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THIS WEEK IN SCIENCE

edited by PHIL SZUROMI

Tolerating defects in
computer architecture
Perfection of components un-
derlies modern computer hard-
ware—single defects can send
chips to the crushers. Heath et
al. (p. 1716) discuss a different,
defect-tolerant approach to com-
puting that may impact on
strategies for creating nanoscale
devices. They discuss the Te-
ramac computer, which was
constructed at Hewlett-Packard
with large numbers of defective
memory chips (about 200,000
defects in all) and yet could run
in some of its configurations
100 times faster than a single-
processor workstation. The
Teramac architecture made use
of much redundant wiring of
these chips so that the main
field programmable array chips
could locate the defects and
wire around them. For nano-
technologists, this approach
suggests that successful strate-
gies may not require complete
elimination of defects in ever
smaller devices but the fabrica-
tion of a high yield of working

circuitry.

Tracing hominid
brain evolution
Resolving the course of evolu-
tion of brains of hominids has
been difficult because sufficient-
ly complete fossils are scarce, so
it is often necessary to recon-
struct the original brain size.
Conroy et al. (p. 1730; see the
cover) used computerized axial
tomography (CAT scans) and
computer models to reconstruct
the brain size of Stw 505, a skull
of a probable australopithecine.
They conclude that the cranial
capacity is 515 cubic centime-
ters, much less than the original
reports but still the largest size
for any australopithecine. Their
approach and results suggests
that brain sizes of other homi-
nids have also been poorly esti-

Proton routes through cytochrome c oxidase

Mitchondrial cytochrome ¢ oxidase catalyzes a central reaction in
aerobic metabolism. It uses four protons and four electrons to
reduce a molecule of dioxygen to water and couples this reaction to
the active transport of protons across the membrane. The gradient
of protons is used to synthesize adenosine triphosphate in a separate
reaction. Yoshikawa et al. (p. 1723; see the commentary by Gennis,
p. 1712) provide four high-resolution structures of the cytochrome
¢ oxidase complex in two oxidation states. These structures delin-
eate the path taken by the transported protons, reveal the unusual
arrangement of ligands at the heme-copper site where the oxygen
binds and is reduced, and suggest a spatial separation between these
two regions of the complex. The implications are that the pumped
protons do not travel via the redox site and that conformational
coupling between the two reactions occurs.

mated, as discussed in a com-
mentary by Falk (p. 1714).

Noble routes to
crustal origins
Radiogenic isotopes provide
important information not only
on dates of rocks, but can also
be used to trace geologic pro-
cesses. Information on melting
in the mantle or the amount of
crust introduced back into the
mantle in subduction zones typ-
ically requires knowledge of the
distribution of the parent and
daughter elements between the
important mantle minerals and
magmas. Righter and Hauri (p.
1737) examined experimentally
the distribution of rhenium and
osmium between garnet and a
siliceous melt at high pressure.
The data imply that garnet is a
host for rhenium in the mantle.
Thus, oceanic volcanic rocks
with low rthenium contents like-
ly come from a part of the man-

tle that retained garet.

Seeing vibrations of
single molecule
Vibrational spectroscopy is usu-
ally performed on an ensemble
of molecules, and the resulting
information is therefore an

‘eo®

average. Scanning tunneling
microscopy, however, can pro-
vide structural information at
the single molecule level for
molecules adsorbed on a sur-
face. Stipe et al. (p. 1732; see
the commentary by Pethica, p.
1715) show how the tip in the
scanning tunneling microscope
can also be used to probe the
vibrational characteristics of
single molecules on a surface,
They observed distinct spectral
features characteristic for the C-
H bond stretch in acetylene and
the C-D stretch in its deuterat-
ed form. The method should
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allow the identification of dif-
ferent functional groups and
their chemical transformations
at the molecular level.

Visualizing better
electrocatalysts
Combinatorial discovery of bet-
ter materials is often limited by
how fast a desirable property can
be screened. For electrochemi-
cal catalysts, current-voltage
methods can be time-consum-
ing and difficult to apply to
more than a few samples at a
time. Reddington et al. (p.
1735; see the news story by
Service, p. 1690) show that
active catalysts can be screened
with optical methods by using
fluorescent dyes sensitive to the
ions generated in redox reac-
tions at the electrode. They
screened large arrays of catalysts
containing combinations of
platinum (Pt), ruthenium (Ru),
osmium (Os), iridium (Ir), and
thodium (Rh) for the electro-
oxidation of methanol. The
arrays used in solution were
formed on carbon paper that
had been laser-printed with
“inks” of different compounds
and then reduced to the metals.
The most active catalyst, con-
taining Pt, Ru, Os, and Ir, was
twice as active in a methanol
fuel cell as the commercial Pt-
Ru catalyst despite its lower sur-

face area.

All-polymer display
Polymer light-emitting diodes
(LEDs) are more easily fabricat-
ed than their inorganic coun-
terparts, but displays based on
polymer LEDs have still needed
silicon transistors to drive the
individual pixels. Sirringhaus et
al. (p. 1741; see the news story
by Service, p. 1691) show that

(Continued on page 1667)
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‘THIS WEEK IN SCIENCE

(Continued from page 1665)

polymeric field-effect transistors
can be integrated with polymer
LEDs. They optimized the de-
position conditions of the poly-
mer that constitutes the field-
effect transistor and fabricated a
simple integrated device with
performance characteristics
that rival those of similar sili-
con devices.

Quantized conductance
in carbon nanotubes
Theory predicts that carbon
nanotubes should exhibit ballis-
tic conductance of electrons,
with the nanotube acting as a
waveguide for the electron. The
mean free path of the electrons
is much longer than the length
of the conductor and scattering
events should be elastic colli-
sions, so conductivities should
jump in multiples of the con-
ductance quantum Go, or 2e%/h,
where e is the charge of an elec-
tron and h is Planck’s constant.
Frank et al. (p. 1744) have now
measured the conductance of
multiwall carbon nanotubes
(MWNTs) that ranged from 5
to 25 nanometers in diameter
and had lengths of 1 to 10
micrometers. A single MWNT
protruding from a nanotube
bundle, which provided one
contact, was slowly lowered
into mercury, which provided
the other contact and also
cleaned the nanotube of adher-
ing material. Although theory
has suggested that each shell of
a MWNT should contribute
2G; to the conductance, they
find that the first main conduc-
tance plateau occurred at 0.5G,
or Gy but never at 2G,. These
smaller values are still unex-
plained but may arise from spin
coupling effects induced by the
helicity of the nanotubes. Sim-
ilar results were seen using other
liquid metals. The current den-

sities in these tubes are ex-
tremely high under these room-
temperature conditions and
were estimated to be greater
than 107 amperes per square
centimeter.

Thyroid receptor
surface
Nuclear receptors contain do-
mains that interact with multi-
ple cellular components, in-
cluding ligands, other receptor
molecules, cofactors, and DNA

binding elements. Feng et al.
(p- 1747) have used scanning
mutagenesis to map the thyroid
receptor surface that interacts
with coactivators. This interac-
tion domain is found to be a
small surface surrounding a
hydrophobic cleft. Similar sur-
faces may be present in other
nuclear receptors.

Less restricted
hypermutation
During an immune response,
B cells produce antibodies of
increasingly high affinities. So-
matic hypermutaion of the vari-
able regions of rearranged im-
munoglobulin genes produces
point mutations that enable
higher affinity antibodies to be
selected by the antigen. Shen et

al. (p. 1750) found that a gene
mutated in some transformed B
cells, BCL-6, was a target of
hypermutation in normal mem-
ory B cells. Other genes, such as
c-MYC, did not get mutated.
Hypermutation in normal B
cells was previously thought to
be restricted to immunoglobu-
lin genes; the consistent muta-
tion of a cellular oncogene may
provide a clue to tumorigenesis
or hypermutation mechanisms
in B cells.

A gene underlying
sight and sound
Usher syndrome is a disease that
causes loss of both hearing and
sight. Eudy et dl. (p. 1753) have
found that Usher syndrome type
[la is associated with mutations
in a gene on chromosome 1,
which has sequence motifs that
suggest it may be a novel extra-
cellular matrix protein or cell
adhesion molecule. Further
study of this gene, which is ex-
pressed in the fetal cochlea eye
and in adult retina, may provide
insights into links between these

developmental pathways.

Protein origins
Although both prokaryotes and
eukaryotes begin protein synthe-
sis with the initiation codon
for methionine in the new
polypeptide sequence, very dif-
ferent mechanisms and factors
are involved in accomplishing
this event. However, evidence
now shows that translation in
the two systems may be more
conserved than previously
thought. A yeast homolog has
been found for the bacterial
translation factor IF2. Choi et
al. (p. 1757) show that, like
bacterial IF2, yeast IF2 is a gen-
eral translation factor that can
deliver the initiator transfer

RNA charged with methio-
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nine to the ribosome. Yeast IF2
may perform this role in con-
junction with the yeast factor
elF2.

From auxin to ubiquitin
How plants respond to auxin, a
hormone in plants that directs
a variety of developmental and
cellular processes, is yielding to
investigation. Del Pozo et al. (p.
1760) show that in Arabidopsis,
the AXR1 protein, which me-
diates certain responses to auxin,
forms a complex with a newly
identified protein, ECR1. To-
gether these proteins then acti-
vate RUB, a close relative of
ubiquitin. RUB may then go on
to direct localization or degra-
dation of a target protein, as do
other relatives in the ubiquitin
family.

Calcium, mitochondria,
and the ER
Simultaneous imaging of the
endoplasmic reticulum (ER)
and the mitochondria revealed
that these organelles have re-
gions that are in close physical
contact. Rizzuto et dl. (p. 1763),
using a high-speed, high-resolu-
tion imaging system, observed
that the mitochondria appear
as an interconnected tubular
network that undergoes con-
stant reorganization. Consistent
with this physical association
of the ER and mitochondria,
release of calcium from the ER
exposed a Ca’*-sensitive pho-
toprobe located on the outer
face of the inner mitochondrial
membrane to high concentra-
tions of Ca?*. The authors
conclude that the structural
organization of these organelles
is likely to have functional
consequences for control of
Ca’"* signals both in the mi-
tochondria and the surround-

ing cytoplasm.
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The instrument uses a revolutionary | Easy Operation - begin prep
new method of nucleic acid purificat- || with direct loading of bacteria

ion based on modlﬁed agarose gel culture - no centrifugation step
electrophoresis and subsequent ;
saves you time.

recovery by electroelution. :
The process utilizes premanufact- /| Sansistent R‘?S““S ki
6 ug of plasmid per ml.

ured sample cassettes which allow |
for direct loading of up to 2 ml Fast - up to 24 preps per hour,
of culture. e & saving you time.

Call now to learn how the New and B Quality - time and time again.
Improved Mini-Prep 24 can provide you
with great, high-quality DNA...while saving

you a lot of time. MA{ﬁ]””[ft/

RESEAR
1-800-466-7949
11339 SorrentoValley Rd ® San Diego, CA 92121 Phone: (619) 452-2603 Fax (619) 452-6753

www.macconnell.com
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. The Latest from Lake Placid

To call research in the signaling field competi-
tive is to understate the case. Labs working in
this area have a constant need for new, high
quality reagents. The reagents offered here by
Upstate Biotechnology have several salient
traits that recommend them to researchers in
the signaling feld.

First, they are cutting-edge reagents.
Upstate relies on an outstanding group of advi-

Signaling

Akt is the principal effector of insulin signal-
ing and other PI 3-kinase-dependent path-
ways. Upstate Biotechnology offers a compre-
hensive panel of Akt reagents developed in

collaboration with renowned cell signaling

labs.

Antibodies Enzymes
Active Akt1
Unactivated Akt1
Akt-specific Substrate
IP-Kinase Assay System

INFO=ID 400921

Akt1
phospho-Akt1
Akt2
Akt3

Copyright, © 1998, Upstate Biotechnology Inc. All Rights Reserved.
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Upstate News & Views

Upstate Biotechnology is proud to introduce this new series of corporate messages that will carry only the
latest information and opinion. In the months to come, look for insights and advice from thought leaders.

sors to bring you research products when you
need them. Second, these are high quality
reagents. One bad antibody can give false posi-
tive or false negative results that cost the lab
time and effort worth much more than the price
of the vial of reagent, even if it is refunded.

Upstate tests products thoroughly to be
sure that they meet the standards required for
publication. The end user is never a beta-test
site for Upstate.

Histone
Acetylation

Histone Acetylation has recently been recog-
nized as a fundamental regulato?: step of
transcription. Upstate Biotechnology antibod-
ies, developed in collaboration with Dr. David
Allis, are highly characterized for immunoflu-
orescence and chromatin-IP assays (ChIPs™)
as recently described in mammalian systems
(Luo, et al., Cell 92:463, 1998; Alberts, et al.,
Cell 92:475, 1998).

Ll
Input P'd Stimulation
— : 100%

36.6%

HAT-deficient yeast cells were transfected with wt (A) or
mutant (B) HAT constructs, and chromatin was immuno-
precipitated with anti-acetyl Histone H4 antiserum. Slot-
blots of immunoprecipitated, input, or unbound material
were probed with the promoter of a reporter gene, whose
expression was monitored in a parallel experiment.

Antibodies/Peptides

Ac-Lys12-Histone H4
Ac-Lys8-Histone H4
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Are You Wired?

In cell signaling the race is to the swift. At
Upstate we do everything possible to ensure
that our products are cutting-edge and to

bring you the latest developments as soon as
possible. If you are not in our database, please
phone, write, email, or visit our web site, and
register. In this way, you can be certain you
will be there when any news breaks.

14071 Israel ORNAT. 08-94
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The Value of High Quality Reagents

Finally, Upstate is willing to go to consid-
erable effort to assist the researcher in perform-
ing the appropriate controls. In the signaling
field, researchers are continually working with
proteins that are new to them. It should be
reassuring to know that a company with the
reputation that Upstate has built in the past 12
years can offer reagents of this quality, backed
by the combined expertise of Upstate scientists
and their world-renowned consultants.

Kinases &
Phosphatases

The availablilty of highly active protein kinas-
es and phosphatases has been instrumental
for biochemical characterizations of signaling
pathways. Upstate Biotechnology offers the
most extensive array of enzymes and kits suit-
ed for protein phosphorylation/de-phosphory-
lation, enzyme assays and high throughput
screening. Most are developed in conjuction
with leading labs world-wide.

MEKI — — + <+
Bkl — 4+ — +
Mmep - [EEEE S !|

Erk2 was activated by MEK1, and assayed by
MBP phosphorylation.

Tyrosine Serine/Threonine
Phosphorylation
Csk Akt PP2AB,C
Fes/Fps CaMK PKA
Fyn Casein Kinase PKC
Jak1, 2 GSK3 Raf-1
Lck MAPK B-Raf
PTP1B MAPKAP K2 RSK
SHPTP MEK1 p7056K
Src MEKK SAPK
YOP PP1
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NEW
ENGLAND
BIOLABS

[Thm year our new catalog explores
how marine protected areas
help preserve the heauty and

diversity of the_ocean.]

Our new 98/99 Catalog features
products essential for your
Molecular and Cell Biology research
and continues its tradition as a
reference resource for scientists

throughout the world.

' New England Biolabs

New products include:
= 17 new restriction enzymes (from over
180 supplied, 95 are recombinant)

» DNA Ladders (100 bp and 1kb)
= RNA Ladder (9,000-500 bases)

= IMPACT™ T7 System for purification
of native, recombinant proteins
free of affinity tags

wof possibiliﬁ'

98/99

for Molecular & Cell Biology

= Ph.D Phage Display Peptide
Library Kits (7-mer, 12-mer, or
disulfied constrained 7-mer)

To receive a copy contact us at:
1-800-NEB-LABS or
http://www.neb.com

» Phospho-Specific Antibodies for
MAP Kinase pathways, apoptosis,
transcription factors and checkpoint
signaling

® New England Biolabs Inc. 32 Tozer Road, Beverly, MA 01915 USA 1-800-NEB-LABS Tel. (978) 927-5054 Fax (978) 921-1350 email: info@neb.com

= New England Biolabs Ltd., Canada Tel. (800) 387-1095 (905) 672-3370 Fax (905) 672-3414 email: info@ca.neb.com
& New England Biolabs GmbH, Federal Republic of Germany Tel. 0800/BIOLABS (06196) 3031 Fax (06196) 83639 email: info@de.neb.com
u New England Biolabs (UK) Ltd. Tel. (0800) 31 84 86 (01462) 420616 Fax (01462) 421057 email: info@uk.neb.com

NEW ENGLAND
L)

ioLabs;.

DISTRIBUTORS: Australia (07) 5594-0299; Belgium (0800)1 9815; Brazil (011) 366-3565; Denmark (39) 56 20 00; Finiand (9) 584-121; France (1) 34 60 24 24;
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Netherlands (033) 495 00 94; New Zealand 0800 807809; Norway 22 09 15 00; Singapore 4457927; Spain (03) 902 20 30 90; Sweden (08) 30 60 10; Switzerland (061) 486 80 80; Taiwan (02) 28802913
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The Leading Edge

in Neuroscience

For over 18 years, neuroscientists
have depended on the quality,
expertise and service of
RBI. Today, our company
manufactures and distributes
over 1,600 chemical and
biochemical products for
investigating cell signaling
pathways in the central and

peripheral nervous systems.

PRODUCTS FOR

SIGNALING PATHWAYS

AGONISTS
ANTAGONISTS
ANTIBODIES
CHEMOKINES
ENZYME INHIBITORS
NEUROTOXINS

RECOMBINANT
RECEPTORS

Pure Excellence

The consistent quality and
high purity of RBI products
are recognized worldwide.
All are backed with detailed
documentation, including
structures, physical properties
and references to protocols.

DISCOVER WHAT

THOUSANDS OF
NEUROSCIENTISTS

HAVE ALREADY FOUND.

RBI Provides the Most Comprehensive

Selection of Specific High-Purity

Compounds to Study Signaling Systems.

R BIE

SIGNALING INNOVATION

RBI is a Member of the Sigma-Aldrich® Family of Companies
Tel: 508.651.8151 Fax: 508.655.1359 www.callrbi.com
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APPLICATIONS
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PROTEIN
PHOSPHORYLATION

JoNn CHANNEL
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Expertise, Support and
Service You Can Trust
We develop and manufacture
many of our products, so you
can count on us for expert
technical support and
responsive customer service.

Make the RBI
Discovery Today

The 1998 RBI Catalog
features over 1,600 research
products for neuroscience,
signal transduction and
peripheral nervous system
studies. We offer the most
complete listing of high-purity
neurochemicals in the world.
For a free catalog, call
us at 800-736-3690

or 508-651-8151 or
visit our web site at:
www.callrbi.com. RBI — it
could be the most important
discovery you make today.



Use our new Online

Reader Service
card when you
need information
on products and
services advertised
in any issue of
SCIENCE.

Online Reader
Service requests
are sent instantly
via the Internet to

all the companies

you select. This

means you receive
detailed product
information...fast.

www.sciencemag.org

Go to Electronic Marketplace
& select Reader Service Card.

SCIENCE

Online Reader Service

SCIENCE

Editor-in-Chief: Floyd E. Bloom

Editor: Ellis Rubinstein

Managing Editor: Monica M. Bradford

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

Editorial

Assistant Managing Editor: Dawn McCoy; Senior
Editors: Gilbert J. Chin, R. Brooks Hanson, Pamela J.
Hines, Barbara Jasny, Paula A. Kiberstis, Linda J. Miller,
L. Bryan Ray, Phillip D. Szuromi; Associate Editors:
Beverly A. Purnell, Linda R. Rowan; Letters and
Technical Comments: Christine Gilbert, Ediitor; Steven
S. Lapham, Associate Letters Editor; Charlene King,
Assistant; Science’s Compass: Katrina L. Kelner,
David F. Voss, Senior Editors; Sherman J. Suter,
Associate Book Review Editor, Brent Gendleman,
Jeffrey Hearn, Assistants; Janet Kegg, Information
Specialist, Tech.Sight: Richard Peters, Robert Sikorski,
Contributing Editors; Editing: Cara Tate, Supervisor;
Harry Jach, Jason Llewellyn, Christine M. Pearce,
Senior Copy Editors; Jeffrey E. Cook, Etta Kavanagh,
Joshua Marcy; Copy Desk: Ellen E. Murphy, Super-
visor; Joi S. Granger, Abigail Hollister, Monique
Martineau, Beverly Shields; Jessica Moshell, Assistant;
Editorial Support: Carolyn Kyle, Editorial Assistant;
Candace Gallery, Amy Herda, Josh Lipicky, Patricia
M. Moore, Anita Wynn, Manuscript Assistants;
Administrative Support: Sylvia Kihara; Computer
Specialist: Roman Frillarte

News
News Editor: Colin Norman; Features Editor: Tim
Appenzeller; Deputy News Editors: Elizabeth Culotta
(contributing editor), Jean Marx, Jeffrey Mervis,
Richard Stone; News & Comment/Research News
Writers: Constance Holden, Jocelyn Kaiser, Richard
A. Kerr, David Kestenbaum, Andrew Lawler, Eliot
Marshall, Elizabeth Pennisi, Robert F. Service,
Gretchen Vogel; Bureaus: Berkeley, CA: Marcia
Barinaga (contributing correspondent); San Diego, CA:
Jon Cohen; Chicago, IL: James Glanz; Copy Editors:
Linda B. Felaco, Daniel T. Helgerman; Contributing

Correspondents: Barry A. Cipra, Ann Gibbons,
Charles C. Mann, Anne Simon Moffat, Virginia Morell,
Gary Taubes, Ingrid Wickelgren; Administrative
Support: Scherraine Mack, Fannie Groom

Production & Art
Production: James Landry, Director; Wendy K. Shank,
Manager, Lizabeth A. Harman, Assistant Manager;
Clarence A. Foules, Vicki J. Jorgensen, Cynthia M.
Penny, Kameaka Williams, Associates
Art: Amy Decker Henry, Design Director; C. Faber
Smith, Art Director; Elizabeth Carroll, Associate Art
Director; Katharine Sutliff, Scientific lllustrator; Holly
Bishop, Preston Morrighan, Darcel Pugh, Patricia M.
Riehn, Graphics Associates ; Leslie Blizard, Photo
Researcher
Technology Manager: Christopher J. Feldmeier

Science International: Europe Office
Editorial: Richard B. Gallagher, Office Head and Senior
Editor; Stella M. Hurtley, Peter Stern, Julia Uppenbrink,
Associate Editors; Belinda Holden, Editorial Associate;
News: Daniel Clery, Editor; Nigel Williams, Cor-
respondent; Michael Balter (Paris), Contributing
Cormespondent; UK Editor, Science’s Next Wave: John
MacFarlane; Administrative Support: Janet Mumford,
Liz Ellis; Asia Office: Japan News Bureau: Dennis
Normile, Contributing Correspondent; China Repre-
sentative: Hao Xin

ScienceNOW: www.sciencenow.org
Editor: Erik Stokstad

Science’s Next Wave: www.nextwave.org

Managing Editor: Wendy Yee; Associate Editor:
Nicole Ruediger; Writer: Melissa Mertl; Canada Editor:
Charles Boulakia

Richard S. Nicholson
Publisher

Beth Rosner
Associate Publisher

Michael Spinella
Membership/Circulation Director

Membership/Circulation

Deputy Director: Marlene Zendell

Member Services: Michael Lung, Manager; Mary Curry,
Supervisor; Pat Butler, Laurie Baker, Jonathan Keeler,
Jantell Smith, Representatives
Marketing: Dee Valencia, Manager; Lauri Sirois,
Coordinator; Jane Pennington, Europe Manager; Ben
Holland, Representative
Research: Renuka Chander, Manager
Business and Finance: Susan Maxim, Assistant

Specialist: Charles Munson

Finance and Advertising
Business and Finance: Deborah Rivera-Wienhold,
Business Manager; Randy Yi, Senior Analyst; Connie
Dang, Financial Analyst
Permissions: Lincoln Richman, Administrator; Emilie
David, Assistant
Marketing: John Meyers, Director; Chris Harbaugh,
Allison Pritchard, Associates
Electronic Media: David Gillikin, Manager; Wendy
Green, Computer Specialist; Mark Croatti, Crystal Young,
Production Associates

Product Advertising: Carol Maddox, Trafiic Manager;
Sheila Myers, Sandra Walls, Associates
Assistant to Associate Publisher: Jessica Tiemey

Sales

Product : Richard Teeling, Acting National
Sales Manager/E. Coast and E. Canada: 973-904-9774,
FAX 973-904-9701 - Midwest/Southeast: Elizabeth
Mosko: 773-665-1150, FAX 773-665-2129 - West
Coast/W. Canada: NeiBoyhn 4156739265, FAX 415
673-9267 - U.S. Inside Sales: Christopher Breslin: 202-
326-6544, FAX 202-682-0816 « UK/Scandinavia/
France/italy/ Belgium/Netheriands: Andrew Davies: (44)
1-457-871-073, FAX (44) 1-457-877-344 + Ger-
many/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
Recruitment Advertising: Terri Seiter Azie, Sales and
Production Operations Manager « U.S. Sales: Gabrielle

i, Sales Manager: 718-491-1607, FAX 202-
289-6742; Daryl Anderson, Sales Supervisor; Beth Dwyer,
Bren Peters-Minnis, Eric Banks, Troy Benitez, Sales
Representatives; Erika Bryant, Kathleen Clark, Angela
Panton, Assistants « Ellen McGuire, Jennifer Rankin, Pro-
duction Associates; Chris Filiatreau, Copy Editor/Proof-
reader + U.K./Europe: Debbie Cummings, Sales
Manager; Sabine Lenud, Sales Executive; Michaela Heigl,
Assistant. (44) 1-223-302-067, FAX (44) 1-223-576-208
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

B Pubiished by the A for the A of Sci

(AAAS), S serves its readers as a forum for the presentation

and discussion of important issues refated to the advancement of science, 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 editorials, news and com-
ment, and book reviews—are signed and refiect the individual views of the authors and not official points of view adopted by the AAAS or the institu-

B The American Association for the Advancement of Science was founded in 1848 and incorporated in 1874. Its objectives are to further the work of
scientists, to facilitate cooperation among them, to foster scientific freedom and responsibility, munproveﬁ»eeﬂmvenesofsaencemlprmmo»

tion of human welfare, to advance education in sci , and to i

methods of science in human progress.

public unc g and apy ion of the imp ce and promise of the

SCIENCE = VOL. 280 12 JUNE 1998



INFORMATION RESOURCES

SUBSCRIPTION SERVICES

For change of address, missing issues, new orders and
renewals, and payment questions, please contact
AAAS at Danbury, CT: 800-731-4839 or Washington,
DC: 202-326-6417, FAX 202-842-1065. Mailing
addresses: AAAS, PO. Box 1811, Danbury, CT 06813
or AAAS Member Services, 1200 New York Avenue,
NW, Washington, DC 20005 - Other AAAS Programs:
202-326-6400

MEMBER BENEFIT CONTACTS
Credit Card: MBNA 1-800-847-7378,; Car Rentals: Heriz 1-
800-654-2200 CDP#343457, Dollar 1-800-800-4000
#AA1115; AAAS Travels: Betchart Expeditions 1-800-252-
4910; Life Insurance: Seabury & Smith 1-800-424-9883;
Other Benefits: AAAS Member Services 1-202-326-6417.

REPRINTS & PERMISSION
Reprints: Ordering/Billing/Status, 800-407-9190;
Corrections, 202-326-6501 « Permissions: 202-326-
7074, FAX 202-682-0816

INTERNET ADDRESSES
science_editors@aaas.org (for general editorial
queries); science_news@aaas.org (for news queries);
science_letters@aaas.org (for letters to the editor);
science_reviews@aaas.org (for returning manuscript
reviews); science_bookrevs@aaas.org (for book review
queries); science@science-int.co.uk (for the Europe
Office); membership@aaas.org (for member services);
science_classifieds@aaas.org (for submitting classified

advertisements); science_advertising@aaas.org (for
product advertising)

INFORMATION FOR CONTRIBUTORS
See pages 108 and 109 of the 2 January 1998 issue or
access www.sciencemag.org/misc/con-info.shtml.

EDITORIAL & NEWS CONTACTS

North America
Address: 1200 New York Avenue, NW, Washington,
DC 20005
Editorial: 202-326-6501, FAX 202-289-7562
News: 202-326-6500, FAX 202-371-9227 « Bureaus:
Berkeley, CA: 510-841-1154, FAX 510- 841-6339, San
Diego, CA: 760-942-3252, FAX 760-942-4979,
Chicago, IL: 312-360-1227, FAX 312-360-0537

Europe
Headquarters: 14 George |V Street, Cambridge, UK
CB2 1HH; (44) 1223-302067, FAX (44) 1223-302068
Paris Correspondent: (33) 1-49-29-09-01, FAX (33) 1-
49-29-09-00

Asia
News Bureau: Dennis Normile, (81) 3-3335-9925, FAX
(81) 3-3335-4898; dnormile@twics.com
« Japan Office: Asca Corporation, Eiko Ishioka,
Fusako Tamura, 1-8-13, Hirano-cho, Chuo-ku, Osaka-
shi, Osaka, 541 Japan; (81) 6-202-6272, FAX (81) 6-
202-6271; asca@os.gulf.or.jp
» China Office: Hao Xin, science@public3.bta.net.cn

BOARD OF REVIEWING EDITORS

Frederick W. Alt Harry A. Fozzard
Children’s Hospital, Boston The Univ. of Chicago
Don L. Anderson Roger |. M. Glass
?a/’bm'a Institute of Centers for Disease Control

echnology
Michael Ashburner

Peter N. Goodfellow
SmithKline Beecham, UK

i of Cambridge Jack F. Greenblatt
Univ. of Minnesota, Univ. of Toronto
Minneapolis Peter Gruss !
Stephen J. Benkovic Max Planck Institute of
Pennsyivania State Univ. Biophysical Chemistry
Alan Bernstein Philip C. Hanawalt
Mount Sinai Hospital, Toronto Stanford Univ.
Michael J. Bevan Paul Harvey
Univ. of Washington, Seattle Univ. of Oxford
Seth Blair . ) M. P. Hassell
Univ. of Wisconsin, Madison Imperial College at Sitwood
David E. Bloom Park
Harvard Institute for butaka Hirokawa
International Development NOU R O#Im
Piet Borst Tormas Hekioh
The Nethertands Cancer i ,
Institute msk"a Institutet
Henry R. Bourne Tasuku Honjo
Univ. of California, San Kyoto Univ.
Francisco Susan D. Iversen
James J. Bull Univ. of Oxford
Univ. of Texas at Austin Eric F. Johnson
Kathryn Calame The Scripps Research
Columbia Univ. College of Institute
Physicians & Surgeons Hans Kende
Dennis W. Choi i A
Washington Univ. School of Ellgm'%:n State Univ
Medicine, St. Louis Harvard Uni
David Clapham deftrey T Kieh
Children’s Hospital, Boston .
Adrienne E. Clarke National Center for Atmos-
Univ. of Melbourne, Parkville pheric Research, Boulder
F. Fleming Crim Judith Kimble )
Univ. of Wisconsin, Madison Univ. of Wisconsin, Madison
Paul J. Crutzen Stephen M. Kosslyn
Max-Planck-institut fiir Chermie Harvard Univ.
James E. Dahlberg Michael LaBarbera
Univ. of Wisconsin Medical The Univ. of Chicago
HobeSchooln Dég:md,sm;\e Antonio Lanzavecchia
National Institute of Mental IB;;eIwI,OIogysmMe for
Health, NIH Nicole Le Douarin
Hans Ekund Institut dEmbryologie Cell-
e - SLpGroula g et Mokiculei ol CNAS
Paul T. Englund Norman L. Letvin
Johns Hopkins Univ. School Beth Israel Hospital, Boston
of Medicine Harvey F. Lodish
G.Erti Whitehead Institute for
Max-Planck-Gesellschaft Biomedical Research
Richard G. Fairbanks Richard Losick
Lamont-Doherty Earth Harvard Univ.
Observatory Seth Marder
Douglas T. Fearon California Institute of
Univ. of Cambridge Technology

Diane Mathis Max-Planck-Institut fir
Institut de Chimie Zuchtungforschung
Biologique, Strasbourg Ronald H. Schwartz

Susan K. McConnell National Institute of
Stanford Univ. Allergy and Infectious

Anthony R. Means Diseases, NIH
Duke Univ. Medical Center Tms?;/nﬁ n;»mSel}‘J;nowsku

Stanley Meizel Edward E. Smith

Univ. of California, Davis
Douglas A. Meltan

Univ. of Michigan, Ann Arbor
Christopher R. Somerville

Harvard Univ. Camegie Institute of
Andrew Murray Washington
Univ. of California, San Michael P. Stryker

Francisco

Univ. of California, San

Elizabeth G. Nabel Francisco
The Univ. of Michigan Cliff Tabin )

Medical Center Harvard Medlcal School
Shigetada Nakanishi JOI'}";J;;‘;Z Sinica. Taiwan
Kin’f’ﬁgg’;{: Tomoyuki Takahashi

. Univ. of Tokyo

Research Institute of Molec- . -

Masatoshi Takeichi

ular Pathology, Vienna Kyoto Univ.

Roger A. Nicoll Keiji Tanaka
Univ. of California, San RIKEN Institute
Francisco David Tilman

Staffan Normark Univ. of Minnesota, St. Paul
Swedish Institute for Robert T. N. Tjian
Infectious Disease Control Univ. of California, Berkeley

Kiyotaka Okada Yoshinori Tokura
Kyoto Univ. Univ. of Tokyo

Bert W. O'Malley Derek van der Kooy

Coll f Medici Univ. of Toronto
pyior College o "€ Geerat J. Vermeii

oy 1. Famer Univ. of California, Davis

Univ. of Arizona, Tucson N . '

Stuart L. Pimm Bejo\'{oge'lstlgepl‘nﬂ Oncol
The Univ. of Tennessee, Cemn:, s logy
Knoxville Gerhard Wegner

Yeshayau Pocker Max-Planck-Institut fir
Univ. of Washington, Seattie Polymerforschung

Ralph S. Quatrano Arthur Weiss
Univ. of North Carolina, Univ. of California, San
Chapel Hill Francisco

Martin Raff Zena Werb
Univ. College London Univ. qf California, San

Douglas C. Rees francsco
Calfornia Institute of George M. Whitesides
Technology Harvard Univ.

T.M.Rice tan A. Wiison
ETH-Honggerberg, Zirich The Scripps Ressarch

David C. Rubie Alan P. Wolffe
Universitit Bayreuth National Institute of Child

Erkki Ruoslahti Health and Human
The Bumham Institute, CA Development, NIH

Gottfried Schatz Martin Zatz
Biozentrum, Basel National Institute of Mental

Jozef Schell Health, NIH

www.sciencemag.org ¢ SCIENCE e VOL. 280

NEW! version 5.
Statistical
product of
choice ...

StatView.

Just got even better....
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Expanded ANOVA, MANOVA,
ANCOVA, MANCOVA

Complete documentation in printed
and online hypertext-linked
documents

Biva plot smoothing and
much more

StatView packs data management, statistical
analyses, and presentation tools into a
single, intuitive and coherent desktop soft-
ware package that anyone can use with ease.

But don't let StatView's ease of use and
flexibility fool you ... under the intuitive
interface lies a powerful suite of analyses
that just got even more powerful with the
release of StatView v5. And now StatView is
supported by SAS Institute Inc.—the
worldwide leader of statistical software,
technical support, consulti

professional training services.

StatView brings its award-winning flexibility
to both Macintosh and Windows (3.1, 95
and NT).

Visit our Web site at
or call 1.415.623.2032

Or e-mail us at

SAS Institute Inc.
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Some see DNA
as a commodity.

We prefer a more
visionary approach.

Call us idealistic, but we think your next
custom oligo should be a thing of beauty.
Here's how we see it. Whether you need
a couple of probes or primers, or a couple of
thousand, you'll want impeccable quality and
assured perfor-
mance. That's
why every
Genosys oligo
- comes with its
own certificate of Quality Assurance that
includes a digitized PAGE analysis, quantitat-
ed yield, melting temperature and MW.

Free poster with yol

/ \

.\‘ B nE
Ly \ \ ’)‘
S Y

Y

Of course, selection is important, too.
So if your taste in oligos goes beyond plain
vanilla primers, you'll be happy to know that
our “standard flavors” include 6-FAM, HEX,
TET, biotin, phospharylation, fluorescein,
amine labeling, Texas red and rhodamine.
And if you're looking for S-oligos, 96-well
plates, or even whole genes, look no further.

24-hour shipment? Routine for standard
primers. Easy e-mail, web or fax ordering?
Whichever you prefer. Knowledgeable, friendly
tech support? Included free with every aligo.

Want to share the vision? Call today to
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discuss your DNA requirements, and we'll send
you a free poster. For a really transcendental
experience, let us handle your next order.

DNA micrographs are courtesy of Michael W.
Davidson, director of the Optical Microscopy
Division of the National High Magnetic Field Lab-
oratory, a joint venture of The Florida State Uni-
versity, the University of Florida, and Los Alamos
National Laboratory.

GENDSYS

Genosys Biotechnologies, Inc., The Woodlands, Texas, Phone: (281) 363-3693, E-Mail: info@genosys.com
Cambridge, UK., Phone: (+44) (01223 833000, E-Mail: genosys@genosys.co.uk
Hokkaido, Japan, Phone: 81 133 73 5005, E-Mail: genosys@genosys.co.jp
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You will be amazed at how powerful an antibody can be.

=
I ra nsductl O e 8002274063 Fax 606-259-1413
— Voice  606-259-1550 Website translab.com
I a b 0 rato rl Es A list of current distributors of Transduction Laboratories products
can be found on the Web at translab.com/Distributors.html
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Protein Extraction

B-PER™ Bacterial Protein
Extraction Reagent

Extract recombinant protein from
E. coli without sonication

B-PER™ Bacterial Protein Extraction Reagent offers a gentle
method of bacterial cell lysis, while also providing the most
efficient way to extract recombinant protein from E. coli. Yields
obtained with B-PER™ Reagent greatly exceed those obtained
using standard sonication methods.

= Recovers both soluble and * Flexible — use for any scale
insoluble recombinant protein protein extraction
from bacterial lysates  Avoids contamination since it is
= One reagent, easy-to-use and free of enzymatic components
1o spepra(ljmstrumentatlon » Compatible with GST, 6xHis and
i Fequire other affinity purifications
g gabs;Catg?iEﬁlme[l)llgt_a{l'llftsﬁgl?eto « B-PER™ Reagent can also be used
P with baculovirus-expressed proteins
for 10 minutes
B-PER™ Reagent PBS/Sonii
E::lri;"m‘;ﬂﬂl:nd i g Ellfa;llnl;‘; RD:I\IIS g ‘ From ’Eﬂ !O f/ght
300 B-PER™ Reagent —e— = Total lysate
250 i e o Extracted GFP
200 Remaining protein

GFP Activity
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«=¥ B-PER™ Purification Kits

: » B-PER™ 6xHis Fusion
*GFP = Green Fluorescent Protein Protein Purification Kit
Bacterial E. coli expressing GFP was extracted five times with B-PER™ Reagent or PBS/Sonication. offers simple and efficient
Each extraction was analyzed by SDS-PAGE or GFP activity assay. recombinant protein extraction
with an optimized protocol to
ensure the highest purity.
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Rounds of Extraction

o

[ TRE TS RN

u.s.
Product # Description Pkg. Size Price . B = .
78248CQ  B-PER™ Bacterial Protein 500 ml $195 B-PER™ GST Fusion =
Exiraction Reagent Prnle!n qulflcallnn Kit ;
78100CQ  B-PER™ GxHis Fusion Protein Kit $295 is a high yield (up to four times
Purification Kit greater than other kits) and fast,
78200CQ  B-PER™ GST Fusion Protein Kit $295 efficient system for the purification
Purification Kit of GST fusion proteins.

Call 800-874-3723 for product information. Qutside the U.S., call 815-968-0747 for the name of your local distributor.
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3747 N. Meridian Rd. » PO Box 117 = Rockford, IL 61105 U.S.A. * Tel: 815-968-0747 » Fax: 815-968-7316 * E-mail: TA@piercenet.com * Internet: http://www.piercenet.com

© Pierce Chemical Company, 1998. a Perstorp Life Sciences Company



The New ABI PRISM®
377 Genetic Analysis System

ABIA Worldwide, laboratories of all sizes have

PR'SM standardized their genetic analysis
methods on the ABI Prism 377 system. The reason?
The ABI Prism 377 system delivers the performance
they need now—and in the future.

Fact. The new ABI Prisv 377 system offers enhanced
performance with ongoing technical innovations such as:

* BigDye™ Terminators ~ ® New Neural Net Tracker
* 96 Lane Upgrade * 900 Base Reads

Fact. You can configure the ABI Prism 377 system to
meet your throughput and budget requirements today,
with models from 18 to 96 lanes, and easily add
capability as needed.

Faet. The new ABI Prism 377 system is so versatile,
you can automate applications from genome sequencing.
to heterozygote detection, to microsatellite and STR
analysis., and more.

Faet. A broad range of convenient application kits and
fully integrated software packages optimized for the
ABI Prism 377 system ensure accurate results.

Fact. The ABI Prism 377 system streamlines data
analysis with BioLIMS™, an open database manage-
ment systern.

Faet. Worldwide customer service and support ranked
best in the industry.”

Fact. The ABI Prism 377 system was developed and
is supported by a single organization—PE Applied
Biosystems, the world leader in genetic analysis.

There has never been a better time to buy an ABI
Prism 377 system. Because now, the ABI Prism 377
system gives you all the performance you need, with
the throughput you want., and the value you've been
waiting for.

So, if you're looking for performance, look into
the new ABI Prisv 377 system. Call your local

PE Applied Biosystems sales representative today,
or visit our web site.

www.perkin-elmer.com/377

~E Applied Biosystems

United States Foster City, California Tel: 1-800-345-5224 Fax: 650-638-5884
Europe Langen, Germany Tel: 49 (0) 6103 708 301 Fax: 49 (0) 6103 708 310
Japan Tokyo, Japan Tel: (047) 380-8500 Fax: (047) 380-8505

Latin America Mexico City, Mexico Tel: 52-5-651-7077 Fax: 52-5-593-6223
Australia Melbourne, Australia Tel: 1-800-033-747 Fax: (03) 9212-8502

ABI, the ABI Paisw Design, Applied Biosystems, PE, PE Applied Biosystems, BigDye, and BioLIMS
are trademarks of The Perkin-Elmer Corporation.

ABI Prism and Perkin-Elmer are registered trademarks of The Perkin-Elmer Corporation.

* Based upon an independent industry survey. Circle No. 33 on Readers’ Service Card

New Neural Net Tracker

Accurate, Robust
BigDye™ Terminators

Linkage Mapping Set Version 2

Expert Worldwide
Service and Support




Performance. Not Promises.

From The World Leader
In Genetic Analysis

900 Bases
Per Template

CT CGGGGGT GATGA
900

et

96 Lane Upgrade

BioLIMS™—Automated
Data Management

Versatility—Sequencing,
Genotyping, Mutation Detection...

..................







MILLIPORE

t's our total dedication to improving productivity,
whether you're developing assays or decontaminating
fluids. It's our focus on fitting a system to your
application, from designing screening plates
compatible with your robots to customizing lab
water systems to your particular process. And
finally, it's our expertise in microbiology, biochemistry
and analytical science, as well as the knowledge
reflected in the design of our products, the clarity of
our manuals, the substance of protocols, and the
breadth of our live and on-line support. Put our pure

science to work for you. Call 1-800-MILLIPORE.

Or visit www.millipore.com
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NEW high-capacity
Eppendorf® Multipurpose
Centrifuges handle a greater
variety of samples and appli-
cations in a lot less bench space.
Loaded with advantages, these
compact benchtop refrigerated
and non-refrigerated centrifuges
accommodate a remarkable
number of samples—e.g. 36 x 15SmL
or 12 x 50mL conical tubes. Buckets
accept vessels from 0.25 to 250mL

Easy loading. Easy operation.
Low-profile design offers
fast, easy loading. Simple
controls with user-defined
programs ensure repro-
ducibility and easy operation.
The maintenance-free
motor spins quietly up to
14,000rpm (20,800 x g).
Automatic rotor recognition
and self-diagnostics offer unparalleled
safety and convenience.

and can be sealed with aerosol-tight Before you buy someone else’s spin...talk to Brinkmann.
covers. Spin up to 16 microtiter plates...or switch Call 800-645-3050, fax 516-334-7506 (in Canada 800-263-
to high-speed fixed-angle rotors to handle tubes 8715, fax 905-826-5424); e-mail: info@brinkmann.com;
from micro to 85mL. web: http://www.brinkmann.com.

BR'NKMANN Quality products for research and control.
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TSA™ IS  THE DIFFERENCE See Clearly

Now you can enhance both chromogenic and
fluorescent signals up to 1000 times with
Renaissance® Tyramide Signal Amplification
(TSA), a powerful new technology from NEN™
Life Science Products. TSA is easily integrated
into standard immunohistochemistry (IHC) or
in situ hybridization (ISH) protocols, providing
Horseradish Peroxidase (HRP) is present in
the system.

Fig. 1. Multicolor detection using TSA-Direct.
Courtesy of Kevin Roth, M.D., Washington University
School of Medicine, St. Louis, Missouri.

Figs. 3 a-b. HC of EBV antigen in Hodgkin's Lymphoma of mixed cel
Courtesy of R. Von Wasielewski and S. Gignac. Pathologisches Instifut de
Medizinischen Hochscule, Hannover, Germany.

Fig. 2

a. Standard fluorescent detection. b. TSA-Enhanced fluorescent detection

he use of TSA allows you to conserve your precious
antibodies while maintaining the same level of sensitivity.

TSA-Direct deposits numerous fluorochromes that
can be directly visualized immediately after ampli-
fication. TSA-Direct kits are available in a variety
of colors: Fluorescein (Green), Tetramethylrhodamine
(Red), and Coumarin (Blue). %

TSA-Indirect deposits numerous biotins which
are then detected by streptavidin conjugated to an
enzyme (followed by chromogenic detection) or a
fluorochrome (for fluorescent detection).

#c. Standard chromogenic ISH. d. TSA-Enhanced chromogenic ISH.

Figs. 2 a-b. Fluorescent detection of chromosome centromere probes in metaphase spreads.

Figs. 2 c-d. In situ chromogenic detection of oxytocin in rat brain tissue sections. NEN™ Life Science Products

Boston, MA 02118-2512 USA
1-800-551-2121 * 617-482-9595

Care fo Jump?

all tod. lear about TSA and c Fax: 617-482-1380
Call today to learn more about TSA and our Weke Litod] SN

complete line of Renaissance labeling and
detection products for nucleic acids and
proteins. To order call vour local NEN office.

© NEN™ Life Science Products, 1997.

TSA is a registered trademark of ™ Life Science Products. Renaissance products are
manufactured under an 1SO 9002 Quality Svstem registered by
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While You're Readmg ThIS

free radicals are attacking your vital proteins, lipids and DNA

Highly reactive free radicals are In the past studying these effects
continuously being produced was limited by cumbersome

in your body. Normally there isa  analytical methods. Now you can
fine balance between the damage quantify free radicals, examine
done by these reactive oxygen the damage they cause and mea-
and nitrogen species, and natural sure protective mechanisms using
defenses. An imbalance leads to ESA technologies. Join us in this
oxidative stress and disease. exciting research—call ESA today.

Explore the Benefits of ESA Teclmo_logv

Send for a free
ESA, Inc, 22 Alpha Road copy of our |
Chelmsford, MA 01824-4171 USA handbook.
T: (978) 250-7000 F: (978) 250-7090 i <
Www.esainc.com
ESA Analytical Ltd., 14 Cromwell Mews Station Road m
St Ives, Huntingdon, Cambridgeshire PE17 4HJ England
T: 01480 497327 F: 01480 496654
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