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PCR

Mx3005
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Our complete guantitative PCR portfolio features products that include

sample preparation, cDNA synthesis, QPCR amplification and detection, . * Brllliant” I magents are designed for earflar Ct
: detection, improved reproducibility, and dynamic range

and powerful data analysis software to meet today's research needs as

: _ . . = Four- or five-color Mx™ GPCR systems with powerful
well as tomorrow’s future applications. Couple our Mx™ line of high ; MxPro™ QPCR Software

performance real-time QPCR systems with our next generation Brilliant® 1
= Complete QPCR portfolio of instruments, reagents,

QPCR reagents and there's no need to look any further than Stratagene service, and support

for your QPCR research needs.

For more information about our Brilliant® 11 QPCR reagents or Mx™ QPCR
systems, please visit www.stratagene.com/MxQPCR.

Brilksrd® = & regritered Iradermatk of Sirsd sgens in ihe Unkbed Siates
M” and MxFro™ are trade marks of Stratagens in the United States

Stratagene US and Canada Stratagene lapan KK

Order: BO0-424-5444 x3 (Order: 3-5821-8077

Technical Service: BO0-E34-1304 12 Technical Service: 3-5821-8076 @ ~ TRATAGE”E
Stratagens Euwrnpe An Agilent Technologies Company

Order: D0200-7000- 2000
Technical Service: 00800 7400-7400

Please note that the Mx3000P® QPCR System and the Mx3005P® QPCR System
are not offered, sold, and imported infto Germany.




DNA Methylation Detection Directly
From Cells

The EZ DNA Methylation-Direct™ Kit for Complete Bisulfite Conversion
of DNA Directly From Blood, Tissue, or Cells

» Fastest, most streamlined procedure available for complete conversion of DNA
= Compatible with small sample inputs - as few as 10-20 cells or 50 pg DNA

® Proven, trusted conversion chemistry and purification technology
*Technology is Patent Panding

Free 50 Prep. Kits Are Available While Supplies Last!

D5020 50 Preps. $161.00 USD $80.50* USD

D5021 200 Preps. $452.00 USD $226.00* USD
D5022 2x96 Shallow-Well Plates $362.00 USD $181.00* USD
D5023 2x96 Deep-Well Plates $362.00 USD $181.00* USD

Please use coupon code SC650 to receive a 50% discount.
Free kit offer and 50% discount valid for U.S. customers only.

Positions in Epigenstics research are available at Zymo Research Corp. See our website for details c Q

ZYMO RESEARCH
www.zymoresearch.com  +1-714-288-9682 INTL 1-888-882-9682 USA The Beauty of Science is to Make Things Simple



GE Healthcare o PURE Expertise

Pure protein is the challenge.
® PURE Expertise is the solution.

twww.gelifesciences.com/ pure

Imagination at wor K GE Healthcore Bio-Sciences AB, o General Electric Company.
S Byrkgotan 30, 751 84 Uppsola, Sweden
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SCIENCE EXPRESS

WS Ciencexpress.ar g

Bilayer *He: A Simple Two-Dimensional Heavy Fermion System
with Quantum Criticality
M. Neumann, ]. Nyeki, B. Cowan, ]. Sounders
Thermodynamic measurements show that a bilayer of fluid *He, the simplest
Fermi system, surprisingly shows quantum criticality and can be used Lo study
this phenomenaon,

10.1126/science. 1143607

The Evolution of Selfing in Arabidopsis thaliana
C. Tang et al.
An analysis of sex genes shows that at several times throughout its history—
including about 1 millian years ago—Arabidopsis has developed the ability
1o sell-fertilize,
10.1126/5cience. 1143153

CONTENTS I

Mesoscopic Phase Coherence in a Quantum Spin Fluid

G. Xu et al.

MNeutron scattering measurements on a guantum spin fluid reveal the development
of mesoscopic quantum phase coherence in a system without classical static
magnetic order.

10.1126/5cience. 1143831

MicroRNA Inhibition of Translation Initiation in Vitro by Targeting the

Cap-Binding Complex elF4F

G. Mathonnet et al.

I witrg, microRNAs can act to repress the initial step of protein translation,
10.1126/5ckence, 1146067

TECHNICAL COMMENT ABSTRACTS

CHEMISTRY
Comment on “"Coherent Control of Retinal 453
Isomerization in Bacteriorhodopsin®

M. Joffre

faad Al v F oy e oy e [ Ty g, 17/C0T FIAE )
Fexl o Wi SOEncemag. of g gl ConfenLTiNeg I L A 303 £ 230

Response to Comment on “Coherent Control of Retinal
Isomerization in Bacteriorhodopsin®
V. I Prokhorenko et al.

full text ot ww sciencemag.org’cgifcontentfull/31 7/583 7/453¢c
REVIEWS

COMPLUTER SCIENCE

Search Technologies for the Internet 468

M. Henzinger

SOCIOLOGY
The Scientific Research Potential of Virtual Worlds 472
W. 5. Bainbridge

BREVIA

MEDICINE

AAV Vector Integration Sites in Mouse 477
Hepatocellular Carcinoma

A. Donsonte et al.

A virus that has shown promise as a vector for human gene therapy
causes liver tumors in neonatal mice.

RESEARCH ARTICLES

OCEAN SCIEMCE

Free-Drifting lcebergs: Hot Spots of Chemical 478
and Biological Enrichment in the Weddell Sea

K. L. Srvith Jr. et al.

Trace elements and iron released from free-drifting Antarctic icebergs
stimulate local productivity that enhances carbon sequestration in the
Southern Ocean.

ECONOMICS

The Product Space Conditions the Development 482
of Nations

C. A Hidalgo, B. Klinger, A.-L. Barabasi, R. Hausmann
Network analysis of the products made by rich and poor countries
show that movement toward higher-profit products may be restricted
for much of the developing world.

REPORTS

PHYSICS

Single-Atom Single-Photon Quantum Interface 488
I. Wilk, 5. C. Webster, A. Kuhn, G. Rempe

A sequence of laser pulses targeted on a single atom trapped

in a cavity can generate a source of entangled photon pairs.

MATERIALS SCIENCE

Porous Semiconducting Gels and Aerogels from 490
Chalcogenide Clusters

5. Bag el al.

The reaction of clusters containing sulfur or selenium with a
platinum complexz yields highly porous gels that can efficiently
absorb heavy metals from water,

CHEMISTRY
Stabilization of Labile Carbonyl Addition 493
Intermediates by a Synthetic Receptor

T. lwasawa, R. |. Hooley, |. Rebek Jr.

A symthetic molecular basket stabilizes a short-lived intermediate
species in an arganic reaction for minutes to hours, allowing it

1o be probed and identified.
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What if staying up to date with the
latest technology published in journals
and patents were as easy
as pushing a button? |

With the “Keep Me Posted” alerting feature, SciFinder sends you
automatic updates on areas you—and your competitors—are interested in.

You can monitor specific research topics, companies, authors, substances, or sequences, and choose
how frequently you receive notifications: daily, monthly, or weekly.

The service isn't just convenient, it’s incredibly current. Journal article records often appear in
SciFinder before they're even in print. New references, substances, and sequences are added daily,
Patents from all the major offices are added within two days of issuance.

As with all SciFinder features, Keep Me Posted is integrated with your workflow. At any point in a
search (including the beginning), simply click on the Keep Me Posted button. SciFinder tracks vour
steps and will generate the appropriate alert—even for complex topics. When vou receive a
notification, vou can follow each reference as vou would in a search: find citing or cited articles (with
links to the electronie full text), and follow referenced substances and reactions for further information.

Comprehensive, intuitive, seamless—SciFinder doesn't just alert vou, it’s part of the process. To
find out more, call us at 800-753-4227 (North America) or 614-447-3700 (worldwide) or visit
www.cas.org/SCIFINDER.

SciFinder

Part of the process.”

@ A division of the American Chemical Society. SciFinder is a registered trademark
of the American Chemical Society, “Part of the process” is a trademark of the American Chemical Society.
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REPORTS CONTINUED...

CHEMISTRY

A Powerful Chiral Counterion Strategy for 494
Asymmetric Transition Metal Catalysis

G. L. Hamulton, E. J. Kang, M. Mba, F. D. Toste

Pairing an achiral cationic gold complex with a chiral phosphate
anion leads to efficient asymmetric catalysis of previously intractable
organic reactions. == Perspective p. 462

PALEONTOLOGY

A& Cambrian Peak in Morphological Variation Within 499
Trilobite Species

M. Webster

In trilobites, the morphology of individual species shows the greatest
changes soon after their arigin, influencing the course of early

evolution in the group. == Perspective p, 459
QOCEAN SCIENCE
Four Climate Cycles of Recurring Deep and 502

Surface Water Destabilizations on the Iberian Margin

B. Marirat et al.

Alternating penetration of deep ocean waters derived from the two
polar regions to low latitudes drove century-to-millennial chimate
changes lor at least the past 400,000 years,

PLANT SCIENCE

Ethylene Modulates Stem Cell Division in the 507
Arabidopsis thaliana Root

0. Ortega-Martinez, M. Pernas, R. J. Carol, L. Dolan

Stem cell proliferation in a niche within developing roats is limited
by the gaseous hormone ethylene,

BIOCHEMISTRY

Crystal Structure of Inhibitor-Bound Human 510
5-Lipoxygenase—Activating Protein

A D. Ferguson et al.

The structure of a human membrane protein involved in biosynthesis
of the inflammation-related leukotrienes may help guide the
development of therapeutics.

BIOCHEMISTRY

Spring-Loaded Mechanism of DNA Unwinding by 813
Hepatitis C Virus N53 Helicase

5. Myong, M. M. Bruno, A. M. Pyle, T. Ha

A helicase enzyme unwinds DNA in steps three base pairs long that
periodically release the tension resulting from translocation of the
helicase’s motor domain along the DNA.

MEDICINE

Sirtuin 2 Inhibitors Rescue c-Synuclein-Mediated 516
Toxicity in Models of Parkinson's Disease

I. F Outeiro et al.

An inhibitor of a microtubule deacetylase protects
dopamine-containing cells and can rescue Drosophila from the
taxicity of a protein aggregate associated with Parkinson's disease.

== Perspective p, 461
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EVOLUTION

The Near Eastern Origin of Cat Domestication 519
C. A Driscoll et al.

The domestic cat and several of its closely related wild relatives
originated in the Fertile Crescent over 100,000 years ago, earlier
than had been thought.

MICROBIOLOGY

Candidatus Chloracidobacterium thermophilum: 523
An Aerobic Phototrophic Acidobacterium

D. A. Bryant et al.

A distinctive, oxygen-tolerant photosynthetic bacterium has been
identified in @ metagenomic study of hot-spring communities in
Yellowstone National Park.

MICROBIOLOGY

Noise in Gene Expression Determines Cell Fate in 526
Bacillus subtilis

H. Maamar, A, Raj, D. Dubnau

Bacteria that show mare random fluctuations in gene expression are
especially likely to switch to an alternative phenotype in which they
can fake up foreign genetic matenal,

== Perspective p. 463

MEUROSCIENCE

Rapid Synthesis and Synaptic Insertion of GluR2 530
for mGluR-LTD in the Ventral Tegmental Area

M. Mameli, B. Balland, R. Lujan, C Lischer

A decrease in the effectiveness of synapses in a particular brain
reqion is caused by replacement of one glutamate receptor sublype
with a less efficient one.
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Imagination is more
Important than knowledge,
for knowledge iIs limited
while imagination embraces
the entire world.

Albert Einstein

Scientist (1879-1955)

MNever complacent with the status quo, Shimadzu helps push mankind’s knowledge to greater heights. Shimadzu believes in the
value of science to transform society for the better. For more than a century, we have led the way in the development of
cutting-edge technology to help measure, analyze, diagnose and solve problems. The solutions we develop find applications in
areas ranging from life sciences and medicine to flat-panel displays. We have learned much in the past hundred years. Expect a
lot more.

www.shimadzu.com é SHIMADZU
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A Baby Step for Computer Learning
Clever computers can now learn language the way a child does.

The Power to Influence Showers

Researchers link human activity to changes in global precipitation
patterns.

Throbbing Oil Demystified

Surface tension and evaporation conspire 10 make droplets pulse
as il alive.

Grant writing for when the going gets tough.

SCIENCE CAREERS

WWW, SCIencecanreers. org

GLOBAL: Special Feature—Grant Writing for Tight Times
A. Kotok

As grant approval rates decline, Science Careers offers tips

to help proposal writers in the United States and Europe.

US: The NIH RO1 Toolkit

Science Careers Editors

This new guide provides grant writers with lessons for writing
a proposal for NIH's main research grant program, the RO1.

EUROPE: Getting to the Top of a Big Pile

E. Pain

Science Careers talks o European jury members, who recently
reviewed 9000 proposals, about what got some applications

to the top.
-arrestin participates in Wnt signaling. .
l.j s ’ o~ N GLOBAL: Science Careers Blog
e - Science Careers Editors
SCIENCE'SST KE Get your daily career development news and highlights,
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PERSPECTIVE: Molecular Scaffolds Regulate Bidirectional
Crosstalk Between Wnt and Classical Seven-Transmembrane
Domain Receptor Signaling Pathways

I Force, K. Woulfe, W. ). Koch, R. Kerkeld

Downstream compaonents interact to allow crosstalk between
classical and atypical seven-transmembrane domain receptors.

GLOSSARY
Find out what ELMO, CRABP-11, and IMLF mean in the world of cell
signaling.

SCIENCEPODCAST.
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T4 DNA Ligase from New England Biolabs

WHEM YDU NEED LIGASE, TURN TO THE INDUSTRY STANDARD

Mew England Biolabs is dedicated to providing our customers with guaranteed enzyme performance
Our recombinant T4 DNA Ligase is the most extensively used ligase for cloning experiments. It is
available at exceptional value, and an even greater value when purchased in large guantities for high
throughput technologies. For cohesive, blunt, simple or complex reactions, make T4 DNA Ligase from
NEB your first choice

= T4 DMA Ligase* 1 Advantages:
Regular Concentration MO2025/L = (uality — Highly pure enzyme with no lot-to-lot vanation
For standard cloning reactions = Convenience — Choose original T4 DNA Ligase or the
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fragments in 5 minutes al room lemperature = Robustness — Active in a variety of reaction buffers ; : :
conesne end units/mi) in T4 DA Ligase. Reactions
See our website for more details 220, rmm'n meL ey mfmj A BT
0 = Recombinant Resctiors were incubated

for 30 tess at 16°C
*NEB ligase products are BSA-free AT

For more information and our intemational distribution network, please visit WWW.Neb.com
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Life Online

Most people begin surfing the Web by going to a
search engine, whose function is to index, rank,
and categorize Web sites. How these search sites
actually find and then evaluate Web sites is a
matter of active research and inlense corporate
compelition. Henzinger (p. 468) surveys current
research into overcoming the difficulties posed
by the kinds of queries that Web surfers put to
the engines. Some of today's most impressive
virtual worlds are the creativity-oriented envi-
ronment Second Life and the massively multi-
player online role-playing game World of War-
craft. Such online worlds have opened up the
possibility of doing scientific research on human
interactions—from economics to altruism—at
an unprecedented level. Bainbridge (p. 472)
describes the potential and early progress in this
new research arena.

Icebergs and Surface
Ocean Productivity

How will the increase in iceberg production from
the Antarctic ice sheet, prompted by global
warming, affect the surrounding pelagic ecosys-
tem? Smith et al. (p. 478, published online 21
June} studied two drifting tabular icebergs and
the surrounding waters in the northwest Weddell
Sea during the austral spring of 2005. Terrige-
nous material, chlorophyll, krill, and seabirds
were more abundant up to as much as

4 kilometers away than they were further from
the icebergs. The authors, using a survey of
nearby icebergs, calculate that almost 40% of
the surface water was influenced by melting,
drifting ice, assuming that the effects they meas-
ured were representative of icebergs in that gen-
eral area. Thus, free-drifting icebergs may enhance

www.sciencemag.org SCIENCE VOL317 27 JULY 2007

production and sequestration of organic carbon
in areas that otherwise are nol as productive.

Modeling Economic
Development

Traditional economics has assumed that coun-
tries can always find a combination of goods lo
sell that put to use their human, physical, and
institutional capital. The implication of this view
is that the economic growth of a country is
mainly a matter of increasing the amount of
each form of capital. However, if each of these
forms of capital is highly product-specific, the
structure of the world of products becomes very
important in determining the evolution of a
country’s productive capabilities. Hidalgo et al.
(p. 482) used network theories and inlemational
trade data to build a dynamic model of country
growlh and development, which may help lo
explain in part why some countries continue to
be poor while others grow economically.

Deterministic
Entangled Pairs

A major challenge in quantum information pro-
cessing and quantum compuling is the ability lo
reliably store and transfer information from one
node Lo another. The entanglement of the qubits,
such as those based on photons, is a key feature
of achieving such a goal, but has so far relied on
probabilistic generation processes. Wilk et al.

(p. 488, published online 21 June) report on the
successful implementation of an interface
belween a stationary qubit (an atom) and a flying
qubit {a photon) in a cavity-guantum electro-
dynamics setup and demonstrate the potential to

k n

EDITED BY STELLA HURTLEY AND PHIL SZUROMI

<< The Long Lineage
of Domestic Cats

Recent genomic information has solved the puzzle about
the origin of the domestic cat. Driscoll et al. (p. 519,
published online 28 June) used genomic and mitochon-
drial markers to piece together the origin of the domestic
cat relative to its wild progenitors. The lineage that
includes the domestic cat as well as several wild relatives
originated much earlier than previously thought, more
than 100,000 years ago. Furthermore, it seems that
domestication occurred in the Near East in the region of
the Fertile Crescent, and not in Africa.

operate in an almost deterministic way. A
sequence of laser pulses targeted on the trapped
Rb atom can result in the deterministic generation
of entangled photon pairs.

Aerogels Without
the Oxygen

The inorganic porous materials used as molecu-
lar sieves, ion exchangers, and catalysts have
primarily been oxides, but the higher polanz-
ability and "softness” of chalcogenides, such as
sulfides and selenides, could improve the ability
of such materials to interact with heavy metal
ions. Bag et al. (p. 490; see the Perspective by
Brock) have prepared a
series of gels from the
reaction of anionic melal-
chalcogenide clusters with
Ptill) salts in water, These
gels were then trans-
formed by supercritical
drying into mesoporous
aerogels that have high surface area and that
are semiconductors with compositionally
dependent band gaps. These materials can
adsorb large quantities of mercury ions from
solution as well as nonpolar organic molecules.

Charging Up Gold Catalysts

Asymmelric catalysis has predominantly relied
on transition-metal complexes bearing chiral
ligands. More recently, chiral anions have been
used in metal-free systems lo induce asymmetry
in acid catalysis or phase-transier pathways.
Hamilton et al. (p. 496; see the Perspective by

Continued on poge 423
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Lacour and Linder} combine these two approaches by pairing cationic gold(l} phosphine complexes

with chiral phosphate counterions. A wide range of previously intractable cyclizations of O- and N- @ . . ‘
substituted allenes proceed in high yield and enantioselectivity. In certain cases, they achieve even
higher selectivities by using synergistic combinations of chiral ligands and chiral counterions.

Variable Beginnings

Much work on the fossil record has revealed evolution among related species in a group—examples
include horses, ammonites, or humans. What does the fossil record show about evolution within a
species, as this is ultimately the building block of evolution? Webster (p. 499; see the Perspective by
Hunt} explores this question by using the excellent fossil record of trilobites, which emerged in the
Cambrian. Examination of more than 900 trilobite species shows that their morphological variation
was greatest soon alter they appeared. Later members of the species show more limited variation. This
pattern within species mirrors the larger evolutionary variation shown by trilobites as a whole.

Ethylene Controls Root Meristem Production

In plants, undifferentiated meristem tissue provides stem cells to produce roots and shoots. The rool
meristem contains a few of these stem cells in a region called the gquiescent center. Ortega-Martinez
et al. (p. 507) studied Arabidopsis plants with a defect in a gene that contrels ethylene biosynthesis
and found that it produced more of the gaseous hormone ethylene, The quiescent center cells in these
mutants went through more cell divisions than normal, resulting in extra stem cells in the root meristem.
Adding exogenous ethylene also increased guiescent cell division, and blocking its synthesis in the
mutants prevented extra divisions.

o e e —s=s=, Noise, Gene Expression,
[} —
[o— ]

TE==2 == and Competence
===

The soil bacterium Bacillus sublifis can become
“competent”—it can take up genetic material from
its surroundings. Competence is regulated by the
protein Comk, which controls the genes responsible
for DNA uptake. However, cells can anly transition to
competence in a random fashion during a limited
period of time at the beginning of the stationary
hon phase of growth. Maamar et al. (p. 526, published
online 14 June; see the Perspective by Mettetal and van Oudenaarden) now find that temporal
regulation of comK transcription defines the "window of opportunity” during which cells can become
competent, and intrinsic noise in gene expression controls the rate at which stochastic transitions to
the competent stale ocour.

==
0

Aerobes Far and Wide

Aerobic phototrophic bacteria that utilize bacteriochlorophyll for light harvesting and charge separa-

tion were al first thought to be limiled to selected, nutrient-rich environments, bul similar organisms %

were later found to be ubiguitously distributed in the upper ocean. The subsequent discovery of CHEMBRIDGE CORPORATION 5 THE
proteorhodopsin-containing bacteria indicated that phototrophy is common among Proteobacteria. WORLD'S LARGEST GLOBAL DISCOVERY

Bryant et al. (p. 523} now describe another surprise, an aerabic bacterial phototroph within the o _
phylum Acidobacteria., CHEMISTRY CRO AND PREMIER PROVIDER

OF ADVANCED SCREEMING LIBRARIES
Potential Parkinson’s Intervention FORSHECL MCK BGILE DU DISGOVER,

Several neurcdegenerative disorders are associated with protein misfolding and are intimately associ- PLEASE VISIT WWWLL

ated with aging. Outeiro et al. (p. 516, published online 21 June 2007; see the Perspective by Dillin
E and Kelly) identified a compound that can modulate toxicity and aggregation of o-synuclein, a pro-

tein associated with Parkinson's disease. The compound exhibited selective inhibitory activity against
£ human sirtuin 2 (SIRT2) deacetylase and possessed efficacy in several Parkinson's disease model sys-
& tems, increasing the size of intracellular o-synuclein aggregates. The results suggest a cytoprotective
8 role for larger inclusions.
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Donald Kennedy is Editor-
in-Chief of Science.

Climate: Game Over

WITH RESPECT TO CLIMATE CHANGE, WE HAVE ABRUPTLY PASSED THE TIPPING POINT IN
what until recently has been a tense political controversy, Why? Industry leaders, non-
governmental organizations, Al Gore, and public attention have all played a role. Atthe core,
however, it's about the relentless progress of science. As data accumulate, denialists retreat
to the safety of the Wall Street Jowrnal op-ed page or seek social relaxation with old pals
from the tobacco lobby from whom they first learned o “teach the controversy,”™ Meanwhile,

political judgments are in, and the game 1s over. Indeed. on this page last week, a member of

Parliament described how the European Union and his British colleagues are moving toward
setting hard tarzets for greenhouse gas reductions.

Now that the scientific consensus is clear, it’s time to ask what the U.S. Congress 1s doing to
keep pace with this new reality. The Senate has a recurring strong cap-and-trade bill, sponsored
by John MeCain (R-AZ) and Joe Lieberman (I-CT). The first ume
around, it got enough votes o constitute a moral victory for those
supporting mitigation, but the next vear it missed passage by awider
margin, and no one thinks the votes are there now. Talk of other
initiatives abounds, but this area 1s a two-ring circus: First there’s
climate. and then there’s energy.

You can’t really separate these two, but of course there’s a com-
mittee structure. House Speaker Naney Pelosi (D-CA) established a
new entity to work on climate change issues under the chairmanship
of Ed Markey (D-MA). but as a Select Committee, it lacks real
authority. Its impotence was a concession to John Dingell (D-MI),
the congressman from Ford and Chevy. who heads the powerful
Energy and Commerce Committee and wanted no threat to its
authority, Dingell later proposed, with Rick Boucher { D-VA), a measure
that would have stripped away the right of states (such as California and a dozen others) o
set vehicle emissions standards of their own. Speaker Pelosi and Chairman Henry Waxman
(D-CA) of the House Oversight and Government Reform Committee, in a startling exercise
of leadership. took Big John to the woodshed and Killed that effort.

There are somany loct for action that it hard to keep track of them all. The energy bill com-
pleted in the Senate includes corporate average fuel economy (CAFE) standards for the first
time in many vears. [t will have to confront Dingell’s House commitiee. so it's probably time to
ponder the old Hill mantra that the House usually wins conferences. Pelosi has pushed the
Energy and Commerce Committee to develop an energy bill with fuel efficiency features and
research incentives for renewables, and a climate bill with tighter greenhouse gas emissions
standards. But it is not clear that much will happen beyond marginal tweaking of the incentive
structure for research, What the climate change scientists and the environmental community are
looking foris a tough, big-target, emissions reduction plan.

How serious the prospects are for that is suggested by Dingell’s response to the notion, He has
promised to introduce a bill that amounts 1o a carbon tax, resembling, if you recall, the Clinton
“BTU tax™ that failed so miserably. Dingell knows that this is political theater: the tax will go
nowhere, and he’ll use this w argue that the system just isn’t politically ready for proposals that
costconsumers money, any more than its ready for fuel consumption limits on their SUVs.

The bill voted most probable 15 the one introduced on 10 July by Senators Jefl Bingaman
(D-NM) and Arden Specter (R-PA). [t will be a cap-and-trade system setting 2006 emissions
levels for 2020 and 1990 levels for 2030, Permits will be distributed (not, alas, auctioned)
initially. and emitters may buy additional ones for $12 per ton. increasing by 5% annually.
That’s insurance: If the going gets tough in the trading system, you can buy yourself out with a
maodest carbon tax. Some say it doesn™ go far enough, but many believe its a way to get there;
if not this vear, then the next.

On the main energy and climate front, buckle yourself in and watch the fur fly. Dingell
viersus Waxman and Pelosi? It a political junkie’s dream,

= Donald Kennedy

10.1126/science. 1147817
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Angiogenesis (green) in
periostin-treated hearts.”

CHEMISTRY
A Light for the Cure

Zeolites are mesoporous minerals used as
ion-exchange beds in water purification and
softening, and as chemical reaction platforms.
Pure silica zeolites have been grown as poly
crystalline films on nonporous suppaorts, but the
potential utility of these materials depends on
their hydrophobicity and porosity, which in turn
depends on the presence of grain boundaries.
Post-deposition treatments have been wsed fo
remaove the hydrophilic silanols that form, but
typically these approaches either
fail to penetrate the pore structure
or fail to stand up to the heating
required to remove the organic
template used during zeolite
growth.

Eslava et af. show that strong
ultraviolet (UV) irradiation during
the heating process induces hydrophobicity
while also improving the pore structure by
creating smaller pores with a narrower distribu-
tion. They deposited suspensions of the zeolite
silicalite-1 that had been mixed with
tetrapropylammonium (TPA) as the organic tem-
plating material. UV irradiation during calcina
tion induced methylation by TPA fragments, as
well as condensation of polar silanol groups.

www.sciencemag.org SCIENCE VOL 317 27 JULY 2007

Film cracking and delamination effects common
in other nanocrystalline systems were also sup-
pressed. — MSL
J.Am. Chem. Soc. 129, 10.1021/a0723737
(2007).

GEOLOGY
Early Earth Mirrored in Zircon

The oldest minerals on Earth—a few dating as
much as 4.4 billion years ago—are igneous zir
cons that have been eroded and incorporated inta
comparatively younger 3.8-billion-year-old sedi-
mentary rocks.
Several studies
have examined the
geochemistry of
these zircons and
inferred conditions
on early Earth and
the composition of
its early crust. Ini-
tial results based
on the zircon oxygen isotopic compositions and
trace element chemistry have implied that liquid
waler was abundant and that some magmas were
cool and water-rich.

Two related studies provide expanded data
and additional constraints. Harrison ef af. exam-
ined the titanium content of zircons, which can be

Zircons imaged by
cathodoluminescence.

DITOR

EDITED BY GILBERT CHIN AND JAKE YESTON

Recovering from a Heart Attack

The extracellular matrix (ECM) is increasingly being recognized as a dynamic net-
work of molecules that participates actively in the cellular signaling events that
determine an organ's state of health. Most forms of heart failure, for example,
are accompanied by alterations in the composition of the ECM. Myocardial
infarction (MI} leads to a dramatic increase in the expression of periostin, a
90-kD protein secreted by fibroblasts, yet whether periostin promotes
repair of heart damage or contributes to it has been unclear. The answer
may be both, as indicated by two research groups who have independently
explored periostin function using distinct model systems. In a cell culture
study, Kiihn et al, found that the addition of recombinant periostin to differ-
¥ entiated rat cardiomyocytes caused them to reenter the cell cycle and divide,
a process that required integrins as well as phosphatidylinositol 3-kinase.
Sustained delivery of recombinant periostin to the heart of rats after experi-
mental Ml reduced the extent of heart damage and improved heart function,
leading the authors to conclude that the protein enhances heart repair. Oka et al.
studied mice genetically deficient in periostin. Intriguingly, the mutant mice showed
! improved cardiac function after Ml over the long term, a result the authors attribute to the
protein’s role in regulating cardiac remodeling and hypertrophy. — PAK
Not. Med. 13, 10.1038/nm161% (2007); Cire, Res. 10.1161L/CIRCRESAHA.107.145047 (2007).

related to the crystallization temperature and thus
the water and silica content of a magma. Through
a comparative study of zircons in younger gran-
ites, they argue that the overall distribution of
data in the very old zircons is most consistent with
derivation from magmas that formed by remelt
ing of water-rich crust. Trail ef ol. examined the
oxygen isotope compositions and confirmed that
several grains have high 020 ratios, implying
derivation of the host magma from waler-altered
crust or sediments. Togelher the data imply that
early Earth had a vigorous rock cycle involving
waler, erosion, and burial and heating of sedi
ments, like that operating today, — BH

Geology 35, 635 (2007); Geachem. Geophys.

Geosyst. 8, 10.1029/2006G0001449 (2007).

MOLECULAR BIOLOGY
Promoting Silence

RNA interference (RNAI) can modulate gene
expression at the posttranscriptional stage by
prompting the degradation of mRNA or blocking
its translation into protein. The mRNA is targeled
by homologous ~22-nt short interfering (s1)
RNAs. RNAi can also inhibit gene transcription
itsell, promoting the formation of silent hete
rochromatin in yeast, and evidence indicates that
siRNAs act via the degradation of low-abundance
Continued on poge 429
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nascent transcripts, rather than on the DNA. In
human cells, siRNAs directed against promoter
sequences can block gene transcription. Do these
siRMAs act on the promoter DNA or, as in yeast,
an RMA species? Han ef al. analyze transcripts
from the human EF1a promoter and find a low-
abundance sense RNA that ini

EDITORS'CHOICE

the hydrogenase maturation protein HypF has

been shown to transfer a carbamoyl group to a

cysteine residue of HypE, which then dehydrates

it in situ to generate a thiocyanate lenzyme-SCN),
Walanabe el al. have solved the crystal struc

tures of the proteins HypC, HypD, and HypE,

which together append the two cyanide moieties

to the iron atom—subse

tiates ~230 bp upstream of < _,
the previously characterized '}' - p quently, a COis added and
promoter and appears to be a ey Ty G / N the Fe(CN),(CO) sub-

vaniant EF1a mRNA Suppres -

sion of this variant reduces the »

ability of promoter-targeted siRNAs

to induce transcriptional silencing and to
enhance the formation of associated silent chro
matin marks. Relaled results are seen for several
other gene promoters in human cells, leading the
authors to speculate that these promoter RNAs
might function similarly in vivo. — GR

Proc. Naitl. Acad. 5ci U.5.4 104,
10.107 3/pnas.07 01635104 (2007).

PHYSICS

Optical back action can be used to cool microme
ter-sized objects such as microresonators and
micromirrors to tlemperatures as low as 1 K, The
motivation for such cooling is to be able to
access the quantum mechanical oscillations of
the thermal vibrations and to use the measure-
ment of these ultrasmall vibrations as exquisite
motion sensors for detecting gravily waves as
well as for probing possible quantum-mechani
cal effects in macroscopic systems, Poggio ef al,
show that the cooling can be taken a step further
by optimized coupling of an optical cooling
setup with the electromechanical motion of a
single-crystal silicon cantilever. In their system,
100 nW of laser light is focused onto the paddle
of the mass-loaded cantilever, the maotion of
which is detected in an arm of an interferometer,
This interferometric signal is then fed back to
induce a piezoelectric mechamcal response,
resulting in cold damping of the cantilever
motion. The net effect is a lowering of the can-
tilever temperature below 5 mkK. — 150

Phys. Rev. Lett. 99, 017201 (2007).

BIOCHEMISTRY
of lron

In order to carry out redox reactions on small
diatomic gases (such as H, and N,), enzymes
enlist the help of metal atoms, often grouping
them into clusters and decorating them with non-
protein ligands. The [NiFe] hydrogenase offers a
case in point; within the Ni-Fe cluster at the
active site, the iron atom binds two molecules of
cyanide and one of carbon monoxide. Previously,

www.sCiencemag.org

= o assembly is cemented
v 2 & into the large subunit of
r 4 the hydrogenase before
the Ni atom is inserted.
They propose that upon
binding of HypE to a
HypC-HypD complex, a
series of thioldisulfide
EIEhEI“(_'IES DCLUTS,
These reactions transfer the CN group from the
cysteine of HypE onto the iron atom, which is
jointly coordinated by cysteine and histidine
residues contributed by HypC and HypD; repeat-
ing these steps with a second charged HypE
serves to add the second CN ligand. HypD con
tains its own [4Fe-45] cluster, which acts catalyti
cally, rather than constitutionally, in facilitating
the cysteine redox cascade, — GJC
Mol Cell 27, 29 (2007).

A cysteine relay sys-
tem (green) adds the
first CN (light blue)
to the Fe (yellow
sphere).

CHEMISTRY
yaddling Up Porphyrin
The stereochemical purity of a polymer or
supramolecular assembly can often be set by a
comparatively small chiral enrichment of the
molecular building blocks or their coordination
partners in solution. Toyofuku ef al. have har
nessed this effect to amplify the chiral enrichment
of an ensemble of porphyrin complexes. They had
previously shown that on complexation with chiral
acids, the interconverting saddle-shaped enan
tiomers of an aryl-substituted porphyrin locked
into one lavorable diastereomeric conformation,
which was conserved when the chiral acids were
displaced by the achiral coordinating partner
acetic acid. When they instead formed coordina-
tion polymers by linking the porphyrins through
complexation of tethered pyridyl substituents to Pt
ions, they found that the addition of a chiral acid
during assembly had a nonlinear amplification
effect on the stereochemical outcome. An acid
sample of 40% enantiomeric excess was sufficient
to induce the highest observed optical purity of
the assembly. By adding excess acelic acid and a
phosphine ligand, they could then disassemble
the polymer and obtain a fully enriched sample of
the porphyrin—acetic acid saddles. — J5Y
Angew, Chem. Inl. Ed. 46,
10.1002/anie.2007 01668 (2007).
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The shape of
Sigma Life Science

Shaped by innovation,

Sigma Life Science continues our strong
tradition — from the original supplier

of ATP to a leading solution provider for the
revolutionary technology of RNAI.

Shape your research with best-in-class
technologies from Sigma Life Science.

® ‘World-class RNAI solutions with our MISSION®
shRNA and siRNA libraries.

B Genomic DNA amplification for single cell and
tissue with our GenomePlex® WGA kits

B Fast and deep protein depletion with our
ProtecPrep2C® technology

B Rapid multiplex protein expression profiling from
our Panorama® Antibody arrays

B Thousands of antibodies and small molecules for
gene, protein and cellular research

B QOligos, peptides, and antisera produced under the
highest quality systems

Our Innovation, Your Research SIGMA'
sigma.com/lifescience Shaping the Future of Life Science ; :
Life Science
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INNOVATION @ WORK

With MISSION® siRNA - It's About Design!

Sigma and Rosetta Inpharmatics, a recognized leader in Bioinfarmatics, have partnered
to bring you the best siRNA design to improve your RNAI results,

Current studies suggest that the rules used to design gene-specific siRNAs have a direct
effect on how well your siRNA will perform in a given RNAI experiment. Using an siRNA
designed with a best-in-class algorithm saves time and money, enabling you to focus on
downstream applications, not up-front siRNA design work.

The MISSION siRNA Druggable Genome Libraries designed
with Rosetta algorithm provide:

o o

m Efficient knockdown for low abundance message g =

» improved target specificity i

m Flexible gene family sets, pre-arrayed for a range of applications 2

m Optimum products from highest quality, experienced manufacturing | & 2

® Freedom to operate for research use y I. -ail .I.l!l . -
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The MISSION siRNA Performance Guarantee . .
Silencing efficacy of represantative

Sigma guarantees that 2 out of 3 siRNA duplexes per target gene will :ﬂlﬁm siﬂr-l_;:dr;ismd u:;n: ;x
achieve knockdown efficiencies of greater than or equal to 75% m':::.:::d WH:JELTGM. ]
Reagent Systern lrom samples harvested 24

For more information on MISSION siRNA Druggable Genome S aner Hanslechon iu Aela orks
Libraries, please visit us on the Web at sigma.com/missionsirna.
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From Gene
to Green

It took a century to go from Mendel’s
plant-breeding experiments to the
genetic code. The Molecular Genetics
Explorer can help biology students
make the same intellectual journey
by connecting changes in an organism's
DNAte alterations in

its appearance.

The free virtual lab comes
from Brian White and Ethan
Bolker of the University of
Massachusetts, Boston. Students

begin by setting up plant crosses and
gene mutations to decipher the inheritance
of colar in fictional llowers. They then move
lo the protein level, tinkering with amino acid
sequences Lo see how changes alter a protein's
shape and the flower color it produces.
The final exercises let users determine the
consequences of manipulating DNA. ==
intro.bio.umb.edu/MGXS

Rocky Flats Reborn

After a decade of cleanup work by the

U.5. Department of Energy at a cost of 57 bil-
lion, 1600 hectares of the Rocky Flats nuclear
production site outside Denver, Colorado, will
become a wildlife refuge boasting deer, elk,
and prairie dogs, the government announced
on 12 July. The site has been closed since
1989 after being used for almost 40 years

by the government to build plutonium triggers
for its nuclear weapons, in the process
generating 12 tons of waste plutonium.

The Environmental Protection Agency says
Rocky Flats is now squeaky-clean, bul LeRoy
Moore of the Rocky Mountain Peace and
Justice Center, in Boulder, Colorado, says
people could absorb plutonium that has
migrated into the newly opened areas.
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Rocky Flats before (top) and after.
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The world’s tallest dinosaur skeleton—13.27 meters from toe to head—is again causing
visitors to crane their necks in the entry hall of Berlin's Museum fiir Naturkunde. Reopened
alter a 2-year renovation, the museum’s new main exhibit, called Evolution in Action, draws
from a collection of more than 30 million specimens. Located in the former East Berlin, the
museum had not seen major renovations since a bomb destroyed one wing at the end of World
War Il (Science, 2 July 2004, p. 35). The dinosaurs have been remounted with outstretched
Lails, reflecting new calculations about their real-life postures, and each bone can now be
removed separately for further study. Museum scientists will be more visible, giving regular

tours and talks about their research.

Evolution looks to be a hit in Berlin: Record crowds at the grand opening last week forced a
temporary shutdown of the nearby subway station. And Germany's Federal Minister of Education
and Research, Annette Schavan, announced her support for a funding boost, raising hopes that the
museum will no longer have to scrape along on handouts from the chronically broke city.

Art and Science:
Memory Lane

Bell Laboratories engineer Billy Kliver and
contemporary art giant Robert Rauschenberg
launched a decades-long partnership
between artistic and scientific types in

1966 with 7 Evenings: Theater & Engineering,
a series of performance arl pieces in

New York City. This month, the National
Academies in Washington, D.C., showed

the first of a new series of documenlaries

on the novel happenings.

The film relives the first of the 1966 shows.
Called Open Score, it included a tennis match
inwhich radio transceivers in the rackets
caused a gong to sound and lights to go out
every time a ball was hit, until the court was in
total darkness. The film also highlights some of
the technical challenges for the Bell

researchers involved,
including obiaining
an infrared camera
for a ghostly dance in
the darkness.

Retired Bell
Laboratories techni-
cian Harold Hodges
calls the work he
and his colleagues did
for 9 Evenings "more
tinkering” than sci-
ence. Bul the events led to the establishment of
Experiments in Art and Technology, a worldwide
collaboration that continued for decades, at its
height claiming 4000 artist and engineer
members. One was former Bell Laboratories
electrical engineer Per Biorn, who says,

“For some of us like me, it was like opening
up a window to a whole new world.”
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Great teachers deserve
more than apples.

Reward yourself with Science’s Education Forum.
The Science Education Forum is a dynamic source of
information and new ideas on every aspect of science
education, as well as the science and policy of education,
The forum is published in the last issue of every month
and online, in collaboration with the Howard Hughes
Medical Institute.

Keep up-to-date with the latest developments at:
www.sciencemag.org/education

What’s your perspective?

Do you have ideas or research you'd like to share in the
Science Education Forum? We're now looking for thought-
ful, concise submissions (around 2,000 words) for 2007,
To submil your paper, go lo:

www.submit2science.org
AV AasAs

What can Science
STKE give me?

A The definitive resource
on cellular regulation

STKE - Signal Transduction
Knowledge Environment offers:

l M”

e 8 oL | I

= Aweekly electronic journal

* |nformation management tools

* Alab manual to help you organize your research

* Aninteractive database of signaling pathways 2 — K
STKE gives you essential tools to power your For more information go to www.sthe.org
understanding of cell signaling. It is also a vibrant To sign up today, visit promo.aaas.org/stkeas

virtual community, where researchers from around
the world come together to exchange information
and ideas.

Sitewide access is available for institutions.
To find out more e-mail stkelicense@aaas.org
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DIGGING FOR PRIDE. The Bosnian government last week promised to spend
S140,000 for archacological work on a hill north of Sarjevo that amateur
archaeologist Semir Osmanagic (left) claims s a 12,000-year-old pyramid
(Science. 22 September 2006, p. 1 718), In doing so. Prime Minister Nedzad
Brankovic overrode the country’s minister of culture, Gavrilo Grahovac,
who last month said that the government should stop supporting Osmanagic
and instead investigate his tax-free foundation,

The development is “very dispiriting,” says Anthony Harding, president of
the European Association of Archaeologists, which considers Osmanagic’s
project w be pseudoscience. “The great majority of people in Bosnia must
realize they are being taken for ande”

Brankovic said the funding will support archaeological “restoration™ at the
site, particularly of the medieval ruins at the top of the hill. Osmanagic says
the region was dominated by a monument-constructing “supercivilization™
during the lee Age. “Why don’t we recognize somethimg that 1s visible to the
naked eye’”” Brankovic asked reporters afier visiting the site. “Why should we
disown something that the entire world is interested in?™”

TWO CULTURES
HEADY HUMOR. Dean Burnett hopes you'll
laugh at his wark.

When not doing research on rat memaories,

text.” He sneaks science into his performances.
One joke features a guy who refuses to believe
in evolution because humans don’t have wings.

AWARDS

SHARING THE GLORY. A research team in
Australia and another in the United States
have won the 2007 Cosmology Prize from

Another, about oppo-
nents of genetically
modified foods,
makes the point that
"being biased against
something because of
its genes is racism.”
“He doesn't baffle
people with science,”
says Jeff Baker, an
organizer of the Welsh
Comedy Festival,
where the 24-year-old performed recently. ”
But he gives them a more cerebral viewpoint.”

Inside Government >=

KEEPING BUSY. Last week, plant molecular biologist Nina Fedoroff accepted a new job advising U.5. Secretary of
State Condoleezza Rice and sold her house in central Pennsylvania in preparation for moving to Washington, D.C.
But the 65-year-old chaired professor at Pennsylvania State University and lifelong academic researcher seems to be
taking these seismic changes in stride. What's really got her stressed out is her application to renew a grant from the
National Science Foundation—on which her fate as an active scientist rests.

“If it gets funded, then I'm in business,” says Fedoroff, who's taking a 3-year leave from her faculty position to
serve as the State Department’s third-ever science and technology adviser. "I think I'll be able ta run my lab from
Washington. But plant science funding is tight, and if it's rejected, then I'min trouble.”

Starting on 6 August, Fedoroff's job will be to get more outside scientists involved in State Department activities,
plug more foreign attachés into the world of science, and lend a hand to government-sponsored research efforts with
an international component. Despite receiving no promises of access to Rice—"she’s very busy at the moment™—
Fedoroff is optimistic about making a difference. "I think there are lots of scientific bridges that can be built across
chasms that cannot be crossed because of politics or religion,” she says.

The new job wasn't the only big news Fedoroff received last week; she also was chosen for the nation’s highest
scientific honor, the National Medal of Science. It's the first time in 4 years the listincludes women (microbiologist Rita
Colwell was also honaored). “That's wonderful. 1'd like to think it's progress,” says Stephanie Pincus, who co-directs a
project run by the Society for Women's Health Research to recognize the achievements of women (Science, 22 June,
p. 1683). But women were once again shut out of the National Medal of Technology, which went to five men. The
complete list of awardees can be found at www.ostp.gov.

the Ph.D. student at Cardiff University in

the United Kingdom bills himself as the

only neuroscientist turned stand-up comic

in South Wales. His routine at the qualifying
round of "So You Think You're Funny”—an
annual comedy competition at the Edinburgh
Festival Fringe—won him a spot at next
month’s semifinal.

A cadaver launched Burnett's stand-up
career, Working as an embalmer at a medical
school, he realized that he and the 76-year-old
corpse “were wearing exactly the same boxer
shorts. | couldn’t describe this in a serious con-

the Gruber Foundation for discovering that
the expansion of the universe is accelerating.
Saul Perlmutter of the University of
California, Berkeley, and his team—the
Supernova Cosmology Project—and Brian
Schmidt of the Australian National University
in Canberra and his group—the High-z
Supernova Search Team—arrived at the
conclusion, working independently, at about
the same time. Perlmutter and Schmidt will
split half of the 5500,000 prize; the rest will
be divvied up among the remaining members
of the two teams.

CREDITS [TOP TO BOTTOME WA BOSMLAFY RAMID.COM; COLIN ROBERTSON; PENM STATE LINIVERSITY
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DRUG DEVELOPMENT

Quake shakes
nuclear composure

A European-Inspired Renaissance
For China’s Drug Industry?

BEIJING—[arlier this month, when the Chi-
nese government executed Zheng Xiaoyu,
former commissioner of its State Food and

Drug Administration, it sent 2 strong message
that corruption at the watchdog agency would
no longer be tolerated. But observers say that
China’s pharmaceutical industry, replete with
often

firms that churn out copycat drugs
in violation of patents—and
unproven or fake medicine,
remains in desperate need of
reform. The bottom line, says neu-
roscientist Lu Bai of the U.S.
Mational Insutute of Child Health
and Human Development in
Bethesda, Maryland, is that Chi-
nese companies must develop
their own research capabilities,

Chinese pharma now has a
golden opportunity to come up 1o
speed fast, During the past yvear,
three European drug giants have
launched major research and
development (R&D) facilities on
Chinese soil. For local firms. the
choice 1s stark: Adopt a Western
approach to drug discovery
from nurturing innovation to
demonstrating efficacy by clinical
trials and ensuring quality con-
trol—or cede the best homegrown
scientists, and large chunks of the
market, to Western rivals. “Chi-
nese consumers will learn the dif-
ference between domestic and for-
elen drugs and make their choices
accordingly.” says Lu. Companies
that now market unproven medi-
cing with wild claims, he says,
“will be wiped out”

Since the Danish company
Novo Nordisk opened a research
shop in Beijing in 2002, Euro-
pean drug Firms have ventured
more boldly into Chinese waters
than have their US, counterparts,
The U.5.~based titans Merck
and Eli Lilly, for instance, have

27 JULY 2007

outsourced some medicinal chemistry
R&D to China, and Plhizer in October 2003
set up a small R&D center in Shanghai to
provide input into clinical trial design
and management,

In contrast to those modest commait-
ments, GlaxoSmithKline ( GSK) earlier this
month announced plans to recruit 30 1o

|

Leading the charge. Two pharmaceutical giants have enlisted
expatniate Chinese scientists to head their new R&D labs in Shanghai:
AstraZeneca's Zhang Xiaolin (top) and GSK's Zang Jingwu.

VOL 317

Aspen'’s best
friend

100 scientists for an R&D center in Shang-
hai that will have a first-vear operating
budget of 540 million. GSK poached
immunologist Zang Jingwu from the Chi-
nese Academy of Sciences and Shanghai
hao Tong Umiversity to lead GSK R&D
China. which will focus on drugs for neuro-
degenerative diseases such as Alzheimer’s
disease, Parkinson’s disease. and muluple
sclerosis. Over ume, GSK's entire neuro-
degenerative drug pipeline—"from target
validation to global registration and
approval™—will move to China, says Zang,
who worked at Baylor College of Medicine
in Houston, Texas, before returming to China
in 2002, GSK R&D China intends to ramp
up to 1000 researchers in a decade, he says,

GSK follows on the heels of AstraZeneca’s
Innevation Center China, set up in June 2006 1o
develop drugs for gastric tract and liver cancers
that are prevalent in China. and the Novartis
Institute for Biomedical Research i Shanghai,
which will target infectious causes of cancer
(Science. 17 November 2006, p. 1064). Unlike
GSK R&D China's global aspirations, the
AstraZencca and Novartis facilities will focus
primarily on drugs for the domestic market.

The torergn R&D shops will intensify
competition for young Chinese stars. “Talents
with expenence will not be in large supply n
the near future.” savs Zhang Xiaolin, a bio-
informatics specialist and cancer researcher
brought back from AstraZeneca’s research
unit in Boston, Massachusetts, last August 1o
head the Chinese center. AstraZeneca plans to
pour $100 million over 3 vears into the new
center, and hire 70 to 80 scientists, primartly
locally, by 2000, I do not believe importing a
large talent pool from the West 1s a viable
strategy,” explains Zhang, because expatriates
often command much higher salaries than
homegrown scientists do. “If the salary gap is
too big, local morale will be low,” which could
drive emplovees into the arms of other compa-
nies. Zhang says, To mamtan lovalty, he says,
AstraZeneca will pay its Chinese staff’ com-
petitively and give them opportunities to
ascend to positions that might otherwise have
been filled by overseas hires,

It’s not necessarily a bad thing if young sci-
entists {lock w foreign labs for higher pay, as
therr truming may ultimately benetit China’s
industry, says Hu Zhuohan, president of the
Ryder Insttute of Liver Diseases in Shanghar.
He predicts that many scientists who cut &
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their teeth in foreign R&D shops will return 1o
Chinese companies or launch their own ven-
tures to control intellectual property rights.

A central challenge for Chinese pharma is
a paucity of new ideas. “China does not have
its own drugs” according to the definition
that a compound has a known structure and a
proven efficacy, claims Lu. He and others
argue that Chinese drug firms have been
content with copying medicines or market-

OIL RESOURCES

California’s

endangered delta

ing what would be called “supplements™ in
the West that are derived from traditional
medicine but are of unproven efficacy.

Mevertheless, the stage is set for a trans-
tormation. China has suffened laws to pro-
tect intellectual property. “The sitwation has
improved dramatically.” savs Zhang.

“A Chinese company today cannot risk
spending money developing a product if it
knows there's a good chance it will be

Explaining lin
in the sand

stopped from producing it later,” Mark
Engel, president of Excel PharmaStudies
Inc. in Beijing. wold Burrill Greater China
Life Sciences Quarterly,

Pfizer and Eli Lilly recently won cases in
Chinese courts favoring their patents. “The
era of copycats will soon be over.” predicts
Lu. who says that Chinese pharma compa-
nies will go “belly up” if they fail to develop
their own therapeutics, ~HAD XIN

Even Oil Optimists Expect Energy Demand to Qutstrip Supply

There are at least a trillion barrels of oil left in
the ground to feed the worlds appetite for
liguid energy, maybe 2 or 3 willion. Forecast-
ers disagree about when drillers will first fail
to deliver all the oil the world wants. Some
say that ensis will come in the next decade,
some by mideentury. Last week, a federally
commissioned report warned

lion barrels per day in 2030 to about 135 mbid
(see figure). All but one fell short of meeting
the expected 30% demand increase, The aver-
age of the dozen fell 10 mb/d short of the
U.S. Energy Information Administration’s
forecast for 2030, And the lowest o1l company
forecast in the study equaled that from the

what remains, political instability in countries
such as Nigenia, reluctance or inability to
extract oil faster in places such as Mexico and
Venezuela, and the challenge of assembling

the required human and financial resources.
Surprisingly, the 40-page executive sum-
mary does not mention OPEC (the Organiza-
tion of the Petroleum Exporting

that, although the world is not 110, Range of Global Oil Forecasts Countries), Energy analyst
running out of oil, the United ) s : International David Greene of Oak Ridge
States must ambitiously h“n' 'H"‘L?'E:;':?E"{_'::g"“m“ Adminetrtion & 0il Company National Laboratory in Ten-
develop additional sources 5459 o ' | ______ a2 ANERNGE nessee sees that as “a huge blind
of liquid energy in the next 5 l""". f spot” for the NPC. Although he
25 years. Oil alone willnot 2 B03e=="""" Association for the Study » agrees that there’s lots of oil lef
suffice. And a second recent B o of Peak Oil and Gas L in the world. the lion’s share lies
report foresees oil supplies = under OPEC member coun-
tightening by as early as 2010. 2 tries. Organizations such as

A root problem. everyone - “the International Energy
agrees, is the rapidly growing Agency [IEA], Exxon Mobil,

demand for energy. Last week's
report (www.npeorg ) from the
federally chartered National
Petroleum Council (NPC)
starts with the prospect of a
50% to 60% increase in
demand for oil by 2030. Thats about the per-
centage by which world production has
increased in the past 25 vears. But meeting
ingreased demand will be harder this nme. The
volume of oil required will be 353% greater
than what was produced inthe previous 25 vears:
that's more oil than consumed throughout
human history up o 2005, And the easiest oil
to extract has by now been produced.

The NPC report committee—headed by
Lee Raymond. retired chair of Exxon Mobil
compiled forecasts from a dozen energy con-
sulong firms and international oill companies.
The forecasts spana range from about 80 mil-

Lower expectations. Oil companies tend to forecast that oil praduction in 2030 will be
below the afficial U.5. forecast but above pessimists’ prediction,

Asssociation for the Sudy of Peak Oil and Gas,
which shows world production peaking by
2013 and then starting to decline by 2020 in a
cnsis of global proportons,

Given such relative pessimism within the
oil industry, the NPC committee concluded

that it 15 a hard truth that the global supply of

oil and natural gas from the conventional
sources relied upon historically is unlikely 1o
meet projected 50-60 percent growth in
demand over the next 25 years.” There’s prob-
ably enough oil in the ground, the NPC says,
but there are other, more important con-
straints: the technical difficulty of extracting

and others have predicted that

OPEC will find it almost
impossible to increase pro-
duction,” he says, because the
remaining non=0PEC o1l 15
not abundant enough.

The IEA re-emphasized that conundrum
in its Medium-Term Oi1l Market Report
{omrpublic.ica.org/momre.htm) released
9 July. Although a spurt of non-OPEC pro-
duction will bring some reliel over the next
couple of vears, the report says, by 2012 the
oil market will be “extremely tight™ as
planned OPEC and non-OPLEC production
fail to stay ahead of rising demand. It i3
abundantly clear that 1f the path of demand
does not change on its own [by 201 1], says
the report. it may well be driven to change
by higher prices.” —~RICHARD A. KERR
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SEISMOLOGY

Quake Underscores Shaky
Understanding of Ground Forces

TOKYO—An carthquake that roughed up a
nuclear power plant last week has Japan
once again debating nuclear safety. The
ground shook with unanticipated fury,
prompting some seismologists and citi-
zens” groups to claim that many, if not
most, of Japan’s 33 operating nuclear power
plants are disasters waiting to happen.
Structural engineers defend current design
practices. noting that the main buildings of
the nuclear plant, 16 kilometers from the
epicenter, were not damaged. But they
agree that research is needed to clarify how
buildings respond o earthquake forces.
The magnitude-6.6 Niigata Prefecture
Chuetsu-Oki Earthquake struck just offshore
beneath the Sea of Japan about 453 kilometers
northwest of Tokvo on 16 July, killing 10,
injuring 1800, and leaving more than
10.000 homeless. The damage— largely con-
fined to older wooden structures known to be
vulnerable to earthquakes—would be unre-

markable if it did not extend to the
Kashiwazaki-Kariwa Nuclear Power Plant.
Safety mechanisms automatically shut
down the operating reactors, and the reactor
buildings appear to have been undamaged.
But plant owner Tokyo Electric Power Co.
({TEPCO) has detailed a catalog of woes,
including broken piping. buckled pave-
ment, a fire that engulfed a transformer,
and leaks of trace amounts of radiation,
Most alarming to experts is that the
impact on the nuclear plant may have been
greater than what it was nominally
designed to withstand. It was once thought
that the forces imposed on a structure vary
more or less linearly with an earthguake’'s
magnitude and distance from the epicen-
ter. But evidence has accumulated that
accelerations can be higher than expected
because of local geological conditions.
According to data released by TEPCO,
designers expected peak ground accelera-

tions of about 270 galileo (gravity s accel-
eration 15 980 galileo): last week, acceler-
ations at the base of one of the reactor
buildings hit 680 galileo.

“This clearly shows the insufliciency of

the old guidelines for power plants,” says
Katsuhiko Ishibashi, a seismologist at
Kobe University, Guidelines issued last
September, although an improvement, do
not go far enough in basing design loads on
ground accelerations, he says.

Still, the relation between ground accel-
erations and the loads imposed on build-
ings “is not fully understood,” says Toshimi
Kabevasawa. a structural engineer at
the University of Tokvo's Earthquake
Research Institute. He notes that during a
1993 earthquake that struck Japan's
Hokkaido Island, instruments recorded
ground accelerations exceeding the force
of gravity, or at least three times the loads
that buildings would have been designed to
withstand under the latest code, But there
was very little damage to structures.

The earthquake design load, defined as
a percentage of a building s weight applied
horizontally, has not changed significantly
since 1t was set after the 1923 quake that
destroyved Tokyo, says Shunsuke Otani, a

ECOLOGY

Aspens Return to Yellowstone, With Help From Some Wolves

To grow a healthy stand of aspen trees. you
need a pack of wolves. That's the conclusion
of two researchers who have been studving
aspens (Popudus remuloides) inYellowstone
Mational Park. The trees, which are long-
lived clones that endure for centuries and
possibly millennia, had not regenerated in
the park for more than a half-century but are
now returning in some arcas, Their recovery,
the researchers say, is not simply because the
wolves are hunting the aspens’ archenemy,
the elk (Cervas efaphus). its also because
the wolves have reintroduced the fear factor,
making the elk too nervous to linger in an
aspen grove and eat. The study adds 1o other
research linking the 1995 return of the park’s
key predator. Canis fupas, to a more biolog-
ically diverse and healthier ecosystem. It
also lends strength to the notion that the loss
of top camivores leads to degraded environ-
ments overall.

“This is exciting because it lends support
to a prediction made a decade ago that the
aspen in Yellowstone would recommence
growing™ after the gray wolf was brought
back and began to reduce the elk population,

savs Michael Soule, an emeritus ecologist at
the Umiversity of Califormia, Santa Cruz. But
that is only part of the story, say ecologist

Trophic cascade. Reintroducing key predators,
like the walfl in Yellowstone National Park, can
reestablish healthy ecosystems.

William Ripple and forest hydrologist Robert
Beschia of Oregon State University, Corval-
lis. Their study, which focuses on the aspens
inYellowstone's Lamar Valley. appears in the
August issue of Biolosical Conservation,

Beschta recalls being “just aghast™ when
he first saw the Lamar Valley in 1995, *[ used
a very emphatic. unprintable word.” he says.
“This valley lies in what is supposed to be the
crown jewel of our national parks, and it was
being eroded away™ as the Lamar River
flooded annually, washing away soils that
had taken thousands of vears to accumulate.
The reason: There were hardly any bushes or
trees o keep the soil in place. Back at Oregon
State, Beschta presented his mystery: Why
were the aspens, cottonwoods, and willows
inYellowstone disappearing” Beschta lacked
the time to begin such a study, so his col-
league. Ripple, and a graduate student, Eric
Larsen, took on the job in 1997.

By examining tree rings, Ripple and
Larsen found that the park’s aspens had
stopped regenerating soon afier the
1920s—almost exactly the same date that
the LLS. government eliminated the gray
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Safe enough? Earthquake
s on the Kashiwazaki-

a nuclear plant

=r than nominal design

; a transformer. caught
fire, but redctors were
undamaged.

structural engineer at Chiba University,
Nevertheless. buildings are safer thanks to
a better understanding of how structures
can hold up against horizontal forces, “lt is
not right to judge structural performance
by the acceleration amplitudes of ground
motion alone.” Ctani concludes.

The fact that buildings at Kashiwazaki-
Karmwa withstood higher-than-anticipated
loads indicates they were designed and

constructed well, says Tomotaka Iwata, a
geophysicist at Kyoto University's Disaster
Prevention Research Institute. “But no one
knows just how safe they are,” he says, The
more immediate 1ssue. Iwata and others
say. 1s the obvious design flaws of the dam-
aged piping svstems and secondary siruc-
tures. which have put Kashiwazaki-Kariwa
out of operation for at least a year.

~DENNIS NORMILE

woll from Yellowstone, "It just boggled my
mind to think that wolves could affect a
river system,” says Beschia. “But the trees
were clearly being overbrowsed by elk. To
stunt a cottonwood or aspen. all an elk has
to do is browse the leader.” or the plant’s
main shoot. Now that wolves were back in
the park, Beschta and Ripple teamed up to
watch this natural experiment unfold.
Would the carnivores’ return change the
valley’s vegetation”!

The wolves—which kill an elk every few
days—did lower the herbivore’s population,
as other rescarchers have documented. And
as the elks” numbers dropped the willows and
cottonwoods began to return; the aspens,
which elk find especially tasty, are taking
longer. “It was only last summer when we
stumbled on aspens that are over my head.”
says Ripple. who is 1.8 meters tall. These
clones grew in the riparian parts of the Lamar
Vallev: aspen clones the scientists measured
on nearby upland areas remain stunted and
have yet to regenerate. In some places, some
trees had recovered., whereas others only a
tew meters away had not. Why the patchy
recovery, when aspens in both locations have
suffered equally from overbrowsing?

“We think i1t’s due to what we call “the

CREDNT: 9T REGIOMAL COAST GUWRD: HEADCUA ETERS, KYODO/LANDOV
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ecology of fear,” ™ says Ripple. “There are just
some places now in the nparian zone that are
too nisky for the elk; a wolf' may be lurking
nearby.” Along the river, the newly thick mix
of willows. cottonwoods, and aspens may
block an elk’s escape route or its view, mak-
ing the animal too nervous to linger over a
long aspen-based lunch,

It's unclear why the aspens in the upland
areas are not faring well. One reason is that
“they are sull getting hammered™ by the elk,
says Beschia,

That remains a “disappointment,” says
Soulé. “From a conservation perspective,
aspen are 2 foundation species. When they
recover, so do many others. including breed-
ing songhirds.”

Still, Beschia and Ripple are optimistic
that the upland aspens will return, noting
that the degraded Lamar River is also far

from recovered. “It's likely just a matter of

time,” says Beschta, “The park was without
wolves for 70 years, an absence that changed

its ecosystem. Now, in the presence of

wolves, the dynamics are changing again—
in ways we can’t always predict.” Fear may
Just be the newest factor.

=VIRGINIA MORELL
Virginia Morell i a writer in Ashland, Oregan.

(\ O)x

Stem Cell Research, China Style

BEN)ING—China is hoping to make up lost
ground fast on stem cell research. Sources say
Beijing plans to spend roughly $1 billion over
10 years to establish an international center for
stem cell research and regeneralive medicine,

Six U.S.~based Chinese saentists—including
Xiangzhong Yang of the University of Connecti-
cut, Storrs, and Ray Wu of Comell University—
proposed the center in a letter 1o the govern-
ment last September. Yang argues that China
can soon reach the vanguard in stem cell
research because the country is not encumbered
by religious concemns about cells derived from
embryos. "The challenge now is to find the right
people,” adds Wu. An official at China’s Ministry
of Science and Technology declined to confirm
approval of the center, which has not been
made public, but he says details are being
worked out and the center would be under the
ministry. The center would carry out bath basic
and clinical research, with the ultimate goal of
developing therapies, Yang emvisions,

=HAO XIN

U.S—India Deal Nears

NEW DELHI—India’s time in the nuclear
doghouse may soon be over, After 2 years of
sometimes tortuous negotiations, India and
the United States have reached agreement on
a landmark nuclear pact. The proposed deal
would allow India to purchase equipment and
fuel for its civilian nuclear program, ending
3 decades of isolation aller India exploded a
nuclear device in 1974, Talks hit an impasse
last spring over issues such as India's demand
to reprocess spent fuel (Science, 25 May,

p. 1112). But after negotiation last week in
Washington, D.C., the two sides released a
joint statement noting that “the issue” has
been referred to the two governments for
“final review.”

Details of the agreement remain closely
held, but top Indian nuclear scientists say that
India has offered to set up a $100 million
plant for reprocessing spent fuel provided by
the Uniled States and make the plant subjecl
to inspections by the International Atomic
Energy Agency (IAEA) to monitor the potential
diversion of extracted plutonium. The deal
also avoids an automatic nuclear fuel
embargo if India were to conduct a future
nuclear test, a previous sticking point. If the
two governments sign off on the agreement,
IAEA and the international Nuclear Suppliers
Group will then weigh respective accords on
protecting nuclear materials and commerce
with India.

=PALLAVA BAGLA
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AIDS RESEARCH

Promising Prevention Interventions Perform Poorly in Trials

Adding toa long list ofletdowns for AIDS pre-
vention research, two promising approaches
to thwarting HI'V infection have both failed in
their first real-world trals. One intervention
attempted to lower people’s risk of becoming
infected with HIV by treaung their existing
herpes simplex virus-2 (H5V-2) infections.
Several studies have shown that HSV-2 eases
entry of HIV. The second approach investi-
wated whether using a latex diaphragm that
covers the infection-vulnerable cervix could
present a barrier w HIV, Researchers reported
disappointing results from the trials this week
at the 4th International AIDS Society Confer-
ence on HIV Pathogenesis, Treatment and
Prevention in Sydney, Australia, 22 to 25 July,
where they stressed that the mterventions may
have failed because trial participants did not
use them consistently,

Risky business. Tanzanian women who participated in the H5V-2 treatment study
worked in establishments such as this one that put them at high risk of HIV infection,

The HSV-2 study followed 651 Tanzanian
women for up to 30 months who at the trials
start were infected with that virus but not HI'V,
The women worked in places like bars and

guesthouses that put them at high risk of

becoming infected with HIV. Other epidemi-
ological studies have shown that HSV-2,
which causes genital ulcers, triples a person’s
risk of becoming infected with HIV. Half the
participants were assigned to take the HSV-2
drug acyelovir twice a dav, whereas the other
half received a placebo.

Clinical epidemiologist Deborah Watson-
Jones of the London School of Hygiene and
Tropical Medicine, the study’s lead investiga-
tor, reported that they found no difference in
HIV acquisiion between the two groups, “We

were very disappointed.” Watson-Jones told
Sefence i an interview.

Watson-Jones said many women did not
take acyelovir as instructed, which may
explain the dispiriting results. Researchers
assessed adherence by tallying unused tablets
returned at each study visit. Although no one
knows precisely how many doses can be
missed without undermiming effectiveness,
only half of the women managed 1o take the
drug 90% of the time.

Biological analvses provide additional
evidence that adherence issues clouded the
results: The researchers found only a modest
decrease in HSV-2 shedding in the vagina
and on the cervix in women on acyclovir, *1
know of no study that’s been published with
acyclovir at this dosing that did not have
a very substantive effect on HSV-2 itself”
says Lawrence Corey,
an HSV-2 and HIV
researcher at the Uni-
versity of Washing-
ton (L'W), Seattle,
who was not involved
with the study. *We're
left with [lack of]
adherence being the
best explanation ol why
vou don't see much of
ananti-HIV effect”

In the women
who did take 90% or
more of the tablets,
the study found a
trend toward effi-
cacy, but it did not
reach statistical sig-
nificance. “The sug-
gestion of an efTect
for women who had good adherence 15
encouraging.” says Watson-lones, but if sirict
adherence is so eritical, “it begs the question
of how feasible this is.”

Two large. multicountry studies of acy-
clovir o prevent HIV transmission now under
way should have results in the next year, says
epidemiologist Connie Celum, a UW epi-
demiologist who is heading those trials. 1
don’t think at this point that the Tanzania
study disproved the hypothesis that HSV-2 is
an important cofactor in acquisition or trans-
mission of HIV," says Celum, "We need to
understand the 1ssues around adherence.”

The two studies imvolve 10,000 people in
Adrica. Latn America. India. and the United
States. One trial will have a similar design o

the Tanzania study—although it also involves
men who have sex with men. The other tests
whether people dually infected with HSV-2
and HIV can take acyelovir to lower the risk
of transmitting the AIDS virus to their un-
infected regular partners. In the first study,
which is further along, Celum says they
have seen about 90% adherence. She notes
that they have much more frequent study
visits than in the Tanzania trial, and they
also distribute weekly pillboxes to help
people remember o take their medication,
“There may be tools that really enhance
adherence.” says Celum,

Adherence 1ssues may also have under-
mined a trial testing whether a latex
diaphragm can protect women from HIV
infection. More than 3000 women partici-
pated in the tnal, held in South Africa and
Zimbabwe, which had a control group use
condoms alone whereas the expernimental
group used condoms and the diaphragm. At
the end of the 2-vear study. HIV infection
rates were about 4% per vear in both groups,
reported epidemiologist Nancy Padian of the
University of California, San Francisco. “lt’s
terribly disappointing not to be able to add
this to our armamentarium of prevention
strategies.” said Padian,

Padian and co-workers, who published
their results online 13 July in The Lancer,
noted that the diaphragm group reported using
it only 73% of the time: they also reporied
using condoms much less frequently than the
control group. Although this might indicate
that the diaphragm compensated for the lack
of condom use and did offer some protection
from HIV, Padian and co-authors stress that it'’s
equally plausible that the control group over-
reported its condom use, “This is an arca
where doing more research on adherence is
every hit as important as testing new biologi-
cal prevention methods.” says Padian,

In the Lancer report, Padian and
co-authors note that of the 25 carefully done
HIV-prevention trials to date, all but four
have failed. She suspects that some of these
apparently tailed interventions may actually
have had a small protective effeet. which was
difficult to detect. And she worries that this
accumulated failure obscures the fact that
many proven prevention interventions exist,
“There's still quite a bit we can do with regard
to HIV prevention that we know does make a
difference,” says Padian. “Why aren’t we
scaling those up?

=JON COHEN
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CONFLICT OF INTEREST

Stung by Controversy, Biomedical
Groups Urge Consistent Guidelines

Ever since a scandal broke 3 vears ago over
drug company consulting by scientists at the
National Institutes of Health (NIH), the bio-
medical community has worned that Con-
gress might clamp down not just on NIH but
also on academia. That could be disastrous,

say life scientists at universities—many of

whom interact with industry to help turn their
discoveries into products. Several groups last
week suggested their own solution.

The Federation of American Societies for
Expenmental Biology (FASEB), the largest
coalition of biomedical research scientisis,
called for a national guideline on disclosing
and managing academic-industry financial
relationships and held a halt-day meeting in
Washington, D.C., on 17 July to air the 1ssues.
Many speakers agreed that conflict-of-interest
rules are inconsistent. But some cautioned
against adopting a single policy.

Biomedical lobbyists favor taking action
because they are concerned that recent con-
troversies could undermine con fidence n the
research enterprise. A congressional investi-
gation of NIH revealed that some intmmural
scientists failed wo get NIHs approval for out-
side consulting work. And the recent safety-
based recalls of drugs such as Vioxx, along
with the failure of some authors of research
papers to report financial conflicts, have
raised doubts about the objectivity of scien-

Congress will require extramural
researchers to follow NIHS new ethics pol-
icy, which bans all consulting for industry
and limits the amount of drug company
stock that senior staff members may own.
These rules wouldn't make sense for most

grantees, NIH Extramural Research chief

MNorka Ruwiz Bravo told the meeting. because
orantees are not federal employees and do
not get all their suppont from NIH. Sull, she
noted Congress could decide to impose the
same rules anyway,

FASER thinks the answer is to bring more
consistency to existing institutional policies,
building on guidelines for clinical research
that the Association of American Medical
Colleges ( AAMC) in Washington, D.C..
1ssued 1o its members in 2000, A survey has
since found much variation in responses o

the guidelines, said Susan Ehringhaus of

AAMC. For example, the threshold for
reporting contlicts ditters from university o
umiversity, and AAMCS advice to include a
member of the public on a committee review-

NEWS OF THE WEEK

ing conflicts is often neglected. Furcht said
that FASEB endorses an ongoing effort by
AAMC and the Association of American
Universities to clarify and strengthen the
2001 AAMC report.

Participants at the FASEB meeting were
generally supportive. “As investigators, we
would love to have consistency™ across insti-
tutions, says David Bylund of the University

Industry Support of

Medical School Departments
TYPES OF FUNDING

28% Research support

20% Technology transfer funds

14% Research equipment

14% Support for students and postdocs

Ties that bind. A recent survey of medical school
departments found that a significant fraction had
some relationship with industry.

of Nebraska. Omaha. But some university
administrators said it would be difficult,
partly because public universities have 1o tai-
lor their policies to state laws, In the mean-
time, FASEB has unveiled an online “tool
kit” to help investigators, institutions, and
others navigate conflicts of interest.
~JOCELYN KAISER

DAN KOSHLAND, 1920-2007

Daniel E. Koshland Jr., Science's editor-in-chief from 1985 to 1995, died on 23 July, 2 days

after suffering a massive stroke.

Koshland, who joined the faculty of the University of California, Berkeley, in 1965, put his

stamp on a broad swath of protein chemistry. His fundamental insight that proteins change shape
as they interact with other molecules—the “induced fit” theory—changed the way scientists per-
ceived a range of processes, from the catalylic power of enzymes to the action of hormones. He
published more than 400 papers, an output that continued unabaled in recent years.

He also left his mark on Science. He overhauled the peer-review process, establishing a Board
of Reviewing Editors; oversaw the internationalization of the journal with the launch of an office
in Europe and news bureaus around the world; and
increased the number of top-quality papers in the physi-
cal sciences. "He had an unmatched talent for recogniz
ing quality,” says Executive Editor Monica Bradford.

Don Kennedy, Science’s current editor-in-chief, says:
s a grateful successor, | find traces of Dan's thoughtful
influence everywhere at Science. Dan has been my col-
league in planning the Koshland Museum at the National
Academy—a jewel that results from a generous gift to
honor his late wife Bunny. It is difficult to lose a hero and
a friend in the same person.”

News of Koshland's death came as this issue of
Science was going to press. A retrospective will be pub-
lished in a forthcoming issue, and a page of personal
staff remembrances 15 posted at www.sciencemag.org/
sciext/koshland.

tists with industry ties. Drug discovery has
oone “from one of the most revered 1o one of
the most reviled industries.” said FASEB
immediate past president Leo Furcht.

There’s been one change already: The
House and Senate have each approved a Food
and Drug Administration bill that would
make it harder for those who give scientific
advice to the agency to vote on drug
approvals if they have any significant finan-
cial conflict. Representative Diana DeGette
{ D-C0O) has also drafied legislation that
would require researchers mvolved m clini-
cal trials to report financial conflicts to the
ethics boards that review such trials. Even
these modest steps have made some people
nervous. “Don’t let the pendulum swing too
far)” cautioned Gail Cassell of Indianapolis,
Indiana—based pharmaceutical company Eli
Lilly, who fears too-strict rules would
exclude “extremely knowledgzeable people™
as reviewers.

Academic orgamizations are worred that
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Delta Blues, California Style

The hub of California’s freshwater system is plagued by crashing fisheries,
high demand, invasive species, and pollution—and a major earthquake
there could devastate the state's drinking water and agriculture

BYRON, CALIFORNIA—In a makeshift labora-
tory that was once a refrigerated shipping
container, Joan Lindberg, a research biologist
at the University of California (UC), Davis,
shines a small flashlight into a 2-meter-
diameter water tank. Two-centimeter pencil-
thin fish known as delta smelt dart away
from the light. These small fish. native to the
Sacramento—San Joaquin River Delta that
flows just beyond these tanks, are bred and
farmed out to fisheries biologists throughout
the rezion who are racing to understand their
lite cycle, feeding habits. and vulnerabili-
ties. It's a race that’s now in full sprint, as the
population of delta smelt in their native habi-
tat is in free fall.

Historically, millions of the fish swam
this delta, which sits just east of San
Francisco Bay and s the largest estuary on
the West Coast of the United States. But a

survey of juvenile smelt conducted in June
tound only 37. down from 884 found a vear
carlier. More than 700 smelt were killed this
spring by a senes of massive pumps nearby
that suck a river’s worth of water out of the
delta and send it south to Los Angeles and
San Diego. But the water exports are only
one of the smelts™ problems, with pollution
and invasive species also topping the list of
concerns, Now, with the delta smelt teetering
on the edge of extinction, Lindberg and her
colleagues are looking into ramping up their
fish-breeding efforts to try to prevent the
fish from going extinct. “We're doing what
we feel is prudent to save the wild lish.”
Lindberg says.

More than a kKilometer up the road a sec-
ond set of massive pumps sucks out another
river’s worth of water and sends it pnmanly
to farmers in California’s Central Valley.

Here, as technicians survey fish caught in a
mesh bucket designed 1o pull fish from the
water before it's sent to the pumps. they look
intently for smelt and other endangered fish,
Today, no delta smelt are among the dozens
of striped bass, catfish, and other fry caught.
But one was snagged just davs earhier, which
was enough to send shudders through this
furming community. “What comes out of
that bucket can determine the economic
fate of California’s cities and farms.” says
Jettrey McCracken, a spokesperson for the
U.S. Bureau of Reclamation (BOR), the
tederal organization that runs the Central
Valley Project pumps.

The comment may sound hyperbolic, but
it's not, Twenty-Uive million Californians,
nearly two out of every three, depend on the
delta for at least some portion of their drink-
ing water. Central Valley farmers, the heart
of America’s vegetable, fruit, and nut pro-
duction, are even more dependent, as the
delta provides irrigation for about | million
hectares of farmland. And although water
from the dela has lowed to these users for

Sunken landscape. Drained
fields have subsided well below

the watenways, requiring high
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decades, that might not always be the case. In
May, citing the ULS. Endangered Species Act
and the hundreds of delta smelt killed at the
State Water Project pumping facility nearby,
a California Superior Court judge ordered
the pumps shut down for 10 days, a rare move
that fired a shot across the bow of water man-
agers statewide, “This is a very important
wake-up call for California.” says Lester
Snow, head of California’s Department of
Water Resources.

But the smelt is only the delta’s most
immediate concern. Several other fish
species native to the delta are also in steep
decline, also battered by loss of habitat, pol-
lution, and competition from hundreds of
invasive species. Rising sea levels prompted
by climate change threaten to push salt water
from San Francisco Bay much farther inland,
possibly even overwhelming the southern
delta region where fresh water is drawn for
people and irnigation. Finally, the delta 1s
home to a labyrinth of 1770 kilometers of
earthen levees designed to channel the delia’s
water on its way to the bay. Those levees,
some |30 vears old sit near six seismic faults
that crisscross the region, and it's widely
feared that a major quake could produce cat-
astrophic levee failures that would wipe out
water supplies for tens of millhions of people
(see sidebar, p. 444).

“The delta is a mess.” savs Phillip Isenberg,
who chairs the Delta Vision Blue Ribbon
Task Force appointed by California Gover-
nor Arnold Schwarzenegger last vear 1o
come up with potential solutions for the
delw. At a congressional field hearing on
the delta in Vallejo, California, earlier this
month virtually all the participants agreed
with lsenberg that the Bay Delta is in erisis
and the way it is currently managed is
unsustainable. Now, Isenberg says, Califor-
nians must make some hard choices con-
cerning competing interests for the water,
municipalities, farms, and the environment
being among them, 1 we do not make these
difficult choices, then extinction—whether
of a species or a way of life—may be the
water policy of California.” said Isenberg in
wrilten testiimony.

Changing tides and rivers

It's a problem that's been brewing for a long
time. The Sacramento-San Joaquin River
Delta is the hub of California’s water sys-
tem. [t's an expansive inland river delta com-
prising 00,000 hectares of land interlaced
with hundreds of kilometers of waterways.
Historically, those waterways shifted course
seasonally as water draining from the north-
ern Sierra flowed down into neighboring

."1. b 1 ! '- - H-"i L 4

Changed delta. Landsat image shows the delta’s patchwork of
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sunken islands surrounded by hundreds of kilometers of waterways,

San Francisco Bay. That began to change
shortly after settlers Nocked to the region in
the gold rush of the 18405 and 18505, In
1869, farmers began draining and diking
land within the delta, ultimately creating a
patchwork of some 63 “islands.” However,
unlike natural islands that rise above the sur-
rounding water, the delta’s islands are actu-
ally vast bowls ringed by levees 1o keep the

water at bay. Over time. this challenge of

holding back the udal waters has steadily
increased, as exposure of the former mud
flats to the air has oxidized and compacted
the peat-rich soils, causing central farm-
lands within the delta to subside a full 6 to
8 meters below sea level. Delta farmers have
responded by building their levees higher.
fully engineering some of the breakwaters
but simply creating giant mounds of dirt
with most of the others.

The levees were only the first of major
changes to the delta. With the levees in place.
farmers within the delta nself began siphon-
ing off roughly 1 million acre-feet (1.2 billion
cubic meters) of water per year, enough to
provide the vearly water supply for roughly

Barely hanging on. The delta smelt, ance prolific, is
now endangered.

2 million PACIFIC OCEAN
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boomed in the early 20th century, other users
eved the delta’s abundant water. Beginning in
1951, a series of five massive pumps at the
C. W Jones Pumping Plant began taking ou
water for Central Valley farmers and nearby
communities, Early on, the Central Valley
Project typically pulled out around 2 million
acre-feet of water per vear. But over time, that
number has risen to around 3.3 million acre-
feet (4 billion cubic meters) of water per vear.
Meanwhile, withdrawals by the State Water
Project, which sends water to southern Cali-
fornia, have nisen from about | million acre-
feet (1.2 billion cubic meters) per year in 1968
to 4.2 million acre-feet (5.2 billion cubic
meters) per year today. In a dry vear, those

diversions can amount w about one=third of

all the water that would normally flow
through the delta into San Francisco Bay. The
draw from the pumps is often so great that
some river channels through the delta actually
Row backward, upstream toward the pumps at
a pace too brisk for the smelt and other weak
swimmers to escape.

Mot evervthing in the deli is on its way
out. More than 200 invasive species now
make the dela the most invaded estuary in
the world. The invaders. including every-
thing from striped bass to a fast-growing
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aquatic weed known as Eeeria. have
markedly changed the delta’s habitat. Urban
development is also on the rise and is
expected to add another 130,000 homes in the
region over the next decade and more than
double the region’s population to 7.7 million
by 205(). And pollution from urban runofl,
sewage, and agricultural chemicals has also
been growing steadily.

That combination has challenged fish pop-
ulations for decades. Of the delta’s 29 native
fish species. 12 either have been eliminated
entirely or are currently threatened with
extinction. Today. the delia smelts plight is
forcing the 1ssue, in part because 1t 1s seen as
an indicator species for the health of the dela
in general. much as the northern spotted owl’s
numbers served as a proxy for the health of
old-growth forests in the 1980s and 19905,

FROM CRISIS TO CATASTROPHE

Il and when the earth begins to shake along one of six major seismic
faults in and around the Sacramento—San Joaguin River Delta, the fate of
the small, threatened delta smelt will no longer be the region’s biggest
problem. The delta is laced with more than 1700 kilometers of earthen
levees, many of which would likely breach in a major flood or quake. The
results could make the devastation wreaked by Hurricane Kalrina look
tame by comparison. The system of della levees, says Jeffrey Mount, a
geologist at the University of California, Davis, "is in much worse shape

than anybody thought.”

In 2005, Mount and his Davis colleague Robert Twiss reported that over
the next 50 years there is roughly a two in three chance that a combination

of seismic activity and increased
flooding from climate change would
produce a catastrophic failure of
multiple levees in the della. Those
levees surround farmland where the
earth has subsided up to 8 meters in
many cases. If the levees collapsed
due to a quake during a period of
low freshwater flows through the
delta, water to fill the 2.5 billion
cubic meters of space in the island

But an initial round of crises took shape in
the early 1990s, when Chinook salmon and
other fish species were found to be in sharp
decline. Litigation by environmental groups
and requirements under the Endangered
Species Act triggered shutdowns of the water
project pumps, water supply cutbacks. and
widespread complaints that the federal and
state agencies were often working at cross
purposes with one another.

In hopes of finding a way out, federal and
state leaders forged a collaborative research
and decision-making process known as
CALFED to try to create a common vision
for improving the delta. The effort was widely
heralded for bringing more than 100 local,
state, and federal government agencies that
have jurisdiction over some aspect of the
delta and its wildlife together with stake-

basins would be pulled in from
San Francisco Bay and Suisun
Marsh at the mouth of the della,
drastically altering the fresh-
walter habilats and likely forcing
the shutdown of massive pumps that carry delta water to Central Valley
farmers and millions of residents in southern California. According to a new
analysis by the California Department of Water Resources, repairs could top
530 billion and take from 1.4 to 6.4 years depending on the extent of the
damage. Indirect costs to communities that would lose access to water from

holder groups such as farmers, industry rep-
resentatives. and environmentalists. But
because those stakeholders were unable to
agree on major changes to the delta,
CALFED leaders focused their efforts on
creating a robust science program for study-
ing the delta, initiating numerous habitat
restoration projects, and developing a market-
based system to pay farmers upstream from
the delta to forgo water diversions in order to
keep the water in stream for fish.

Although CALFED science program in
particular has largely been viewed as suc-
cessful in creating a vast knowledge base on
which to base ecological decisions, recently
the collaborative process has begun breaking
down. Ultimately, the delta’s problems stem
from the fact that there isn’t enough water to
satisfy all the competing users, Isenberg

Shaky defenses. A break in a levee
near Holt in June 2004 sent water
pouring into fields and workers
scrambling to shore up nearby levees,

the delta could exceed 550 billion.

Last year, California voters passed a bond measure making roughly
51 billion available for delta levee repairs and improvements, Mount calls

this “a nice start” that should help
bring some of the older levees up to
the most basic federal guidelines
but adds, “they are sitting on poor
foundations and will be unstable in
an earthquake.” The truth is, Mount
says, the economic fate of millions
of Californians currently depends
on a maze of dirt piles that could
easily give way with a little shove
from nature. =R.ES.
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savs. And CALFED lacked the political ¢lout
to choose winners and losers. *1 think 1t has
done all it can do that isn’t controversial.”
says Lois Wolk. a Democratic California
State Assembly member from the delta
region west of Sacramento who has closely
followed delta issues.

A return to the courts
About the only thing that isn’t controversial
these days is the fact that delta smelt’s num-
bers have plummeted. along with those of the
area’s other pelagic fish, which spend at least
part of their life cyele in the ocean or in
brackish estuaries. But just what 15 causing
the crash isn't as obvious. According to the
report released in March by a collection of
state and federal water agencies known as the
Interagency Ecological Program (IEP), the
culprits likely include impacts from pollu-
tion, invasive species. and water exports.
Among the specific concerns, the IEP
reported that agriculural pesticides known
as pyrethroids have been shown to be acutely
toxic to aquatic life, and their use has more
than doubled to over 113,000 kilograms per
year in the delta, in part to combat noxious
aquatic weeds. OF the exotics, one of the
maost worrisome has been the Asian clam, a
filter feeder that consumes phytoplankton.
Those phytoplankton are the primary food
source for zooplankton, which in turn are a
primary food source for the delia smelt.
With the delta smelts numbers in steep
decline, and CALFED's inability to force
major changes. environmental groups have
returned to the courts. “Litigation has ousted
collaboration as the dominant means of
solving water 1ssues.” says David Nawi, an
attorney with Environmental Mediation in
Sacramento, California. Last year, a trio of
environmental groups challenged the
LS. Fish and Wildlife Service's(LISFWS%)
2004 biological opinion, which outlines the
agency’s strategy for protecting the species.
Among other things, they argued that the
agency failed to cite the best available sci-
ence by not using the latest surveys of smelt
abundance and not aking climate change
into account. On 25 May, a federal judge
agreed, tossing out the old biological opinion
and foreing a rewrite. which is expected next
year. Just what remedies the judge will order
in the meantime is scheduled to be decided
next month, and court cases on other threat-
ened species and challenges to delta-area
development also remain in the works,
According to attorney William Stelle. a vet-
eran of several endangered species battles who
is now working on Bay Delta conservation. the
recent court decisions are likely to be the begin-

M In-Delta Agriculture
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Increased demands. Exports of
water outside the delta from two
pumping stations (yellow and
purple) have soared. Low flows
into the delta in August 1992 led to
saltwater encroachment (rght),
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ning of a very eventful vear that
could decide the fate of the delia
for decades to come. In November,
Isenbere’s Delia Vision task force
is scheduled to deliver its recom-
mendations for the region. Another
set of stakeholders. meanwhile. 1s
working to create the Bay Delta
Conservation Plan wo address water-
quality and habitat-restoration
needs for the ecosystem. Yet
another group of academic and
nonprofit policy researchers
chimed in earlier this year with a report that
outlined five viable ways forward for the delia,
including managing the estuary for environ-
mental rehabilitation and “ammoring™ the lev-
ees around selected islands to ensure that the
fresh water continues w flow through the delia
in the event other levees give way.

The list of recommendations will con-
tinue next year, when USFWS and BOR are
expected to release their revised manage-
ment plans for the delta smelt, which are likely
to govern operations for the next 5 years.
And finally, state officials announced this
month that they intend to ask voters for a new
$5.9 billion bond measure w build two new
dams and begin detailed studies of a canal
that would remove irrigation and municipal
water from higher up the delta and channel it
directly to the south delta pumps to avoid

Low
Salinity

sucking fish. California voters overwhelm-
ingly rejected a similar proposal in 1982,
But Schwarzenegger recently voiced his
support for the plan.

What's not clear yet is how these court
decisions, ballot measures, and regional plans
are likely to mesh, and whether they’llcome in
time to save the delta smelt. “The delta smelt
will be very Iucky if it makes it says Peter
Movle. a fishenes biologist at UC Davis,

Perhaps, then. it’s lintle surprise that inter-
est in UC Davis’s smelt-breeding program is
taking off. “It’s not something any fish biolo-
gist wants to do.” Lindberg says. “Tt would be
preferable w restore the natural healthy dela
ecosystem. But if the population is nearing
extinction, then people are willing to consider
the possibility of going down that road.”

-ROBERT F. SERVICE
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ARCHAEOLOGY

Digging Into a Desert Mystery

A systematic campaign of aerial photography and arthaenlugical digs
has shed light on the enigmatic Nasca lines, masswe designs created

centuries ago on the desert floors of Peru

For almost a century, scientists have strug-
gled to explain one of the best known and
least understood ceremonial sites in the
world, From 300 B.C . E. untl approximately
630 C.E.. the Nasca and Palpa valleys,
400 kilometers south of Lima, Peru. were
home 1o a sophisticated culure that created
massive designs by rearranging stones on the
Noor of the Atacama Desert. Ranging from
spectacular animal and humanoid figures to
trapezoids 2 kilometers across. the hundreds
of so-called geoglyphs are easily viewed
from the air. Some even suggested early on
that the locals must have invented hot-air
ballooning in order to create the intricate
designs. And theories about their purpose
have ranged from the somewhat scientific
(astronomical charts, water maps) to the
mystical {runways for alien spaceships).

Now, a decade-long effort by an interna-
tional team of researchers is providing some
answers. For archaeologists, the glyphs have
been forbidding. So large they're nearly geo-
graphic features, the designs don’t lend them-
selves to traditional archacological methods,
“Archaeologists are used to going somewhere,
digging, and solving a specific historical prob-
lem.” savs Markus Reindel of the German
Archaeological Institute (DAI). the project’s
co-director. “But the geoglyphs are huge
ohjects. They're fascinating, but oo much.”
To get a grip on them, the team employed a
battery of high-tech equipment including laser
scanners, carbon-dating technology, and even
a 2-meter-long robotic helicopter.

Ata meeting last month in Bonn, Germany,
Reindel. DAL colleagues, and researchers
from Peru, Germany, Switzerland, Austria,
and elsewhere presented the results of thewr
investigations, The geoglyphs, they reported,
unguestionably served a ceremonial function;
they were not simply massive pictures on the

desert Mloor. The leam members also revealed
unprecedented msights into the culture that cre-
ated the famous Nasca lines—and the reason
for its eventual decline, “1ts an absolutely first-
raie project. They're taking a smart approach to
the lines.” says University of California, Sana
Barbara, anthropologist Katharina Schreiber.
“It’s the First ime a section of the Nasca pampa
has been subjected to that intensity of study.”

Beyond the Chariots of the Gods

Although the Atacama region is extremely
drv. with less than 0.5 millimeter of rainfall
annually, between 1800 B.C.E. and 600 C.E..
a progression of cultures culminating in the
Masca harnessed what little water there was to
create agranan societies. And beginning about
500 B.C.E.. the region’s people turned their
artistic attention to the stony ground, which
las acarpet of dark voleanic rocks atop a layer
of lighter sand. Moving the top laver of rocks
aside created high-contrast designs. It would
have been a simple, if labor-intensive, project.

And the large designs wouldn’t have
required balloons or extraterrestrial assistance,
Sciennsts over the years have come to the con-
clusion that a combination of tall posts, upright
stones tll.'l"p'l...'rl mnto lI'IL' gi'l'lll.l['ld a I'Cgl.l]i.ll' inter=
vals, siring, and siakes were probably used 1o
plot rough lines across the desert. The DAI
team subscribes to this theory, “Making a geo-
olyph is easier than it seems.” says DAL archae-
ologist Karsten Lambers.

The Nasca lines first attracted scrutiny
from archagologists in the late 1920s. About a
decade later. American Paul Kosok began cat-
aloging the lines while studying ancient irni-
gation systems, After his death, his German
assistant, Mana Reiche, emerged as a chans-
matic advocate of the theory that the lines
were ancient observatories that helped track
the sun and stars.

Spiritual walk.
As this modern
reepactment at a
spiral geaglyph
suggests, the Nasca
culture used the
desert lines in

religious ceremonies.

The lines” fame brings with it unusual
pressures. Call it the “Erich von Diiniken
effect.” for the Swiss author of the 1968 book
Chariors of the Gods? who made the lines a
centerpiece of his theory that aliens influ-
enced ancient culwres. YVon Diniken’s book
made the Peruvian coast a focus of New Age
theorists everywhere. “No archaeologist
wanted to follow von Diiniken. They'd just
get their fingers burned.” says Lambers.
“When vou work on the lines, everybodys
watching you, evervbody has their opinions.”

Peruvian officials and academics have
responded by cracking down on research in
the area. “Anyone looking in or near the
area of the Nasca lines is under extra
scrutiny. They're very self-conscious about
i1t.” says University of Massachusetis,
Ambherst, archacologist Donald Proulx.
Archaeologists applving for permits to
work in the country must go through a
lengthy and expensive review of their cre-
dentials and publications.

Beginming in 1997, with funding from the
Swiss-Liechtenstein Foundation for Archaco-
logical Research Abroacd, a team of archacolo-
oists led by Reindel (then at the University of
Bonn) and Johny Isla of the Andean Institute
of Archacological Research in Lima, Peru,
overcame the red tape to begin a multipronged
attempt to unravel the Nasca's secrets. It was
pertect for Germans; we really like o docu-
ment things before we analyze. Data collec-
tion plays a big role for us” says Reindel.

Working in the Palpa Valley. which is not
as well-documented as the Masca Valley just
to the south, the researchers set out to create a
detailed survey of everything from settlement
sites to geoglyphs. In addition to traditional
ground surveys and test excavations, they
used a small plane to take high-resolution
black-and-white photographs of the designs
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that cover the valley floor—photos good
enough to make out individual stones pushed
aside to make the geoplyphs.

The project’s potential as a test bed for
technology attracted the attention of the
German Federal Ministry of Education and
Research, which began funding the effort
in 2002, Soon archacologists, engineers,
computer-imaging experts, and physicists
from Germany, Peru, Austria, and Switzerland
were visiting the Palpa Valley to test new
methods on the desert plain. Experiments
included attempts o date the stones based on
their underside’s last exposure to light and
creating detailed aenal maps of specific sites
using the robotic helicopter. All the equipment
wis a challenge to get through Peruvian cus-
toms, but the helicopter almost didn't make it
at all—Lambers had to get permission from
the country’s suspicious aviation authority to
bring the drone into Peru.

Working with Armin Gruen and his group
of photgrammetnsts from the Swiss Federal
Institute of Technology (ETH) in Zurich,
Reindel and Lambers turned the black-and-
white photos into a three-dimensional digital
maodel of the valley's topozraphy. Lambers
and ETH photogrammetrist Martin Sauerbier
then used geographic information systems
(GIS) to add layers of other information on
elevation and topography to the digital model
of the geoglyphs. “With the GIS model, we
can calculate visibility index for every point in
the terrain,” Lambers says.

Far from the glyphs being invisible or
incomprehensible to people on the ground. the
model suggests that acuvity on the lines
people walking or conducting ceremonies, for
instance—would have been visible far and
wide, Spectators standing on neighboring
alyphs or at nearby sites would have been able
to observe or perhaps participate in valley-
wide ceremonies,

Combining the digital efforts with tradi-
tional archaeological methods revealed even
more. Excavations uncovered platforms and
small buildings situated at the ends of large
linear geoglyphs. Holes up to 60 centimeters
deep situated near the platforms suggest masts
or poles several meters tall that served as on-
entation points in the desert: other, shallower
holes might have supported canopylike roofs.
Broken pottery and ample evidence of offer-
ings and sacrifices—including guinea pigs,
corn, cravfish, and Spondvius princeps
seashells from thousands of kilometers
away—indicate that the sites had a religious
function. “It’s very clear; the geoglyphs were
ritual terrain for water and fertlity cere-
monies.” says Reindel. “They were locations,
not pictures.”

A royal surprise

The scientific team also devoted signifi-
cant attention to the people who created
the geoglyphs, Researchers had long
assumed that Nasca culture lacked a strict
hierarchy, because most of the graves
found were fairly modest, Beginning in
1998, however, Reindel and Isla uncovered
a roval necropolis while excavating a site
called La Muia. Although long since
looted, the elaborate grave chambers were
as much as 6 meters deep and once filled
with pottery and other grave goods. The
necropolis was strong evidence that the
Nasca had a much more organized class
system than previously thought,

Lined up, In additionda'mas
designs (ahovel, NBSC gee
depicted animals such's

The comprehensive look at the Palpa
Valley sites—more than 650 settlements
were documented-—revealed clues to
another mystery: What happened to the
complex culture that created the lines?
Research by Bernard Eitel, a geographer at
the University of Heidelberg in Germany,
suggesis it may have been doomed from the
start. About 500 B.C.E.. the region’s climate
began o grow steadily drier. Whereas pre-
Masca peoples lived in the valley basins,
grazing their animals on grass and taking
water from rivers that flowed down from the
highlands, the dawn of the Masca period
around 200 C.E. marked a shift inland. As
rivers dried up, the grasslands disappeared.
and the desert crept east, people moved
toward the mountains, following scarce
freshwater supplies. “They moved [Farther
inland] little by little, because year by year
water was difficult to find.” Isla savs.
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In the end, the region’s persistent
droughts proved to be too much. Carbon
dating shows that older settlements were
regularly abandoned for new ones in the
highlands. By 630 C.E., the culture had
essentially dried up.

The German researchers plan to begin
publishing their data next year, and they
hope to conduct further studies on sites in
the highlands to see what interactions the
Masca might have had with cultures on the
other side of the Andes. Other archacolo-
zists are already praising the project as a
resource. The extensive documentation
also “preserves the geoglyphs for future
cenerations of scholars,” savs Kevin

Vaughn of Purdue University in West
Latayette, Indiana.

Preservation is badly needed. As the
region’s population grows, the centuries-old
glyphs are under threat, In 1994, the United
Mations Educational, Scienutic and Cultural
Chrzanization chose the lines as a World Her-
iage site deserving protection. Modern
copies of the ancient glvphs also contaminate
the region more and more: Stones that were so
easy for the ancients to rearrange are no less
tempting for the area’s current residents. “Peo-
ple go up to the hills and draw their names, or
the name of their girlfnend.” Lambers says.
Local businesses and even political parties
have begun using the slopes as free billboards.
Not quite as mysterious as the Nasca lines, but
perhaps less likely to be mistaken for alien
runways in the future,

—ANDREW CURRY
Andrew Curry is a freelance writer in Berlin.
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Deciphering Ancient Weather
Reports, Drip by Drip

Stalagmites and stalactites are an increasingly valuable trove of high-resolution

information on prehistoric climates

When Dominik Fleitmann dissected a few
stalagmites from Oman and Yemen, he was
in for a surprise. The University of Bern
paleoclimatologist had been examining the
cave growths for clues to the Persian Gulfs

climate over the past 10,000 vears, Instead of

confirming a hypothesis that monsoon rains
abruptly weakened about 5000 years ago,
Fleitmann ruled out such a sudden change,
observing that monsoons waxed and waned
in intensity over decades, The findings. which
appeared in Curaternary Science Reviews ear-
lier this vear (Vol. 26, pp. 170-188), imph-
cate a temperamental climate in the rise and
fall of ancient kingdoms in the Gull whose
survival depended on adequate water
resources, Fleitmann says,

Scientists have long examined ice cores
and marine sediments for clues to past cli-
mates. But such records can’t reveal much
about continental interiors, apart from
Antarctica’s. and resolution is blurry for
changes that occur rapidly,
over decades,

Stalagmites and sta-
lactites—deposits of cal-
clum carbonate known as
speleothems that form in
caves—are beginning to fill
cructal gaps. Speleothems
are all the rage because of
their dazzling precision:
Error bars range from a mere
vear to decades. “lce cores and
cave formations l.‘ll'fll'l]"ll'l.’lf'l'lt’l'ﬂ
each other nicely, [Just as] ice
cores are frozen water, 1 like to
see our stalagmites as petrified
water,” savs Fleitmann.

“Speleothems are producing
outstanding insights.” adds
Richard Alley., a glaciologist al
Pennsylvania State University in
State College.

Speleothems form in lime-
stone caverns over millennia as
walter seeps through soil and,
upon infilirating a cave, deposits
minerals on the ceiling or loor,
Since the late 19805, researchers
have dated speleothems using

thermal iomzation mass specirometry, which
measures the ratio of uranium-234 1o
thornum-230 and can pinpoint age as far back
as 600,000 years, deep into the Pleistocene
epoch. Scientists may soon be able to reach
even deeper into antiguity thanks o a method
for measuring uranium’s decay into lead.
This dating technique, which several teams
are now refining, could extend speleothem

climate records by several million years—far

beyond ice core climate reconstructions, says
Giovanm Zanchetta, a paleochmatologist at
the University of Pisa, ltaly. Meanwhile,
measuring the ratio of oxygen-18 to oxygen-
16 in calcite tells the climate story, as tem-
perature and rainfall control the ratio.
Mustrating the power of speleothems to
unravel intricate climate patterns. geologist
Nianfeng Wang and colleagues at the Uni-
versity of Minnesota, Twin Cities, and the
[nstituto do Carste, Brazil, have strong evi-

dence that abrupt global climate shifts are
instigated by conditions
in the high latitudes.
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Speleothems from Ching and Brazil reveal a
tght coupling between rainfall patterns in
the Morthern and Southern hemispheres over
the past 20000 years. When China was wet,
Brazil was dry, and vice versa. In a mono-
graph in press at the American Geophysical
Union, Wang argues that rainfall patterns on
either side of the equator are linked to North
Atlantic sea ice, the extent of which is influ-
enced by alterations in the “conveyor belt”
that circulates water from the mid- to North
Adlantic. “It is wonderful work.” says Allew.

Discerning temperature and precipitation
patterns over decades could give insights into
droughts and floods—phenomena with huge
societal impacts, One high-profile event
occurred about 9400 vears ago, when a natu-
ral dam between the Mediterranean Sea and
Black Sea broke. creating the Dardanelles.
Some scientists contend that precipitous
Mooding of settlements on the Black Sea
coast gave rise (o the legend of Noah's flood.

Fleitmann's group will seek to shed new
light on the legend by determining whether
the flooding was gradual or sudden, accord-
ing to how quickly oxvgen i1sotope ratios
change in a 45.000-yvear-old stalagmite
from the Black Sea coast in Turkey, The sci-
entists will look for altered oxvgen ratios as
rain originating from a freshwater Black
Sed changes to rain from a Black Sea turned
brackish after infusion of salt water from
the Mediterranean Sea. Analyses of sea
sediments have not settled this guestion.
With the stalagmite, Fleitmann
savs. “we may achieve a much
better temporal resolution™ that
could unmask a sudden shift in
DXV Zen 1sotopes,

Extracting the fine-grain
details of past climates from
stalagmites should also help
inform future chhmate scenar-
ios. “Most of us don™t care
about clhimate change that
occurs over thousands or
more years,” says Christopher
Poulson, a climate modeler at
the University of Michizan, Ann
Arbor. *“We won't be around, our
kids and grandkids won't be
around, but for abrupt climate
change this is a time scale that
matters.” Scientists hoping to
divine how a warming world
will look in the coming decades
might wish to go spelunking
for answers,

=JACOPO PASOTTI

Jacopo Pasotti is a writer in Basel,
Switzerland.
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Order From Chaos, Power From
Dissipation in Planetary Flows

Meteorologists have long believed that almost every narrow, high-speed fluid flow in
nature—from Earth’s writhing jet streams to Jupiter's banded winds—arises from
turbulent churnings. Now comes the hard part: How could that possibly work?

Jets are evervwhere. The jet stream brings
tornado-laden storms to the US. Midwest, A
stratosphenc jet keeps the ozone hole penned
in place over the Antarctic. Another ring of
wind in the north wobbles to bring Arenic air
deep into Nonth America. But jets “have been
neglected for some yvears, even though they 're
the most energetic features in the atmos-
phere.” says geophysical fluid dynamicist
Peter Rhines of the University of Washington,
Seaule. Lately, however, theorists have redou-
bled their efforts to explain why jets exist. By
everyday thinking. they shouldn't.

In the latest theoretical assault on the jet
problem, two researchers proposed at a recent
meeting” that small-scale turbulence can
organize and power up a large-scale jet by
sending energy across the chasm between
small and large in a single bound. The new
approach makes testable predictions about all
sorts of jets, from the curiously reversing
stratospheric jet over Earth’s equator to the
I 1 -vear cycle of the sun’s circulation. Not
all researchers agree that the analysis is as
comprehensive as claimed but “this is a good
step.” sayvs meteorologist Walter Robinson
of the University of lllinois, Urbana-
Champaign, “if not the final answer™

Meteorologists have long been able to
describe, ifnot deeply understand, how jets

* 16th Conference on Atmaospheric and Oceanic Fluid
Dynamics, 25-29 June, Santa Fe, New Mexico, American
Metearological Society.

torm. The narrow river of wind blowing west
to east over Earth’s mid-latitudes. for exam-
ple. draws energy from the warm-to-cold tem-
perature gradient running up from the tropics
toward the pole. You might expect the atmos-
phere’s inevitable wirbulence to buffet the jet
out of existence. but instead—illustrating

what Michael Mclntyre of the University of

Cambridge. U.K.. has described as “the
exquisitely surprising character” of fluid
motion on a rotating sphere—it actually feeds
the jet its life-sustaining energy.

However, theorists had trouble explaining
just how the orderliness of a narrow, high-
speed jet arises from the chaos of turbulence.
Lately, some researchers. including Rhines,
have come to favor a “cascade™ concept for jet
formation (Science, 26 January, p. 467). In
this approach, atmospheric momentum cas-
cades upward from the small scale of individ-
ual storms to larger and larger features until
the energy is embaodied in eddies large enough
o power the 1000-kilometer coils ol the wrig-
gling mid-latitude jet.

Cascading up to jets does not go far
enough for some researchers, however. “lts a
more insightful description but not a theory.”
says meteorologist Brian Farrell of Harvard
University. “We haven’t had a tool that
explains how, out ofwrbulent flows, can come
emergent order. What's been lacking 15 a pre-
dictive theory”

He and Petros loannou of the National and
Capodistrian University of' Athens, Greece, now

NEWSFOCUS

Jet squiggles. Rivers of air snaking across mid-
latitudes arise—somehow—as a result of turbulence.

present what they believe to be a comprehen-
sivie, predictive theory in a paper in press at the
Jowrnal of the Atmospheric Sciences. Farrell
and leannou’s new mathematical wol, which
they call stochastic structural stability theory,
can be used to caleulate how energy moves up
from small-scale turbulence to the large-scale
atmospheric flow of jets without a continuous
cascade to convey it. In effect, the broad-
background. west-to-east flow of air organizes
random turbulence into jets, savs Farrell, even
as turbulence tries to change the mean fow.
Rhines puts it more metaphorically, According
to stochastic analysis, small-scale rbulence
randomly beats on the broad west-to-east flow
until it “rings like a bell™ with the pure tone of a
Jet’s Qow. “All of the jets we see on planets—
their scales, their structures—naturally fall out™
of the calculations, Farrell savs. [ think 1t solves
a fairly big chunk of the wrbulence problem.”

If s0. researchers could take a new look at
a number of jets, Instead of merely describing
the way the stratospheric jet over the tropics
reverses direction every 28 months in the so-
called quasi-biennial oscillation, they could
predict the period of'its oscillation. And paleo-
chimatologists might be able to explam abrupt
climate shifts in the geologic past as the effect
of “jumping jets.” Thats Farrell’s term for jets
inclined to reposition themselves—with their
associated climate—suddenly when slowly
pushed by changing climate. Using his sto-
chastic analysis, he could predict just what cli-
mate change would tngger a jump.

No one is taking stochastic jet formation
that far quite vet. Rhines does not believe the
process 15 as random as stochastie structural

stability theory assumes. The nteraction of

large-scale eddies and jets is oo tidy a picture
to be that wrong, he says. Farrell and loannou
are “doing very exciting probing ol the sys-
tem,” he says, “vetit’s not a general theory, it'’s
an exploratory tool.”

Meteorologist Maarten Ambaum of the
University of Reading, UK., sees merit in
the new tool because “it’s a more compre-
hensive framework than many people have
thought about.” To develop the approach
further, Farrell plans on extending the sto-
chastic analysis from two dimensions to
three—an easy next step, he says. And
Robinson would like 1o see model simula-
tions designed to pin down what role random
forcing plays in jet formation. Results so far
“suggest Brian and Petros are on the nght
track,” says Robinson, so a follow-up effor
would be well worthwhile.

-RICHARD A. KERR
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edited by Etta Kavanagh

Retraction

WE WISH TO RETRACT OUR REPORT "CDX2 GENE EXPRESSION AND TROPHECTODERM LINEAGE
specification m mouse embryos™ (F). Allegations of research musconduct were receved by the
University of Missour-Columbia i MU) Provost, and an investigation found that the first author
(K. D) engaged in research misconduct by intentionally falsifying and fabricating digital
images i the preparation of Figs. 41; 4N:45; 26G; 3, J o L: 82,V 1o X: and 56, | to K accom-
panving the Science article. In addition, the onginal mw image files for the majority of the fig-
ures in the paper have not been located (the exceptions being the confocal scanning images in
Figs. 51, 83, 84, 85, and 56), raising the possibility that the data they represent may also be
suspect. We have decided o withdraw the article in s entirety in view of the fact that the paper
was founded at least in part on falsified or fabricated images.

The corresponding author (R.M.R.) takes responsibility for placing excessive trust in his co-
worker and for not assuring that a complete set of raw data existed at the time the questions first
arose about the paper. We deeply regret any scientific misconceptions that have resulted from
the publication of this article.

The first author resigned from MU shortly after the allegations of research misconduct were
received and could not be found o sign the retraction.

R. MICHAEL ROBERTS,* M. SIVAGURU,? H. Y. YONG*

‘Division of Animal Sciences, University of Missouri, Columbia, MO 65211, USA. *Institute for Genomic Biology, University
of lllingis, Urbana-Champaign, IL 61801, USA, 'BK21 Dental Research Institute, College of Dentistry, Seoul National
University, 28 Yongun-dong, Chongno-gu, Seoul 110-749, Korea.

Reference
1. K. Deb, M. Sivaguru, H. Y. Yong, R. M. Roberts, Science 311, 992 {2004).

Editor s Note: Science published an Editorial Expression of Concern (27 October 2006,
p. 592) about this paper. which alerted readers to the then-ongoing investigation,

The Shortage of
Science Teachers

only on the supply side is a losing strategy.
Let me give examples from Califorma, with
which I am most familiar.

SCIENCE DESERVES PLAUDITS FOR FOCUSING
on the cnsis in science education resulting
from the lack of properly gualified K-12
teachers in the nation’s public schools (News
Focus Special: Preparing Teachers. | June,
pp. 1270-1279). Calling attention to efforts
in several states to engage research universi-
ties will hopefully begin to address the prob-
lem. Unfortunately, the supply side of this
1ssue 15 only one of several critical, nter-
acting elements of a complex sociopolitical
system that 15 typically controlled or re-
designed one element at a tme. Focusing

27 JULY 2007

[F all the graduates of Califorma’s public
universities who have majored in math in a
given year became credentialed teachers in

the state, the numbers would still fall short of

the projected demand for math teachers in the
decade ahead. A second major problem is
teacher retention, particularly in hard-to-staff,
low-performing schools where “working con-
ditions™ are a major factor and where under-
prepared teachers are predomnantly located
(/). Teacher attrition in the first | to 4 years
dimimishes the importance placed on increas-
ing the number of entrants (2). The wpical

VOL 317 5SCIENCE

PERSPECTIVES

explanation for this phenomenon that a
teacher would zive 1s that it stems from the
loss of professional status in the weaching
profession as a consequence of overemphasis
on testing and rigid adherence 1o standard s-
based instruction. Teachers no longer enjoy
the privilege of controlling delivery of curric-
ula and thus acting as professionals, iLe..

exercising judgment in the conduct of

their classes,

Finally, teachers with whom [ have
worked value time above compensation. No
university administration expects its faculty

to spend the entire day standing in front of

a class, Teachers in K-12 need tme for col-

legial activity and professional development
to discuss content and pedagogy and, above
all, to reduce the sense of isolation that dom-
inates their lives. As an engineering scholar,
it is painfully clear to me that the public edu-
cational system wall never function properly
until policy and practice are consonant with a
properly designed. controlled. and resourced
svstem. As long as policy-makers continue to
tinker with only selected parts of the prob-
lem. the “Gathering Storm™ will continue
to gamn energy. I K—12 were an airplane, 1t
never would have taken off.

KARL 5. PISTER
Dean and Roy W. Carlson Professor of Engineering

Emeritus, College of Engineering, University of Califomia,
Berkeley, Berkeley, CA 94720, USA.
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Explaining Latitudinal
Diversity Gradients
DIFFERENCES IN MEASURED RATES OF SPECI-

ation and exunction among living species are
commeonly used o explain latitudinal diver-
sity gradients. The logic 15 strajghtforward:
the higher the net diversitication rate (the dif-
ference between the speciation and extncuon
rate). the greater the number of species. In
this vein, L. T. Weir and D, Schluter conclude

from their recent study of birds and mammals
that decreased extinction rates rather than
increased speciauon rates account for the
higher net diversificatnon rates posited 1o
drive latitudinal diversity gradients {(*“The lat-
itudinal gradient m recent speciation and
extinction rates of birds and mammals,”
Reports, 16 March, p. 1574).

However, speciation and extinction rates
may have hittle bearing on the cause of latitu-
dinal diversity gradients. Although we have
only a poor understanding of what controls
species numbers, it 15 clear that resource avail-
ability 15 of catcal imponance, and in partic-

ular, that the harshness (and reduced area) of

the poles limits population numbers. Thar is,
the polar carrying capacity

species that can be supported—is less than

the number of

that of equatorial regions. and thus we should
expect a latitudinal biodiversity gradient.
Critically, rates of speciatuon and extinction
do not control carrving capacities, but only
reflect rates of species turnover, and the rate
at which biotas reapproach their carrying
capacities in response to perturbation, or as
their carrving capacities shift in response to
changing biotic and abiotic influences,
Under this framework, Weirand Schluter’s
exciting discovery that origination and
extinction rates for birds and mammals
increase with latitude may have little bearing
on the reason that there are latitudimal diver-
sity gradients. Instead, their data suggest that
the frequency of extinetion and replacement
for these animals has been higher at high lat-
itudes than at lower lautudes. This observa-
tion implies that ecological disturbance
15 more frequent, or has greater impact, at
higher latitudes, consistent with the greater
effects of the Plio-Pleistocene glacial cyeles
at high latitudes. as Weir and Schluter note.
If we are w explain lattudinal diversity
gradients. we need to focus more on the
determinants of carryving capacities, and less
on the rates at which species turn over, or
on how quickly species numbers adjust to

CELL BIOLOGY

P
g
*

L 1

% Thousands _uf Products.

One Book.

www.millipore.com/OneBook

MILLIPORE

Hundreds of Techniques. Infinite Possibilities.

upstate | CHEMICON
now part of Millipore



LETTERS

perturbation or to changing carrying capacities.

CHARLES R. MARSHALL
Department of Invertebrate Paleontology, Museum of
Comparative Zoology, Harvard University, 26 Oxford Street,

Cambridge, MA 02138, USA. E-mail: cmarshal@oeb.
harvard.edu

Response
THE STARTING POINT OF OUR STUDY WAS THE
previous observation that net diversification
rates are higher in the tropics than in the tem-
perate zone (£, 2). This is unexpected ifspecies
diversity 15 at equilibrium, which instead pre-
dicts the same average diversification rates
everywhere within surviving lineages.
Marshall has not defined “carrving
ity™ or its criteria, but his use of the concept
suggests an analog to the carrving capacity
constant 1n simple theones of population
growth under resource limitation. Yet, al-
though a population carrying capacity might
exist on paper, its evidence is typically only
that populations are regulated within wide
bounds rather than exploding or going extinct
(.3, 4). Real populatons fluctuate according 1o
vagaries of birth and death, and ecologisis

CApac-

continue to find clues to the determmants of

population size in measurements of these vital
rates. Similarly, in the evolutionary process,
species diversity 1s certain to be influenced by
the vagaries of past speciation and extinction
rates (3, 6). Therefore, measurements of these
ates will be useful in understanding present
and future species numbers.

The 1dea has been suggested before that a
“specics carrying capacity™ might
upLun higher species diversity in the tropics
uunp.m_d with the temperate zone (6). Un-
fortunately, the main evidence for a higher
species carrving capacity in the tropics is
the greater number of species there, At the
moment, we are completely unable to explain

garealer

Letters to the Editor

why. in principle. the numbers of species of

birds or plants that can be supported inthe tem-
perate zone should not be much greater than
the current numbers. Except at the poles. the
density of individuals 15 not much less in the
temperate zone than in the tropics (7, &). What
wee can record are the frequent disturbances 1o
the temperate zone that have likely knocked

back the numbers of species. Our estimates of

the impact of these disturbances on species

turnover agree with other sources of evidence

that point to the influence of extinctions on
global patierns of biodiversity (9, £,

DOLPH SCHLUTER AND

JASON WEIR

Biodiversity Research Center and Departiment of Zoology,
University of British Columbia, Vancouver, BC V6T 124,
Canada.
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Papers Not in the
Right Section?

THE PAPERS "EVALUATING MONTESSORI EDU-
cation” (A, Lillard, N. Else-Quest, 29 September
2006, p. 1893 yand “Algorithm-guided ndivid-
ualized reading instruction™ (C. M. Connor gf
al., 26 January, p. 464), which appeared in the
Education Forum section, seem to be research
papers. Since the Education Forum is located in
the Commentary section. | assume that the
paper has not undergone the same level of peer
review as other papers published in Scicnce,
The Education Forum is supposed to be about
science education, but the second paper is on
reading instruction. Moreover. it promotes a
particular software product, and the authors
have declared a possible future conllict of
interest. This paper raises the question of
why it was published in the Education

LETTERS I

TECHNICAL COMMENT ABSTRACTS

Comment on “Coherent Control of Retinal Isomerization in Bacteriorhodopsin”
Manuel Joffre

Prokhorenko ef al, (Research Articles, 1 September 2006, p. 1257) reported that, in the weak-field regime, the efficiency of
retinal isomerization in bacteriorhodopsin can be controlled by modulating the spectral phase of the photoexcitation pulse,
However, in the linear excitation regime, the signal measured in an experiment invelving a time-invariant, stationary process
can be shown to be independent of the pulse spedral phase.

Full teat at wwscsciencemag.orgiogifcontentfull317/5837/4 530

Response T0 CommenT on “Coherent Control of Retinal Isomerization in
Bacteriorhodopsin”®

Valentyn I. Prokhorenko, Andrea M. Nagy, Stephen A. Waschuk, Leonid 5. Brown,
Robert R. Birge, R. ). Dwayne Miller

Jofire attempts to show that the linear response of any quantum system 1o an external perturbation is phase insensitive, but
he uses incorrect mathematical assumptions, misimterprets the ime invariance principle, and ignores causality. We argue
that the opposite case—an explicit phase dependence for a signal measured in the linear excitation regime—can equally
be shown using Joffre’s approach and assumptions,

Full text at www.sciencemag.orglogiicontent/Tulli317/5837/453c

Laboratoire de Sciences Cognitives et Psycholinguistique,
Ecole Normale Supérieure, 46 rue d'Ulm, 75230 Paris
Cedex 05, France. E-mail: franck ramus@ ens.fr

Forum section rather than being submitted as
a Report and scrutimzed through Science’s
normal peer-review process, Education sci-
ence is most welcome in the pages of Science.
as long as the work reported fulfills all the
scientific standards of the journal.

FRANCK RAMUS

Editor s Note: As with the other parts of the
Commentary section, Education Forums are
reviewed at the discretion of the Editor han-
dling the paper.
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SOCIOLOGY

Reflecting on the Surfaces of Life

Rebecca M. Herzig

inderzartners taking “cognitive enhance-

ment” drugs. Aged grandmothers grv-

ing birth to wiplets. Has the breathiak-
ing spread of new biomedical technologies
tundamentally aliered what it is to be human?
This, thankfully, 15 not the question sociologist
Nikolas Rose tackles in The Politics of Life
[self. Breaking from the pack of popular and
scholarly books on the quandaries posed by
emerging biomedical capabilities, his analysis
“concerns not what human beings are, but what
they think they are: the Kinds of human beings
they take themselves w be”

Where countless bioethicists, philoso-
phers, and other social cnitics have fretted over
the “posthuman™ future signaled by recent
developments in neuroscience. genomics,

pharmacology. and surgery, Rose (director off
the BIOS Centre at the London School of

Eeonomies) shrugs off such anxious reflec-
tions: *[HJumans have never been “natural,’”
he points out, *and at least since the invention
of language we have been augmenting our
capacities through imellectual. material, and
human technologies.” In lieu of positing some

The reviewer is al the Frogram in Women and Gender
Studies, Pettengill Hall 209, Bates College, Lewiston, ME
04240, USA, E-mail; rherzig@bates.edu

FICTIOMN AND EXPLORATION

The World Measurers

antel Kehlmann reveals what a difficult task i 15 to take the
measure of men who themselves feel driven to measure the
world. Fortunately, he has chosen the novel as his medium,
Taking two contrasting characters, Measuring the World weaves the
parallel stories of Alexander von Humbaoldt and Carl Friedrnch Gauss
between events precipitated by the savants’ meeting in Berlin
occasion that opens and closes the story. The low-born Gauss

wis famous for exploring the
universe of numbers, time, and
space. Luckily for him. being [
a wretchedly poor traveler,
his excess of talents mostly
allowed him to stay at home.
Kehlmann has Gauss reflecting
that “to understand the restless-
ness at the heart of Nature ...
one didn’t need to clamber up
mountams or Lorment onesell

NI_.;
ISBN 97
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Measuring the World

epochal break with nature, Rose instead pres-
ents a far more intnguing clam: we have
never been more biological, never more inti-
mately invested m reshaping
our existence as hiological
organisms. The book centers
on these investments, on our
increasingly “somatic” self-
understandings. The intensely
corporeal character of our re-
lationships to ourselves and
to our imagined futures, Rose
proposes, “forms the milieu
within which novel forms of
authonty are taking shape.”

Of course. authority has
alwavs been embodied m one
way or another. Governments have long
sought to manage not merely the spint but also
the flesh of their subjects—one need only
recall the Third Reich’s efforts to expunge the
most “unfit” from their ranks. Even in more
liberal polities, those that emphasize gover-
nance by consent rather than governance by
force, the management of bodies has been
crucial to the development and mamtenance
of political authority. In 19th-century Amer-
ica. for mstance. assessments of white
women’s physiological frailty helped bolster

and Sub

The Politics of Life ltself
Biomedicine, P

Lm |
Twenty-First Century

by Nikolas Rose

Princeton Unives
Princeton, NJ, 2007.

restrictions on their rights to hold and transfer
praperty. to control their own earnings, and to
vote, Politieal and economic enfranchisement
presupposed bodily command and vice versa,

While noting lines of historical continuity,
Rose detects in contemporary biomedicine a
distinet change, one tied to larger transforma-
tions in liberal govemance, Increasingly, Rose
argues, the “specific vital characteristics of
human beings™ are the focal point of both
individual and institutional
control. The proliferation of
genetic support groups, dietary
consultants, and preventative
medications all manifest an
ethic of personal health maxi-
mization that is by now more
or less obligatory: “negative
Judgments are directed toward
.95, those who will not, for what-
ever reason, adopt an active,
informed, positive, and pru-
dent relation to the future” For
those of us in the “advanced
liberal nations of the West,” our hopes and
fears concermng the quality of our well-being
signal our submission to a new kind of author-
ity—the politics of “life itself”

Rose attributes this field of biopolitics to a
convergence of increasingly sophisticated
diagnostic and therapeutic tools, increasing
Financial investment in basic and applied bio-
logical research, and increasing ability 1o visu-
alize and act upon hife at the molecular level.
Such processes of “technologization,” **capital-
1zation.” and “molecularwation”™ n wrn engage

i Press,

in the jungle.” Seemingly agreeing with this notion, Kehlmann’s

Humboldt, scion of nobility, comes to the conclusion that “he could
no longer have said which of them had traveled afar and which of

them had always stayed at home.”

the

Jaguars and
Electric Eels

by Alexander von

an (1) by Humboldt

*antheon,

Panguin, Londan,
2007, 112 pp. Paper,

5 rcus, 9, £39.99, ISEN

London, 2007, £12.89.
ISBN 9781847240453,

Ultimately, Kehlmann’s Humboldt remains an enigma, whereas
Gauss and Humboldts companion, Aime Bonpland, are fully fleshed
characters in every sense. In the novel, the irmscible Gauss is sulfi-
ciently certain of his own worth to berate God for His folly in putting
such an intelligent man on an Earth not yet prepared for him. By con-
trast. Kehlmann portrays Humboldt as a compulsive measurer
possessed of an alarming degree of detachment except when

confronted by the unavoidably marvelous or
frightening. We are told that Bonpland is
at a loss when asked what kind of person
Humbaoldt is. Nevertheless, this doesn’t stop
Kehlmann from using Humboldt as the target
in Bonplands murderous dreams. Kehlmann
has him brandishing knives at his mentor dur-
ing campsite sleepwalking.

I wonder whether Kehlmann's novel of the
natural world will be as successful in transla-
tion as it has been in German, as over the cen-
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broader changes in “marketization. autono-
mization. and responsibilization.” that is to say,
in the kinds of state-market relations emernzing
in places like Australia, Canada, the United
States. and the Umited Kingdom. Rose expli-
cates how these vast processes of global polit-
cal and economic restructuring are born
out through individualized habits: monitoring
blood sugar levels, reading self-help books,
filling out organ-donation cards. He illumi-
nates how each such practice reveals an intn-
cate entanglement of ethical and economic
'HI.I'lIL': OUr most [L'I'IL1L‘I' ll.‘-i].'!lll.".l“l!]l‘-i (e row l..‘iil':l-
illanes of global capital.

Rose shows uncommon restraint in refus-
ing to speculate about the bright or gloomy
prospects of such developments. In a refresh-
ingly modest approach, he eschews both
breathless anticipation of the possibilities for
health and well-being awaiting just around the
corner and distressed condemnation of efforts
to tamper with human nature, He instead stays
firmly focused on a descriptive analysis of the
present condition. Drawing on his own well-
regarded studies of psychiatry and neuro-
science as well as on cutting-edge research by
talented social scientists such as Hannah
Landecker, Carlos Novas, and Adriana Petryna,
Rose synthesizes topics ranging from biologi-
cal eriminology 1o xenotransplantation in a
coherent, thought-provoking frame.

At the center of this frame is the “style of
thought,” a concept borrowed from Ludwik
Fleck. A style of thought, Rose explains, is a
particular way of conceving the world and
acting in it. It involves not only specific

arrangements of machines, models. customs,
and so forth but also membership ina particu-
lar “thought community.” a group of people
disciplined o organize terms, concepts, phe-
nomena, and arguments in a particular way.
Rose suggests that contemporary biomedicine
demonstrates a new style of thought, one char-
acterized. in part, by an altered relationship to
causal depth. Where 19th-century biology
{not to mention sociology and psychology)
presumed that underlying laws determined the
visible characteristics of organisms. contem-
porary biomedicine effectively flattens the
relationship between the surfaces and depths
of bodies. No longer dwelling on enigmatic
interiors, the contemporary life sciences focus
on surface associations—relays of nonhierar-
chical networks and affiliations. Mind, for
instance, is not understood in the mysterious
terms of the Freudian unconscious, but simply
as “what the brain does.” It is this shift away

BOOKS eTAL

from an “epistemology of depth™ that “en-
ables us o be governed in new ways™—to
“govern ourselves differently.”

The referent of the “us™ in such lines is obvi-
ously crucial, as Rose readily recognizes. The
books first footnote dismantles any presump-
tion of global inclusiveness carried by words
such as we and us and our. As Rose reminds
readers, a tiny fraction of the total biomedical
resources of the planet are directed to the
threats to health facing most of its inhabitants,
Medecins Sans Frontiéres has descnibed this

Fact as the “ 10/ gap,” because 0 percent of

the world’s health problems recerve but 10 per-
cent of global expenditures on health research.
Elsewhere in his analysis. Rose takes pains to
stress similar gaps, noting, for example, that
“the ills that afflict most human beings now and
in the foreseeable future require no high tech
merely clean water, sufficient food,
a living wage. and moderately competent
politicians and bureaucrais” Indeed, Rose goes
so far as to assert that a “constitutive feature
of contemporary biopelitics”™ is the tension
between “the intensifying somatic ethics in the
West ... and the inequities and injustices of the
local and global economic. technological, and
biomedical infrastructure required to support
such a somatic ethic.”

What, then, of this tension and its constitu-
tive role in the politics of life itself? How, ulti-

solutions

mately, might we reconcile the disparities of

global economic and political restructuring
with the trend toward Nattening that Rose pin-
points as central o contemporary biomedi-
cine? “Perhaps.” Rose proposes at the book’s

i

. i rster srtouretiing eatesed o
Sl AN Siatht evrt By the Cerrer

turies English has been well served by stories of explorer-scientists in
diaries and fictions. Translation brings obvious and trivial nsks,
although 1 enjoyed the thought that Gauss could predict pnime num-
bers asymptomatically.

Kehlmann’s words also have to compete directly with Humboldt's
personal narrative: particularly now as short extracts from his

accounts of his South American journeys are readily available in
Jagnars and Electric Eels (2). Even in such a truncated form,
Humboldt gives the reader a far better sense of place than Kehlmann
and offers far more enlightenment about the natural world in his
accounts of agricultural degradation and altitudinal zonation in South

America. Humboldt's own words also provide authentic glimpses of

his abundant enthusiasm and curiosity, Perhaps Kehlmann has never
been to Venezuela. Even so, considerations of landscape and place
lay at the very base of Humboldt’s thinking and deserve more
care. Kehlmann is generally more svmpathetic to the astronomer-
mathematician’s far less exotic activities. To be fair, the novelist's
theme is measurement not synthesis, but this stll sells Humboldt

short. At least. however. Kehlmann is trying to bring the world of

science and discovery to a wider audience.
—Caroline Ash
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conclusion, “it 15 not wo much 1o suggest that
as the styles of thinking in biology mutate, so
then should the styles of thought in those dis-
ciplines seeking to understand their social
organization and consequences. The critical
social sciences also need to understand that
the most profound thought 15 that which
remains on the surface.” Even as Rose’s book
offers tremendous insight into our biomedical
present, it may be that some of those tradi-
tional analyses have something vet to con-
tribute as we confront the unfolding inequities
of contemporary vital politics.

10,11 2&/50ence. 1 144402
PSYCHOLOGY
The Nature of Belief
Scott Atran

n explaining why he wrote Siv fnpassible

Things Before Breakfast, Lewis Wolpert

describes a disturbing encounter with his
son’s envious belief that father has the advan-
tage in life because he is hikely to die sooner
and enjoy heaven. In August 2003, while with
Muslim mujahedin in Sulawesi, | noticed tears
welling up inmy traveling companion. Farkhin
{who helped bomb the Philippine ambas-
sador’s residence in Jakarta and had hosted
911 mastermind Khalid Sheikh Mohammed)
when he heard of a voung man Killed in a skir-
mish with Chrstian fighters, “Farkhin, you
knew the boy? [ asked. “No,” he lamented,
“but he was only inthe Jihad a few weeks; I've
been fighting since Afghanistan [late 1980s]
and "'m still nota martyr.”

In trying to grasp his son’s belief as well as
the beliefs of people like swicide bombers and
today’s great clashes among religious and polit-
ical beliefs, Wolpert draws fresh msight from
the biological and evolutionary roots of belief,
He surveys a vast domain that begins with chil-
dren’s innate ideas about the differences
between how inert objects and animate agents
like people interact and ends with the almosi
miraculous breakaway of scientific beliefs
from our intuitive understanding of the world:
there are more molecules in a glass of water
than glasses of water in the oceans. We find out
that other primates lack mental equipment for
mind reading. They can’t represent or embed
another’s beliefs in their own thoughts (“John
believes that Mary thinks that...”). Thus they
can’t understand how they or others can have
talse beliefs or conceive of fiction, God or sci-

The reviewer is at the CNRS—Institut Jean Nicod, Ecole
Wormale Supérieurs, 29 rue d'Ulm, 75005 Paris, France,
E-mail: satran@umich.edu

entific ruth. And we learn why other animals
can’t truly imitate or learn a new dance and why
homeopathic medicine and psychotherapy
involve “heliefs related to witcheraft”

The book's unifying theme is that all belief
is ultimately rooted in causal understanding
and has s evolutionary origins in the use and
manufacture of tools, This lets Wolpert scan the
landscape of beliel with clarity and direction
but leads down the wrong path in key areas. He
argues that managing fire “might have been
one of the origins of market exchange, and
might have led to the advantage of humans
knowing about numbers.” Yet defining aspects
of number. such as the concept of a class of
similar classes or of inlinite discreteness, relate
more to categonzation processes and language
structure than to causality. We
are told “Verbs ranging from
‘g0’ w “hit” to “throw” require
causal thinking ... an essential
prerequisiie for language devel-
opment,” Mow Kangt, a brilliant
bonobo, can use symbolic
wkens 1o reference causal rela-
tions between actions and
paoals: however, Kanzi's strings
are usually action-action com-
binations, such as “chase bite”
These strings employ  two
“predicates” and no subject. No
human language allows sentences that have no
syntactic arguments and thus cannot express a
subject-predicate proposition. Hominid wol
play tells us little of testable. scientific interest
about linguistic structure, number, or markets,

But it 1s Wolpert's speculation on religion
that is needlessly awry, He claims religious
beliefs “all had their origin in the evolution of
sausal beliefs, which in tumn had its origins in
tool use.” Gods and prayer act in tandem to
promote “optimism and hope™ by providing
special controlling forces when common-
sense expectations fail, catastrophe or chaos
leaves life to chance, or death looms. “And
since causal beliefs that promote survival are
partly programmed by our genes, could that
not also be true of some aspects of religious
beliefs that promote survival, particularly
those that relate to mystuical forces, and even,
perhaps to the gods themselves?

Wolpert identifies religion with belief in
the supernatural, which is fine by me, but
recent work in the cogmitive science of reli-
gion indicates that there 1s no genetically priv-
ileged “supernatural imagination” or “biolog-
ically determined module for making myths”
Rather. cogmuve production of the supernatu-
ral occurs by purposely violating our ordinary
and mnate ideas about causality, Wolpert
acknowledges that “what makes an event

Six Imposs

of Belief

ible Things
Before Breakfast
The Evolutionary Origins

by Lewis Wolpert

magical is that it goes against our natural
expectations about causes,” just as dragons
and other monstrous hybrids violate innate
assumptions about essentialized biological
categories. But this is not because some
extraordinary, parallel faculty of causal rea-
soning evolved through genetic adaptation,

Religion involves the same causal cate-
gories that evolution endowed us with for
evervday thinking—including folk mechan-
1cs (object boundaries and movements), folk
biology (species-like essences and relations),
and folk psvchology (interactive agents and
woal-directed behavior)—and which con-
strain the ways children learn language. Core
religious beliefs minimally violate ordinary
notions about how the world 15, with all of 1ts
inescapable problems, thus
enabling cognitively manage-
able and memorable supernat-
ural worlds that wreat existen-
tial problems. including death
and deception—{forexample, a
world with beings (angels,
chosts, ancestral spirits) that
resemble us emotionally, intel-
lectually. and even physically
except they can move through
solid objects and be immortal.

That “lower blood pres-
sure ... has a positive associa-
tion with religious belief™ may be true in set-
tings most familiar 1o many of us, but it is
doubtful for more passionate contexts (e.g..
pentecostal or jihadi). And although “one can
see how valuable the possible force of prayer
15 to the more or less helpless individual
suffering from severe pain,” most prayer
indeed, most religious ceremony-—occurs in
ritualized social settings that coordinate the
congregation’s body states (chanting, sway-
ing. displays ol submission, ete.) and that
arguably promote an emotional consensus
that can trump even the most logically com-
pelling and evidence-based beliefs.

It religion is, as Wolpert suggesis, a spe-
cial form of causal belief—immune to logic
and evidence—about how things are in the
world, then it is true that “science is basically
in conflictwiath religion.” But it religion 15 pri-
marily about what ought to be, including
moral friaming that convinees people to com-
mit to others beyvond the logic and evidence
for advancing self-imterest, then conflict is not
inevitable. Understanding and manipulating
causality, though key to science, is only one
integral component of religion and other
aspects of human bran development. knowl-
edge, and belief that bind us to one another
and the world.

10.1126/5cence. 1142653
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TRANMNSITIONS

The Two High-School Pillars
Supporting College Science

Philip M. Sadler'* and Robert H. Tai?

o students need chemistry in order
to understand biology? Is biology
the best foundation for beginming

science students? How 1s the study of
mathematics associated with the siudy of

science” Whether the sequence of science
courses has any cognitive relevance is a
matter of dispute among science educators,
especially given the emerging interdisci-
plinary underpinnings of traditional ideas
in each field. For example. understanding
chemical models requires some knowledge
of the physics of electrostatics. and a solid
foundation in Lipid and protein chemistry
can help explain the construction of cellu-
lar membranes ( /-3). Meanwhile, the role
of mathematics is considered to be less
crucial to introductory biology coursework
than to physics. One group, often referred
to as the “Physies First” movement, pro-
motes a reversal ol the traditional biology-
chemistry-physics high-school course se-
gquence on the premise that key concepts
from physics would better prepare students
to study chemistry and even biology (4-6).
To study this theory, we assumed that the
benefits of high-school science prepara-
tion would extend into college (i.e.. a
student who has completed high-school
physics may perform differently in a col-
lege chemistry class than a student who has
not taken physics).

In the United States. high-school stu-
dents can choose the number of yvears that
they study each science subject [none. one
year, or a second year, commonly Advanced
Placement (AP)] and mathematics (i.e.,
Algebra 11 or lower, pre=calculus, calculus,
or AP calculus). We analyzed the association
between varyving amounts of high-school
biology, chemistry, physics, and mathemai-
ics preparation and performance in intro-
ductory college science. Although not an
experimental design. this approach does
offer the advantage of large participant

Department of Science Education, Harvard-Smithsonian
Center for Astrophysics, Cambridge, MA 02138, USA.
ICurry School of Education, University of Virginia,
Charlottesville, VA 22904, USA.

*To whom correspendence should be addressed. E-mail:
psadler@cfa. harvard.edu

numbers, while approximating the impact
of prior science learning on subsequent
science performance. By analyzing the
cross=thsciplinary benefits of these subjects
across high school and college, we sought 1w
bring empirical evidence to a debate that 1s
often fueled by rhetoric,

Sample, Instrument, and Analysis
We randomly selected 77 colleges and uni-
versities from a comprehensive list of roughly
1700 4-year institutions. To avold overrepre-
senting small, but more numerous, liberal arts
colleges, we used a representative stratified
random sampling based on college size
(<3000, 3000 w 10,000, and =10,000 stu-
dents). In all, professors for 122 introductory
biology, chermstry, and phyvsics courses m 63
of these colleges and universities participated.
Only science courses satisfying requirements
for science majors in each discipline were sur-
veyed. We excluded from our analysis stu-
dents who did not attend a US, high school,
graduate students, and those notin degree pro-
grams. Our total sample consisted of 8474
undergraduate students enrolled in one of the
three introductory sclence courses.,
We designed three paral-

lel survevs tailored to the ]
disciplines of hiology. chem-
istry, and physics, analogous

to a previous pilot study of 2 i
2000 college physics students 3
(7). We further informed our £ 1
survey with a series of inter- E
views with college students, = ,
high-school teachers. and col-
lege professors. We tested for 5 .

response reliability in a sepa-
rate analyvsis involving 113
college chemistry students who 2
completed the chemistry sur-
vey twice, 2 weeks apart. The
resulting survey included ques-
tions on how many high-
school courses students had
completed in each science
subject and mathematics,
Ultimately, the surveys were
administered to the sampled
students while in class dunng
the Fall semester. Professors

College Biology

Effect of high-school science and mathematics on college science
performance. The mare high-school courses a student takes in a given
subject, the better the student’s college grade in the same subject will be.
The average grade-point increase per year of high-school biology
{orange), chemistry {green), and physics (blue) is significant for a college
course in the same subject but not for a college course in a different sub-
ject. Only high-school mathematics (gray) carries significant cross-
subject benefit (e.g., students who take high-school calculus average bet-
ter grades in college science than those who stop at pre-calculus). Grade
points are based on a 100-point grade scale. Error bars represent
2 standard errors of the mean,

Out-of-discipline high-school science courses
are not associated with better performance in
introductory college biology, chemistry, or
physics courses, but high-school math counts.

reported the final course grade ofeach student
at the end of the term. We converted grades to
scores using the following scale: A =93, A—=
91, B+ =838, B = 35, and s0 on. The mean
orade was 80,41 (B—) with a standard devia-
tonof 1143,

We performed three parallel analyses,
resulting in three separate yet comparable
lingar regression models (8). The sample
sizes were n = 2650 for biology, n = 3561
for chemistry, and & = 2263 for physics, To
account for differences among the college
sclence courses (e.g., grading simngency ),
we used a college-effects model that as-
signed a vanable to each college course (¥).
We chose variables o control for student
background differences based on our earlier
work (7, J0-12), which indicated that we
should account for each student’™s year in col-
lege. (Most biology and chemistry students
were freshmen. but most physics students
were sophomores or juniors), We also
accounted for race and gender (tables 53
to S5) (7). Recognizing that the quality of
teachers and resources available in a high
school depends o some degree on the socio-
economic status of the community, we used

College Chemistry College Physics
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parental education level and the mean educa-
tion level of the community [retrieved from
postal code data ( /0)]. Pre-college academic
achievement of students was accounted for
in the models by including self-reported
standardized test scores. Using a concor-
dance table, we converted ACT scores o
SAT equivalents for this analysis (/3), “Last
high school English grade™ and *last high
school math grade,” along with “highest
math course taken,” provided an estimate of
educational achievement outside of science.
Using these variables as a baseline model o
account for demographic and educational
differences. we accounted for the inclusion
of the three high-school science predictors
[vears of biology instruction (vbi), vears of
chemistry instruction (yei), and years of
physics instruction (ypi)]. The completion of
high-school courses in each science disci-
pline was entered as a continuous variable (0,
1. or 2 years). For the purposes of this discus-
sion, we focused on the regression coefli-
cients that may be interpreted as grade points
ona 100-point final grade scale (see chart on
page 437). We based our analytical approach
on results from previous research relating o
specific disciplines, block scheduling, and
content coverage (10-12).

Results

Multiple linear regression analysis yielded
three resulis: (i) an overall estimate of the
outcome variable'’s vanation, (1) estimated
coclficients for predictor variables of the
linear model. and (i) each predictor van-
able’s associated level of statistical signil-
cance. The three muluple linear regression
models in biology. chemistry, and physics
accounted for variances of 32, 31, and 35%,
respectively. We found that the three high-
school seience predictors (ybi, vei, and ypi)
were only significant as predictors within
their respective disciplines (effect size =
0.13 8D, P =< 0.01) {see chart). No signifi-
cant cross-disciplinary effect was found
among the three science disciplines.

Years of mathematics instruction {ymi)
was a significant predictor of performance
across all college science subjects, including
introductory college biology, a discipline
not traditionally associated with strong math-
ematics preparation (effect size = 0.14 5D,
P <0001} (see chart and tables 53 and 55).

Discussion

Our research examines correlations and
does not offer the proof of causation that an
experimental study could, However, the lack
of significance in cross-disciplinary course-
work supports the claim that cross-disciplinary

27 JUly 2007 VOL 317 SCIENCE

Math class. High-school math prepares students for college science.

coursework has a lesser role in preparation
for performance than either imradiscipli-
nary or calculus coursework. There may be
unexamined variables that offer greater pre-
dictive power, such as interest level in a par-
ticular field or parental occupation.

Owr surveys rely on accurate self-reporting
of personal experiences from respondents,
which presents an important limitation to
consider. The accuracy of self-reports relies
on context and relevance. Studies of stu-
denis” high-school course schedules have
found self-reports to be reasonably accurate
in comparson with transcript sources ( /4).
A review ol self-report studies has found
that among college students, self-reports on
academic backgrounds are also reasonably
accurate (15). Surveyving college science
students during their college science classes
about thewr high-school science experiences
appears to meet the requirements of context
and relevance. We found response reliability
to be acceptable for the analysis we under-
took m this study (/6),

We also specifically investigated the
~10% of students i our sample who wok
high-school AP courses and then enrolled in
the corresponding introductory college
courses. We were concerned that these
AP students in our sample might be biased
toward underperformers. However, we found
that the mean AP exam score for this group
was 2,99, shightly higher (0,15 SD) than
the overall mean of 2.81 reported by the
College Board.

Owur results have some application to the
current debate concerning preparation for
college science. We found, not surprisingly,

that high-school courses in
biology, chemistry, and phys-
ics prepare students for col-
lege courses in the same field.
We can also offer some empir-
ical evidence to mform the
debate on the reordering of
high-school science courses,
With regard o the “Physics
First”™ movement, the lack ofa
relationship between the pre-
vious study of physics and
later chemistry performance.
or the previous study of chem-
istry and later biology per-
formance, casts doubt on the
impact of changing the tradi-
tional high-school science
sequence, The two pillars sup-
porting college science appear
to be study in the same science
subject and more advanced
study of mathematics in high
school. OFf course, this finding applies to
introductory courses as they are currently
taught in college. and the door remains open
to develop and teach college courses that
could make tuller use of student backgrounds
built during high school in other science dis-
ciplines.
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PALEONTOLOGY

Variation and Early Evolution

Gene Hunt

ariation is often said to be the aw

material for evolution. In the absence

of heritable variation, no mecha-
nism—natural selection included—can cause
evolutionary change within populations. That
variation is necessary for evolution is uncon-
troversial, but scientists have long wondered if
abundant variation might play a more active
role in facilitating or channeling evolutionary
change (/. 2). Any evolutionary influence of
variation would presumably operate continu-
ally, but there have been some indications that
during the Early Cambrian (542 1o 513 mil-
lion vears ago). the link between vanation and
evolutionary divergence may have been espe-
cially strong,

At roughly the same time as the greatest
known burst of biological innovation, the
Cambrian Explosion of animal body plans. it
appears that species may have been unusually
variable i their morphology. Although in-
triguing, the evidence for this increased
Cambrian varability has been somewhat equ-
ivocal. However, on page 499 of this issue,
Webster () presents the results of a novel
analysis of trilobite variability that puts this
pattern on much firmer empirical footing. He
reports that during the heyday of innovation in
the Cambrian. trilobite species were in fact
unusually variable, more so than at any other
time in their history,

Previous suggestions of elevated Cambrian
variability involve a variety of taxa, but spe-
cial emphasis has been placed on trilobites
(4. 5), which have by fur the richest fossil
record during this interval. One commonly
cited example is the number of body segments
in the thorax of adult trilobites. Within some
Cambrian species, this feature is variable,
whereas in post-Cambrian trilobites, the num-
ber of segments is almost always fixed within
species. and often within higher taxonomic
levels such as genera and families (6). As
interesting as this example 1s. it applies to only
one trait and a small number of trilobite
species. More convincing evidence for
enhanced variation would require a broader
and more systematic survey of characters and
traits, but there are formidable obstacles to
measuring variation in a meaningful way

The author is in the Department of Paleobiology, National
Museum of MNatural History, Smithsonian Institution,
Washinglon, DC 20013-7012. E-mail: hunte@si.edu

across very different traits and taxa,

Webster gets around these difficulties by
cleverly exploiting a large set of expert obser-
vations already in existence. Since the advent
of cladistic methods in systematics, specialisis
generally represent their morphological obser-
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Before and after. (Top) An early Cambrian trilobite
from an order (Redlichiida) with highly variable
species. (Bottom) An Ordovician trilobite from an
order (Phacopida) with less variable species.

Trilobite fossils provide evidence for elevated
morphological variation during the Cambrian
Period.

vations as explicitly defined characters with
discretely coded character states. For exam-
ple, a character might reflect the number of
ridges in a defined region of the rilobite
head. and there would be different character
states corresponding to the presence of one
ridge, two ridges, and so0 on. Systematists
not only record the character state atmbuted
to each species in a study but also usually
mdicate for each character which species
were variable. Such coding of species repre-
sented by individuals with two or more
different character states is called “poly-
marphic™ by systematists,

By tracking the preponderance of poly-
morphic versus invariant characters over time,
Webster was able to document a dramatic pat-
tern: In the early intervals of wrilobite evolu-
tion {the Early and Middle Cambrian), poly-
morphism was much more common than in
any subsequent peniod of trilobite history.
Because the elevated polymorphism was not
himated to any particular kinds of traits, tnlo-
bite species during these carly intervals were
very likely 1o have been exceptionally variable
in their overall morphology. Moreover, this
period of elevated polymorphism oceurs at the
same time that trilobites were diversifving
taxonomically and morphologically. suggest-
ing to Webster that elevated vanation may
have promoted the radianon of wrilobites.
Although this large data set of observations 1s
not a random sample of trilobite lineages or
trants, a variety of sensitivity analyses suggest
that whatever its biases, they do not appear 1o
change markedly over ime,

This study, in establishing the reality of
increased Cambrian variability for trilobites,
implies that evolutionary processes in the dis-
tant past may have acted differently, or inadif-
ferent balance than in more recent periods of
time. The cause or causes for these differences
likely relate 1o the proposed explanations for
the extravagant evolutionary inventiveness of
this period. These explanations fall into two
broad categories: genetic and ecological
(7. &) The former suggest that Cambrian
genomes were less constrained, or otherwise
less apt to generate profoundly novel mor-
phologies, whereas the latter invoke the rela-
tive sparseness of early animal ecosystems in
allowing large evolutionary jumps o become
successtully established,

As Webster notes. either or both of these
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explanavions may account for the greater vari-
ability of Cambran trilobites: more loosely
organized genomes might be expected to pro-
duce a greater range of morphologies, and less
occupied adaptive landscapes might be more
permissive of the broad production of van-
ants. Nevertheless, this work highlights the
uniqueness of the early Cambrian interval in

the evolution of amimals and thereby the
importance of placing broad evolutionary pat-
terns in a historical and paleontological con-
lext,
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MATERIALS SCIENCE

Filling a Void

Stephanie L. Brock

Orous inorganic materi-

als are widely used as fil-

ters  and  catalysts— .
applications that involve the
transport of molecules or ions
toreactive surfaces. Such mate- +
nals include zeolites and meso-
porous solids (both of which
have ordered pore siructures),
as well as dried gel structures
such as aerogels (with a dis-
ordered pore structure). The
materials vary in the number.
size, and distribution of pores,
but with few exceptions, they are oxides. This
“chemical exclusivity™ has severely limited
their potential applications. Thus, zeolites effi-
ciently absorb calcium and magnesium ions
and are therefore effective water-softening
agents, but they are largely ineffective for
remediation of heavy metal ions, such as
mercury or lead.

The problem with oxides is that they prefer
to form bonds with small metal ions such as
magnesium and zine. Heavy metals are large
and polarizable and cannot be effectvely
bound by porous oxides. One way to get
around this problem involves modifving the
surface of the oxide so that it presents a larger,
more polarizable binding atom, such as a sul-
tur group, permitting selective adsorption of
heavy metal ions (7). On page 490 of this
issue, Bag ef af. repont another approach (2):
They use a sol-gel reaction to construct porous
solids that are analogous to oxides but contain
the heavier chalcogenides (such as sulfides or
selenides) instead of oxide. The resulting
chalcogenide aerogels selectively bind heavy
metals without requiring modification.

A few methods for making porous chalco-

The author is in the Department of Chemistry, Wayne State
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Chalcogel formation and mercury absorption. Bag el al. show that chalcogenido molecular
ions or clusters such as Sn,Se,* (orange bar) can react with Pt?* (green sphere) in water to form
a polymeric cross-linked network, This network can absorb up to ~650 mg of mercury per gram
of chalcogel from contaminated solutions.

genide aerogels have previously been reported.
These methods used either thiolysis chemistry,
in which molecular metal precursors are
reacted with hydrogen sulfide (3), or the oxida-
tive condensation of preformed metal chalco-
renide nanoparticles (). The method reported
by Bag er af, promises additional Nlexibility
because it starts from molecular 1ons or small
clusters of semiconducting metal chaleo-
venides and uses metal 1ons as linkers. Both the
cluster and the metal ion can be varied o adjust
the properties of the resulting matenal.

This general approach—the linking of
chalcogenido clusters with metal ions—has
been previously used 1o prepare mesostruc-
tured chalcogenides (3-8). In these studies,
surfactants served as emplates, onganizing the
metal chalcogenide component around the
micellar structures. analogous o the synthesis
ol mesoporous aluminosilicate materials (¥).
However, in contrast to mesoporous alumi-
nosilicates, attempts to remove the surfactant

by washing or heating resulted in collapse of

the pore structure. The present surfactant-free
strategy 15 simpler. eschewing order com-
pletely, yet generating stable porous structures,

Bag et al. use a metathesis (or partner-
switching) reaction between a metal chaleo-
genide salt and tetrachloroplatinate in
aqueous solution to obtain a solvent-swollen

Random gel networks formed from
chalcogenide clusters and metal ions
can selectively remove heavy metal ions
from water.

chalcogenide polymer.
Wringing out  this
“sponge™ without col-
lapsing the structure
can be achieved by
dryving from a super-
critical solvent. pro-
ducing an aerogel [a
term that refers to the
fact that the pore sol-
vient has been replaced
by air (/0)].

The chalcogenmde
aerogels prepared by
Bag et al. have high surface areas and can be
maolded into solid monoliths with densities
less than 5% that of a corresponding fully
dense material. Like any sponge, they are
highly absorbent, but because they are com-
posed from polarizable binding groups. they
are particularly effective sponges for heavy
metal 1ons. To test this. Bag er al. placed the
chalcogenide aerogels in a solution consisting
of commonly found (and nontoxic) metal 1ons
with low to moderate polarizability, like zinc,
along with rarer (but extremely toxic ) highly
polarizable ions like mercury, The acrogels
preferentially adsorbed the heavy 1ons.
removing Y9.9% of the mercury but just 40
of'the zine.

The differences between porous chaleo-
genides and oxides also extend to their opto-
electronic properties. Chaleogenide semicon-
ductors tend to be more covalent than oxides.
leading to smaller band gaps (the threshold
enerzy for photon absarption) that can be tuned
from the ultraviolet to the infrared. In contrast,
most oxide semiconductors absorb in the ultra-
violet (think of titania, a white paimt pigment).
Thus, the absorption properties ol chalco-
genides are better matched to the solar spec-
trum than those of oxides, making them useful
for applications such as photocatalysis (/ /). In
the present case, the effective band gap of the
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chaleogels can be varied from 0.2 10 2.0 ¢V by
changing the chemical constituents of the
chaleogenide cluster and metal ion linker ( 2).
Whether chalcogenide aerogels will find
practical applications remains an unanswered
question, although the few studies on these
materials have yielded provocative results. In
addition to the exceptional sorption properties
noted here (2). these include the ability to wne
the extent of quantum confinement with den-
sity () and 10 make bulk monoliths of lumines-
cent quantum dots (/2). It is abundantly clear

that our ability o apply sol-gel chemistry w
non-oxides, and metal chalcogenides in partic-
ular, is far more general than originally thought.
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MEDICINE

The Yin-Yang of Sirtuins

Andrew Dillin and Jeffery W. Kelly

he gene encoding SIRTL, a sirtuin his-
tone deacetylase, is widely recognized
for its link to aging. SIRTI activity
increases when conditions favor longevity,
such as a restricted calorie intake or treatment
with the polyphenol resveratrol. Furthermore,
ncreased SIRT 1 expression or activity delays
the toxic effects induced by a-synuclein (o-
Syn), the protein that forms insoluble aggre-

Resveratrol

SIRT1

ology. The study not only identifies SIRT2 asa
potential new target for Parkinson’s disease
intervention. but also bolsters recent work
linking age-related cell signaling pathways to
protein aggregation processes and age-onset
neurodegenerative diseases (3, 4).

SIRT2 is a cytoplasmic nicotinamide
adenine dinucleotide (NAD")-dependent
deacetvlase that 1s prominently expressed

Compound AGKZ

MNontoxic protein —— Toxic intermediate
(monomer?) — protein (oligomer?)

gates in several age-onset pathologies includ-
ing Parkinson’s disease (/). Understanding the
function of the seven mammalian sirtuins
should enhance our ability to promote healthy
human aging and to ward off age-onset dis-
eases by manipulating these proteins pharma-
cologically. On page 516 of this issue, Outeiro
and colleagues (2) identify an interesting twist
related to the family member SIRT2.
Surprisingly. inhibition. rather than activation,
of SIRT2 protects against o-Syn-related path-

A. Dillin is at the Salk Institute for Biological Studies,
10010 North Tarrey Pines Road, La Jolla, CA 92037, USA,
E-mail: dillin@salk.edu ). W. Kelly i at the Skaggs
Institute for Chemical Biology and Department of Chem-
istry, Scripps Research Institute, 10550 North Torrey Pines
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» Less toxic high molecular
weight species

in the brain. Outeiro er al. discovered that
reducing SIRT2 expression by RNA inter-
ference, or reducing its activity with small-
molecule inhibitors, protects against o-5yn-
induced toxicity in three differemt paradigms:
transfected human H4 neuroglioma cells
expressing wild-type o-Syn; ransfected rat
midbrain primary neuronal cells expressing a
variant of @-Syn that exhibits increased pro-
teotoxicity: and a fly model (Drosoplhila
melanogaster) of Parkinson’s disease, Resulis
from the latter two models are particularly
exciting because they show diminished neu-
ronal loss in response to reduced SIRT2 activ-
iy, The extent of rescue from o-Syn toxicity in
H4 cells is comparable w that observed when
the cytoplasmic chaperone protein Hsp70

Two related proteins protect cells from
age-associated neurodegenerative disease,
but one needs to be activated whereas the
other must be inhibited.

{which assists in protein folding and monitors
aggregation ) is overexpressed,

How does inactivation of SIRT2 result in a
protective eftect similar to that seen with activa-
tion of SIRT 17 The possibility that SIRT2 inhi-
bition simply activates SIRT | function appears
to be ruled out by data presented by Outeiro
et al. Another explanation is that SIRT 1 and
SIET2 may have the same molecular target. but
have opposing effects on its activity (see the fig-
ure). Altermatively, SIRT1 and SIRT2 may func-

Unity of opposites. Activation of SIRT1 and inhibi-
tion of SIRT2 have the same outcome—to block pro-
teotoxicily associated with age-related nevrodegen-
eralive diseases. Compounds thal act on these sirtu-
ins are therapeutic candidates, Question marks indi-
cate which mechanisms of action are unknown.

tion within independent and opposing signaling
pathways to promaote cell survival under condi-
tions of proteotoxic stress, We know that SIRT2
inhibition as a means of ameliorating proteotox-
icity 15 at least partially mechanistically distinct
from that of SIRT1 activators in worm and
mouse models of Huntington's disease (5). Only
the latter depends on the transeription factor
daf-16/FOXO. Perturbing cellular signaling
pathways that involve daf-/6 protects against
protestoxicity in worm models of Alzheimer’s
and Huntington’s diseases (3, 4). However,
Diosophila models of Huntington's discase
suggest a SIRT2-dependent pathway. based on
histone deacetylase inhibitors that arrest pro-
gressive neuronal degeneration and reduce
lethality (). Thus, the *yin-yang™ nawre of acti-
vating or mhibiting these sirtuins to achieve the
same eflect is not clear,

It is intriguing that the small molecule
inhibitors of SIRT2 identified by Outeiro er al,
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result in accumulation of larger c-Syn aggre-
mates. This result 1s consistent with recent data
on other proteotoxicity disease models wherein
large protein aggregates appear to be protec-
tive, whereas smaller aggregates correlate with
toxicity (4. 7). Thus. modulation of SIRT2
activity may reveal the toxic intermediate(s) in
several protein homeostasis—related maladies.
What is the mechanism by which inhibition
of SIRT2 protects against o-Syn-mediated
toxicity”? SIRT2 colocalizes with the micro-
ubule evtoskeleton and primarily deacetylates
lysine-40 of a-tubulin (). but it is not so clear
how this relates to its protective effiect. Other
possible cellular roles of SIRT2 may be
accountable, For example, histone deacetyl-
ases are required for a process associated with
autophagy—a cellular self-digestion mecha-
nism—that involves the recruitment of lyso-
somes to cytoplasmic inclusion bodies (which
contain aggregated proteins) located in micro-
tubule organizing regions. This process. which
is observed in Huntingtons and Parkinson’s

diseases (¥), may involve SIRT2. Previous
work also implicates transcription factors (p33
and FOXO) and histones (H3 and H4) as sir-
tuin-regulated rargets, indicating that SIRT2
could block the expression of genes that pro-
mote protection against proteotoxicity. SIRT2
may also regulate programmed cell death:
antiapoptotic effects are observed when cells
either express less SIRT2 or are treated with
nicotinamide, a sirtuin inhibitor (/0, /1),
Aging appears to be the prominent and uni-
fving risk factor in almost all neurodegenerative
diseases. Although the function of sirtuins in
neuronal protection has been studied in worms,
fies, and rodents. therr role in protecting neu-
rons in patients with neurodegenerative diseases
remains largely uncharted. Nonetheless. sirtu-
ins are promising pharmacological targets to
delay and treat human age-related diseases,
owing to signaling pathways shared with lower
organisms. The recent discovery of many small-
molecule sirwm regulators, particulardy SIRT2
inhibitors (/2), is especially encouraging.

Rapidly emerging data from basic and clinical
studies of sirtins and their small-molecule reg-
ulators leave optimists with the feeling that new
drugs influencing the signaling pathways asso-
ciated with aging and protein homeostasis could
become a reality in the foreseeable future,
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CHEMISTRY

A Counterion Strategy

Jarome Lacour and David Linder

nions and cations (negatively and

positively charged atoms or mole-

cules, respectively) play important
roles in chemical reactions as reagents,
imtermediates, and products. They can be
chiral molecules, with two non-identical
mirror images called enantiomers (/). On
page 496 of this issue, Hamilton er al. show
how a chiral anion can help to produce a chi-
ral reaction product consisting almost exclu-
sively of one enantiomer (2). This result is
important given the increasing demand from
academic, agrochemical, and pharmaceun-
cal laboratories for enantiopure (single-
enantiomer) molecules.

In solution, 1ons and their oppositely
charged counterions tend to form ion pairs
{3). Depending on the solvent. the cations and
anions within ion pairs may be separated from
each other by solvent molecules or may be
close together. allowing one partner ion to
influence or even control the environment of’
the other. The latter situation is, however, rare
in solution and, prior to the work by Hamilton
et al., had not been observed in homogenous

The authors are in the Department of Organic Chemistry,
University of Geneva, 1211 Geneva 4, Switzerland. E-mail:
jerome.lacour@chiorg.unige.ch

Ligand approach

(3

A new way has been found to control the
"handedness” of products formed in
metal-catalyzed reactions.

Counterion approach

ok
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Ligand- versus counterion-mediated enantioselective metal catalysis. Traditionally, product chirality is
controlled through the use of enantiopure ligands (L) that are directly bound to the metal ion (M*)=substrate
{5} complex (left). In the repart of Hamilton et ol (right), the source of control is an anionic counterion 1-,
it is not directly attached to the metal, but rather cantrols the selectivity from “afar.”

metal-catalvzed reactions.

When chiral ions are combined with enan-
tiopure counterions, two different ion pairs
can form, which
the counterion—can possess rather different
chemical and physical properties. [fone ofthe
pairs 15 energetically more stable than the
other, it is formed preferentially (4). This
unbalance has been exploited in the past to
achieve high level of asymmetric recognition
between chiral cations and anions, leading to
elficient processes of resolution, asymmetry
induction. and synthesis (3).

However, in the field of catalysis, for a

through the influence of

long time only cationic counterions—and not
anionic ones—were able to control the out-
come of reactions and to help produce chiral
products as single enantiomers (6). This has
changed recently with several independent
reports in the feld of enantioselective or-
ganocatalvsis (a type of catalysis that uses
only organic molecules as catalysts). For
example. Leitner and co-workers have used a
salt conmtaining an enantiopure borate anion as
the solvent in an aza-Bavlis-Hillman reac-
tion; the resulung product consisted mostly of
one enantiomer, with an ee (enantiomeric
excess) ofup to 84% (7). List and Mayer have
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shown that a phosphate anion of type 1 (the
same as that used by Hamilton ef al.: see the
Figure) can modulate the enantioselective
transfer hydrogenation of . f-unsaturated
aldehydes, with an ee of up to 98% (8).
However. no chiral-anion-mediated metal
catalysis with high enantioselectivity was
reported. despite the fact that transition
metal-based systems are usually cationic,
Most researchers considering the strategy of a
metal center surrounded directly by one or
more bound enantiopure ligands more effi-

cient (see the DNigure. left panel); the use of

chiral anionic counterions residing in the sec-
ond coordination sphere of the metal 1on (see
the Figure, right panel) was deemed less
effective and predictable.

An opportunity arose in the burgeoning
area of homogenous gold catalysis (9, 140),
Many reactions—including intramolecular
nucleophilic additions of alcohols. tosy-
lamines, and carbox vlic acids to allenic frag-
ments—are effectively promoted by catalytic
amounts of Au(l) 1ons and phosphine ligands
(L). However, highly stereoselective reac-
tions with broad substrate scope have been
hard to achieve with the traditional chiral lig-
and/metal 1on strategy (/).

Capitalizing on their recent observation

that some Aull)-catalvzed reactions are sen-
sitive to the nature of the anionic counterion
(£1). Hamilton ef af. hypothesized that an
enantiopure counterion of type 1 could be
the key to an effective asymmetric transfor-
mation of these reactions. Using this
approach, they achieved very high level of
stercoinduction (ee up to 99%), The protacol
can be used for various allenic alcohols and
tosvlamines. In the case of substrates that
lack sterically demanding substituents and
tor which high enantioselectivity is there-
fore difficult to achieve. the chiral anion
strategy remains efficient {ee 80%); whena
chiral phosphine ligand acts in synergy with
the anionic counterion, a higher proportion
of the major enantiomer is produced (ee 92%),
Hamilton er af show that this dual approach
of combining chiral ligands and anionic
counterions is also effective in the hydroxy-
carboxylation of allenes. for which the use
ol either chiral hgands or chiral amons alone
fails to succeed.

The work of Hamilion ¢r af. may open a
new chapter in asymmetric homogenous
metal catalysis. There is much to gain from
this modular and supramolecular approach.
because it may, in some cases, be sufficient to
exchange traditional achiral anionic counter-

PERSPECTIVES

1ons for chiral versions at the last step of the
catalyst preparation. However, it remains to
be seen how broadly applicable this approach
will be. Deep understanding of the mecha-
nisms at play in chiral ion pairing situations
may prove to be necessary. possibly requiring
the use of modern nuclear magnetic reso-
nance techniques and computational studies
212, 13).
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MICROBIOLOGY

Necessary Noise

Jerome T. Mettetal and Alexander van Oudenaarden

n the classic view of cellular biology. cells

are simply a product of genetic and envi-

ronmental conditions, and all differences
between individual cells can be attributed to
one or both of these factors, Recent work, how-
ever, suggesis that when grown in the same
environment, cells from genetically identical
populations can exhibit very different behav-
wors. Even simple anributes, such as the number
of proteins produced from a constitutively
expressed gene, can vary greatly from cell w
cell. In other cases, individual cells will make
vastly different phenotypic choices seemingly
at random { /-4, Why some cells remain in one
phenotypic state whereas others switch to a dif=
terent one, and what the molecular processes
are that cause cells w “play dice™ when deter-
mining their fate, remain open questions,

The authors are in the Department of Physics, Massachusetts
Institute of Technology, Cambridge, MA 02139, USA,
E-mail: avano@mit.edu

On page 526 in this issue, Maamar er al.
{5) tackle these questions using the soil bac-
terium Bacillus subtilic. They find that the
random nature of the phenotypic choice made
by these bacteria o remain vegetative {(dor-
mant) or become “competent” (able to take up
DMA from the environment) can be traced
to variable expression of a single protein.
Although many organisms exhibit phenotypic
variability driven by stochastic gene expres-
sion, the B subrifis system is of particular
interest because variation (“noise”) in protein
expression is thought to play a key role in the
natural behavior of a population.

Under certain conditions, only some bacte-
ria exit a vegetative state and become com-
petent. The key protein orchestrating this
process, Comk, also spurs its own expression
by acting as a transcription factor. This auto-
regulatory positive-feedback loop enables
cells to stably reside at either a low or a high
level of ComK expression, corresponding to

The randomness of a switch between two
alternative bacterial states has been traced to
the variable expression of a single protein.

vegetative and competent states respectively.
In the vegetative state. cells have oo few
ComK proteins to activate further comK gene

expression, ensunng that the concentration of

this protein remains low. By contrast, in the
competent state, ComK is produced in large
quantities, ensuring that the gene remains
highly expressed. Further, there is a eritical
quantity of ComK that separates the two states:
cells with a ComK protein concentration
above this threshold will become competemt
(see the figure). It is thought that in vegetative
cells, rare fluctuations in protein concentra-
tions can cause cells to cross this threshold.
To determine the source of the luctuations
that drive this transition, Maamar e af.. use a
fluorescent probe that binds to messenger
RNA {mRNA) in situ to measure individual
mRNAs produced from the endogenous
comK gene and from a synthetic gene with an
identical upstream promoter region. By meas-
uring correlations in mRNA expression, they
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Randomly flipping a cell-fate switch. A population of bactena can express variable amounts of Comk protein,
Only cells that express greater than a threshald concentration of Comk become competent. Cell-to-cell variation in
Comk protein expression {"noise”) arises from variations in comK mRNA concentration across the cell population.

find that noise in ComK protein expression
comes mainly from random production and/or
degradation of comK” mRNA, rather than from
external factors (such as vaniability in ribo-
some numbers from cell w cell).

To demonstrate that noise in comk’ gene
expression is the key factor causing cells to
transition to competence. Maamar ef af. mod-
ifed a stram (which has an increased basal
comb mRNA production) by decreasing the
rate of translation iniiation. This reduces noise
() while keeping the average comK protein
concentration fixed. In the modified strain,
low noise levels caused cells to ransition into
the competent state less frequently than wild-
type cells. In other words. the reduced-noise

strain produces more mRNA, but less protein
from each mRNA. This reduces the amount of
variability in mRENA expression levels, and
thus varnability in protein concentration,

In a complementary study, Siiel er al. (7)
create a strain in which bacteria cannot com-
plete cell division, causing multiple cells to
share cytoplasm. In this strain, cell-to-cell
variability 1s reduced because connected cells
share proteins, averaging away differences in
protein concentrations between cells, Like
Maamar er al., they find that a decrease in
cell-to-cell variability leads to a decrease in
transitions to the competent state.

Maamaret al. and Stiel ef al. provide a com-
prehensive microscopic view of how stochastic

fluctuations in gene expression can cause cells
to change their phenotvpe. An even clearer pic-
ture of such cell decision-making might be
attained by coupling real-time measurements of
mRMNA and protein concentrations (&, ¥) with
switching events in single living cells. There
remains the nageing question of why the popu-
lation only allows a fraction of its cells o
become competent. By splitting the population
into two phenotypes, 8. subrilis may use natu-
rally occurring noise to increase population
diversity and enhance survival in the face of
environmental uncertainty (/0-/2). It is possi-
ble that evolution has been using a strategy of
maodifving transenption and translation rates to
fine-tune the noise levels( 3, 6) of key genes that
underlie phenotypic diversity in a population,
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Spying on Others

hen reputation is at stake, animals
as well as humans switch from
selfish to altruistic behavior,
because only the later is socially rewarded
i1, 2). But how do they assess whether their
actions are observed? Recent investigations
into human behavior have shown that subile
cues of being watched such as two stylized
eye-like shapes on a computer screen back-

M. Milinski is in the Depaniment of Evolutionary Ecology,
Max Planck Institute for Evolutionary Biclogy, D-24306 Plén,
Germany. B, Rockenbach is in the Department of Economics,
University of Erfurt, D-99089 Erfurt, Germany. E-mail;
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Evolves

ground suffice to change behavior (3). A
picture showing a pair of eves attached to a
cafeteria collection box significantly raises
the donated amount compared o a Mower
symbol; in fact, the eyes were most effective
when looking directly at the observer (4),
Although just ink on paper, these eye-
shaped cues seem to elicit unconscious
hard-wired reactions, Indeed, electrophysio-
logical responses recorded from the scalp of
normal subjects showed responses o iso-
lated eves that are even larger than the
responses o full faces (5). Brain imaging
studies in humans have also highlighted a
role tor the superior temporal sulcus (STS)

Watchful eyes induce altruistic behavior and an
"arms race” of signals between observers and
the observed.

and amygdala in gaze processing; the STS is
likely to be essential for recognizing the
eyes, head, and body as stimuli used in social
communication, whereas the amygdala is
likely to be essential for attaching social and
emotional significance to these stimuli {6).
Interestingly. even birds respond strongly to
eve-like shapes. especially when two eyes
are staring at them (7).

What 1s the benelit of watching some-
one? Spying on others seems widespread
in animals and humans (&). By snooping
on one another™s social life, animals and
humans can work out how to behave when
they meet in the future. Recent experiments
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showed that even fish gain
sophisticated information from
watching members of the
same species (Y). Some fish
can infer the social rank of
others by observation alone
and use this information to
their own advantage in future
encounters (/7). So it comes
as no surprise that both humans
and animals try to deceive
observers by behaving as they
want to be seen by others to
secure future gains.,

For example. the cleaning
wrasse [ish grooms its client
fish in the friendliest way
when other clients watch, but
without an audience it prefers
to bite off pieces of its client’s
skin (/7). In a dictator game
experiment, only one player
(the dictator) is endowed with
money and may share it with a
second plaver. Although un-
identifiable human “dictators™
share almost nothing (/2),
face-to-face identification in-
creases the share rate to 50%
( 13). Consequently, in order
to gain accurate information,
observers should avoid being
recognized: Indeed. some soc-
12l birds have eves concealed
in dark areas or stripes, ensur-
ing that the observed individual cannot
detect being the target (/4).

This 1s where humans differ from most
animals. We have large white sclera on either
side of the dark central ins when looking
directly at the observer. This seems to be an
honest signal of where we watch (). Ob-
viously there has been a net selective ad-
vantage of signaling the direction of our gaze
in social interactions. However, having such
eves should be disadvantageous when trying
to observe others” “unobserved™ behavior,
because we should take into account that the
observed person mrns altruistic as soon as our
observing gaze is recognized,

Can we escape being watched? When-
ever a person can be recognized by any cue,

bad conduct may incur costs. Instead of

behaving altruistically. people sometimes
avoid having to justify their behavior
by masking their faces, for example. at a
masked ball, when robbing a bank, etc.
Interestingly. the usual way to remove the
identity of people on photos is to cover their
eves by a black stripe. Visual cues of faces
seem o be of prime importance. Thus, either

Are you being naughty or nice? Totem poles put up in villages in Morth America
several hundred years ago standing vigilant at attention, with ever-watchful eyes.
Unlike natural goats, the stylized goat has “human eyes” with white sclera stressing
the direction of his gaze.

masking such cues or paying attention to
being watched may be socially selected.
Thus, a new dimension arises when
issues of reputation are present in human
social dilemmas. An “arms race” of hiding
signals between observers and observed
may result: Observer Alice should ke into
account that the behavior of Bob (the
observed) changes and therefore should
conceal her watching: Bob should be very
alert w faint signals of being waiched by

Alice, but he should avoid any sign of

having recognized Alice’s watching when
switching from selfish to aliruistic behavior,
He should avoid wrning his gaze in the
direction of the recognized observer. On the
other hand, as soon as Alice sees that Bob
has recognized that he is being observed. she
should eventually not reward the observed
altruistic behavior,

An arms race between observing and
being observed has implications for the
large body of recent research on human
altruism, Observed altruistic behavior may
often be less the expression of a personal
trait than an optimal response to the faint

PERSPECTIVES

feeling of being  observed.
Would altruism then function as
a potential decent? For example,
what we expect for the efficient
interaction between reputation
and costly punishment in social
dilemmas-—where individual and
social interests are at odds
might depend on the recognized
state of the signaling arms race
(15). When cues revealing that
the observed person has discov-
ered the observation are indeed
s0 subtle that altruism is a
suceessful deceit, the positive
effects of reputation can be
expected to be present to a much
greater extent. However, when
the observer can conceal his spy-
ing, reputation is subjectively
not at stake and thus will not
induce altruism.

Does the observer thus really
want o see “unobserved” behav-
tor? Yes. but only if the social
partner interacts with the observer
mostly anonymously and she
profits from seeing his “normal”
behavior and reacts accordingly.
Otherwise she should try her best
to generate the impression that
her social partners always feel
observed so that their “normal”
behavior is alruistic.  Perhaps
this is achieved in some socicties
by the ever-present watchtul eyes of otem
poles (see the Ngure) or a god that “sees
through everything.” Even actors on bill-
boards, a modern form of ink on paper, may
elicit unconscious social reactions in our
amygdala and thus nfluence our behavior.
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PHYSICS

Pierre-Gilles de Gennes (1932-2007)

Armand Ajdari

escribed as the “lsaac Newton of our

time™ by the Royal Swedish Academy

in the citation for his Nobel Prize in
Physics in 1991, Pierre-Gilles de Gennes died
on 18 May 2007 at the age of 74. Beyond the
remarkable lecturer and the advocate of sci-
ence and scientific research cherished by
media and students, Pierre-Gilles de Gennes
was above all one of the greatest physicists of
the 20th century. The depth and breadth of his
scientific achievements are exceptional. Inthe
last year of his life. de Gennes published arti-
cles in five different areas, from the motion of
dislocations in the quantum regime to the stor-
dge ol olfactory information in the brain,

De Gennes was bornin 1932 to a family of
medical doctors. He began his academic
career at the Ecole Normale Supérieure in
Paris. followed by 4 vears at the Commissariat
i I"Energie Atomigue in Saclay. In his early
work, he focused on magnetism, studying the
scattering of neutrons in metallic materials
close to magnetic transitions, as well as ques-
tions regarding spin waves and rare earths, A
postdoctoral stay at Berkeley in the group of
Charles Kittel followed, before a 2-yvear stint
in the French Navy,

Moving w0 Orsay in 1961, de Gennes
founded an experimental and theoretical
effort on superconductors. His work led o
important insights into surface superconduc-
tivity and into superconductivity without band-
map. Around 1968, de Gennes bezan to revisit
the field of liquid crystals, drawing fruitful
formal analogies with superconductors. His
insights had a substantial impact on the physi-
cal understanding of these materials, which
now play an important part in many technolo-
gies such as liquid erystal displays.

In 1971, de Gennes was appointed profes-
sor at the Collége de France. He then shified
his interest 1o polymers and to other topics
previously categorized as chemisiry. Drawing
on his creativity, his genius at simplifying
problems, and his ability to establish connec-
tions with sophisticated formal theories of
statistical physics. he demonstrated the
power of physics in dealing with these sys-
tems. This feld is today called soft con-

The auther is at ESPCI, 10 rue Vauguelin, 75005 Paris,
France, and at Saint-Gobain, Les Miroirs, 18 av. d'Alsace,
92096 La Défense Cedex, France. E-mail: armand. ajdan @
saim-gobain.com

densed-matter physics. As he had done previ-
ously, de Gennes teamed up with experimen-
talists at the Collége de France. in Saclay, and
in Strashourg to stimulate his creativity and
validate his predictions.

One of his remarkable achievements in
that period is the “n = 07 theorem, a formal
equivalence between the description of mag-
netic phase transitions and the statistical
physies of very long polymer chains, in the
exotic limit where the number of components
of the magnetization vectors 1s zero. He also
introduced simple wols to explain the proper-
ties of polymers without complex
computations. The best known 1s the
concept of the “blob™ 1o represent a
subsection of a polymer chain short
enouzh to be only weakly affected by
external perturbations. This concept
proved highly useful for describing,
for example, semi-dilute polymer
solutions and chains confined or in
Hows. De Gennes moreover invented
the theory of reptation, which de-
scribes the complex dynamics of an
entangled set of polymer chains
through the much simpler representa-
tion of a single chain reptating in the
“tube™ m which 1t 1s encaged by the
other chains. This theory forms the
basis of our current understanding of how
maolten plastics and polymer solutions flow.

In the 19805 and 1990%, de Gennes contin-
ued to study polymers, but also turned his
attention o new topics, such as weiting, adhe-
sion, fracture. friction, and granular materials,
When he moved to the Institut Curie in 2002,
he began o study biological problems, includ-
ing cellular adhesion, brain function, and
chemotaxis of bactena,

De Gennes often reported his results in
short letters that combined simplicity, ele-
pance, and deep insight. These qualites also
churacterize his major textbooks on supercon-
ductors, liquid erystals, and polymers.

Throughout his career. de Gennes was
interested in the potential applications of his
insights. Many of his results have led to
industrial or bloomedical innovations impact-
ing our lives, such as improved polymer
processes in the plastics industry and the use
of DNA gel electrophoresis for genomic
studies. De Gennes always maimntained links
with industrial companies, which provided a

Pierre-Gilles de Gennes, one of the greatest
physicists of the 20th century, extended the field
of condensed-matter physics toward chemistry,
biology, and engineering sciences,

stimulus for his own research (triggering,
for example. his interest in aquaplaning,
enhanced oil recovery, and emulsions). In
return, he coniributed to the transfer of know-
ledge from academia to the industrial world.

De Gennes possessed remarkable pedagog-
ical talems. His weekly lectures at the Collége
de France were beautiful and attracted both sci-
entists and nonspecialisis. He also devoted
much energy to modifying and developing
the Ecole Supérieure de Physique et Chimie
Industrielles (ESPCI), a Panisian Grande Ecole
lor the training of engineers, which he headed

-~
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From 1976 10 2002, In partcular, he introduced
two practices for students traditionally rare in
the French system: interactions with faculty or
researchers in small groups, and an emphasis
on laboratory experiments. De Gennes was an
active herald of scientific research, advocating
eritical observation of nature and hard work as
a path to better understanding. He engaged in
a renuine “Tour de France™ of talks in high
schools (more than 130 in the 2 vears that fol-
lowed his Mobel Prize). made frequent appear-
ances in the media. and was much appreciated
by the public for his charming and original per-
sonality and his graceful explanations of com-
plex phenomena in simple terms.

Above all, his collaborators will remember
de Gennes's permanent intellectual appetite,
implacable professionalism, and taste for life.
All these were served by a unique personality
and elegance, displayed in his gestures, in his
papers and books. in his lectures, in his draw-
mgs, and in his way of relating simply and
efficiently o people. Un grand monsieur,

101126/ cience. 1146688
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SCIENCE POLICY

AAAS Expands Vital Science
Outreach Efforts on Capitol Hill

With issues such as stem cell research, climate
change. and alternative fuels increasingly promi-
nent—and urgent—on the ULS. palicy agenda,
AAAS has moved 1o expand and strengthen its
role as a source of authorita-
tive scientilic insight for
members of Congress and
their stafls.

This yvear, AAAS CEO
Alan 1. Leshner testiflied
twice before Congress on the
need for a balanced approach
to federal research and devel-
opment funding, AAAS also
welghed in on stem cell and
science education bills with
letters to the LS. House of
Representatives and the Sen-
ate, urging the expansion of
federally funded embryonic
stem cell rescarch and supporting natonal stan-
dards for math and science education.

The AAAS Board 1ssued a statement just
before a House commitiee hearing this spring
warning of the diminishing U5, capaciiy to
uge satellites for scientific observation of the
Earth. In June, AAASS Center for Science,
Technology and Congress released two bricfs
on the policy pros and cons of biofucls and
coal-to-liquid fuel technology as both houses
of Congress consider complex, lar-reaching
energy bills.

AAASs constructive relationship with
Washington, D.C., policy=-makers has a long his-
tory. 15 Science & Technology Policy Fellow-
ship program, now in its 34th year, has placed
about 2000 scientists 0 temporary policy posi-
tions in Congress and in federal agencies, and
many have staved in the policy realm. The R&D
Budget and Policy Program is regarded as the
eold standard of analysis related 1o federal fund-
ing for science and technology. The 3-vear-old
Center for Science, Technology and Security
Policy regularly holds briefings for congres-
stonal stall, with subjects this year ranging from
security of LLS, food supplics 1o the Reliable
Replacement Warhead program.

The Center for Science, Technology and
Congress has served as a crucial laison between
the scientific community and Congress for over
a decade. Inrecent months, it has been critical in

AAASTs effort to expand engagement with
elected lawmakers on Capitol Hill,

The repeat invitations to testily before Con-
gress are one indicator of how the Hill has
come o rely on AAAS's
work, “The way Congress
works, they need wilnesses
on relatively short notice,
and we're able to provide a
good statement and do the
research in a relatively shor
period of time,” said Joanne
Padron Carney, dircclor of
the Center for Science,
Technology and Congress.

Gary Kline, a veteran
legislative stafler now work-
ing for Rep. Brian Bilbray
(R-Califl ), praised AAASS
reliability. “One of the
things [ really love about AAAS is that its a
one=stop society, someplace where | can go o
find nonbiased information and experts if'l
need to talk with someone,” he said. “Thev're
very casy 1o work with and they do a great job
on thewr briclings.”

The Center launched an online legislative
tracker in February 1o keep up with Congress'’s
work in progress, and recently unveiled a com-
prehensive chart of the eight different climaie
change bills working their way through the
House and Senate.

The Center itself has doubled in size in the
past 2 vears, adding senior program associales
Erin Heath, who specializes e sciences pol-
icy; Kasey White, who focuses on climate
change and eovironmental scicnee; and program
assistant Lina Karmoglanova, who also works
with elimate issucs. White edits the Center’s
monthly newsletier, Science and Technology in
Ceongress, which reaches over 1000 Hill sta ffers,
federal agency officials, and lobbyists.

The newsletter anabyzes high-profile topics in
Congress such as science education, nnovation
and cconomic competitiveness, export controls,
and visa regulations. Such issues “aflect the con-
duct of science asa whole™ and make them pame
targets for AAAS S work, White said.

“AAAS has worked with Congress through-
out much of its nearly 160-year history,” said
Albert H. Teich, director of AAAS Science &

Policy Programs, “but it's never before had the
kind of mfluence it does woday.”

For mere finformation about the Center for
Sefence, Technofogy and Congress, and for
accesy to s briefings and other resources, see
WHILERE SO0 S s

—Becky Ham

INTERNATIONAL

Brazilian Scientist Sees
Hope, Hype in Ethanol

Aoworld thirsty Tor new energy sources should be
cautious about ethanol “hype” because the wech-
nology 1o efliciently produce large amounts of
the fuel may be a decade or more away, influen-
tial Brazilian scieniisi José
Gioldemberg said at AAAS,

Goldemberg, a physicist
and former secretary of state
for Science and Technology in
Brazil, said ina 27 June lec-
ture that the United States and
other natons have suitable
croplands w support ethanol
production. The Brazilian program, started in the
1970, derives fuel from sugarcane and has cut
the nation’s gasoline consumption by 40,

But Goldemberg warned that any substantial
boost in global ethanol production will require
improvements in current technologics, such as
more efficient distilleries, as well as break-
throughs in converting cellulose molecules in
wood and other biomass into fuel. Researchers
are looking to genctically modify cellulose so it
can be more casily broken down, he said, and
also are trying to genetically engineer
microorzamsms o do the job,

During his visit to Washington, Goldemberg
also spoke at a 25 June Capitol Hill bricfing
abowt his nation’s small nuclear cnergy program,
In 1991, he said, he was able to convinee Fer-
nando Collor de Mello—Braeil's first elecied
president inmore than 25 vears— 1o abandon ini-
tial steps toward developing nuclear weapons.

Gioldemberg, now at the University of Sio
Paulo, also has served in Brazil as interim secre-
tary of the Environment; minister of Education;
and president of the Brazilian Association for the
Advancement of Science.

His ethanol seminar was cosponsored by
AAAS and the Washington Scienee Policy
Adliance. The Capitol Hill bricfing was arranged
by AAASS Center lor Science, Technology and
Security Policy.

—Earl Lane and Benjamin Somers

José Goldemberg
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Search Technologies for the Internet

Monika Henzinger

About 20% of the world's population uses the Web, and a large majority thereof uses Web search
engines to find information. As a result, many Web researchers are devoting much effort to
improving the speed and capability of search technology.

Wb scarch engine consists of two parts:

an offline part that gathers Web pages

and builds an internal representation of
them called an (invened) index, and an online par
that serves user requests by finding all matching
documents and ordenng or mnkmg them with the
goal of presenting the most relevant documents
on top (Fig. 1) To this day, index comprehen-
siveness and good mesull mnking are the main
challenges faced by Web scarch engines and are
the arcas in which Web search engines are com-
peting most fiereely. This article describes these
challenges and some solutions, concentrating on
the information retrieval aspects ol Web search-
ing. [t does not discuss the questions ansing in the
design of the infrastructure needed 1o suppon
large-scale scarch engines [see, e.g., (1, 2)).

The first Web scarch engines became avail-
able about 15 years ago. They indexed tens of
millions of Web pages and served hundreds of
thousands of searches per day. These scemed
like large numbers at the time, but since then,
Web search engines have had o inerease their
capacity enormously. Curremly, they are index-
ing tens of billions of Web pages and serving
hundreds of millions of Web searches per day.
In addition, the quality of the search resulis has
improved noticeably. The first Web search
engines used text-only ranking algorithms that
had been developed in the field of information
retricval during the preceding 30 vears. How-
ever, these techniques were designed for searching
document collections of wellswntten, homoge-
neous anicles, such as newspaper archives, that
are mostly searched by libranans and other
scarch specialists. In this seiting, the comprehen-
siveness of the results 15 a5 impotant as ils
relevance. On the Web, the pages are heteroge-
neous and of varying quality, and the majority of
searches are performed by novices. The user
looks frequently only ot the wop 10 results (F).
Thus, for many querics, the relevance of the top
results s more important than the comprehen-
siveness ol the result set. Because the text-only
techniques emploved by the fist scarch engines
were not designed for this setting, the quality of
the results was lrequently poor.

A substantial improvement in the quality of
Web scarch resulis was possible through the

Google Switzerland and Ecole Polytechnique Fédérale de
Lausanne, 1015 Llausanne, Switzerland. E-mail: monika.
henzinger@epfl.ch
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analysis of the hyperlink structure of the Web
(4, 3). Hyperlinks are navigation elements in Web
pages. When clicked on, a hyperlink loads into the
browser window g different pan of the cument
Web page or a different Web page. Hyperinks in
Web pages serve a similar purpose as do
references in scientilic anicles. In 1955, Garficld
showed that an analvsis of the structune of

Query

N

Index

Set of matehing
documents

Ordered list of
matching documents

'

Filtering YES .
desired _

Fig. 1. 5teps of a query. The filter can be, for example, a filter

for inappropriate content or a language filter.

references can detenmine the imponance of scicn-
tific anicles and joumnals (), A similar analysis of
the hyperlink structure of the Web gives an
estimate for the quality of Web pages. This
analysis leads 10 a queny-independent estimate of
page quality. To deploy itina mnking algonthm, it
needs 10 be combined with query-specific signals,
such as the frequency of the query terms on the
Web page. Google was the first commercial Wb
search engme o use this kind of hyperlink analysis
in its ranking through its PageRank measure (4).
Mathematically speaking, the PageRank wvector
containg one entry per Web page and is the
Eigenvector of a matnx derived from the hyper-

Filtering

Filtered ordered list of
matching documents

link structure of the Wb, IF the matnx 15 seen as a

linear mansfonmation of vectors, then the Eigen-
veetor is the veetor whose direction is not changed
by the ransformation. Thus, the PageRank vector
can be viewed as an inherent propernty of the whole
Web structure. Informally speaking, hyperlinks are
interpreted as recommendations, and PageRank
tries o measure how highly recommended a page
is. If many hyperlinks point 0 a page, ils
PageRank is large, I the pages containing these
hyperlinks have high PageRank themselves, tha
is, are highly recommended, then the PageRank of
the page increases oven funher,

Even though comprehensivencss and  result
quality of Web scarch engines have progressed
steadily, there is still much room for improvement.
Scarch engines cannot index all Web pages but
only the pages that are publicly available and
accessible without further “lom-filling”™ actions,
like filling in text n boxes or
checking buttons on Web pages.
By definition, Web pages that are
not publicly available are not
supposed 10 be available W the
general public. Fomm filling, how-
ever, creates @ challenge, Fre-
quently, Toms are the only way
o secess large amounts of in-
fornation stored in online data-
bases. It is conjectured that this
informaion constilutes a large
Fraction of the “deep Web,”™ which
is the name given 1o the part of the
Web that is not indexed by pop-
ular search engines ( 7).

There are many challenges
that make mnking difficult. Some
of the most important anc (i) Many
queries are shon and underspeci-
fied. (i) Synonvms and homo-
nyvms make it difficult to decide
whether a page is relevan o a
query or nol. This classic problem
ol information rerieval is exacer-
bated on the Web by homonvins
between languages. (i) Ranking
the most authontative results first
is made harder by auhors who
specifically design their Web
pages s0 @ (o place them high
for cenain, mostly commercial scarches, This is
called search engine spam (not 1o be confused with
e-mail spam) (iv) Users ask for additional featuncs.,
such as fihers [or inappropaate content.

Here, T report on some of the ongoing ne-
search 1o address the above questions. [ use the
term “search engine™ 1o denote a commercial
Web scarch engine and the tenms “Web page” or
“page’ to denote a document publicly accessible
on the World Wide Wb,

Comprehensiveness

The goal of scarch engines s 1o find the most
relevant documents for user quencs, Boecause of
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the great varety in information needs, search
engines must be very comprehensive. One way
to achieve this s by indexing as many Web
pazes as possible. However, the larger the mdes,
the higher s the cost per scarch for a scarch
enging, because more machines are needed
store and scarch the index (8), Addiionally, the
more Web pages have already been ndexed, the
harder it becomes o find pages with new
content, that is, content that is not contained in
already  indexed Web pages, Considening the
diminishing retums and increasing cost of larger
indices, search engines stop gathering pages afler
certain enteria regarding the siwe and coverage of
various languages have been mot,

A plethora of content is stored m databases
rather than i typical Web pages. The pages as
well as their URLs (9) are created in response 1o
a user lilling out a form on the Web, Because
scarch engines are unable 1o emulate this be-
havior, such dynamically generated pages can-
not be indexed, There has been some wescarch
on trving to make form-filling automatic (11, 71},
but the problam remains langely unsolved. On
the other hand, il the search engine knew the
URL, then it could request the page directly.
Thus, a search engine simply needs a list of all
LRLs accessible a a site, Following this idea,
Gioogle has proposed an open protocol (1.2), that
is, a format for Web sites 1o disclose a list of all
URLs they want indexed by a scarch engine,
This service is available lor all Web sites, nol
only for Web databases, In exchange for dis-
closing the hst, Google reports back 1o the site
which URLs it could not aceess, along with
query and user click statistics Tor the site. Yahoo
and MSN, as well as organizations with large
databases, such as Wikipedia and the New York
Timex, have already adopted this protocol.

Result Ranking
Together with comprehensiveness, the quality of
the result ranking is crucial for the success of a
search engine. One uscful signal for mnking is
anchor texi. Anchor text is the texi associated
with a hyperlink, usually appearing in blue font,
Clicking on it brings the user to the Web page of
the associated URL, that is, the page to which
the hyperlink pomts. For ranking purposcs,
many scarch engines reat the anchor text as af
it were part of the text on the page that it pomts
to. This 15 uselul becavse anchor ext ofien gives
a concise description of the page and cin thus
match queries that also use a concise keyword
description W retrieve the page. Additionally,
the home pages of many companics consist of
much graphics but few words, thus not giving a
strong signal that the page is the oflicial com-
pany home page. In such sitwations, anchor text
can ofien be relied on 1w identily the homepage,
Handling short or underspecified gueries.
The average query length has not changed much
over the years and 15 less than three terms,
Depending on the type of query, short querics
may cause a problem, Queries arc roughly classi-

fied into these three types (£3) () informational
queries, whose goal is to obfain information
regarding a topic of mterest; (1) navigational
quenies, whose goal s o find a specitic Web
page, such as the home page of a company; and
(i) transactional queries, whose goal is 10
perform a desired action, such as downloading
a centain software package, For navigational and
transactional querics, short queries are ofien
suflicient. However, informational querics Tre-
quently need more information about the user’s
topic of interest. A recent study found that many
informational queries are not specific enough; it
showed that the users” information needs vary
greatly even when they use the same query terms
(14). For example, for the query “trilblacer”™ one
user might want mformation about the  car,
whercas another user might want information
about the basketball team,

To address this problem, either the wser neads
1o be enticed to be more specilic, for example, by
refining the search, or user-specilic information
needs o be aken into account. On the Web, most
users are reluctant o do addiional work. Thus,
the arca of avtomatically exploiting user-specilic
information so as o personalize resull rankings
has receivied considerable attention.

To personalize a search, the scarch engine
needs wo know what the specific user is curently
looking For (short-term interest), 11 this is not
clearly expressed, then the general interests of
the user (long-tenm interests) may be helpful,
Thus, algorithms trv to build a model of both
the short-term and the long-term user interests.
The model can either (i) suggest additional search
temms or completely new queries o the user [see,
e.g.. (15)] or (i) rcorder the search resulis auto-
matically. Recall that the mnking ol a search
engine vsually depends on both query-dependent
and query-independent signals. Hence, the reor-
dering can personalize cither query-dependent
signals, for example, by automatically adding
words suggesied by the model 1o the query, or
query-independent signals, for example, by using
a personalized PageRank.

Data sources for the shon-term model are
queries issued by the user in the same session or
the session history of other users with similar
quernies, Data sources for the long-tenm mode] are
searcherelated user information, such as the user's
query and browsing history, and scarch-
independent wser information, such as documents
and e-mail that the user has read and personalized
information that the user provided to the scarch
service, For example, based on the knowledge
that the user is a car enthusiast or based on the
fact that his or her previous query was for
“Chevrolet,” the system could amomatically
add the word “car” 1o the query “trailblazer.”
The fiest studics employing auomatically created
shon-term and long-temm models w rerank search
results with query-dependent signals found no-
ticeable improvements in scarch quality (1618,
More rescarch is under way to explore the full
strength of this approach.

REVIEWS

Personalizing queryv-independent  signals,
specifically PageRank, has also received much
attention, This 1s challenging, because the Page-
Rank computation is time and space intensive,
is time intensive because it requires the solution
of a lincar system with as many cquations and
varables as there are Web pages, It is space in-
tensive bocause it requires stormge of a Page-
Rank score for every Web page. Thus, storing a
personalized PageRank for every user would be
very resource expensive. The cument state of the
art (/9 in the personalization of PageRank
allows the computation of about 100,000 1wpic-
related PageRanks, which can be arbitranily
combined by a user. Sec (2, 21) for eviews
on the topic,

Handling svnonvms and homommns, Web
search engine users have come 1o expect that
their exact query terms appear in the documents
of the result set. Thus, search engines are reluc-
tant to refurn documents that contaim synonyms
of the query terms but are lacking one of the
query terms. At best, they sugoest altemate que-
rics that contain synonvms of the original query
lenns.

An interesting question is what results
should be returned in the top 10 for homonyims
such as “jaguar” One of the top three dominant
search services returms seven results on cars, one
on the cat, one on a Macintosh OS5 X version,
and one on a quantum chemistry software pack-
aee called Jaguar. A second search engine re-
turns four resuls on cars and four on the animal,
one on a sports team, and one on a rock band.
The third search service relums six results on
cars and four on the animal. This points 10 a
constant discussion in Web scarching [see, cg..
(2] How much diversity should there be in
search resulis? Automatically detecting whether
more diversity is needed for a given query is
sill an open rescarch question,

Some problems with homonyms are due 1o
overlap of words or names of people with names
of locations. This has led 1o imleresting rescarch
with the goal of detecting the geogmphic contexi
of a query. Such rescarch addresses two issues:
deternmining the geographic context for queries
that do not contain a location but have a geo-
grphic context, such as “space needle,” and
detecting the lack of a geogrphic context in
certamn querics with location, such as “deneel
washington.” Simple lookups in geographic
dictionaries, called gazcticers, would fail in both
cases, The (irst problem can be addressed by first
retrieving the body text of Web pages that have
been dicked on by other users for the same
query and'or the body text of the top search
results; then using a gazetteer 1o extract all loca-
tion names; and fnally, based on the frequency
and spread of these locations, determining a
dominant location. For the query “space needle,”
“Seanle, Washington,” would be by far the most
frequent location, and the spread of the remain-
ing locations would not show any panicular
patterns, Thus, “Seattle” would be selected as the
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dominant location. The second problam can be
addressed in a similar way, The results for the
query “New York Times,” for example, would
most likely contain the phrase *“New York Times”
more often than the phrase “New York™ by itself,
giving a strong signal that “New York Times™ is
an unbreakable phrase, A lookup in a gaecticer
would then indicate that the query does not have a
geographic context, becawse “New York Times™ is
not a location, With this approach, the geographic
context of about 93% of queries can be detected
with an accuracy of about 93% (23). The next step
is 10 devise algorithms that exploit this information
o improve search resulls,

Fighting search engine spam, Deciding
what constitutes scarch engine spam is ofien dif-
ficult. Some results are obviously search engine
spam, such as a page o purchase a quantum
chemistry software package that s retumed in
the top 10 results for the query “jaguar” Others
are less Clear, lor example, when the query
“Hilon San Franeisco™ retums a page of a travel
ageney that is not affiliated with Hillon Hotels
but which allows users 10 book a hotel room in
the San Francisco Hilton.

Search engine spam usually tries 1o boost the
ranking ol a specific page while concealing the
boosting from the user. Commion boosting tech-
niques are content spamming {or kevwond
stufling), which trics to manipulate the query-
dependent pant of the ranking algorithms, and
link spamming, which tries to manipulate the

querny-dependent signal through the anchor text
or the querv-independent signal through  the
hyperlink analysis. Hiding techniques are usu-
ally very creative. They either attempt 1o hide
the temms used for spamming from the user,
such as the famous “white text on white back-
ground” approach, or they use cloaking, in which
the spammer supplics the scarch engine with a
page that is different from the page that a nonmal
user sees when visiting the same URL, Sce (24)
for more details.

Detecting search engine spam is an ongoing
research effort. First resulis indicate that auto-
matic classiliers can be used 1o idemify 82 10
6% of content spam (25) and 80 1o 81% of link
spam ( 24), with very small false positive rates,

Filwrs for inappropricte comtent. What 1s
considered  mappropriate content ditfers  from
culture to culture, and cven from person 1o
person, Thus, the first challenge when building
a filter for inappropriate content is o find the
right definition of what is mappropriate. There
scems 1o be general agreement that filters lor
children should climinate pomogrphy, hate
sites, and violence-related as well as drug-related
material. Such content can ofien be detected by
a classilier that was tmined using machine-
leaming technigques. For training, the filter
software is given a large set of “tmining” docu-
ments, which are documents that are annotated
either as inappropriate or as not inappropriate; from
this, the software builds a model of what features of

GOOS]E Preferences Profaronces Halp | Adout Googie
Save your praferances when finshad and return 1o search Save Preferences |
Global Preferences (changes apply 1o all Googls servicas)

Interface Language Display Google tips and messages in | English |

If yous o0 mot find your native language in the pulldown above, you
hedp Googhe create & through owr Googls (n Y our LANGUSOS program

Search Language * Search for pages wiithen in any language Recommendsd
7 Search only for pages written in these language(s):
[ Arabic [ English 7 moonesian [ Poruguese
I™ Buigarian ™ Estonian ™ madlan ™ Romanian
I™ Catminn ™ Finrish I Jeparese | Russien
[” Chirese (Simglified) | French I Homan I” Serbisn
| Chirese (Troditioral)] | German I Latvian I Siovak
I~ Croatian I Greek I Uthuanian I Sievenian
™ Czech [~ Habrew I” MNorwogian [ Spanish
I Danigh ™ Hungaian [ Persian Swedish
I Dutch [ icelandic I Polish ™ Turkish
SateSearch Fillering Googht's SafaSearch blocks web pages containing axplich sexual contant from

sppearing n semch maults

™ Use strict filtering (Filler bolh explicil text and explicit images|

™ Use mooerte Menng (Fdler explicl images only - defsull bebharion)
" Do not fiter my search esully

Fig. 2. Filtering options of Google applying to all searches of a user.
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documents are good indicators of inappro-
priateness. This model is then used to filtler pages
with mappropriate content at query time. These
and other filters arc available at scarch engines; sce,
for example, Fig. 2 tor Google’s filtlering options
that apply to all scarches a user pedfoms (e,
personalized filier) and Fig, 3 for Google's Gltering
options for an individual scarch, In the fuwre,
scarch engines might provide flillers for topics,
geographic regions, or genres of Web pages,

Future Prospects

To further improve scarch results, specialized
search engings such as Google Scholar, which
contain pages only on a cortain OPIc or a conain
gonre, have been ercated. Another thrust of curment
research on result mnking is to analyee user clicks
on search results in the aggregate. Rescarchers are
also expenmenting with different scarch inter-
faces, such as mulifaceted scarching. Because no
search engine indexes the whole Web, compre-
hensiveness can be improved by combining scarch
results of varous search engines, Rank aggregation
is the research arca that explones different ways off
combining ranked lists of search results,

Other imeresting rescarch topics are searches
of other types of media, such as images, video,
and sounds. Current search engines usually
exploit textual information associated with the
miedia, such as the text in and surrounding an
image. the closed caption ol television channels,
or user annotations of images, so-called social
tagging. The quality of these in-
formation sources s varable, which in
wm aflects the search quality for these
media. See (27) for more details.

Current search engines do not un-
dersiand the semantics of querics or
Web pages, nor do they apply any form
of reasoning. Rescarchers cummently exper-
iment with augmenting search engines
with some simple forms of reasoning:
They try 1o exiract {acts from the Web and
store them in dambases (28). This would
allow a scarch engine o answer questions
of the foom “List all objects with the
following property,” such as “Give me all
citics in California with more than
I million mhabitants.” Simple deduction
rules such s “A s in relation with B, and
B is in relation with C, thus Ads inorelation
with " could then be applicd. Other
rescarchers retrieve facts from a manually
compiled hicrarchy of facts using a
theoram prover and attempt 1o combine
them with matches in documents with the
goal of mswering simple  fact-based
queries (29). Neither approach is used in
search engines today, but might be in a
future years.

Extracting facts from Web pages 1s
closcly related o scarching semistruc-
wred data, such as XML {Extcnsible
Markup Language) data, These kinds of
searches arise frequently in enterprise
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Fig. 3. Filtering options of Google applying to individual searches.

searching (scarching the web pages intemal o an
enterprse) and in the scarch of digital libranes.
Traditionally, databases have been used 1o scarch
structurcd data, and scarch engines have been
used for scarching unstructured data, such as text,
With the amival of semistructured Web pages, the
database and the information retieval commu-
nitics have started 1o explore combining their
techniques and rescarch efforts 1o achieve better

retrieval resulls (30, 31), Thus, a new field of

rescarch consisting of the combination of the two
areas may be created,
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The Scientific Research Potential of
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Virtual Worlds

William Sims Bainbridge

Online virtual worlds, electronic environments where people can work and interact in a somewhat
realistic manner, have great potential as sites for research in the sodal, behavioral, and
econoemic sciences, as well as in human-centered computer science. This article uses Second Life
and World of Warcraft as two very different examples of current virtual worlds that foreshadow
future developments, introducing a number of research methodologies that scientists are mow
exploring, including formal experimentation, observational ethnegraphy, and quantitative analysis

of economic markets or social networks.

ceent sociotechmcal  developments in-

volving onlime worldlike environments

have made possible new kinds of re-
scarch i the social and behavioral sciences,
raise imteresting challenges for computer and
mlonmation science, and suggest new potential
for education across all the sciences (1, 7). We
can use the tenm “virtual world™ 1o desenbe an
electronic environment that visually mimics
complex physical spaces, where people can
interact with cach other and with virual objects,
and where people are represented by animated
characters, The diversity of cument virtual
worlds can be represented by the ereativity-
onented environment Second Life (SL) and the
massively multiplaver online role-playing game
World of Warcmfi (Wo'W). To date, abou 6.3
million people have entered SL and WoW
reports that 1t has 8.5 million subscnbers, so
the impact ol this wechnology 1s beginning 1o be
el by society.

The user enters each via a personal computer
running special software that connects 1o one or
more servers that piss information back and
forth between users over the Internet. Both sim-
ulate very large three-dimensional environments
{illed with virtual objects through which the user
may subjectively walk, swim, or fly. and in the
case of WoW, with thousands of simple artificial
mtelligence (Al characters to interact  with.
Each wser is represented by an avatar and can
talk with the others by tvping in a chat channel
or through optional voice communication (J),
Both words sustamn complex intemal economics
with their own currencies, both enable users 1o
do wseful work for each other, and both offer
software tools o facilitate social interaction,
although some of their specific features arc quite
different (+-6) (Fig. 1),

In terms of scientific rescarch methodolo-
gies, one can do imarviews and ethnographic
research in both environments, but other methods
would work better in one than the other. SL is
especially well designed o mount  formal
experiments i social psychology or cognitive

Division of Information and Intelligent Systems, National
Science Foundation, 4201 Wilson Bouleward, Arlingtan, VA
22230, USA
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scicnee, because the rescarcher can construct a
facility comparable to a real-world laboratory and
recruit rescarch subjects. WoW may be better for
nonintrusive statistical methodologics examining
social networks and ceonomic systems, because
it naturally generates a vast trove of diverse but
standardized data about social and economic
interactions. Both allow users to create new
software modules to extract data.

The present moment marks a major historical
transition, Video games and computer games ang
in the process of evolving into something much
richer, namely vinual worlds, o the same time
that electronic games are surpassing the motion
picture ndustry in dollar terms and beginning 1o
cul mto television. Already, many families forgo
watching TV dramas to quest together in WoW.
Previously separate forms of electronic commu-

nication are merging in what Americans call
ubigquitous computing and Europeans call perva-
sive computing. The curment generation of video
game systams—XBox 360, PlayStanon 3. and
both the Nmitendo Wo and the Nmtendo DS
ponable —all conneet o the Intemet, and games
designed for cell phones or Intemet-connected
pocket computers are proliferating. Rescarchers
are exploring the methods needed 10 create an
entirely new generation of games, called perva-
sive LARPs (live-action mole-playing  games),
that have players act in the real world while
simultancously interacting over the Intemeat via
wireless mobile connections (7-9),

During this time of transition, when there is
active speculation about the investment oppor-
tunitics, it 15 exccedingly difficult w estumate the
curment cconomic impact of virtual worlds, lat
alone project the Tuture. For example, a Web site
called Howhead that was merely about Wol
recently sold for | million dollars, and the game’s
S15 monthly charge across many subscribers
could generate hundreds of millions of dollars
per year (1), Virtual worlds differ as to whether
their intemal currency can be exchanged for
dollars (5L ves: WoW, no). so cconomists face
the scientific dilemma of how to count wealth
gepertion inside the games, in addition 1o the
extemal dollar investments and retums, Exploe-
atory studics by Nick Yoo suggest that most
plavers are in fact adults, disproportionately male
but with a wide varicty of occupations and
demographic characteristics (11), so wvirtual
worlds are not simply a childish fad. However

Fig. 1. The Stormwind Auction House in WoW. The three figures wearing vests and standing on
platforms are the computer-generated auctioneers, whereas the dozen other figures are characters
belonging to real human beings participating in auctions involving a thousand or more people. The
one waving in the center is the avatar of a scientist who is studying this virtual world and the
computer-assisted systems it provides to facilitate social interaction and economic exchange.
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imporiant they may become, a few social
scientists and computer scientists have shown
that these new realms are already sunable
environments for scientilic rescarch,

Virtual Laboratory Experiments

For a least a decade, expenmentalists in the
social and cconomie sciences have looked o the

Internet as a mean of expanding the scope of

their research, and virtual worlds may finally
tum hopes into opportunities. A scientific agenda
for online experiments was already enunciated in
1997, when the National Science Foundation
i NSF) sponsored a workshop called NetLab w
explore the potential for online expenmental
laboratories  (www.nslgov/she/ses/soc/astjsp ).
The NetLab repont said that the Web could en-
able expenments to (1) be scaled up from the
usual few dozen subjects to hundreds or even
thousands; (1) cross sociocultural boundaries and
mclude rescarch subjects from previously under-
represented groups; (m) study processes that ke
place over longer penods of ume, meluding
weeks or even months: and (iv) become inte-
grated o the curriculum of underzraduates who
do not happen to be in major research universities
where such work traditionally 1akes place,

Owver the 10 vears since NetLab, a number of

workshop panicipants have emploved computer-
hased experimental methods, and some of these
studies attempted o falfill the vision of research
on an expanded scale (J2-14). Several groups
have made progress in designing “collaboratones™
(15, 16). The effect of these efforts has been

FAYETFTYs =
i T, G
L]

incrcased cooperation between rescarchers at
different universitics and improved use of expen-

ments as weaching wols. However, the vision of

vastly mereased numbers of more diverse

respondents intermcting over longer periods of

time has not boen achieved vat.

The seientific motivations for achieving these
goals are compelling. Today we understand bet-
ter than in the past that individual humans, small
groups, and large communitics are all complex
dynamic systems in interaction with each other.
Traditional laboratory methods are the best way
of testing simple causal theones by manipulat-
ing one or more experimental weatments, which
are considered the independent vanables (17, 4).
For statistical measons, expenments with small
numbers of research subjects are hmated 10
deteeting very strong effects, which is unlikely
1o be the case when many different vanables
influence both the outeomics and cach other. To
unrvel complex causal syslems using expen-
mental methods, one needs a very large number
of subjects. The background variables of the
individuals may have imponant influences on the
connections between the independent and  de-
pendent variables, so replication across multiple
or diverse populations will be necessary.

Virual worlds such as SL provide environ-
ments and wols that facilitate creating onling
laboratorics that can automatically recruit poten-
tially thousands of research subjects, over a
period of months, at low cost (Fig. 2). SL offers
seripting and graphics wols that allow amvone o
build a virual labortory building, Tunctioning

Fig. 2. Three avatars in SL making a door. In a virtual design studio, two scientists are admiring the work
of a student intern (center) who is areating a set of displays demonstrating human-centered computing.
After the combination lock has been set and made smaller, the door can readily be moved to its final
location. Similar methods can be used to construct laboratory facilities and experimental equipment.
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oquipment o mun the experiment, and incentives
to motivate paicipation, such as giving cach
rescarch subject a virtual helicopter o fly around
SL (79 It would be quite teasible to have ad-
vanced students replicate classic expenments in-
side SL, adding 1o our confidence in older results
while giving voung people valuable skills.
Creative scicntists may also be able w0 design
experiments that are feasible in virtual worlds b
were never possible before, For example, experi-
ments can be done comparing the sociocconomic
consequences of aliemative government regula-
tions, semething next o impossible in socicty m
large (20, perhaps taking advamage of the fac
that issues of environmental pollution already
loom large m WoW quests. A team led by
Yasmin Kafa at the Universiy of Califormia, Los
Angeles, has already used the children’s virtual
world Winville in an experimental sudy of
rcactions 1o a measles-like epademic aflectng the
avatars (21,

Makers of online games are always looking
lor interesting ways o aihance game play for
their subscribers, so they might be willing to
incorporate appropriate experiments. This would
be especially true il the experiment were novel,
if the company were [acing stult competition and
wore thus open to innovative ideas, and il the
scientists had their own funding to cover the
additional costs. Consider that players in WolW
are split imo two opposing fctions of many
races, called the Alliance and the Horde, on-
gaged ina cold war comparable 1o the histonical
MNATOUSSRE split. In 2006, two vears after
WoW was onginally released, leatunes were in-
tentionally added o two zones W Increase con-
[lict between the factions. Easiern Plaguelands
gained four towers for the factions o fight over,
and in Silithus they compete 1o collect samples
of a valuable mineral. In both cases. much of the
benefit is collective, what economists call a
public good, given only to members of the
winning faction, quite apart from how much the
individual player comribuied o the viciory. Thus,
the two zones are effectively ficld experiments
on the question of how individuals can be in-
duced o cooperate in producing public goods
(22). The evolution of cooperation between in-
dividuals 15 the classic topic for multi-agent
svstem Al computer simulations in the social
seiences, and the fact that vinual worlds combine
both Al agenis and human-controlled  avatars
implics that many rigorous experiments on this
crucial ssue can be conducted m them (23-23).

Political scicnoe uses the experimental method
almost exclusively in small labomatory studics than
mimic commitee deliberations, and none of the
social sciences experiment aggressively with so-
cial movements, simply becouse the cost and the
cthical 1ssues are daunting. This situation could
change online, especially in role-playing games
such as WoW, s long as the given experiment
barmonized with the mythology of the virtual
world. In the days before university committees on
rescarch with human subjects, it was not con-
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sidered unethical for a team of social scientists to

Join a small social movement in onder 1o study it

covertly, therdhy serously aflecting its outcome,
o o expenment with altlemative government pro-
grams that had serous consequences for the
beneficiancs, but those days are gone (26, 27),
Participants in WoW expeat the others 1o be acting
ageressively mopursuit of goals defined by the
mythos. Thus, a team of agents provocateurs who
are rescarchers in disguise would positively con-
tribute o evervbody’s dramatic experience, il they
promoted & movement that simuliancously
supported the mythos and perminted scientifically
relevant observations of human behavior, { See the
|.'11t'u,‘]||.{t|1:|l [i.r|' H] dj}u."lt?-,\il'lt'l ol |;lhix:;,l] ir..wuu,'.x.b

Observational 5Social and Economic 5cience

Many scientists and scholars are already con-
ducting rescarch about viriual worlds, and they
are beginning 1o use them as environmenis 1o
ask general soc

al-scientific questions.  Econo-
misl Edward Castronova argues that an iencas-
g fraction of human life, economy, and cullure
will take place in these novel environments, so
they need to be studied as important phenomena
in their own rght (28, Ina stedy of social and
ceonomic coordination, Castronova has shown
that it can be fruitful 1w compare results from
rescarch in different vinual worlds, just as is true
for nations on Earth (29), There s some evi-
dence that they serve as haicheries for new
culiural movements: for example, facilitning the
consolidation ol post-Chrstian religious ideolo-
gics (A0 and are substituting for disintegrating
social institutions in the real world (37).

It & especially mportant w© study  virtual
worlds now, because the current penod ol trans-
formation may not last much longer, and because
it may be impossible 10 reconstruct s key
processes and phenomena entirely from historical
records that are naturally preserved. Essentially
all of the classic one-player electronic games can
still be played, cither because compuier emu-
lators of the old svstems have been created or the
games have been ported over 0 new sysiems.
But the same is unlikely 10 be true for today’s
virtual worlds, because they depend on the
extensive social infrastructure of the companics
that suppor them and on the curent population
ol people who inhabit them.,

Virtwal worlds are good environments i
which 1o explore wider issues related w0 emerng-
ing technologies, such as intellectual propery
rights (321 and the sociotechnical implications
of online mishehavior (33-35). Rescarch con-
cerning the culural boundanes of vinual worlds
includes siudies of the extent w which gender-
specific behavioral norms transter 1o these non-
traditional environments (36), comparsons with
role-plaving games that are not electronic such
as H:ru*,;g'rrn.\ and .fh':r.::nu.\ :,i"r, 1,'i'lr1l!‘.lnli|!g [E'u;
human impact of allermative architectural phi-
losophics (38), the emergence of cooperation
(3, the possibility of addiction t© virtual
worlds (40), and explomtion of the difleremt
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meanings that participants attlach to virtual life
and death (47). To date, much of the rescarch

has followed the twin qualitative paradigms of

anthropelogical ahnography  and  sociological
participant  observation (42) but  quantitative
approaches using rigorous statistical and com-
putational techniques show very great promise.

WoW s a very conducive environment for
quantitative research becawse 1t encourages -
dividuals w write “mod™ or “add-on™ programs,
and scientists can use some existing soliware as
research wols or wrile their own. These

all the way from very simple sequences of char-
acter behaviors constructed using macros built
intor the Wol user imterface o long programs
written in the Lua linguage, For example, one
widely used program called Avctioncer analyvecs
prices on the WoW virual item avction system,
and CensusPlus tallics all the playvers currently
online by several charactenstics (Fig. 3).

With census data on mone than 200,000 Wol
charmcters, a team contered at the Palo Alio Re-
search Center analyvzed the factors associated wath
the upward status mobility of individuals (43) and
the dynamics of social groups (44, 45). Another
team, cemered at the University of linois, has
recently received NSF funding 1o develop new
.;|t'|;|.1}l1'1..'.;|| tools while ;||l.;||}fil1_1.'_ data taken
direaly from computer servers that run another
major online role-playing game, augmented with
a questionnaire administered o thousands of sub-
seribers  (www.nsEoov/iawardsearch/show Award.
do?AwardNumber=0628036). In principle, the
raw data from a game server record every sin-
gle interaction between humans, imcluding
ceconomic exchanges, the afhliation steps that
build groups and networks, every “chat” com-

munication between players. and all acnon

choices that individuals make within the social
COVITOIITICHL,

Computer and Information Science

Online virtwal worlds llustrate well the deti-
cicncics of the Imemct (46), notably its high
lateney (slow packet delivery speed) and low
bandwidth {amount of mformation that can be
deliversd i a given penod of ume). WoW man-
ages the bandwidth problem by placing all the
graphics on the users” computers, but this means
that they cannot create their own objects and @
best can assemble existing components. This
would not work lor SL, because the whole poimt
i5 10 empower users 1o create everything in their
virtual world from scratch themselves, The pen-
alty lor SL wsers s a delay whenever the avatar
moves o a new location, because all the spec-
ifications for the environment must be down-
loaded Mrom the server, ofien thousands of miles
away.

Latency s a big issuc for acton-onented
online games (47) WoW's user inlerface -
cludes a latency meter so that the user can
decide whether to log off and then back on later
in hopes of gening a betler connection. Humans
can detect latencies of as little as 50 ms, whercas
in nommal wse, Intemcet latency may be five times
that long. Games cover this delay as best they
can, typically by restricting plavers o serpted
movements, but this is far from ideal.

Currently, virtual worlds use some variant of
clientserver architectune, in which a centralized
company computer handles interactions among
all the plavers, although WoW does employ a
partial peer-to-peer network in distnbuting s
updates. The Nintendo DS portable game sys-
tem is an example of local peer-to-peer wireless

Fig. 3. Example of CensusPlus output from WoW. This display graphs the results of tabulating
4407 active characters for one faction in one of the hundreds of realms of this online game, and
exact census numbers are also provided. The bar graph at top left shows the distribution across five
“races”: dwarves, gnomes, humans, night elves, and Draenei; whereas the other bar graphs show
the nine classes (such as warrior or priest) and the distribution across levels of experience.
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networking, suggesting the range of allernatives
that may be buill mto a fure successor 1o the
Internet.

Virtual worlds arc a good proving ground for
virtual people, namely Al nonplayer characters
(NPCs) like the thousands that inhabit WoW,
NPCs can be either friendly (such as merchant
characters that serve as portals to the database
of vitual objects) or unfiendly (such as the
animals that a game player can gain points by
Killing b Camivores constantly patrol temritory at
random and anack the user’s avatar il it comes
within what plavers call the “aggro mdius™ and
ethologists of real animals call “reaction dis-
tance.” The Al system for such an animal is
extremely simple, but 11 oficn models runping
away or becoming enmged when n suffors dam-
age. Al representations of humans potentially
could be much more complex, Notably, a team
led by Mary Lou Maher has been developing
conceptual frmmeworks and  detnled methods
for giving these agents the motivation 1o seek
novelty and respond creatively (48, 49),

Other ficlds of computer and  information
science that may use virtual words as labo-
ratories include human/computer  interaction
(HCT), where “machinima”™ videos shot in vir-
tual worlds may be used 10 develop prototypes
of a wide mnge of systems (50) and new meth-
ods of information visualization (57). Today’s
virtual worlds contrast strongly with the concept
of wtally mmersive virtual reality (VR ) that has
long been popular with science fiction writers
{52) bul has proven so diflicult for computer
scientists 1o achieve in the real world. SL and
WoW images are resiricted 10 the screen of an
ordinary computer monitor, rather than fling
the walls of a VR cave or a binocular head-
mounied display. On ithe one hand, this may
suggest that people really do not need visually
perfect VR. On the other hand, wday's virtual
worlds may be preparing millions of people o
demand full VR in the future.

Conclusion: Human Challenges

Virual worlds may help unify some branches of
the social sciences and give them greater sci-
entilic ngor. Whercas cconomics and cognitive
science have made great stndes inrecent dec-
ades, some other disciplines remain fragmented
in mynad compeiing schools of thought, poised
ambiguously between the humanitics and the
natural scicnces. For example, concepts such as
“identity” and “self” have been used for nearly a
century 1o describe aspects of human individu-
ality, initially by the psychoanalytic school in
psvchology and symbolic interactionists in soci-
ology (33, 34). Some conlemporary cognitive
scientists are skeptical of scholady conceptions
of self (55), finding them 10 be more like literary
metaphors distilled from the sumounding  folk
culre than hike rigorously measurable scientific
concepts, The cognitive and emotional relation-
ships between a human user and his or her on-
line representation are very actively debated and

could become the [ocus of increasingly rigorous
rescarch and a point of convergence for the
social sciences (36, 57).

Interestingly, SL and WoW have different
ofatations, The simulated people in SL are

avatars, supposedly expressing the identitics of

their human owners, just as avatars within Hindu
religion personify aspects of the deitics, WoW
uses the tenm character, implying that many
players may keep a psychological distance from
them, considering them tovs, puppats, perhaps
even [rends, but not selves, Avid players tend 10
run several characters, commonly refering 10
them as possessions,

Citven the great variability across virual
worlds and human participants, the mulupliciy
of feasible research methodologies would permit
a mnge of overlapping research studics, adjudi-
cating between aliermative theoretical  proposi-
tions and thercbhy connecting the cumently
isolated schools of thought. Some studies could
examine how humans conceplualize their own
avatars or charmcters, while others could focus
on mutual perceptions during social interaction.
A third category ol swdics could look at how
humans react 1o the currently mther simple Als.
A fourth could explore social cognition by
designing ever more complex and lifelike Als,
watching their interactions with people, and even
modeling them on specific human individuals 10
better understand the cognitive processes that
shape human behavior,

The tremendous rescarch potential of viriual
worlds cannot obscure the et that there are
problems as well. A number of organizatons
hold meetngs in SL, from IBM 1o informal
Iriendship groups, but it is unclear what enhance-
ments are needed o make it a really good en-
vironment for serious distributed collaborations
of the kinds ofien underiaken by scientisis,
Ciiven that university depariments hire fculty in
a diversity of Nelds, research collabomtions in
highly specialized ficlds ofien ol necessity span
institutions, but scientists do not seem 1o be
rushing into SL to find a shared virtual location.
What value virual worlds might add 1o the
existing modes of communication between dis-
tant scientific collaborators remains to be scen,

Online rescarch involving human beimgs may
require cthics scrutimy by institutional  human
subjects review boards, or it may not, depending
on the circumstances. Arzuably, both SL and
WoW are public places, and the fact that both
discourage people from using their real names
scems to provide anonymity, but these points can
be contested. In WoW, for example, some com-
ban arenas and chat channels are accessible only
1o groups formed by invitation, so these might

qualify as private places. Many frequent users of

SL eraft their avatars 10 look like themselves and
give them porions of their own names, Any
avatar is subjectively a second self, so its repu-
tation becomes important 1o the owner even il its
deeds cannot be traced back 1o the person in the
real world,

REVIEWS

Academic social scientists are often requined
to tollow NSF's 45 CFR Part 6% Federal
Poficy for the Protection of Human Siubjects,
even i their project docs not have federal
funding (www.nsl gov/bla/dias/policy/docs/
45690, pd). However, people doing rescarch
outside the regulatory context of a university or
other employer are Iree to do anything not pro-
hibited by law or the enforced policies of the
paricular virtwal word. Given the low cost and
ready accessibility of online virtual worlds, stu-
dents are already undenaking rescarch projects,
from middle school upward, raising a host of
cthical issues, stanting with the question of
whether one can requine informed consent from
cvery individual in an online public space. We
cannot expect such issues 10 be resolved in any
definitive Tashion, because both social norms
and the technology are constantly changing, but
rescarchers need 1o be sensitive o them,

A related human ssue concems the trans-
lormation of some kinds of education at pre-
college levels, which might hanmoniee with sci-
entific values more than with traditional values.
NSF has supporied the development of wo
virtual worlds devoted 10 science education:
River City, where students explore public health
issues in a simulated 19th-century town (358),
and  Owesr Atfanris, where preteens develop
fundamental rescarch skills by solving environ-
mental problems (59). A number of educational
institutions are active in SL, including Ohio

Intversity, the University of Texas at Dallas, the
Unwversity of Cincinnati, Bowling Green State
University, the University of North Careling at
Chapel Hill, and Vassar College, ofien giving
students  educational experences in o creating
content lor SL.

Many wvirtual worlds may foster scientific
habits of mind better than tmditional schools
can, becauvse they constantly require inhabitants
to experiment with unfamiliar aliematives, mtio-
nally calculate probable outcomes, and develop
complex theoretical structures to undersiand
their environment (60-62). Probably for better,
but conceivably for worse, vinual worlds are
creating a very new context in which young
people are socialized to group norms, leam in-
tellectual skills, and express their individuality
(63). The “gmduates” of SL and WoW may
include many fulure engineers, natural scientists,
and social scientists ready 10 remake the real
world in the image of the virtual worlds.
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AAV Vector Integration Sites in Mouse
Hepatocellular Carcinoma

Anthony Donsante, Daniel G. Miller,®* Yi Li,** Carole Vogler,® Elizabeth M. Brunt,®

David W. Russell,**t Mark S. Sands™t

deno-associated  viruses (AAVS) are
Amrnu’:a'uu_.' vectors for gene therapy, We
previously reported a high incidence of
hepatocellular carcinoma (HOC)Y i AAV-trented
mice with the vsosomal stomge discase mucopoly-
sacchandosis VILMPS VI /), Similar malignant
hepatocellular changes were also observed n other
mouse models off AAV-mediated gene therapy
(2. ). In each case, the underlying molecular
mechanism 15 unknown,
We exammed HOC

formation in muce after A “Wﬁm:m;tﬂ:tm:l B b B Tumor

neonatal intmvenous in- !’ﬂ"‘T:E—_; 2230 I W Nomaal

jections of 1.5 = 10" sTR® | GrcakiatTics :E

genome-conlaining  par- Jxn2 A g 204 3

ticls of an AAV vector 1 74lllop) SR 2 2

expressing the human - o ALl § 2 104

glucumnidise gene fiom e = 110085155 78{lop) S m
Gic o

a Peactin proomoter and a
evtomegalovims (CMV)
enhancer (AAVSGLSE)
(fig. S1) Six of I8
(33%6) AAN-reaed MPS

1 2 —

Cc

Y -

those previously described (4 5) and contained a
portion of the 5 vector inverted tenminal repeat
(TR with tmnsgene wanscription proceeding ina
telomeric direction. We compared the copy
numbers of junction-spoci fic fmgments i umor
tissue and m normal liver. In the three cases
where adjpcent ssue was avalable, the unctions
were undelectable in nomualappeaning liver (<1
copy per 100 genomes ). Junction copy numbers

G

Vector —— e 3
Junctions

VI mice developed
HOC, compared with
1 of 25 (4% mce ireated
with bone memow rans
plantation (table S1).
Wild-type mice injected
with the AAV-GUSE

vector or a version bck-
ing the B-actn promotor

(fig. S1) ako developad

HOC at significantby high-
er ries (36% and 33%,

respectively) compared
with untreated normal

mice (83%) No tumons

AAV

were obsenved In tmins- 0.01 . 1
. . h i) a0 B0 120 108 109 110 111 112
EUiC IMike OMUTEsPiGss Chromosome 12 position (Mb) Chramasome 12 pasition (Mb)

ing GLUSE from the sune
expression cisselie os thal
in AAV-GLSE.

We attempied to iso-
late vecor-chromosome
Junctions Fom six wimors
present in six dilTeren
mice by imverse poly-
merase chain reaction
(PCR) A simgle, unigque
amplification product
was  detected in four
samples (Fig. 1A), Each

Junction was similar 1o vector integrations.

Fig. 1. (A} Vector-chromosome junctions are shown with colors indicating
sequence origin: black, chromosome 12; blue, AAV; green, microhomologies between
ARV and chromosome 12;
(ftip or flop orientation) positions are indicated, (B) Quantitative PCR for junction copy
numbers in tumors and in adjacent, normal tissue [primer sites shown in (A). Normal
samples were below the limit of detection. NA indicates not available. Error bars
represent 1 SD. (0 The genomic locus containing the integration sites is shown with
relevant portions expanded. Imprinted transcripts expressed from matemal (pink) or
paternal (blue) alleles, areas where transcription has not been confirmed (dashed
lines), and microRNAs (triangles) are indicated. (D) Transcript levels in tumors divided
by those from adjacent normal-appearing tissue. Fold differences for mice with
junctions 1, 3, and 4 were averaged and plotted versus chromosome 12 positions.
Blue dots are assayed transcripts (two overlap for Rian and Mirg). Red fines are sites of

and red, inserted nucleotides. Chromosomal and ARV TR

rnged from 3 10 27 per 100 diploid genomes in
tumor tssue (Fig, 1B). Because munne hepato-
oytes can be tewmaplowd or octaplod (6) and
because wmor samples contain a varicty of sup-
porting and mflanmmatory cells that presumably
lack vector proviruses, these valugs are consistent
with a single AAV vector integration event ne-
sulting in clonal expansion of rnsfommed cells.
However, we cannot exchide the possibility that
additional, undeteciod vector integrtions were akso
present in the wmor samples,

AL four junctions mapped o a 6-kilobase region
of chromosome 12 (Fiz, 1C), Two of the insertion
sites were located just 12 base pairs apart withm the
mir-341 microRNA imnseript. Microamay analysis
showed that genes adjacem and telomence 1w the
AAV vector provinses were drmatically: overex-
pressad (Fig. 1D), and they were up-regulated in all
three umor sumiples studied, sugeesting that the man-
senprional changes were due 1o provins msceriions.

Thirty-four of the 382 known mouse micro-
RNAs, with thousands of potential target genes,
are located within this locus. The highly over-
expressed Rian and Wiy genes contain multiple
simall nucleolar RNAs (snoRNAs) mnd microRNAs,
respectively, that could have profound effects on
host gene expression, The fact that every junction
solated was present at the same Jocus and resulied
m similar changes in exprossion sugeests tha these
events promole a critical step in tumorigencsis. A
similar locus on chromosome 7 was not dysregu-
bited [Supporting Online Materal (SOM) text].

Our findings implicate insertional mutagen-
csis by AAN veetors in the development of hepato-
cellular caremome Because humans have a syniemie
locus on chromosome 14 that has been linked 1o
several cancers (7, &), these findings raise safety
concems over the clinical use off AAV vectons,
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Free-Drifting Icebergs: Hot Spots of
Chemical and Biological Enrichment
in the Weddell Sea

Kenneth L Smith Jr.,** Bruce H. Robison,” John ). HElljl',z Ronald 5. Kaufmann,? Henry A. Ruhl,?
Timothy ). Shaw,* Benjamin S. Twining,* Maria Vernet®

The proliferation of icebergs from Antarctica over the past decade has raised questions about their
potential impact on the surrounding pelagic ecosystem. Two free-drifting icebergs, 0.1 and 30.8
square kilometers in aerial surface area, and the surrounding waters were sampled in the northwest
Weddell Sea during austral spring 2005. There was substantial enrichment of terrigenous material,
and there were high concentrations of chlorophyll, krill, and seabirds surrounding each iceberg,
extending out to a radial distance of ~3.7 kilometers. Extrapolating these results to all icebergs in
the same size range, with the use of iceberg population estimates from satellite surveys, indicates
that they similarly affect 39% of the surface ocean in this region. These results suggest that free-
drifting icebergs can substantially affect the pelagic ecosystem of the Southern Ocean and can

serve as areas of enhanced production and sequestration of organic carbon to the deep sea.

tmospheric warming has been associated
Au ith retreating ice shelves and glaciers in
the Antarctic over the past decade, par-
ticularly around the Antarctic Peninsula {f-4),

The disimegration of ice shelves on both sides of

"Monterey Bay Aquarium Research Institute (MBARI), 7700
Sandholdt Road, Moss Landing, CA 95039, USA. *San Diego
Supercomputer Center, Uniwmt}- of California, San Diego,
La Jolla, CA 92093-0505, USA. "Marine Science and Envi-
ronmental Studies Department, University of San Diego,
5998 Alcald Park, San Diego, CA 92110, USA *Department
of Chemistry and Biochemistry, University of South Carolina,
Columbia, SC 29208, USA. “Integrative Oceanography Di-
vision, Scripps Institution of Oceanography, University of
Califernia, San Diego, La Jolla, CA 92093-0218, USA.

*To whom correspendence showld be addressed. E-mail:
ksmith@mbari.org

Fig. 1. Northeast extent of the Antarctic Peninsula and South Shetland kland
chain, forming the western boundary of the NW Weddell Sea. (A) The study region
including the shipboard study site [inset depicted in (B)] and the area of the
processed SCANSAR-Wideband satellite image for analysis of iceberg number and
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the Antarctic Peninsula during the past 60 years
has been attributed (o atmospheric wanming (5. 6)

and has contributed 1o the increased frequency of

iceberzs in the Weddell Sea (7).

leebergs are very conspicuous features across
the seascape of the Southern Ocean. They rnge
in size from objects that are meters in diameter 1o
large tabular structures that can exceed 300 km in
length. In the Southern Ocean during the late
19805, there were an estumated 200,000 eebergs
with lincar dimensions in the tens of meters 1o
tens of kilometers (8, ¥). leeberg shapes range
from tabular w0 pimacle forms, depending on
their origin and staie of decay by evaporation,
meliing, wave-induced erosion, and fracturing
(A during transit o their final ablation,

Linle 15 known about the impact of lree-
dnrfting cebergs on the sumrounding pelagic eco-
system. Ancedotal observations suggest that both
depletion and enrichment of biological and
chemical activity in the pelagic #zone can be
associated with icebergs. While stationary in a
coastal region, a very large (~10,000 km*)
grounded iceberg with an associated faunal
community (/1) ereated shading and negatively
influenced surface primary production (/2). A
smaller, free-drifting iceberg increased concen-
trations of iron and chlorophyvlla in its wake (/3).
The density of acoustically reflective targers, be-
lieved 10 be zooplankion and micronekion, was
twice as high under a free-drifting iceberg as
compared with that of targets in surrounding
open water in the Waddell Sea (/4). Top preda-
tors, such as seabinds and seals, are also common-
Iy associated with icebergs in the Southem Oeean
(15-17),

Given the prevalence of icchergs in the
Southem Ocean and the paventy of data concem-
ing their impact on the surrounding ecosystem
over their life span of months 1o vears, we sought
1o address the lollowing null hypothesis: As drfi-
ing islands, icebergs impan no signilicant (P =
0.05) chemical and biclogical chamcteristics o
the surounding ccosystem when comparad with
maore peripheral waters some distance away.

lcebergs W-86 and A-52. We studied free-
drifting icebergs during austral spring 2005 in
the northwest (MW) Weddell Sea, an arca of
abundant iecbergs that orginate primanly [rom
the iee shelves along the Antarctic Peninsula
(Fig. 1A} Two dnling, tabular iecbhergs, located
=130 km apart and Iree of pack ice, wene sam-
pled along with the sumrounding waters. One ice-
berg, W-86, was siudied from 7 to 15 December
2005 as it raversed a wial distance of 123 km
(Fig. 1B W-86 was <2 km long. with an aerial

size, (B) Enlarged inset from (A} outlining the study areas for iceberg A-52 to the
east of Elephant and Clarence islands and for iceberg W-86 farther to the east. The
trajectories of each iceberg, A-52 and W-86, are shown with Julian days (JD)
indicated over the course of our study in austral spring 2005.
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height of 41 mand a submerged depth of =300 m,
This ic::h:r% had an cstimated acnal surface arca
of (0L12 km™. A spiral sampling track was used
to cncircle the entire weberg lor ship-based
surveys of jeeberg stucture, chlorophyll a,
phytoplankion, zooplankton, and micronckion,
We used a 10-m® opening=closing trawl [multi-
ple opening-closing net and environmental sensing
system (MOCNESS)|: a remotely operated ve-
hicle (ROV) with a video camera; an underway
Now-through  conductivity-temperature-depth
(CTD) instrument; a Muorometer: and a large
volume pumping system (f8), Spiral sampling
began within 200 m of the iceberg and extended
outward bevond 9 km, where the influence of
the iceberg was not detectable, Superimposed
on this sampling track was a serics of CTD-
roscite casts and stations where large volumes of
waler werne pumped from depths <80 m.

For comparison, we studied a much larger
1cehere that was clearly visible as a large feature in
satellite images (RADARSAT and Quick SCAT).
leeberg A-52 was first sampled from 3 to 6
December 2005 before its temporary ground-
ing off’ Clarence Island and was resampled
from 1610 2] December alter again becoming
lree-drilting. The total distance traversed by A-52

over an 18-day period was 531 km (Fig. 1B).

A-52 was oblong in shape, with a length of

21 km, an acmal height of 25 10 32 m, and a
submerged depth of 2230 m, The acrial surface
arca of A-52 was 300.8 km® during the first
sampling period. However, duning the second
sampling penod, the estimated surdace arca had
decreased by an order of magnitude 1o 30.8 kn?,
after obvious lracturing and ablation, Numerous
large waterfalls cascaded from the crest off A-52,
suggesting rapid melting across the extensive upper
surface, A modilied sampling program along the
lengths of both sides of A-52, including CTD-
rosetie casts 1o 300 m depth, was initiated at parallel
distances, extending out from 20 m 0 9 km,
Meltwater contributions. Complex surface
currents, with a strong divmal ndal component
modulated by inertial currents, imparted irmeg ular
spirling rotations to both icebergs, while A-52
maintained an overall rajectory toward the north-
cast and W-B6 moved pnimanly cast (Fig. 1B)
(S9. Meltwater comnbuted w0 highly vanable
salinity in proximity to both iccbergs (Fig. 2, A
and B), with lowest salinitics most prevalent in
surface waters (Fig. 2, C and D). There was
enrichment of short-lived ®*Ra (half-life = 3.7
days) in the surface waters adjacent to cach

Fig. 2. Surface salinity s, A s, B ”

and excess “**Ra mea- 3., "L . il . .

sured with increasing dis- i N ¥, P e o "ge f

tance from icebergs W-86 o oW = “Fr: i i

and AS2. Black ymbols 4 %27 ® uz

represent  measurements W T . v

ayound WBE: The: fiedt O 2 4 6 & W0 12 ©0 2 4 & 8 W 2
p ur,C 75D

and second sampling I P -

periods around A-52 are  § 545 § ¥ M5 L

differentiated by blue M4 = : l s, :

and red symbols, respec- ; M3 > * M

tively. (A and B) Mean :f L :f :

surface salinity (= SE) 0 2 & @& &8 10 12 0 2 4 4 & W 12

at meter increments be- ~5-Eo s F

tweenOand 10 mdepth & € 4. 4

determined from €D & fa| ° 3 4o

casts lopen squares; n = g ¥ o ° 2 {® =

10 measurements (W-86), - - T

n = 13 measurements o o o . . .

(A-52)] and underway o o5 15 2 o 2 4 &

Dugtancs from icabang [kim)

flow system salinity (in-
take at 5 m depth)

determined at 1-min intervaks for 5 min [crosses; 7 = 79 measurements (W-86), n = 100 measurements
(A-52}]. The SE of each mean value is generally smaller than the representative symbol. psu, practical salinity
units. (C and D} Mean salinity (+ SE) determined from 10 CTD casts at W-86 and 13 casts at A-52 over the
following depth intervals: O to 10 m (solid diamonds), 11 to 50 m (solid squares), 51 to 100 m (solid
triangles), 101 to 200 m {dashes), 201 to 300 m (plus symbals), 301 to 400 m ("x" symbols), and 401 to
500 m {open circles). The SE for each mean value of each depth bin is generally smaller than the size of the
representative symbol. (E and F) Excess ***Ra in surface waters (0 to 10 m depth) with increasing distance
from icebergs W-86 and A-52. The first sampling around A-52 (blue symbols) was more variable than the
second sampling (red symbols), but the combined trends are similar. For comparison, nearshore sample
activities (<10 km from the coastline of the Antarctic Peninsula; n = 7 measurements) are indicated by the
black bar on the y axis. Average open ocean (=100 km from any coastline in the Drake Passage; n = 6
measurements) and mixed-layer samples (30 to 80 m depth proximal to W-86 and A-52; n = 12
measurements) were at or below our detection limit of 0.6 dpm m>, aswas the zero value for W-86 (18).
[The detection limit was calculated as three (3a) times our calculated counting error of 0.2 dpm m™, The
error was determined with Poisson statistics on the total counts for each counting interval and propagated

based on three counting intervals per sample.]
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icebenz, Fxcess 7 Ra (that fraction not supported
by ambicnt parent isotopes) was chosen as an
unambiguoeus temgenous mput. Because the only
viable source of excess “™Ra is the decay of
28 associated with terrigenous particles, the
ennchment must indicate local input of ice-rafied
demtus into the surrounding surface waters (ypi-
cally <10 m depth) from mehwater. The sca-
surface laver in arcas proximal o both icebenzs
was enriched in excess “*'Ra when compared
with deeper mixed-layer samples (30 0 80 m
depth) that were at or below the detection limin
{Fig. 2, E and F), precluding a deep upwelled
source of enrichment, Surface enrichments de-
creased with increasing distance from the ice-
bergs. The highest excess **Ra enrichment [5.0
disimtegrations per minute {dpm) m"3| wis ob-
served in water samples collected in brash ice
broken off and immediately adjacent to iceheng
W-B6 (Fig. 2E) These samples also had the
highest negative salimity anomaly as compared
with samples from the surounding surface wa-
ters, suggesting @ meltwater source for the high
R4, In contrast, lower excess “**Ra activitics
were measured between | and 5 km from W-B6
and from A-52 during the second sampling pe-
riod (Fig. 2. E and F). We attnbute the near
“hackeround” activities in some samples col-
lected adjacent to A-32, during the first sampling
penod, o curent-induced upwelling. The trend
ol decreasing excess ~~'Ra activity with in-
creasing  distance from each iceberg suggests
rmpid meling and dispersion of the entrained
termrigenous material, a potential source of ron 1o
stimulate phytoplankton growth (20). Such
inputs from lree-driliing icebergs likely contrib-
uie 1o the clevated iron concemrations (-1 nM)
measured in the Weddell Sca as compared with
the extremely low-iron (=001 nM), high-nutrient,
low-chlorophy Il waters of the Pacific and Indian
sectors of the Southem Ocean (2/).

Surface waier concentrations of silicate, phos-
phate, ammonia, and nitrate revealed no signil-
icant patiern with distance from W-86 and A-52
due in part to limited sample sizes (fig. S1).

Phytoplankton community., Phyioplankion
biomass, estimated as chlorophyll a integrated
between the surface and 10-m depth samples
from roscite bottle casts, was diluted in the
immediate viemity (<0.2 km) ol iccberg W6
and mcreased oul w 1.0 km before declining
azain o significantly lower values (7 < 0.001)
beyond 3.7 km (Fig. 3, A and C, and able S1). A
similar pattiern. albeit at lower concentrations.
was observed around A-52, with higher chloro-
phyll a concentrations in the immediate vicinity
of the iceberg during the first sampling period
{Fig. 3, B and D). Moderate concentrations of
chlorophy]l a occurred <0.23 km from iccherg
A-52, with the highest concentrations around 0.5
km and background concentmtions bevond 1.0
k. At locations adjacent 1o both icebengs, under-
way surface uorometry measurements also ex-
hibited the highest Tuorescence values and
varability, which generally decreased with in-
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creasing radial distance (Fig. 3. A and B). The
microphytoplankion (=200 pm) composcd pri-
marily of diatoms constituted the largest percent-
age of total chlorophyll a within 1.0 km of W-86
(53%) and A-32 (45%) (Fig. 3, C and D).
Beyond a 3-km mdius, the microphytoplankion
fraction of total chlorophyll a was <24% around
both icchergs, The high microphytoplankton bio-
miss associated with W-86 and A-32 is similar 1o
the enhanced biomass encountered in cutrophic
arcas near the edge of the seasonal pack e (22)
or during iron endchment experiments (23, 24),

lce-associated community. The submerzed
sides of W-86 frequently had a reticulated sur-
face, which consisted of indentations (ablation
pockets) ~6 10 8 em across and | o 2 em deep. In
the ndges between the indentations were small
lragments of voleanic rock that served as attach-
ment surfaces for willed benthic diatoms, domi-
mated by Biddifpdvior aff, pemetata, with associted
cihates and formaminilerans. These ditom com-
munitics ranged from the surge-exposure depth
of & m down o 60 m. Below this depth, there
were no obvious signs of epibiota. Juvenile ice-
fish (Channichthyidae) and polyvchactes (Poly-
noidac), associated with pockets and folds in the
ice surface, were observed by ROV video but
were not collecied,

The submerged structural chamcteristics of
A-52 were more diverse than those of W-86,
including caves, “subtidal™ terraces. scoured
areas, and apparent precursor or eroded stages
of the reticulated indentations. In one arca, o
sham edge led o the suspected underside of
the iceberg at 230 m depth. Amtarctie krill
{Exphansio superba) ocourred abundantly in
association with many substrate fonms, includ-
ing the reticulated surface with atached diatom
communitics and caves that exiended deep into
the iceberg's interior. Clenophores, siphono-
phores, and chactognaths were also observed by
ROV wvideo in the water adjacent 1o the ice
surface around both icebergs. Extensive expanses
of attached distoms, dominated by Nizscfia aff.
decipiens, were also present on A-32, aligned as
on W-56, between the reticulated indentations in
the ice surface (g, 52). The densest concen-
trations of these attached algal commumitics
occumed on a (lared terrmce ol the icebeng broadly
exposed o downwelling light.

Macrozooplankton and micronekton com-
munity. Abundance of macrozooplankton and
micronckion, dominated by £, superba and the
chactognath Psevdosaginta pozelloe, was highest
within a 3.7-km mdius but diminished with
increasing distance from both iccbergs 10 much
lower background values (Fig. 3, E and F). A
Mann-Whitney {7 test revealed a significant
decrease (/7 < 0.009) in macrozooplankion and
micronekion abundance between the near-field
(=3.7-km radius) and far-field (=3.7-km mdius)
around A-32 (able S1), Although a similar trend
in abundance was associated with W-R6, there
was no significant difference (2 = 0.05) between
the near- and far-fickd. The displacement volume
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of macrozooplankton and micronckton, an
cstimate of biomass, was highest within 3.7 km
of cach ocherg, as compared with samples col-
lected =3.7 km away (Fig. 3, G and H). There
was a signilicant decrease (P < 0,005) in displace-
ment volume between the near- and far-field

surmounding A-32, but no significant difference
(P = 0,05) in volume was datected between the
near- and far-ficld surounding W-86 {table 51).
Gelatinous zooplankton, especially medusac and
siphonophones, were present i higher densitics a
A-52 than w W86, In contrasl, chactognaths
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Fig. 3. Pelagic community characteristics as a function of distance from icebergs W-B6 and A-52. Black
symbols represent measurements around W-86. The first and second sampling periods around A-52 are
differentiated by blue and red symbols, respectively. (A and B} Mean phytoplankton chlorophyll a
concentrations (+ SE in filtered size fraction =3 pm integrated from 0 to 10 m depth [open squares; n =9
measurements (W-86), n = 13 measurements (A-52)] and chlorophyll a determined from underway
fluorometry [crosses; n = 79 measurements (W-86), 7 = 100 measurements (A-52)]. SE values of each
mean are generally within the bounds of each symbel. (€ and D) Mean chlorophyll a concentration for
phytoplankton =3 pm for 0 to 10 m depth (solid circles £ SE} and the percent of that chlorophyll a
assoriated with microphytoplankton =20 pm in size (open squares + SE), (E and F) Macrozooplankton and
micronekton abundance (mean = SE) including all taxa. Fauna counted from collections made with a 10-
m? opening-closing net system with six nets (WOCNESS) towed from ~1100 to 1400 hours (18). ind.,
individuals. (G and H) Macrozooplankton and micronekton displacement volume (DV) (mean = SE) for all
taxa combined. Fauna were collected as described above, and wet displacement volume was determined
shipboard with fresh specimens. (I and ]} Phytopigment analysis of guts from E. superba, the dominant
macrozooplankton and micronekton species associated with W-86 (7 = 48 specimens} and A-52 (n = 39
specimens). Chlorophyll a is represented by solid circles {mean <+ SE} and phaeopigments are represented by
"x" symbols (mean + SE). (K and L) Pelagic seabird abundance for three aerial zones extending out from
each iceberg Imean + SE).
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were more abundant in rawls around W-86 than
in tmwls near A-32,

In the guts of £ sperba collected =3.7 km
from W-86, significantly higher concentrmtions
of phytopigments (chlorophyll a + phacopig-
ments) were measured, diminishing o lower lev-
cls at greater distance (P < 0.001; Fig. 3, Land J,
and table S1). Consumption of phytoplankion
by E superba should contribute 1o localized
export of panticulate organic carbon in the form
of fecal materal (25) w0 greater depths sur-
rounding icebergs. Gut phytopigment concen-
tations in £ superba sumrounding W-86 were
two orders of magnitwde higher than concen-
trtions measured in this specics around iceberg
A-52, No significant change in gut phytopig-
ment concentration (7 = 0,05) was detected n
E. superba with distance from A-52.

Seabird community. Pelagic scabirds were
significantly higher in number within 0.9 km ol
W-B6 (P < 0.001) and A-532 (P < 001) in com-
parison with scabird numbers observed w0 dis-
tances >0.9 km away (Fig. 3. K and L, and table
51} The number of bird species was greater, and
community evenness was signiticanly lower (<
(L0071, at locations near W-86 and A-52 as com-
pared with those values measured at positions
away from both icebergs. Decreased evenness
has previously been associated with the increased
dominance ol a specilic ecological factor, such as
resource availability (26). Cape petrels {Daprion
capense) were the most numerous bird specics,
whereas Antarctic [ulmars (Fufmarns olacia-
foides)y were less abundant and covaned in den-
sity with cape petrels. Wilson's storm petrels
(Oceanites oceanicus) were observed occasion-
ally but were not common.

Bioavailability of terrigenous material. It
is clear from our study that icebergs W-86 and
A-532 influenced the sumrounding pelagic coo-
system, as reflected in elevated concentrations
of **Ra and increased densities of phytoplank-
ton, zooplankion, and pelagic scabirds. As drili-

ing islands, icebergs impart substantial chemical
and biological chamcteristics o the sumounding
coosystem when compared with more penpheral
waters some distance away, thus disproving our
null hypothesis. We speculate that the releise of
trace elements, such as iron, stimulates prinuary
production that wophically sustains  enhanced
populations of kall and predatory seabirds,

We conducted phytoplankion culturing ex-
periments o evaluate the bicavailability of trace
metals associated with the iceberg-bome temig-
enous material, The growth of the centric dia-
tom Fhalassiosiva weissflogii was compared
in media amended with no trace metals, a full
complement of trace metals butfered with EDTA,
or 10 mg per liter of media of fine temgenous
particles (<63 pm) collected from iccherg frag-
ments adjacent to W-86 (/8). Diatoms grown in
metal-free media amended with jeeberg-bome
terrigenous material grew at a moderate specilic
rate of (.49 per day (a doubling tme ol 1.4 days),
reaching a concentration of 28 000 cells per ml
by the end of the 10-day incubation (Fig. 4). In
contrast, cells grown in media prepared without
metals achieved one cell division belore be-
coming severely metal-limited and slowly sen-
escing for the remainder olthe 10-day incubation
period. The initial cell division was likely
enabled by Fe and other bioactive metals (e.g.,
Mn, Cu, Zn) stored in the cells before resuspen-
sion in the metal-free media. These cultures
served as a negative control, demonstrating the
limited growth of these cells in trace matal-free
media. The highest growth rates for T owedss-
flogii ocewrred in metal-replete media (Fig, 4)
and were similar to those measured by other
rescarchers for this isolae under metal-replete
conditions {27).

Although isolated from a coastal environ-
ment, T7 weissflowi has been used in numerous
studies of Fe availability and uptake, and it is
representative of a cass of phytoplankion that
comprises a critical component of the expon pro-

Fig. 4. Cell density of the
diatom T. wefssflogii grown
in either metal-replete artifi-
cial seawater media (Aquil),
media prepared without
the addition of any trace  _
metals (Aquil — TM), or me- ¢
dia without added metals i
but amended with 10 mg
of washed terrigenous ma-
terial from iceberg W-86
per liter of media (Aguil -
TM + terrigenous material}.
Cells were grown at 15°C 100 1

1000 4

- Agui
== Adgual -TMW + (empancus mabedial
- Agu

| =The

under 300 pmol quanta
m~2 s~ on a 14:10 light:
dark schedule, Cells were pre-
acclimated to metal-deplete

Time (days)

media for more than five generations before rinsing and resuspension into each treatment. Cell density
was assayed with a Coulter Multisizer Il electronic particle counter. Each data point is the mean (+ SE)

of triplicate cultures.
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duction in the Southem Ocean. Previous studics
with T weissffogii concluded that the diatom was
unable to dircetly aceess collodal or particulate
Fe (28, 2¢), mdicatng that Fe must dissolve
before trnspon across the cell membrne, Pos-
sible mechanisms of dissolution include thenmal
dissolution (28), photoreduction (30, 3/}, and
complexation with siderophores or similar or-
ganic ligands (32} Each of these mechanisms
could occur in the cullure Hasks of the experi-
ment or naturally in the Southern Ocean,
Population of icebergs. To address how
large an “arca of influence™ was exened by the
twao icebergs on the sumounding pelagic zone, we
estimated the biological enrichment associmed
with W-86 and A-52 1o be the aerial surlace arca
ol cach ieeberg, depicied as a circle, the mdius of
which was increased by an additional 3.7 km [the
distance bevond which macrozooplmkion and
micronckion abundance and displacement vol-
ume decreased to apparent background levels
(Fig. 3, E to H)|. The estimated enrichment
area was 47.7 km® for W-86 and 577.2 km* for
A-52. Whether these feebergs have an entrained
arca of influence or & much larger impact, includ-
ing a “wake” ol enrchment, is vet o be resolved.
Our results show that the estimated area of
influence of icebergs W-86 and A-52 was quite
extlensive, To obain a broader spatial perspec-
tive, we processed the RADARSAT SCANSAR
Wideband satellite image closest in location
and time to our study sites (Fig, 1A image
number R153378: 22 Feb 2006). The arca
processed, 11,265 km?®, contained 962 detect-
able icebergs free of pack ice, cach >0.01 ki in
area (F8). More than 99% of these 1cchergs were
<0.85 km® in arca. With an arca o 0.12 km®,
W-R6 falls within this size range, but A-32 was
much larger (hig. 53A). The 1otal arca covered
by all the icebergs. 50.8 km?, was only 0.45%
of the total arca surveyed in the satellite image.
However, our study has shown that there is a
zone of biological influence that can extend ~3.7
km in radius from icebergs in the =0.1-km? size
range. To estimaie this expanded xone of bio-
lowical influence, we assumed that cach of the
>0, 1-km® icchergs in the saellite image was
circular in arca; the radius of cach circle was thus
calculated and expanded by 3.7 km and then the
pew arcy was recalculated (fig, S3B). A total of
29 iceberzs fell within this larger stee mnge, and
their combined area of influence was 4387 km?,
cqualing 3%% of the arca surveved in the satcllite
image. Obviously, this area of influence would
increase substantially i the remaining 873 ice-
bergs <0.1 km® were included in this analysis,
These caleulations strongly support the conten-
tion that free-drifting icebergs can have a very
pronounced impact on the pelagic ecosystem, Fur-
thermore, the proliferation ol icebergs associated
with global warming should murkedly increase
their influcnce on the Southem Occan ccosyslem,
Conclusions, We cnvision lee-drifting ice-
bergs in the Weddell Sca as hot spots of continual
micronutricnt release that sustain the accompany-
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ing epibiotic and pelagic communities. These
icehergs can be compared to estuanes that supply
surrounding coastal regions with nutrients. In that
respect, 1echergs may be thought of as “Lagran-
glan estuanes,” drfting through the Southem
Ocecan while ennching the sumounding  pelagic
zone, Our prelmimary studies sugpest that free-
drfting iccbergs and their associated communitics
could serve i arcas of increased production and
sequestration of organic carbon 1o the deep sca, a
process unaccounted for in current global carbon
budgets (33),
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The Product Space Conditions the
Development of Nations

C. A. Hidalgo,*t B. Klinger,”* A.-L. Barabasi, R. Hausmann®

Economies grow by upgrading the products they produce and export. The technology, capital,
institutions, and skills needed to make newer products are more easily adapted from some products
than from others. Here, we study this network of relatedness between products, or "product space,”
finding that more-sophisticated products are located in a densely connected core whereas less-
sophisticated products occupy a less-connected periphery. Empirically, countries move through the
product space by developing goods close to those they currently produce. Most countries can reach
the core only by traversing empirically infrequent distances, which may help explain why poor
countries have trouble developing more competitive exports and fail to converge to the income

levels of rich countries.

ocs the twpe of product that a country
Duxqmm madter for subscquent coonomic
perfommance? The fathers of development
cconomics held that it docs, suggesting that indus-

trialization creates spillover benefits that fuel sub-
sequent growth (f-3), Yet, lacking fommal models,
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mainstream econoimic theory has boeen unable o
mcorporate these deas. Instead, two approaches
have been used o explain a country’s pattem of
specializtion, The first focuses on the relative pro-
portion between productive [actors (Le, physical
capital, labor, lnd, skills or human capital, infra-
stucture, and institwions ) (). Hence, poor countnes
specialize in goods intensive in unskilled labor and
land, whercas richer countries specialize in goods
requinng infrastructure, institutions, and human and
physical capital. The second approach emphasiecs
technological ditferences (5) and has 1o be com-
plemented with a theory of what underlics them,
The varictics and quality ladders models (6, 7) as-

sume that there is always a slightly more ad-
vanced product, or just a differemt one, that
countrics can move to, disregarding product
similaritics when thinking about structural trans-
formation and growth,

Think of a product as a tree and the sct of all
products as a orest. A country 1s composed of a
collection of fims, 1Le., of monkevs that live on
different trocs and exploit those products. The pro-
cess of growth implics moving from a poorer pan
of the forest, where trees have linle fruit, o better
pants of the torest This implics that monkeys would
have o jump distances, that is, redeploy (human,
physical, and instimtional) capital woward goods that
are different from those currently under produc-
tion. Traditional growth theory assumes there is
always a tree within reach; hence, the structune of
this lorest is unimportant. However, il this forest
15 heterogencous, with some dense arcas and other
more-desented ones, and of monkeys can jump
only limited distances, then monkeys may be un-
able 1o mowve through the forest, 11 this is the case,
the structure of this space and a country’s onen-
tation within it become of great importance to the
development of countrics,

In theory, many possible factors may cause
relatedness between products, that is, close-
ness between trees; such as the intensity of labor,
land, and capital (8), the level of technological
sophistication (9, f0), the inputs or oulputs in-
volvad i a product’s value chain (e.g. colton,
varn, cloth, and gamments) (/1) or requisite insti-
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tutions (£2, 130 All of these are a prion notions
of what dimension of similamy are most 1m-
portant and assume that [Bictors of production,
technological sophustication, or mstiutonal qual-
ity exhibit linle specificity. Instead, we take an
agnostic approach and use an outcomgs-hased
measure, based on the idea that, if two goods are
related because they require similar instiutions,
infrastructure, physical factors, technology, or
some combination thercol, they will tend 1o be
produced in tandem, whereas dissimilar goods
are less likely 10 be produced together. We call
this measure “proximity,” which Tformalizes the
intuitive idea that the ability of a country 10 pro-
duce a product depends on its ability 10 produce
other products. For exanple, a country with the
ability 1o expont apples will probably have most
of the conditions suitable o export pears. They
would certainly have the soll, climate, packing
technologics, and Inigorilic trucks. In addition,
they would have skilled agronomusts, phyto-
sanitary laws, and trade agreements that could
be casily redeploved to the pear business. 1f
instead we consider a different product such as
copper wires or home appliance manufacture,
all or most of the capabilitics developed for the
apple business render useless. We imroduce
proximity as the concept that caplures this
intuitive notion,

The concept of proximity. Formally, the
proximity @ between products § and § is the
minimum of the pairwise conditional probabil-
itics of a country exponting a good given that it
exports another,

;. ; = min{P(RCAx| RCAx;), P{RCAx; | RCAx; I}
Where RCA stands for revealed comparative
advantage (/<)

xle. i)

RCAy =
¥ xled)
: ¥ vlei)
.
which measures whether a country ¢ exports more
of good 4, as a share of s tolal exports, than the
“average” country (RCA = I not RCA < 1),

We used mtemational rade data, cleaned and
made compatible ( £5) through a National Bureau
of Economic Rescarch (NBER) project lead by
R. Feenstra (/0), disaggregated according 1o the
Standardized Imernational Trade Code at the
four-cigit level (SITC=), providing for cach
country the value exponed 1o all other countrics
for 775 product classes. With these data, we
calculated the T75-by-775 matrix of revealed prox-
imities between every pair of products by using
the equation above,

A hierarchically clustered version of the matrix
is shown (Fig. 1AL A smooth and homogencous
product space would imply uniform values (ho-
mogenous coloring), whereas a product-ladder
model { 7) would suggest a matnx with high values
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{or bright coloring) only along the diagonal. In-
stead the product space of Fig. 1A appears 10 be
modular (F7, f8), with some goods haghly con-
nected and others disconnected. Funhermore, as a
whole the product space is sparse, with gy dis-

tributed according 1o a broad distibution (fig. S2)
with 3% of s clements equal 1o 2o, 32% of

them smaller than 0.1, and 65% of the onines
taking valucs below 0.2, These substantial number
of negligible connections call for a network rep-
resentation (J¥), allowing us w0 explore the
structure of the product space together with the
prosimity between products of given classilic-
tions and participation in world tmde, To offer a
visualization i which all 775 products are -
cluded, we reached all nodes by caleulating the
maxmmum spannmg tree, which includes the 774
links maximiang the wree's added prosamity (lig.

i e
AT Industrialized
ke Countries

1 'y

and
the Caribbean

A es%; -& Latin America

S54) and superposed on it all links with a proximity
larger than 0.55 (figs. S5 and 56), This set of 1525
Inks 5 used o visualize the structure of the {ull
prosamity matnx, which s far from homogenous
and appears 1w have a core-penphery structure
{Fig. 1B}, The core is formed by metal products,
machinery, and chemicals, whereas the penphery
is fommed by the rest of the product classes. The
products in the top of the penphery belong 1o fish-
ing, tropical, and cereal agriculure. To the leit
there is a strong peripheral cluster formed by
gamments and another one belonging o extiles,
lollowed by mimal agriculiure, The bottom of the
network shows a lauge clecironics cluster, ol
lowed 1o the nght by mining, lorest, and paper
products,

The network shows clusters of products some-
what related to the clwssification introduced by

[ ol East Asia
W, e "W, Pacific
' S

T
F{ﬂg tﬁ #«~'%  Sub-Saharan
A Africa

,

v &

Fig. 2. Localization of the productive structure for different regions of the world. The products for
which the region has an RCA > 1 are denoted by black squares.
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Leamer (8}, which is based on relative factor in-
tensities (table S 1 and g, S8), that is, the relative
amount of capital, labor, land, or skills required to
produce cach product. Although the classification
perfornwed by Leamer was done with a different
mcthodology, the agreement between it and the
structure of the product space s stnking. Yet ol
also introduces a more detailed split of some pro-
duct classes. For example, machinery is naturally
split imo two ¢elusters, one consisting of vehicles
and heavy machinery and another one belonging
to electronics, The machinery cluster is interwo-
ven with some capital-intensive metal products
bt is not tightly connected o similarly classitied
products such as wexles,

The map oblained can be used w analyze the
evolution of a coumry’s productive structure,
For this purpose we held the product space
fixed and studied the dynamics of production
within it, although changes in the product space
represent an intercsting avenue for future re-
scarch (210,

The pattern of specialization for four regions
in the produet space is shown in Fig. 2 (2/).
Products exported by a region with RCA = | are
shown with black squares. Industralized coun-
tries occupy the core, composed ol machinery,
metal products, and chamicals. They also partic-
ipate in more peripheral products such as textiles,
forest products, and animal agriculure. East Asian
countries have developed RCA in the garments,
clectronics, and textile clusters, whereas Latin
America and the Caribbean are further out in the
perphery in mining, agriculture, and the gar-
ments sector. Lastly, sub-Saharmn Africa expors

Fig. 3. Empirical evo-
lution of countries. (A)
Examples of RCA spread-
ing for Colombia (COL)
and Malaysia (MYS). The
color code shows when
this countries first de-
veloped RCA = 1 for
products in the gar-
ments sector in Colombia
and in the electromics
cluster for Malaysia. (B)
Distribution of density
{tw) for transition products

and undeveloped products

few product tvpes, all of which are i the far
periphery of the product space. These resulls in-
dicate that cach region has a distinguishable pat-
tern of specialization cleardy visible in the product
space, Links to the maps for the 132 countrics
included in the study can be found in the Sup-
porting Online Material (SOM) text,

MNext, we show how the structure of the product
space allects acountry's patiern of specialization,
Figure 3A shows how comparative advantages
evalved in Malaysia and Colombia between 1980
and 2000 in the dectronics and the gaments
sectors, respectively, Both countries follow a dif-
fusion process i which comparative advanmage
move preferentially toward products close o ex-
isting goods: garments i Colombia and elec-
tronics in Malaysia

Testing diffusion. Beyond this graphical
illustration, is it true thal countrics develop
comparative advantage preferentially in nearby
goods? We used two different approaches to this
question. First, we measured the average prox-
imity of a new potential product § o a country’s
current productive structure, which we call
“density ™ and deline as

2. X0y
i

29
P

where m‘} is the density around good j given the
export basket of the fh country and v = 1 0f
RCAG = | and 0 otherwise, A high density value
mcans that the fh country has many developed
products sumounding the jth product. To study the
evolution of comparative advantage, we con-
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sidered “mansition products” as those with an
RCAL=05in 199 and an RCA;= 1 in 1995, As
a contrel, we considered “undeveloped products™
those that i 1990 and 1995 had an RCA ;< 05

and disregarded those cases not fiting any of

these two eriteria, Figure 3B shows how density is
distnbuted around trmnsition products (vellow) and
comparcs it o densitics around  undeveloped
products (red), Clearly, these distrbutions are vory
distinct, with a higher density around transition
products than among undeveloped ones [analvsis
of variance (ANOVA) P < 1079],

At the single product level, we considered the
mtio between the average density of all countries
in which the jth product was a transition product
and the average density of all countries in which
the jth product was not developed. Formally, we
define the “discovery factor” H;as

where T is the number of countrics in which the
jh good was a transition product and A is the total
number of countrics, Figure 3C shows the Ine-

quency distnbution of this mtio, For 79% of

products, this mtio is greater than 1, indicating
that n!,f" is greater inocountrics that transitioned
into the /™ good than in those that did not, ofien
substantially.

An alternative way of illustrating that coun-

s develop RCA in goods elose 1w those they

(=

(O Distribution for the
relative increase in density
for products undergoing a
transition with respect to
the same products when
they remain undeveloped.
(D) Probabilty of develop-
ing RCA given that the
closest conmected product

is at proxmity o. (E} Rel- % 1
ative size of the largest

connected component

P[HJJI
8

0.04
0.02

2 3 4 56 7 8
H 6

il

o

N, with respect to the total number of products in the system N as a function of link ¢.

0 0" 02 030405 0607 0809 1 E_s
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already had s o caleulate the conditional
probability of tansitioning into a product given
that the nearest product with RCA = 1 is at a given
@, There 15 a monotonic relationship (Fig, 3D)
between the proximity of the nearest developed
good and the probability of tansitioning into i,
Although the probability of moving imo a good

650.55
A Chile &

at ¢ = 10,1 n the course of 5 vears is almost nil, the
probability s about 153% i the closest good s at
6=08(2).

Because production shifis to nearby products,
we asked whether the product space is sullicient-
Iy commected that given enough time, all countrics
can reach most of'it, particulady the nichest parts.

t=0.6

Lack of connectedness may explain the diflicul-
tics faced by countnes trving to converge o the
income levels of nich countrics: they may not be
able to undergo structural ranstormation because
proximities are just oo low, A simple approach is
to calculate the relative size of the largest
connected component as a function of ¢, At 6 =

0=0.65

3 4 simulation
Steps

B C
130 1

» | EHe=1

'E. ﬁ.,Eq,ﬂ:-.ﬁs 0.8

§ 40 -@=E-55 u:n

3 g 06

I=] o

= @ 04

3 20 G

=

E 0.2

0 4 0
04 06 08 1 1.2 14 16 1.8 2 x10 0.2 0.4 0.6 0.8

50
<PRODY > 20,6

Fig. 4. Simulated diffusion process and inequality. (A} Simulated diffusion
process for Chile and Korea in which we allowed countries to develop RCA in all
products closer than o values of 055, 0.6, and 0.65. The number of steps
required to develop RCA can be read from the color code on the bottom right
corner, (B) Distribution for the average PRODY of the best 50 products in a
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o

countries basket before and after 20 rounds of diffusion. The original distribution
is shown in green, whereas the one associated with the distribution after 20
diffusion rounds with o = 0.65 i presented in yellow and & = 0,55 in red. {(C) IQR
of the distribution of the best 50 products after diffusing with a given
normalized by the IR of the best 50 products in absence of diffusion,
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(L6, the largest connected component has a
negligible size compared with the total number
of products (Fig. 3E), whereas for ¢ = (L3 the
product space is almost fully connected, meaning
that there s always a path between two different
products,

We studicd the impact of the product space
structure by simulating how the position of
countries evolve when allowed to repeatedly
move 1o products with proximities greater than a
cenain g, 17 countries diffuse to nearby products
and these are sulliciemly connected o others,
then after seveml iterations, 20 in our exercise,
countrics would be able to reach richer pans ofthe
product space. On the other hand, if the product
space 1s disconnected. countries will not be able w
ind paths to the ncher pan of the product space,
independently of how many steps they are al-
lowed to make.

The results of our simulation for Chile and
Korea are presented in Fig. 4A. At a relatively
low proximity (8, = 0.55), both countries are
able to diffuse through to the core of the product
space: however, Korea is able 1o do so much
laster, thanks to its positioning in core products.
For higher proximitics, the question becomes
whether a country can spread at all. At g, = (L6,
Chile is able w spread slowly throughowt the
space, whercas Korea is still able to populate the
core alter four rounds. At ¢, = 0.65, Chile is not
able to diffuse. lacking any close-cnough
products, whereas Korea develops RCA slowly
to a few products close 1o the machinery and
clectronics cluster.

To genemlize this analysis for the whole
world, we needed a measure 0 summarize the
position of a country in the product space. We
adopted a measure based on Hausmann, Hwang,
and Rodrik (23), which involves a two-siage
process, First, for every product we assigned a
value, which is the weighted gross domestic
product (GDP) per capita of countries with
comparative advaniage in that good, called
PRODY (23). We then averaged the PRODY's
of the top N products that a country has access
to alter M iterations at 6, and denoted it by
< PRODY ;:-ih . Figure 4B shows the disiri-
bution of < PRODY ‘.“n-_:'.":.u_ for N'=50, M =20,
and &, = 1 (green), ¢, = 0L65 (vellow), and & =
(1.55 (red). The distribution for 6, = 1 allows
us o chameienze the cumrent distobution of
couniries in the product space, which shows a
bimodal distnbution, a signature of a world
divided into rich and poor countrics with few
couniries occupving the cenier of the distribu-
tion, When we allow countries to diffuse up 1o
i, = (.63, this distribution does not change sig-
nificantly: it shifis slightly 1o the fght because of
the acquisition of a limited number of sophis-
ticated products by some countries, This diffu-
sion process, however, stops aftera few rounds,
and the world maintains a degree of incquality
similar to its current state. Contrarily, when we
consider ¢, = (.55, most countnes are able w
diffuse and reach the most sophisticated basket
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in the long mun. Only a lew countrics are lefi
behind, which unsurprisinglv make up the poor-
¢st end ol the mcome distnbution.

To quantify the kevel of convergence we
calculated the interquantile range (IQR) for the
< PRODY =3, distribution and normalized this
quantity by dividing it with the IQR for the
original distribution. Figure 4C shows that the
convergence of the svstem gocs through an
abrupt transition and that convergence is possible
il countries are able 1o diffuse 1© products located
al a proximity ¢ = 0.65,

The bimodal disiribution of imernational in-
come levels and a lack of convergence ol the
poor oward the nch has been explaimed by using
geographic (24} and institutional (/2, /3) argu-
ments, Here, we miroduced another factor 1o this
discussion: the difficultics involved in moving
through the product space. The detailed structure
ol the product space is shown here and, wgether
with the location of the counines and the
chametenstics of the diffusion process underzone
by them, strongly suggests that not all countries
face the same opporunitics when it comes 1o
development. Poorer countries tend to be located
in the periphery. where moving toward new
products is harder to achieve, More interestingly,
among countries with a similar level of develop-
ment and scemingly similar levels of production
and expont sophistication, there s significant
variation in the option set implied by their current
productive structure, with some on a path 1o
continued structural transformation and growih
and others stuck in a dead end.

These findings have imponant consequences
for cconomic policy, because the incentives 1o
promote structural ransformation in the presence
of proximate opportunities are quite differemt
lrom those required when a country hits a dead
endl. It is quite difficult for production o shili o
products far away in the space, and therefore
policies 10 promote large jumps are more
challenging. Yet it is precisely these long jumps
that generate subsequent structural transforma-
tion, convergence, and growth,
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Single-Atom Single-Photon
Quantum Interface

Tatjana Wilk,* Simon C. Webster,” Axel Kuhn,” Gerhard Rempe*

A major challenge for a scalable quantum computing architecture is the faithful transfer of
information from one node to another. We report on the realization of an atom-photon quantum
interface based on an optical cavity, using it to entangle a single atom with a single photon and
then to map the quantum state of the atom onto a second single photon. The latter step
disentangles the atom from the light and produces an entangled photon pair. Our scheme is
intrinsically deterministic and establishes the basic element required to realize a distributed
quantum network with individual atoms at rest as quantum memories and single flying photons as

quantum messengers.

avily quantum  electrodynamics with

individually addressable atoms cmitting

single photons on demand 15 expected 1o
provide an deal toolbox for quantum network-
mg and hnear optical quantum computmg (/).
First, wsing a single atom makes it possible 1o
produce single photons (2-5) with controlled
wavelorm and polarization (6). Such light fields
with zero multi-photon contribution are a key
ingredient of scalable quantum networks ( 7) and
quantum repeaters (), Second, the strong atom-
cavity coupling achicvable in a high-fincsse cavity
allows the channeling of quanium information
stored in momic states into photons emitted in a
well-defined direction. Compared with [ree-
space schemes (9-10), this boosts the success
probability by several orders of magniude. It
allows realizing deterministic protocols in quan-
tum information science, in particular w entangle
an atom with a photon, map quantum states be-
tween different information carriers such as an
atom and a photon, and generate multi-photon
entanglement (/2). Related schemes have been
demonstrated with Rydberg atoms passing
through a lossless microwave resonator (£3), Their
implementation in a dissipative optical cavity
generates the flving photons required for the
above-mentioned applications.

We have realized the essential ingredient off
an optical quantum network-—namely, an atom-
photon interface —using a high-linesse optical
cavily containing a single *Rb atom. Stromg
atome=cavity coupling s achicved and allows for
intrinsically deterministic photon cmission. The
tnggered emission of a (irst photon entangles the
internal state of the atom and the polanzation
state of the photon. In conirast 1o probabilistic
experiments (9, /7)., the atomic state is not exam-
ined by using a shelving technigue and detecting
Tuorescence photons. Instead, our scheme maps
the atomic state onto the state of a second single

“pax-Pland-Institut fiir Quantenoptik, Hans-Kopfermann-
Strasse 1, D-85748 Garching, Germany. tlarendon
Laboratory, University of Oxford, Parks Road, Oxford OX1
3PU, UK,
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gerhard.rempe@mpg.mpg.de
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photon. Such a state mapping 15 feasible because
the atom-cavity system generates single photons
very efliciently in a well-defined mode, which
can casily be observed. As a result of the state
mapping a pair of entangled photons is produced,
one emilted afier the other into the same mode.
The polanzation state of the two photons is
analyzed by tomography. which also probes the
priorentanglement between the atom and the list
photon. As a first step toward local control of the
memory qubit, we also show motation of the
atomic state between entanglement creation and
state mapping. An extension of our scheme
should allow stepwise engimeering of entangled
states with even higher photon number (/2.

Our scheme (Fig. 1) shows a single *'Rb
atom coupled o an optical cavity and prepancd
in the F =2, me = ) state of the 55,7 ground
level. With the cavity axis as quantization
dircction, the cavity supports lefi- and right-
handed circularly polanzed 6" and o~ modes. A
r-polarized laser (resonant with the trnsition
from F = 2 10 F' = | of the excited 5Ps» level)
together with the cavity (coupling levels F = 1
and F' = 1) drives a vacuum-stimulated  Raman
adiabatic passage (2, [4) o the F =
the ground level. Two different paths to states
£l = [F = 1, mp = £1) are possible, resulting
in the generation of a ¢ or a o photon,
respectively. Afler photon emission the sys-
tem is in the entangled state

I

ll‘.lnm.'phnl.m l::' - '_"'il

Vo=

La*d) (1)

+l.a}

Fig. 1. Entanglement
and state mapping. To-
gether with the cavity,
laser pulses drive vacuum-
stimulated Raman adia-
batic passages, first (A)

-'!"m 2, phaton |:| = ﬁ' o .0

1} state of

where the phase of the superposition s delined
by the transition ampliudes from the [F=2, mg=
0 state to the 1) and |1} stales.

To map the atomic state oo a sccond
photon, a r-polanzed laser resonant with the
tansition from F = | to F' = 1, again together
with the cavity, drives a second Raman adiabatic
passage (Fig. 1B). The population in state 1) is
transferred o ) = F =1, mp = 0} and a ¢
photon is emitted, whercas the population in 1)
is also wansfemed w 0, but a & photon is
emitted. The atom-photon entanglement is there-
fore converted imo a polarization entang lemem
between two photons,

| : : X
Y= lam5mh (2)

while the atom is disentangled froan the light

In the expenment (Fig. 2A), a dilute cloud of
laser-cooled ¥ Rb atoms falls through an optical
high-finesse cavity (6), The maximum atom-
cavity coupling constant for the relevanl trn-
sitions has a magnitude g¢/2x = 3.1 Mlz, and the
cavity-field decay rate & and dipole decay rate of
the atom y are (w, v)2r = (1.25, 3.0) MHz. The
atom Mux through the cavity is so low (about two
atoms per millisccond) that the probability of
having two atoms during the tansit time of 35 ps
is negligible. Atoms are illuminated by laser
pulses from the side, all polarized lincarly along
the cavity axis, Preparation ol the initial state is
achieved by optical pumping with two lisers, one
resonant with the wansition from F=2 1w F'=2,
the other coupling levels F =1 and F'=2. Both
lasers, applicd simulancously for 2.8 ps, have
constant Rabi frequencices of €202r = 35 MHz.
Failure of the oplical pumping docs not reduce
the measured entanglement fidelity, because
an atom in a wrong initial state can only emit a
photon in either the first or the second pulse,
but not in both. Emangling and mapping lascr
pulses have a sin(nrip) lime dependence, with
fp = 1.1 ps. The peak Rabi frequency of ihe
cntangling pulse i1s £22n = 24 Mz Because the
mapping kiser is resonant with the cavity, its peak
Rabi frequency is chosen o be lower (22r =9
MHz) 1o avoird off=resonant (via F* = 0) repeated
excitation of the atom. As a result, alier detecting
a first photon we observe a second photon in the

creating an entanglement _—
between the atom and the 1 ¢

emitted photon, and then I 10y k1 13 10y B

(B} mapping the atomic ; :

state onto the polarization [ W=(o"1)-lo41) - ¥=(o*0)-lov0%) |

state of a second photon.

Entanglement is then shared between two flying photons, with the atom disentangled.
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same pulse with a probability of only (L6%,
Entangling and mapping pulses are separated
trom cach other by an adjustable tme interval, s,
50 detected photons can clearly be assigned o the
first or the second laser pulse. Figure 2B displays
the pulse sequence and the measured photon
arnval-time distribution. From a Hmbury Brown
and Twiss measurement, we infer that the
efficiency for generating a photon during the
entangling (mapping) pulse conditioned on the
detection of a photon during the previous
entangling pulse is |4.8% (8.8%) ( 13), resulting
ina 1.3% success probability for generating an
entangled photon pair. This includes the random
postion of the atom and, hence, the random
atom-cavity coupling constant, as well as
imperfect state prepartion.

Photons emitted rom the cavily are circu-
larly polarzed, but for technical reasons we ro-

tate them into the lincar horizontal vertical (H/V)
basis belore sending them through a single-mode
optical fiber to the detection arca, The detection
elficiency for a photon emitted from the cavity is
31%, To perform a full quanium state tomog-
raphy, the photons are measured in several dif
ferent bases, selected by using different scttings
of hall- and quancr-wave plates (16, 17),
Because the photons are crcated in the same
spatial mode, a nonpolarizing beam  spliner
(NPBS) is used 10 dircet the photons mndomly
o one of two measurement setups, This allows
each photon 10 be detected in either the HYV,
circular rightlefi (R'L), or lincar diagonal’
antidiagonal (DAY basis,

Photons are produced and detected one afier
the other. This allows probing of the coherence
of the atomic superposition state after the cre-
ation of entanglement. Applyving a constant mag-

A
M4 N2 Single mode
."’-- _\“"\-
: \
B . Entangling
== laser
= { Optical pumping Mapping
o3 laser |
60001 -
£ 4000°
Oa 000° Detected photons
0 y Y '
| 0 1 2 3 4 5
\ Detection time t [js]

Fig. 2. Scheme of the experiment. (A) Laser-cooled atoms traversing the cavity are illuminated
with laser pulses. Behind the cavity, the polarization of the emitted o*/s™ photons is rotated to
linear horizontalfvertical. Photons are then directed toward two detection setups for measurements
in different polarization bases. Detection occurs with avalanche photodiodes (APDs). (B) Laser-
pulse sequence and photon arrival-time distribution. The pholon wave-packets duration is about
300 ns. The displayed time windows are used in the evaluation.

Fig. 3. Atomic state rotation. 1 r - : - T ;
After detecting the first photon 0.8 ] !
in the R/L basis (behind the 1 A
fiber), the atom is projected into ”"5': Ly
a superposition state that is time 0.4 4 T
dependent when a magnetic field 02 ] L 5
along the cavity axis is applied T 1 :
{here, ts = 2.8 us). Displayed is £ 04 1
the contrast, ¥, as a function of  § .95 ]
the magnetic field, B. A cosine g 1
with a Gaussian envelope fits the -04 ]
data well. -0.6 4 |
08 ] v
.I Al ¥ L} L) L
-1.0 .5 0.0 0.5 1.0
B[G]

REPORTS

netic ficld, 8. along the cavity axis shifis the
atomic states |13 and 1} by an amount -4 and
A, respectively, with A= 2x * 0.7 MH2/G. Our
scheme then generates photons with frequencics
linked 1o their polarizations, Specifically, o
photons have higher frequencics than o™ photons,
This has no consequence for the ume evolution
of the entangled state, Eq. 1, because both parts
of the superposition state have the same energy.
A frequency-insensitive detection of’ the first
photon with, ¢.g., right circular polarization
Ry = :W_LH} i 130 after the fiber, however,
projects the atomic state into a supemosition of
Flyand 1) with equal amplitudes. The energy
difference between the atomic levels then leads
o a different time evolution of the two states,
resulting

“an_1y)  (3)

I bycs
Waomlt)) = —= (¥ +1) — e
vV

Subsequent state mapping transfers this state
into the photonic state

(Mgt - i ™g™y) (4)

=l-

upl‘nhrl.!”:l::l =

which continues rotating until the second photon
is detected. The wial rotation angle, given by the
time difference between the two photon detec-
tons, depends on the separation, s, between
entangling and mapping pulses and the duration
of the photon wave packet. Aliematively, for a
given time separtion, fg, the time evolution can
be controlled by the magnetic-ficld strength. This
state rotation could be suppressed by ap-
proprately delaying the first photon and consid-
ering only simultancous photon-detection events.

To measure the rotation of the atomic state,
wie ohserved both photons in the R/L basis, afier
rotating them from o'/ w0 HV. We define a
contrast V' = P||u.:. l"[u,:. |"||m;. t r'||:,a;. with |’|u,:.
the probability of detecting both photons as
leti circular polarized (and analogous for Pjgg,,
cte. ). For the state given n Eq. 4, one expects a
cos{2Ag) dependence. Figure 3 shows the
messured contrast as a function of the magnetic
ficld for fixed rg = 2.8 ps. The oscillatory
behavior 1s a mamifestation of the phase rotating
at twice the Lanmor frequency. For increasing
ficld magnitude, the envelope of the oscllation
decreases. This is due o the long photon wave
packets produced in our scheme (Fig. 2B8). As a
result, the time interval between two  photon
detections covers a range of possible values, and
thus the supemposition state can evolve by
differing amounts duning this time.

The density matrix of the emangled state
given in Eq. 2 is obained from a full quantum
state tomography for 8 = O and 15 = 1.3 ps. In
this case, no time evolution occurs between the
two photon detections. Figure 4A shows the real
part of the density matrix reconstrucied from the
two-photon Stokes parmmeters, determined by
megsuring two-photon events in the four detec-
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0.5

023

-0.25

45

Fig. 4. Quantum state tomography. (A) Real part of the reconstructed density matrix for B = 0 and tg =
1.3 ps. All imaginary parts (not shown) have a magnitude smaller than 0.03. Fidelity with the "'~ Bell
state is 86.0(4)%. About 2200 entanglement events were collected for each of nine measurement
settings. (B) For 8 = -0.13 G and ts = 2.8 ps, the atomic superposition state rotates by . The observed
data correspond to a ') Bell state, with fidelity of 82.9(6)%:. About 1800 entanglement events were
obtained for each of six measurement settings. All imaginary parts {not shown) have a magnitude smaller
than 0.05. In (A} and (B), equal detection efficiencies for all detectors were assumed.

tors (/7). The resulting density matnix has only
positive cigenvalues, and hence it represents a
physically possible state. Its lidelity with respect
o the expected Bell state, W) from Eq. 2, 15
F = 86004\, with 0.5 < F < | proving entan-
glement (/8). From the density matrix, ollow-
ing (f6), we derive a concurrence of C=0L73(7),
with 0 < C = | also proving entanglement.

Because of techmeal imperfections, eg., of

polarizers in the detection setups, the observed
lidelity ‘concurrence sets a lower bound for both
the atom-photen and photon-photon entangle-
ment achieved. The same measurements were
done for 8= -0.13 G and 15 = 2.8 us for which
the atomic superposition state accumulales a n
phase shifi {compare to Fig. 3). Therefore, a
density matnx comesponding to the Bell state
Wiy = vl +l.a7 3+ |-1.a)) is expected.
This is indeed observed (Fig. 4B) with a fidel-
ity of = 82.9(6)% and a concurrence of € =

0.72(13). The state evolves between the two
photon detections as a result of the constant
maznetic feld.

Future experiments could produce a time-
independent |7) Bell state by applving a
pulsed magnetic field to the atom between
entanglement genertion and state mapping.
Moreover, partial dnoving of the Raman tran-
sition in combination with atomic state manip-
ulation should allow production of highly
emangled multiphoton states (/2). Our techni-
que applicd 10 a quasi-permanently  trapped
intracavity atom (3, /% will push the proba-
bility of success even furher. making the
scheme truly deterministic. Two (or more) such
svstems operated in parallel are perfectly suited
for teleporation and entanglement experiments
in a gquantum network (20-22) or quantum gate
operations in a distributed and. hence, scalable
quantum computer (23, 24),
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Porous Semiconducting Gels and
Aerogels from Chalcogenide Clusters

Santanu Bag,™? Pantelis N. Trikalitis,>* Peter ]. Chupas,?
Gerasimos S. Armatas,* Mercouri G. Kanatzidis™**t

Inorganic porous materials are being developed for use as molecular sieves, ion exchangers, and
catalysts, but most are oxides. We show that various sulfide and selenide clusters, when bound to
metal ions, yield gels having porous frameworks. These gels are transformed to aerogels after
supercritical drying with carbon dioxide. The aerogels have high internal surface area (up to

327 square meters per gram) and broad pore size distribution, depending on the precursors used. The
pores of these sulfide and selenide materials preferentially absorb heavy metals. These materials
have narrow energy gaps (between 0.2 and 2.0 electron volts) and low densities, and they may be
useful in optoelectronics, as photocatalysts, or in the removal of heavy metals from water.

dation of broad applications such as mo-

nonganic porous materials are at the foun-
:[Iccu!u.r sicves, lon exchangers, and catalysts

27 JuLy 2007 VOL 317 SCIENCE

(1, 2 Zeolites and aluminosilicate mesoporous
matenals constitute the vast majority of this class,
Acrogels are another kind of porous inorganic

amorphous polymer in which nanosized blocks
are imterconnected o vield high inmemal surface
arca, very low densitics, and large open pores
(.3, 4). Although the sol-gel chemistry ol oxide-
based materials (cg., S105, AlOy, TiOs) and
carbon (F) is well known, successful attempis
to apply this approach to non-oxide-basced sys-
tfems are quite rare, cspecially for chalcogen-
ides. Such systems would be capable of
combining the electronic propenties of chalco-
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genides with internal porosity. Acrogels based We mport on a strategy o create highly  gels was pmfnml in ﬂi.ll..lL‘ﬂHh solution with an-
on aggregated simple binary nanocrystals (c.g.,  porous semiconducting acrogels denved from jonie [MOQy] T, [M2Qg|™ . and |M.,Qm[" (M =
Cds, CdSe) and on amorphous GeSs: have been chaleogemide-based clusters and platinum as the  Ge, Sn; Q = 5, S¢) building blocks (Fig. 1A) in
reported (6, 7 Imking matal ion (8). A family of chalcogenide  the presence of platinum (11) sal, according to the
following metathesis reactions;

ol (RNWMiQuo]  2KaPICly

formation (blue spheres,
metal centers; red spheres,
chalcogenide atoms). (B and
C) Monolithic hydrogel be-
fore (B} and after (C) super-
critical drying, showing very
little volume loss.

— Pty MQy0] +4KC1 + 4RNC (n

Ka[MaQs] + 2K P,
— P MaQq] + $KC 2

AgMOQy] + 2K POl
— Pi[MQy| + 4KC1+ 4ACI (3)

where R= methyl, cthyl; M = Ge, Sn; ) = 5, Se;
and A = Na, K. In these reactions {e.z.. Eqg. 1),
all chloride ligands of [PtC1)* can be replaced
Table 1. Elemental analysis, colors, and optical energy gaps for the chalcogel series. by the Q terminal atoms of chalcogenido clus-
ters, generating matenals with a formula of

Chalcogel Zintl anion Pﬁm Empirical Color Energy gap  py,|M,Qyq). Encregy-dispersive spectroscopy

ratio® formula (eV) { EDS) revealed that two platinum atoms per com-
Chalcogel-1 [GegSigl™ 2.0:4:9.6 Pty nGea5e 5 Pinkish brown 2.0 plex anion are incomorated in almost every case,
Chalcogel-2 [GesSewn]* 2.0:4:8.7 Pty oGey5e8 7 Black 1.3 giving a charge-balanced formula ( Table 1), K- or
Chalcogel-3 [5ngSesol*™ 2.1:4:9.7 Ptz 15n45€5 7 Black 1.0 Ol bons, used as counterions in the synhesis,
Chalcogel-4 [SnaSeql* 1.8:2:5.7 Pty.aSnz5es 7 Black 0.8 were not detected in the product—a result con-
Chalcogel-5 [SnSe,]* 2.0:1:40  PtzgSnSeq Black 0.2 sistent with complete metathesis, This linking
Chalcogel-6 [5nS.]* 1.4:1:4.0 Pt; 45n5, 4 Dark pinkish brown 1.4 polymerization reaction produced a continu-

ous, extended PUMYQ framework ol covalently
bonded atoms that encapsulates solvenmt mole-
cules into their pore system during the process of
polvmerization and finally makes hydmogels (fig.
51, Ao C). Because the gels formed are based
on all-chalcogenide species, we tenn these
hydrogels “chalcogels™ by analogy to the naming
of cyanogels (#). Table 1 lists the six chalcogels
wie developed and the Zintl anion incorporated in
each case.

Adter supercrtical drving with COs, these
chalcogels vield highly porous acrogels (Fig. 1, B
and C) (/). All samples showed consistent
PUMQ (M = Ge, Sn; Q= 5, Se) mtios very close
to those in the starting clusters, However, slight
discrepancics were observed for Chalcogel-3 and
Chalcogel-6, which might be duc 1o solution
cquilibrium processcs.

Transmission clectron miucroscopy (TEM)
images of our acrogel samples revealed empiy
mesopores with no long-range order (Fig. 2,
A to C), Indeed, they appear to be morpho-
logically similar to the silica acrogels where
particles are connected 1w each other, making con-
tinaous amorphous (Fig. 200 networks. The micno-
and mesoporosity were confinned by nitrogen
b . i 15 30 45 60 75 90 105 physisorption measurements, The adsorption-
P R o s S desorpiion isotherms show a type IV adsomption
PR L VG AR 26(deg.) branch with a combination of H1- and H3-type
Fig. 2. (A and B) TEM images of Chalcogel-1 (A) and Chalcogel-2 (B). Pores between the particles in ~ hysteresis loops characteristic of an intercon-
the meso- and macrophase regime are clear from these pictures, although they are not ordered. (C)  nected mesoporous system (Fig. 3) (/7). This
TEM image of Chalcogel-2 shows small pores inside the particle. Large macropores are absent here. (D) indicates that the mesopores have eylindncal and
Wide-angle powder x-ray diffraction data for Chalcogel-1. The amorphous nature of the aerogel and  slit-shaped  gcometnics, Pore siee distribution
the lack of other crystalline phases are obvious, plots caleulated by the Barrett-Joynes-Halenda

*Based on EDS results, Listed values are an average of seven measurements on independently prepared samples.

Intensity (arb. units)
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(BIH) method (/1) from the desomption branch
sugeest the presence of a broad mange of pore siees
m the meso region (lig. 51, D and E) Additionally,
the absenee of saturation in the adsorption isothenm
implics the simultancous presence of macropones
(pore diameter =30 nm) in the samples, which
would be consistent with the acogel nature of
these chalcogenides.

Brunaver-Emmen-Teller ( BET) surface areas
obtained from the acrogels mnge ffom 108 10 327
m*/g, depending on the chalcogenido cluster
(Table 2). The surface area of 327 m*/g obtained
from |GesSerl in Chalcogel-2 is the highest of
the six chalcogels, llowed by 323 e for
[GesSia]' in Chalcogel-1. The smallest cluster,
[SnS4]* in Chalcogel-6, gave the lowest BET
surface area value of 117 mz»g. Given that the
formula weights of these chalcogels are high, on
a per-mole basis the surface arca values are
actually very large. The silica equivalence (12)
BET surface arca of Chaleogel-2 is 1674 m/g
and that of Chalcogel-3 is 1580 m*/z (Table 2),
Values for silica acrogels range from 10 1o 1600
m*/g and typical values are 600 m*/e. The bulk
density of these chaleogels is very low: for ex-
ample, Chalcogel-1 showed 0,12 to 0.17 giem®
with a skeletal density of 3.1 g/am”,

To probe the local structure of the amorphous
acrogels, we used the atomic pair distribution
function (PDF) (13) wechnique, which analyees
both diffuse and Bragg scattering by recovering
atom-atom correlations in real space in the form
of a radial distribution function. A single
comelation occurring at 2.36 A s evident in the
PDF of Chaleogel-1 (Fig. 4A), corresponding to
the fisst-neighbor Ge-S and M-85 bond distances,
A clustering of comelations is evident around
3.52 A, which corresponds 10 the second-
neighbor GesGe, S8, and Pr-Ge distances.
The PDF of Chalcogel-2 is remarkably similar to
that of Chalcogel-1. although it exhibits a shift in
comelations to longer interatomic distances ras a
result of the larger atomic radius of Se versus S,
Again a single correlation is evident in the PDF
of Chalcogel-2 at 2.49 A (Ge-Sc and Pi-Se bond
distances), and several appear centered around
175 A. The higher intensity of the first
comrelation in Chaleogel<2 anses from the larger
scattening factor of Se over that of S. Both PDFs
show a lack of well-defined features past 6 A that
sugeests o lack of long-range translational
symmetry. However, a well-defined local struc-
ture is evidenm from the PDF and clearly shows
that the adamantane clusters remain intact. The
splitting of the comelations (3.32 A and 3.75 A)is
likely due w0 subtle distorions, arising from
linking of the adamantane clusters, that ultimate-
ly distupt the long-range translational symmetry,
The PDF data, together with the complete me-
tathesis chemistry, elemental analysis, and x-my
photoclectron spectroscopy (XPS) g, S2), sug-
gest g nonperiodic structure of the type shown in
Fig. 4B. Further suppon for the integrity of the
starting clusters in the final acrogels was pro-
vided by nuclear magnetic nesonance (NMR)

27 JuLy 2007 VOL 317 SCIENCE

(lig. 83), clectrospray ionization mass spectios-
copy (ESI-MS) (fig. 54), and infrared spectros-
copy (lig. S5}

The chalcogels showed a remarkably high
capacity for emoving heavy metals from con-
tamnated water, For example, starting with water

A ; -B
i | ie j
3 400 i
4 S|4
e b

00 02 04 06 08 10
Relative pressure (P/Pg) Relative pressure (P/Pg)

Fig. 3. Nitrogen adsorption-desorption isotherms of (A} Chalcogel-1 and (B} Chalcogel-2 at 77 K
(solid circles, adsorption data; open circles, desorption data). Samples were degassed overnight at
348 K before testing.

Table 2. Nitrogen adsorption-desorption data for the chalcogel series,

Chalcogel BET surface Surface area, silica Adsorption total pore
area (m?/g)* equivalence (m?/g) volume (cm*/g)t
Chalcogel-1 276 to 323 1012 to 1184 0.59 to 0.73
Chalcogel-2 282 to 327 1444 to 1674 0.64 to 0.85
Chalcogel-3 196 to 271 1143 to 1580 0.52 to 0.70
Chalcogel-4 225 to 229 1296 to 1319 0.48 to 0.52
Chalcogel-5 210 to 211 1441 to 1448 0.44 to 0.458
Chalcogel-6 108 to 117 467 to 506 0.21 to 0.23

*Three independently prepared samples were measursd.
15ingle-point adsarption total pore volume was calculated =t relative pressure (PP of 0.97.

Reduced PDF »

2 4 6 B 10 12 14
r(A)

R
¢ o

1 2 3 4 5
Energy, eV

Fig. 4. (A) Reduced atomic pair distribution function G(r) of Chalcogel-1 (black line) and Chalcogel-2
{red dashed line) as a function of interatomic distance r. (B} Interatomic distances (in angstroms) are
shown for the [GesS10]*™ cluster in the proposed Chalcogel-1 structure. (C) Ultraviolet-visible electronic
absorption spectra of {a) Chalcogel-1 {red dashed line), (b) Chalcogel-2 (blue dash-dot line), (c)
Chalcogel-3 (magenta dashed line}, (d) Chalcogel-4 (purple dotted line), (e) Chalcogel-5 (green dashed
line}, and (f} Chalcogel-6 (violet dash-dot line).

www.sCiencemag.org



contaminatad by 643 pans per million | ppm) Hg™,
10 mg of Chalcogel-l removed Hg™ down to
concentration levels of ~004 ppm (14). Whereas
mesoporous silicates nead o be Tunctionaliaed
with surfacc-modificd thiolate ligands belore
application wward environmental  remediation
(13}, the chalcogels work directly as potential
adsorbents for Hg®™ (76) without prior modifica-

tion of their surface. The detailed mechamsm of

metal ion removal is not known,

The chalcogels also efMiciently absorb organic
hydrophobic aromatic molecules from solution,
In contrast w the unmodificd silica acrogels
which generally have hvdrophilic surfaces and
tend to be unstable under a humid atmosphere
the chaleogels present hvdrophobic surfaces
lined with chalcogen atoms and are mmune 1w
high hunudity (/7). Thermal gravimetric analysis
indicates that the acrogels ane stable o 180°C
(hig. S6). As a demonstration ol its high aflinity
for hyvdrophobie species, Chalecogel-1 absorbed
quantitatively all of pophyrin 1 from a 5.67
pmolditer ethanolic solution within 24 hours (30
mg of Chalcogel-1 was shaken continuously in
16 ml of the porphyrin solution).

The chaleogels absorb light in the visible and
infrared regions, exhibiting sharp energy gaps from
20 eV oo 08 ¢V (Table 1) a8 determined by
diffuse-reflectance solid-state ultrviolat-visible
near-infrarcd  spectroscopy  (Fig. 4C). Only
Chalcogel-3 pave a broad absomtion with a band
gap of 0.2 ¢V The optical properties of the highly
porous semiconducting acrogek can be wuned by
changing the building block. Going from the S to
the S¢ malogs of the adamantane cluster, the
energy pap deereases 58 expected. Also, by chang-
ing the group IV metal in the cluster trom Ge 1o Sn,
the energy gap is decreased by 0.3 ¢V Similarly,

the band gap can also be changed by varving the
chalcogenide content per metal i the starting
clusters, This is well reflected in the observed band
gaps of Chalcogel-3, <4, and -5, where the Se
content per Snatom 15 increased  gradually and
shows a namowing of the energy gap,

Ciiven that 1 is difficult to remove surfactans
from mesostructured chalcogenide materials
(18-22), the strategy reponed here represents a
convenient and general route for making porous
materals with chalcogenide-based clusters, Be-

cause of the availability of a large number of

soluble chalcogenido clusters, together with
various linking transition and main-group metal
ions, our approach scems 1o offer a general
technique for preparing broad classes of porous
chalcogenides.
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Stabilization of Labile Carbonyl
Addition Intermediates by
a Synthetic Receptor

Tetsuo Iwasawa, Richard ]. Hooley, Julius Rebek Jr.*

Products of unfavorable chemical equilibria are not readily observed because their high

energy and increased reactivity result in low concentrations. Biological macromolecules use
binding forces to access unfavorable equilibria and stabilize reactive intermediates by isolating
them from the medium. In a similar vein, we describe here a synthetic receptor that allows
direct observation of labile tetrahedral intermediates: hemiaminals formed in the reaction of an
aldehyde carbonyl group with amines. The receptor encapsulates alkyl-substituted primary
amines, then orients them toward a covalently tethered aldehyde function. The hemiaminal
intermediates appear at high concentration, confined from the bulk solution and observable at
ambient temperature by conventional nuclear magnetic resonance spectroscopy.

hemical reactions often proceed through
many intermediate stages between
stanting meaterials and products. The
reactive intermediates at such stages are gener-
ally not observed directly, because their concen-

trations are vanishingly small, but are treated
through steady-state approximations and de-
tected by kinetic or other methods (/. 2). The
reaction of carbonyl compounds with nucleo-
philes invariably involves an addition swep that

gives an unstable tetrahedral carbon inter-
mediate followed by an elimination step. For
example, the reaction of pamary amines with
aldehydes w give imines (Fig. 1) proceeds
through an intenmediate hemiaminal (7). The
process is catalveed by acids or bases, and the
proton transfers involved generate additional
transient, charged imenmediates. The hemia-
minal is, except in very special cases (4-6), not
observed. It is energetically disfavored, because
the cost of breaking the carbonyl = bond and the
cntropic price of bringing the two reactams
together are not compensated by the new
covalent bonds fonmed. Accordingly, the un-
stable hemiaminal dissociales to starting mate-
rials or proceeds 1o imine with loss of water. We
tailored a molecular receptor to fvor fommation
of this mermediate and found that the hemia-
minal was stabihzed for mimutes 1o hours, long
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cnough to characterize by nuclear magnetic
resonance (NMR) spectroscopic methods,

We chose as a receptor motit a deep, sclf-
folding cavitland, Caviands are open-ended
structures that recognize and reversibly  bind
maolecules of appropriate size, shape, and
chemical complementarity (7, #), Svnthetic
receplors such as these are well known 1o screen
unstable specics from the external medium and
prolong their litetimes (9-/4). Examples include
the isolation of iminium ions (9) and siloxanes
(/1) from the surrounding agqueous environment,
In these cases, the receplor functions solely as a
shield, protecting the Kinetically stable but
water-sensitive guest from reaction with the
outside medium. Enzymes, in contrast, stabiliee
kinetically labile intermediates by providing
functional groups that actively lower the energy
of a bound transition state, via hydrogen
bonding or other weak intermaolecular forces,
The cavitamd 15 i several ways emmiscent of
an eneyme active site, comprising a hvdropho-
bic cavity, a sccondary amide scaflold, and
inwardly dirceted functional groups folded
around the substrate. Detection and analysis of

sactive intermediates in biological systems is
essential for the accurate determination of
chzyme mechanism, but the high activity of
enzyvmes has made such observations difficult,
MNeray ervstallographic analysis of tetrahedrml
intermediates inside the active site ol D-2-
deoxynbose-3-phosphate (DRP) aldolase has
been possible al eryogenic temperatures or via
selective mutation o prevent the enzyme from
completing the reaction (13, 16). The system we
describe here is similar in action to a mutant
DRP aldolase in which only the first half of the

amine-catalyzed aldol reaction occurs. The
difference is that the stabilization of the Kineti-
cally unstable hemiammal occurs at room tem-
perature in millimolar concentrations; our system
dots not requine ervogenic cooling i order 10
observe the intermediate, In certain cases, the
intermediate hemiaminal species 15 observable
for more than 3 hours,

We prepared cavitand 1 by the condensation
ol known diamine 2 (1 7) and dialdehyde 3 using
air as the oxidant (Fig. 2) (/8), The cavity of' 1 s
large enough 1o sumound a single small mole-
cule guest and orient it wward an inwardly
directed aldehyde group. The eight benzene
ngs act as a [ixed solvemt cage, and the
ntramodecular v drogen bonds of the secondary
amides help mamtain the vase-like conformation
(9. When isobutyl anine 1s added to a solution
of 1 in mesitvlenc-dy» (a solvent that docs not
compete for cavitand binding). a complex forms
upon mixing. The "H NMR spectra (Fig. 3 and
figs. 52 10 59) show features typical of binding.
Separate sets of resonances are observed for free
and encapsulated amine (figs. 52 to 59, because
the rates of guest exchange in and out of the host
capsules are slow on the NMR time scale. In
addition, the amine chemical shifis reflect the
orientation in the cavity: The resonances of the
apolar CHy groups of the bound amine guests
show large uplicld shifis [AS = 4 parts per
million (ppm)], consistent with their positioning
near the bottom of the cavity, where the many
aromatic rings create a magnetically shiclded
environment. Likewise, polar functions of the
gucsts are atmeted 1o the seam ol hydrogen
bond donors and acceptors at the nm ol the
cavitand. Within 2 min of’ mixing, both the

H o) H, OH - Hs0 H
’ S o 2
R-N + -~ R_ S ———t e r;l\
5 HJLR ey =it P
H H
Hemiaminal Imine

Fig. 1. Mechanism of imine formation from a primary amine and aldehyde. Charged intermediates

are not shown.
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surrounded amine 4 and the comresponding
hemiacetal 5 are evident in the spectra, The
tetrhedral mermediate 5 (with the hemiaminal
proton resonance at 4.6 ppm) shows a hall=life
(20 of 30 min and gradually undergoes
dehvdmtion to the imine 6. The differemt
complexes display peaks for both cavitand and
guest with differenmt shifis, leading 1o rather
complex spectra, Figure 3 shows the change in
three of these peaks over time; benzimidazole
proton H, (Fig. 2) is the most representative
cavitand-based signal because it is distant from
the other NH peaks, so the changes are easily
visible, The most relevam guest peaks are the
terminal CHy groups of the amine. The armnge-
ment of hydrogen bonds around the rim of the
cavity of 1 creates an asymmetric magnetic
environment that i1s stable on the NMR chemical
shifi tme scale. As a result, the amine methyl
groups become diastereolopic upon confine-
ment inside the cavity {even before covalent
attachment and hemiaminal formation) and so
exhibit separate NMR signals. Each complex
shows two different doublets for these methyl
groups (the signal for one methyl in complex
4 is buried beneath the hemiaminal signal 8 -
3.29). The chemical shift of these methyl
groups is dependent on their position in the
cavitand base; the deepest bound methyls exhibit
the most uplicld shift. In the noncovalemt
complex 4 and the hemiaminal 5, one of the
miethyls is positioned deeper inside the cavity
than the other, and their resonances are separated
by 0.2 ppm. In the case of imine product 6, the
micthyl groups are less separted, and the wo
doublets are overlapped and appear similar 1o a
tnplet. The splitting of the signal for the C-H
bond of the hemiaminal reflects the formation of
a new asymmetric center (and henee two
diastercomers) and the large (12 Hi) vicinal
coupling 1o the remaining hydrogen of the amine
(no coupling is seen o the OHY. A view down the
C-N bond (7) 1s shown in Fig. 4A. Hemiaminals
were also observed within 1 by using isopropy |-
amine, s-propylamine, and s-buivlamine (figs.
56 0 59) In the latter two cases, the initial

= -
- -
L

Fig. 2. Synthesis of cavitand 1. Some peripheral groups were removed for clarity. Et, ethyl group.
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noncovalent complexes were oo short-lived 1o
observe, and only hemianunal and imine were
seen, The sopropyvlamine hemuaninal was the
longest lived, with a £z = 9 min.

Unstabilized hemiaminals have previously
been observed very infrequently and only under
specialized conditions of highly polar solvents,
dervatized starting materials, and high concen-
trations (4-6). Our control cxperiments in the
absence of cavitand showed no observable
hemiaminal by NMR spectroscopy under the
mild conditions used here. On mixing 10 mM #-
propylamine and 1.5 mM S-anmhmldehvde, we

observed only the slow formation of the imine in
the NMPE spectrum. At these concentrations of
amine and receptor 1, the rate of imine formation
15 =30 timwes aster o the cavitand. In contrast 1o
the steady state behavior that govemns the
formation of many reactive imemediates, the
concentrtion of the hemiaminal in this case was
scen to build up and decline over time (fig. S10),
The noncovalent complex persisted at low
concentration, and the ratio of hemiaminal 10
complex was constant afier equilibrium  was
reached. The equilibrium constant for the
internal reaction is K = 12,5,

.""'l-lili“' I-..-“-N‘H.-_'l
NH2 _ S'
Meg
S-“EG' ME‘; ¥

Me.

A Hy L] B Hy:
|
2 min ]‘ L ;
i kw_...«w' AL u--»*-f““—-ﬁ ——
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How does the cavitand stabilize the otherwise
clusive hemuaminal imemediates? Previous
studies with analogous receptors (lacking the
introverted aldchyde functionality) show that the
cavitand folds around the amine and solates i
from the bulk solution in an ordered cage of
aromatic rings and sccondary amide groups
(20, 21, When the aldehyde function is
positioned over the cavity, itis held close w the
guest inside, and the reaction becomes almost
intramolecular from an entropic standpoint,
lowering the barder to bond formation. The
secondary amides are poised 1o stabilize the

15 min ﬁ ‘ = ;
. m " - =
A A
45 min )
'. r|, . o %
N I\ M N
r'Y
A
|
24 h |
| _J 1
" W " s \ =
I I ] ] 1 I I ]
12.4 12.2 12.0 4.65 4.55 =3.2 =3.4 -3.6 ppm

Fig. 3. The reaction in the cavitand, Representation of the reaction process and
sections of the *H NMR spectra obtained upon addition of isobutylamine
(10 mM) to a 15 mM solution of cavitand 1 in mesitylene-dy,. B hostquest
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complex 4, ® hemiaminal intermediate 5, and & imine product 6. (A) Downfield
region showing benzimidazole proton H, (Fig. 2); (B} mid-field region showing
hemiaminal CHy,; (C) upfield region showing Megc. Me, methyl group.
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Fig. 4. (A} Conforma-
tion of the hemiaminal
stereacenter inside the
complex as viewed down
the newly formed N-C
bond (one of two possi-

»®
e 7D

bile enantiomers is shown): 7

(B) other amines for which ~ HO H
hemiaminal formation R

is observed; (C) represen-

tation of the cavitand- c

free control reaction. Pr,

propyl group.

x
1.5 mM (o]

tetrahedral  intermediates  through hydrogen
bonding, which also reduces the enthalpie price
of the reaction. Accordingly, the cavitand pro-
vides a nearly ideal environment for this reaction:
The reactants are confined in a limited space and
properly oriented, and the desired reactive
intermediate is actively stabilized. The stabiliza-
tion is further enhanced by the binding ol the
intermediate. In free solution, the dehydration
step is self-promotad: in the absence of a better
base, a second amine molecule can aceelerate the
elimination of water, The conlinement provided
by the cavitand prevents interaction between
external bhase and tetmhedml intermediate,
therehy inhibiting progression 1o the imine,

Are these conlining cavitics capable of
shifting equilibria woward otherwise unstable
imermediates (22)7 Ensyme-catalyzed reactions
show cnommous rate enhancements through
binding o reaction intermediaies that structurally
resemble transition states. The aleration of
cquilibria inside enzymes such as riose phos-

B
MH /]\
)\/ 2 NHE

A NH2 A NH2
_~_-NH2
e
10 mi,
GEDE -
\
Pr

phate isomerase has been proposed (23, 24) but,
despite close examination (25), has vel 1o be
conflimed. Another proposal relates the magni-
tude of these effeets 1o the attmective forees
between eneyme and substrate, with the greatest
effects arsing from the formation of covalent
bonds { 26). The evidence presented here suppons
this view, insofar as the cavitand's functional
group arangement resembles an eneyme active
site. Although these cavitands are not catalysts,
they show a capacity in stoichiometric quantitics
to trap reactive intermediates, allowing more
direet study of reaction mechanisms,
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A Powerful Chiral Counterion
Strategy for Asymmetric Transition

Metal Catalysis

Gregory L. Hamilton, Eun Joo Kang, Miriam Mba, F. Dean Toste*

Traditionally, transition metal—catalyzed enantioselective transformations rely on chiral ligands tightly
bound to the metal to induce asymmetric product distributions. Here we report high enantioselectivities
conferred by a chiral counterion in a metal-catalyzed reaction. Two different transformations catalyzed
by cationic gold(l) complexes generated products in 90 to 99% enantiomeric excess with the use of
chiral binaphthol-derived phosphate anions. Furthermore, we show that the chiral counterion can be
combined additively with chiral ligands to enable an asymmetric transformation that cannot be
achieved by either method alone. This concept of relaying chiral information via an ion pair should be
applicable to a vast number of metal-mediated processes.

he preparmtion of cnantiomencally pure
compounds has become a requirement for

agrochemical and phamaceutical synthe-

27 JuLy 2007 VOL 317 SCIENCE

sis Such chiral nonracemic compounds are typi-
cally aceessed from ather Mature's “chirl pool,™
by mesolution of a racemate or by means of an

enantiosclective transformation mediated by a
chiral catalysi (/). In general, chiral catalysis rely
on covalent (dative or nondative) bonds between
the reactive site and the chiral moicty. An alter-
native approach, which takes advantage of the
fact that muny enantiosclective catalysts bear a
positive charge, 15 the induction of asymmetry by
interaction of the cationic catalyst with a chiral
counteramon associmed with the metal in an ion
paie. This idea 15 potentially very powerful
because, m pnneiple, the same or a small hbrary
of chiral anionic counterions could be used 1o
make a wide range of cationic catalysts cnantio-
selective, The imporiance of chiral jon pairs is
well known in the fields of phase-transfer catal-
yais (2) and organocatalysis (3-6) and may also
be relevant o chiral Bronsted acid caalysis (7).
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Although chiral ions have been successtully ap-
plicd to the resolution of metal complexes, very
few reports have described examining a chiral
counterion strtegy for metal catalysis (8), Sup-
port for the concept has been clearly demon-
strted; however, the potential has been widely
unappreciated because of the low cnantiosclec-
tivity [0 10 34% c¢c (enantiomeric cxcess)|
obtained in previous attiempts using this method
(911 Hercin we report a highly enantiosclec-

tive transition metal-catalvaed reaction mediated
by a clural counterion,

In spite of the recent upsurge ol repors
documenting reactions catalyzed by homoge-
neous gold complexes (/2-13), relatively few
cnantiosclective ransformations have been dis-
covered (/6220 Au(l) complexes incorporating
chiral phosphines have proven very successiul
for cenain processes but inadequate for others;
this deficiency is possibly attibuable 1o the lin-

- OH 3 mol% L{AUCI),, 3 mol% AgX O/\]'b
CH;Cl,
2
8]
€ L=3,X=BF, 52% yield, 6% ee
© PRz L=4,X =BFy 68% yield, 0% ee
0 PRz L=5,X =BFy 79% yield, 2% ee
< 5 L =4, X = 4-(NO,)-CgHa-CO, B9% yield, B% ee
3,R=Ph 5, R = 3,5--Buz-4-(CH30)-CH
4, R = 3.5-{CHg)s-
B OH H
- LAuC! or L{AuCH);, AgX m
(jy CHaCly
1 2
R
0.0 L =PhgP (5 mol%), X = (R) (5 mol%) 89% yield, 48% ee
o o

6, A =245-Pry-CeHy

L = dppm (2.5 mol2s), X = ()-8 (5 mol%s)

78% yield, 65% e

H
C g_mw 2.5 mol% dppmi{AuCl)z, 5 mol% Ag-(R)-6 O—;\@
i
1 L 2
CH3MNOs 60% yiel, 18% ea THF B3% yield, 76% ee
acalone T1% yield, 37% na banzane 90% vield, 97% o8

Fig. 1. (A and B) Comparison of chiral ligands versus chiral counterion for asymmetric hydro-
alkexylation. (C) Effect of solvent polarity on enantioselectivity.

- NHSOzMes H ﬁDzM&S
g 7% yield, 96% ea
22
P ANHSOMES g ot PhCHy)PAUCH K200
Cr’ 5 mol% Ag-{A)-6 88% yield, 98% ee
23 — 27
benzens, 23°C, 48
Pus ) o
NHSNG 84% yield, 99% ee
28
f\Q’  SOzMes
NHSO,Mes 79% yield, 98% ee
20

Fig. 2. Counterion-mediated enantioselective hydroamination.
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car coordination geometry of gold, which places
the chiral components distant from the substrate.
We have previously noted a dmmatic elfect ol the
counteranion on the stereosclectivity of cationic
Au(lpcatalvacd reactions (24). In light of this ob-
servation, we envisioned that chiral counterions
could provide a particularly advantageous alter-
native to the traditional chiral ligand approach in
the arena of gold chemistry,

Although a number of transition metals cata-
lyie the addition of alcohols across carbon-carbon
multiple bonds, o date, only Au(l) complexes
have been successiul in promoting an asymimet-
ric hydroalkoxylation of allenes (20, 23} Our
rescarch effons, as well as those of others, have
found this translonmation particularly difficult o
achieve with broad substrate scope and high
enantioselectivity when using chiral phosphine
ligated catalysts. Only allenol substrates bearing
a particular substitution pattern have succumbed
o cveleation with high enanbomduction. We
therelore saw this reaction as an ideal platform to
test the ability of chiml counterions 1o mediate
asymmetric gold reactions,

As expected, for a typical allenol substrate 1.
treatment with a vardety of chiral phosphine
substituted gold catalysts in dichloromethane
solvent led 1o poor enantiosclectivities (Fig, 1AL
In contrast, the catalyst produced in situ from
PlizPAuCT (in which PhsP is wiphenylphosphinc)
and chiral silver phosphate Ag-{R)-6 (24, 25) in
dichloromethane solvent furnished a good vield
of the hvdroalkoxylation product and moderte
cnantiomene exeess (Fig. 1B). We chose phos-
phates derived from binaphithol as c¢hirml anions
for our investigation because of case ol access
and their ready vanability (26). Moreover, the
silver phosphate enables facile generation of the
ationic goldil) catalvst from the phosphincgold
(1) chloride driven by precipiation of silver
chloride from solution (27). Control exper-
iments demonstrated that the reaction is not
catalyzed by the phosphonc acid correspond-
ing to protonated 6, nor is there an appreciable
backeround reaction from cither PhyPAUCT or
the silver phosphate alone, The enantioselec-
tivity of the reaction was improved by utiliz-
ing the dinuclear gold complex bearing the
bis{diphenylphosphinomethanc) higand (dppm).
Examination of other solvents demonstrated
that more-polar solvenis, such as nitromethane or
acctone, gave significantly lower enantivmenc
excess values (Fig. 1C). However, the less-polar
baneene proved 1o be the optimal medium, pro-
viding the desired product in an exceptional 97%
we, These flindings are consistent with an on-pair
model, in which the degree of enantivinduction
depends on the proximity of the counteranion 1o
the cationic gold cener (9).

Knowing the optimized conditions, we ex-
plored the scope of the chiral counterion- mediated
enantioselective hydroalkoxy lation, We found the
method could be generlly applied o a vanety of
allenol substrates (Table 1), Different substituents
were well wlerated at several positions, including

SCIENCE VOL 317 27 July 2007




REPORTS

498

Fig. 3. Hydrocarboxyla-
tion using chiral ligand
and counterion. The ab-
solute configuration of
product enantiomer in
excess is noted for each

entry.

\fy‘\/\g/ﬂ“

L = dppm, X = (/)-8
L= {A)-3, X = (A}-6
L=1{5)-3, X = (A}

2.5 mol% L{AuCHz
5 mote AgX

L = (A)-3, X = 4-{NO)-CHy-COO"

H
¥ o)
. mu

n

benzens, 23° G, 24h

80% yield, 38% aa (A)
89% yield, 12% ea (5)
91% yield, 3% ee (A)

88% yield, B2% ea (5)

Table 1. Scope of asymmetric hydroalkoxylation. Entry 8 was performed using (5,5)-DIPAMP ligand
(7); enantiomeric excess from using dppm{AuCl); is in parentheses. Yields refer to isolated material
except for entry B, which was determined by gas chromatography analysis versus an internal

standard.

R R o 25 é“"ﬁé’ﬂ?a?”f“"‘ . H @:Fma h
1 - P
H\ﬁ HHS R’ benzens, 23°C l‘:‘hﬁh;j@
T
Entry Substrale n R! RE R? Tme{h) Product SYeld See
1 1 1 “{CHalg- H H 1 2 a0 a7
2 8 1 CHy H H 1 15 N 95
3 9 1 CHaCHy H H 5 16 89 96
4 10 1 -(CHa)e H cH 2 17 79 99
5 1 1 -(CHa)y H Ph 30 18 86 92
6 12 1  +CHzss CHy H 13 19 50 80
i 13 2 CHy H H 15 20 81 80
8 14 2 H H H 24 21 96 92 (80)

the allene terminus (entrics 1w 3) and the o
({entries 4 1o 5) and B {entry 6) positions of the
alcohol. The homologaied compound 13 also
underwent the reaction 1o produce etrmhydmo-
pyran product 200 with high optical purity.

Even though the achiml ligand sysiem proved
successiul for a variety of substrates, we were
curious to see whether we could combine chiml
ligands on zold with the chiral counterion to fur-
ther improve the enantioselectivity. To study this
question, we examined substrate 14, which lacks
any stencally demanding substituenis along the
backbone or the allene taminus (Table 1, entry
8). This type of unfunctionalized compound 15
tvpically very resistant to highly enantioselective
trmnsfomations, so we were not surpised to find
that our standard conditions converted this sub-
strate with slightly reduced enantioselectivity
(80% ech Fortunately, further investigation
revealed that combining chiml comples (1525
{ +}-bis[{ 2-methoxyphenyliphenyIphosphino |eth-
ane [(S.5-DIPAMPJAuCH; with Ag-(5)-6
produced the vinylietmhydropyran product 21
in 92% ce. Painng the (5.5kligand with the
opposite enantiomer of the chiral coumerion did
not fumish the same improvement in cnantiose-
lectivity, indicating that the two combine in a
“matched™ and “mismatched™ fashion, Clearly,
the combination of chiral ligands and chiral
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counterion creates an exceptionally  selective
system capable of suong enantioinduction for
cven the most challenging subsiraies.

Accordingly, we probed the applicability of

our chiml counterion sirategy 1o another gold-
catalveed reaction. We considered the intra-
molecular hvdroamination of allenes as a
strightforward extension. In the event, we found
that a phenyldimethylphosphine-ligated cat-
ionic gold complex with the chiral phosphate
counterion 6 promoted the desired transfor-
mation of allenc-sulfonamides with a high level
of cnantioselectivity (Fig. 2). A number of dif-
ferent substrates performed well under the
reaction conditions o give pymolidine products
in good vicld and excellent enantiomenc excess.
High cnamiosclectivity was observed even for
compounds 23 and 25, which gave lower
cnantiomeric excess values (83% and TP,
respectively) under our previously reported
hvdroamination conditions in which we used
chiral phosphine ligands on gold (27). Thus, we
have established that the very high enantioinduc-
tion from our chiral counterion is not conlined 1o
a single reaction, as it offers a useful complemen-

tary approach to asymmctric hydroamination of

allenes as well.
With these results m hand, we next wrned 1o
asymmetnc hydrocarboxylation of allenes, Initial-

Iy, we were disappointed to find that gold com-
plexes incorporating chiml ligands or chiral
counterions  catalveed the reaction with poor
asymmetric mduction (Fig. 3). Nevenheless, we
realized this transformation could be an exeellent
arena in which 1w test the power of combining
chiral ligands and counterions, Despite the ex-
tremely low enantiosclectivity provided by cither
component alone, the gold catalyst combining the
(SFBINAP [(5H-)-2.2%bis{diphenylphosphino)-
1.1%-binaphthyl] ligand [(5+-3] and (R)F-6 counter-
anion ¢velized the allenc-carboxylate 30 1o
lactone 31 in 82% ce. As would be expected, this

saction exhibited a dmmatic matched and mis-
muiched pairing eftect of the ligand and counter-
iony; the (/) enantiomer of the silver phosphate,
togcther with the antipodal (R)}-BINAPIAWCT),
produced a neardy meemic product. The highly
additive effect of counterion and chiral ligand, as
demonstrated here, provides more evidence of
the cnabling power of the counterion strategy for
opening previously inaccessible transformations
to asyimmelric catalysis,

The chiral counterion approach is especially
appealing for Auw(l) catalysis, given the afore-
mentioned difficulty of wansterring chiml infor-
mation from a ligand disposed 1807 from the
substrate, We have shown that modification of
the counterion can be used o circumvent this
problem by introducing an additional source of
chirality near the metal center. Our suceess rela-
tive 1o previous studies may be partially attri-
buted 1w the choice of chirml anons that have
previously demonstrited potential in asymmetnc
Bronsted acid catalysis; however, in addition 1o
accessing reactivity not available using Bronsied
acid catalysts (12), the use of chiral anions in
matal catalysis benefits from wning of the an-
cillary ligands on the metal in a manner that is not
possible for 1. Morcover, this concept does not
preclude processes that require a change in the
formal oxidation state of the trmnsition metal cata-
lyst, but rather requires thal ion-pairing be
maintained in the transition state stucture of the
enantiodeienmining siep. Therefore, this approach
is by no means limited o cationic gold(l) com-
plexes as catalysis or chiral phosphates as coun-
terons, Considering the multitude of reactions
catalvzed by wnic complexes of palladium, rho-
divwm, ruthenium, indium, and other metals, and
wiven the vast possibilities for chiral anionic and
cationic specics, we envision tremendous poten-
tial in the ficld of chiral counterion-mediated tran-
sition metal-catalyzad reactions. This approach
should have especially broad applicability, given
that the chiral counterion strategy can be com-
bined with existing chirl ligand platforms in a
synergistic fashion.
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A Cambrian Peak in Morphological
Variation Within Trilobite Species

Mark Webster

Morphological variation within species is a raw material subject to natural selection. However,
temporal change in morphological diversity has usually been studied in terms of variation among
rather than within species. The distribution of polymorphic traits in cladistic character-taxon
matrices reveals that the frequency and extent of morphological variation in 982 trilobite species
are greatest early in the evolution of the group: Stratigraphically old and/or phylogenetically basal
taxa are significantly more variable than younger and/or more derived taxa. Through its influence
on eveolutionary tempo, high intraspecific variation may hawve played a major role in the

pronounced Cambrian diversification of trilobites.

any higher taxa show a markedly
asyvmmetric diversification  history,
with rapid initial increase in mompho-

logical diversity among taxa (disparity) and
subseguent decline in or cessation of evolution-
ary inventiveness (/-+). Rates of taxonomic
diversity increase are also often higher during
the carly portion of clade evolutionary history
{3, 6} Because the potential mate and magnitude
of evolutionary  change (cvolvability) lor a

specics must be o some extent a function of

the degree of morphological variation exhibited
by that species (7, &), change in the frequency or
nature of intraspecific varation within a clade
could profoundly influence its evolutionary dy-
namics. To the extent that observed phenotypic
varation reflects hertable vadability (7) and
therefore evolvability, a clade exhibiting a
bottom-heavy diversification history would be
predicied 1o show a temporally declining degree
of intraspecific varition among s constitucnt

Department of the Geophysical Sciences, Umiversity of
Chicago, 5734 South Ellis Avenue, Chicage, IL 60637, USA
E-mail: mwebster@geosciuchicago.edu

members, as has been claimed lor some animal
clades [“Rosa’s Rule™ (9. /).

Here | investigate long-term rends in mor-
phological vanation in species using the 270-
million-year history (Early Cambran through
Late Permian) of trlobites. Trilobites have a
character-rich morphology, abundamt fossil
record, and high diversity. The diversification
history of tnlobites was botom-heavy (g, S1A)
Ongination and extinction mies of trilobie
genern were generally higher in the Cambrian
than later (fig. S1, B and C}, although there was
rapid diversification within some post-Cambrian
clades (/). Maximal disparity was achieved
during the Early Cambrian [based on among-
species varation in thomcic segmant number
(12)] or the Ordovician [based on among-specics
varation in canidial ouline (6, /3) and qualit-
tive assessment of gross anatomy (/4)]. Although
it has been suggested that the net decline in
evolutionary rate corresponded 10 a general de-
crease in morphological vanability within nlo-
bite species through time (75, 16), the lew
pertinent studies to date do not provide strong
cmpincal suppon for unusual varimion within

Cambrian trilobile species in any aspect of

momhology other than number of thomcic
segments al matunty [(42); see supponing online
material (SOM)|, and even that trail is variable
within only very lew species,

| explored temporal pattems in intraspecilic
vanation as represented by character states coded
as polymorphic within tnlobite species in cladis-
tic analvses, Specics coded as polvmomhbic for a
given charmcter are assumed 10 have exhibited
marked varition that spanned two or more

states defined by the original authors, Aspects of

oranismal shape, counts ol menstic  feares
{including presemce or absence ol particular

feawures), and locations and discrete types of

particular anatomical structures can all form the
basis for characiers coded in cladistic analyses.
thus maximizing morphological coverage
(SOM).

| examined 68 trilobite characier-axon matri-
ces lor imraspecific polymorphisms (iable S1),
but application of stringent criteria o reduce the
potential for among-study bias (/7)) resulied in
exclusion of some entire mairices, and ol pariic-
ular characters and/or taxa from others (lable 51).
The final data s¢t consisted of character-taxon
matnces from 49 ndependent studies (ables 51

and 52). Character-state mfomation for a total of

982 species was included (table 82), representing
=3% of all valid wilobite species (/8). All eight
orders of irilobites, plus the problematic burlin-
giids, were represented. | ireated agnostids as
trlobites ( /9-21), but my general conclusions are
not dependent upon their inclusion. All orders
waere represented by more than 100 species in the
analysis, with the exception of the Redlichiida
(79 species), the Corvnexochida (30 species), and

the Asaphida (26 species). With the exception of

the Pemmiam, geologic periods were subdivided
into two or three temporal bins (typically
comesponding to cpochs) the stratigraphic age
at this fincr level of resolution was known for 957
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of the specics. The linal data sat included repre-
sentatives from every temporal bin, spanning the
entire geologic mnge of the Trlobita, Most
temporal bins included dma from 60 or more
specics (Fig. 1A), although the Late Cambnan,
Late Silurian, Late Devonian, Carboni ferous, and
Pemmian were cach represented by fewer than 440
specics. OF the 25 species for which age was
known only at the perdod level of resolution, all
were post-Cambnan in age and 24 were coded
with no polymorphisms (the poly morphic spe-
cies being an Ordovician proctid): Their inclu-
sion would therefore have sirengthened the
temporal rend detected by the present analysis,
Some 40,957 positively coded chamcter states,
cach with the potential for mmspecific polymor-
phism, were included |excluding missing. in-
applicable, and redundant (the same specics
coded for the same charmcter in multiple studics)
characters].

More than 35% of the 982 included trilobite
specics were polymorphic in at least one
positively coded character (table S2). However,
these polymorphic species were neither evenly
nor rndomly distrbuted through time (Fig. 1. A
and B). More than 70% of included Eardy and
Middle Cambrian trlobite species were coded
as polvmomphic for at least one character. This
propodtion is significantly higher than in all laer
temporal bins, where fewer than 0% (and ofien
fewer than 20%6) of trilobite species were coded
as polvmormphic for at least one character. The
proporiion of specics with at least one polymor-
phism drops sharply between the Middle Cam-
brian (75%) and Late Cambaian [8% (22)), then
rises to 0% in the Early Ordovician (comcidemnt
with the first sampling of the diverse phacopid
and proetid orders), afier which there is a pro-
eressive decline through the Middle Devonian
(1%}, interrupted only by a particularly low value
(0F%) in the Late Silurian. Approximately 37% of
included Late Devonian species were coded with
at least one polymomphism (all hemlding from
study 43 in wable S1). No polymorphism was
recorded in character-state coding among the 23
posi-Devonian species. It is unclear whether this
pattem is better interpreted as a steplike drop from
Early and Middle Cambrian high proportions
{=T0%) 10 post-Middle Cambrian low proportions
(0 1o 40%, averaging 13%), or as a progressive
decling through the Paleozoic from the Early and
Middle Cambrian (<70%) through the post-
Devonian (%) made noisy by imervals of poor
sampling. The proporiion of inlobiie species
polymorphic in @t least one chamcter was sig-
nificantly higher in the Eary and Middle Cambri-
an than in Later times,

The most extreme degrees of intraspecilic
varation were also documented in Early and
Middle Cambrian trilobites (Fig. 2, A and B,
and fig. 82}, when some specics were polymor-
phic in more than 20% of their coded chamcters,
None of the 388 post-Cambrian species ex-
hibited polymomhism in more than 153% of their
coded characters (Fig, 2C). The avemge propor-
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tion of charmcters for which a species was coded
as polymorphic falls from 3% in the Early and
Muddle Cambrian to 0% in post-Muddle Cam-
brian bins,

The phylogenetic distibution of specics ex-
hibiting any degree of polymorphism in coded
charciers 15 also not uniform (Fig. 3, A and B).
A signilicamly higher proponion of specics
belonging 1o the strtigraphically old and/or
carly diverging (79 clades Redlichiida (53%),
Prychopanida (79%), and Agnostida (88%) are
polymormhic for at least one character compared
to the vounger and'or more derved (/9) Conynex-
ochida (10%), Proctida (17%), Phacopida (7%),
Lichida ( 13%), Asaphida (4%}, and Burlingiidac
{0%40). The temporal decline in intmspecific vana-
tion therefore results primarily from dilferences
among trilobite orders. However, there is also
support for declining frequency of polymorphic

-]
-
R P

polymorphisem
2 s

T~

a
Ll

Pragonicn of species coded with af least one

Fig. 1. Temporal pattern of the frequency (A) and
relative proportion (B) of trilobite species coded as
polymorphic in at least one character in cladistic
analyses. Hatched and solid shading in (A) denotes
polymorphic and nonpolymorphic species, respec-
tively. Geologic period abbreviations: Ordov.,
Ordovician; Sil, Silurian; Dev., Devonian; Carb.,
Carboniferous; E, early; M, middle; L, late, Error
bars indicate two-unit profile likelihood confidence
intervals. Data are from table 52.

species through time within the long-rnging,
wellsampled onders Proctida (Fig. 3, C and 1)
and Phacopida (Fig. 3, E and F), although the
latter showed a retum 1o high proportions in the
Lae Devonian (atributable 1o a single study; sce
above ), Any sustained trends within other orders is
unclear because of insufficient taxonomic or
tamporal sampling (figs. 83 and 54), although a
significant drop in the proportion of specics
exhibiting polymomphism following an Early
and'or Middle Cambrian peak was seen for the

A -
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Fig. 2. Frequency distributions for the proportion
of characters coded as polymorphic within trilobite
species for the Early Cambrian (A, median =
2.8%a), Middle Cambrian (B, median = 3.6%), and
post-Cambrian (C, median = 0.0%). Approximate
duration (in millions of years, my) of each temporal
bin is shown; duration for Early Cambrian is based
on trilobite-bearing portion only. Frequency dis-
tributions at higher temporal resolution are shown
in fig. 52. Data are from table 52.
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Fig. 3. (A and B) Differences among trilobite orders in the frequency (A) and relative proportion
(B} of species coded as polymorphic in at least one character in cladistic analyses. (C and D)
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as polymorphic in at least one character in cladistic analyses. (E and F) Temporal pattern of the
frequency (E) and relative proportion (F) of phacopid trilobite species coded as polymorphic in at
least one character in cladistic analyses. Hatched and solid shading in (A), (C}, and (E} denote
polymorphic and nonpolymorphic species, respectively. Error bars indicate two-unit profile
likelihood confidence intervals. Data are from table 52. Abbreviations as for Fig. 1
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Prvchopariida [but sce (22)] and Agnostida.
Whether the higher frequency of polymomhic
species carly in clade history (here detected m the
Trilobita as a whole, the Proctida, and arguably the
Phacopida, Puchopariida, and Agnostida) is
indicative aof a generl phenomenon detectable
levels of lesser phylogencte mclusivity 15 un-
known. The sccond (Late Devonian) peak among
phacopid specics suggsits that general trends in
intmspecilic vanation are reversible [see also (24)).

The nonuniform phylogenetic and wmporal
distribution ol imraspecilic variation in trilobites
is unlikely 10 result from a bias in mompholog-
ical coverage (1. the range of chamciers ex-
amined) or in chamcler-state definition, because
similar temporal and phylogencuc patierns are
detected when analysis 1s restineted 10 chamcters
of unequivocal homology across clades and 1o
characters with mimimal potential for among-
worker differences in coding (ligs. S5 and S6).
There are fewer mnlobite species per genus on
average in the Cambrian versus the post-
Cambrian (/8). I this reflleets a worker-relaed
bias of "“Cambrian lumpers” versus “post-

Cambrian splitters.” then a higher degree of

apparcnt variation should be expected within
Cambrian wilobite species and the results could
be construed as artifact. However, similar tem-
poral and phylogenctic patterns are  detecied
based on the work of single researnchers (figs. 87
and SX8). The post-Cambrian increase in number
ol species per penus could result from a decline
in generic extinction e (fig. S1CE Genem
orginating in the Cambrian had shorter averge
durations than genera onginating in the post-
Cambrian (24), resuling in accrual of lower
specics-level diversity per genus. Any worker-
related bias in generic concept would not affeat
the results, which involved only specics-level data.
The nawre of ntraspecilic variaiion can in-
Muence the rae and direction of adaptive re-
sponse of a lincage o selective pressure (8, 25, 26).
The high rates of tilobie generic origination in
the Early and Middle Cambrian relative 1o the
post-Cambrian (fig. SIB)Y are consistent with
claims that inraspecific variation can also pro-
mote speciation and diversification (27). How-
ever, the Late Cambrian mismatch between high
genence diversification rates and the marked de-
cling in imtraspecilic variation is inconsistent with
such clums, sugzesting either that other factors
play an imporiant le in genene diversilfication
rate or that intraspecific vamation is grossly under-
represented in the Late Cambrian sample (221
The nature of the relation between intra-
specific variation and momphological diversiti-

cation is complex because the components of

trlobite anatomy were evolutionarily decoupled.
Thus, whereas the maxima of intra- and inter-
specific vanation in thoracic segment number
coincide during the Early Cambnan (/2), the
Middle Ordovician maximal dispanity in cranidial
shape was attwned later than the Early/Middle
Cambrian maximum in froquency of intraspe-
cilic variation in characters determining cranidial
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outline [fig. S9; although the mte of increase in
disparity of cranidial shape was highest in the
Eardy Cambnan and slowed from the Middle
Cambnan through Middle Ondovician (figure 5
in ()] The role of inraspecitic vanation in the
gencration of novelty and therefore of macro-
evolutionary trends in disparity 15 unclear: A
hypothesis that intmspecific vanation is the source
of disparity increase predicts that a polymor-
phism should involve a denved feature, but the
data relate only 10 whether or not a specics is

polvimorphic for a given charcter, irmespective of

whether the charcter states are derived, primitive,
OF Convergent on another hl‘l.‘ﬂil.."h.

The observed decline in intraspecific vanation
miay have resulted from increasing developmental
or ceological constraints.  Developmental  con-
strants may stem from  inereased  mtegration
among o regulation of developmental systems,
resulting 1 decreased capacity 1o gencrale or
accommodate change in those systems without
negative cllects on viability (4, 28 -33) Ecolog-
ical constraints may stem from progressive niche
specialization associated with increased diversity
and competition: In an ccospace dominated by
incumbents. selection pressure could  reduce
finess ol vanant phenotypes even  though
developmental regulation and  integration may
remain unchanged (29, 340 Constraim resulling
froom o decline in developmental Hexibility, in
success rale for ccological establishment, or in
both (2, 4 could lead w Joss of phenotypic
vanation within species and  diminishing  mor-
phological innovation, which translates  into
slower esponse 1o selection and declining mue
of morphological and axonomic divers fication.
Further investigation is required 1o detenmine the
causal mechanisms and whether the post-Middle

Cambrian decline in the frequency and extent of

intraspecific varation detected here was unique

to trilobites or to this ime interval. Nevertheless,
demonstrmtion of this pattern and s potential
comespondence o diversification rate in rlobies
suggests that within-specics vanation may play
an imponant ke in shaping clade macroevolu-
tionary history,
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Four Climate Cycles of Recurring Deep
and Surface Water Destabilizations
on the Iberian Margin

Belen Martrat,” Joan 0. Grimalt,™* Nicholas ). Shackleton,’t Lucia de Abreu,?

Manuel A. Hutterli,>* Thomas F. Stocker®

Centennial climate variability over the last ice age exhibits clear bipolar behavior. High-resolution
analyses of marine sediment cores from the lberian margin trace a number of associated
changes simultaneously. Proxies of sea surface temperature and water mass distribution, as well as
relative biomarker content, demonstrate that this typical north-south coupling was pervasive for
the cold phases of climate during the past 420,000 years. Cold episodes after relatively warm
and largely ice-free periods occurred when the predominance of deep water formation changed
from northern to southern sources. These results reinforce the connection between rapid climate
changes at Mediterranean latitudes and century-to-millennial variability in northern and southern

polar regions.

he study of abrupt climate change has
focused mainly on the last glacial period

(/-13) and has provided imponant in-
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sights about the dynamics of the climate system
& . . . 15

(14, 13) Synchroniation of the 870 records

from Greenland and Antarctic ice cores has

shown that the regions around Antarctica were
warming during shori-term cooling stages in
Crreenland (). These high-latitude changes were
paralleled by the fine-scale variability of seca
surface temperatures (S5T) from lower Iatitudes
in their respective hemispheres (16, 17) and were
direetly hinked on a regional scale 1o the extension
and retreat of polar ice (3, 4) and the reorganiza-
tion of atmospheric (3, 6) and occanic circulation
(7-13)

A number of palecarchives have shown that
century-to-millennial climate vanability also was
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a robust feature in previous climate cveles (6-25)
However, in these cases, no 1ee records [rom the
Northern Hemsphere were available for a
comprehensive test of the hypothesis that the
same dynamics of abrupt climate change existed
during previous ice ages. Fortunately, high-
resolution marine sediment cores from the Ibenan
margin contain a reeond of the different water
misses, which came from the northern North

Fig. 1. Maps showing the
location of the Iberian
margin sediment cores
(28). The sediment cores
studied are MDO1-2444
(37°33.68'N, 10°08.53'W,
2637 m below sea level)
and MD01-2443 37T°5285N,
10°10.57'W, 2925 m be-
low sea level). Existing
relevant paleoarchives are
MD95-2042 (7, 8, 12, 13),
MD95-2043 (10, 11), and
ODP-977A (16), all of
which establish the Iberian
margin as a sensitive re-
gion for recording climatic
changes.

Table 1. Summary of the Iberian margin alkenone unsaturation index
{U"ar]-SST (“0) conditions and time resolution (years) in cores MDO1-
2444 and MDO1-2443 over the past four climate cycles, The average
temporal resolution remains comparable at centennial scale throughout
the entire period studied. Cores MDO1-2444, ODP-977A (16), and MD95-

S5T0pze First climate cycle

Adlantic and Antarctic regions, In these cores, the
8'0 record of benthic foraminifera resembled
the Antarctic temperature signal, whercas the
"0 of planktic foraminitera exhibited changes
similar to those found in Greenland iee cores
(7-9), The differences in isolopic composition
between surface and deep waters were based on
measurements along individual corcs and conse-
quently provided a fisst independent venfication

-

EERERE R R RO

ey gla . )

Lt Lai]

0 (2) are r

Second climate cycle

Third climate cycle
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of earlier methane interhenispheric phasing for
the last climate cycle (/).

The Ibenan margin s therelore a focal point
for comprehensive evaluation of climate varia-
hility in both hemispheres over long time periods.
We analyveed stable isotopes (1 = 1396 samples)
and fossil organic compounds synthesized by
marine and continental lora (0 = 1648 samples)
that we lound in sedimen cores MD1-2443 and
MDA -2444; these data allowed us o generate a
high-resolution reconstruction of the climatic
history of the past 420,000 vears (Fig. | and
Table 13 {26-28).

Analysis of down-core profiles on their depth
scales emphasizes that climatic events recorded
in the incremental lavers do not vary in shape
after apphication of dating techmgues (Ag. S1A).
The alkenone-dermved S5T at the Ibenan margin
is coupled with the "0 record of Globigering
Mlloides (g, S1B). The specilic sedimentation
features ol the arca studied prevent the offsal
between ages ofalkenones and fomminifera from
identical sediment depth intervals, further
supporting the in-depth evaluation from the
nearby nothwest Adrcan margzin (29).

None ol the climate cyeles was an exacl
reproduction of the others because on the orbital
time scale the goveming lactors of jce-age
dynamics have never been identical (19, 210,
i0-32) (Fig. 2, A and B). The results show
that the rapid SST changes (Fig. 2F) are con-
sistent, for the time span in which they overlap,
with Greenland 8'%0 profiles (2), reconstruc-
tions of iceberg discharges at 55N (21), and
Lirhun.ll pollen in southern Europe (22, 23)
(Fig. 2, Bio E)

anwy_nrd Oeschger-type variability is
recorded all along the Iberan margin over the
past four climaie cveles (Fig. 2F). For simplifi-
cation purposes, the wanm and cool events are
lisied and labeled, respectively, as Iberian margin
interstadials (IMID) and siadials (IMS), with the

2042 (12) are in close agreement over the first chmate cycle. Correlation
mefhnenu of ODP-977A (16) and MDO1-2444 U* 3-,--551 (°C) with NGRIP
= 0.88 and r = 0.86, respectively. The correlation
mefﬁcient of the MDﬂ1-2443 benthic profile [(26, 27) and this study]
with the Dome C 6D record (18) is r = 0.92.

Fourth climate cycle

[time resolution

(years) u £ o Glacial Interglacial Glacial Interglacial Glacial Interglacial Glacial Interglacial
IRLE 8, 13.8 +11 17.3 £ 1.9 13.9+ 2.0
n =902 samples
(this study) [136 + 83] [275 = 124]  [321 = 255]
ML=, 1¥6+13 179+14  126+25 168+18 123+22 172+13
n = 764 samples
(this study) [590 = 412] [428 = 250) [388 = 144] [333 = 197] [584 + 371] [250 = 149]
ODP-577A; 13.1 £ 1.7 17.9 £ 3.0 14.1 £ 2.2 18.0 = 2.6
n = 655 samples
(16) [317 + 234] [448 = 522] [370 + 180] [378 + 233]
MD95-2042,
n = 299 samples 145+ 14 17.6 £ 2.2
(12) [358 + 199] [923 = 344]
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Fig. 2. Comparison between the Iberian margin palecarchive and distance
records over the last four interglacial-to-glacial cycles. (A} The greenhouse
gases CO, [solid yellow curve, in parts per million by volume (ppmv)] and CH,
[dashed green curve, in parts per billion by volume (ppbv)] (19, 20}, the
eccentricity of the Earth's orbit (solid black curve), and the daily insolation at
65°N during the summer solstice (dashed black curve). These data, along with
{B) phasing in Earth's obliquity (solid black curve) and precession (dashed
gray curve} (30) are external triggers of the climate system, although a
substantially nonlinear response to these gradual forcings (31, 32) also is
evident in the profiles presented here. The North Greenland lce Core Project
(NGRIP) 50 profile [per mil ()] (2) is drawn with the isotopically defined
Greenland interstadials (GI) on the top and the subsequent Greenland stadials
{GS) on the bottom. (C) The ODP-980 relative proportion of detrital lithics ice-
rafted debris (IRD} record events when the e shelves reached a critical
extension (21). (D)} The Velay pollen sequence stratigraphy (23) applied to (E)
the Tenaghi Philippon woody taxa; the pollen curve excluding Pinus and
Juniperus is shown by the dashed line, because the ecological requirements of
these two genera are not always indicative of temperate climates (22). {F)
U"'_:,;-SST in a compaosite of cores MDO01-2444 and MDO1-2443 with the IMl on
the top and the IMS on the bottom, with the number of the climate cycle to
which they belong shown immediately before (values above average are
shaded blue). Areas shaded orange show transitions between the climate
cycles, and gray areas mark the most prominent bifurcations in climate
conditions. (G) The relative proportion of n-hexacosan-1-ol (C;,0H) to the
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sum of n-hexacosan-1-ol (C340H) plus n-nonacosane (Cag) in cores MDO1-
2444 and MD01-2443 i providing an oxygenation marker of deep sea floor
(three-point running average; values above average are shaded orange). (G')
Benthic §"*C in cores MD95-2042 and MDO01-2443 [data are from (7) and this
study; three-point running average)], with alternating influence of NADW (-1
per mill and AABW (less than 0.5 per mil). (H) The percentage of
heptatriatetraenone (C37.4) to total alkenones is indicative of Arctic surface
waters at core locations. (H') 5™0 of stalagmites from Hulu and Dongge caves
{solid black curve) and from Soreq and Peqiin caves (dashed black curve)
(6, 24, 25). (1) The benthic 6 0 profiles (solid black curve) in cores MD95-
2042 and MDO01-2443 [data from this study and (7, 26, 27)] and the Antarctic
Dome C D record {solid blue curve) (18) and Dronning Maud Land 5'°0
corrected profile (dashed blue curve) (36), with a tentative proposal of the
Antarctic isotope maxima (AIM) drawn on the top of the benthic profile.
Misalignments between the Antarctic ice signal (blue curve) and the Iberian
margin benthic record (yellow curve) are due to differences in the age models
used, but the resemblance between the signals is unambiguous (Table 1) (28).
(1) Gladial 2 to 4, 6, 8, and 10} and interglacial (1, 5, 7, 9, and 11) marine
isotope stages (MISs). It should be emphasized that no ice records from the
Northern Hemisphere are available for climate cycles before the last one.
Greenland represents the guide for the past 120,000 years (2}, and Antarctica
is the reference for the time preceding that period (18). Original data and a
comprehensive explanation about age scales are available online (28). ky,
1000 years.

number of the climate evele to which they belong
shown immediately belore (eg.. 4IMS-7 is the
seventh cooling stage of limited durtion within
the fourth climate cvele), Designation by climate
cveles (interglacial followed by a glacial period)
i5 justified on the grounds that attempting
rigorous delinition of the boundaries of manne
isotope siages (MI5s) (Fig. 213 becomes mean-
ingless at the centennial level (33),

The climate eyeles commence with a rapid
wammg completing the deglaciation, which
losts just a few cenwries (11MS-1, 1IMS-2a,
2IMS-1, 3IMS-1, and 4IMS-1; Fig. 2F, arcas
shaded in orange). ollowed by a gradual cooling
over several thousand years, ofien ending in a
final rapid cooling phase. During the initial pan
of the climate cyeles, wann stable periods similar
to the Holocene were maintained and oscillations
were rare but generally more pronounced than
during the ice ages: Al least four intense events
imterrupted the last climate period (11MS-21,
1IMS-22, 1IMS-24, and 1IMS-25); three severe
oscillations punctuated the sccond cvele (2IMS-
11, 2IMS-12, 2IMS-13); just two interrupted the
third (3IM5-92 and 3IMS-=10}; and none occurmed
dunng the fourth climate cyele, unnl sudden
entry into a glacial ina single event (4IMS-T),

Dunng fully developed glacials, the frequen-
cy of rapid climate variability also differed
between climate cyeles (Fig. 2F). The Iberian
cores regisier |8 events during the first climate
eyele (HIMI and 1IMS events | to 18), nine in the
second (2IMI and 2IMS events 1 0 9), seven
oscillations durng the third (3IMI and 3IMS
evenis | 1o 7y and six over the fourh (4IMI and
4IMS events | 1o 6). As a whole, there is a
common general trend over the past four climate
cycles: Both in vanable glacials and in the wanmn,
stable, preceding perods, the pace of climate
varability increases as the Pleistocene progresses

to the present. The recurring saw-tooth shape of

SS5T fuctuations observed (Fig. 2F) points 1o a
nonlinear threshold behavior of multiple equilib-
ria in the North Atlantic, as referred w0 in models
(34, 315 Whatever mechanisms were responsi-
ble, the combination of wiggers, amplifiers, and
sources of persistence during each climate eyele
was never identical, and the abundance, length,
and magnitude of the events varied accordingly.
For example, the Jast e age was charactenzed
by abundant multucentennial shifis, but cold
spells were equally or even more severe in the
three previous climate eyeles (Table 1)L The
fourth climate evele was the period with rapid
cvenis of the highest amplisde, but with a
shorter glacial period.

In this siwdy, we considered different hy-
drological indicators that permit a betier link o
other climate archives, First, the relative pro-
portion of eraunsaturated Cap alkenone 1o total
Cyq alkenones (Cyq4) 18 indicative of very cold
surface waters at core locations (/6). Increases in
this proxy (Fig. 2H) are in line with weakening of
surface Patagonian winds at specific tmes (/&)
and a decreasing ramtio of summer-lo-winter
precipitation in the castem Mediterrancan and
Chana (6, 24, 25) (Fig. 2H"). Second, the benthic
"0 record of cores MD95-2042 (7, &) and
MDO-2443 [sce (26, 270 and our data) is con-
sistent with the profiles in Antarctica (/% 36)
(Fig. 21). This correspondence supports the above
analogy for the last glacial { 7 9), but our resulis
show that the correlation was maintained over
the last four climate cyeles. Third, the relative
proportion ol n-hexacosan-1-0l (C50H ) to the
sum ol Ca40H plus s-nonacosane (Cag) is 2
chemical proxy reflecting oxygenation associated
with bottom curremt intensity, given that both
compounds have the same origin (1., vascular
terrestrial plamisy but diflered in resistance 1o
degmdation by oxyeenation of the deep sca oor
(1) (Fig. 2G), High and low percentages of the

CagOH matio |1, CagOHAC40H + Cyg)] cor-
respond,  respectively, o low and hikﬂt deep-
ocean ventilation, Finally, the benthic 8" C record
reflects the influence of both hemispheres (Fig.
26°), Typical values of North Atlantic deep water
(NADW) and Antarctic bottom water (AABW)
are about 1.1 and 0.5 per mul, respectively (37).
This indicator showed depleted values document-
ing entrances of AABW in the North Atlantic ot
only during glacials (9, 38}, but within the shor-
term cooling stages of inmerglacials (21). The
common trend in changes of S5T, U5, 0H ratio,

and benthic 8"C constitutesa recurring pattern of

changes in surface and deep waters measured in

the same cores. The observed time sequences of

events are theretore independent of the absolute
aee model of choice [ 2X8).

Decreases in the CaOH mtio over the
deglacimions trace the carly amival of NADW
from nomhern lattudes. Dunng the warmest and
largely fce-free portions of the interglacials, the
benthic 8C record exhibits high valucs for
nutrient-depleted waters amiving from nonhem
Iocations. Particularly during MIS 1, MIS 5S¢, and
MIS 1le (Fig. 20y, maintenance of low CagOH

ratio and high benthic 8 indicates conditions of

high decp-water ventilation by NADW, For time
iniervals of 10,000 1w 20,000 years after the degla-
ciation, the relative content of CyOH remanmed
low, whereas benthic 5°C and 5"80 values stayed
high. These climate conditions evolved toward
well-defined increases in the CgOH matio, recond-
ing lower oxygenation and a slowdown in the
intensity of bottom currents. These periods ended
abruptly in harsh drops in S5T preceded by steep
decreases in both CagOH and benthic 8°C ratios,
indicating a reinvigoration of the deep currents, in
this case caused by the inflow of southem-sourced
deep waters (AABW)L Aller the swill cold spell
within a fow centurics, ashap movement back to
wiarm 85T was marked by sudden decreases in
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doep water ventilation {increase in CasOF ratio)
and a restraint in AABW flow (increase in benthic
3'%0).

This pattern was repeatedly observed during
numerous prominent SST oscillations over the
last climate cycle (1IMS9, 1IMS-13, 1IMS-18,
1IMS-21, 1IMS-22, 1IMS-24, and 1IMS-25)
(Fig. 3) This type of abrupt cooling was also
pervasive during the second (2IMS-3, 2IMS-10,
2IMS-12, and 2IMS-13), the thid (3IMS-,
3IMS-3, 3IMS-7. 3IMS-8, 3IMS-9, and 3IMS-
10y, and the fourth climate cvele (4IMS-6 and
4IMS-T)(Fig. 2. Fio |, areas shaded in gray), and
it collapsed the entire Mediterranean ccosvslem
(16, 22y parallel 1o a massive inerease in the size
of the nonhern ice caps (39), Vegetatonal
mdicators measured  along MDO1-2443  sedi-
ments indicate that the woodland population at
the Therian peninsula was almost nonexistent

duning some of these intervals, independent of

glacial ice (26).

During MIS 10, the intethemispheric decou-
pling was panicularly pronounced. Repeated
surface temperature shills occumed at the [berian
margin (4IMI and 4IMS events | e 6) and
percentages of woody taxa in southem Europe
were maintained at high values for almost the
entire ice age (up to 78%) (22), but the climate
varability of southem polar latiwdes was almost
insignilicant (/83 (Fig. 2, E 1o 1) It is quite likely
that cach interstadial in nonhem latitudes had its
counterpart in southern latitudes, but the intensity
ol expression in southem laides may  vary
depending on the power ad durmtion of'the event
(34). This is consistent with the recent obsenva-
tion that, for the kst ce age, the dumtion of the
Greepland  mierstadials 15 comelated with the
warming amplitude n Antarctica { 36).

The changes observed point to intensilication
ol AABW flow at the Thenan margin preceding
the harsh drops in 85T that charmcterize these
rapidd events (Fiz. 3) The results comroborate the

Nonh Atlantic_determinations of benthic §"C
(40) or ®'Pa™Th (41), indicating that produc-
tion of NADW decreased. and in doing so kept
pace with the extension of northem polar inland
glaciers 1o the continental shelves: however, this
occurred a few centuries before the subsequem
generation of locbergs. Climate scenanos that
foree a change in the occan circulation with the
use of' a coupled occan-atmosphere-sca ice model
show that decreases in formation of NADW are
capable of tiggering large ice surzes (42).
Computer simulations indicate that the imbal-
ances between northern- and southem-sourced
water masses are the primary agent for these
abrupt climate oscillations (4.3). Some models
propose that the interplay between these wo
water masses may be driven by changes i
AABW (44, 45) and others by NADW (13, 46).
However, imespective of the ultimate origin of
these deep water changes, the resulls presented
here show that century-to-millenmial vanabality
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formation cooiing
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Fig. 3. A more detailed view of the time sequences of events over the last
climate cycle. Harsh drops in (A} u* 37-95T were preceded by steep decreases
in both (B) C;40H and (B') benthic 33C ratios (7). Hence, cold episodes after
relatively warm and largely ice-free periods occurred when the predominance
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changed from northern deep waters (NADW) to southern (AAEW). These
changes occurred a few centuries before the subsequent generation of
icebergs, which are traced by increases in (C) the percentage of Cyp.a,
indicative of very cold surface waters at the Iberian margin (16).
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characteristic of the last ioc age woas pervasive
during the entire past 420,000 years, In particular,
the mapid coolngs were precedad by changes m
deep waters mvolving pulses ol mcrcasing
AABW afier retreat of NADW.

The finding that 85T shifts become more
abundant as climate eyeles approach the present
calls for a pressing need w0 understand the
mechanisms of rapid climate change. The mean
~1 500-year time spacing of the events of the last
glacial (47) is not observed in previous climate
cyeles, This is a further indication that a time
scale of this nature is not a universal chameieristic
of the climate system., The marked meling of'the
ice armacdas similar o those reported over the last
glacial period can no longer be uniquely asso-
ciated 1w the cause of abrupt climate change,
given that changes occurned cven alter relatvely
warm and largely ice-free penods (e.g.. 1IMS-21,
1IMS-22, 3IMS-10, and others: Fig. 2F) Al-
though more contmuous Ireshwater discharge
may not leave a notable trace i the manne sed-
iments, it may effeetively rigger the gradual
deteromation of climate by slowly pushing the
ocean circulation in the North Atlantic wward a
threshold (48).
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Ethylene Modulates Stem Cell Division
in the Arabidopsis thaliana Root

Olga Ortega-Martinez,*t Monica Pernas,*t Rachel ). Carol, Liam Dolan$

The construction of multicellular organisms depends on stem cells—cells that can both regenerate and
produce daughter cells that undergo differentiation. Here, we show that the gaseous messenger
ethylene modulates cell division in the cells of the guiescent center, which act as a source of stem cells
in the seedling root. The cells formed through these ethylene-induced divisions express quiescent
center-specific genes and can repress differentiation of surrounding initial cells, showing that
quiescence is not required for these cells to signal to adjacent stem cells. We propose that ethylene is
part of a signaling pathway that modulates cell division in the quiescent center in the stem cell niche
during the postembryonic development of the root system,

he bodies of multicellular land plams are
derived from populmions of dividing cells
called mensiems, which contain stem

cells, Clonal analysis revealed that the ultimate
source of cells in the drabidopsis thaliana root

meristen is the quicscent center (QC), a group of

four cells that divides infrequently and can give
rise to cells in all tissue systems of the root (/).
The QC cells ane surmounded by initials that divide
to regenerate themselves and produce cells that
contribute 10 the root body and have also been
considered to be stem cells (2, ). Because mitials

can be replaced by QC cells, the former may be
comsidercd 10 be shon-term siem cells, wheneas the
latier are long-term siem cells. QC cells produce
signals that promote division of the abutting initial
cells and repress inmitial cell  terminal differentia-
tion (). Together, the QC cells and the surrounding
initial cells constitute a stem cell niche (3, 6).
To wemify genes that control cell prolhfer-
tion in the stem cell niche, we screened our col-
lection of oot mutants for plants with defective
QC cellular organization resulting from deregu-
lated QC cell division. We identified two mu-
tanmts, E6263 and E4510, in which the cells of the
QC divide (Fig. 1, B 1o F). In the E6263 mutam
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shown in Fig. 1F, one ol the QC cells has divided
transversely, resulting in a three-celled QC when
viewed n longitudimal section. We determined
the time course of the onset of the mutant QC
phenotype by quanutymg cell divisions for 12
davs afler germination. QC organization is iden-
tical in both wild type and mutans (EG263,
E45100 at 2 days. By 4 days afler germination,
26% of mutant roots have undergone QC divi-
sions, whercas none was observed in wild type
(it = 21) (Fig. 1. E and F). By 8 and 12 days,
QC divisions had occurred in all mutam plams
examined (n = 200 (Fig. 1, Gro ). Thus, the gene
that is defective in the E6263 and E4510 mutants
15 required normally to repress division in the QC
duning wild-type development and 15 usually ac-

tive dunng or seon aller germmation.

We determuned by positional clommng that the
defective gene in these mutants s A3gS1770
(fig. S1) At3g51770 encodes ETHYLENE
OVERPRODUCERI (ETO1 ), and plants homo-
yvgous for loss-ol-lunction efod mutations pro-
duce excessive amounts of cthylene (7. 8).
ETOVAGZ5 1770 is a ubiquitin E3 ligase that
controls the rates of ethylene synthesis by mod-
ulating the levels of aminocyelopropane carbox-
ylic acid synthase 5 (ACS5), a protein that
catalvzes the mte-limiting step in ethylene bio-
synthesis (N, ETO is expressed throughow the
plamt (Nig. S1) Muations in E6263 (herealier
etod -1y and E4510 (herealter efef-12) result in
G—E and G—R at amino acid positions 437 and
T8O, respectively. Morcover, crosses between
plants that are homozygous for the recessive
etod =11 mutation and the previously character-
peed recessive efod-7 mutation produce mutant
Fl ollspang with deregulated QC cell divisions,
which indicates that mutation of the ETOL pene
is responsible for the observed QC phenotvpe.

Our daia suggest thai ethylene promotes cell
division in the QC. An altemative hypothesis is
that ETO1 E3-ligase controls QC division by
regulating the degradation of other proteins that
play no role in cthylene biosynthesis. To distin-
guish between these aliernatives, we determined
whether QC division could be controlled by exper-
imentally manipulating ethylare biosynthesis or
signaling. IF the QC phenotype of efad mutants
were the result of ethylene overproduction,
the mhibimon of cthylene biosynthesis by 2-
ammoethoxyvinyl glvemne (AVG ) should suppress
the supermumerary divisions in the QC of the el
mutant. W observed no extra QO cell division in
efe] mwtants grown in media supplemented with
0.5 uM AVG (Fig. 2, A to C), Similary, i super-
numerary cell divisions in the QU of erod mutanis
were cthylene dependent, it should be possible 1o
phenocopy efof by exposing wild-type plants 1o
ethylene, Growing wild-tvpe plants in the presence
of ethylene precursor  1-amino- [-cvelopropane
ﬂ;trimx}liu acid (ACCTY (50 H:\l] induces QU
cell division (Fig. 21D}, Furthermore, the el
mutant carrics a dominant mutation in an ACC
synthase (ACS) gene that results in the over-
production of ethy lene (9, 1), In these mutans,
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the QC cells also undergo supemumerary ocll
divisions, as they do in eref mutants (Fig. 2E).
These data support the conclusion that the
ovemproducton of ethylene 1s responsible tor the
supemumerary divisions that occur in the QC
divisions in eraf moots,

To funther verify that ethylene promowes QC
cell division, we determined the QC phenotype
ol plants with defective cthylene signaling, The
CONSTITUTIVE TRIPLE RESPONSEL (CTRI)
protein is a negative regulator of the ethyvlene
signal transduction cascade, and loss-of-function
mutations in the CTR Y gene results in constilutive
activation of cthylene signaling (¥). 11 cthyvlene
were responsible for the stimulation of QC di-
vision i the efof mutant, we predict tha QC
cells should also divide frequently in the e/
mutant. An mereased frequency of cell divisions
i the QC of cied mutants results in a cellular
organization that 15 indistinguishable from that
observed in efof mutants (Fig. 2, B and F).

We quantificd the numbers of extra QC ccll
divisions induced by ethylene by guantilving the
nurmber of QC cells in medial longiusdinal sections
of ools. Although such numbers underestimate

ST
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Listeend roct

the exact numbers of cell divisions, they allow
companson of the numbers of cell divisions -
duced i the QC in these difterent backgrounds and
treatmenits. Treatment of wild-type seedlings with
ACC mercased the number ol extra cells rom
0.022 = 0003 (SD) e 1,25 = 0,05 (SD), Similarly,
efof |1.35 + 0,025 (SD)] and eord 1,50 = 0.001
(S mutants had more QC cell divisions than
wild type [0.022 £ 0,003 (SD)]. These mcreases
comespond o an average of'at least one extra cell
division per 4-day-old seedling (r = 50) These
genatic and pharmacological data indicate tha
athvlene promotes the division of cells in the QC,

To determine the identity of the cells tha
result from the ethylene-induced division of the
QC, we determined the expression of a number
of QC-expressed genes in erod mutants and
wild-type plants treated with 50 pM ACC. The
QC25 enhancer trap gene s expressed in QC
cells of untreated wild-tvpe roots (1) iFig. 3, G
and 1), Wild-type roots treated with ACT express
the QC25 enhancer trap m the supemumerary
cells that result from QC division, mdicating that
the new cells have QC idemity (Fig. 3, H and J).
SCR is a transcrption factor that accumulates

Fig. 1. ldentification of mutants in which the QC cells divide. (A) Wild-type stem cell niche
organization (schematic). (B) Wild-type, (C) E6263, and (D) E4510 root morphologies. Cellular
organization of the stem cell niche region (a pair of cells in longitudinal section) in (E) 4-day-old,
(G) B-day-old, and (1) 12-day-old wild-type roots, as revealed by propidium iodide staining. Red
lines show the outline of the two QC cells that are visible. Cellular erganization in (F) 4-day-old,
(H) B-day-old, and (]} 12-day-old E6263 mutant rools showing supernumerary divisions in the QC

(red arrowheads). Scale bars, 25 um,

Fig. 2. Ethylene promotes
QC cell division. Stem cell
niche organization of (A}
wild-type, (B} etol-11 mu-
tant, (C) etol-11 treated
with AVG (0.5 uM), (D} wild-
type treated with ACC (50
uM), (E) efo? mutant, and
(F) ctrl mutant roots. Red
arrowheads, extra cell divi-
sion in the QC. Scale bars, 50 pm.
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i the QC and is required tor its development
(12, 13V (Fig 3A). In the aod mutant and inwild-
type roots treated with ACC, SCR s expressed
cells derwved trom QC division, which continms
ther QC wentity (Fie. 3, B and O). Furthermore,
we examined the expression of the enhancer trp
10571, which is expressed in the QC of wild type
(Fig. 3 D). JO5T1 15 expressed in the QC cells and
their denvatives in wild-type plants treated with
ACC and in etof mutants, indicating that the cells
that form as a result of QC division have OQC
identity (Fig. 3, E and F). Together these data
indicate than, although QC division s controlled
by cthvlene, the wdentity of these cells s un-
alfected by this hormone,

To test whether the extm cells that form in
eted mutants funcuon as QC cells, we determmed

whether they negatively regulated differentiation
i the sumounding nital cells (7). Ablation of QC
cells in wild-type roots results i the precocious
ditferentiation of columella mibals, which can be
monfnored by lugol stamming of the starch gruns
presemt in columella cells but not columella ini-
tials (3, £4). We stained both evol and wild-uype
rools grown in the presence of ethylene with lu-
gol and found a single laver of unstained cells
below the supemumeriry cells in the eod and
ethylene-tremed roots (Fig. 3, H and J). Therefore,

the supemumerary cells produced in the QC of

erad mutams display both QC adentity and QC
function.

Because high levels of ethylene induce cell
divisions of the QC, we hypothesized that cell
division would be repressed in plants  that

Fig. 3. QC cell identity and function are maintained in efol mutants. SCRpro.::GFP expression is present
in (A) the QC cells of wild type, (B) the new cells derived from the extra divisions (white arrow) in the QC of
ACC-treated wild type, and (C) etol-11 mutant. The enhancer trap J0571 is expressed in (D) the QC cells
in wild-type, (E) the extra QC cells that develop in wild-type roots treated with ACC (50 uM), and (F) efol-
11 mutant. The QC-25 marker line expresses [-glucuronidase (GUS) activity (blue) in the QC, and lugol
staining marks the differentiated columella cells. (G and 1) In wild type, there is a single nonstaining layer
of initials (armow) between the QC and the columella. (I} is a higher-magnification view of (G). (H and ]}
The presence of functioning initials is revealed by the absence of lugol staining {arrow) in wild type treated
with ACC (50 uM}, where there is an increase in the number of blue-stained QC cells (arrowheads). ()} isa
higher-magnification view of (H). Scale bars, 50 um [(G) and (H)], 25 um [(1) and (J)].
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produce less ethylene than wild tvpe and in
plants that are ethylene insensitive. The cxtra
divisions that occur in et/ mutant roots resull in
the tormation of more columella layers |6.09
0.0 (5D than wild tvpe [50 + .06 (5D
(fig. 82}, Theretfore, we used cell layer number in
the columella as a proxy measure of cell division
activity in the QC, Plants overexpressing ETOH
(CaMVISSETON produce less cthylene and
have fewer layers [4.16 + 011 (SDy] (Fig. 4C)
than wild type (Fig. 4A) (8) Similarly, wild-type
plants grown in the presence of AVG develop
fewer columella lavers [3.8 = 01 (SD)] (Fig. 48).
ethviene insensitive2 (ein2) mutam planis in-
sensitive 1o cthylene because they have a block
in cthylene signal mnsduction also developed
fewer cell layers than wald wype (7, £5) (Fig. 4D).
Together, these data suppon the conclusion that
cell division in cells of the QC s regulatad by
cthylene.

Auxin regulates the development of the stem
cells i the A thafione rool, and ethylene and
auxin mieract o control developmental processes
{16-18). Therefore, it is possible that the
ethylene-induced QC cell divisions observed in
efof mutants or in cthylene-reated wild-type
roofs result from the activation of an auxin-
dependent cell division pathway in the QC. No

extra divisions were observed in the QC cells of

wild-type scedlings that were treated with 0.1 pM
of naphthaleneacetic acid compared with un-
treated controls (Ng, 53, E and J). This suggests
that auxin isell s not sulliciem 1o induce cell
division in the QC of scodling roots. (Further
supportimg evidence 1s presented in lig. 53, Ato L)

Fig. 4. Ethylene stimulates cell division leading to
the formation of additional columella cell layers.
(A} Phenotype of wild-type root. There is a de-
crease in the number of columella layers (red dots)
in {B) wild-type roots that have been treated with
ANVG, (C) plants harboring 355::ET01, and (D) ein2
mutants. Scale bars, 50 um.
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We have shown that ethylene determines the
balance between proliferation and quiescence
of stem cells in the root. Our data also indicate
that mutote quicseence 1s nol required lor the
cell-to-cell signaling function carmed out by
these cells during the root development. Given
the role that ethylene plays in the perception and
transmission of environmental cues, it s likely
that this hormone impacts on aspects of post-
embryonic development that are regulated by
both endogenous developmental and exogenous
environmental signals. This ethylene-mediated
integration of endogenous and exogenous sig-
nals 10 control QC division is an attmctive mo-
lecular framework that explains how the
environment modulates siem cell division and
activity during the postembryonic stage of the
plant life evele.
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Crystal Structure of

Inhibitor-Bound Human
5-Lipoxygenase—Activating Protein

Andrew D. Ferguson,™ Brian M. McKeever,™** Shihua Xu,' Douglas Wisniewski,”
Douglas K. Miller,*® Ting-Ting Yamin,? Robert H. Spencer,®” Lin Chu,! Feroze Ujjainwalla,?
Barry R. Cunningham,? Jilly F. Evans,>® Joseph W. Becker't

Leukotrienes are proinflammatory products of arachidonic acid oxidation by 5-lipoxygenase that
have been shown to be involved in respiratory and cardiovascular diseases. The integral membrane
protein FLAP is essential for leukotriene biosynthesis. We describe the x-ray crystal structures of
human FLAP in complex with two leukotriene biosynthesis inhibitors at 4.0 and 4.2 angstrom
resolution, respectively. The structures show that inhibitors bind in membrane-embedded pockets
of FLAP, which suggests how these inhibitors prevent arachidonic acid from binding to FLAP and
subsequently being transferred to 5-lipoxygenase, thereby preventing leukotriene biosynthesis.
This structural information provides a platform for the development of therapeutics for respiratory

and cardiovascular diseases.

cukotrienes are lipid mediators of inflam-

I mation that are involved in the patho-
genesis of respiratory and cardiovascular
discascs (f, 2). Cellular activation by immunc
complexes and other inflammatory stimuli re-
sults i an increase of intrmeclular calewm and
the ranslocation of cyvtosolic phospholipase Aa
(cPLAs) and 3-lipoxygenase (3-L0O) from the
cyvtosol to the nuclear membrane (3), In the pres-
ence of the S-lipoxygenasc-activating  protein
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(FLAP), arachidonic acid (AA) released from the
muclkear membrane by ¢PLAs is delivered o
5-L0O for conversion to 3-(S)-hydroperoxy-
6,8, 11, 1 d-cicosatctracnoic acid (3-HpETE) and
then leukotricne Ay (LTAG) (4). Mombmane inter-
action of 5-LO with FLAP is essential for beuko-
triene biosynthesis (3-3). FLAP 15 an integral
membrane protein that belongs w the MAPEG
{membrane-associated profeins in cicosanond and
glutathione metabolism) superfarmly (6-8), In
contrast to other MAPEGs, FLAP has not been
shown 1o have enzyvmatic activity or o be func-
tionally modulated by glumbione.

The FLAP inhibitor MK-591 inhibits cellu-
lar biosynthesis of the neutrophil activator leu-
kotnene By (LTBy) and the bronchoconstrictive
and vasoactive leukotrienes Cg, Dy, and Ey (LTC,,
LTD,. and LTE,. collectively known as cvs-
teinyl leukotricnes) and has been shown o be
efficacious in allergen challenge and chronic
asthma clinical ials (%, 76). FLAP inhibitors
have also been shown o be protective in acule

and chronic animal cardiovascular models, and
human polymomhisms have been linked 1o in-
creased sk of myocardial infraction and stroke
(1, 11). These studies suggest that, in addition 1o
their therapeutic benefit in respimtory disease.
FLAP inhibitors will have an imponant future
role in the prevention and weatment ol cardio-
vascular discase ([, 10, 11).

FLAP was discovered because it binds
ME-886, a leukotriene biosynthesis inhibitor
that prevents the binding of AA to FLAP in a
concentration-dependent manner (/2) and tha
also blocks the association of FLAP with 5-LO
at higher concentrations (/3. 14). FLAP func-
tions both as a membrane anchor for 5-LO (3)
and as an AA-binding protein (/2). How FLAP
activates 3-LO is not understood, but it involves
a physical inicraction between FLAP and 5-LO
i /3). To understand FLAP's role in leukotriene
production and how inhibitors regulae its func-
tion, we detenmined the x-ry crystal structure of
FLAP in complex with two leukotriene biosyn-
thesis inhibitors,

The ervstal structures of FLAP in complex
with MK-391 and an iodinated analog of MK-
391 (Fig. 1, A and B) (/0, 13) were determined
at 40 A and 4.2 A resolution (figs. S1 10 585 and
table 513 FLAP contains [our transmembrane
helices (] 1o od) that are connected by two
clongated cytosolic loops (C1 and C2) and one
short lumenal loop (L1) (Fig. 1, C and D). The
orentations of the cviosolic and lumenal loops
of FLAP are consistent with previous siudies on
MAPEGSs (/6-48). Lumenal helix ol (residucs
30 8) precedes helix al (residues 10010 37) and
is linked 10 helix ol by a single residue at the
lower leaflet of the membrane (Fig. 1C) Cy-
tosolic loop C1 (residues 38 w0 47) conneets the
first helix 10 the second (residues 48 10 77), and
both protrude from the upper leaflet of the
membrane, Helix a2 has a distinctive bend
residue P63 at the midpoint of the membrane,
Loop LI (residucs 78 to 80) connects the sec-
ond to the third helix (residues 81 1o 101) which

www.sciencemag.org



15 pempendicular to the plane of the bilaver. Loop
C2 (residues 102 to 115) connects the third helix
to the fourth (residues 116 10 138). Helix a4 be-
gins in the middle of the membrane and con-
tinues mnto the lumen. The C tenminus of FLAP
15 Jargely disordercd bevond residue G140, This
region s highly conserved among other FLAP
proteins but not in other MAPEGs, suggesting

Fig. 1. (A} Chemical
structures of MK-591 and
(B} an iodinated analog
of MK-591. (C} The FLAP
monomer viewed par-
allel to the nuclear mem-
brane with red helices
and green loops. The un-
structured € terminus of
FLAP (residues 141 to
161) extends beyond
(3140, (D) The FLAP trimer
with monomers colored
agreen, cyan, and magen-
ta. The view i given
parallel to the nuclear
membrane. Bound inhib-
itor molecules are shown
as stick models with yel-
low carbon atoms, blue
nitrogen atoms, red oxy-
gen atoms, and purple
iodine atoms.

G140

Fig. 2. Electrostatic sur-
face of FLAP. The view is
given (A} parallel to the
nuclear membrane, (B)
from the cytosol, and (C)
from the lumen. One of
the three surface grooves
has been circled. The cy-
tosolic and lumenal ends
of the trimer are positive-
ly charged and negative-
ly charged, respectively.
(D) Central pocket of
FLAP as calculated by
CASTp (Computed Atlas
of Surface Topography of
proteins) (28). Bound in-
hibitor molecules are
shown as stick models
with green carbon atoms,
blue nitrogen atoms, red
oxygen atoms, and pur-
ple iodine atoms, and the
trimer is shown as a
white coil. The front of
this pocket has been
removed for clarity. The
lumenal entrance to this

that it may hiave a mole in the biological activity
of FLAP. Analysis of sequence similarity -
dicates that the secondary structure of FLAP
is probably shared among other MAPEGs, but
FLAP docs not display significant structural
homology with other protein containing tRns-
membrane helical bundles. Stuctural compar-
isons between human FLAP and rmt microsomal

X L0 F X
Q,

pocket is formed by negatively charged helices. The negatively charged constriction within the membrane
is formed by residues Q58 and D62, The surfaces are colored by electrostatic potential with blue and red

corresponding to +40 kT and —40 kT,
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glutathione S-translerase- 1 (mGST-1) produces
a rool mean square deviation of 3.1 A for 107
aligned residues (g, 82, Ao C) The proposed
glutathione binding site in mt microsomal gluta-
thione transferse | (74) 1s not conserved in FLAP,
and there is no electron density in that region of
the molecule, consistent with the lack of cvi-
dence that FLAP 15 modulated by glutathione,

FLAP crystallizes as a homotimer (Fig. 1 D),
consistent with previous studics on MAPEGs
(19-21). The rimer has a Natened eyiosolic wop
{Figs. 1D and 2B) and a slightly pointed lumenal
base (Figs. 1D and 2C). Electron density and
temperature Bictors indicate that the cviosolic
loops are flexible. The three-fold axis of the
tnmer 15 pempendicular 1o the plane of the mem-
brane, and it resembles a eylinder 60 A high
and 36 A wide.

There are extensive intersubunit  confacts,
with cach monomer burying —4900 A%, On both
sides of the membrane and within the bilayer,
cyvtosolic loops C1 and C2, lumenal helix al,
and helices al, @2, and ad form an claborate
network of intermoleaular contacts, Unexpect-
adly, helix @3 and the lumenal loop do not form
any intersubunit contacts within the membrane.
There are also three polar interctions (N23-
To6, Q58-058 and Q58-D62) between adjacent
monomers near the three-fold axis. Hydrophobic
residucs line the membranc-cmbedded portion
of the imtersubunit interfaces and form extensive
nonpolar comacts, There is also nonprotein elec-
tron density in the lipid-exposed regions that
miost likely represents bound detergent or lipid
miolecules.

Three ~750 A? grooves are located between
adjacent monomers on the lipid-cxposed surface
of the wmer (Fig. 2A). Within these grooves,
there is clear connected nonproicin clectron
density and peaks in anomalous difference maps
that arc consistenmt with three bound inhibitor
molecules (igs. S3 o 85). Inhibitors intercalate
between monomers in the surface grooves and
form van der Waals interactions with residucs
V20, V21, G24. F25, and A27 from helix al;
Y112 and 1113 from cyviosolic loop C2: AG3
fromn helix a2: and 1119, L120, and FI123 from
helix ad of the adjacent monomer (Fig. 3, A and
By A limited number of weak polar interactions
are also formed with residue N23 from helix al .
D62, and To6 from helix a2, and K116 from
helix a4 of the neighboring subunin (Fig. 3, A
and B).

Given the resolution of our electron density
maps and the unexpected location of the inhib-
itor binding site, we performed  direet muta-
genesis 10 confirm the location of the sie by
measuring the binding of mdiolabeled iodinaed
analog of MK-391 w0 mutant forms of FLAP
Mutating residues close (=4 A) to the inhibitor
cause 3 dramatic decrease in binding aflinny
(Fig. 3A and table 52). Unexpectedly, several
dirccted mutations  increase  inhibitor  binding
allinity (V20A, 1113A, K116A, and Al-10). The
insensitivity of mutations distant from the bound
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Fig. 3. The inhibitor binding site of A
FLAP in complex with (A} the jodinated
analog of MK-591 and (B) MK-591.
Monomers are colored green, cyan, and
magenta. All side chains within these
inhibitors are shown as sticks. Inhibitor
molecules are shown as stick models with
yellow carbon atoms, blue nitrogens, red
onygens, purple iodines, green chlorines,
and orange sulfurs.

mhibitor (=4 A) suggests that the observed loss
in binding affinity is a direct result of mutating
proximal residucs and not due o aberrant fold-
ing. Collectively, these data suppont our identi-
fication of the mlubitor binding site.

Previous studies delined regions off FLAP
that are imponant for binding of inhibitors (1able
53} (22-24). When viewed in the context of the
FLAP structure, most of the loss-of-lunction de-
letions are at the eviosolic surface. Jointly re-
moving the cytosolic portions ol helices al and
a2 and evtosolic loop C1 would substantially
alter the FLAP structure, providing a likely ex-
planation for the observed loss in inlubitor
binding. In contrast, the mutations that do not
significantly affect activity involve removing o
short evtosolic piece ofhelix al and/or evtosolic
loop Cl or three residucs from eytosolic loop
C2 These mutations would cause a minimal
structural perturbation and  would nov affect
inhibitor binding,

Perhaps the most unexpecied feare of the
FLAP structure is an internal ~3.200 A® pocket
at the boiwom of the wimer and open 1o the lu-
men (Fig. 2, C and D). The entrance to this
pocket has an intemal diameter of =6 A and is
formed by the lumenal helices and loops that
define three distinet eniry crevices on the lume-
nal surface of the wimer (Fig. 2, Cand D). The
pocket extends to about the middle of the mem-
brane, where 1t is constricted by a symumetnc ring
of P65 residucs (minimum mdius of ~05 A)
(23}, which commcides with the bend in helix o2,
Prolinc-induced  distortions  in trmnsmembrane
helices are known to be involved in ransmems-
brane signal transduction and solute transport
by acting as molecular hinges (26). An addi-
tional symmetric rng, formed by residues Q358
and D62 from helix o2, sits above this point.
The asymmetric distibution of the dectrostatic
potential of this pocket is striking: Qs Tumenal
entrance and membrane-cmbedded  consiriction
point are negatively charged, whereas the interior
lining is largely hyvdrophobic (Fig. 2, C and D).

By combining the structure presented here
with previous data, we can propose a model 1o
explain the sclective tansfer of AA 10 5-LO by
FLAP and how FLAP inhibitors prevent this
process, Cellular activation initiates the calcium-
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dependent translocation of ¢PLA; and 3-LO
from the cytosol to the nuclear membrane. The
N terminus of 5-LO contains a calcium-hinding
domain that presumably anchors it o the nu-
clear membrane adjacent o FLAP. It s reason-
able 10 assume that the C-terminal catalvtic
domamn of 5-LO binds to the eviosolic loops of
FLAP. Previous FLAP mutagencsis studics
show partial overlap between the AA and in-
hibitor binding sites of FLAP (22-24). Our
structure shows that the inhibitor binding sites
are located within nuclear membrane, which
provides an appropriate environment for the
Fteral diffusion of AA molecules 10 FLAP. This
event may be coupled to structural changes in
FLAP, specifically the relative conformation of
helix @2, the constriction formed by the sym-
metrical ring of P63 residues, and the negatively
charged symmetrical nng of Q38 and D62 res-
iducs. We hypothesize that one 5-LO molecule
binds 1o each FLAP trimer and that AA mol-
ccules are sequentially transterred w 3-L0O. When
loaded with AA, 5-LO convers AA o HpETE
and then o LTA4, which can be either convened
to LTBy by leukotriene Ay hvdrolase. expored
from cells for tanscellular metabolism, or re-
leased back into the nuclear membrane for
conversion o LTCy by leukotriene €y synthase
(2, 4, 5) The lateral transfer of LTA, from FLAP
o leukotriene Cy svnthase within the nuclear
membrane is consistent with recent observations
showing that these MAPEGs form a macro-
molecular complex (27)

Leukotricnes have an cstablished patho-
logical role in allerzic and respiratory  dis-
cases, Animal and human genetic evidence
suggests they may also have an important role
in atherosclerosis, myocardial infarction, and
stioke. The structure of FLAP provides a tool
for the development of novel therapics for nes-
piratory and cardiovascular discases and lor
the design of focused experiments o probe the
cell biology of FLAP and its role in leukotri-
ene biosynthesis,
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Spring-Loaded Mechanism of DNA
Unwinding by Hepatitis C Virus

NS3 Helicase

Sua Myong,»** Michael M. Bruno,™® Anna M. Pyle,** Taekjip Ha'®*

N53, an essential helicase for replication of hepatitis C virus, is a model enzyme for investigating
helicase function. Using single-molecule fluorescence analysis, we showed that NS3 unwinds DNA
in discrete steps of about three base pairs (bp). Dwell time analysis indicated that about three
hidden steps are required before a 3-bp step is taken. Taking into account the available structural
data, we propose a spring-loaded mechanism in which several steps of one nucleotide per
adenosine triphosphate molecule accumulate tension on the protein-DNA complex, which is
relieved periodically via a burst of 3-bp unwinding. N53 appears to shelter the displaced strand
during unwinding, and, upon encountering a barrier or after unwinding =18 bp, it snaps or slips
backward rapidly and repeats unwinding many times in succession. Such repetitive unwinding
behavior over a short stretch of duplex may help to keep secondary structures resolved during viral

genome replication.

protein 3 (NS3) s an essential component

of the viral replication complex that works
with the polymerase NS3B and other protein
colactors (such as NS4A, NSSA, and NS2) w
ensure elfective copying ol the vins, The N53
protein is a bifunctional enzyme that contains
hoth protease and helicase domains (/-3) and is
unuswual in that it can unwind both DMNA and
RMNA substrates (4, 5). Unwinding of the highly
structured RNA genome of HOV is likely 1o be
the major role for the NS53 helicase; however, it
remains possible that activity toward host DNA
substrates plays a role in viral function. Indeed,
NS3 mpidly binds DNA and unwinds it pro-
cessively (6). Given these facts and the availa-
bility of crysiallographic data on NS3-DNA
complexes (7-9), we sought 1o elucidate the
clementary steps and Kinetic mechanisms
involved with NS3 unwinding of DNA.

In a previous ensemble study, NS3 was ob-
served 1o unwind RNA with a physical and
kinetic size of ~18 base pairs (bp) (/). More
recently, single-molecule mechanical studics
under assisting force confirmed the periodic
nature of RNA unwinding by NS3, but displayed
rapid steps of =3 o 4 bp that were interrupted by
long pauscs approximately every 11 bp (1),
These larze apparent teps by NS3 contrast with
structural studies of other helicases, which
sugeest that the clemental siep for helicase
activity is the unwinding of a single basc pair,
and that this is linked 10 individual adenosine
triphosphate (ATP) hyvdrolyvsis events (f2, [3).

Iu hepatitis C virus (HCV), nonstructural
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Nonctheless, there are no lunctional data sup-
porting the existence of unwinding steps of a
single base pair each, nor any information on
how they might correlate with the larger steps
that appear 1o be involved in the mechanical
function of helicise enzymes (f4).

We used single-molecule Muorescence res-
onance energy tmnsfer (FRET) 1o resolve the
individual steps of DNA sepamtion catalyzed by
NS3 in the absenee ol applied foree. Our standard
subsirate, P, is a panial-duplex DNA (I8 bp)
with a 3' single-stranded DNA (ssDNA) @il 20
nucleotides (i) in length. The donor (Cy3) and
aceeptor (Cy3) Nuorophores are attached to the
Junction through aminodeoxyihymidine withou
interrupting the DNA backbone. The DNA is
tethered o a polvmer-passivated quanz surface
vin biotin at the 3" tail terminus (Fig. 1A) Adier
incubation of this assembly with full-length NS3
protein (25 nd) for 15 min, 4 mM ATP solution
is lowed imo the cell o initiate DNA unwinding.
The flow of ATP also serves 1o remove unbound
protein in solution and thereby allows us o
monitor unwinding by prebound NS3 (/).

After addition of ATP, we observed a FRET
decrcase that s caused by the increase in the
tme-averaged (me resolution, 30 ms) nter-
fuorophore distance as the DNA s unwound,
The measurements taken at 37°C indicate a rapid
FRET decrcase thm appears 1o involve inter-
modiate steps (fig. 81 When the iemperature
was lowered o 30°C 1o slow the reaction, FRET
values decreased with a discrete pattem marked
by apparent platcaus cormesponding o six steps
for unwinding of the 18-bp duplex (Fig. 1. B
to E). The same experiment was then performed
with an otherwise identical subsirate, P2, in
which the Nuorophores were relocated 9 bp away
from the junction, such that FRET signal is sen-
sitive only 1o the final 9-bp unwinding (Fig. 1F).
Plitcaus were also observed in that case, al-
though they occumed with larger FRET incre-
ments corresponding o three unwinding steps for
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unwinding 9 bp (Fig. 1. G to 1), Both sets of data
are consistent with a 3-bp unwinding step size
The data also indicate that the two strands do nod
spontancously separate when only a few base
pairs remain (e, via thermal duplex fraying). At

the end of cach experiment, the displacement of

accepor-labeled strands was confinmed by a
direet excitation with a red laser,

To quantify the stepping behavior, we used an
automated step-linding algorithm (/6) (fig. 82),
which vielded the average FRET values for cach
plateau and its dwell time (Fig. 2, A and D). We
then built transition density plots (f7), which rep-

resent the two-dimensional histogram for pairs of

FRET values before (FRET enter) and afier
(FRET exity cach transition. Six and three well-
wsofaed peaks emenged for 18-bp and 9-bp un-
winding, respectively (about 75 molecules cach)
iFig. 2. B and E). The highest FRET peak region
iFig. 2B) appears 0 be in broader distnbution
than other peak regions, possibly as a result ol the
NS3 binding and uctuating or partially melting
the junction and thus slightly sepamting the two
dyes. This analysis shows that there are well-
defined FRET states that are visited sequentially
during unwinding and that they are each sep-
arated by about 3 bp. Similar evidence for 3-bp
unwinding steps was found for unwinding an
I8-bp duplex of unrelated sequence (g, 53).

If 3 bp is the clementary siep size of

unwinding - for example, due o the hydrolysis
ol asingle ATP-—the dwell time histogram of the
steps would lollow a single-exponential decay., In
contrast, we obtained nonexponential dwell ume
histograms that displayved a rising phase followed
by a decay (Fig. 2, C and F). If we assume that
each 3-bp siep requires o hidden irreversible
Poissonian steps with identical rate £, the daa can
be fit with the gamma distribution. " exp(- ko).
The fits gave n = 2.84 lor 18-bp unwinding and
it = 2,72 for 9-bp unwinding. The £ values were
0.78 s and 0.89 s, respectively. These rales
are stmilar 1o the unwinding rate estimated from
an earlier bulk solution study of an 1 8-bp duplex
of unmodified DNA (0.66 57" bp ") (6). Dwell
time histograms buill for individual steps gave
similar # and £ values tor each step (fig. S4).
Overall, our data suggest that cach 3-bp step s
composed of three hidden steps of | bp, presume-
ably duc to hydrolysis of one ATP cach. The
cmerging model here is that, after three succes-
sive ATP hydrolysis events, there occurs an
abrupt 3-bp separation,

The helicase domain of NS3 (NS3h), be-
longing to superfamily 2 (SF2), has three do-
mains, Domain 1 and domain 2 have RecA-like
folds, and there is an ATP-binding pocka

between the domains, In the crvstal structure of

NS3h bound to deoxvuridine octamer (dU by,
domains | and 2 make comacts exclusively to the
phosphate-nibose backbone of (dU g with no con-
tact 1o the bases (¥), Nonetheless, bases are well
resolved in the structure and there is enough room
for duplex fomation on the 53 side, with only a
minor change in the relative position ol domain 3.
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The structure, obtained in the absence of ATP,
shows that two highly conserved threonings (The™?
and The''") bind 1o two phosphates that are lo-
cated 3 nt apan. Mutation ol either of these NS3
threonines abolishes unwinding activity (18). By
contrast, the Vasa helicase and elF4AIIT strue-
turcs, determined with adenylyl-imidodiphosphate
and 5-adenylyl-p-y-imidodiphosphate bound, re-
spectively (19, 204, suggest that domains | and 2
will close upon ATP binding and that this would
bring the equivalent two threonine residucs 2 nt

apan (fig. 55, A 1o C). This change in the distance
between threonine contacts may  represent the
structural basis for a l-nt movement: Each ATP
binding and product release cvent is expected 10
result in the 1-nt movement of domains | and 2 in
the 3 10 3 dircction,

Domain 3 presents a tryptophan (Trp™) that
is critical for activity, The importance of an ar-
omatic residue at this position is demonstrted by
the fact that it can be substiwted with phenyl-
alanine, whereas alanine disrupts unwinding ( 18).

The Tnf“" stacks against the base at the 3" end of
(dUs (fig. S5A), which might keep the relative
positions of domain 3 and DNA fixed while do-
mains | and 2 tinslocate. This effect would lead
to the buildup of tension on both the protein and
the DINA, which we propose is released afier 3-m
translocation by a sudden movement of domain 3,
with concomitant 3-bp unwinding of the DNA
ifig. 59y,

SF1 helicases such as Rep, UveD, and PerA
are structurally analogous 10 SF2 helicases with
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Fig. 1. N53 unwinds DNA in 3-bp steps. (A) PD1, a DNA with 18 double
strands (ds) and 20 single strands (ss), was labeled with donor (Cy3) and
acceptor (CyS) at the ds-ss junction and was tethered to a polyethylene
glycol surface by 3’ biotin. (B) Cy3 (green) and CyS (red) intensities
monitored during unwinding of a single PD1 molecule (raw time traces in

in {B) to {E) for PD2.

light color, three-point averaged traces in dark color). (C) Calculated FRET
efficiency versus time for the molecule shown in (B). (D and E) Two more
examples of FRET traces of PDL (F) PD2 is the same construct as in (A) but
prepared with dyes in the middle of duplex. (G to ]} Plots analogous to those

Fig. 2. Each 3-bp step consists of A B s c .
three hidden steps. (A} A step-finding 10 _ a5 3 Gamma fit for six steps
algorithm was used to quantify FRET 0s[% _ o8 ? 0
values (orange arrows) and dwell . [ ® il 3 25
times (blue arrows, Af) at each step e = ] = 20
for a single molecule of PD1. (B) FRET . 04 |4 & 04 ﬁ' 5
values obtained from 75 molecules of az ¢ il W g 10 n=284+022
PD1 were combined to make a total ¢ i b 5 5 k=0.78£0.08
density plot. {C) Gamma distribution 00 L LY .5 L oo - — g o
fitting of the collected dwell times at 0lL5 9 "'EII e % 00 02 04 08 08 10 0246811214
each plateau pause duration for PD1 - (sec) FRET enter dwell time (sec)
yielded approximately three ir-
reversible steps {n values) within the
3-bp step, indicating a strong possi- D E 0. F £ Gamma fit for three steps
bility of one nucleotide as an elemen- 10 e 5] m
tary step size. (D to F) Plots analogous 08| Ll . 08 g 0
to those in (A) to (C) for PD2. = o6 RA % e ] g A
& 04| TR lkal Em’ 315
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supenmposable domain armngement and cata-
Ivtic site (24, 22). The available crystal structures
of these three SF1 helicases all have well-
conserved threonine pairs and an aromatic gate-
keeper residuc, phenylalanine, at the analogous
locations o NS3 (fig. 85, D and E). ATP-bound
LUvrD has the two threonines 2 nt apart, whereas
Rep with no ATP shows the threonines 3 nt apart,
again supponting the 1-nt movement coupled 1o
one ATP consumption (23),

To observe the unwinding behavior when the
duplex end is challenged with a presence of
physical blockade, we next examined unwinding
ofan inverted configuration where the duplex end
was tethered to the surlace via biotin-streptavidin
(Fig. 3A) In this construct we swapped the dye
positions so that the donor was atached to the
displaced strand and the aceeptor on the tracking
strand. At 37°C, the same stepwise behavior was
observed but the unwinding could not be
completed, perhaps because of stene hindmance
by the biotin-streptavidin blockade. Some mole-
cules (25%) showed the displaced strand (donor
attached strand) remaining in conact with the
engyme for long penods (g, S6A) after unwind-
ing, whereas many others (75%) displayved a
repetitive FRET pattem as shown in Fig. 3B. In
most cases, the peaks were asymmetric with an
abrupt FRET increase followed by a gradual
FRET decrease. We interpret this chamctenstic

pattem as repeated trials of helicase unwinding
followed by rapid rezippingreannealing of the
duplex. Because the unwinding reaction initited
after washing out free protein, such repetition
likely anscs from one unit rather than the
successive binding of different molecules, Could
it be that the eneyvme bears a secondary binding
site that cnables it o snap back o restan the next
round of unwinding?

We therefore designed a substrate such that
the whereabouts of the acceptor-labeled 5" end
ol the displaced strand could be monitored via
FRET from the donor at the duplex end (Fig.
3C), In this experiment, we observed arepeating
pattern in the shape of an asvmmetric sawtooth
where cach peak involved a gradual rising phase
of FRET followed by an abrupt decrease (Fig.
3Dy, indicating that the 5' region of the
displaced strand is brought close 1o the duplex
end as DNA is unwound. This effeet can anse
from the cnezyme mamtaiming contact with the §°
region of the displaced strand or from the dis-
placed strand becoming compact because of the
flexibility of ssDNA. We prefer the former sce-
nario because of its consistency with the larger
FRET changes per step seen for PD2 than for
PD1 (Fig. 1). A protein contact with the 57 re-
aion of the displaced strand would lead 1w a
looping of the strand, giving rise 1o a larger dis-
tance change per step i the Auorophores are

A 3 B g
2 0.8 .

NS3 06
0.4
0.2 4

FRET

ATP ‘1‘

0.8
0.6
0.4 4
0.2

FRET

PD3

10

15 20

0.8 -
0.5 -
0.4 -
0.2

w,_=

FRET ©

ATP 08-
0.6
04

0.2

FRET

10 15

time (sec)

20 25 30

Fig. 3. Repetitive unwinding of a short duplex stretch. (A) PD3, a partial duplex with 18 double strands
and a tail of 30 single strands, was labeled with ¢y3 and cy5 at the ds-ss junction and blocked at the
duplex end via biotin-streptavidin. (B) A majority of molecules (75%) showed a repetitive unwinding
pattern where the enzyme appeared to snap or slip back to near the junction upon encountering a
blockade. (C) PD4, a partial duplex with 18 double strands and a tail of 20 single strands, was labeled
with cy5 at the ds-ss junction and ¢y3 at the duplex end. (D) The repetitive cycles of gradual FRET
increase followed by rapid FRET decrease indicate that the displaced strand is brought close to the
duplex end by N53, then snaps or slips back to the junction rapidly after encountering the blockade.
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attached to the middle of the duplex (fig. S7) In
this view, the abrupt deercase in FRET may be
attrbuted o NS3 losing its grip on the tracking
strand and snapping or slipping back near the
Junction while maintaining contact with the 5
region of the displaced strand,

On the basis of our findings, we propose the
following model for NS3 unwinding of DNA
(fig. $9). Domains 1 and 2 of N53 move along
the tracking strand (3" to 53 one nucleotide at a
time, consuming one ATP. where ATP binding

and ADP release induce closing and opening of

the two domains, respectively, The thind domain
of the protein lags behind by anchoring itsell 1o
the DNA until three such sieps 1ake place. At the
third step, the spring-loaded domain 3 moves
forward m a burst moton, unzipping 3 bp as a
consequence. The displaced strand is likely to be
sheliered by the creeymie instead of being released
free. NS3 comtinues unwinding in 3-bp sleps up
to about 18 bp unless it encounters an apparent
barrier {movie 51) Unwinding performed with

duplexes 24 bp or longer showed evidence of

repetitive unwinding even when the duplex ends
were not blocked (g, S8), which suggests that
NS3 is not highly efficient in going much beyond
18 bp; this is consistent with the reported drop in
processivity that is observed every 18 bp in RNA
unwinding in bulk solution ( /o),

The HCV genome is a ~ 10,0000t single-
stranded RNA that is copied upon binding of the
NSI-NSIA-NSSB replicative complex to highly
structured terminal untranskated regions (UTRs).
Sequence and structural analysis suggests that the
UTRs are complex structures comprising shon
sterns and loops (24). The ability of NS3 10 main-
tain contact with displaced sirands may provide
an advamage by allowing it w stay in a local
region 1o keep RNA siems unwound, because
reforming of the secondary structure could hinder
viral replication. The repetitive unwinding behav-
ior of N53 is reminiscent of the repeated
translocation observed in Rep (23).

References and Notes
. A M. Di Bisceglie, Hepotology 26, 345 (1997).
. L B Seeff, Hepatology 28, 1710 (1998
. D. Lavanchy, ). Hepatel. 31 (suppl. 1), 146 (1999),
. D. W. Kim, Y. Gwack, ). H. Han, ). Choe, Biochem.
Biophys Res. Commen, 215, 160 (1995).
5 C L Tai, W. K Chi, D. 5 Chen, L H. Hwang, ). Viral 70,
8477 (19%6).
6. P. 5 Pang, E. Jankowsky, P, . Planet, A M. Pyle, EAMBO |,
Z1, 1168 (2002).
7. H P Yag, D, ). X1, L H. Zhang, K. Z. L, Shejiong Do
Xue Xue Boo ¥i Xue Bon 31, 2 (2002).
B. L W. Kang et al,, Acto Crystaliogr. D 54, 121 (1998).
9. 1. L Kim er al, Sirwcture &, B9 (1998).
. V. Serebrow, A M. Pyle, Noture 430, 476 (2004).
11. 5 Dumgnt ef al., Nature 439, 105 (20060,
12. ). ¥. Lee, W. Yang, Cell 127, 1349 (2004).
13. M. 5 Dillingham, D. B. Wigley, M. &L Webb, Brochemistry
39, 205 (20000,
14. A ). Ali, T. M. Lohman, Scence 275, 377 (1997).
15. See supporting material on Science Cnline.
16, 1. W. Kerssemakers et o, Nature 442, 709 (2006).
17. C. Joo et al, Ceil 126, 515 2006,
18. € Uin, ] L Kim, J. Virel. 73, B798 (1999)
19. T. Sengoku, 0. Nureki, A. Nakamura, 5. Kobayashi,
5. Yokoyama, Cell 125, 287 (2006),

e LA P e

www.sciencemag.org SCIENCE YOL 317 27 JULY 2007

213




REPORTS

516

20, €. B, F. Andersen ef al,, Science 313, 1968 (2006);
published online 23 August 2006 (10.1126/
wience. 1131981).

21 K. |. Marians, Structee 5, 1129 (1997).

22, 5 Korolew, N, Yao, T, M. Lohman, P, . Weber,

G. Waksman, Protein 5. 7, 605 (1998,

23. E | Tomko, C. ). Fisther, A Miedriela-Majka, T. M.

Lohman, Mol Cell 26, 335 (2007).

24. M. Houghton, A Weiner, |. Han, G, Kua, Q. L. Choo,
Hepatology 14, 381 (1991).

25. 5. Myong, . Rasnik, C. Joo, T. M. Lohman, T. Ha, Nature
437, 1321 2005).

26. We thank C, Joo for help n manuscript preparation,
Supparted by NIH grants RO1-GMOG60620 and ROT-
GMOES367. T.H. and AM.P. are investigators with the
Howard Hughes Medical institute.

Supporting Online Material

www.sciencemaqg orglegiconfentfull31 7583 7/513/DC1
Matenials and Methads

Figs. 51 to 59

Maovie 51

23 April 2007; accepted 26 June 2007
10.1126/science. 1144130

Sirtuin 2 Inhibitors Rescue
a-Synuclein—-Mediated Toxicity in
Models of Parkinson's Disease

Tiago Fleming Outeiro,? Eirene Kontopoulos,®* Stephen M, Altmann,?* Irina Kufareva,®
Katherine E. Strathearn,® Allison M. Amore,? Catherine B. Volk,® Michele M. Maxwell,?
Jean-Christophe Rochet,® Pamela ). McLean,? Anne B. Young,” Ruben Abagyan,’

Mel B. Feany,® Bradley T. Hyman,'? Aleksey G. Kazantsev't

The sirtuins are members of the histone deacetylase family of proteins that participate in a variety
of cellular functions and play a role in aging. We identified a potent inhibitor of sirtuin 2 (SIRT2)
and found that inhibition of SIRT2 rescued a-synuclein toxicity and modified inclusion morphology
in a cellular model of Parkinson's disease. Genetic inhibition of SIRT2 via small interfering RNA

similarly rescued a-synuclein toxicity. Furthermore, the inhibitors protected against dopaminergic
cell death both in vitro and in a Drosophila model of Parkinson's disease. The results suggest a link

between neurodegeneration and aging.

ging is a major risk factor for the de-
velopment of severul neurodegenerative
discases, including Parkinson’s diseasc

(PD). Although the molecular basis of aging 1s
vet 1o be determuned, biological pathways involved
i aging may provide targets or thempeutic in-
tervention i neurodegencration. PD causes loss

ol dopamincrgic neurons and development of

Lewy bodies containing a-synuclein (c-Syn) in
the substantia nigra (/). Allele multiplication and
mutations link o-Svn o familial forms of PD(2).

Silent information regulator 2 (Sir2), a nico-
tinamide adenine dinucleotide dependem  his-
tone deacetvlase (HDAC) in veast, participaies in
numerous cell functions including cell protection
and cell evele regulation (3). The sirtuins ane evo-
lutionanly conserved, and seven distingt siruin
proteins, SIRT 1 o SIRTT, have been identified in
humans, The mammalian otholog of veast Sir2,
SIET 1, 15 up-regulated under conditions of calorie
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restriction and resveratrol tremment and is pre-
dicted w0 have a role in cell survival (), Human
SIRT2 is invoelved in cell cvele regulation via the
deacetylation of a-tubulin (5). However, the iden-
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tification of p33 and histones H3 and 14 as ad-
ditional substrates for SIRT2 suggests a broader
regulatory role in the cell (6, 7). Small-molecule
inhibitors targeting HDACs amchorate several
models of neurodegenemtion (X),

Compound B2 is associmed with an increase
in mtracellular e-Syn inclusion size from nu-
merous small aggregates © larger nclusions (V).
B2 activity was examined in a panel of cell-free
engymatic assays including HDAC 1 and 1k
SIRTI, 2, and 3: caspase | and &; f-sie any loid
precursor profein cleaving eneyvme- | (BACEL),
calpam; cathepsin H, L, and 5; and molecular
chaperones Hsp70 and Hsp27. The only activity
detected was a weak |median inhibitory concen-
tration (1Cs) = 335 pM|, bul consistent, selective
inhibition of SIRT2 (Fig. 1. A and B, and fig. S1).
To determine the relevance of SIRT2 inhibition,
wie used a targeted knockdown approach, Human
neuroglioma cells (H4) were cotransiected with
o-Syn expression constructs and synthetic small
interfering RNA (siIRNA)Y against cither SIRT2 or
SIRT3 for 24 hours and were then assessed for
cvtotoxicity. Rescue ol a-Syn-modiated toxicity
wis observed only i cells receiving the SIRT2
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Fig. 1. Inhibition of 5IRT2 modulates «-Syn toxicity. (A and B) B2 biochemical activity profiles against
SIRTZ (A) and SIRT3 (B} in an in vitro deacetylation biochemical assay containing recombinant SIRT
proteins. (C) «-Syn-mediated toxicity can be rescued with SIRT2 siRNA and Hsp70 overexpression but
not with SIRT3 siRNA in vitro (t test, n = 3, *P < 0.005).
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SIRNA (Fig. 1C), A comparable rescue of a-Syn Next, we designed a libmry of 200 structurml — of SIRT2 (Fig. 2A) and SIRT3 (Fig. 2B) fiomometnic
mediated toxicity was achieved with HspT0  analogs of B2 and other previously identifiod ag-  assays revealed a promising lead sencs scatlold.
overexpression (Fig, 1C), ercgaton modificrs. Scrocmng the library by means. AGK (lig. STAL Inlubition profiles agamst human

SIRTI, 2, and 3 were gencrated (figs. S2 and 53).
The most potent inhibitor, AGK2 (Fig. 2C), had a
calculated 1Csy for SIRT2 of 3.5 uM, representing
a factor of 10 incrcase in potency over B2 (Fig. 2D),
By contrast, a slight inhibition of SIRT] and 3
wits observed only at concentrtions over 40 uM
(Fig. 2, E and F), indicating that AGK2 was a
potent and selective inhibitor of SIRT2. Addi-
tional selective lower-potency SIRT2 inhibitors
were identified (Nigs, S2 and S3).

SIRT2 preferentially deacetvlates c-tubulin m
Lys* in both purified wbulin heterodimers and
taxolstabilized microwbules (5) To determine
whether AGK2 could mbubit the deacetylation ac-
tvity of SIRT2 agamst a native substrate, we usad
tubulin heterodimers punficd from bovine brain.
Treatment with AGK2 lod to an increase in acety bied
tubulin relative to an mactive control, AGK7, and
the known SIRT2 mlubitor simmol (Fig. 3A). Only
one other compound from a different structural scal-

fold. AK-1. resulted in increased acetylation in this
0 1 25 5 75 10 assay, indicating its stangent specificity (lg. S3D).
AGK2 concentration (M) To determine whether AGK2 inhibited SIRT2
activity in human cells, we transfeeted HeLa cells
with a SIRT 2-mve expression construct, lmmuno-
25 precipitted SIRT2 was then used in the eneyme
20 assay, with or withowt AGK2. As anticipated,
15 AGE2 was effective in inhibiting the activity of
10 SIRT 2-mwe: henee, the activity of AGK2 was not
5 limited 10 recombinant SIRT2 but was also cf-
] . . fective against SIRT2 that had been folded and
051 25 50 0510 25 50 processed by the intreellular machinery (Fig. 3B).
AGKZ concentration (LM) AGKZ conceniration (.M) A comparable assay using immunoprecipited

Fig. 2. Identification of a potent and selective SIRT2 inhibitor. (A and B) Effect of eight representative  SIRT3 showad no inhibition by AGK2.
compounds {out of 200} from a focused B2 library against SIRT2 (A) and SIRT3 (B activity identifies We next examined insoluble, polymerized
compound 2 (AGK2) as the most potent against SIRT2. A single-dose (10 uM) primary screen was — microtubules and soluble a-bulin afier weat-
conducted for each compound, using an in vitro SIRT2Z biochemical assay. C is DMSO control, (C and D) ment of HeLa cells with either AGK2 or AGK3,
Structure (C) and dose-response profile (D) of AGK2 in a SIRTZ enzymatic assay. (E and F) Dose- a less potent structural analog of AGK2. for 3
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response inhibition profiles of AGK2 in SIRT1 (E) and SIRT3 (F) in an in vitro enzymatic assay. hours. A dose-dependem increase in acetylated
Fig. 3. Validation of AGK2- A c
mediated inhibition of SIRT2. 5 P S P 5 P 5 P B P
(A) The ability of AGK2 & == = Ab Vs acatylated whibuin e e = = W == o= - ) v acotylated a-tubulin
to inhibit deacetylation of & | A s ot cetubulin

: T ———————— . o
o-tubulin by SIRTZ was as- vt r « + + + rm“um ngn‘rz s e
sessed via immunoblot using 0 0 S0 25 10 1 50 50 Compound, iM ¥ % E g 'EAF’D o qum i
antibodies (Ab) to acetylated S ABIT_
(top lanes) and total (bottom MRS daiss AGK2 AGK3

lanes) c-tubulin, The inactive compound AGKT and the
known SIRTZ inhibitor sirtinol were included as control

compounds. (B} Effect of AGK2 on activity of over- B D

expressed SIRTZ and SIRT3 immunoprecipitated from SIRT2 SIRT3

Hela cells. (C) AGK2 treatment results in a dose  °

dependent increase in acetylation of soluble tubulin 2 |

monomers (5} and polymerized microtubules (P) in = cH

fractionated Hela cell extracts. The effect of the les £, =

potent SIRT2 inhibitor AGK3 is shown for comparison, 3 @m

(D) AGK2 has a minimal effect on cell viability after ’Ez- £

72 hours. (E) Low-energy pose of AGK2 in SIRT2 3 g =

generated by virtual ligand docking. Nicotinamide 0 R

position is shown in wire for comparison. 0 1 5 W0 00T 20,00 A A0
AGK2 concentration (uM) AGK2 concantration (M)
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tubulin was observed in both fractions of AGK2-
treated cells relative o untreated or AGR3-treated
cells (Fig. 3C). Thus, AGK2 could enter edlls and
act on endogenous SIRT2 m its native environ-
ment. By contrast, AR-1 did not mercase acetylated
tubulin in live cells, which suggests that its lower
poteney was msullicient o produce a detectable
ellect in this particular assay. Incubation of Hela
cells with AGK2 for 72 hours resulied in only min-
imal toxicity at the higher compound concentra-
tions (Fig. 30),

To elucidate the structural mechanism of SIRT2
inhibition by AGK2 and AK-1, we developed
maodels of human SIRT2 in several different con-
formations (/0), Comparative analyvsis of the low-
energy ligand conformations confimmed that the
prefemed sie for hgand binding is the “C-pocket™
(/1) This hydrogen-bonding pattemn mumes the
effect ofmicotinamide, a known inhibitor of sinuins
i /7). Examples of the wop-sconng poses for AGK2
and AK-l are shown in Fig 3E and fig. S4C,
respoectively.

For pharmacological validation of SIRT2 as
a target in a PD functional assay, we transfected
H4 cells with ¢-Syn or a control empty vector and
treated them for 24 hours with AGK2, AK-1,
AGKT, or dimethyl sulfoxide (DMSO), AGK2
reduced a-Svin-mediated toxicity in a dose-
dependent manner, whereas the less potent
AK-1 reduced o-Syn-modined toxicity 1o a
lesser extent and without clear dose dependency,
By contrast, the inactive AGKT had no effect
(Fig. 4A).

To rule out other explanations for the alle-

viamon of a-Syn toxieity, we exammed levels of

a=-5yn a8 well as chaperones Hsp70 and Hsp27,
which are known o rescue a-Syn-modiated
toxicity (12, 13), after AGK2 weatment. We
detectied no change in c=Syn, Hsp70, or Hsp27 in
the presence of AGK2, As a positive control,
cells were tremted with the Hsp inhibitor
geldanamyvein, which induces Hsp70 and prevents
c-Svi-mediated oxicity in HE cells (/490

To assess the effect of SIRT2 inhibition on
a-Syn ageregation, we cotransfected H4 cells
with a-Syn and synphilin-1. an established para-
digm that leads 1o inclusion formation in H4
cells (15). Aller tmnsloction, cclls were treatod
with AGK2, AK-1, or AGKT for 24 hours. When
comparcd 1o DMS0-treated  cells (Fig. 4C), the
mactive AGKT fuiled 1o affoct a-Syn aggregation
(Fig. 4D} wheres AGK2 and AK-1 promoted
the formation of enlarged inclusions (Fig. 4, E
and F), although AK-1 did so 10 a lesser extent.

To determine whaher AGK 2 and AK-1 protected
dopaminergic neurons fom a-Syn-induced 1oxic-
ity, wie examined a-SynAS3T-dependem dopamin-
ergic wll death i primary midbmin cullures, We
focused our efforts on the a-SynASIT (Al™ —
Thry mutant because it is more woxic than wild-
type a-Syn in this mssay (£6), Primary midbmin
cultures were trmnsduced with lentivirus encoding
a-SynASIT with or without compounds B2, AK-1,
or AGK2. Unrarsduced cells were reated with
DMSO (0.2%, viv) to control for nonspecilic

27 July 2007 WVOL 317

toxicity, Cultures infected with AS3T lentivirus
had fewer tyrosine hydroxylase (TH)-positive
neurons rektve o culiures infected with AS3T virus
m the presence of B2, AK-1 or AGK2, which
were similar to control, untransduced levels (Fig.
4Gy Thus, B2, AK-1, or AGK2 rescuad -
SynASIT medined dopaminergic cell death in
this altermative model.

To validare the protective eflects of AK-1 and
AGK2 against a-Syn-mediated toxicity in vivo,

we used a Drosophils model of PD (f7) where
w=5yn, under the control of the upstrcam activating
sequenee for the veast transenption factor GALL,
1s dirceted to the [y brun via the elav-CeA L4 pan-
neuronal daver, Transgenic Mies were fed DMSO
orincreasing doses of AK-1 or AGK2 for the first
20 days of adult life, As expected, DMSO-1ad flics
exhibited a marked loss of TH-positve neurons in
the dorsomedial cluster, the region that is sensitive
to a-Syn-induced toxicity (17, 18). By contrest,
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Fig. 4. SIRT2 inhibitors rescue o-Syn—mediated toxicity and modily aggregation in models of PD. (A}
AGKZ reduces a-Syn—mediated toxicity in a dose-dependent manner as measured via release of
adenylate kinase into cell culture media (paired f test, n = 3, *P < 0.05). The inactive compound AGK?
had no effect, and the less potent AK-1 is not dose-dependent. (B) AGKZ has no effect on Hsp70 or
Hsp27 expression, whereas geldanamycin induces Hsp70 expression. V = empty vector. (C to F) a-Syn
inclusions remain unaltered in DMSO (C) and the inactive compound AGKY (D) but decrease in number
and increase in size after treatment with AGK2 (E) or AK-1 (F) for 24 hours. Scale bar, 20 um. (G} Primary
midbrain cultures were transduced with «-SynA53T encoding lentivirus (multiplicity of infection = 5) in the
presence of vehicle (DMSO) or increasing concentrations of B2, AGK2, or AK-1. Control cells were
untransduced but treated with DMS0. Dopaminergic cell death was evaluated with antibodies to
MAPZ and TH; viability is expressed as the percentage of MAPZ2-immunopositive cells that were also
TH-immunopositive, Data are means + SEM, M = 3, *P < 0.01, one-way analysis of variance with
Dunnett's multiple-comparison post hoc test (versus =5ynAS3T alone). (H and 1) Administration of
AK-1 (H) or AGK2 (1) rescues a-Syn—mediated toxicity of dorsomedial dopamine neurons in 20-day-old
wild-type transgenic flies in a dose-dependent manner (*P < 0.01). Animals were fed 250, 500, or
1000 uM AK-1 or AGK2 for 20 days.
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transgenic Mies fod increaing doses of cither AK-1
or AGK2 had astiriking dose-dependent rescue of
dorsomedial newrons (Fig. 4, H and 1), No change
occurmed in steady-state levels of a-Syn afler ad-
ministration of the SIRT2 inhibitors (g S5),

Rescue via melusion enlargement, and the
concomitam reduction in total surface arca of
inclusions, agress with a cyvtoprotective ole of ag-
gregates (1) and suggests a mechanistic basis
for the effect of SIRT2 inhibition—that it re-
duces aberrant interactions of aggregates with
cellular proteins, Conceivably, coalescence of
mistolded proteins into larger inclusions may low-
er the concentration of toxic, submicroscopic a-Syn
oligomers, thereby leading 0 the mescue of proea-
some dysfunction. Indeed, the formation of large
f-amylowd ageregates s prolective agamst proteo-
toxicity in Caenorhabditis elegans (20).

The exact mechanism whenchy SIRT2 inhi-
bition allects a-Syn aggregation renains uncerain,
Inereased c-tubulin acetylation s associated with
microfubule stabiliaton, and o-Syn has been
reported o interact with a-tubulin s well as the
microlubule-binding  proteins MABPL and 1au
(24, 22). One possibility is that the increase
in acetylated a-wbulin resulting from SIRT2
inhibition may stimulate aggregation ol a-Syn
through its affinity to micotubules, Morcover,
microtubule stabiliztion itsell could be an im-
portant factor contributing 1o neuroprotection,
A neuroprotective role for another microtubule

deacetylase, HDACG, was recently proposed,
although the protective mechanism is unclear
(23-25),

Our data are consistent with the recent obscr-
vation that a-Syn—dependent inhibition of his-
tone acetylation is associated with increased
neurotoxicity (4). Thus, SIRT2 targeting may
be therapeutically beneficial in other discascs
where aggregation of misfolded proteins is
central 1o disease pathogencsis,
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The Near Eastern Origin of

Cat Domestication

Carlos A. Driscoll, *2* Marilyn J'lu'llienl:r’tti-liilz.rmi:lnlnl;1 Alfred L. Roca,? Karsten Hupe,"
Warren E. Johnson, Eli Geffen,® Eric H. Harleyr," Miguel Delibes,’ Dominique Pontier,®
Andrew €. Kitchener,”® Nobuyuki ':r‘ameh;.]mi:hi,;l Stephen ]. O'Brien,** David W. Macdonald®*

The world's domestic cats carry patterns of sequence variation in their genome that reflect a history of
domestication and breed development. A genetic assessment of 979 domestic cats and their wild
progenitors—~Felis silvestrs silvestris (European wildcat), F. 5. [ybica (Near Eastern wildcat), F. 5. ornata
(central Asian wildcat), F. 5. cafra (southemn African wildcat), and F. s. bieti (Chinese desert cat}—
indicated that each wild group represents a distinctive subspecies of Felis silvestris. Further analysis
revealed that cats were domesticated in the Near East, probably coincident with agricultural village
development in the Fertile Crescent. Domestic cats derive from at least five founders from across this
region, whose descendants were transported across the world by human assistance,

he domestic cat may be the worlds most

I numerous pet, vel litlle is cenain of the
cat's origin (/- ¥). Archacological remains

and anbropological clues suggest that, unlike
species domesticated for agriculture (e.g., cow,
pig, and sheep) or transpon (horse and donkey ),
the cat probably began its association with humans
as a commensal, feading on the rodem pests that
infested the gran stores of the first fanmers (1), The
carlicst evidence of cat-human mssociation involves
their co-occumrence in Cyprus deposits detenmined
to be 9500 years old (6). Domestic cats are gen-
crally considered 10 have descended from the Old

www.sciencemag.org SCIENCE YOL 317 27 JULY 2007

World wildcats, but they differ from these hy-
pothesized progenitors in behavior, ameness, and
coat color diversity (%, [0, Funher, domestic cits

appear 1o lack neotenous chamcterstics typical of

other domesticated species (1)

Felis sifvestris, Trom which domestic cals
were derived, is classified as a polytypic wild
species composed of three or more distinet in-
terfertile subspecies: F. s, silvesirds in Europe, F s,
hitea in Adnica and the Near Easy, F s, ormata in
the Middle East and cemral Asia (1, 2, 12-135),
and possibly the Chinese desent at, F s bient
iFig. 1A, inset) The domestic cat is sometimes

considered an addmional subspecies, F s catus,
possibly derived from wildeamts i the Middle
East or Egypt (1, 12, 14, 15). The mprecise
subspecific status of B silvestis populations and
of the relationship ol the domestic cat within
this assemblage stems from  morphological
similarities among these groups (1, 3. A leral
domestic cat with a “wild-tvpe”™ mackerel iabby
pattern is difficult 1o distinguish visvally from a

“true™ wildeat ({3,

f6), which is funther

confounded by ongoing admixiure (f6-749).
Moreover, the relationship between £ sifvestris

and the Chinese desert cat

which may be a
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Fig. 1. (A) Cument range
of F. silvestris and areas of
sample collection. Colored
regions reflect the location
of capture of individuals car-
rying different STR clade
genotypes (defined at low-
er left. mtDNA haplotype
frequencies are indicated
in pie charts specifying the
number of specimens car-
rying mtDNA haplotypes
for each clade. Central
Asian denotes Asian cats
east of the Caspian Sea.
Mear Eastern denotes cats
in Israel, Saudi Arabia,
Bahrain, and the United
Arab Emirates. European
denotes specimens col-
lected west of the Caspian
Sea. Domestic cats (F s
catus) are distributed world-
wide and overwhelmingly
carry clade IV mtDNA hap-
lotypes (beige). Inset: Cur-
rent and historical range
of F. silvestris subspecies
on the basis of traditional
morphology-based taxon-
omy (2, 12, 13). The Chi-
nese desert cat is referred
to throughout as a wildecat
subspecies, F. silvestris
bieti (9, 12), as supported
by data presented here,
(B} Phenogram of 851
domestic and wild speci-
mens created on the basis
of 5TRs, Dps genetic dis-
tamce, and minimum evo-
lution (neighbor-joining)
algorithm. Color groups
correspond to geographic
locales specified in (A), Sym-
bols indicate cytonuclear-
discordant individuals that
contain a STR composite
clade of the indicated
cluster but carry mtDNA of
an alternative locale f(see
text); in parentheses are
the numbers of cats in each
STR clade that carry various
mtDNA clade haplotypes.

STR Clade

European Wildoat 1 LIV
Fs. silvesiris

Southem African 1
Wildeat

Fs. calra

Central Asian (111
Wildcal

F.s omata

Hear Eastern Wildcat 1Y v
and Domestic Cat
Fs lybwca; F.5. calus

Chinose Desert Cat v v
Fa bisli

Mear Eastern Wildcal
and Domestic Cat

F.a. lybica; Fs. catus STR IV
[miDNA Clade TV, 485; I, 3;
IL, 2; 111, 2)

Eurocpean Wildcat
F.5. silvestris STR-1
(miDMA Clade I, BO; 1V, 28)

Southern African Wildcat
F.s. cafra STR-11
{(miDNA Clade 11, 10; IV, 3)

Central Asian Wildcat
Fa. ormata STR-111
(miDMNA Clade 111, 11; IV, 16)

Chinese Desert Cal
E:s. bieti STR-Y
{miDMA Clade V, 4)

Sand Cat
F. margarita STR=V1
(mtDNA Clade VI, 10)
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separate Felis specics, Felis bieni, or a wildeat
subspecies, Fosihvestris bieti (9, 12)—is un-
certam. The sand et F margarita, a distinet
specics of Felis that ranges across North Affica
and the Middle East, is the closest outgroup of
the £ sihvestrisbien complex on the basis of
momphological and molecular data (2, 13, 20,

To investigate the relationships among do-
mestic cats, their indigenous wild progenitors,
and related specics of the genus Felis, we
collected tissue from 979 individuals (fig. S1;
see lable 81 for breakdown of number of cats
tested for different genctic markers) including
putative wildeats and feral domestic cats on three
continens (N = 629), fancy-breed domestic cats
(N = 112), sand cats (F, margaria, N =11}, and
Chinese desert cats (F s bieti, N = 5) We
extrmeted DNA and genotvped 851 cats for 36
shon tandem repeat (STR) or microsatellite domes-
tic cat loci (27) vaniable in F sifvestris, F. s bieti,
E margarita, and domestie cats, and sequenced
2604 base pairs (bpd of mitochondnal DNA
(mIDNA) genes NOF and ND6 from 742 cats.

Neighbor-joining  phylogenetic analyses for
STR genotypes with kinship coellicient (D&}
and proportion of shared alleles (Dps) genctic
distance estimators provided concordant 1opol-
ogies that specilied six clusters (Fig. 1B: referred
to here as “clades™ as also specificd by miDNA
phylogenctic analyses; see below) comesponding
to the following subspecies designations: (i) F 5.
sitvestris, wildeats from Europe (STR clade 1,
grcen in Fig. 1k (i) F s ornara, wildeats from
central Asia cast of the Caspian Sea (STR clade
1L, purpley; (iii) F & hebica, wildeats from the
Near East (STR clade IV, beige), (iv) £ s cafra,
wildcats trom southem Adrica (STR clade 11,
blue): iv) £ s bieti, Chinese desert cats (STR
clade V, redy; and (vi) F mrarearie, sand cat
(STR clade VI black). Felis cafra was [irsi
named in 1822 and renamed as F hhica cafra
subspecies in 1944 on the basis ol a description
ofa wildca specimen captured in “KafTraria™ (%),
an area from whence our southern Adrican
wildcatl samples derive.

The compositc STR genotypes of all known
domestic house cats, fancy-breed cats, and feral
domestic cals occurning in the wild populations
all fell within a larze monophyletic group (clade
V) that also included wildeats from the Near
East. The phylogenetic ree suggests that domes-
tication occurred in the Near East, where STR
clade IV wildcats live today. This inference was
turther explored by examining miDNA varation,
STR variation, and ongoing admixture hybrid-
ization in the study arcas (/7-19).

Phylogenetic analysis of NDS and ND6
sequence reveals 2435 parsimony-informative
sites specifying 176 distingl miDNA genotypes
(Fig. 2A, fig. 52, and table S2) The miDNA
haplotypes were analveed with Bayesian Markoy
cham Monte Carlo (MOMC), maximum parsi-
mony, maximum likelihood, and distance-based
methods (22, 23). All methods resulted in
identical wpologies for the principal groupings

comesponding 10 both geographic origins and
STR clade designations. The consensus mtDINA
gene tree (Fig. 2A), mooted with £ margarita,
shows I 5, bieti basal to F sifvestris, as infemed
from momphology. However, the shon branch
lengths and relatively weak bootstrap support for
the node scparating F s el from F silvestris
(27 1o 68% bootstrap) indicates a close genctic
relationship between these two taxa, which sup-
ports the grouping of £ 5, bieti and F silvesoris as
a single specics, F silvestrs,

The F sihestris miIDNA haplotypes Gl ino
specilic geographic locales (Fig. 2A) A basal
lincage [clade 1, F 5 sifvestrds (European wildeat),
green| is found i Ewropean populations from
Secotland and Porugal in the west to Hungary and
Serbia in the east and s sister o0 £ sifvesirdy from
Asia and Africa and to domestic cats. An carly/
basal Furopean versus Adnca-Asia divergence sup-
ported by recent morphological studies of [ossil
specimens of wildeats (13, 24) may reflect a
postglacial repopulation of Europe from [berian
founders, as previously suggested (9, 15, 24).
The basal position of an [berian wildeat, Fsi-257,
within miDNA clade | also supports an [berian
refugium (Fig. 2A).

Bevond Europe, miDNA clades [ 1L and IV
comrespond with geography and STR analysis
{Fig. 2A% Within mtDNA clade IV, we identificd
five principal lincages of miDNA haplotypes (A
to E, Fig. 2A) with no obvious phylo-geographic
association among these lineages. Domestication
appears 1o have occurred within the Near Eastem
region where clade IV wildeals are cumently
extant (beige, Fig. 2A), because clade IV
wildeats and domeste eats are monophyletic.

Because of hybridization between wildeas
and feral domestic cats, domestic cat niDNA
haplotypes (clade 1V in Fig. 2A) are commonly
found in European, Afncan, and cenial Asian
populations along with indigenous wildcal hap-
lotypes (Fig, 1A). The observed genetic admix-
e may be explained by the presence of feral
domestic cats or by hybridization between wild-
cats and domestic cats, Hybrid individuals car-
rying one miDNA-clade genotyvpe but a different
STR-clade genotyvpe can be idemtified. Such
cytonuclear-discordant individuals were com-
mon in our data set (Fizs, |B and 2A). OF cats
sampled tor both STR and miDNA genoty pes,
seven of the 472 cats in STR clade IV were dis-
cordant, with a wildcat omDNA tvpe (Fig. 1B).
However, among 108 putative European wildcats
{on the basis of STR genotvpe: Fig. 1B), 28 carried
the clade IV (domestic) mIDNA type, as did 3 of
13 southern Afncan (STR clade 1) wildeas, The
wildeats in central Asia (STR clade 1) included
the highest frequency of discordant individuals
(mDNA clades 111 and IV; Fig. 1B), perhaps as o
result ol incomplete lincage sonting or recent gene
flow between adjacent populations (Fig. 2A),

We implemened the Bavesian population
genctic analysis program STRUCTURE, which
assesses population subdivision (25) and chare-
terizcs genomic evidence ol recent hybridization,

REPORTS

STRUCTURE analyses of the 851 STR geno-
types placed cats into discrete population clusters
comesponding o European, Alncan, and central
Astan wildeats and identificd a subdivision of
domestic cats from different regions (Fig, 2B),
Imterestingly, we identificd a discrete population
of wild and domestic cats from the Near East
{brown group in Fig, 2B) distunct from the other
E silvestris subspecies, as well as three sub-
groupings of domestic cats, These 15 individuals
had concordant miDNA and STR phylogenics
identical 1o those of domestic cats and were
collected in remote desens of [sracel, United Arab
Emirates, Bahrain, or Saudi Armbia. These data
suggest that these Near Eastern wildeats may
represent the ancestral founder population of do-
micstic cats, supporiing a domestication origin in
the MNear East.

Identification of hybnds (STRUCTURE @ <
0.8) revealed that some (~22%) of the wdentified
eytonuclear-discordant cats in Figs. 1B and 2A
showed evidence of recent hybridization. For
this reason, we removed 81 hybrd cats defined
by STRUCTURE and generated new phyloge-
nies combining the STR genotypes of cats
grouped within the distinet populations (Fig.
2C). This analysis realfirms the recognition of
the major F silvestris subspecies groups
illustrated in Fig. 1A and the distinctiveness of
Near Eastern wildcats as the closest group to all
domestic cats. The resulis also suggest a close
affinity between F s bieti (Chinese desert cat)
and the Asian wildeats, plus paraphyly of other
F silvestrix subspecics with respect 1o Fos.
hieti, in support ol the recognition ol F 5. bieti
as a subspecies ol £ sibvestreis (Fig. 200,

The coalescence-based age ol mIDNA ances-
tral nodes for domestic cats (clade 1V) and all £
sifvestris mIDNA lincages was cstimated with
the lincarized tree method (26) Alfer fulfilling
the requirement for molecular clock rate homo-
pencity across all lincages (able S4), we
construcied a neighbor-joining algorithm on the
basis of the lincarized tree with Kimura two-
parameter distances., We adopied a sequence di-
vergenee mie specilic for NOF and VD6 genes of
2.24 bp per million vears (27). This mte would
predict one new varint, on average (range: O to
2}, in the most recent | 7,000-year period of
domestic cat ancestry (28). Indeed, 990% of the
domestic cats within the five incages (A E in
Figz. 2A) share haplotypes that are 010 3 bp apan,
rellecting modest mutation accumulation within
lincages. By contrust, the estimated coalescent
date on the basis of the mIDNA data for all £
sihvestris (including £ 5. biet) subspecics s
230,000 years ago, whereas the estimated age
for the ancestor of F 5. lvbica and domestic cans is
131,000 years. Other methods of date estimation
suggested arange from 107,000 to 1 535,000 vears
128). These estimates are all greater by an order
of magnitude than the age mplicd by archaco-
logical evidence for cat domestication (), The
pemsistence of five well-supportied mtDNA lin-
cages dating back 100,000 years before any
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Fig. 2. (A) Phylogenetic tree of mito- A
chondrial DNA sequence [minimum
evolution (neighbor-joining) phylogram
of 2604 bp of the ND5 and NDé genes]
of 176 haplotypes discerned from 742
cats sampled across the range of the
domestic cat, European wildcat, Near
Eastern wildcat, central Asian wildcat,
southern African wildcat, Chinese desert
cat, and sand cat. Trees created from
Bayesian, maximum likelihood, and
maximum parsimony methods result in
identical topologies for principal cade
groupings. Confidence/bootstrap values
(from left to right: Bayes/maximum
parsimony/maximum likelihood/minimum
evolution) are based on 1000 iterations
and are adjacent to nodes. The number
of single-nucleotide differences is indi-
cated in red below the corresponding
branch, Clade designations and numbers
of individuals are indicated in parenthe-
ses after the corresponding common
name and taxomomic trinomial. A
through E designate lineages within
mtDNA clade IV. Confidence/bootstrap
values for these nodes are as follows:
A, 1.00/87/71/54; B, 1.00/82/80/80;
C, 0.97/63/59/42; D, 1.00/98/99/88;
E, 1.00/100/100/82. Purple and brown
tree limbs within mtDNA clade IV reflect
individuals from two locales that bear

: = - am
:—i:——- 3
U.W—J'ZE]' —
| —
| B
= A
e Mear Eastern and
"y Contral Asian Wildcat
|2 E and Domestic Cat
= Fs. lbica: s ormnala; F.s calus
== miDMNA Clade I'V; 589)
098/82/73/63) —y Ly — e :
—

b

T

0.92/68/52/27

cytonuclear-discordant mtDNA versus

individuals bearing mtDNA haplotypes
are found among domestic cats; in wild

1.00/100/100/100

STR genotypes (see text). Clade IV 230,000 Years r _g'

potentially admixed populations in Eu-
rope, Asia, or Africa (see Fig. 1A); and in
Near Eastern wildcats (see text). (B)

STRUCTURE-based populations resolved
851 cats into several wildeat groups, —
three domestic cat groups, and one
group (brown) that included both do- g
mestic cats and Near Eastern wildcats.

LI i
mo

Central Asian Wildcat
Es. ormmala

(MDNA Clade I11; 14)

Southem African Wildcat
I— F.s. cafra
{mIDNA Clade II; 17)

% European Wildcat
il = F.s. silvestris

= (mMIDNA Clade I; 120)

Chinese Desert Cat

i ~  Fs. bieti
> 1si 257 === (MIDNA Clade V: 4)
Sand Cat
- F. margarita
£ 1= (miDNA Clade VI: 12)
iR ]
Wildcats Domestic cats
- Si

The y axis represents Q-value, the
percent representation of resolved pop-
ulations {(colors) within each individual
{listed on x axis). (C) Phylogenetic rela-
tionships amoeng F. silvestris groups as
defined by composite STR genotypes
based on 36 STR lod. Tree is rooted at
sand cat. Bootstrap values at corme-
sponding nodes are based on 1000
iterations with the following measures
{from left to right): Dps = 1 — (psVDKf =
1 - {kfWDps = —In{ psWOK = ~Inlkf). All
methods resulted in identical topolo-
gies. Individuals were clustered into
representative populations based on

-

SEEEEREEREE,

Fx. bieti
Southern
European WC Alfrican

W

Bear Fat
W & DO

STRUCTURE Q-value of 0.80 or greater with the same loci (see text). All known domestic cats cluster into domestic-Asia, domestic-Europe, or Near Eastern
wildcats, regardless of provenance, and these groups also cluster together.

archacological record of domestication would
suggest that domestic cats onginated from at least
five matrilineal miDNA haplotypes.

The vardation deseribed here is imponant for
the conservation and management of frec-ranging

wildcat populations (/6, 29), In 1able S6 we
present a full list of population-specific (private)
STR alleles as well as miDNA population-
specilic site genotypes suitable for assessment of
a wildeat's populmion, subspecics of origin, and

distinction from domestic cats. The domestication
of wild species o complement buman civilization
stands as one of the more successiul “biological
experiments” ever undertaken. For cats, the process
began more than 9000 years ago when the carliest
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C Sand Cat

F. margarita (10)
(mtDNA V1, 10)

European Wildcat
F.s. silvesiris [125)

(mtDNA I, 7B: |V, 24)
45/81/88/84 Southarn Alfrican Wildcal
Ex. cafra 1'22|
(miDMNA 11, §)
Central Asian Wildcat
F.a. ornato (31)
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M l‘- 1,1
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farmers of the Fertile Crescent domesticated prains

and cereals as well as livestock (£, 3,4, 30-32). In
parallel, the endemic wildeats of the region may
have adapted by both regulating the rodemts in the
grain stores and abandoning their aggressive
wild-born behaviors. The archacological imprints
lett in the genomes of living cats here weigh into
inferences about the timing, steps, and provenance
of domestication—a dynamic exercise depicted in
art, i history, and in human cultural development
sinee recorded evidence began.
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Candidatus Chloracidobacterium
thermophilum: An Aerobic
Phototrophic Acidobacterium

Donald A. Bryant,* Amaya M. Garcia Costas,” Julia A. Maresca,’t Aline Gomez Magueo Chew,'t
Christian G. Klatt,” Mary M. Bateson,” Luke ]. Tallon,? Jessica Hostetler,? William C. Nelson,?

John F. Heidelberg,** David M. Ward?

Only five bacterial phyla with members capable of chlorophyll (Chl}—based phototrophy are
presently known. Metagenomic data from the phototrophic microbial mats of alkaline siliceous hot
springs in Yellowstone Mational Park revealed the existence of a distinctive bacteriochlorophyll
(BChl}—synthesizing, phototrophic bacterium. A highly enriched culture of this bacterium grew
photoheterotrophically, synthesized BChls a and ¢ under oxic conditions, and had chlorosomes and
type 1 reaction centers. “Condidatus Chloracidobacterium thermophilum” is a BChl-producing
member of the poorly characterized phylum Addobacteria.

cquencing environmental DNA s a
powertul approach for predicting the

physiological and metabolic potential of

microbial ccosvstems, Metagenomic analyscs

have provided insights imo the propentics of
uncultured microorzanisms that have escaped
detection in licld swdies (7-6). We used meta-
genomic data from the microbial mat communitics
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of Octopus and Mushroom Springs in Yel-
lowstone Nattonal Park (Yellowstone NP) (5-7)
o search for previously unrecognized BChLChl-
synthesizing phototrophs (chlorophototraphs),
Only five bactenal phyla contain chloro-
phototrophs: Cranebacieria, Chiorabi, Proteo-
hacteria, Cliforoffext, and Firnncnres (8, 9, In
chlorophototrophs, light energy 15 transduced
into chemical potential encrgy by reaction cen-
ters, photo-oxidoreductases that form two fam-
ilics of BChlI'Chl-comaining, pigment-protein
complexes (/). Type | reaction centers include
cyanobacterial Photosystem 1 and the homodi-
meric reaction centers of Clifondy' and helio-
bacteria (Firmicutes). Tvpe 2 reaction centers
include evanobacterial Photosystem 11 and the
reaction centers of Proreobacteria and Chioro-
flexvd. Although their subunits are not discemibly
similar in sequence, the two reaction-center types
probably share a common evolutionary ongin
because their electron-transter domans have sim-
ilar structures and colactor arrangements (17).
165 rbosomal RNA (rRNA) surveys of the
Yellowstone NP phototrophic mat communitics
suggested the presence of green sulfur bacteria
(12). Metagenomic data obtained from these
mats (57, ¥) were queried with the thlastn
algorithm and the amino acid sequence of PscA,
the BChI a binding apoprotein of a homodi-
merie, PE40-binding, type 1 reaction conter from
Clileroliim tepidiem (9, 13). Two incomplete
soquences that encode (BYChl-binding apopro-
teins of type | reaction centers were recovered,
Phylogenctic analyses suggested that one se-
quence (05 GSB PseA) belonged to a green
sulfor bacterium that grouped with PseA from
Chilorolherpeton thatassiom (Fig. 1A). The sce-
ond sequence, labeled Cab. thermophilum PseA,
was only very distantly related w0 other PscA
sequences and other tvpe | reaction-center pro-
teins (Fig. 1A and figs. S1 1o S3); this suggesied
the existence of a previously unrecognized chlo-
rophototroph in the mat community. Plasmids
encoding this gene were recovered and se-
quenced (¥), and the daia revealed a probable
operon, 3pscdB-finod (Fig. 1B). psefl encodes
the apoprotein of an 8Fe-85 ferredoxin of a
type | reaction cepter (£3) and furod encodes
the BChl a-binding, Fenna-Matthews-Olson
protein (Fig. 1B and Mgs. 54 and 55) (/4). The
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pscAd gene predicied a protein of 8635 amino

acids that was larger than the apoproteins of

other type | reaction centers. Most of the siee
differcnce was caused by an insertion of ~165
aming acids o a penplasmic loop betwen
tmnsmembrme o helices VI and VT (Fig, 1C
and fig. S1) Many of the genes flanking the
pcAB-frmod operon predicted proteins that were
most similar o those of Acidobacterinm sp.
Ellin3435 or Solibacter wstatus Ellin6076, two soil
bacteria belonging 10 the poorly chamcterized
phylum Adcidobacteric, whose genomes were
recently sequenced. Thus, we hypothesized that
the upknown phototroph might belong 10 the
phlum Actedobacteria,

Analyses of metagenomic sequence data and
end-reads from a bactenial amificial chromosome
(BAC) hbrary predicted that the pred B-fmad,
reced, and rRNA genes were encoded on a single
BAC insert (9). We conlirmed this prediction by
sequencing the 271,846-base pair (bp) msen
ifig. 56: GenBank acecssion number EF531339),

The 165 rRNA sequence derived from this BAC
clone was identical to a partial sequence as-
sembled from the metagenome and was nearly
identical (differences at 2 of 1348 sharcd posi-
tions) to that from an acidobactenum denoted
GFPI |sec 165 tRNA ree in ligure 1 of (15); or
see (J6)] (hg. ST). The 165 rRNA of GFP1 was
recovered from Green Finger Pool in the Lower
Geyser Basin of Yellowstone NP, a site =5 km
from Octopus Spring. These data unequivocally
establish tha the divergent pecAdB-fmod genes
are derived from a GFPI-like organism belong-
ing to the phylum Acidobacieria,

To gain insights into the physiology and
metabolism of this GFPI-like organism, we
computer-annotated  and analveed the binned
sequence assemblics putatively derived  from
the GFPl-like acidobacterium (¥}, The binned
sequences contained several genes for BChI
(hehls, beltK, beliR, behl), bole}, and aosF) and
carolenowd (ertB, cntP, and ertH) iosynthesis
(figs. S6 10 S10L A csmed gene, the product of

A Cyanobacteria

A. variabilis PsaB
Synechocysitis 6803 PsaB
Synechococcus 7002 PsaB
Ths. slongalus PsaA
A, variabilis Psah
T. enythracum Psah
Synechococcus 7002 PsaA
Synechocystis BB03 Psah

Acidobacteria
Cab. thermophilum PscA

Ptc, aestuani Psch
Chl. phaeobacleroides BS1 PscA
Chi. tepidum PscA
Cbh. parvum Psch,
= 0.05 changes

Fig. 1. (A} Unrooted neighbor-
joining tree of protein sequences B
for type 1 reaction centers

from Cyanobacteria, Chiorobi,

heliobacteria, and a divergent

PscA-like sequence (Cab. ther- C
mophilum) obtained from the
mat metagenome of Octopus
and Mushroom Springs, Yellow-
stone NP, A., Anabeena; Cab.,
Chloracidobacterium; Cb.,
Chlorabaculum; Chi., Chioro-
bium; Chp., Chlorcherpeton;

Hbc,, Heliobacilius; Hbt., Heliobacterium; 05 GSB, green
sulfur bacterium from microbial mat at Octopus Spring;
Pld., Pelodictyon; Ptc., Prosthecochloris; T., Trichodesmium;

T. erythracum PsaB
Ths. elongatus PsaB

pscA
e —— e — S —— — ——

* = 100% boolstrap suppor
0= T0% boolstrap suppor

Hbt. modesticaldum PshA
Hbl. gesti PshA

Heliobacteria
Hbe. mobilis PshA

Chp. thalassium PscA
05 GSB PscA

Chi. limicola Psca  Chlorobi
Pld. luteclum Psch
Fid. phaeoclathraliforme Psch

pscB fmoA

cytoplasm

periplasm

Ths., Thermosynechococcus. Nodes marked with a ™" have 100% bootstrap support; the node separating
the Psaf and PsaB clades is marked with 2 “0” and has 70% bootstrap support. (B) Organization of the
pscA, pscB, and fmoA genes in Cab. thermophilum. (C) Diagram showing the organization of the 11
predicted transmembrane o helices of Cab, thermophilum Psch. “Fy” denotes the positions of two cysteine
residues that are predicted to be ligands to the intersubunit [4Fe-45] cluster Fy, and "P" indicates the
approximate position of the conserved histidine residue predicted to form a ligand to one of the two
predicted BChl a molecules of the reaction-center special pair. Green Roman numerals | to VIl indicate the
antenna domain, and blue Roman numerals VIl to X1 indicate the electron-transfer domain.
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which forms the baseplate of chlorosomes, the
light-harvesting antenna complexcs in Clidornli
and Chioroflexs (17), was also found. The
presence of genes encoding subunits of a nico-
tinamide adenine dinuclentide, reduced (NADH )
quinenc oxidoreductase, the quinol:eytochmome ¢
oxidoreductase, and cvtochrome oxidase implicd
that the acidobacterium might respire acrobical-
Iy, The data collectively predicied that the mat
acidobacterium is probably an acrobic photo-
heterotroph that synthesizes BChl a, methy laed
BChI ¢, chlomsomes, FmoA, and type | reaction
centers. The organism seemed  physiologically
most similar o acrobic anoxygenic phototrophs
or to fcultatively phowlauto heteroprophic orga-
nisms like Raseiflevns and Chiloraflexis spp. (8),

Allewalt er af. (I8) deseribed the estab-
lishment of uni-eyvanobactenal ennchments for
thermophilic Svrechococens spp. from Oclopus
Spring (Fig. 2A) The presence ol a closely re-
laed acdobacterium in an oxic ennchment was
indicated by specilic polymerase chain reaction
(PCR) amplification of genes for acidobacterial
pse, fimod, esmd, aesF, behU, recd, and 168
fRNA (Y) (table 51). By senally culturing this
enrichment culture in a modilied cyanobacterial
growlh medium containing amimonium, a mix-
e of carbon sources, and the Photosystem [l
inhibitor atraeine (99, we eliminated Svirecliocoe

cits sp. strain JA-2-3B% (2-13) The resulting
brownish-orange culture contained only the
acidebacterivm and Anexvhacillus sp. (Fig. 2A).
The latter could be 1solated on Luna-Bertam plates,
did not synthesize BChI (Fig. 2A), and did not
possess any genes for BChl bosynthesis or for-
mation of a light-harvesting apparatus. The
absomption spectum of the ennchment culture
shows a maximum at 743 1o 745 nm that is char-
acteristic of BChl ¢ ageregates in chlomosomes
(Fig. 2B) Using a method for the isolation of
chlorosomes from green sulfur bacteria (¥), we
isolated chlorosomes that were momhologically
similar to those of O sepiclin (F7) (Fig. 30, Senal
culturing of the Anoxvbacillus sp.-acidobacterium
crichment in the dark resulied m the simulia-
neous loss of the Td6-nm absorbance (Fiz, 2B)
and acidobactenal 168 RNA (Fig. 2C). Ths
experiment definitively establishes that the acid-
ohacterium  grows  photoheterotrophically. The
ennchment did not grow with bicarbonate as
the sole carbon source.

High-performance liguid chromatography
(HPLC) analyses of pigments extracted from
cells from the Anoxvbacillies sp.-acidobacterium
enrichmem verified the presence of both BCh ¢
and BChl a (Fig, 4). The complex patiern of
BChl ¢ homologs, appeanng in groupings of four
(fig. S13), was consistent with methylation of
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both the C-8% and C-12" carbons, as occurs in
O, tepidhum and other Chilorohi strains (£9). The
clution profile also indicated that BChl ¢ was
estertiiad by several aleohol species. Only trce
amounts of fumesylated BCOhl ¢ were detectad.
and the major BChl ¢ homologs were more
hydrophobic than famesylated BChI ¢, the cs-
terilying alcohol most commonly found in green
sulfur bacteria (Fig. 4). The major BChl ¢ homo-
logs were slightly more hydrophobic than the
BChl ¢ homologs produced by Cliloroflevs
artrativions Y-400-11(Fig. 4). However, Chioro-
flexus spp. do not methy late BChI ¢ at the C-87
or C-12" positions, and their BChl ¢ is typically
esterified with muluiple alcohols including phy-
tol, geranylgeraniol, and stearol (8, /9).

1685 rRNA analyses, imcluding the presem
study, mdicate that the acidobactenal dhloro-
phototroph grows at temperaturcs from -50°
667C a1 Mushroom Spring, Octopus Spring, and
Green Finger Pool (13, 20 165 RNA se-
quences closely related o that ol this acido-
bacterium recovered  from
Mammoth Hot Springs in Yellowstone NP and
from hot springs in Tibet and Thailand (24, 22).
Therefore, acidobacterial chlorophototrophs may
be members of microbial mat communitics asso-
ciated with thenmal features worldwide. Because
strains of Actdebacteria are also widely distrib-
uted in soils and other eovironments (15, 23), it
will be interesting 1o determine whether photo-

have also been

c trophy is widespread in this poorly charmcierized

hylum. Analvses of the genomes of two acido-
L B Ay B 1 S PVNRSONRCOL T BRCICHO S0
bacteria, 5 wsifatres ENlino076 and Acicbacteriem

Aﬁ%”g”fﬁﬁf‘ | =] sp. Ellin343, demonstrate that these onpanisms

) do not have this capability (24).

185 ;ﬁ;ap- — - e - o : In this :»-lutll} we applied metgenomics o
discover a previously unknown chlorophototroph,
and we uwsed enrichment techniques and bio-
chemical methods to verty that this organism is a

N o ¥ D bacillus (Fig. 2, D and E) that synthesizes BChls
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Fig. 2. (A} Cultures containing (1) Synechococcus sp. strain JA-2-3B'a (2-13), Cab. Thermophilum, and
Anoxybacillus sp.; (2) Cab. thermophilum and Anoxybacillus sp.; and (3) Anoxybacillus sp. (B)
Absorption spectra of an enrichment culture containing Cab. thermophilum and Anoxybacillus sp. after
serial culturing three times in the light (L3} or in the dark (Ds). The 745-nm absorption due to
aggregated BChl ¢ is only observed in the light-grown cells. Note the change from 746 to 745 nm to
match the number in the figure. (C) PCR amplification with the use of primers (9) (table 51) specific for
Cab. thermophilum (top) and Anoxybacillus sp. (bottom) and DNA templates isolated from an initial
light-grown inoculum (1), and serial cultures 1 and 2 grown for two periods of 5 days exclusively in the
light iLy, Ly} or in the dark (Dy, Ds). Escherichia cofi DNA was tested as a negative control with both
primer sets. For additional details, see (9). (D) Light micrograph of a 5-day-old enrichment culture
containing Cab. thermophilum and Anoxybacillus sp. grown in the light. (E) Fluorescence micrograph of
the field of cells in (D). Cells were treated with 1-hexanol to disrupt the BChl ¢ aggregates and to
enhance BChl ¢ fluorescence (9).

Fig. 3. Transmission electron micrograph of
isolated chlorosomes from an enrichment culture
containing Cab. thermophilum and Anoxybacillus
sp. after negative staining with 1% (wiv) uranyl
acetate.
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Fig. 4. HPLC elution profiles monitored at 667 nm for BChl ¢ (A) and 770 nm for BChl a (C) for
pigments extracted from a light-grown culture containing Cab. thermophilum and Anoxybacillus sp.
(red line); Chiorobium tepidum (green line); and Chioroflexus ourantiacus strain Y-400-fl (blue line).
The spectra of the BChl ¢ peaks indicated by stars in (A) are shown in (B); the spectra of the BChl a
peaks eluting at 37 min in (C) are shown in (D). All other peaks in (A) also had the absorption spectrum
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of BChl .

a and ¢ and produces chlorosomes under oxic

conditions. Although chlorosomes are also found
m some Chleoflevi, the new chlorophototroph
15 the only deseribed orpanism outside the
phylum Clidorobi that produces FrmoA. Growth
ol this acidobacterium is strongly stimulated by
light under photoheterotrophic conditions, but
additional studics will be required 1o cstablish
whether the organism is capable of autotrophic
growih. Because no chlorophototroph with these
propertics has vet been descnbed, we proposc

the name

“Candidharey Chlomcidobacterium

themmophilum,”™ gen. nov., sp. nov., [or this BChl-
synthesizing, phototrophic member of the phy-
lum Acidohaeteric,

W L P

L

References and Notes

. )G Venter ef al, Science 304, 66 (2004).

0. W. Tyson et ol, Nofure 428, 37 (2004).

. 5 G. Tringe et al., Scfence 308, 554 (2005).
. E F. Delong, Naf. Rev. Microbiel, 3, 459 (2005},
. A S, Steunou et ol, Proc. Notl Acod. Sci. U.SA 103,

2398 (2006).
0. M. Waed et ol., Heredity 10.10385).hdy. 6801011
{6 June 2007).

. waw. Higr org idbVENVMGLYNPHS
. 0. A Bryant, N.-U, Frigaard, Trends Microbiol. 14, 488

(2006).

, Supporting material is available on Sdence Online.

|. H. Golbeck, Prec. Mot Acod. Sci. US4 90, 1642
(1993).

27 JuLy 2007 VOL 317 SCIENCE

Suppoerting Online Material
wawsciencemag onglegricontentfull317/5837/523/DC1

Methods
11 W.-D. Schubert et al., J. Moi. Biol. 280, 297 (1998). SOM Text
12, D M. Ward, M. ). Ferris, 5. C. Nold, M. M. Batesan, Figs. 51 to 513
Microbiol, Mol, Biol. Rev. 62, 1353 (1998). Table 51
13. G. Hauska, T. Schoed|, H. Remigy, G. Tssotis, Sigchim, References

Biaphys. Acta 1507, 260 (2001),
14. A Camara-Artigas, R. E. Blankenship, 1. P. Allen,
Photesynth, Res. 75, 49 (2003).

30 March 2007; accepled 27 June 2007
10.1126/science, 1143236

Noise in Gene Expression Determines
Cell Fate in Bacillus subtilis

Heédia Maamar,t Arjun Raj,*t David Dubnaut

Random cell-to-cell variations in gene expression within an isogenic population can lead to transitions
between alternative states of gene expression. Little is known about how these variations (noise) in
natural systems affect such transitions. In Bacillus subfilis, noise in ComK, the protein that regulates
competence for DNA uptake, is thought to cause cells to transition to the competent state in which
genes encoding DNA uptake proteins are expressed. We demonstrate that noise in comK expression
selects cells for competence and that experimental reduction of this noise decreases the number of
competent cells. We also show that transitions are limited temporally by a reduction in comK
transcription. These results illustrate how such stochastic transitions are regulated in a natural system
and suggest that noise characteristics are subject to evolutionary forces.

fability in gene expression within a sty of phenotypes, potentially enhancing fitness
population of genetcally sdemuical cells (/. 23 When the underlying gene network con-
enables those cells o maintain a diver-

tains regulatory positive feadback loops, indi-

www.sciencemag.org



vidual cells can exist in different slates; some
cells may, for example, live in the “ofl™ expres-
sion stale of a particular gene, whercas others
are in the “on™ expression state (this is an ex-
ample of bistable gene expression). These
stochastic Nuctuations in gene  expression,
commonly referred 1o as noise, have been
proposed W0 cause tmansitions  between  these
states (3-7) We apply recently  developed
theories of noise (8, ¥) to examine how noise
influcnees these tansitions in a natural system,

An example of bistable expression with asso-
ciated stochastic transitions (/0-16) involves the
ability of the soil bacterium Bacillies subifis 1o
develop “competence” for DNA uptake as o
enters stationary growth phase, potentially al-
lowing bacteria to increase their fimess by
incorporating new genctic material. The gencs
needed for competence are transernbed only in
the presence of ComkK, the master regulator of
compelence. comk expression is subject 1o
positive autoregulation effected by the coopera-
tive binding of ComK 1o its own promaoter (Fig.
LAY (1719 resulting in bistability (5). In one
state, the positive awtoregulatory loop s not
activated and comk expression is low, and in
the other state, the loop is activated because the
level of ComK has exceeded a eritical threshold
and comK expression is high (£3, 14),

The capacity for bistability is subject 1w
temporal regulation. While the cells are growing
exponentially, the level of ComK s kept low (i)
through the action of the MecA-ClpC-ClpP
protese complex, which actively degrades the
ComK protein, and (1) by tmnseriptional repres-
sors such as Rok, AbrB. and CodY, precluding
transitions W the competent state. Upon reach-
ing sttionary phase, the accumulation of an
extrmeellular peplide causes an increase i the
expression of the ComS proiein (20) (the time
of the onset of stationary phase is denoted as Tg)
(Fig. 1B}, ComS competes with ComK for hind-
ing o the MecA-ClpC-ClpP complex (21}, cf-
fectively lowenng the rate of Comk degradation
and allowing random fluctuations in the level of
ComK 10 occasionally cause transitions (o the
competent state, Cells continue to randomly tran-
sition 1o competence for 2 hours, by which time
{ T3) transitions have ceased o occur (16) and the
15% of the cells that have become competent
remizain 50 until diluted into fresh growth medium
(Fig. 1C and movie 51). In this report, we ask
why cells only trmnsition 10 competence for a
limited dumtion of tme and investigate the
source of the Muctuations that actuate the Comk
feedback loop in a minodty of cells,
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To understand why cells only transition to the
competent staie for =2 hours dunng stationary
phase, we examined the dyvnamics of ook
expression in noncompetent cells, Because the
level of ComK in noncompetent cells 15 very
low, we used Muorescence in siu hybridization
(FISH) 1o coumt ndividual com& mENA mole-
cules in single cells (22-24), We achicved this
level of sensitivity by using six luorescently
labeled single-stranded DNA probes, comple-
mentary to different regions of the comf’ mRNA
(Fig. 2A. left). The hybridization of many
Muorophores o individual mRNA  molecules
resulted in spots that are visible through a fuo-
rescence microscope (Fig, 2. B and O),

During late exponential and cardy stationary
phase i the wild-type (WT) stram, the mean
number of comK mRNA molecules mercased
from 0.7 1o | molecules per cell at T at which
point fransitions 1o competence begin 1o oceur.,
Thercafter, the average number of comk’ tran-
scripls per noncompetent cell dechned 1w 0.3
molecules per cell at 7 (Fig. 2, D and E).

Wi postulated that in carly stationary phase,
when the average mRNA level is elevated, the
probability of trmnsition is high because of the
increased likelihood of mndomly generating
enough Comk 1o activate the positive feedback
loop. Later in stationary phase, when the average
is low, the probability of such an accumulation is
much smaller. To test this possibility, we counted
the number of comk mRNA molecules ina strain
that cannot synthesize Rok, the transeaptional re-
pressor ol comd. Insctivation of mk docs not change
the temporal pattem ol competence expression
but markedly increases the traction of competent

REPORTS

cells (£4). The averge number of comf mRNA
malecules per noncompetent cell in this straim was
twice as large as that m the WT strn at Ty (Fig. 2D,
in accondance with the Jarger number of compe-
tent cells observed i the mok stran (14, 23),

It is possible that the increased rate of tran-
sition to competence observed at Ty s not caused
by the increased basal mte of comk trnscription
but is mther the cause of the increased tran-
seription mte, because of positive feedback at the
comhk promoter. This possibility was eliminaed
by measuring the comk promoter activity in a
strain lacking a functional oA gene but instead
having the comK promoler drive a sequence
consisting of a 30-base pair (bp) motl repeated
32 timees (comf-M2). The comesponding mRNA
was deteeted with a single-strnded DNA probe
complementary 1o the 50-bp sequence (Fig. 2A,
right ). We found that the number of these mRNAs
in a strain lacking an active comk gene was sime-
tlar 1o that in the WT strain (Fig. 2E), indicating
that positive feedback docs not play a role in conkl
expression in noncompetent cells. To funher veri-
fy that the comA-M2 construct had similar ex-
pression propertics 10 those of the endogenous
comk mRMNA, we inegrated the construct in the
WT strain and simultaneously measured the abun-
dance of ranscripts from both the endogenos comk
gene and the comk-M2 gene, wsing differently
colored Muorophores to label the two mRNAs.
The mean and vanance of the numbers of the two
transeripts were almost identical (fig. S1)

T venfy that the observed decrease in comi
transcripts during stattonary phase could account
for a decrease in the mte of tmnsition o compe-

tence, we constructed a simple stochastic model of
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Fig. 1. The requlation of competence in B. subtilis. (A) The comK regulatory network. Arrows and
perpendiculars represent positive and negative regulation, respectively. For simplicity, factors
shown in gray were not considered in our modeling. (B} The kinetics of growth in competence
medium [in absarbance units (AU) measured in a Klett colorimeter]. (€} Competence development,
determined microscopically with strains carrying a comK-cfp* fusion. The dashed lines in (B} and

(C) represent Ty,
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the comk positive feedback loop containing the
salient featuncs of the competence network, most no-
tably the positive feedback loop [soe the supporing
onhine material (SOM)). The modd confinmed the
plavsibaliny of our conclusion that a relatvely small
decrcise in comh tmnscription can effectively end
transitions 1o the competent stae (lie S4).
Together, these dma suggest that tempornl
regulation of ranscaption: controls the froguency
of trnsitions w0 the competent stae and that the
decline in trnscription of comA during stationary
phase effectively defines a “window of opportuni-
tv,” which explains why celk are only able w tmn-
sition to competence for a lmited amount of tme,
Because the cells are genctically identical
and grown mn a well-stimed medom, the deter-
mination of which cells are sclected for com-
petence 15 hkely due w mndom  cell-o-cell
varations in proteins involved i compelence
regulation. Given s entical role in the regu-
lation of competence, we examined the role that

A

Poomk comiK Poormik

}

LLILd LLLET LRLL) LLiiy ELLLT

Poomk

comi mRNA

B - N
;

Fiamd |

notse in com® plays in selecting cells tor com-
petence. Cell-to-cell variations in the numbers
of comk mRNAs can come lom Iwo sources
(26, 275 (1) mtninsically random events of tran-
scription and mRNA decay (intinsic noise) and
(i) cell-w-cell vamations in regulators, poly-
merases, and other global factors (extrinsic

noise)l. To gauge the melative contrbutions of

these two types of noise to the Tuctuations lead-
ing to competence, we used an approach derived

from Elowite ef al. (26): counting the numbers of

both endogenous comf mRNA and comf-M2
mRENA in individual cells (Fig. 3, B and ),
Because anv extrinsic variations should affect
baoth genes simultancously, comelated vanations
between the mRNA numbers indicate that the
vartations are pnmanly extrnsic, whereas uncor-
related vamatons indicate an intnnsically stochas-
tic origin for the fluctuations in mRNA numbers

(Fig. 3A). In cary stationary phase when most of

the tansions occur, the mumbers of mENA

molecules from the two species were langely
uncorrelated (correlation coceflicient » = (L15 o
To) (Fig. 3, D and E). This finding indicates that
ntrinsically rmndom Huctuations in camA mENA
production and degradation are bkely 10 be a
signilican source of variations in ComK protein,
leading to the mitiation of competence (28),

To west the hypothesis that mnnsic noise is
responsible for transitions 1o the competent state,
we changed the noise in ComK protein produc-
tion by altering the tmnscriptional and transla-
tional efficiency of comh. Recent studies have
shown that intrinsic variations in prolein expres-
sion are inversely relatad 1w the rate of tmnscrip-
tion but are unaffected by the me of mmnslation
(&, 9 (sce SOM) Thus, mcreasing the rate of
transcription of a gene while reducing the mie of
tmnslation by an equivalent amount would
reduce noise in gene expression, despite having
the same mean expression level, This reduction
in noise should lead 1o fewer tmnsitions 1o the
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Fig. 2. Detection of single RMA molecules {comk and comk-M2) by FISH. (A)
Schematic diagram depicting the endogenous comk (left), comk-cfp® (middle),
and comK-M2 (right) reporters, all controlled by the comK promoter (PcomK).
Multiple specific fluorescent probes bind to each mRNA molecule [comK (green)
or comk-M2 (red)], yielding distinct fluorescent signals. The comK-cfp* construct
identifies competent cells. comK-cfp* designates an in-frame fusion of CFP to
comk, and M2 designates the RNA with 32 repeat sequences. (B) Differential
interference contrast (DIC) images and (C) pseudo-colored fluorescence images

taken at Ty for the WT strain, in which the com& mRNA was hybridized to six FISH

probes [Cé—tetramethyl rhodamine (C6-TMR)] that bind to the comK open reading frame. Dots correspond to individual mRNA molecules. Scale bars, 4 um. (D
and E) Kinetics of the population means of mRNA molecules per noncompetent cell before and after Ty for the WT (blue circles, BD4379), the rok (red drcles,
BD4380), and the comK (purple circles, BD4382) strains. The WT and the rok strains (D) were hybridized to C6-TMR to detect comK mRNA molecules. The comK
strain (E) was hybridized to a probe (PM2-Alexa 594) that binds to the M2 probe-binding sequence. Error bars were obtained by bootstrapping.
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Fig. 3. Noise in comK transcription is mainly intrinsic. (A} Intrinsic and

¥ = extrinsic noise were measured by detecting the mRNA from two
coexpressed genes (comK and comK-M2) controlled by the comK
_ promoter (26). Uncorrelated gene expression in individual cells is

indicative of intrinsic noise. (B} DIC images and (C) pseudo-colored
merged fluorescence images taken at T showing hybridization to
comK-M2 (red) and comK (green) mRNA with the PM2-Alexa 594 and C6-TMR probes, respectively. Scale bars, 4 pum. (D} Distribution of comK and
comK-M2 mRNA molecules for the WT strain (BD4379) at Ty, showing weak correlations between production of the two mRNA molecules (r = 0.15). (E}
Correlation coefficients throughout growth for the same strain. Error bars indicate SE.
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Fig. 4. Noise reduction in comK expression lowers the percentage of competent cells. The leftmaost
column depicts comK mRNA distributions predicted by the model for the WT (A), rok (B), and low-
noise (C} strains at Ty. The middle column shows ComK protein distributions at Ty assuming a high
rate of translation in the WT and rok strains [(A) and (B}] and a lowered rate of translation in the
low-noise strain (C). The vertical red lines show the predicted threshold beyond which the positive
autoregulatory loop of comK would be activated, resulting in competence [the threshold in the rok
strain changes because of increased gene expression (see SOMI]. The rightmost column shows CFP
fluorescence images from the three sirains, taken at T; and overlaid on DIC images. All three
strains expressed the comK-¢fp* fusion, thus fluorescing when competent. The lowest panel in the
column shows a microscopic field for the low-noise strain selected to show one competent cell,
although the frequency of such cells was less than 1%. Scale bars, 4 um.

competent state, because lange Muetuaions ng-
wering activation of the positive leedback loop
would become less likely (29).

To test this prediction, we used the rok sirain,
which exhibits a twolold increase in comk
mRNA transcription over the WT strain st Ty
i Fig. 4, panels in lefimost column) (23, 300, thus
decreasing the noise in Comk protein levels. To
adjust the mean Comk protein level in the rok
strain o approximate that of the WT strain, we
changed the ATG initimtion codon of comK 1o
GTG, thereby reducing its trmnslational efficiency
(9. We venfied that the mean Comk levels in the
low=notse and WT strams were similar by quan-
tlfyving the amount of basal ComE-cyan luones-
cent protein (CFP) Quorescence in bulk culre at
Fos and Ty Despite the slightly higher mean
NMuorescence in the low-noise strain, the number
of its competent oclls at Fa was dramatically lower

than that in the WT strin, with fewer than 1% of

cells being competent as compared with 15% in
the WT strain ( Fig. 4, panels in rightmost column),
These expenments show that intrinsic nodse in
comb expression is responsible for the tinsitions
to competence and that reducing noise can substan-
tally alier the mie at which those mnsitions occur,

This result suggests that the noise clarmctenstics
of particular genes may be subject 10 evolutionary
pressurcs. Indeed, the fact that the comi gene 1s
weakly tanscribed (£2) while having a “strong”

Shine-Dalgamo sequence (GGAGG-T bp- ATG)
is sugpestive. For a desired linal percentage of
competent cells, there must be a set faction of
cells with the level of ComK above a particular
threshold, achievable either by having a basal Comk
distribution with a low mean and a larpe vanance
or by having a higher mean with a lower variance.
Because of the metabolic cost of maimaining a
larger mean number of prodeins, it is plavsible that
cells would opt for the former option rather than
the latter, as appears to be the case for comk,

The twemporl regulation of comk’ transcnp-
tion during stationary phase defines when tran-
sitions 1o the competent state may occur (the
window of opportunity), and inrmsic noise in
comf expression defines the mte at which cells
become competent. Cur results imply that noise
propenies are subject 1o evolutionary forces and
sugeest how cells might alier those mies 1o in-
crease fimess. Because noise has been implicated
ina variety of cellular behaviors, such knowledge
can help both in the understanding of natural
regulatory networks (7, 37) and in the synthesis
of arificial networks (4, 3.2,
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Rapid Synthesis and Synaptic
Insertion of GluR2 for mGIluR-LTD in
the Ventral Tegmental Area

Manuel Mameli,* Bénédicte Balland, Rafael Lui.'in.z Christian Liischer’?*

530

The activation of metabotropic glutamate receptors (mGluRs) leads to long-term depression (mGluR-
LTD} at many synapses of the brain. The induction of mGIUR-LTD is well characterized, whereas the
mechanisms underlying its expression remain largely elusive. mGluR-LTD in the ventral tegmental area
(VTA) efficiently reverses cocaine-induced strengthening of excitatory inputs onto dopamine neurons.
We show that mGLuR-LTD is expressed by an exchange of GluR2-lacking AMPA receptors for GluR2-
containing receptors with a lower single-channel conductance. The synaptic insertion of GluR2 depends
on de novo protein synthesis via rapid messenger RNA translation of GluR2. Regulated synthesis of
GIUR2 in the VTA is therefore required to reverse cocaine-induced synaptic plasticity.

LTD requires burst firing [e.g.. several
repetitions of five simuli at 66 He (7).
mGIuR-LTD can also be chemically induced by

In the VTA, synaptic induction of mGluR-

bath application of the selective mGluR group |
agonist 3 4-dihvdroxyphenylglyeol (DHPG),
which occludes the mGluR-LTD induced by syn-
aptic activity (2). mGR-LTD may therefore be

mediated by mGluR 1 or mGluRS, which in other
parts of the bmain induce LTD through hetero-
tnmeric GTP-binding proteins (G protems ) o the
pertussis toxin- msensitive Gy family (3).

We examined the expression of mGIUR-LTD
al excitatory synapses onto dopamine (DA}
nourons of the YTA by monitoning  excitatory
postsynaptic currents (EPSCs) modiated by -
amino-3-hydroxy -5-methylisoxazole--propionic
acid receptors (AMPAR) (fig. 51) and evoked
by extracellular stimulation (4). Cocaine and
other addictive drugs Lindamemally change the
efficacy (5-7) and the quality () oftmnsmission
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Fig. 1. Characterization of mGIUR-LTD at excitatory
synapses onto DA neurons of the VTA. (A} DHPG ap-
plication (20 uM, 5 min) induced a LTD in slices obtained
from mice injected with a single dose of cocaine (15 mg §
kg™ intraperitoneally 24 hours before sacrifice). mGluR- &
LTD was absent in slices obtained from saline-injected &

mice. The mGlR1 antagonist LY3467385 (LY} blocked
mGluR-LTD when applied during induction (20 uM) but o
was without effect on established mGIURALTD. Norm,

EPSC, mormalized EPSC values (mean + SEM). (Inset)

Gray bars, DHPG; black bars, LY. (B) Overlay of averaged traces of AMPAR-EFSCs
recorded at =70, 0, and +40 mV before (black line) and after (gray line) DHPG
application with corresponding /- plots from representative cells in (&) at time
points a and b. Scale bars indicate 5 ms (horizontal axis) and 50 pA (vertical axis),
(O Examples of postembedding immuncreactivity for tyrosine hydroxylase (TH)
(double arrowheads), GluR2, and PSD95. Immunoparticles for GluR2 were found

27 JuLy 2007 VOL 317 SCIENCE

Cocaine

mGIluR-LTD

100 o 100

Distance (nm)

beneath (arrowheads) or within the postsynaptic densities (arrows) of
asymmetrical synapses established by dendritic shafts (Den) of TH-positive
neurons and axon terminals (b). As a control, PSD95 (arrows) always appeared in
the postsynaptic densities, Scale bars, 0.5 um. (D) Histograms compiling distances
of GluRZ and PSD95 from the synapse (n particles in 60 identified synapses
analyzed blindly from three hemislices of three mice for each condition).
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at this synapse. Twenty-four hours after a single
mjection of cocame, the AMPA/N-methyl-n-
aspartate (NMDA) raue of evoked EPSCs
(eEPSC) & increased, and the AMPA-EPSCs be-
come rectifying, This suggests that new AMPARs
are inscrted ino the synapse, of which a
substantial faction 15 devoid of the subunit
GluR2. mGluR-LTD can reverse cocame-induced
synaptic plasticity (1), but the mechanisms under-
lying this process remain unclear,

To identify the mechanisms underdying
mGIuR-LTD in the VTA, we applied DHPG and
recorded EPSUs in DA neurons, DHPG induced
LTD in shces obined from cocaine-injected
mice but not in slices obtained from mice that
were mpected with saline (Fig. TA) [46.9 + 4.1%
(mean = SEM) compared with 3.76 + 1 4%, n =
11 eells, < 0.00 | This effieet was blocked by the
mUluR ] antagonist LY 367385 (Fig. 1A, solid
circles) (3.1 = 2.7%, n = 7), bul only when
apphed durmg the mduction protocol; the same
drug was inelloctive when applicd after mGluR-
LTD was established (Fig. 1A, open circles). The
curment-voltage (-1 relationship of the EPSCs
was rectifving in slices from cocaine-treated mice
and became linear after the induction of mGluR-
LTD (7). In contrast, /-1 curves plotied in slices
lrom saline-treated mice were linear and did not
change with DHPG weatment (Fig, 1B). Thus,
activation of mGIR 1 reverses cocaine-induced
potentiation and leads to a reduction in the
contribution of GluR2-lacking AMPARSs to the
EPSC, as expected (fig. S1y /).

The redistibution of GluR2 was confinmed
with postembedding immunogold labeling at the
electron microscopy (EM) level In slices from
saline-treated mice, the majority of GluR2 label-
ing was observed at the synapse, along with a
small cyvioplasmic pool associated with inira-
cellular membrane compartiments. In slices from
cocaine-exposed mice, the number of cyio-
plasmic GluR2 particles increased at the expense
of synaptic labeling. Furthermore, DHPG irean-
ment of slices from cocaine-exposed mice led o
the reappearance of a predominanily svnapiic
pool, As a control, labeling of postsynaptic
density (PSDY95) was observed at synaptic
locations in all three conditions (Fig. 1, C and
D). Taken together, the clectrophysiological and
the EM obscrvations demonstrate that, alier
cocaine exposune, GluR2 is redustributed 1oward
intrace] lular compartments and that the induction
of mGluR-LTD may restore basal conditions,

These results mise the possibility that LTD is
expressed by the replacement of GluR2-lacking
AMPARs with GluR2-comaining AMPARs,
which have a smaller single-channe] conductance
() (4100 We applied nonstationary fluctuation
analysis (NSFA) w0 eEPSC and found that ¢ was
significantly higher in slices from cocaine-treated
mice compared with those from saline-treated
controls (Fig, 2, A and B, and fig, 52). In slices
from cocaine-treated mice, DHPG led o a
significant relative decrease of y (Fig. 2, C and
D) (42.6 + 6.9% versus 5+ 1095 in saline con-

trols, # from 6 o 8, P < 001}, viclding values
similar 10 ¥ measurad in saline controls where
mGluR-LTD was absent ( fig, S2). Importantly, the
average number of receptors open at the peak (V)
remained constant during mGIuR-LTD (relative
change for cocaine 4.4 = 92%, for saline 1.2 =
4.8%, n from 6 1o 8). Thus, mGR-LTD in the
VTA 15 caused by a replacament of GluR 2-lacking
AMPARs with GluR2-containing AMPARs so
that the total number of AMPAR s remains constant.

Such an exchange could occur through laeral
redistribution with an extrasynaptic pool or may
involve the imemalization of receplors, In the
latter case, interfering with the endocyvtotic ma-
chinery should block mGluR-LTD. We therefore
loaded the cells with a donunant negative peptide
composed of 15 ammo acids (D13} (/) that
mimics the interaction site of dynamin with
amphiphysin, two essential components for the
intemalization of clathrin-coated vesicles. DS

A Cocaine

m_
h'-m_
& 150 -
§Tm_
5

m_

Norm. EPSC (%)

REPORTS

clliciemly blocked the expression of mGluR-
LTD without affecting baseline transmission in
control conditions (Fig. 2C and fig. 52) (3.57 =
2.1%y n=T; tor control, 458.6 £ 2.6%, n= 6, P <
0.010). This is i contrast o previous repors in
the hippocampus where a significant nun-up was
observed (41 and argucs against a rapid consti-
tutive recyeling of AMPARSs, To specifically inter-
fere with the mobile pool of GluR2-containing
receptors, we loaded cells with the active EVKI
peptide that disrupts the interaction of GluR2
with PICK 1 (/2). This manipulation blocked the
expression of mGUR-LTD (Fig. 2F) (13.1
1.7, 1= 9, versus inactive pep2-SVKE control
47.1 = |.6%, n =9, P <0.05),

mGluR-LTD was blocked by an mGluR|
antagonist (Fig. 1. A and B). mGluR | via Gyg
activates many pathways, including the extm-
cellular signal- regulated kinase (ERK) (/3) and
phesphomositide 3-kinase- Akl-mammalian tar-

B Saline

280 — Baseloe mOf-LTD
| E

200 7= 25p8 y= 20 p8

150 — . l =

''m
100 —
50 —
]

[ | I | I

Fig. 2. mGR-LTD expression involved the exchange of high-conductive AMPARs for low-conductive
AMPARs. (A and B) Examples of -V relationship before and after DHPG application in mice injected with
cocaine (A) or saline (B). (Insets) Overlay of 20 consecutive traces. y was estimated from the initial slope of
the parabolic fit (C and D) Relative changes in v and number of channels (M) open at the peak of the
response. (E). Disruption of the protein-protein interaction between dynamin-amphiphysin with a
dominant negative peptide (D15, 1.5 mM) prevented mGluR-LTD. Averaged traces recorded before and
after mGluR-LTD induction with and without D15 in the patch pipette. (F). Dialysis of DA neurons with the
dominant negative peptide pep2-EVKI (100 uM) blocked mGluR-LTD, whereas its inactive form (pep2-
SVKE, 100 uM} was without effect. Scale bars for (A}, (B), (E), and (F) indicate 5 ms and 50 pA.
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2ol of rapamyein (mTOR) (/4). Although the
ERK inhibitor L0126 was ineflicient in blocking
mGluR-LTD (Fig. 3A)(36.4 + 1. 1%: for control,
41.1 = 3.0 n Iom 4 to 8; P = 0L05), we
observed a block of the depression (6,43 = 1.3%;
forcontrol, 46,5 + 1,.3% » from 5w 9 P<0,01)
with rapamyein (10- 0 20-min preincubation),
strongly implicating mTOR signaling in expres-
sion (Fig. 3B).

The involvement of mTOR in mGluR-LTD
in the VTA suggests that this form of plasticity
requires local wanslation. To directly wst this
possibility, we assessed the sensitivity of mGluR-
LTD o wo translational inhibitors, When cy-
cloheximide (C-hex), which blocks translational
elongation through an effect on the 605 nbosomeal
complex, was applicd 1o the bath, we observed a
significant reduction of the mGluR-LTD (Fig.
3CHI8S £ 2%, n = 10, < 0.05). The residual
depression during mGluR-LTD in C-hex was
indistinguishable from that inintedeaved expen-
ments in which only C-hex was applied (13.2 -
1.1%, n= 5, P = 0.05). To control for this non-
specilic elfect of C-hex, we obtained a within-

cell control by applying DHPG first with and a
sccond time without C-hex. We ohserved an
almost-complete block of the depression m the
presence of the translation inhibitor, whercas
mGluR-LTD wis restored after its washout (Fig.
3D, 131 + 3.2% after lirst DHPG application;
45,3 + 1.6% afier washout of C<hex, n =8, P <
0.01). Anisomycin, which inhibits translation
via the 808 ribosomal complex, had no effect on
baseline transmission but blocked mGIUR-LTD,
whether DHPG (Fig, 3E)(1.4 + 2%, n =14, P <
0.01 ) or brief wains of synapiic stimulation (Fig.
IF) (0.2 = 2.1%, 1 =7, P < 0.01) was used as
induction protocol,

If mGluR-LTD depends on mpid mmanslation,
what is the protein that needs 1o be synthesized?
One possibility s that GluR2-lacking AMPARs
are removed from the synapse by a protem syn-
thesieed dunng mGluR-LTD. Alematively, the
synthesis of AMPARs that comtain GluR2 may
displace GluR2-lacking AMPARS, m which case
GluR2 would be rapidly synthesized during LTD
induction. The dendrites of many neurons con-
tain mENA for AMPAR subunits, and the ma-

chinery to integrate them into the membrane is
also present (15, 16). We therelore tested for
synthesis and msenion of endogenous GluR2 by
specifically interfering with the mRNA ofGluR2.
We chose two approaches, antisense oligo-
nuclenstide and small imerfering RNA (siRNA),
against a unique sequence in the N-terminal re-
gion of GIUR2 (positions 1375 10 1595) (/7). In
both cases, the goal was not 1o deplete the endo-
genous protein but o rmpidly and selectively pre-
venm GluR2 mRNA from being trmnslated. We
filled the patch pipettie with antisense oligo-
nucleotide or sIRNA and allowed free diffusion
for 20 min while monitoring bascline synaplic
trmnsmission. With both interventions, bascline
trnsmission was unaflected, whereas mGluR-
LTD was abolished (Fig. 4, A o C){for antisense
oligonucleotide, 3.3 + 1.2%: for sIRNA-GluR2,
4+ 16%: and for 66 He and siIRNA-GluR2, 2
3. 1%: r from 8 o 1R). As controls, we loaded
the cells with scrambled versions of the oligonu-
cleotide and sIRNA, which did not block mGluR-
LTD {for antisense oligonucleotide, 37.4 + 1.7%:
for sSIRNA-GIUR2, 33.5 « 5.1%; and for 66 He

O |
10 20 3 4 S0 &0

Fig. 3. mGlR-LTD is expressed by fast protein synthesis in response to the

activation of the mTOR pathway. (Insets) Averaged traces before and after
mGluR-LTD. Scale bars, 5 ms and 100 pA. (A} Preincubation with the ERK
inhibitor U0126 (20 uM for 20 to 30 min) did not affect the magnitude of
mGLuR-LTD, Vehicle control was in 0.01% dimethyl sulfoxide (DMSO). (B}
Preincubation with the mTOR inhibitor rapamycin (50 nM for 20 to 30 min)
strongly reduced the magnitude of mGluR-LTD. Vehicle control in 0.01% DMSO. (C)
The translation inhibitor C-hex inhibited mGIUR-LTD. (D) Reapplication of DHPG after
washout of C-hex induced normal mGluR-LTD. (E} Anisomycin (25 uM, 20- to 30-
min preincubation) also abolished DHPG-induced mGluR-LTD. (F) Synaptically
induced mGIluR-LTD (two trains of five pulses at 66 Hz) was also abolished by

anisomycin (25 uM, 20- to 30-min preincubation).
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Fig. 4. Spedfic targeting of GluR2-mRNA abolished mGIUR-LTD. (Insets)
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uM, positions 1575 to 1595) dialyzed intracellularly blocked mGluR-LTD. (B}

Averaged traces before and after mGIuR-LTD. Scale bars, 5 ms and 50 pA. (A} Double-stranded siRNA (30 nM) targeting GluR2-mRNA abolished mGluR-LTD.

Antisense oligonucleotide against the N-terminal sequence of GluR2-mRNA (250

27 JULy 2007 VOL 317 SCIENCE

(€} Synaptically induced mGIUR-LTD was also abolished by the GluR2-siRNA
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Matrix Deposition Device

The ImagePrep sample preparation device is for automated maltrix deposition
onto lissue slices for analysis with the matrix-assisted laser desorplion ioniza-
tion (MALDI) Molecular Imager. The Molecular Imager allows color-coded
visualization of the distribution of peptide or small protein biomarkers, or of
drugs and their major metabolites, for the direct analysis of molecular distri-
bution in tissue sections, The ImagePrep device provides reproducible sample
preparations for MALDI imaging in an automated, push-button process,
Another advantage of ImagePrep is the combination of excellent spectral
quality at high image resolution of 50 microns.

Bruker Daltonics For information 978-667-9580 waw.bdal.com

Imaging Platform

The Hoefer ULTima imaging platform provides a
versalile, easy-to-use, and readily upgradeable gel
documentation system with superior dynamic
range for applications in proteomics and genomics.
The ULTima's image positioning system features
patented optics to enable simple, accurate position-
ing with no loss of optical resolution and no need to
open the cabinel or manually adjust a fragile gel
The slant-correction feature permits optical rotation
of the sample by = 5° for optimum lane detection,
without touching the gel. The versatile system offers
true multi-fluorophore capabilities and sensitivity,
performing fast chemiluminescent imaging and
faint-band fluorescent detection. The filter changer
accommodates up to five filters, and an optional
api-illumination module enables excitation of Muo-
raphaores within the visible/near infrared range,
Hoefer Far information 415-550-3472
www,hoeferinc.com

Ultrafiltration Cartridge

The BioPak C disposable ultrafiltration cartridge is
designed to minimize alkaline phosphatase (ALP)
released by bacteria that may be present in
immunoassay and clinical analyzer feed water
used to prepare buffers, make blanks, and rinse
tubing and probes. CLSI Clinical Laboratory
Reagent Water can degrade quickly when standing
in tubing and reservairs during downtime, increas-
ing bacterial counts and releasing ALP. This can
interfere with some biochemical assays, resulting
in inconsistent blanks and the need for mare fre-
quent decontamination and calibration, When
attached to any Millipore AFS or Elix clinical water
purification system as a final purification step, the
Millipore BioPak C filter delivers ALP-Iree water
with bacteria levels lower than 10 cfu/mL
Millipore For information 800-548-7853
wew.millipore.com

Microfocus X-Ray Source

The FR-E+ SuperBright is a microfocus x-ray source
of comparable brightness to second-generation syn-
chrotron beams, producing intensities of 1.6 x 101
x-raysimm?/sec. The FR-E+ SuperBright microfocus
rotating anode x-ray generator is the most intense
home laboratory x-ray available for macromolecular
crystallography, according to the manulacturer,
Rigaku For information 281-362-2300
www.rigaku.com

Rechargeable Lithium-lon Battery

A patented system lets designers add a recharge-
able lithium-ion battery for back-up power as an
OEM component of virtually any type of electronic
and electromechanical equipment. The Intelligent
Battery and Power System serves as a complete
ACL/DC power supply and provides clean, regulated
DC, from a variety sources, including from lithium-
ion battery packs, an AC wall outlet, or any external
DC source, such as solar and wind power, The bat-
teries lake over seamlessly if the external power is
interrupted, and recharge automatically when the
power s restored.

OceanServer Technology For information
508-678-0550 www.oCean-server.com

Vibration Isolation Workstation

The MK26 is an ultra-low-natural-frequency vibra-
tion isolation workstation, The workstation makes
use of the Minus K stiff spring and negative-stiffness
mechanism to achieve a low net vertical stiffness
without affecting the static load supporting capabil-
ily. Horizontal isolation is provided by beam
columns connected in series with the vertical-
maotion isolator, Adjusted to a 0.5 Hz natural fre-
guency, the workstation achieves 93% isolation effi-
ciency at 2 Hz, 99% at 5 Hz, and 99.7% at 10 Hz.
The MK26 can be configured for a wide variety of
locations where disturbances due to external vibra-

tions can adversely affect the operation of sensitive
equipment. Customization options include guard
rails, padded armrests, overhead equipment
shelves, monitor stands, non-isolated shelves for
supporting equipment off the tabletop, oversized
keyboard shelves, retractable caslers, Faraday cages
to protect sensitive operations from electromagnetic
interference, tabletop endosures to protect against
harsh manufacturing environments, and electrical
accessories such as outlet strips for lighting.
Kinetic Systems For information 617-522-8700
www kineticsystems.com

Literature

Optimizing Electroporation Parameters for Effec-
tive Gene Silencing in Jurkat Cells is an application
note that describes the use of electroporation for
the transfection of Jurkat cells with small-interfer-
ing RNA (siRNA). The protocol describes how to
determine the best electroporation conditions
(voltage and pulse duration} and the optimum
concentration of siRNA 1o achieve a high transfec-
tion rate and minimum cell damage, which can
resull in a silencing effidency of 85%. The experi-
ments featured the Eppendorf Multiporator and
Eppendorf hypo-osmolar electroporation buffer.
The Multiporator applies electronically regulated
microsecond pulses for a high cell survival rate,
which in combination with the hypo-osmolar
buffer achieves a high transfection yield.
Eppendorf For information B00-645-3050
www.eppendorf.com

Newly offered instrumentation, apparatus, and laboratory
materials of interest to researchers in all disciplines in aca-
demic, industrial, and government organizations are featuned
in this space. Emphasis & given to purpose, chief characteris-
tics, and availabality of products and materials. Endorsement by
Science or AAAS of any products or materials mentoned is not
implied. Additional infermation may be obtained from the
manufacturer or supplier.
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POSITIONS OPEN

DIRECTOR
Center for Bioprocessing R and D

The South Dakor School of Mines and Technology
(SDSMT) invites applications for the Direcror for
the State supported 2010 Center for Bioprocessing,
Rescarch and Development (website: http: /S waw.,
sdbor.edu /administration /research /index.htm),
The candidate should have a strong background in
engineenng or biologcal sciences with expenence in
a ficld related to bioprocessing and a Ih.D. degree
{preferred ) or a Master's degree and five 1o ten years
of cxperiecnce. A highly qualifiecd candidare with a
B.S. degree and extemsive experience will also be con-
sidered. The successful candidare will actively par-
ticipate in at least one of the research focus arcas
(pretreatment, conwersion, separaton, extremophiles).
Preference will be given to candidares with estab-
lished records of excellence in industrial processing,
business management, rescarch management, entre-
prencurship, and grantsmanship.

Please apply enline and view complete job de-
scriprion at website: htop://sdmines. sdsmtedu/
sdsmt/employment. Review of applications will con-
tinue unel the position is filled. For gquestions regard-
g the postion contact e-mail: chrd_dir_search@
sdsmtedu. For mformation regarding Rapid City
and SDEMT visit website: http: //www.rapideity,
com and www._sdsmt.edu.

SDSMT i an Bt Fanpleynien Chpotarity /A firmnative
Adton/ADA Enployer and Provider.

FACULTY OPPORTUNITIES
Pediatric Neurology and Multiple Sclerosis

The Department of Neurology ar the University of

Wisconsin is sceking fellowship-trained Board-cligible,/
Board-cernified junior faculty o develop academie
programs inchuding research, clinical care, and edu-
cation i pediatre neurology and multple scleross,
The positions include resources for dinical and basic
research, expectanon of collaborative clinical and trans-
lational rescarch with colleagues, and participation in
tertiary climical care in a refernal network including
Wisconsin and adjoining states. The rescarch envi-

ronment includes the diverse newroscience faculty of

the University of Wisconsin, its Center for Neuro-
science, and a new Clinical and Translatonal Re
search Institure. Pramary clinical facilites indude the
University of Wisconsin Hospital and Clinies and the
new Amercan Family Children’s Hospital.

The successful candidare wall have demonstrated
traning and preparation for a successful academic
carcer combining excellence in clinical service, re-
scarch, and teaching.

Mease send lemer of interest and curriculum vitae
and arrange for references to be sent electronically to
e-mail: applications@neurology.wisc.edu.

Unless confidenriality is requested in writing,
information regarding the applicants must be released
upon request. Wisconsin Caregiver law applies. L1~
Madizon is an Affinative Aion/Eguel Opportunity Employer.

YALE UNIVERSITY
Department of Chemistry

The Department of Chemistry at Yale Univer-
sity invites applications for tenure-track positions
at the ASSISTANT PROFESSOR level to com-
mence 1 July 2008, We seck creative TEACHER-
SCHOLARS who show promise for developing
outstanding rescarch programs in inorganic chemis-
try oF organic chemisory, broadly defined to include
both matenals chemistry and chemical biology. Ap-
plicants should send their corficulum vitae and a
statement of rescarch plans, and arange for the
submission of three letters of recommendation. All
materials should be received by 15 October 2007,
Send applications to: Chair, Junior Faculty Search
Committee, .02, Box 208107, Yale University,
N:w Ha.\'l:l'l, C'T oﬂszl}-slﬂ?, 'i'.lfr l'url"r:_-ur];' i i
Egual  Cygrortopsry A Affirmative Acvion Employer, and
nlrljljl.g'dfhliu _.rﬁlllf HANNPICTI |I|I.|‘ r]fh;m{'!mfﬂ!n: J"If.ll,m'r _1.|'|'.|IITJF
memhers aw espevially covconnaped,

POSITIONS OPEN

FACULTY POSITIONS
Human Molecular Genetics Program,
Children’s Memorial Research Center
and Morthwestern University
Chicago, Illinois

Applications are solicited for ASSISTANT
PROFESSOR level positions in the Human
Molecular Genetics Program at Children’s
Memoral Resesarch Center (CMROC). We
sk Ph.D. and M.D./Ph.D. candidates with
outstanding graduate and postdoctoral train-
ing, a strong, publication record, the potential
to attract external funding, and a commitment
to develop an interactive research program. New
Iaboratory space and state-of-the-art equipment
are in place. Starmup packages will be generous
and successful applicants will be eligble for
renure-track ficulty positions in the Department
of Pedizrics, Fanberg School of Medicine,
Northwestern University. Candidares with re-
search interests in all arcas of human genctics
will be considered, induding human  genetic
discase and models thercof, gene structure and
function, regulaton of gene expression, chreo-
matn structure and modification, and biomfor-
matic approaches to human genome analvsis.

PMease send curriculum vime, a statement of
research interests, conct information of three
references, and PDF files of most relevant

wiblications care of! Chris I l-Iuman
lecular Genetics %
morial Research Center, 2430 M. H:Isn.-d
Street, Chicago, IL 60614 U.S.A, E-mail:
c-pomeroy@northwestern.edu,

Review of applications will continue unril
positions are filled.

Motlvewston Ulmiversity & ane cAfirmatir Action/
gl Ohyprpoutiemity Employer, Hinng 5 contingent apon
digibiliny to work @ the Uimied  States.  Women and
miponity cadidlates are strongly econnaged fa apply.

The Department of Mathology and Anatomical
Sciences at the University of Missour School of Med-
icine is secking a junior-level ANATOMIST for a
tenure-track position. We are secking candidates with
strong research programs whose interests complament
those of current faculty in the integrarive anatomy
group  (website: htl:p S anatomy. missouri.edu).
The University of Missour provides a collegial cn-
vironment with substantial opportunitics for intelec-
tal creativity and diverse rescarch, The position also
includes 2 commitment to education, incuding grad-
ware students, medical students, mursing and  health
care professions sudenrs, and undergraduare smo-
dents. Applicants should be committed o excellence
in scholarship, rescarch, and teaching. The pesition
requires a Ph.D). or MLDL, or equiv alent pmhmqtl'nl
tramning and expertise. Preference will be given to
individuals with sufficdent experience to sansty criteria
for appointment as ASSISTANT PROFESSOR on
the tenure track, and who have experience teaching a
laboratory-based anatomy course. Applications will
be accepred unil the position is filbed.

Intcrested individuals should submit a lemer of

INICTCSE, current curriculum "-'IFI"JL'.. a starement of cur-
rent and fumure research plans, and a list of ar least
throe reterences by September 1, 2007, to:
Douglas C. Anthony, M.I., Ph.D.
Professor and Chair
Department of Pathology and Anatomical Sciences
M263 Medical Sciences Building
University of Missouri School of Medicine
Oie Hospital Drive
Columbia, MO 65212

O electromcally (preformed ) to e-mail: greshammk@
health. missouriedn.

The Liverairy |!|" Miggourt 1¢ an Eqieal Opportaity Enr-
Jrfu!;'r:.".-'1_f_i'fml..rhrr Aition dind javloodes |errIL'.rJﬁ1rJ_i_ﬂhurJ ARrT=
bers of wnderepresented grougs, For ARA aecommiedations,
pleatse contact onr ADA coordinator af telephome: 573-884-
7278 (W/TTY)
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Tt NATIONAL INSTITUTES OF HEALTH

{-"’ e OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES g'» @N‘%
NS DIRECTOR, DIVISION OF STRATEGIC COORDINATION s

The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, is sceking a Director of the Division of
Strategic Coordination (DSC) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). 1f vou are an exceptional
candidate with an M.D. and/or Ph.D., we encourage your application.

The OPASI's primary objective is o develop: a transparent process of planning and priority-setting characterized by a defined
scope of review with broad input from the scientific community and the public: valid and reliable information resources and tools,
including uniform disease coding and accurate, current and comprehensive information on burden of discase; an institutionalized
process of regularly scheduled evaluations based on current best practices: the ability to weigh scientific opportunity against public
health urgency: a method of assessing outcomes to enhance accountability: and a system for identifying arcas of scientific and health
improvement opportunities and supporting regular trans-NIH scientific planning and initiatives.

As the DSC Director, you will be responsible for integrating information and developing recommendations to inform the priority-
setting and decision-making processes of the NIH in formulating NIH-wide strategic initiatives. These initiatives will address
exceptional scientific opportunities and emerging public health needs (akin to the Roadmap, Obesity. and Neuroscience Blueprint
initiatives). You will also beresponsible for providing the NIH Director with the information needed to allocate resources effectively
for trans-NIH efforts.

Salary is commensurate with experience and includes a full benefits package. A detailed vacancy announcement with the mandatory
qualifications and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement number QOD-07-
172844-T42) and the NIH Web Site at http://www.jobs.nib.gov. Questions on the application procedures may be addressed o
Brian Harper on 301-594-5332. Applications must be received by midnight castern standard time on August 10, 2007,

f--
{ OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES ;&
T DIRECTOR, DIVISION OF EVALUATION AND SYSTEMIC ASSESSMENTS By

The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland. is seeking a Director of the Division of Evaluation and
Systemic Assessments (DESA) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). If you are an exceptional candidate
with an M.D. and/or Ph.D. and the vision and ability o integrate evaluation systems and programs across multiple disciplines and organizations,
we encourage vour application.

The OPASTs primary objective is to develop: a transparent process of planning and priority-setting characterized by a defined scope of review with
broad input from the scientific community and the public: valid and reliable information resources and tools, including uniform disease coding
and accurate, current and comprehensive information on burden of disease; an institutionalized process of regularly scheduled evaluations based
on current best practices; the ability to weigh scientific opportunity against public health urgency: a method of assessing outcomes (o enhance
accountability; and a system for identifving areas of scientific and health improvement opportunities and supporting regular trans-NIH scientific
planming and initiatives.

As the DESA Director, you will be responsible for planning. conducting, supporting, and coordinating, specific program evaluations and projects
of NIH Institutes and Centers such as the Roadmap, Obesity, and Neuroscience Blueprint initiatives. In addition. you will serve as the liaison
for conducting governmentally required assessments according to the Government Performance and Results Act (GPRA) and OMB Program
Assessment Rating Tool (PART). You will also serve as a member of the OPASI Steering Commitiee involved in oversight of institution-wide
planning and analysis,

Salary is commensurate with experience and includes a full benefits package. A detailed vacaney announcement with the mandatory gualifications
and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement number OD-07-172847-T42) and the N1H Web
Site at hup:fwww.jobsnih.gov. Questions on the application procedures may be addressed 1o Brian Harper on 3001-594-5332 . Applications
must be received by midnight eastern standard time on August 10, 2007,

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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The Office of the Director, National Institutes ol Health (N1H) in Bethesda, Maryland, is seeking a Director of the Division of Resource Develop-
ment and Analysis (DRDA) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). If vou are an exceptional candidate with
an M.D. and/or Ph.D., we encourage vour application.

OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES
DIRECTOR, DIVISION OF RESOURCE DEVELOPMENT AND ANALYSIS

e

Frers®

The OPASI's primary objective is to develop: a transparent process of planning and priority-setting characterized by a defined scope of review with
broad input from the scientific community and the public; valid and reliable information resources and tools, including uniform disease coding
and accurate, current and comprehensive information on burden of disease; an institutionalized process of regularly scheduled evaluations based
on current best practices; the ability to weigh scientific opportunity against public health urgency; a method of assessing outcomes to enhance
accountability; and a system for identifying arcas of scientific and health improvement opportunitics and supporting regular trans-NIH scientific
planning and initiatives,

Asthe DRDA Director, you will be responsible for employing resources (databases, analytic tools, and methodologics) and developing specifications
for new resources, when needed, in order 1o conduct assessments based on NIH-owned and other databases in support of portfolio analyses and
priority setting in scientific arcas of interest across NIH.

Salary is commensurate with experience and includes a full benefits package. A detailed vacancy announcement with the mandatory qualifications
and application procedures can be obtained on USAJOBS at www..usajobs.gov (OD-07-172841-T42) and the NIH Web Site at http:/iwww.
jobs.nih.gov. Questions on the application procedures may be addressed 1o Brian Harper on 301-594-5332. Applications must be received by
midnight castern standard time on August 10, 2007,

NIEHS

National |mstitute of
Environmental Health Sciences:
Natisnal lasiiwies of Hoaltk

The National Institute of Environmental Health Sciences of
the National Institutes of Health is seeking an exceptional
candidate o fill the position of Director, Dvision of
Extramural Research and Training. The incumbent of this
position will direct the Institute’s Extramural Research
Program, which is organized it seven branchas and
centers and is composed of 5 FTEs. DERT is responsible
for approximately 755 research grants for a total of $388
milkion. This dynamic and diverse grants portfolio covers a
variety of scientific disciplines in support of research and
research training in envirenmental health, The Division

of Extramural Research and Training Supports research
that spans the entire spectrum, from basic mechanistic
research to clinical studies. The Division supports transla-
tional research on the role of the emvironment in ¢hildren's
health, breast cancer, Parkinson's and other neurodegen-
erative diseases, respiratory diseases including asthma
and reproductive health, to name just a few. Additionally,
the Division is actively engaged in developing the next
generation of environmental scientists through our training
and career development programs, and the Director
should be someone committed tothis abjective. The
opportunity maybe available for the incumbent to have

his o her own intramural research program depending

on scientific accomplishments and intarests.

Research Triangle Park, North Carolina

The position of Director, DERT, is one of the top five senior
level positions reparting directly to the Director, NIEHS.
The Director, DERT also serves as a principal advisor

to the Institute Director on scientific affairs affecting

the extramural community; develops and recommends
procedures and poficy for the execution of the research
program; determines effectiveness of current programs
and recommends new research programs in order to meet
national environmental health nee ds. The incumbent is
also expected to lead the staff and develop collaborations
and relationships with other Federal agencies and also
with advacacy groups and ind ustry.

Candidates must have either an M.D., Ph.D. or equivalent
degreein a discipline relevant o emironmental health
science, Candidates should be accomplished research-
ers in environmental health science, as evidenced bya
publication record. Applcants should be aware of current
trends, research directions and needs in environmental
health sciences and be conversant with the policy
implications of the research. Candidates should have a
proven track record of administrative expenence and
scientific program development, Familiasity with NIH
procedures and programs is helpful, Salary will be com-
me nsurate with level of experience.

Director, Division of Extramural Research and Training (DERT)

Please forward questions regarding the position to:

Dr. Stephanie London, Search Committee Chair
Mational Institute of Environmental Health Sciences
111 Alexander Drive, P.0. Box 12233, Maildrop A3-05
Research Trangle Park, NC 27709

919-541-5772

London2@niehs.nihugov

Interested persons should submit a cumiculum
vitae, a statement regarding reasons for interest
in the posttion and unique gualications by
August 24, 2007 to:

Ms. Stephanie Jones (Vacancy HHS/MNIH-207-DERT-01)
(ffice of Human Resources

Mational Institute of Environmental Health Sciences

PO, Bax 12233, Maildrop NH-01,

Research Triangle Park, NC 27709
Jones17@mailnih.gov

http:/fwww.niehs.nib.govfden
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(os1) pharmaceuticals
Shaping Medicine, Changing Lives

Position yourself on the cutling-vdge at OS] Plarmacenticals. We hurn
researclt opportumities ifp breakthrough medical trectonemts and offer a
stimulating, collaborative erpironment where scientists can build reearding
carcers, Discover your polential with an opening at our state-of-the-art
Farmingdale, NY research facility.

EMT Research Leader

Lead EMT research efforts to further understand the central targets/
pathways that drive the epithelial-te-mesenchymal transibion in human
cancers, identify novel drug targets and provide a basis for rational chinical
use of agents that inhibit EMT or mesenchymal cell survival. A FhD. with 10+
years of experience and an international reputation in the field required.
Extensive publication record on EMT in Onoology and demonstrated
ability to both lead and work collaboratively are essential, Familiarity with
dlinical drug development practices inoncology a plus. Refs FAD0142

Research Project Leader (Molecular Targeted Therapies)

Lead cancer biology drug discovery efforts along with multi-departmental
project teams to generate novel small molecules for treatment of cancer.
Reguines a PhuD. with 815 years experience induding strong oncology
drug discovery and project leadership background. Knowledge of cancer
cell signal transduction and experience in a blopharmaceutical company
environment are essential. Expertise in molecular targeted therapies,
biochemistry, cell biology and i vitro pharmacology and an understanding
of PK/PD/efficacy relationships a must. Excellent communication skills
required. Refs FADD143

OS] offers a competiive benefits package including 401K, vacation, stock

and much more. Interested candidates, please apply online at
http:ficareers.osip.com. (Ref 2 FADN142 & FADO143). EOE M/F/D/V,

Faculty Position in Center for Molecular Chaperone/
Radiobiology and Cancer Virology

The Medical College of Georgia (MOG), Georgia®s premier Health Sei-
ences University, is recruiting an assistant or associate professor level
faculty. Candidates should have a proven track record of productive
rescarch and preference will be given to those with funded projects. The
chosen candidate will receive a competitive siartup package. Areas of
expertise should be investigating the role of molecular chaperones in
protemn misfolding diseases such as neurodegeneration and myopathies,
cancer, protemn raffick g, signal ransduction, nuelear receplors assembly
and function, as well as other related fields focusing on basic or transla-
tional research. Applicants will join a group of scientists investigating the
role of molecular chaperones in animal models (nmuce, yeast, zebrafish) of
human disease such as neurodegenerative disease, cancer, myopathies,
viral immunology and inflammation. Excellent core facilitics include Elec-
tron Microscopy, Transgenic and Knockout Mouse, Transgenic Zebrafish,
Molecular Biology, Flow Cytometry, Protcomics and Genomies, Mass
Spectrometry, Small Animal Behavioral Core, Imaging facilities, and a
Human Bran lab,

Addimenal mformation 15 avalable at www.meg.edu or from the Char
of the search committee Dr. Nahid Mivechi. Applications with a state-
ment of research interests, curniculum vitae, and names and contact
information for three references should be sent to: Nahid Mivechi,
Phid, MCG, Center for Molecular Chaperone/Radiobiology and
Cancer Virology, 1410 Laney Walker Blvd, CN-3153, Augusta, GA
30712 (mnmivechi@meg.edu). Review of applications will begin on
September 1, 2007,

MG i an EEQVAA/Egual Access Emplover:

SYRACUSE UNIVERSITY
BIOMEDICAL AND CHEMICAL ENGINEERING

The L. C. Smith College of Engineenng and Computer Science al Syracuse
Liniversity invites applications for two tenure-track faculty positions in the
Depariment of Biomedical and Chemical Engineering. Syracuse University
is focusing strutegically on the area of Biomaterials with cluster hiring
across multiple colleges and depariments, including these two junior faculty
positions. Apphcants should have a Ph.D. and academic and/or mdustrial
experience indicating promise of an exceplional fulure in engincering
research in the biomaterials area, including tissue engineering, controlled
drug release, smart medical devices, biodegradable polvimers, biointerfaces,
computational or imaging techniques, and/or biocompatibility, In addition
to collaboration with faculty in other schools and colleges, the Institute
for Sensory Research and the Center of Excellence in Environmental and
Energy Systems within Syracuse University, collaborative research oppor-
tunities extend to the adjacent campuses of the SUNY Upstate Medical
University and the SUNY College of Environmental Science and Forestry,
The Departiment offers B.S. (ABE T-accredited), M.S. and Ph.D. degrees in
both chemical engincering and bioengineering and the successful applicant
will be able 1o teach in these programs. The greater Syracuse region is
growing mdustry-acadermic opportumites in the bistechnology realm as
evidenced by planned construction of a life sciences building at Syracuse
Lniversity (sec hitp: (Mifesciences.sy nedu/mainhtml), the new Syvracuse
Biotechnology Research Center (see https//www, upstate.edw/biocenter/),
and the recent creation of MedTech (sce http:fmedtech.org/) a regional
organization o foster commercialization of biomedical technologies.

Applicants should submit a curriculum vitae, and statements of rescarch and
teaching interests wo; Dr. Jeremy Gilbert, Search Chair, Department of
Biomedical & Chemical Engineering, 121 Link Hall, Syracuse Univer-
sity, Syracuse, NY 13244-1240. At least three letters of reference should
be sent to the same address, Application materials should be submited
electronically to www.sujobopps.com. Review of applications will begin
July 1, 2007 and will continue until the positions are filled.
Svracuse University is an Egual Opportuningd firmative Action
Emplover with a strong commuitmrent o eguality of oppartunite
and a diverse work force,

Oklahoma University Cancer Institute
Director, Center for Basic and
Translational Cancer Research

The OU Cancer Institute (OUCT) ot the University of Oklahoma Health
Sciences Center ( OUHSC) is secking qualified candidates for the position
of Director of the newly created OUCT Center for Basic and Translational
Cancer Research, Applicants are expected 1o have a successful wack
record of sustaimed, collaborative, peer-reviewed funding and publica-
tions, and 1o maintain an active rescarch program, with preference given to
NCI funding. The successful candidate will have the opponunity, author-
ity and resources to develop and oversee basic and translational cancer
research within the OUCH, especially in developmental therapeutics and
translational research. This 15 a Deputy Director leadership position within
the OUCT, with the responsibility of working closely with the Director
o ensure that the Center supports the overall mission and goals of the
OUCL Substantial resources will be available to recruit faculty and build
cancer research programs within the Center.

The OUCT is the only acadermic Cancer Center i Oklaboma, has received
a P20 Cancer Center Planning Grant from the NCIL and participates in
a P20 Clinical and Translational Science Award (CTSA) from the NIH.
Five yvear mvestments in the OUCT total $210 million. OF this amount,
£120 million is dedicated w funding a new cancer treatment and research
facility. The additional 590 million is dedicated to creatng endowed chairs
to recruil cancer research faculty and providing support for progrm and
infrastructure development

Applications nominations should include a current curriculum vitae and
personal statement. Electronic submission of applications is preferred. All
app lications and inguiries will be confidential. Direct correspondence and
mguiries (! Robert Roswell, MDD, Search Committee Chair, Senior
Associate Diean, College of Medicine, University of Oklahoma Health
Sciences Center, PO Box 26901, Oklahoma City, OK 73190; robert-
roswellwouhse.edu; (405) 271-2307.

Thve Universine af Oklahom is an Equal Opportunity
Affirmative Action Emplover.
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Working for a healthier world™

VNnen del :
become a cure?

Imagine what you can achieve at a biotech start-up with unrivaled global resources. Imagine applying innovative
science to identify and validate novel drug discovery targets. Imagine a biotech company atmosphere within one

of the world's largest pharmaceutical organizations.

At Pfizer Research Technology Center (RTC) in Cambridge, MA, we apply innovative science to identify and
validate novel drug discovery targets for Pfizer R&D and use creative scientific approaches to increase the
diversity of potential drugs which may bind to these targets.

Surrounded by more than 300 biotechnology companias and world-leading research hospitals and academic
institutions, a key element in the success of the RTC is the growing and dynamic portfolio of partnerships
with these innovators. With them, we're applying cutting-edge technigues and technologies with broad utility
across different therapeutic areas - developing a deep knowledge of new drug discovery targets, identifying
novel chemical structures, and understanding mechanisms of toxicology.

At the RTC, we're balancing the strength of Plizer R&D with the nimble feel of a small biotech, and creating
an exciting and team-based scientific environment for over 150 colleagues with a wide range of scientific skills
and experience. Collaboration and cooperation are the norm here. And the unique working environment is
allowing science to leap forward into the future and bring to market what are miracles for many.

Now you can be a vital member of Pfizer Research Technology Center, a research center unlike any in the
world, and use your talents to change the world.

Join Pfizer RTC and collaborate to find cures. We are currently hiring the following disciplines:

ADME Biology LCMS

Biochemistry Mathematical Modeling

Biophysics Molecular Profiling

Cell Biology Protein Sciences/Protein Engineering
Computational Biology Proteomics

Computational Chemistry Synthetic/Medicinal Chemistry
Enzymology Systems Biology

Genomics Text Mining

To apply now and leamn more about our people, our pipeling,
and our plans for the future, visit www.pfizercambridge.com

We're proud to be an equel oppariunity employer and welcome applcations from
pecpin with diferent axperences, backgrounds snd athnic ongirs
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VANDERBILT UNIVERSITY
SCHOOL OF MEDICINE

CHAIR
Department of
Molecular Physiology and Biophysics

Vanderbilt University School of Medicine is conducting a search for
Chair, Department of Molecular Physiology and Biophysics. The
depariment has a rich history of research in the areas of metabolism
and cell signaling, and is consistently ranked among the very best ol
Physiology Departments. The department has accomplished, well
funded faculty workimg i diverse arcas including neuroscience,
human genetics, diabetes, biophysics, cell signaling, and gene regu-
lztion, This is an exciting opportunity for a productive investigalor
to lead expansion of a distinguished depatment to an even greater
level of excellence, The successtul candidate will possess an out-
standing record of published research, a commitment to educanon,
with demonstrated vision, encrgy, and leadership capacity, She'he
will have an appreciation of diverse areas of research and a strong
record of productive collaboration.

Interested candidates should send carvicufum virae, bibliography,
and a list of five profiessional references. The search commitice will
begin the review ol applications on September 1, 2007 and continue
umtil the position is filled. Applications may be sent either electroni-

PROJECT MANAGER

NIH Supported Interdisciplinary Research Consortium

SysCODE: Systems-based Consortium for
Organ Design and Engineering

Brigham & Women's Hospital, Children's Hospital Boston,
Harvard Medical School, Harvard University, M.L.T.,
Boston University, Vanderbilt University

This newly funded NIH Road Map Interdisciplinary Research Consor-
tium will enjoin 23 exceptional scientists from the above institutions in
a $24M, five year. NIH funded initiative to build anificial organ parts
from stem cells, The Consortiem will apply contemporary tools of devel-
opmental biology, genomics and proteomics, computational science, and
tissuce engineering to deduce molecular blueprints for the fabrication
of weeth, panereatic islets and hean valves. The anticipated start date 15
September, 2007,

The requusite skill set for this posinon cludes: PhoD. or M.B.A. degree,
sigmificant expenence i scientific research admimstration, operations and
financial management, superb organizational and team building skills, and
a commitment to working with a group of highly motivated scientists,
In direct collaboration with the Consortium Director, this individual will
help lead the overall scientific efforts of the Consortium, including fiscal
oversight of ten linked grants, miming grant management and helping

cally imarlene.jaynefa vanderbilt.edu) or by mail 1o
Michael R. Waterman, Ph.D
Chair, Molecular Physiology and Biophysics
Search Committee
c/o Marlene Jayne, BIOCH, 607 Light Hall
Vanderbilt University School of Medicine
Nashville, TN 37232-0146

1o define the Consortium agenda. The successful applicant will reside in
the Genetics Division, Department of Medicine ot Brigham & Women's
Hospital and Harvard Medical School. and will enjoy an outstanding
salary and benefits, Send cover letter outlining qualifications and CV
clectronically by August 15, 2007 1w Richard Maas, M.D., Ph.D.,
Consortium Director, at: SvsCODE@ genctics.med. harvard .cdu.

BWH s an Egual Opportusity Emplover,

Yale University
Faculty Position
in

s hy Ecology and

Evolutionary Biology
The Depanment of Ecology and Evelutionary
Biology at Yale University invites applications
for a faculty position at either the tenured or
tenure track in the field of ecology. We are

particularly interested in candidates whose
rescarch unites theory and empincal work in

=
i —
Wheaton College

FACULTY POSITIONS IN
Health Ellidemiﬂlﬂgist PLANT-RELATED MICROBIOLOGY
The Applied Health Science Department of
Wheaton College is searching for a full-time,
tenure track faculty member with expertise in
chronic  diseases and  physical  activity
epidemiology at the Assistant or Associate

The Institute of Plant and Microbial
Biology, Academia Sinica, Taipei i
enthusiastically wviting appliciations for faculty
positions in the research areas of microbiology
with preference for plant-microbe interactions

ways that shed new light on basic questions.
A record of outstanding achicvement and a
promising research program are more impor-
tamt than the specific research area.

Interested candidates should subimn their CV,

three relevant reprints of manuscripts, boel

research and teaching statements. and the
names and addresses of four potential evalu-
ators by 15 September 2007. The search will
remain open until the position is filled. Send
matenials w: Department of Ecology and
Evolutionary Biology, Yale University, RO,
Box 208106, New Haven, CT 06520-8106
L'SA, Atin: Francine Horowite.

The Department is described at:
www.ech.yvale.edu

Yole Universine is an Equal Opportunite/
Affirmrative Action Emplover. Men and
warrten of diverse racialfethnic backgrowmds
and cultires are enconraged o apply

Professor level, The successiul candidate will
be expected to teach Conceprs and Principles
af Epidemiofogy and Wellness and conduct
health refated epidemiologic research with
undergrudunte students, Special consideration
will be given to camdidmtes who have
expertise in Urban Public Health, Doctoml
depree required.

Application deadline is October 31, 2007
The appointment will begin July 1, 2008
Apphcants should send curniculum vita and
description of their teaching philosophy and
research interests to: Dr. David Tanuezzo, Chair;
Applied Health Science Depantment; Wheaton
College; 501 College Avenue; Whenton, IL
60187 or email davidianuzzeo@ wheaton.edu,
Additional application materials will be sent to
eligible candiduates,

and plant-related microbiology, These positions
are il the levels of Assistant Rescarch Fellow,
Associate Research Fellow, or Full Rescarch
Fellow {equivalent to Assistant Professor,
Associate Professor, or Full Professor in
universitics), Excellent facilitics and starter
grants will be provided for these positions. For
details of the Institute and Acadenmia Sinica,
please visit the website at hitp://
ipmb.simica.edutw!, Applicants are expected
o have o Ph. D, degree plus postdoctoral traming.
Chinese language skills are NOT required and
e rmational scientists ane encouraged o apply.
The application fokder should imclude comicelum
vitae, a statement of research accomplishments.,
and future research plans, The application folder
amd at least three letters of recommendation
should be sent o Dr, Na-Sheng Lin, Chair of
Search Committee, Institute of Plant and
Microbial Biology, Academia Sinica, Academin
Rd, Nankang., Taipei. Taiwan 11529, e-muail:
nslin26 sinfca.edutw, FAX: (+886)2.27482-
1605, The review of applications will start on
Sept. 20, 2007 until the positions ane filled.




VANDERBILT UNIVERSITY
SCHOOL OF MEDICINE

Faculty Position

The Depanment of Biochemistry and the Vanderbilt Kennedy
Center Program in Developmental Neurobiology and Brin
Plasticity at the Vanderbilt University School of Medicine
mvite applications for a tenure-track position at any rank.
We are sceking candidates specifically interested in using
mouse genetics 1o address biochemical mechanisms of cell
proliferation, survival, differentiation, migration, myelination
or synapsc formation, i neurons and glia, as well as adaptive
biochemical changes in brain plasticity. Information about the
Department, the Vanderbilt Kennedy Center and cument faculty
rescarch interests can be obtamed at the sites given below,

Applicants must have completed a Ph.D. and/or M.D. degree
as well as postdoctoral traming. Applications must be received
by November 1, 2007, Submii a curriculum vitae. staiement of
rescarch interests, and three letiers of recommendation cither
clectronically m the website listed below or by mail to the
following address:
Search Committee
Department of Biochemistry
607 Light Hall
Vanderbilt University
Nashville, Tx 37232

hitp://medschool.me.vanderbili.edu/biochemistry
http:/ikevanderbilt.eduw/kennedy

FACULTY POSITIONS

The Department of Physiology, Pharmacology, Metabolism
and Cardiovascular Sciences AND The Center for
Diabetes and Endocrine Research (CeDER)

The Department of Phvsiology, Phammacol ogy, Metabolism and Cardio-
vascular Sciences and The Center for Diabetes and Endocrine Research
(CeDER) mvite outstanding scientists with PhD., MDD, MDUPLD.,
or equivalent degrees to apply for several tenure-track faculty positions
ol Assistant Professor — Professor ranks. Appointments will be made
in the The Department of Physiology, Pharmacology, Metabolism and
Cardiovascular Sciences, with membership in CeDER, Physician sci-
entists will be considered for joint appointments in appropriate clinical
departments.
Candidaes are expected to develop or have extramurally funded research
programs complementing our existing strengths in diabetes, obesity, and
endocring research; and o teach m medical and graduate programs of
The College of Medicine. Candidates with a trock record of funding and
research in islet and lipid biology, neuwroendocrine regulation, molecular
aspects of nutrition, whole animal metabolism, and hormone action are
encouraged to apply.
For further information about our Department and CeDER please visit
our website at http:fhse.utoledo.cdu/depis/phys pharm/index.himl
Applicants should submit their curriculum vitae, briel descriptions of
current and future rescarch plans, and contact mformation for ot least three
references 1 Elizabeth Akeman, Assistant to Dr. Sonia M. Najjar,
Professor, Department of Physiology, Pharmacology, Metabolism and
Cardiovascular Sciences Director, CeDER, UT College of Medicine,
3000 Arlington Avenue, Mail Stop 1008, Teledo, OOH 43614-2598;
Elizabeth. Akemani@ utoledo.cdu.

LT is ant Equal Access, Equal Oppariunity, Affirmative Action

Emplover and Edvweator

UNIVERSITY MEDICAL CENTER

T USIVEESITY OF TOLEDD

¢SRSA

Exscutive Saarch

Director

MRC Institute of Hearing Research,
Scottish Section

The Medical Research Council Institute of Hearing
Research (IHR) is an internationally leading centre for
science, training and translation focusing on ‘The
Auditory Brain'’, Part of the MRC's intramural programme,
IHR is organised around a central facility at the Linhversity
of Mottingham and three hospital-based, regional
sections in Glasgow, Nottingham and Southampton.
Following the untimely death of Professor Stuart
Gatehouse, we now seek a new Director of the Scottish
Section. This Section is cofunded by the Chief Scientist
Office (C50) of the Scottish Executive Health Department
and is one of the research units of the CS0.

This is a unique opportunity for an auditory scientist
with vision to direct a highly skilled team of researchers,
clinicians, support staff and students, creating and
delivering a wide-ranging programme of fundamental,
enabling, and translational applied research within
IHR's overall focus. The successful applicant will be
an experienced research group leader with an
established track record of publication and funding.
Appropriate research interests include - but are not
limited to - psychoacoustics, development and
plasticity, speech, deafness, rehabilitation, audiology,
cognition and neurcimaging. All IHR senior scientists
are committed to the collaborative ethos that underpins
effective multidisciplinary research activities and
scientific productivity. Prospective candidates will be
asked to work creatively with IHR's Director to develop
an internationally competitive research strategy.

This will be a Band 2 MRC Appointment, with a final
salary pension scheme. Where appropriate. assistance
with costs of relocation will be provided.

For an informal discussion about this position, please
contact Professor David Moore on +44 (0115922 3431,
+d44 (Y7720 046 059 or davem@ihr.mre.ac.uk;
alternatively Dr Kevin Young on +44 (0)1707 259 333,
kevin young@theRSAgroup.com Further particulars and
an application form are available from our website
www.ihrmre.ac.uk/vacancies or quoting ref. IHRDM14
from: Personnel Section, MRC Institute of Hearing

Research, University Park, Nottingham NG7 2RD.
Tel: +44 (0115 922 3431, jobs@ihrmre.ac.uk

Applicants should send a CV and completed application
form with a letter outlining interest and experience
and details of at least three referees to be received
by 24th August 2007,

RSA, The Melon Ground,
Hatfield Park, Hatfield, Herts AL9 5NB
Tel + 44 (0) 1707

.0rg
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U.5. Department of Energy
Associate Director
Office of Science for
Biological and Environmental Research
Announcement # SES-SC-HQ-014 (kd)

The U5, Department of Energy’s (DOEs) Office of Science 15 seeking
qualified candidates w lead its Biological and Environmental Research
{BER) Program. With an annual budget of more than 5500 million, the
BER Program is the nation’s leading program devoted 1o applications of
biology to bis-energy production and use and to environmental remedia-
tion, The BER Program supports major rescarch programs in genomics,
proleomics, systems biology, and environmental remediation, The
Program is also one of the nation's leading contributors to understanding
the effects of greenhouse pas emissions, acrosols, and atmospherie
particulates on global climate change.

The Director of Biological and Environmenal Research is responsible
for all strategic program planming in the BER Program; budget formula-
tion and execution; management of the BER office including o federal
workforee of more than 30 technical and administrative stafl; program
integration with other Office of Science activities and with the DOE
technology offices; and interagency integration. The position is within
the ranks of the ULS. government’s Senior Executive Service (SES);
members of the SES serve in key positions just below the top Presiden-
tial appointees. For more information on the program please go 1o http:
fiwww.sc.doe.govioher’.

For further information about this position and the instructions on how
to apply and submit an application, please go to the following website:
http:/jobscarch.usajobs.opm.gov/getjob.asp?Jobl D=58520806.& A
VSDM=2007%2D06%2D06+1 3% IA44%IA02& Logo=0&q=5ES-
SC-HQ-014+(kd)& FedEmp=N&sort=rv&vw=d & brd=3876& ss=0
&FedPub=Y&SUBMITLx=47&SUBMITLy=18. To be considered
for this position vou must apply online. It is important that vou follow
the mstructions as stated on the announcement SES-SC-HQ-014 (kd)
located at the website above.

PURDUE

UNIVERSITY

FACULTY POSITIONS IN ECOLOGY, BIOLOGY, and
SOCIAL SCIENCE of NATURAL RESOURCES

Purdue University seeks 1o complement existing strengths in ecology, biol-
ogy, climate change, and social science by filling 4 tenure-track, academic-
year positions at the rank of Assistant Professor in the areas of Forest Ecology
(FE), Ecological Impacts of Climate Change (EICC), Fisheries Biology (FB),
and Human Dimensions of Natural Resources { HDNR ). A bundant opportuni-
ties for collaborative and interdisciplinary activities exist within a vibrant
academic aimosphere facilitated by the Purdue Climate Change Research
Center, the Purdue Interdisciplinary Center for Ecological Sustanability,
the Hardwood Tree Improvement and Regeneration Center, and the newly
created Discovery Park Center for the Environment.

The suceessful candidates will be expected o 1each and develop dynamie,
externally funded research programs within the following focal areas:

* FE — ecological processes in temperate forests, predicting the strength
and context-dependence of species interactions across multiple scales;
identifving the importance of feedbacks from individual interactions
to ecosystemn dynamics, and linking pattern with process to understand
species coexistence.

+ EICC = impacts of climate change on the ecology of terrestrial and/or
aquatic populations or communities at landscape to global scales.

= FB — applied issues related to the conservation and management of
AUATIC MESOUTCEs,

* HDNR - eritical examination of the human dimensions of forestry,
fisheries, and/or wildlife with an emphasis on quantitative techniques.

Qualifications: A Ph.D, and evidence of significant research accomplish-
ments. Screening of applications will begin October 1 for the FE position,
and November 1 for the EICC, FB, and HDNR positions and continue until
the positions are filled. Details on application procedures and complete
descriptions of the positions are available at: http/'www.inrpurdue.eduo.
Please direct questions or inquiries to; mbrowndi@purdue.edu,

Purdue University is an Equal Access/Equal Oppartning Affirmative
Action Emplaver fully committed to achivving a diverse workforce,

belawghlin Research Lnsisate

Research Scientist

An experienced doctoral level scientist is sought a5 an active team
member for a research project to identify genes and mechanisms that
maodi {v susceptibility 1o prion infection or that are invelved in prion rep-
lication. This non-tenure track fculty position is supported by a NINDS
Program Project led by George Carlson, Director of MceLanghlin
Rescarch Institute, Emphasis will be placed on explomting a newly
developed CNS stem eell cullure system that can be infected with
prions. Interaction with co-investigators at larger research centers in
Seattle | LLE. Hood ) and San Francisco (5B, Prosiner and S DeAr-
mond) is required. Successful applicants will have a sohd background
in molecular genetics or CNS stem cell hiology and will be expected to
participate in experimental design, data evaluation, laboratory manage-
ment, and preparation of publications and gramt applications, as well as
bench work. Salary is commensurate with experience.

McLaughlin Research Institute is a small, non-profit rescarch organiza-
tion located near Montana®s Rocky Mountain front. Opportunities for
outdoor recreation abound. Great Falls offers a pleasant environment,
good public schools, and low housing costs.

Applications, mcluding names and contact information for three 1o Ave
individuals who may serve as references, should be sent to:
George A. Carlson, Ph.D.
Director, MeLaunghlin Rescarch Institute
1520 23rd Street South
Great Falls, MT 59405

An Eqral Opporturiny A ffirmative Action Emplayer

Featured Employers

Search ScienceCareers.org for job postings
from these employers. Listings updated

three times a week.

Abbott Laboratories www.abbolt.com
Amgen www.amgen.com

Elan Pharmaceuticals www.elan.com/careers
Genentech www.gene.com

Invitrogen www.invitrogen.com/careers

Kelly Scientific Resources
www. kellyscientific.com

Novartis Institutes for BioMedical Research
www.nibr.novartis.com

Pfizer Inc.
www.plizer.com

Philip Morris
www.cantbeattheexperience.com

Pioneer Hi-Bred
wWww,pioneer.com

IF you would like to be a
featured employer, call
202-326-6543.

Science Careers
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Leading lights

Diamond Light Source Ltd, jointly funded by the Science and Technology Facilities Council on behalf of the
U.K. government and the Wellcome Trust, is a new world-class synchrotron light facility. Located on the Harwell
Science and Innovation Campus in South Oxfordshire, which is home to several major research institutions, we will
host experimental laborateries supporting cutting edge research in all fields of science. An initial compliment of 7
beamlines has now started user operation and a progressive build up for a further 15 beamlines and additional support
laboratories is under way.

Director, Physical Sciences Ref. DIA0323

Salary: negotiable, 5-year fixed-term contract

As a key member of our executive management team you will contribute to the overall management of the company, working closely with
funding agencies and user communities and providing strategic leadership and organisation in the field of Physical Sciences.

Developing and managing research programmes in Physical Sciences using synchrotron light over the wide range of possible applications is
a challenge that requires an innovative and influential Physical Scientist at the helm, you, a scientist of intermational reputation in this field.
This role will be essential in establishing Diamond as the world-leading centre for the support of fundamental and applied research in the
UK, using synchrotron radiation. You will bring outstanding leadership skills to the role, together with demonstrable scientific achievement
in Physical Sciences.

The salary will be commensurate with the level of responsibility, and is negotiable depending on experience. We also offer comprehensive
benefits and an index-linked pension scheme.

For arranging an informal discussion about the role please contact the CEO Prol Materlik's Personal Assistant Ms Karen Habgood on

diamond

Please visit www.diamond.ac.uk for further information about this vacancy.
Applications, including a curriculum vitag and the details of two refereas, should
Dsemond Light Sowrca Lid, Diamond House, Harwall Science and Innovation Campus, Didcot, Oxlordshine 0X11 0DE

ideally be sent by post to the Head of HR, Diamond Light Source Ltd, Diamond
House, Harwell Science and Innovation Campus, Dideot 0X11 0DE or electronic
versions emailed to hri@diamond.ac.uk

Closing date: 7th September 2007,
www.diamond.ac.uk

FACULTY POSITION
YALE UNIVERSITY
DEPARTMENT OF MOLECULAR
BIOPHYSICS AND BIOCHEMISTRY

The Depanment of Molecular Biophysics and

Grant to Promote Young Scientists’ Independent Research

Tsukuba University, Tsukuba Science City, Japan, invites applications for 15 tenure-
track positions supported by its Program to Develop the Next Generation's Faculty. The
positions have a length of service of 5 years and are open to outstanding young

Biochemistry at Yale University seeks appli-
cants for o enure-track faculty appomtment
in the ficld of Electron Cryo-microscopy al
the untenured level. Candidates are expected
o contnbute 1o the deparment’s eaching
program at the undergraduate and graduate
levels, Our department, which is located in
both the Faculty of Arts and Sciences and the
School of Medicine of the University, spans a
broad range of arcas including hochemusiry,
biophysical chemistry, structural biology,
molecular biology and molecular genclhics.

Appheations should melude a cumriculum
vitae, a statement of research interests, three
letters of reference. and reprints or preprints,
Completed applications should be sent 1o
Search Chair
Faculty Search Committee
Department of Molecular Biophysics
and Biochemistry
Yale University
260 Whitney Avenue
PO Box 208114
New Haven, Connecticut 06520-8114
Telephone: (203) 432-5593

Application Deadline: September 1, 2007
Yale is an Affrmative Action/Egqual

af under-represented minority groups are
especially encouraged to apply:

Clpporiteity Emplover: Womern and members

scientists from around the world in the fields of

Biclogy, , and Physics Recommendation of suitable applicants
is also welcomea. For details ahﬂut the research activity and number and level of
professorships available in each field, visit the relevant discipline's website via the URL
(http://www.md.tsukuba.ac.jp/basic-med/news/recruitment.html)

1. Paosition: Independent assistant professor or associate professor (tenure-track
position).

2. Starting date: as soon as possible after appointment.

3. Term of appointment: until March 31, 2012,

4, Terms of employment;
. Terms of employment are the same as those for Tsukuba University faculty.

. Start-up funds of about 4 millien Japanese yen as well as yearly designated
research funds (including technicians' pay) of about 7 million Japanese yen. Incentive
compensation dependent on midterm evaluation. Independent research space as well
as use of shared research resources. Experience teaching graduate and undergraduate
students under the guidance of a faculty mentor.

. At the end of the term of appointment, candidates who satisfy the criteria for
promotion and tenure will be promoted to tenured positions as associate professor or
full professor.
5. Eligibility for application: Applicants should hold a recent (within the last 10 years), or
anticipated, Ph.D.

6. Documentation: Email or post the following documents (in Japanese or English) to the
address of the relevant discipline by August 31, 2007:

Curriculum vitae

List of publications

Reprints, copies, or PDF files of 5 major publications

Competitive research grants obtained thus far

A summary of research accomplishment (1 A4 page)

An outline of future research plans (1 to 2 A4 pages)

A statement of teaching goals at the undergraduate and graduate levels

" % &8 & 8 B B @

The names and contact information (including email addresses) of 2 referees

.org
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@ Senior Investigator in

UNIVERSITY of CALIFORNIA Cancer Prevention and Control

SAN DIEGO Rebecca and John Moores
MEDICAL CENTER UCSD Cancer Center
MoogEs CANCER CENTER

The Rebecca and John Moores UCSD Comprehensive Cancer Center is
secking a faculty leader for its Cancer Prevention and Control (CP&C)
Program (sce http:feancer.ucsd.edu), The Comprehensive Cancer Center
is parl of the highly ranked UCSD School of Medicine.

The position includes a faculty appointment with tenure in an appropriate
Department in the School of Medicine. The CP&C program has 15 peer-
review-funded principal investigators, The future leader will be expected
1o be able to develop successful collaborations with cancer center memb-ers
froam other Cancer Center programs. The CP&C program houses the large
WHEL biological specimens repository,

The Moores UCSD Cancer Center s a matrix center, This faculty position
will be located in the department within the School of Medicine depart-
ment that best suits the skills of the successful applicant. The position will
be housed i the new Moores Cancer Center bunlding withan the 23,000 sf
assigned to population seience research. This includes a Clinical Research
facility and a Healing Foods kitchen which will be available for use of the
suceessful candidate,

The position will require a doctorate in a relevant research field and a track
record of grant support with quality peer reviewed publications as well as
other professional recognition of accomphishment. Good collaboration skills,
teaching experience and a demonstrated ability 1o coordinate a research
program will be an advantage. Salary will be commensurate with experience.
Review of application will begin June 30, 2007, and will continue until
the position is filled. Interested applicants should send the curriculum vitae
1o: Dr John P. Pierce, Chair, Cancer Prevention and Control Search
Committee, Moores UCSD Cancer Center, 3855 Health Sciences Drive,
La Jolla, California 92093-0901: Email: jppierceir ucsd.edu

UCED is an Equal Opportunity Employver

Faculty Position in
Neuroscience
Texas A&M University

The Department of Biology at Texas A&M Umversity (TAMLU) mvites
applications for a faculty position in neuroscience at the FULL PRO-
FESSOR level. We are interested in outstanding neuroscientists with
well-funded, intemationally recognized research programs. We espe-
cially invite applications from researchers who will mteract with, and
enhance, an existing or emerging area in behavioral biology, neural
plasticity, developmental neurobiology, genetics and functional genom-
ics, sénsory neurcobiology, eircadian biology, computational biology,
and structural biology.

We seek applications from individuals who will lead efforts to strengthen
interdiseiplinary/translational research and training associated with
Texas A&M University s Interdisciplinary Life Science Building ( http:
filsbtamu.edu), its newly formed Texas Institute for Genomie Medicine
(http/iwww tigm-knockouts.org), and s emerging Graduste Program
n Newroscience, More information about our department can be found
at www.bio.tamu.edu. For full consideration, applicants should send
a letter of intent, corericudum vifae, statement on research and teaching,
and three letters of recommendation (preferably in electronic form by
email) by September 15, 2007 1w
Biology Newroscience Search Committee
Atin: Mark J. Zoran, Committee Chair
Department of Biology
Texas A&M University
3258 TAMU
College Station, TX TTH43-32158
Email: zoranfa mail.bio.tamu.cdu

Texas A&M University is an Equal Oppartunite Emplover and has a
pedicy of being responsive to the needs of deal-carcer couples.

Dave |Jensen
Industry
Recruiter

Science
Careers
Forum

* How can you write a resume that
stands out in a crowd?

* What do you need to transition from
academia to industry?

* Should you do a postdocin academia
orin industry?

Let ScienceCareers.org help you answer
these questions. ScienceCareers.org has
partnered with moderator Dave |ensen
and four well-respected advisers who,
along with your peers, will field career-
related questions.

Visit ScienceCareers.org and
start an online dialogue.

ScienceCareers.org
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What will it take to remain
a pharma leader five years
from now?

Answers.

Eli Lilly and Company impacts lives by
delivering answers lo some of the
world's toughest health care
guestions. And through continuing to
invest in culling-edge drug research
aclivities, Lilly will rermain an
influential pharmaceutical presence.

Lilly has recently announced a $150
million investment within the Lilly
Singapore Center for Drug Discovery
ILSCDD). Located within Biopolis
Singapore, a biomedical complex
housing government agencies,
publicly funded research institutes,
and pharmaceutical and
biotechnological research labs, this
expansion will include the Integrative
Compultational Sciences group
focused on taking Lilly's Integrative
Informatics program forward.
Working closely with peers in Europe
and Indianapolis, IM, the IC5 group
will be a multidisciplinary team
developing methods and tools lo
manage, luse, and integrate
heterogeneous datasets in support of
drug discovery, translational
research, and tailored therapeutics
efforts worldwide. Specific available
roles include:

= Director, Integrative Computational
Sciences [ICS)

# Associate Director, Informatics

* Informatics Scientists

= Scientific Software Engineers

Learn more about these roles and the
Lilly Singapore facility by visiting
www.lscdd.lilly.com.sg.

Today and in the future, Lilly will
provide “Answers That Matter.” El
Lilly and Company is an egqual

opportunity employer.

U.S. Department of Energy
Office of Science
Deputy for Programs
Announcement #SES-SC-HQ-013 (kd)

The US, Depariment of Encrgy’s (RDOE) Office of Science 15 secking highly quahfied candidates
with outstanding scientific achievements (o fill the Deputy for Programs position, The Office of
Science is the single largest supporter of basic research in the physical sciences in the United States,
with a 2007 budget of $3.8 billion. It oversees the Nation's research programs in high-energy and
nuclear physics, basic and fusion energy scienees, and biological, environmental and computational
scicnees. The Office of Science is the Federal Government's largest single funder of materials
and chemical sciences, and it supports unique and vital parts of ULS. research in climate change,
geaphysics, genomics, life sciences, and science education, The Office of Science also manages 10
world-class laboratories and oversees the construction and operation of some of the Nation's most
advanced R&D user facilities, located at national laboratones and universities. These include panicle
and nulear physics accelerators, synchrotron hight sources, nonoscale science research centers,
neutron scatiering facilities, bio-energy research centers, supercomputers and high-speed computer
networks, More information on the Office of Science can be found m httpe/fscience.doegov,

The Deputy for Programs provides scientific and management oversight of the six program offices
by ensuring program achivities are stategically conceived and executed; formulating and defend-
ing the Office of Science budget request; establishing policies, plans, and procedures related 1o
the management of the program offices; ensuring the rescarch portfolio is integrated across the
program offices with other DOE program offices and other Federal agencies; and representing the
organization and make commitments for the Department in discussions and meetings with high-level
govermment and private sector officials. The position 15 within the ranks of the ULS, govermment s
Semior Exccutive Service (SES), members of the SES serve in key positions just below the wp
Presidential appointecs.,

To apply for this position, please see the announcement and application instructions at hupe//
Jjobsearch.usajobs.opm.gov/ses asp under the vacancy announcement of #SES-5C-HQ-013 (kd).
Qualified candidates are asked to submit their online applications by August 29, 2007,

www.lscdd.lilly.com.sqg

e,

Answers That Matter.

Postdoctoral Fellowships in Cell and Molecular Biology

Fellowships for the National Research Service Award Program of the Mational Institute of Diabetes and Digestive
Kidney Diseases (NIDDK], Mational Institutes of Health (NIH) at Story Brook University, are available

in cell and malecular biology of metabolic diseases for candidates with Ph.0., D.5¢., M.D., or equivalent

[within five years of Ph.0. for non-clinical applicants). Stipend levels are competitive. This institutional
postdoctoral training program is interdisciplinary, imerdeparimental, and interinstitutional by design, supporied
by regional interaction with Brookhaven National Labaratory and Cold Spring Harbor Laboratory. The program
benefits from 25+ NIH-supported trainers with state-of -the-art research programs in areas of cell signaling
relevant 1p diabetes, endocring, and metabolic diseases.

Current research/mentor opportunities include:

Wadie Bahou: Froteases and endothelial cell pathology; Debarah Brown: Lipids rafis and caveolac; Weiliam
Chen: Bioengineering of bivactive wound healing matrices; Richard Clark: Structure-function of non-enzymatic
glycated fibronectin that adversely affect cell migration; Ira Cohen: Molecular and cellubar cardiovascular
research; Howard Crawford: Matrix metalloprotemnases in pancreatic cancer, Michael Frohman:
Phosphalipase D and membrane vesicular trafficking; Bruce Futcher: Microarray analysis of transcriptional
contral in yeast; Marie Gelato; Pathogenesis of the insulin resistance and hyperlipidemia in HY disease;
Robert Haltiwanger: O-glycosylation and Notch function; Jamie Konopka: G protein- coupled receptors
signaling in yeast; Irwin Kurland: Hepatic insulin action and role of the pentose shunt; William Lennarz:
Congenital disorders of glycosylation in humans; Richard Lin: G protein signaling and insulin resistance;

Craig Malbon: GFCRs, scaffold proteins, and Wit-Frizzled signaling; Mirjana Maletic-Savatie: Neural stem
cell fate and function; biomarkers of human neurological disorders; Stuart McLaughlin: Biophysics of signal
transduction; Margaret McNurlan: Insulin action in muscle; Todd Miller: Signal transduction by tyrosing
kinases; Yingtian Pan: Cystoscopic optical coherence tomography in human disease; Jeffrey Pessin: Insulin
signaling and requlation of glucose transport; Micole Sampson: Biosynthesis of steroids in innate defense
mechanisms, Suzanne Scarlata: Activation of PLC by G proteins; Steve Smith: Structural stedies of membrane
channels and receptors; Ken Takemara: Role of beta- catenin antagonist Chibly in atherosclerosis; Fayanne
Thorngate: Apolipoprotein £, atherosclerosis, and signaling; Stella Tsirka: Neuronal-microglial interactions in
the mammalian brain; Hsien-yu Wang: G proteins and development.

Dnly US. citizens or permanent ressdents (within five years of Ph.D. for non-clinical applicants) are

eligible Tor these NiH-supported fellowships.

Applicants should send a C.V., brief letter of research interest, and names of three references to:

Dr. Craig C. Malbon, Director-DMORC, Pharmacology, Stomy Brook University
SUNY, Stany Brook, NY 11794-8651 S' I ‘@N Y

Fax: (631) 444-7696. For more information or to apply online visit:
www slonybrook edu/cjo
Equal Opponunity/Affirmative Action Employer.
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From life on Mars
to life sciences

o
s

online @sciencecareers.org

For careers in science,
turn to Science

:
g

If you want your career to skyrocket, visit Science Features include:

Careers. We know science. We are committed to » Thousands of job postings
helping you find the right job, and to delivering the e Career advice

useful advice you need. Our knowledge is firmly * Grantinformation
founded on the expertise of Science, the premier « Resume/CV Database

scientific journal, and the long experience of AAAS e Career Forum

in advancing science around the world. Science
Careers is the natural selection.

Science Careers

www.ScienceCareers.org
From the journal Seience AYAAAS




2 Guava Technologies

Guava Technologies. Inc. develops.
manufactures and markets unique,
high=impact cellular analysis systems
for the life science research market-
place. Guava’s patented technology
has revolutionized the way scientisis
perform cell-based analysis, We
are seeking true sales professionals
with a proven track record in selling
capital equipment to the hte science
marketplace for each of our Regional
Sales Manager positions located in the
following territories:

« NC/RTP
« Metro NYCO/N]
* Southern NI, Eastern PA

To apply, email your resume to:
carcersi guavatechnologies, com
or fax to HR at 310-576-1500. No
recruiters, please!

We are an EEQ Emplover,

Do what
you love.

Love what
you do.

www.scie ncecareers.org

Science Careers

From the journal Sefence .‘ AAAS

DIRECTOR

Department of Animal Care and Technologies

ASU is part of a very fast growing biomedical movement in Phoenix that secks to
link basic scientists at the university with clinical scientists and clinicians in the
surrounding hospitals and medical mstitutions. These linkages have resulted in new
research ventures, and new education programs mcluding a new medical school
curriculum, a product of the Arizona College of Medicine-Phoenix. in partnership
with Arizona State University. Animal research will play a key role in these research
and education developments, and in the enhancement of bioscience and biotechnology
in this fast growing state. The Department of Animal Care and Technologies at
ASU occupies. operates in. and manages a total of 72,000 square feet of animal use
facilities, provides care to 25 different species, and currently serves 74 investigators
with multiple active protocols,

JOB DESCRIPTION: Under administrative direction, the Director performs work
of considerable responsibility in planning. directing and controlling the Department
of Animal Care and Technologies in facilitating animal research and assuring com-
pliance with all current federal, state and umiversity animal welfare regulatnons. The
Director reports to the Associate Vice President tor Rescarch Admimstration.
DUTIES AND RESPONSIBILITIES: Dircets animal procurcment, use and hus-
bandry, and formulates university policy for animal care and use. Collaborates with
faculty regarding animal rescarch, support services, and instructional infrastructure
for contemporary biomedical science. Ensures compliance with university policy
and governmental animal welfare regulations for continued AAALAC [nte mational
acereditation. Supervises animal care personnel. Provides fiscal program management
including preparation of the annual budget and maintenance of the cost recovery pro-
gram. Leads the development of new animal facilities and renovation/ improvements
ofexisting animal facilitics. Develops funding proposals to private, state and federal
agencies to support upkeep, modemization and expansion of animal care facilines.

DESIRED QUALIFICATIONS: Demonstrated experience of: management prin-
ciples and techmgues including those dealing with personnel; budgetary practices
and procedures. Demonstrated experience in: grant funding; governmental regula-
tions and contemporary practices in animal care; developing modern animal care
facihities 1n animal research wsing a broad range of traditional animal models used
in biomedical research, and nontraditional specics. Ability 1o communicate and
implement policies and procedure within a diverse population. Effective written
and oral communication,

MINIMUM QUALIFICATIONS: Doctoral (Ph.D. or DVM) degree in a relevant

discipline and five years of expenence in animal research. including three years of

experience in an administrative/supervisory capacity of an academic or research
msttute ammal care program: OR, Any equivalent combmation of education and
or experience from which comparable knowledge, skills and abilitics have been
achieved

GENERAL INFORMATION: The Dircctor of the Animal Care and Technologies
program serves as a voting member of the University Institutional Animal Care
and Use Committee (IACUC) and works closely with the Chair for that commii-
tee, the University Veterinarian, and the animal use advisory committee regard-
ing animal procurement, use and husbandry, The Director works closely with the
university administration including department chairs, deans and center directors,
I'he Dircctor should be visionary and play a strong role in helping implement the
design imperatives of the New Amencan University model www,asu,edu/president
newamericanuniversity

TO APPLY: Submit (1) a cover letter, (2) a resume or curriculum vitae, (3) a state-
ment of professional vision, and (4) the names, addresses, phone numbers and email
addresses of 3 professional references. Please be sure that applications include all
requested information: Arizona State University, Office of the Vice President
for Research and Economic Affairs, Box 872703, Tempe, AZ 85287-2703. Close
date: September 15, 2007.

Avizema State University is an Affirmative Action
Equal Oppaortunine Emplover and Edicator.

online

4
)
e
]
2
g
g
@




online @sciencecareers.org

Science Careers

7y
-
=
[FE]
=
(1T}
O
=
=
o
=
=
<
Q
-
<
)
O
=
=
W}
[F¥]
=

SCIENTIFIC

ONFERENCES

12 - 14 SEPTEMBER 2007

This meeting brings together scientists from different disciplines

studying the evolution of brain and cognition in humans and
other animals.

Abstract and registration deadline 02 August 2007
To Register please visit www.wellcome.ac.uk/conferences

EVOLUTION OF BRAIN, BEHAVIOUR & INTELLIGENCE

Topics

Melecular evolution, Human brain molecular evolution,
Evolution of brain/CNS development, Evolution of cogni-
tion, Comparative cognition, Evolution of psychiatric dis-
orders

Tha Wellicome Trust Conference Centre is operated through two companies: Hinxlon Hall Limited, a charity registered in England (no. 1048066) and a company
registered in England (no. 3062160); and Wellcome Trust Trading Limited, a non-charitable company registerad in England [no, 3227027), controlled by tha Well-
comea Trust, The registened offices of both companies are at 215 Euston Road, London MW 1 2BE, LIK.

CONFERENCE
The Geological Soctety of London

Bicentennial Conference

Earth Science in I'nlri.-'-'\'r'r'-.'u'l'-'-'_."'-“‘;-'Ir'l'a."l'_|'

10-12 September 2007

Queen Elizabeth 11 Conference Centre.
Wesiminsier. London

Davs one and two of this international conlerence will run
in four parallel sessions: Earth and Planetary [nteriors:
Environment: Resources: The Earth Svetem.

| |;|_I. 1|!|l'|'r l.\|” |!||' |]|".1r|r|i 1o Illr'll.‘ll". RS 1L O ]-..;I.I'|h.h
Future, Distinguished speakers will present new resulis and
ideas relevant o our understanding of the planet and how
these alfect key environmental issues.

present and future, including: natral hazards, elimate

['EI.’II!I:_'_r' « BTy jll!lli WiIler Fresources.

See our website for further details, dralt programmes and
group booking rewards!

Join us at the conference and register online now!
Registration closes 2o August

www, geolsoc.orguk/bicentenaryeonference

Contact Alys Jahnson for further details on

alys. johnson®@geolsoc.org.uk or+ 44 (olzo7 432 aghh

280

bp

CONFERENCE

oBi@ 2007

26-28

Lille - France

Eqr

LILLE Grand Palais

i



XX INTERNATIONAL CONGRESS

OF GENETICS, BERLIN, 2008

BERLIN, GERMANY, JULY 12 - 17, 2008

GENETICS -
UNDERSTANDING
LIVING SYSTEMS

Registration NOW open

Abstract Submission Deadline
January 15, 2008

Deadline for Early Registration Fee
January 15, 2008

Early Exhibitor Deadline
January 18, 2008

International Genetics Federation (IGF)

Genetics reveals the structure, function
and evolution of living systems.

Genomics revolutionized genetic research, Now, complete annotated genome
sequences are availabla for the human, our closest relative, the chimpanzee, and
for many other model organisms. Multiple genomes have been compared and
scrutinized for past and ongoing processes of variation, adaptation and speciation,
Traces of the foregoing RNA warld show it to be far more influential than previously
suspected. Comprehensive maps of genome variation and polymorphism paint a
rich picture of our population and evolutionary history and illustrate new strategies
that will explain genetic, epigenetic and environmeantal contributions to disease risk.
Transcriptomes comprehensively documenting gene expression and proteomic
data sets are being built into functional networks and systems. Bioinformatics and
madeling of genomic data attempt to predict and explain the functional architecture
of genomes across the diversity of organisms.

The Congress in Berlin will present the latest genetic and genomic insights in ten
plenary lectures and 54 concurment symposia. 280 of the world's most prominent
genegticists will speak.

For more information on the scientific program and associated activities, please visit:
http://www.geneticsberlin2008.com

Scientific Topics:

(selection)
+ Ageing and longevity * Human evolution
+ Biodnersity * Human genetics and human disease

+ Clocks and riythms

» Computational genetics and systems biology
» Development of multicellular organisms

» Epigenetics and chromatin

» Evolutionary genomics, adaptation, speciation

» Metagenomics

s Neurogenetics

* BMA word

» Stem cels

» Synthetic biology

Congress President;
Rudi Balling (HZ) Braunschweg, Germary)

CGongress Secretary General:
Alfred Nordheim (Tuebingen University, Germany)

Co-Chairs Intemnational Program Committee: Plenary Lecturers:
Charles Langley (LC Davis, USA) (confirmed)
Rudi Balling (HZ| Braunschweyg, Germary] Richard Axel

Elizabeth Blackbum

Honorary Presidents: Rudolf Jaenisch

Rudolf Jaenisch Eric Lander

Christiane Nisslesin-Volhard Svante Piibo

Tomoko Otah Phillip Sharp
Y s

[T Iy st reir s with

i v QENELCS
CONGRESS OF GENETICS




PRIZES

Novartis 1s delighted to congratulate the winners of the

% M 3 [#] n__ » 1 i My [+ .
A F A TEs !‘-I.JTIF{'.-_.. N3 ExyAalililiat ol i el T .!-_,'["J =T A
2007 INOWVaINdS UnnnlinoyeeV FIriZES

The prizes are awarded for oustanding achicvements o the understanding of immunology and major immunological
discoveries thar lead to therapeuric applicanions in such fields as transplantation, haemaropoesis, cancer immunology,
immunity to infectious diseases, rheumatology, dermatology and asthma.

online @sciencecareers.org

Basic Immunology Prize
Dr. Frederick Wi Alt and Dr. Klaus Rajewsky, Harvard Medical School, Boston, USA and

Dr. Fritz Melchers, Biozentrum, Basel, Switzerland, tor their discovery of novel and fundamental
= mechanisms of B lvmphocyte physiology ar the generic, developmental and cell-recepror levels.

e

Clinical Immunoclogy Prize
Dr. John T. Schiller and Dr. R. Lowry, National Institutes of Health, Bethesda, Marvland, USA
and Dr, lan H. Frazer, University of Queensland, Australia, for their discoveries thar enabled

Science Careers

the development of the human papilloma virus vaccine.

The 2007 Novarts Immunology Prizes will be awarded at the

Xlllth International Congress of Immunology in Rio de Janeiro on
23 August 2007,

Reviews by the Novaros Prize Awardees will be published in the Ewropean Journal of mmmmology,

Jury: Andrew McMichael (Chair), Jean-Frangois Bach, Max D). Cooper,
Tasuku Honjo, Philippa Marrack, Randall Morris, Hidde Ploegh,

David H. Sachs, Jan de Vries. (' NOVARITIS

CONFERENCE

SCIENTIFIC CONFERENCES
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FUNCTIONAL GENOMICS & SYSTEMS BIOLOGY
10 - 14 OCTOBER 2007 Topics Include

Transcriptome and proteome analysis, RNAI and mutagene-
sis studies, Single cell level analysis, Gene regulation net-
works and pathway analysis, New high throughput
technologies and their applications, Computational data
Abstract and registration deadline 10 August 2007 analysis, interpretation and resourses, Cell and molecular
To Register please visit www.wellcome.ac.uk/conferences level simulations, Functional genomics of disease.

A new Wellcome Trust/Cold Spring Harbor Laboratory Conference
to be held at the Wellcome Trust Conference Centre on the Wellcome
Trust Genome Campus, Hinxton, Cambridge, UK

The Welicoma Trust Conferance Cantra is operated lhru)grh two companies: Hinxton Hall Limited, a charity registered in England (no. 1048066) and a company
regislerad in England (no. 3062160 and Wellcome Trust Trading Limited, a non-charitable company registened in England (no. 3227027), contmlled by the Well-
come Trust. The registerad officas of both companies are al 215 Euston Road, London NW1 2BE, LK.




Enjoying the dog days of summer on Cold Spring Harbor

Cold Spring Harbor Laboratory
2007 Late Summer and Fall Meetings

Yeast Cell Biology
August 15 - 19
Kerry Bloom, Peter Pryciak, Lois Weisman

Eukaryotic mRNA Processing
August 22 - 26
Douglas Black, Timothy Nilsen, Joan Steitz

Mechanisms of Eukaryotic Transcription
August 29 - September 2

Barbara Graves, Steven Hahn, Jerry Workman
Eukaryotic DNA Replication

September 5 - 9

Stephen Bell, Joachim Li

Microbial Pathogenesis

and Host Response
september 15 - 19
Brendan Cormack, Theresa Koehler, James Slauch

Cell Death

September 26 - 30
J. Marie Hardwick, Jurg Tschopp, Junying Yuan

CSHL Meetings & Courses Program,

Cold Spring Harbor,

Neurobiology of Drosophila

October 3 - 7
Alex Kolodkin, Amita Sehgal

Clinical Cardiovascular Genomics
October 10 - 14
David Ginsburg, Elizabeth Mabel, Edward Rubin

Genome Informatics

Movember 1 - 5 abstracts due: August 1

Michele Clamp, Tim Hubbard, Jason Swedlow

In Vivo Barriers to Gene Delivery
Movember 15 - 18 abstracts due: August 31

Mori Kasahara, Stephen Russell, Jim Wilson
Molecular & Immunological Approaches

to Vaccine Design
Movember 29 - December 2 abstracts due: Sept. 14
Peter Beverley, Kathrin Jansen, Susan Swain

Rat Genomics & Models

December & - 9 abstracts due: October 5
Timothy Aitman, Norbert Hubner, Anne Kwitek, James Shull

New York  http://meetings.cshi.edu
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POSITIONS OPEN

ASSISTANT AASSOCIATE /FULL PROFESSOR
{ Inhalation Toxicology and
Cardiology / Tenure-Track)

Comparative Biomedical Sciences

Biomedical Deparmment with a well-equipped in-
halation rescarch facility secks a FACULTY persan
in inhalation toxicology and cardiology. Required gual-
ifications: I'h.D, or equivalent degree in biological /
biomedical sciences or related ficld; postdoctoral ex-
perience; rescarch background in inhalation toxicology
and cardiology; sigmificant extramural lunding; abality to
teach in professional and graduate program. Respon-
sibilitics: maintains an extramurally funded research
program; contributes to the graduare and profession-
al program; expands collaborative usage of inhalation
research facility. Salary and rank will be commensu-
rate with qualifications. An offer of cmplovment is
contisggent on o sarisfactory  pre-cmiplovmene back-

grrewnd cheek, Apphcanion deadline 15 August 24,

2007, or unnl candidate 15 selected.
Submit ketter of applicanion and resume (including
c-mail address) to:
Dir. Arthur Penn
Department of Comparative Biomedical Sciences
School of Veterinary Medicine
Louisiana State University
Reference: #027599
Baton Rouge, LA 70803
Telephone: 225-578-9889
E-mail: apenn@vetmed. lsu.edun
LSUT s am .ﬂ:'njlr\.ill r:u'lfh"rrjrrllr]'-".f_'-ljlldll Arreis Iimjnfu;'n’.

LABOBRATORY MANAGER (Job Number 38464)
Lascr Ablation-Inductively Coupled Plasma Mass
Spectrometry Arizona LaserChron Center

The University of Artzona sccks a highly moti-
vated scientist to serve a5 Manager of the Anzona
LaserChron Center, which is a multi-user facility
that focuses on U-Th-Pb geochronology by laser
ablaton-multicollector inductively coupled  plasma
mass spectrometry ([CPMS ). Responsibilinies would
include: (1) directing installation of a new muld-
collector TCPMS and Examer laser, (2) developing
new analyvtical technigues and applications using an
custing multcollector ICPMS (GV Isoprobe ) and
Examer laser (DUVI93), (3) performing minor
maintenance and oversecing major repairs of these
instruments, (4) supervising visits of research scien-
tists, and {5) conducting independent rescarch, The
position is full-time and permanent. Applicants
should have a M.S, or Ph.I). in carth saence or
chemistry, and have demonstrated experience with
1CPMS instrumentation. Applications will be reviewed
beginning 15 August 2007, and will continue undl the
position 15 filled. Applications should be submited art
website: hitps:/Swwwonacareertrack.com for job
number 38464, For additional information, please visit
the Anszona LaserChron Center website: http://
www.geo.arizona.edo fale and contact George
Gehrels (e-mail: ggehrels@e-mail.arizona.edu) or
Joaquin Ruiz (e-mail: jruiz@e-mail arizona.edu ).
The I 'ml'rml]' L.1.I' Ao e air f:'..JrJ.rJ' f*lr\’.ﬂll.lrjl‘:.'. .'|._|ﬁmr..rm'r
Action Chypanization,

FACULTY
Geological, Environmental, and Marine Sciences

Rider University’s Geological, Environmental, and
Marine Sacnces Depantment invites applications for a
renure-track faculty position ar the rank of ASSIST-
ANT or ASSOCIATE PROFESSOR, commensu-
rate with experience and research credentials, beginning
in Seprember 2008, Preferred arcas of specialization
could incude, but are not limited 1o, atmospheric/
chmatologic scenees, fluvial Macustrine processes, or
MANNC/ CShuarine cnvinsnments.

For more information on this positon and for
application instructions, please visit our website:
http:/ Aoww rider.edu hr, cployment opportu-
nitics, position #208102, Affinneive Addon/ Bl
Clpportunity Employper,

552

POSITIONS OPEN

University of
Massachuserts
UMASS Medical School

POSTDOCTORAL POSITION
Small Animal Imaging and Biomarker Development

The University of Massachusetts Medical School
has an immediate opening for a Postdoctoral Scientist
with mecrest and aptitude in small animal imaging to
assume daily responsibility for a microPET /SPECT /S
CT and an uptu:al camera. As a member of the Lab-
oratory for Blomarker Development, the successful

candidate will join a multidisciplinary team emphasiz-

ing bench and bedside research in malecular i Imaging
of cancer, infections, and other diseases and will be
encouraged to conducr independent rescarch. Pref-
crence will be given to those holding a Doctorate in
disciplines vseful in the development of biomarkers
stch as radiopharmaceutical and fluorescent chemis-
try. The Laboratory is well funded through multivear
NIH grants, Salares will be consistent with NIH
guidehnes.

Mease respond with resume, names, and addresses
of three references and a short statement of career
goals to: D, J. Hnatowich, Ph.D., Professor,
Nuclear Medicine, Department of Radiology,
University of Massachusetts Medical School,
Waorcester, MA 01655, E-muail: donald.hnatowich@
umassmied.edu.

MICROBIOLOGY FACULTY POSITIONS

The Department of Immunology,/Microbiology
at Rush University Moedical Center sceks two out-
standing investigators for tenure-track positions at
the ASSISTANT or ASSOCIATE PROFESSOR
levels. The successtul appheants wall be expected o
develop strong independent research programs in
microbial or viral pathogenesis and to participate in
both medical and graduare smdent teaching, The
Department currently has sorong rescarch programs
in the arcas of innate immunity and maolecular vi-
rology and pathogenesis. Applicants must have a
Fh.Id., DuSe,, or MLD. degree wath postdoctoral ex-
penience and a quality pubbication record, Compet-
itive salary and startup funds are available. Applicants
at the Assodate Professor level should have a record
of substantial productivity and sustained cxtra-
mural funding. Please submit curriculum vitae, a
mwo-page summary of rescarch interests, and the
mames of three references elecironically to: Sonia
Raipoza, Immunology,/Microbiology Search Com-
mittee, Rush University Medical Center, 1735
Wiest Harrison Street, Chicago, IL 60612, E-mail:
sonia_raigoea@rushoedu, Rl Univositg Mediaol Cen-
ter is an Equal Opportiity /A finnative Action Employer.

POSTDOCTORAL
RESEARCH FELLOWSHIIS

Emory Chemical Biology Discovery Center

We are looking for bright, independent, encrgetic
Postdoaoral sacntises ar all levels to join our team of
biomedical investigators, synthene chenmses, and
cheminformaticists, who work together to create
novel small organic molecules that targer discase-
related proteins and processes. Successtul candidates
will learn how to form bridges berween basic research
and carly stage therapeutic development, Background
in biochemistry, pharmacology, cell physiology, or
cellular imaging, an advanced degree, excellent
writing, and communicarion skills, and a track record
of publications are essential. Send a letter of intent,
currculum vitae, PDFs of no more than three papers,
and names and contact imformarion of three refer-
ences o Haian Fu or Bay Dingledine ar e-muail:
discoveryi@pharm. n'n.uq .edu at the Department of
Pha.mnrulnn ¢ University School of Medi-
cine, 1510 Clifton Road, Adanta, GA 30322,
Affmngne Adion/ g Opportursty Bnployer,

POSITIONS OPEN

TENURE-TRACK FACULTY POSITION
Department of Pediatrics/Center for Molecular
Medicine and Genetics
Wayne State University School of Medidne

A renure-track position for an ourstanding
PHYSICIAN-SCIENTIST (M.DI2. or M.D.-Ph.DD.
degrees) at the ASSISTANT, ASSOCIATE, or
FULL PROFESSOR level is available as a joimt
appomtment between the Department of Pediat-
rics and the Center for Molecular Medicine and
Genetios  (website: http:/ /www . genetics. wayne.
edu). The appointce would be housed in the
Laboratories of the Center, which recently under-
went a 520 million renovarion of its Laboratory and
core research facilities. The candidare would join an
active faculty conducting basic and  wranslational
rescarch. An arrractive startup package is available.
The Department of Pediatrics is housed in the 235-
bed Children's Hospital of Michigan {(website:
htep:/ Schmkids.org) and includes 170 faculty,
100 resadents, and 50 fellows, There are also ag-
nificant clinical rescarch opportunitics  through the
Children's Rescarch Center of Michigan  (website:
hitp: //www.med. wayne.edu feremy), which cur-
rently manages 56.7 million in NIH funding. We are
recruiting a candidare who has areas of ongoing
rescarch in transladional generics or genonucs, in-
cluding inbom emors of metabolism, mitechondrial
disorders, or trearment of genetie disorders. The
Drivision of Genetic and Metabaolic Disorders within
the Department of Pediatrics is responsble for the
management of all paticnts diagnosed with an in-
born error of metabolism i the state of Michigan,
offering an opportunity to develop novel treatment
or rescarch protocols for these patents, There are
extensive oppomunitics for collaboration and excel-
lent opportunities to develop rranslational research
with industry, government, and other academic in-
stitutions., ‘ﬂr:l.\m: State University is Michigan®s only
rescarch unnlmh located in an urban sctting. -"LFI
plications will be reviewed upon recepr and review
continued until the position has been filled.

Applications should mclude a letter of applicanion,
curniculum virae, and the names and addresses of at
least three references and be sent to: Ms, Mary Anne
Housey, Center for Molecular Medicine and Ge-
netics, Wayne State University School of Medicine,
Room 3127 Scotrt Hall, 540 E. Canfield Avenue,
Dretroit, MI 48201 or by e-mail: mhousey @genetics,
wayne.edu.

HSLS, am Eapal Oypponsnity/ Affimsstive Action Enyployer.

CALL for POSTDOCTORAL FELLOWSHIP
APPLICATIONS
Cornelia de Lange Syndrome Foundation, UL 5.A.

The Comelia de Lange Syndrome (CALS) Foun-
dation announces a Postdoctoral Fellowship to sup-
port basic ar clinical rescarch on CALS to start July
1, 2008, CdLS is caused by genetic changes affecting
the NIPBL, Smcl or Smcd proteins involved in sis-
ter chromatid cohesion, gene expression, and DNA
repair. The Fellowship provides 560,000 //vear for
vwo vears 1o cover salary/benefits for a rescarcher
who has a Ph.D. or M.D. but does not hold a wenre-
track faculty pesiton. Applications on topics ranging
from molecular functions of the sister chromatid co-
hesion apparatus in model organisms to therapeutic
treatments for CALS wall be comsidered. The Fellow will
present his/her work at the CdlS Foundation®s na-
tional mectings.

For details and requirements, go to website:
htep:/ Swww.cdlsusa.org Sresearch findex.shoml,
Applicarions are due November 15, 2007,

POSTDOCTORAL POSITION ar the Univer-
sity of Montana, MOLECULAR BIOCHEMIST
to study transaription-induced  hypermutation in
human cell lines. Expertise in genetic engineering,
and cell culture techniques required. Position avail-
able this Angust. Send curnculum vitae to e-mail;
h:rmra_.“ﬁght@mm_mticﬂm .'!_l!i'l:ml.larr Aerann/ Egual
Chpprortrisity Engplayer
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POSITIONS OPEN

RESEARCH MOLECULAR BIOLOGIST
United States Depariment of Agriculiure (USDA)
Agricultural Research Service (ARS)

The Eastern Regional Rescarch Cenrer (ERRC),
Agricultural Rescarch Service (ARS) has a challeng-
ing position available for a temporary POSTDOC-
TORAL full-time MOLECULAR BIOLOGIST.
The individual will serve as a scientist in the pres-
figious Microbil Food Safety Rescarch Unit, which
is located on an attractive 27-acre campus just out-
side of Philadelphia, in Wyndmoor, hluntbl:mu.n
County, Pennsvlvania. ]!11p|m|_u enjov a flexible
work schedule and have access to public transporta-
tion, Rescarch facilivies include sophisticared and
well-equipped hboratories, pilor plants, a compurer
unit, and ibrary. The sciennst will be responsible for
conducting rescarch aimed ar identifving molecular
markers for lag phase duration (LPDY), thus leading
to more mechanistic models and grearer certainty
predicting the LPD of foodborne pathogens directly
i foods. Candidates must have knowledge of
mobeccular biology, food sampling methodology,
statistical methods, and computer techniques, Pleare
see the following webgite conecrming citizensiip ve-
quirenrenrs. Website: hop:/ Swww.afm.ars.usda.
gov./ hrd fjobs Avisa/countrics.hom,  Salary  com-
mensurate wath expenence, GS5-11: 555839 o
572,579, For information on the position, contact
Dr. John B. Luchansky ar telephone: 215-233-
6620, e-mail: john.luchansky@ars.usda.gov or
Dir. Vijay K. Junga at telephone: 215-233-6500,
c-mail: vijay.juncii@ars.usda.gov. For more derailed
information on announcement number RA-07-
D461 visit website: hoope/ Swww.ars.usda. gov on
the interner. LSE3A & an Egual Opportunity Provider and
Lmplieyer,

COLUMBIA UNIVERSITY MEDICAL CENTER
Pathology

A posiion at the level of ASSOCIATE RE-
SEARCH SCIENTIST is available immediarely ro
investigate the cellular biology of infection of cells by
variella zoster virus (VY] and the role of serotonin
in the development and function of entene neurons,
The Laboratory maingains three NIH-funded rescarch
projects foousing on the enteric nervous system (ENS),
In addition to the studies in which enteric neourons
arc emploved o investigate VAV enery, latency, and

reactivation, the projects study the development of

the ENS and the molecular and cellular mechanisms
that underdie its control of gastrointestinal behavior.
A Docrorate background with molecular and cellular
biodogy technigques is required. Work wall include
cell and organ culture, gene transfer, in sitn hvbrid -
ieation, quantitative PCR analyses, immunocytochem-
istry and microscopie imaging, Evidence should be
presented of prior accomplishment and the ability to
supervise the work of others. Send curriculum vitae
to: Dr. M. Gashon, Columbia University Medical
Cenrer; 630 West 168th Swreer, MC #32; New
York, NY 10032,

Cobumbia Univerity tdes Afffonatie Aaion souand Equal
Lmployynent Chyportansity.

The University of Hawai’s (UH) John A, Bumns
School of Medicine is recruiting for two full-time,
TENURE-TRACK POSITIONS in pharmacolo-
gv and physiology. For a full description of the
pharmacology position, please visit the Work art
UH website: htep://workatuh. hawaii.edu/
zoom_job.php?7673. For inquirics on the phar-
macology position, please contact the Search Com-
mittee Chair, Dr. Vivek R. Nerurkar, telephone:
BOB-692-1665 or e-mail: pharma@hawaii.edu.
For a full description of the physiology postion
{#84851), please visit the Work ar UH website:
httpe/ Sworkatuh. hawail.edu zoom_job.phpi4649.
For inguires on the physiology position, please
contact Dr. Steve Ward, telephone: 808-956-5189
or e-mail: wward@hawaii.edu.
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POSITIONS OPEMN

ASSISTANT PROFESSOR/ASSISTANT
SCIENTIST or ASSOCIATE PROFESSOR/
ASSOCIATE SCIENTIST, Plant Scicnce, Wash-
ington State University, Institute of Biological
Chemistry. Applications are invited for a full-nme,
permanent, nine-month, tenure-track (25 perecent
Academic Programs, 75 percent Agricultural Re-
scarch Center) position to begin in 2008 ar the
Fullman, Washington campus. Applicants must have

a Ph.D. or equivalent, as well as ar least one yvear of

postdoctoral experience by start date.  Candidates
should demonstrate quality and quantity of rescarch
accomplished in a fundamental arca of modern plant
saence; cxpertise in wsang bochemical, biophysical,
ar structural biology approaches o investigate bio-
logical problems, a coherent research plan that in-
corporates these approaches, and excellent oral and
written communication skills. At Assodare level there
must be a record of mentoring skills; demonstraton
of ability to establish an independent research pro-
gram, and an emerging national and internatonal
reputation. The candidate wall also be expected o
participate in teaching graduate-level courses in an
area of modern plant biology. The Institute {website:
http:/ Soww. ibcowswedu /) provides a supportive
rescarch environment with more than 120 sacnists,
excellent equipment and facilities, and ready access
o spedalized echniques in biochemistry, cell biol-
ogy, proteomics, metabolomics, and genomics. For
more demils see website: http:/ Swww.hrswsuuedu,/
employment/FAMvacancies.asp (search #4758).
Candidates should submit curmculum vitae, a stare-
ment of rescarch interests, and a deseription ol future
rescarch plans as a PDF file to e-mail: millerhm@
watedn. In addinon, applicants should arrange for
three letters of reterence, preforably as PDF files, w be
sent ter D, Michael L. Kahn, Search {"mnuu::
Chair, Instiute of Biological Chemisory, Washing-
ton State University, P.0O. Box 646340, Pullman,
WA 991 64-6340 (telephone: 509-335-8383; c-mail:
millerhm@wsu.edu; fax: 509-335-7643). Roview
of applicanons will begin Seprember 15, 2007, Lipral
Employuent Oypporinrty/ Affonatie Action 2ADA.

FOSTDOCTORAL POSITIONS
Bacterial Pathogenesis

Two positions available immediarely, One s to in-
vestigate immune cell interacions with pathogenic
bacreria, with focus on intrcellular trafficking and
sensing by macrophages and dendritic cells. The
second is to investigate the mechanisms underlving
cellular interactions by bacterial toxins, with foous
o mechanisms underdving rosin binding, entry, and
intraccllular trafficking. Experience in molecular cell
biology or biochemistry required, and molecular pe-
netics or immunology desired. To submit an electronic
application {cumculum vitae, statement of rescarch
interests, and nmames of three references), pleasce
contact D, Steven Blanke, Department of Micro-
biology, University of Illinois, Urbana, Illinois ar
e-mail: sblanke@life. nine edu.

POSTDOCTORAL POSITIONS available im-
mediarely ar the University of Rochester to invest-
gare maolecular mechanisms in acute myveloid
leukemia and myvelodysplastic syndrome using the
mouse as 2 model svsrem. Our Laboratory focuses on
the zine lIJ'Ier um.upruh.ln EV11, and has developed
a number of generic models to investigate its funcoon,
Please send curriculum vitae and names of three
references to Archibald 8. Perkins, M.D., Ph.D.,
ar e-mail: archibald_perkins@ urme. rochester.edu.

HARVARD MEDICAL SCHOOL
FrOSTDOCTORAL FOSITIONS o study the

role of heat shock proteins in cancer and immu-
nology. Requirements: h.D. or M.D., expertise in
transcriptional regulation, immunology, or cancer
rescarch. Contact Dr. Stuart Calderwood, Beth
Isreal Deaconess Medical Center, Harvard Med-
ical School, telephone: 617-632-0628; c-mail:
calderwood. stuart@gmail.com,

POSITIONS OPEN

The BROOKDALE UNIVERSITY HOSPITAL
and MEDICAL CENTER
Diivision of Hematology /Oncology
Affiliate of the State University of New York
Health Sciences at Downstate
We are secking an ASSOCIATE RESEARCH
SCIENTIST to continue the ongoing rescarch of
myelofibrosis. Applicant must have a Ph.D. degree
and expertise m molecular biology, Competitive
salanes /benctits, Please forward resumes to e-mail:
jewangS@aol.com, or to: The Brookdale Univer-
sity Hospital and Medical Center, 1 Brookdale
Plaza, CHC 131, Brooklyn, NY 11212, Atin:
Jen C. Wang, M.IY., Dircctor of Research.

FOSTDOCTORAL FELLOW

Postdocroral position available ar the Chicagao
Medical School of Resalind Franklin University o
imvestigare cell and molecular biology of muscle fiber
tvpe development, particularly focusing on mecha-
nisms of caleinm release, signal mransduction, and gene
regulation. Experience in protein cxpression systems,
mutageness, proteomics, cell culture, immunopre-
cipitation, and caldum imaging &5 desired. Send cur-
nculum vitae to Joseph DiMario, Ph.D, at e-mail;
joseph.dimario@rosalindfranklinedu. il Enploy-

et € ai-“=|=-.r|'rr.lnrr-".-'i_llﬁn.l|.ar1|'u,' Atron,

POSTDOCTORAL POSITIONS at Texas
A&M University to cxploit yeast models of human
bone marrow failure and leukemia, and to discover
drugs to treatr same. High-quality publications in
veast cell biology and for genencs required. These
NIH-funded positions come with excellent benefits
and a salary thar is commensurate with experience.
To apply, please visit website: hutp:/ /greatjobs.
tamu.edu and click on November 27, 2007, or
November 27, 2005, Texas AEM University is an Equal
Chpparnimity Engployer.

POSTDOCTORAL POSITION 1o investigate
gene nerworks regulating myeloid  differenriarion
and levkemogenesis. Prior expericnce in quangative
real time polymerase chain reaction and microaray
analyses required. Expertise in flow evtomerry will be
helpful. Send curdculum vitae and names of three
references o D, Daniel Johnson, Hillman Can-
cer Center, Boom 2.18¢, University of Pittsburgh,
5117 Centre Avenue, Pittsburgh, PA 15213,
E-mail: johnsond@pitt.edu.

Venable L.LP.'s Washington, D.C. office secks a
TECHNICAL ADVISOR for the intellectual prop-
ety group. Four-vear Bachdor's degree required,
advanced science degree, PhuD). in Bife sacnces, strong-
by preferred. Send resume to: Marda Kropinsky, Re-
cruiting Manager, 2 Hopkins Place, Suite 1800,
Baltimore, MDD 21200 or e-mail: mtkrupinsky@
ﬂcnnblc,m. ILIrJ.n’ IJ”klrrrlmJ]' I:'mjlrfu]-rr-.'I.fumn!rr.--
Femtes ! Persours with Diisabalieses £ Vetermng.

MARKETPLACE

C}Itgc: Synthesis Reagents
L Specialty CPG Supports
v Llnkers Spacers, & Modifiers
& Bulk Reagent Pricing Available

BIOSEARCH +1.800.GENOME.1
sl telell s www.btisynthesis.com

LS Pt #5436, 149  e-mail: obpeps@msn com
Col: Ab Pephides |=800+383+3343
Fox; 314958+8988  www.abpeps.com
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NEw PRODUCTS, SERVICES, AND SOLUTIONS

microRNA
Microarray Service

LEADING PROVIDER OF HBV AND HCV
REAGENTS FOR RESEARCH
. AND DIAGNOSTIC APPLICATIONS

VIROGEN

IMMUNOHISTOCHEMICAL DETECTION OF GLUTATHIONE

Whole blood cells stained with
anti-Glutathione monoclonal
antibody, 101-A

DETECT CYSTEINYLATION OF PROTEINS WITH
102-A MONDCLONAL ANTIEODY!

Red Blood Cells stained with anti-Cysizine Fed Blood Cells stained with anti-Cysteine
monoclonal antibody, 102-A. monocional antibody, 102-A plus DTT,

200 Dexter Avenue, Watertown MA 02472 USA
tel: (617) 926-9167 | fax: (617) 926-9157
order online for fast delivery: www.virogen.com

Heart staining with anti-Glutathione
monoclonal antibody, 101-A.

Comprehensive Service
From your sample to fully analyzed microarray data.

The Most Current Sequenc
All species, Sanger miRBase Ve sion 9

pParaflo™ Microfluidic Chip
Probes optimized, highly reproducibie
it
Customizable Sequence C
Test your microRNA predictio

Anyone can freeze mouse sperm.
We can actually recover it.

JAX® Sperm Cryopreservation
Dramatically Improved Fertilization Rates

@ Traditional Method
B |Ax" Method

Percent of cocytes lertilized
(2-cell embryos)
£

C57BL/6| BALB/c] FVB/N)
Strain

Are you looking for a better way to manage and protect your mouse
codonies? Our scientists have developed innovative methods which
make the cryopreservation and recovery of mouse sperm

a practical, reliable and cost-effective colony i '
To learn more:

man '.!gl.‘ﬂ'l!.'[ll LLat] I[.
1-800-422-MICE, 1-207-288-3845 or jaxservicesi@jax.org

|AX® Sperm Cryopreservalion & Recovery Services

e, jasorg/ jassendoes lackso

Science Alerts in Your Inbox

Get daily and weekly E-alerts on the latest news and

research! Sign up for our e-akert services and you can know
when the latest issue of Science or Science Express has been
posted, peruse the latest table of contents for Science or Science’s
Signal Transduction Knowledge Emvironment, and read summa-
ries of the journal’s research, news content, or Editors’ Choice
column, all from your e-mail inbox. To start recelving e-mail
updates, go to: hitp/ 'www.sciencemag.org/ema
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Amplify Difficult Targets
Every Time
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GoTaq® Green Master Mix (G) outperforms

standard Tag DNA Polymerase (competitors
N, T and A) under standard conditions.

Whether you are performing standard PCR,
RT-PCR, or quantitative PCR get reproducible
results, high yield and great sensitivity.
Promega GoTaq® DNA Polymerase is one of

a comprehensive line of superior amplification
products. Experience the robust performance
of GoTaqwith your toughest targets.

Qualify for a FREE SAMPLE of GoTaq. .
Visit www.promega.com/amplification ¢
".
/ P
RN
‘I

2007 Promega Comeontion, 16428-A0-G4
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Powerful, Multi-modal Imaging

Now so easy
everyone is
lining up to do it!

Novel

KODAK X-SIGHT
Imaging Agents &
Antibody Conjugates

NOW AVAILABLE

Kodak Molecular Imaging System

The KODAK In-Vivo Imaging System FX Pro combines high-sensitivity
Optical Molecular Imaging and high resolution digital X-ray to deliver
precise anatomical localization of molecular and cellular biomarkers.

Mew full precision automation makes complex multi-modal imaging

Ventral position imaging shows protoc :'||=, easy and i epea table.

two optical signals generating

metastatic lesions located in the Automated excitation and emission filters for
cranial region af the mouse ai &
: outstanding fluorescent imaging sensitivity
and flexibility from 390nm to 830nm

10x optical zoom and auto-focus lens for

precise and repeatable results

Automated imaging chamber enables remote

switching between optical, X-ray or radicisotopic

imaging without moving the subject

Subsequent lateral position

imaging clearly separates the

two lesions to specific jaw and Whether you're performing multi-wavelength fluorescence,
skull locations. luminescence, X-ray, radioisotopic or a combination of these imaging
modalities, the In-Vivo FX Pro fully automates the process for an entirely

new level of sensitivity, throughput, repeatability, and ease-of-use.

1-877-747-4357 exp. code 7
www.carestreamhealth.com/go/invivo4
www.carestreamhealth.com/go/X-Sight

Casestream Healih and X-5iphe ae rademarks of Carestream Healif, Inc
Kodak tademaik and brace deess e uted endey literd e from Eodak

Fricked o U5 A 6000 Careshieam Mealth, Inc, SO
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