The Mini-Prep 24
uses premanu-
factured sample cassettes |
that come ready for direct _-;r :
loading of up to 2 ml :
of culture.

Call now to learn
how the new
Mini-Prep 24
can give you
quality DNA
while saving
you more
time than
you can
imagine.

CENTRIFUGATION
STEPS

Easy Operation - begin prep
with direct loading of bacteria
culture - with no centrifugation
step, you save time.

Mattomet

1-800-466-7949 RESEAR

11339 SorrentoValley Rd * San Diego, CA 92121 Phone: (619) 452-2603 Fax (619) 452-6753
Circle No. 25 on Readers’ Service Card www.macconnell.com

High Purity - sufficient for
automated fluorescent and
manual sequencing,.
Consistent Results - up to 6 ug
of plasmid per ml.

Fast - up to 24 preps per hour.
Quality - time and time again.




‘Only one system sensitive enough to analyze them all.

Introducing NorthStar™: The most sensitive 1536-well HTS system in the universe.
Drug discovery can seem light years away. Now you can get there sooner with the
NorthStar™ HTS Workstation for biomolecular and cell-based assays. NorthStar™

combines the fastest run rate in the industry — more than a half million assays per

Unprecedented sensitivity combined
with 1536-well-plate capability means

technology and multiplexing capability. So you don't just get more hits, you get more youget more high-quality hits.

day —with the unprecedented sensitivity offered by its patented luminescence

relevant hits against specific targets — all in an automated, integrated workstation
flexible enough to read 96-, 384-, and 1536-well plates. To find the true potential in all

the possibilities, please contact your local PE Biosystems representative, call

Tropix at 800-542-2369 (USA only), or visit www.tropix.com.

NorthStar™ The best way to get from here to there. Circle No. 39 on Readers’ Service Card

NorthStar™ HTS Workstation

PE Biosystems

A PE Corporation Business

Tropix

PE Corporation, formerly The Perkin-Elmer Corporation, is committed to providing the world’s leading technology and information for life
scientists. PE Corporation consists of the PE Biosystems and Celera Genomics businesses. PE Biosystems comprises four divisions—
Applied Biosystems, PE Informatics, PerSeptive Biosystems, and Tropix.

PE and PE Biosystems are trademarks of PE Corporation in the US and certain other countries. Tropix is a registered trademark and NorthStaris a trademark of Tropix, Inc. inthe US
and certain other countries. All Tropix products described herein are For Research Use Only. Not for use in diagnostic procedures. Products are subject to change without notice.
©Copyright 1999 Tropix, Inc. All rights reserved. Printed in USA.



Amplify your

success!

® Mastercycler gradient - the
gradient cycler which set the

standard, optimizes your PCR*
in one run

@® Mastercycler — the specialist for
your everyday routines

® Mastercycler personal — small,
fast and flexible

Amplify your success!

@® Strips and single tubes
(0.2 and 0.5 ml)
@ Plates
(96 wells and 384 wells)
® In situ frames
® Work trays, frames and racks
® Various sealing options

® Heat sealer

Contamination
shield prevents o' ‘3)
contact to inner \ !
lid surface L)

Defined lid
position due to
special hinge

*PCR (Polymerase Chain Reaction) is protected by patent held by Hoffmann-La Roche.

Amplify your success!

@ Tag DNA Polymerase (for all
common PCR protocols)

® MasterTag Kit (for your
sophisticated protocols)

@ dNTP Set (Set of four separate
deoxynucleotides)

® dNTP Mix (ready-to-use mix of
four deoxynucleotides)

@ Application specialists -
experienced molecular biologists
provide practical, individual
support

@ Telephone Hotline - rapid

assistance from scientific experts

Life Science Application
Hotline: +49 180-3 666 789

eppendorf

In touch with life

Circle No. 11 on Readers’ Service Card
Eppendorf — Netheler — Hinz GmbH - 22331 Hamburg - Germany - Phone +48 40-53801-0 - Fax +49 40-53801-556

e-mail: eppendorf@eppendorf.com - eppendorf home page: http://www.eppendorf.com

1 2 3 4 5 6 7 8

® GAPDH specific DNA fragment

professional

Eppendorf Scientific, Inc. - One Cantiague Road - Westbury, NY 11590-0207 - Phone 800-421-9988 or 516-876-6800 - Fax 516-876-8599
e-malil: eppendorf@eppendorfsi.com - website: www.eppendorfsi.com
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eppendorf® is a registered trademark.



AdvanTaq™ DNA Polymerase

Human genomic DNA
————

AdvanTagq Plus™

AdvanTaq Plus offers higher
sensitivity. Amplification of a
158-bp fragment of the human
Alactoferrin gene. Human
genomic DNA and mouse
genomic DNA were combined in
a decreasing ratio.

Leading Competitor 1

Leading Competitor 2

Polymerase Mix Cat. #* Kit Cat. #*
AdvanTaq 8432-1 K1912-1  New!
AdvanTagq Plus 8431-1 K1911-1  New!

* Catalog numbers for the 100-rxn size are given; other sizes are available.

Purchase of Ad ge PCR reag is panied by a limited license to use them in the Polymerase
Chain Reaction (PCR) process for research in conjunction with a thermal cycler whose use in the automated
performance of the PCR process is covered by the up-front license fee, either by payment to Perkin-Elmer or
as purchased, i.e., an authorized thermal cycler.

Germany & East Europe: CLONTECH GmbH e Tel: 06221 34170 Fax: 06221 303511
United Kingdom: CLONTECH UK Ltd. » Tel: 01256 476500 Fax: 01256 476439
Japan: CLONTECH Japan Ltd. « Tel: 03 3523 9777 Fax: 03 3523 9781
Switzerland: CLONTECH AG e Tel: 061 68354 50 Fax: 061 68354 52

Austria: CLONTECH GmbH e Tel: 01 3106688 Fax: 01310 7744

Distributors: Australia: 61 7 3273 9100 ® Belgium/Luxembourg: 0 800 1 9815 ® Brazil: 55 11 66340539 ® Canada:
Now call CLONTECH direct 800 662 2566 ® Chile: 56 2 209 6770 @ China: BEIJING YUANGPING BIOTECH 86
1068187551, GENE CO. LTD. » 021 6428 7163; GENETIMES TECHNOLOGY © 86 21 6404 1358 ® Czech Republic:
420 19 7265214 ® Egypt: 202 349 8311 @ Finland: 358 9708 596 19 ® France: 33134 602424 ® Gresce: 301 51 53882
® Hong Kong: 852 2646 6101 ® Hungary: 36 1 280 3728 ® India: 31 11 54 21714 ® Israel: 972 4 9360595 ® Kaly: 39
555001871 @ Korea: 82 2 556 0311 @ Malaysia: 603 787 72611 @ Mexico: 525 281 4718 ® The Netherlands: 31 33
495 00 34 @ Norway: 47 22 421 520 ® Poland: 49 6221 34170 ® Portugal: 351 361 36 20 ® Scandinavia: 46 8 728 00
65 @ Singapore: 65 775 7284 ® South Africa: 27 21 671 5166 @ Spain: 34 9 1 630 0379 @ Taiwan: 886 2 27202215 ®
Thailand: 662 530 3804 4 ® Turkey: 90 216 385 8321 rev. 11/9/99

AdvanT aq—the new
choice for PCR.

b

Tllustration inspired by the Cubist art movement.

CLONTECH introduces AdvanTaq DNA Polymerase
for more robust, more efficient, and more sensitive
PCR amplification than any other DNA polymerase.
AdvanTaq reliably delivers more PCR product from
any template. It can be used in every routine PCR

application with minimum optimization.

AdvanTaqg DNA Polymerase is also available
in the convenient AdvanTaq Plus format—
providing a built-in hot start to all your standard
PCR reactions. Choose AdvanTaq Plus for even

greater sensitivity and specificity.

Call and order today! 3 TR

N O W YOU C A N
1020 East Meadow Circle, Palo Alto, California 94303 USA

Tel: 800-662-2566 {CLON) 650-424-8222 « Fax: 800-424-1350 650-424-1088

E-mail: products@clontech.com orders@clontech.com ® Internet: www.clontech.com
© 1998, CLONTECH Laboratories, Inc. (AD93999)
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Easier online ordering!
www.genomesystems.com

the




take
the chase

out of your
chemical
purchasing

TR
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TRY OUR eCOMMERCE SOLUTION @ www.sigma-aldrich.com

EASY ON-LINE ORDERING

The Sigma-Aldrich PipeLine™ eCommerce
system offers simple, on-line access

to over 200,000 products from the
Sigma-Aldrich brands: Sigma, Aldrich,
Fluka, Supelco and Riedel-de Haén.
Now you can place multi-brand orders
for biochemicals, chemicals, equipment
and laboratory supplies from all of

our brands in a single transaction.

FIND WHAT YOU NEED FAST

With eight different ways to search,
including product name, product number,

A TOTAL INFORMATION RESOURCE

Because we are a manufacturer, we offer
not only quality products but the technical
knowledge and support to back them up.

+ Over 90,000 on-line MSDS'’s

* Over 2 million on-line Certificates
of Analysis

» Thousands of data sheets and
technical bulletins

®
CAS number, molecular formula and Stop the chase and log on today. %
structure, pinpointing products is a snap. it will make your job easier. SIGMA-ALDRICH

. www.sigma-aldrich.com

3050 Spruce Street, St. Louis, MO 63103 » 800-521-8956 or 314-771-5765
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What if someone could do
the tedious part of research for you?

And what if the results
were just a click away?

~ AccTAAcGa

Automatically elongated by
LabOnWeb’s InstantRACE™

LabOnWeb.com

Discovery is just a click away™

www.labonweb.com

7 Centre Drive

Jamesburg, New Jersey 08831
Tel: (609) 655-5105

Fax: (609) 655-5114

Email: info@labonweb.com
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EDITING: LONG-PCR-3

The iCycler features the most intuitive interface,
including comprehensive informational screens, Cycle 1:(l}«) Initial denaturation at

validation reports and a graphical textual display Cycle 2:(35x) Ampificati Deristine at

of a protocol on one screen. Anneal at
Extend at
Increase time after cycle 1 by 00:30 every 1 cycles

Cycle 3:(1 x) Final Extension at _72.0°C for 07:00

-
b2
-
-
-
-
-
-
.
.
-
.
.
.
.
.
.
.

Effortless interface

Directly upgradeable for Real
Time PCR

Rapid and reliable cycling
Interchangeable sample blocks
Out of the box and running in
just minutes

Visit our Life Science web site at discover.bio-rad.com.
Call toll free at 1-800-4BIORAD (1-800-424-6723); outside the U.S., call (510) 741-6996. B’O
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MILLIPORE

pure e-commerce

It's more than online purchasing.
It's a 24-hour, continually-updated technical resource.
Millipore’s new online store is built for the scientist looking for the
right purification tool — and how and where to use it. Over 7,000
products cross-linked to applications protocols, technical briefs,
compatibility charts and other valuable information. Search by keyword,
catalog number or a combination of parameters. Buy with a mouse click.
Already know exactly what you need? Use the Quick Purchase shortcut.

Pay online by purchasing card, credit card or purchase order, with

secure access fo high-vo|ume contract or GSA pricing. Check it cxll out

*Business account registration required for multiple payment options and any high volume contract pricing. Curremly available in US and Canada only.
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* Fluorescence resforation microscopy

® Thinnest optical secfions of thick specimens

* Highest sensitivity, resolution and lowest
phototoxicity

* Maximum flexibility of wavelength in
probe selection

You'll be able to experience new imaging standards
when studying multi-spectral GFP, F.1.S.H., thick and highly
light-scattering tissues, cytokinesis, as well as drosophila,
bacteria and yeast models to name a few.

For further information call 1-800-52-NIKON, ext. 353.

Or visit us at www.nikonusa.com

Nikon

Redefining Infinity

© 1999 Nikon Inc.
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SCIENCE BOOKS BEYOND COMPARE

LT

MANIA AND DEPRESSION

New in Paperback from Oxford

MOOD GENES

Hunting for Origins of Mania and
Depression

Samuel H. Barondes
“Unputdownable’ is a
word one associates with
thrillers rather than sci-
ence books, but I found it
hard to stop reading Mood
Genes...'The most user-
friendly introduction to
modern genetics I have
read...”—The New York
Times Book Review

256 pp. $14.95

the
Crucible
Creatlon

The Burgess Shale and the Rise of Animals

Simon Conway Morris

THE CRUCIBLE OF

CREATION

The Burgess Shale and the Rise of
Animals

Simon Conway-Morris
“Precise...tells a great
story....Conway-Morris has
a collector’s eye for the sort
of entertaining yet inform-
ative snippets that keep
readers on their toes....An
exhilarating ride through
modern paleontology and
evolutionary biology.”
—New Scientist

272 pp. $16.95

IMPOSSIBILITY

The Limits of Science and the Science of Limits

IMPOSSIBILITY

The Limits of Science and the
Science of Limits

John D. Barrow

“Illuminating, well-writ-
ten....One can only wonder
how Barrow can possibly
make all these [concepts] fit
together into a coherent
story about the limits to sci-
ence....For about as good
an account as you'’re going
to get of where science
stops, read this book.”
—Nature

304 pp. $15.95

Molecules
at an
Exhibition
The Chestistry of Everyday Life

OXFORD

MOLECULES AT AN

EXHIBITION

Portraits of Intriguing Materials in
Everyday Life

John Emsley

“Brings home how chem-
istry impinges on every
aspect of our daily lives....
Unique in its treatment of
a wide range of chemicals,
offering a broader per-
spective on the role of
chemistry and science in
everyday life.”

—Science and Technology
272 pp. $14.95

UNIVERSITY PRESS

THE NUMBER SENSE

How the Mind Creates Mathematics
Stanislas Dehaene

“From the origin of Roman
numerals to the latest MRI
results, [here is] everything
you might like to know
about numbers and the
brain, as filtered through
the lively and engaging
brain of Stanislas
Dehaene.”—Discover

288 pp. $16.95

TIME

A Traveler’s Guide

(lifford A. Pickover

“Only Clifford Pickover
would think of mixing
time travel and music.
Gripping, clear—this book
could well be his best yet!
A must-buy for all wanna-
be time travelers.”

—Ian Stewart, Scientific
American

304 pp. $15.95

Oxford Paperbacks. Call 1-800-451-7556 to order, or visit us at www.oup-usa.org on the Web.
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Q: PEPTIDES?
¢ PEN LABS
Q: GMP?

PEN LABS

You’ve got questions? We’ve got answers.

As a leading supplier of synthetic peptides for over 25 years,

we know what it takes to provide GMP products on time and

on budget. And we know that when qualifying a cGMP man-

ufacturing partner for your pharmaceutical-grade peptide, it’s

critical that you ask the right questions. We suggest you start

with these:

1. Are the manufacturing facilities under strict environmental
control, FDA- licensed and inspected?

2. Are cGMP procedures and processes validated?

3. Will your DMF (drug master file) be developed and
maintained to FDA standards?

4. Will purity, identity, and integrity be evaluated by
validated QC methods?

5. Are all cGMP personnel qualified, fully trained and
cGMP certified?

At Peninsula Laboratories, the answer to each of these ques-
tions is an emphatic YES! Your peptide will be produced in
full compliance with cGMP requirements. And our facilities
stand up to the closest scrutiny.

So, bring all your cGMP questions to Peninsula Laboratories.
‘We make it our business to provide you with answers.

Any questions? Contact Peninsula Laboratories today.
We’ll give you the answers along with a free copy, of our
comprehensive 100-page guide, GMP Manufacturing of
Synthetic Peptides. Phone: (800) 922-1516, ext.174..
Fax:(650) 595-4071. E-mail: GMP @penlabs.com. .

Visit us on the Web at
www.penlabs.com

PENINSULA LABORATORIES

601 Taylor Way, San Carlos, CA 94070
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Dont Kill the

Messenger RNA

RNAIlater™

protects RNA from
degradation!

Stabilize RNA in
tissue and cells . , .
for weeks at 25°C, B e e ” " " [, -
months at 4°C or : & 3 s 3 i '
indefinitely at -20°C

L

No dry ice or ; a 5
MU B Ve
needed for sample

collection
. 37°C for | day RT for | week 4°C for | month

Ideal for tiSSUES, Figure la. Quality of RNA isolated from Tissue Stored in RNAlater™ Solution. Fresh mouse tissues were dis-
sected and stored in RNAlater™ at 37°C for | day, room temperature for | week,or 4°C for | month. RNA was isolated
cultured cells and using TRI Reagent® (MRC) and analyzed using denaturing agarose gel electrophoresis.

buffy coats

RNAIlater™ is an extraordinary reagent that allows
you to harvest and dissect samples for RNA isolation
in a whole new way!

RNAlater quickly permeates cells and tissues at room temperature, rapidly INO&I!)GTEEEJORLD

inactivating RNases. Tissues or cells simply submerged in RNAlater can be o regular TechNiobes faature

stored, dissected and even shipped at room temperature. Imagine removing a
sample from the freezer, dissecting a portion for RNA isolation and archiving “The RNAlater™ works!™
the remainder— it's possible with RNAlater. RNAlater is compatible with all One satisfied researcher, tired

RNA isolation procedures tested. ol convtms Aoeasmans by
the surgeons in O.R, traded

With RNAlater, you don't have to worry about killing or degrading those in his liquid nitrogen and
precious mRNAs during sample collection and handling. Dewars for RNAlater".
MORE INFORMATION INSTANTLY To read the details

For instant information about RNAlater™, email rnalater@ambion.com. of this and other true stories,

Information may also be obtained by phone, fax or the reader service number below.  see www.ambion.com/RNAlater.

For a complete

f Ii.st.tofdistritt),u?rs U.S. (800)888-8804 .
' Canada (800)445-1161 /) 8F " o

http://www.ambion.com

et B R e S e THE RNA COMPANY"
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