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Amplification

One just nght for you.

Find the cycler that best reflects yvour needs among the full line of Bio-Rad ampiification products.

Bio-Rad is committed to providing you with the best tools for
your PCR needs. This dedication is proven by our history of
innovation, quality, and regard for researchers’ needs.

» Flexible, space-saving dual blocks and multi-bay instruments

» The only modular real-time cycler upgrade with a thermal
gradient; choose from 1 to 5 colors

» Innovative enzymes that work where others fail
* PCR tubes, plates, and sealers for any application Bio-Rad offers the most complete line of

thermal cyclers here.
= Dedicated technical support by experienced scientists e g

For more information, visit us on the Web at www.bio-rad.com/amplification/
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qRT-PCR Kits with SYBR® Green

ipt

One Step SYBR® PrimeScript™ RT-PCR Kit (Perfect Real Time)
provides simple, accurate and quick performance for real time
PCR. It contains PrimeScript™ RTase for efficient cDNA synthesis
of any RNA template, having excellent elongation through higher-order
structures. A two step reaction can be performed using PrimeScript™
RT reagent kit with SYBR® Premix Ex Tag™ (Perfect Real Time).

Features:
» High Sensitivity: Target quantification from Picogram of total RNA.

« Accurate Quantification: Over 5-6 orders of magnitude using
total RNA as a template.

An Excellent Linear
Standard Curve using
the One Step SYBR®
PrimeScript™ RT-
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« Simple and Quick Reaction Assembly: Premix formulations
save time and minimize possibility of contamination.

» Versalile: Use on any real time PCR instrument. Supplied with
ROX reference dyes.

* High specificity: Optimized buffer and Ex Tag™ HS minimize
non-specific amplification and primer-dimer formation.
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One step or Two Step RT-PCR kits for TagMan®

The One Step SYBR® PrimeScript™ RT-PCR Kit (Perfect Real Time) was used Probe Detection are also available.
to detect rat Rplp2 transcript from 6.4 pg to 100 ng total RNA. An excellant
amplification curve and a single peak on the melting curve show superior
efficiency, specific amplification and accurate quantification. PrimeScript™ and Ex Tag™ are trademarks of Takara Bio nc. TagMan® is a registered trademark of Roche

Maolecular Sysems, Purchase of this product includes an Immunity from sult under patents specified in the
produsct insart o use only the amount purchased for the purchaser's own Intemnal research. No other
patent rights (such a5 5° Muclease Process patent rights) are conveyed expressly, by implication, or by
estoppel. Further infoemation on purchasing licerses may be ob&ined by contacting the Director of
Ligensing, Applied Biosystems. 850 Lincoln Centre Dvive, Foster City, Califomia 94404, USA
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The most wonderful
discovery made by
scientists Is science itself.

Jacob Bronowski

Mathematician (1908-1974)

Shimadzu transcends modern assumptions and limits to shine a beam of light on yet undiscovered scientific truths. 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
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Science

SCIENCE EXPRESS

Wil sCiencexpress. org

APPLIED PHYSICS

Radiationless Electromagnetic Interference: Evanescent-Field Lenses
and Perfect Focusing

R. Merlin

A new method is proposed for subwavelength imaging in which interference
produced from planar subwavelength structures in a plate focuses light on the

plate's surface.
10.1126/science. 1143884

ASTRONOMY

Detection of Circumstellar Material in a Normal Type la Supernova

F. Patat el al.

Detection of gas around a Type la supermnova, a slandard distance reference, implies
that the progemtor white dwarl exploded after canmibalizing a red giant companion

star.
10.1126/science. 1143005

NEUROSCIENCE
Spatial Regulation of an E3 Ubiquitin Ligase Directs Selective Synapse
Elimination

M. Ding, D. Chao, G. Wang, K. Shen

In develaping worms, the pruning of excess synapses requires protegsome-mediated

protein degradation and 15 selectively prevented by a neural adhesion molecule,
10.1126/5cience. 1145727

TECHNICAL COMMENT ABSTRACTS

NEUROSCIEMNCE

Comment on "Maternal Oxytocin Triggers a
Transient Inhibitory Switch in GABA Signaling in
the Fetal Brain During Delivery”

L. Carbillon

197

Response to Comment on “Maternal Oxytocin Triggers

a Transient Inhibitory Switch in GABA Signaling in the Fetal
Brain During Delivery”
R. Tyzio et al.

BREVIA

EVOLUTION

Extraordinary Flux in Sex Ratio
5. Charlat et al.

The sex ratio in a butterfly population shifted very rapidly from close

to zero males to a 1-to-1 male-female ratio in only a few generations.

214

www.sciencemag.org SCIENCE VOL 317
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NEURQSCIENCE

Prefrontal Regions Orchestrate Suppression of
Emotional Memories via a Two-Phase Process
B. E. Depue, T. Curran, M. T. Banich

During normal suppression of emotional memories, the prefrontal

215

cortex inhibits memory-related brain regions, a process that may
go awry in certain psychiatric conditions.

REPORTS

APPLIED PHYSICS

Scattering and Interference in Epitaxial Graphene
G. M. Rutter et al.

Scanning tunneling spectroscopy shows that electronically active
defects in graphene sheets scatter electrons, leading to constructive
interference.

219

MATERIALS SCIENCE

Efficient Tandem Polymer Solar Cells Fabricated by
All-Solution Processing

J. Y. Kim et al.

A tandem solar cell, in which two cells are connected by a
transparent conductor in order to use maore of the solar spactrum,
can be synthesized entirely from solution,

CHEMISTRY

Cleaving Mercury-Alkyl Bonds: A Functional Model
for Mercury Detoxification by Mer8

J. G. Melnick and G. Parkin

A ligand with three coordinating sullur groups mimics a bacterial
engyme and cleaves toxic meroury compounds, five

222

225

GEOCHEMISTRY

Magmatic Gas Composition Reveals the Source Depth 227
of Slug-Driven Strombolian Explosive Activity

M. Burton, P Allard, F. Muré, A. La Spina

Magmatic gas compositions show that a type of volcanic explosion

is driven by gas rising up from several kilometers, deeper than
sugqgested by the accompanying earthquakes.
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REPORTS CONTINUED...

GEOCHEMISTRY

Remnants of the Early Solar System Water Enriched 231
in Heavy Oxygen Isotopes

N. Sakamoto el al.

Material extremely enriched in the heavy isotopes of oxygen is
abundant in the matrix of a primitive meteorite, identifying a
distinct water reservoir in the early solar system.

== Perspective p. 211

CLIMATE CHANGE

How Much More Rain Will Global Warming Bring? 233
F. J. Wentz, L. Ricciardulli, K. Hilburmn, C, Mears

Humidity and precipitation unexpectedly increased at the

same rate in response 1o global warming during the past

20 years, yielding more rainfall than predicted by models.

ECOLOGY

Food Web=Specific Biomagnification of Persistent 236
Organic Pollutants

B. C_ Kelly et al.

Some hazardous organic compounds that do not accumulate

in fish or aquatic food webs do accumulate through food webs

of air-breathing mammals.

== Mews story p. 182

STRUCTURAL BIOLOGY

Mechanism of Two Classes of Cancer Mutations in 239
the Phosphoinositide 3-Kinase Catalytic Subunit

N. Miled et al.

Structural and functional studies suggest that mutations in two
noncatalytic domains of an important kinase can cause cancer

by releasing an inhibitor,

== Perspecinve p, 208

MOLECULAR BIOLOGY

Postreplicative Formation of Cohesion Is Required 242
for Repair and Induced by a Single DNA Break

L. Sirdm et al,

DNA Double-Strand Breaks Trigger Genome-Wide 245
Sister-Chromatid Cohesion Through Ecol (Ctf7)

E. Unal, . M. Heidinger-Pauti, D. Koshland

The close association of two sister chromatids can occur as a result

of DNA damage and does not require simultaneous DNA replication,
a5 previously thought,

== Perspective p, 209

CONTENTS I

DEVELOPMEMNT

Developmentally Regulated Activation of a SINEB2 248
Repeat as a Domain Boundary in Organogenesis

V. W Lunyak et al.

A repetitive DNA segment in the growth hormone gene is transcribed
during pituitary development and establishes chromatin structure for
activation of gene transcription.

DEVELOPMENT

Combinatorial ShehA Docking Interactions Support 251
Diversity in Tissue Morphogenesis

W. R. Hardy el al.

Distinct subsets of the available interaction domains of a scaffolding
protein are recruited in muscle and heart to sup port tissue-specific
developmental programs.

IMMUNOLOGY

Reciprocal T 17 and Regulatory T Cell Differentiation 256
Mediated by Retinoic Acid

D. Mucida et al.

The decision to promate distinct immune cells, which either prevent
or promote inflammation, is regulated by the vitamin A metabolite
retinoic acid.

& 245

@ 209, 242,

AVAAAS

ADVAMCING SCIEMCE, SEAYIMNG SOCIETY

SCIENCE (155N 093 4-BOTS) i publivhed werkly an Fridey, except the Lavt week in Decembar, by the American Aviodation
Ta+ the R ancemend of Schence, 1200 Mew York Awenue, NW, Wnhington, DC Je005. Periodicsh Mo povage (publicstion o
AR A4L00 paid 31 Washingion, DL and sdditionsl msling o®ioes. Copyright © 2007 by the Ame rican Assedation for the Adwancement
of Scierace. The Hike YO0 NCE b regh d trademnark of 1he AS. 0 dividual tsershig and sutncripgion (51 bk §142
1574 alacabed 1o subscripton), Domestic insdiutonal subsaripton (51 msued; §710; Faregn postage extra Mexioo, Caribbean (wrisoe
mailh §%5; other coontries Gair aashd delivery) 385, Fust dass, sirmall, shodent, and emevit rabes on reguest. Canadian rae with GST
available spon reguest G5T §1254 BA122. Publiciens Mall Agreement Mumber 1085624, Prinfed in the US.A

Chasgs of Bdd reinz Mlow 4 vk, giving old e mew sddresus and B-25git aooount nombse. Portmunten: Soed change of s diew i RARS, 0. Ban WE1TE, Waeking lon, [ 20090-4170. Single-topy 1ales:
31600 current e, 515,00 back haue pregad ncleded wrface povtage: bulll bty on mquest. Authorisation to photecopy material lor iterna o perionsl wie under chrumtanon nol Liling within the
Aair use provinions of the Copyright Act i granted by AMAS o thearies and other wiers registened with the Copyright Clearane Cenler {001 Transational Reporting Sersce., provided that 51000 per artide s
i dhirecty o COC 222 Resemond (Drive, Dmneery, MA 01523, The ide ntfication code o Soience b 0036-80T 5 Sownce s indened in the Reoder’s Guide {0 Prriodosl Literahure and in several specialied indenes.

www.sciencemag.org SCIENCE VOL 317 13 JULY 2007

CONTENTS continued >

161



How do
Postdocs
Spell

Success?

Here’s your link to career advancement

AAAS is at the forefront of advanding early-career researchers
—offering job search, grants and fellowships, skill-building
workshops, and strategic advice through ScienceCareers.org
and our Center for Careers in Science & Technology,

NPA, the National Postdoctoral Association, is providing a
national voice and seeking positive change for postdocs—
partnering with AAAS in career fairs, seminars, and other
events. In fact, AAAS was instrumental in helping the NPA
get started and develop into a growing organization and
avitallink to postdoc success.,

Ifyou're a postdoc or grad student, go to the AAAS-NPA link
to find out how to spell career success.

AAAS.org/NPA
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Hot Jupiters Wet Too
Water confirmed in atmospheres of giant extrasolar planets,

Digging for DNA That Drives Colon Cancer
Three independent teams hil on same genelic varant,

Earth First for Astrobiologists
Panel recommends the study of strange beings on Earth
before searching in space.

Combining painting and biology.

SCIENCE CAREERS

www.sCiencecareers.or g

U5: Be Careful What You Wish For

B. Benderly

Will the planned doubling of physical scence research funding
leave some scientists worse off than before?

US: Opportunities—Consulting on the Side
P Fiske

?J L( L
H ] There are lots of reasons for postdocs and graduate students

i ‘R""“"—‘...__ | to seek out consulting work,
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EUROPE: Illustrating Nature
E. Pain

Diana Marques combines her passions for painting and biology

Does erythropoietin stimulate cancer cells?

— in scientific illustration work,

SCIENCE'SSTK UK: From the Archives—The Scientific Conference Guide
www.stke.org SIGN IN KNOWLEDGE ENVIRONMEN {Or, How to Make the Most of Your Free Holiday)
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S genelic insights into autism,
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The Beeuty of Science is to Muake Things Simpfe

Plasmid DNA Purification Directly From Culture

The Pellet-Free procedure of the Zyppy ™
Plasmid Miniprep Kit bypasses conventional
cell-pelleting and resuspension steps.

+ Fastest (~8 minutes for 1-5 preps.), simplest
procedure for purifying the highest quality plasmid
DNA.

* Innovative colored buffers® permit error-free visual
identification of complete bacterial cell lysis and
neutralization.

Free samples and 50% discounts are available**

“Technologies are patent pending. **For a imited time for L5, customers only.

Add Lysis Buffer Directly
to Bacterial Culture
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Bind & Wash

M Zymo Research Supplier Q

EcoR | digestion of a 3 kb plasmid DNA isclated from a 600 pl
E. coli culture using the Zyppy ™ Plasmid Miniprep Kit or a kit
from Supplier Q. The amount of DNA loaded was standardized
based on culture volume input. Performed in triplicate. M, ZR
1 kb DMA Marker.
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Graphene Transport
Up Close

Defects may play a critical role in the transport
properties of graphene (single sheets of
graphile supported on a substrate), especially
in possible applications in electronic devices.
Rutter et al. (p. 219) used scanning tunneling
speclroscopy to probe the local electronic prop-
erties of graphene bilayers grown epitaxially on
a silicon carbide substrate. They show that the
transport properties are critically influenced by
the microscopic properties of the sample, par
ticularly electronically active defects in
graphene that can scatter the electrons and
cause interference and localization,

Cleaving Alkyl Mercury

Bacteria have evolved a group of enzymes that
can deactivate highly toxic alkyl
mercury contaminants, but many of
the molecular details underlying
their mode of action remain unclear.
The organomercurial lyase MerB
specifically accomplishes scission of
Hg~C bonds. Melnick and Parkin
(p. 225; see the Perspective by
Omichinski) report that a ligand
bearing three coordinating sulfur
groups, analogous to active-site
cysteines in the enzyme, efficiently
induces reaction of a mercury
methyl, ethyl, or cyanomethyl center with a
thiol to liberate the alkane or nitrile. Characteri-

www.sciencemag.org  SCIENCE  VOL 317

Deep Gas, Destructive Eruptions

() [ LI

::EI;HIEI_I_'_'B\" STELLA HURTLEY AND PHIL SZUROMI

The explosive activity of Italian volcano Stromboli makes it a dangerous neigh-
bor for local populafions, tourists, and volcanologists. The explosions are
thought to be caused by gas slugs that risé faster than the surrounding magma
and generate seismic activity near the surface of the volcano. However, the
source of the gas is unclear. During quiescent and explosive periods, Burton et al.
{p. 227) have measured spectroscopic variations in the gas composition ema-
nating from Stromboli that'indicates the gas has a deep ongin. Using a gas-
solubility model, they show that gas slugs form 3 kilometers beneath the summit
craters, at the base of the volcanic pile and away from seismological processes

at the surface.

zation of the Hg methyl and ethyl complexes in
the solid state and in solution reveals that
although an overall two-coordinate geometry is
favored, the metal interacts rapidly with the
additional sulfur groups in the ligand, which
appear Lo promote reactivity lacking in other
molecular Hg compounds.

Oxygen Reservoir

Oxygen isotopic anomalies have been found lor
planets, asteroids, and comets, but their origin
remains an outstanding problem in cosmo-
chemistry. In the early solar system, two
isotopically distinct nebular reservoirs, one rich
in 0 and the other rich in Y0 and 80, appear
lo have been mixed together. However, measur-
ing their original ratios in secondary minerals
is difficult because agueous environments allow
isotope exchange between water and rocks.
Sakamoto et al.
(p. 231, published
online 14 June; see the
Perspective by Young)
have found a distinc
tive material in the
matrix of a primitive
carbonaceous chon-
drite meteorite (Acfer
094) that is highly
enriched in Y70 and
D relative to the
Earth. It formed by oxi-
dation of iron-nickel metal and sulfides by
water in the protoplanetary disk. This meteorite

13 JULY 2007

is the most extreme ¥0-depleted material that
is not demonstrably a presolar grain, and may
be sampling a Y-180-rich reservoir in the early
solar system.

More Rain Likely

Climate models and observations both suggest
that global precipitation and the amount of
water in the atmosphere will rise with
temperature, but models predict that rainfall
will increase only half as fast as humidity.
Wentz et al. (p. 233, published online 31 May;
see the cover) analyzed satellite data on precip-
itation and found that precipitation and total
atmospheric waler content have actually
increased at approximately the same rate dur
ing the past 20 years. The reason why models
predict a difference between the rise of atmaos-
pheric water content and rainfall is unclear,

but these results suggest that the potential for
global warming to cause drought may be less
than was feared.

Suppressing
Emotional Memaories

Can people suppress emotional memories and,
if 50, how do they do it? By examining aclivity
in brain regions that support memory process-
ing, Depue et al. (p. 215} provide evidence
that an active memory suppression mechanism
really exists. First, one portion of prefrontal
Continued on poge 167
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-~ “cDNA Synthesis for qPCR

Exceptional representation from less starting material every time.

Introducing qScript™, from Quanta BioSciences, the new
standard for reproducibility, specificity, speed, and sensitivity
in cDNA synthesis for gPCR. No other product delivers
better sample representation, faster, and easier, gScript™
is available in several formats:

* qScript™ cDNA Supermix: The first and only optimized
one-tube 15t strand cDNA synthesis for 2-step RT-PCR.

* qScript™ cDNA Synthesis Kit: Broad reproducibility
for 2-step RT-PCR.
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* qScript™ Flex cDNA Kit: Priming flexibility and
sensitivity for 1st strand cDNA synthesis.

* qScript™ One-Step qRT-PCR Kit: Maximum RT-PCR
efficiency, sensitivity, and specificity.

The founders of Quanta Biosdences have a legacy of leading the

development of pioneering reagents including SuperScript®

1-5tep RT-PCR kits, Platinum?®Tag, iSaript™, and iQ™ Supemmix.

qScript™is their latest industry-defining product.

To learmn more about qScript™ visit guantabio.com
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This Week in Science

Continwed from page 165

cortex suppresses regions involved in the sensory aspecis
of memory. Second, a different part of prefrontal cortex
suppresses brain regions that support memaory processes
as well as those brain areas that support emotional associ-
ations with memaory. The results may help lo explain the
lack of control exhibited in a variely of psychiatric disor-
ders, over emotional memories and thoughts, and extend
our understanding of brain mechanisms that control their
formation,

Chemical Consequences

Global regulators of commercial chemicals apply a scientific paradigm that relates the biomagnifi-
tation potential of the chemical in food webs to the chemical’s hydrophobicity. However, Kelly et al.
(p. 236; see the news story by Kaiser) show that current methods fail to recognize the food web
biomagnification potential of certain chemicals. Certain chemicals do not biomagnify in mast
aquatic food chains, bul biomagnify to a high degree in air-breathing animals, including humans,
because of low respiratory elimination. Thus, additional criteria for evaluating biomagnification
and toxicity in chemicals that biomagnily are required.

Crystallized Kinase Regulation

Many human cancers involve gain-of-function mutations in the phosphoinositide 3-kinase PI3 K.
The kinase is a heterodimer of a catalytic subunit (p110ce) and a regulatory subunit (p85a), with
both subunits comprising multiple domains. Miled et al. (p. 239; see the Perspective by Lee ef al.)
have determined the crystal structure of the adaptor-binding domain of p110« bound to the
inter-SHZ domain of p85a at 2.4 angstrom resolution, and have performed functional studies to
investigate the effect of oncogenic mutations in the helical
domain of p110c: on its interaction with the N-terminal
SH2 domain of p85a. The studies suggest how these two
classes of mutations cause the up-regulation of PI3K that
can lead to cancer.

Cohesin Does the Business

To ensure the sorting of a complete complement of chromosomes to both daughter cells in cell divi-
sion, sister chromatids are bound together by a ring-shaped molecular complex called cohesin. The
accurate repair of double-stranded lesions in DNA also relies on cohesion between homologous regions
of sister chromatids. Both these processes are often misregulated in cancer. Cohesion has been thought
to require ongoing DNA replication (see the Perspective by Watrin and Peters). Unal et al. (p. 245)
and Strém et al. (p. 242} now show in yeast that double-stranded breaks can induce cohesion in the
absence of replication, and that the deposition of cohesin is not limited to the region of the break but
extends across the entire genome, and thus may play a role in maintaining genome stability.

Growth Hormone and Development

During development, genes are often transcribed in a temporally and spatially requlated manner.
The murine growth hormone gene is differentially expressed in the developing pituitary gland.
Lunyak et al. (p. 248) now examine the region surrounding the growth hormone gene and show
that a repeated DNA sequence (short interspersed nuclear element B2} in the growth hormone
locus functions as an insulator to produce a boundary for chromatin domains and limit the action
of requlatory factors such as enhancers and silencers.
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CREDIT BILL INGALLS/MASA

Donald Kennedy is Editor-
in-Chief of Science.

Mixed Messages About Climate

EVERY ONCE IN A WHILE, SOMETHING SO UNEXPECTED EMERGES FROM THE
Administration in Washington, DC, that it just boggles the mind. On 1 June, [ opened the
front page of the New York Times to see two pictures of President Bush. Under the photo dated
20000, he says this about global warming: 1 don’t think we know the solution 10 global warming
vet. and T don’t think we've got all the facts . .. ™ But under the 2007 picture, he is calling for a
multinational framework for reducing greenhouse gases. Although my environmental friends
will hold their applause, this is sounding like progress.

I turn on National Public Radio—same day. same breakfast—and Steve Inskeep 1s inter-
viewing Michael Griffin, director of the National Aeronautics and Space Administration
(MASA ). Now. Gn ffin has been challenged betore about morale problems at NASA resulting
from the scrapping of various robotic space missions and the fate of Earth-observation
programs. So | am astonished to hear Gnffin say, in answer
to a question about whether NASA has cut anything to
make room for the Moon-Mars project. “we have not cut
any major priorities.” That may have also stunned Inskeep,
who turned quickly to a question about global warming,

Here is Griffin’s verbatim answer: “1 am aware that
global warming—I am aware that global warming exists. |
understand that the bulk of scientific evidence accumulated
supports the claim that we've had about a 1° centigrade nse
in temperature over the last century to within an accuracy of
about 20%." He added: "1 have no doubt that global—that a
trend of global warming exists. [ am not sure that it 15 fair to
say that it is a problem we must wrestle with”

50 the president is telling us that we must lead the GS
nations to set long-term goals for cutting greenhouse gas
emissions and 15 calling on other high-polluting nations to
Join in the negotiations, Meanwhile, the head of Bush's science azency responsible for Earth
observation from space doubts that it's a problem we must wrestle with. Recall that for years,
this Administration has been wrying to muzzle NASA’S Jim Hansen for speaking out on global
warming. How strange! Hansen i1s on message. and his NASA boss 1s oftf message!

Soon we are back to climate change, and here 15 Griffin again: “First of all. I don’t think it
within the power of human beings to assure that the climate does not change, as millions of years
ol history have shown. And second of all. T guess | would ask which human beings. where and
when, are to be accorded the prvilege of deciding that this particular climate we have right
here today, right now, is the best climate for all other human beings. I'm—1I think that’s a rather
arrogant position for people to take.” In the first sentence, | guess he’s saving that because

climates have changed in the deep past, we may not have the power to prevent such change. OF

course, we don’t know how to engineer a new glacial age or convert one into the Holocene. But
it’s plamn that by mingating greenhouse gas emissions we might conserve the comparatively
balmy climate that our species has lived in for 10,000 vears, The second part asks whether
particular groups or individuals would have the right to sav that the present climate is best or
whether some other one is. Well, we have what we have; letting it heat up by doing business as
usual sounds pretty arrogant. too. The answer to “who decides™ would appear to be that we all do,
presumably through a multilateral framework rather like the one the president is now suggesting.

At least, | hope that's right. Griffin has already gotten some press about his statements. but
maost of the coverage has lost the main point, which is about confusion in government. Do
look at the transeript (wwwonpr.org/about/press/2007/053 107, griffinaudio.html) in case you
think I am confused or making all this up. Thad gotten so used to consistency among the main
plavers in this Administration that all this strikes me as beyvond belief,

~ Donald Kennedy

10.1126/science. 1145963
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PLANT SCIENCE
Standing Tall

Vascular meristems, though less well known than their
flashier sister the apical meristem, have perhaps the bigger
job; they produce most of the biomass that makes up plant
stems and tree trunks. The vascular meristems also produce
the phloem and xylem responsible for the transportation of
nutrients throughout the plant. It is the seasonal changes in
growth rates from these vascular meristems that give rise to
the rings observed in cross-sections of woody trees. Fisher
and Turner have identified a mutation in Arabidopsis Lands-
berg erecta that affects the organization of those tissues aris-
ing from the vascular meristem. In phloem intercalated with
xylem (pxy) mutant plants, the phloem and xylem tissues are
not as neatly separated as they are supposed to be, and the

bundles.,

cell divisions are not as coordinated as usual. The vessels are irregular in shape and trajectory, and the mature plant is much
shorter than the wild type. The protein encoded by PXY has sequence features that resemble those of receptor kinases,
and PXY is expressed in leaves, roots, and stems. The authors speculate that PXY may be involved in determining the correct
orientation of the cell division plane, — PJH

CELL BIOLOGY
Break Up to Make Up

In animal cells, the endoplasmic reticulum (ER)
forms a lacelike network throughout the cyto-
plasm; in addition, a distinct domain of the ER is
used to surround the nuclear material to form the
nuclear envelope. ER networks can be produced
in cell-free systems, and their formation requires
the activity of a pair of ER proteins, Rinda and
DPL/Nogoh. Audhya et al. further examined the
process of ER network formation in vitro and
studied ER dynamics within living cells. In
embryos of the nematode Caenorhabditis
elegans, depletion of the homologs of Rinda and
DP1/NogoA—RET-1 and YOP-1—produced cellu-
lar defects in the peripheral ER net-
work. Furthermore, a member of the
small guanosine triphosphatase Rab
family, RAB-5, was required for ER
nelwork formation in vitro, and in
nematode embryos, reduction of
RAB-5 also caused peripheral ER
defects. RAB-5, RET-1, and YOP-1
were also important in the kinetic
control of nuclear envelope disas-
sembly at the beginning of mitosis,
as depleting them resulted in the
generation of daughter cells with
atypical double nuclei. Previously, Rab5 has been
shown to be important in the regulation of mem-
brane trafficking during endocytosis. Its effects
on ER morphology appear to be independent of

these functions, because other perturbations that
directly affect endocytosis did nol lead to similar

defects in ER morphology or to nuclear envelope

breakdown during mitosis. — SMH

I Cell Bial, 178, 43 (2007).

CLIMATE SCIENCE

Warming to Coastal Erosion

High northern latitudes are displaying, as pre-
dicted, exceptional sensitivity to recent climate
warming, as lemperatures there have soared more
quickly than in amy other part of the world. The
effects of these rising temperatures are likely to
be dramatic. For example, huge expanses of per-
mafrost are in imminent danger of melting, which
would have a tremen-
dous impact on such
areas as biogeochemi-
cal processes involving
greenhouse gases, the
physical stability of
structures built on the
previously frozen
ground, and the geo-
morphology of the
region. Mars and
Houseknecht have
combined data from
lopographic maps and satellite images to docu-
ment how coastal land loss and thermokarst lake
expansion and drainage have affected a segment
of the Beaufort Sea coast of Alaska over the past

Curr. Bial. 17, 1061 (2007).

50 years. They find that coastal erosion rates more
than doubled between the early and later parts of
that period, and that the acceleration of coastal
erosion rates is due to the longer warm seasons,
as open waler and wave aclion assodated with
earlier pack ice breakup affect the coast, — H]S

Geolagy 35, 583 (2007).

CHEMISTRY
Actin Openers Gently Closed

The igjimalide natural products—each composed
of a 24-membered ring bearing a peptide tail—
pose a considerable synthetic challenge, because
the seven (=C double bonds throughout the cycle
labilize adjacent chiral centers. Moreover, as
Fiirstner et al. discovered in preliminary explo-
rations, the most apparently selective site for clos-
ing the ring—an ester linkage— proves uncoop-
eratively prone to side reactions. The authors
instead relied on olefin metathesis for the cycliza-
tion, demonstrating remarkable selectivity for the
desired reaction site in the presence of so many
alternative double bonds. A further advantage of
the metathesis protocol was the efficiency of the
calalyst at ambient lemperature, which protected
the precarious molecular framework from thermal
rearrangement or decomposition. Having pre-
pared iefimalide B, the authors adapted their syn-
thetic strategy to diversify the structure of the
peptide tail, The key was the use of a timethylsi-
lylethylcarbonate protecting group on nitrogen,
which could be easily removed after the cycliza-
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CREDIT SAWYER ET AL, PHYS. REV LETT. #8. 2530032 (2007

tion step and replaced by a range of acyl or sul-
fonyl substituents. Like the natural product itself,
these analogs proved surprisingly adept at actin
depolymerization in cells, raising the prospect of
multiple biochemical investigations with this
compound class, — J5Y

J. Am, Chem, Soc. 129, 10.1021/ja072334v

(2007),

PSYCHOLOGY
The Power of Suggestion

Although it is not uncommon to forget to swing
by the grocer’s after work only to realize not hav-
ing done so after arriving at one’s front door, it is
a quite different experience to have recovered an
apparently forgotten memory decades later, espe
cially one pertaining to childhood sexual abuse,
Geraerts ef al. have atlempted to assess whether
these so-called discontinuous memories are as
reliable as continuous (that is, never forgotten)
memories of abuse, where reliability was defined
operationally as the success with which independ-
ent interviewers were able to elicit corroborative
evidence from another victim of the alleged per-
petrator, from the actual abuser, or from a con
temporaneous confidant. In a sample of 130
adults (recruited via advertisement) with either
discontinuous or continuous memories of abuse,
they find no difference in the percentages
{roughly 40%) for which corroboration could be
obtained, except in cases where the discontinuous
memories were recovered during the course of
therapy; for these 16 people, it was not possible
to substantiate the recalled events. The authors
propose that expectations or suggestions arising
during therapy may contribute to the “recovery”
of false memories, — GJC

Psychol. Sci. 18, 564 (2007),
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PHYSICS
OH Trapped by Magnets

Confining atoms with a combination of optical
and magnetic fields has led to the formation of
new states of matter and provided a tunable

test bed to explore many-body atomic and elec-
tronic interactions; however, its extension to mole-
cules has been slow. Ultracold molecules
(milikelvin temperatures and below) are of inter-
est for a number of additional applications,
including studies of quantum phase transitions
and precision spectroscopy. One approach to con

fining polar molecules has relied on inhomoge
neous electric fields. Sawyer ef al. present an
alternative method that traps molecules magneti
cally. They demonstrate the technigue on hydroxyl
{(OH) radicals, which have appreciable magnelic as
well as electric dipole moments, Lifetimes in the
magnetoelectrostatic trap ranged from 20 to 500
ms, depending on the background pressure, The
technique allows the additional degree of freedom
of an electrical field to be supenimposed onto the
trapped molecules and should facilitate further
studies in the direction of controlled molecular
collisions and chemical reactions. — IS0

Phys. Rev. Lett. 98, 253002 (2007).

<< Developmental Effects of Decapping

The balance between synthesis and degradation controls mRNA abun-
dance. Goeres et al. have found that the 5 to 3° mRNA degradation
pathway involves an mRNA decapping complex and is crucial for
seedling development in Arabidopsis. The phenotypes of varicose (vcs)
and trident (fdt) mutants were similar: defective leal formation with vein

defects, short roots with swollen root hairs, and swollen hypocotyls. Confocal microscopy revealed
that the shoot apical meristem cells were disorganized in the ves and tdf plants and that leaf primor-
dia were absent in seedlings that were 3 days old, which is when the leaf primordia would normally
appear. Further analysis suggested that the tdf vascular phenotype arose as a consequence of
defective formation of the provascular cell specification, which is controlled by auxin signaling, in
the hypocotyl-to-cotyledon transition zone. TOT encodes a protein homologous to DCP2, which in
yeast and mammals is an mRNA decapping enzyme. VCS, which interacts with TOT, appears lo be
important for localizing TDT to cytoplasmic P bodies, which are sites of mRNA decapping and degra-
dation. However, in vcs and fdf mutants, not all mRNAs exhibited decreased decay rates, suggesting
that this particular mRNA decay pathway was specific to a subset of transcripts. — NRG
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Plant Cell 19, 1549 (2007).
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What's the quickest
link to advances in
the world of science?

AAAS Advances—the
free monthly e-newsletter
exclusively for AAAS
members.

Each month, AAAS members keep up
with the speed of science via a quick
click on the newsletter Advances.

Look for the next issue of Advances
delivered to your inbox mid month. Look
up archived issues al aaas.org/advances.
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* Aspecial message to members from
Alan Leshner, AAAS CED
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AAAS iniliatives
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What's Current
In E-Chem

What happens when you zap
a chemical solution is the
electrochemist’s bailiwick.
However, general readers can charge up their
brains on the field’s applications and history at
the Electrachemistry Encyclopedia,* edited by
retired chemist Zoltan Nagy of the Argonne
Mational Laboratory in [llinois, The subjects of
the 25 expert-written chaplers range from
electroplating to electric fish to pioneering
electrochemists. Read about electrochemical

machining, which uses a current to shape hard-

to-work alloys, or explore the life of the Italian
scientist Alessandro Volta, who sparked the
nascent discipline more than 200 years ago by
building the first battery.

If your memaory short-circuits over unfamiliar
terms, click over to the linked dictionary T that
furnishes 800 definitions, ==
* electroche m.owru.edu/ed/encycl
t electrochem.cwru.edu/edidict.htm

The Health Benefits
Of Paleocuisine

Swedish men with diabetes showed a dramatic
drop in their blood sugar after 3 months on a
“Paleolithic” diet, according to researchers in
Sweden, who found that a diet free of grains
and dairy products worked better than the
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spatial frequency.

Migraine-inspired
painting.

oft-recommended "Mediterranean” diet.

OF 29 men with heart disease and diabetic
conditions, 14 showed blood sugar returning to
normal after restricting themselves to lean meat,
fish, fruits, root vegetables, eggs, and nuls,
What's more, their glucose tolerance improved
by 26%, as shown when glucose levels were
tested after they ate sugars. Bul the 15 men on
the Mediterranean diet, whose intake included
grains and dairy products, showed only a
7% improvement in glucose lolerance, according
to Lund University physician Staffan Lindeberg,
whose study was published online this month in
Diabetologia. Lindeberg says the study was

BEAUTY WITH BRAWN

Lustrous mother-of-pearl may fetch
millions, but the material’s might, not
its iridescence, is what has scientists
swooning. Mother-of-pearl, or nacre, is
3000 times stronger than the brittle
mineral aragonite of which it's com-
posed. Now, physicists at the University
of Wisconsin, Madison, have shined syn-
chrotron radiation on thin layers of nacre
to reveal its secret: irregular columns of
crystals, like clumsily stacked bricks,
resist breaking. Their report is in the
29 June Physical Review Letters.

EDITED BY CONSTANCE HOLDEN

Art that Jars

Some images are literally eyesores. Scientists have long known that the
wrong mix of shapes and colors can cause discomfort, headaches, or even
seizures. Now, they're starting to figure out why.

Psychologist Arnold Wilkins of the University of Essex, UK., and artis!
Debbie Ayles—who creates paintings inspired by her migraines—used a
Sciart grant from the Wellcome Trust to tease out the keys to annoying art.
Focus groups at an exhibition of Ayles's work last year helped identify narrow
stripes and justaposed complementary colors as inducers of discomfort,
Wilkins then compared the subjective ratings of a variety of paintings with
each picture’s energy intensity, measured by Fourier analysis of stripes’

At a talk in Cambridge, U.K., last week, Wilkins said the pictures the
focus groups found unpleasant featured vertical stripes at the width that
were visually most sensitive to—about 3 stripes per degree of the visual
field (a finger held at arm’s length corresponds to about 1 degree). The
stripe faclor applies to type fonls, too—Ietter length and thickness make
Times Mew Roman a slower read than Verdana, says Wilkins, He says his
resulls can be applied to design, from picking an
optimal type size and font for children’s books to
choosing public murals.

inspired when he learned in the 1990s that
Papua New Guinea's Trobriand islanders,
who live on a “preagricultural” diet, had no
heart disease or diabetes.

Lindeberg speculates that a Stone Age diel
may owe ils success with diabetics lo the absence
of "bioactive substances,” such as the casein pro-
tein in milk and lectin in grains, which may impair
glucose tolerance—as they do in studies of rats.

Evolutionary nutritionist Loren Cordain of
Colorado State University in Fort Collins says the
study is “significant” because "it represents one of
the first well-controlled trials of a modern paleo-
like diet to ever have been conducted.”
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What can Science STKE give me?

The definitive resource on
cellular regulation

STKE - Signal Transduction
Knowledge Environment offers:

e Aweekly electronic journal

¢ |nformation management tools

e Alab manual to help you organize
your research
e Aninteractive database of signaling
pathways
o) Ty -

STKE gives you essential tools to power your understanding
of cell signaling. It is also a vibrant virtual community,
where researchers from around the world come together
to exchange information and ideas. For more information
go to www.stke.org

To sign up today, visit promo.aaas.org/stkeas

Sitewide access is available for institutions.
To find out more e-mail stkelicense@aaas.org
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WEARY. When Alan Bernstein (left) agreed to lead the newly minted Canadian

Institutes of Health Research (CIHR) in 2000, he vowed to spend as much

as 30% of the agency’s budget—=6 times erstwhile spending

MUUE['S levels—on research targeting population, health services, and

other national needs. Bernstein has since accomplished that

goal, but he’s so worn out from battling community opposition to the shift that
he plans wo resign 3 years before the end of his second term.

The new emphasis was fine in the early years, he says, when CIHR was
receiving double-digit increases and there was enough money for other grant
competitions, But in the last 3 yvears, the budget has grown much more slowly,
causing the community to complain about how CIHR was divvying up its

CREDITS (TOR TO BOTTOME CIHRE: STEVE BARRETT PHOTOGRAPHY. 8. MATHUR/RELUTERS

PIONEERS

SMOKELESS CITY. Civil engineer Russel Jones
has been tapped to lead the latest effort aimed
at bolstering Arab science. The Masdar project
is a green city and alternative energy center to
be built in Abu Dhabi, capital of the United
Arab Emirates (UAE). The 55 billion, 6-square-
kilometer, zera-emission township will include
The Masdar Institute, to be focused on gradu-
ate education and research on alternative
energy, such as solar power and biofuels. Last
week, Jones, who will serve as the institute’s
president, made offers to 11 scientists from
around the world. Until the institute is built—
by 2009—the researchers will be housed at
the Massachusetts Institute for Technology

in Cambridge, under a 5-year, $35 million
agreement with the school.

Jones, who helped create the undergraduate
Hashemite University in Zarqa, Jordan, in
1996, says he was energized by oil-drenched
Abu Dhabi's plans to diversify its energy
investments. The institute expects to forge
links with some of the 1500 energy firms the
UAE hapes to attract to the new city.

POLITICS

NO STRANGER TO SCIENCE. lan Pearson
may be a businessman turned politician,
but he's been given the job of shaping
British research policy in Gordon Brown's
new government. The new science honcho

is one of five ministers in the newly created
Department for Innovation, Universities and
Skills (DIUS) (Science, 6 uly, p. 28).

A Labour Party politician since 1994, he
most recently served as minister for climate
change and environment in Tony Blair's
Cabinet, helping to introduce the Climate
Change Bill that is currently working its way

Got a tip for this page? E-mail people@aaas.org
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through Parliament. “Despite not being a
natural environmentalist during his time at
the environment ministry, the government
began to take the issue of climate change
much mare seriously,” says Martyn Williams,
climate change campaigner for Friends of
the Earth in London.

Members of Brown's Administration have
said they're committed to continuing the
healthy increases to the science budget that
occurred during Blair's Administration.
Pearson (below) faces the problems of poaor sci-
ence teaching in high schools and a declining
number of science students at university
(5cience, 18 May, p.
965). "You don't have
to be a scientist to be
science minister, but
he will need a broad
knowledge of schools
and business,” says
Peter Cotgreave of
the U.K.'s Campaign
for Science and
Engineering.

AWARDS

GRUBER PRIZES. A Japanese neuroscientist
and a U.5. genomicist each have won
$500,000 from the Peter and Patricia Gruber
Foundation. Shigetada Nakanishi, head of the
Osaka Bioscience Institute, receives the neuro-
science award for identifying new genes and
prateins that play a role in brain function, as
well as pinpointing neuronal receptors
involved in the biochemical processes under-
lying learning, memory, and vision. Maynard
Olson, a professor at the University of
Washington in Seattle, wins the genetics prize
for pioneering a technique for cloning and
storing large chunks of DNA, which helped
pave the way for the human genome project.

money. As aresult, the agency recently created a committee
of directors of CIHR's 13 research institutes—to decide how to split the pie.

Still, Bernstein, 60, says he'll be leaving in October on a high note, “Getting
the CTHR. going in the right direction, 1 think that’s done.” he says.

made up primarily

T % %
[hree Q’s
After 11 years as head of the National Science
Teachers Association, Gerry Wheeler says,
“it’s time to let someone else have all the fun.”
Wheeler will retire from the 53,000-strong
organization in August 2008,

Q: What are the keys to improving U.5.
science education?

Science, scale. and standards. We need to help
teachers improve their content knowledge.
And with 2 million science teachers in the
classroom, we need to work on a bigger scale,
We also need to streamline the standards that
specify what children should learn,

Q: Has the No Child Left Behind Act been a
help or a hindrance to science teachers?

It’s changed the landscape in a good way, |
think, by putting the spotlight on accounta-
bility. But we need to make sure that science
doesn’t zet lost in the emphasis on testing
student achievement in reading and math.

Q: What's standing in the way of change?
Business leaders get it, and politicians get it
But parents don’t get it. I was part of the
Sputnik generation, when there was a huge
push for kids to learn more science. That’s no
longer the case.
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ASTROPHYSICS

The 2006

Enormous Detector Forces Rethink
Of Highest Energy Cosmic Rays

MERIDA, MEXICO—When, a
decade ago. physicists in Japan
reported seeing far more
ultrahigh-energy cosmic rays
than expected, some theorists
interpreted the excess as a hint
of exotic new particles-

perhaps supermassive relics
from the big bang that could be
part of the mysterious dark mat-
ter whose gravity holds the
malaxies together. But the con-
troversial excess of super-
energetic particles from space
has a simpler explanation,
researchers witha ar larger detec-
tor armay now say: [tdoesn't exist.

That conclusion, reported
here” last week, may be the
most important early result
from the Pierre Auger Observa-
tory, which sprawls across the
Pampa Amarilla in western
Argentina. It'’s also a disap-
pointment for researchers in the
field ol ultrahigh-energy cosmic
rays. “Itis less sexy than before,
that’s for sure.”” says Yoshiyvuki Takahashi ofthe
University of Alabama, Huntsville.

Stull. plenty of mystery remains. Auger
and other arrays do see some cosmic rays with
the energy of a large hailstone, and physicists
still can’t say how or where in the heavens a
single subatomie particle might gain such
energy. But now that researchers see that the
number of cosmic rays dives as expected at
very high energies. explanations will likely
turn from exotic particles to the astrophysics
of stars and galaxies.

The purported excess sparked controversy
vears ago (Science, 21 June 2002, p, 2134).
From 1990 to 2004, physicists with the Akeno
Giant Air Shower Array (AGASA) west of
Tokyo spotted roughly a dozen particles crash-
ing to earth at energies of 100 exa-electron
volts (EeV), about 100 million times higher

* 30th International Cosmic Ray Conference, 3-11 July

Four eyes. All four of Auger's fluorescence detectors spotted this high-energy cosmic
ray. The giganlic array sees no excess ol highest energy rays.

than any particle accelerator has achieved.
Physicists believe cosmic rays gain enerzy as
they swirl in magnetic Dields, and they couldn™t
think of any object in space both big enough
and wielding a strong enough magnetic field
to contain particles until they reach such
staggering energies. S0 some speculated that
the rays blast out of the decays of super-
massive particles,

The excess also clashed with an energy
limit predicted in the 1960s. Ifeach ray isa pro-
ton, then at energies above about 40 EeV it
should interact with the photons in the after-
glow of the big bang, the cosmic microwave
background, in a way that saps its energy o
40 EeV within a distance of 300 million light
years, [TAGASA was seeing ravs with energies
above this “GZK cutoft?” then they had to ong-
inate in the cosmic neighborhood,

Moreover. another group saw no excess.
Whereas AGASA researchers detected

umulating

L1 rays with energies greater than 100 EeV,
physicists with the High-Resolution Flv's Eye
{Hi-Res) detector at the LS. Army’s Dugway
Proving Ground in Utah saw only a couple.
The two detectors are very different, however,
When a high-energy cosmic ray strikes the
atmosphere, 1t triggers i cas-
ade of billions of particles
called an extensive air shower,
AGASA used 111 detecrors
spread over 100 square kilome-
ters of ground o measure the
showers. In contrast, Hi-Res
used twin batteries of special-
ized telescopes to detect the
light produced when the
shower causes nitrogen mole-
cules in the air w fluoresce.
The Auger array uses both
techniques. Covering 3000
square kilometers and com-
prising more than 1300 sur-
face detectors and 24 fluores-
cence telescopes in four bat-
teries, the almost-completed
array has already collected
enough data to rule out the
excess, “1f AGASA had been
correct, then we should have
seen 30 events [at or above
100 EeV]. and we see two.”
savs Alan Watson of the Uni-
versity of Leeds, UK., who s
the spokesperson for the
Auger collaboration. The Auger data also
show that very few of the most energetic
rays are photons. As supermassive particles
ought to decay readily into photons, that
finding undermines exotic-particle musings.
savs Glennys Farrar, a theonst at New York
University who joined the 300-member
Auger collaboration in September.
Meanwhile. researchers working with
Hi-Res, which stopped taking data last vear,
say the shape of their final spectrum of cos-
mic ray energies definitely proves the rays
are running up against the GZK cutoft. *It
looks very much like what evervone has
been predicting,” says Pierre Sokolsky of
the University of Utah in Salt Lake City.
*“1t’s the classic GZK signature.” Others
aren’t so sure. Auger’s data suggests the
highest energy rays comprise protons and
heavier nucler. which don’t teel the GZK
drag, Watson says. Instead of being »
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slowed, the nuclei may never be accelerated
to 40 EeV, he says,

Whatever its cause, the fall-off leads some
to question the need to build a bigger array. as
the Auger team hopes to do in the Northern
Hemusphere, “Onee yvou see the cutoff
vou disagree about what it 1s——then building :
bigger detector hardly gets vou anything,’
because there are so few higher energy particles
to capture, savs Gordon Thomson, a Hi-Res
member from Rutgers University in Piscat-
awary, New Jersey. Members of the Hi-Res and
AGASA teams are building a detector in Utah

HIV/AIDS

evenif

Capturing
carbon

called the Telescope Array, which will be three-
cighths the size of Auger, That may be just the
right size. Thomson says,

Others say that only a bigger array can
amass enough data to trace the fall-off in
detail. “Now we understand that above the
GZK cutofl there are ten times less cosmiuc
rayvs than we thought 10 vears ago. so we may
need a detector ten times as big as Auger,”
savs Masahiro Teshima of the Max Planck
Institute for Physics in Munich, Germany,
who worked on AGASA and is working on
the Telescope Array.

Autism and
the synapse

The few highest energy, straightest flying
particles will be crucial for determining
whether high-energy cosmic rays emanate
from particular points or patches in the sky, says
James Cronin of the University of Chicago, 11
nois, who, with Watson, dreamed up the Auger
array in the early 1990s. Such “anisotropy™
might reveal the rays” orgins, and “if we can
show an anisotropy, then that’s a brilliant break-
through.” he says. Mapping the sky could iake a
decade—although Cronin and Watson hint
they may have already seen something exciting
that’s not vet ready for release.  -ADRIAN CHO

India Slashes Estimate of HIV-Infected People

Contrary to previous estimates, India does not
have more HIV-infected people than any
country m the world, says a new analysis by
government health officials, Improved and
widened surveys ofthe country’s massive pop-
ulation has led India’s National AIDS Control
Organization (NACO) o slash
by more than half the estimated
number of people infected,
from 5.7 million to 2.5 million.
NACO, which announced the
new fgures on 6 July, says HIV
thus infects 0, 36% of the coun-
try’s adults, rather than 0.9%.
“The fizures are now much more
realistic.” says N. K. Ganguly,
the head of the Indian Council
of Medical Research in New
Delhi who chaired a meeting
that reviewed the new NACO
numbers, Ganguly, who long
worned that epidemiologists
had exaggerated the scale of
Incdia’s epidemic, adds that he
was “very happy™ that a look
back analysis also found that
HIV was not gaining ground in

accurate as they can be.” says epidemiolo-
gist Peter Ghys, who heads the UNAIDS
branch that produces the oft-cited estimates
for most countries.

In the past, India’s HIV estimates have
relied heavily on a limited number of

oi+fd & omas a9 ok 6/ avs] 7§ ol Gom?

HIV/AIDS cases Adult prevalence Population

{millions) (%)

thi | ; South Africa 5.5 18.6

105 FTLIERS LA r} 5 5
The Joint United Nations ng‘ena 3 %9
; : India 2.5 0.3

Programme on HIV/AIDS .

3 ; : ; Mozambique 1.8 16.1

(UMNAIDS), which advised ;
NACO and earlier 1ssued the Sw?nland 0.22 33.4
United States 1.2 0.6

higher estimate, supports the
new figures. “We're much
more confident that the esti-
mates ]'IL'II'Ij__[ |"|11[ oul are as
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Mo longer number one. Much wider sampling, including a national househaold survey
that goes well beyond the “sentinel” surveillance sites, like the clinic above in Kolkata,
has led to new, lower estimates of size of the AIDS epidemic in India.

(millions}

“sentinel” surveillance sites. like clinics for
pregnant women. But such analyses capture
more data from urban than rural areas and
miss many high-risk groups such as injecting
drug users or men who have sex with men.
The new analysis includes data from 400 new
sentinel sites added since
2006—there were just 764 in
2005—as well as voluntary
blood samples taken from
more than 1O people na
national household survey.

NACOS estimates of HIV-
infected people sull are far
From exact, ranging from 2 mil-
lion to 3.1 million. But that’s
more certainty than portrayed
by UNAIDS n 2006, which
estimated India’s HIV-infected
population at 3.4 million to
9.4 million, The range is “some
indication that at the ume we
were not as confident as we are
today about the estimates,”
savs UNAIDS' Ghys.

The lowered estmates and
the reanalysis of data back to

a3 et
135 2002 indicate that the country
1129 has had a stable epidemic with
! 21 a “marginal decline” last vear,
1.1 NACO says. This challenges
» the idea that India is on an
301

“Adnican trajectory”™—with the
virus moving {from concen-
trated risk groups such as sex
workers and truck drivers 1o &
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“Rome was not built
in aday.”

Dedicated foundations please contact:

R.D.5. HOTTMANN
Postfach 760428
22054 Hamburg

Germany
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What makes
a first-class
news story?

|lennifer Couzin

= 2006 article selected for
inclusion in The Best American
Science Writing 2007

= 2004 article selected for
inclusion in The Best American
Science Writing 2005

= 003 Evert Clark/Seth Payne Award
for Young Science Joumalists

A first-class writer.
Award-winning journalists
write for Science —with 12
top awards in the last four
years. That's why we have
the most compelling stories,
and the biggest readership
of any general scientific pub-
lication. To see the complete
list of awards go to:
sciencemag.org /newsawards

Who’s helping bring
the gift of science to
everyone?

As a child | got very interested in

space travel. When | was six my
father gave me some books on rockets
and stars. And my universe suddenly
exploded in size because | realized
those lights in the sky | was looking at
were actually places.

| wanted to go there, And | discovered
that science and technology

was a gift that made this
possible. The thrill of
most Christmas presents
can quickly wear off. But
I've found that physics is a
gift that is ALWAYS exciting.

I've been a member of AAAS for a
number of years. | think it's important
to join because AAAS represents
scientists in government, to the
corporate sector, and to the public.
This is very vital because so much
of today’s science is not widely
understood.

| also appreciate getting Science
because of the breadth of topics ”
it covers,

Jim Gates is a theoretical physicist
and professor at the University
of Maryland. He's also a member
of AAAS.

See video clips of this story and

others al #‘JWW.:[HHE.U[}:_'EIUT&ES

AVAAA

ADVAMCING SCIENCL. SERVING SOCIETY




CREDITS (TOP TOBOTTOM) : NOAA: 2007 PRINCE OF ASTURIAS FOUMDATION

the general population—a controversial asser-
tion made by epidemiologist Richard
Feachem, former head of the Global Fund to
Fight AIDS, Tuberculosis and Malaria
(Science. 23 April 2004, p. 504). India expert
and epidemiologist Robert Bollinger of Johns
Hopkins University in Baltimaore, Maryland,
co-authored a9 October 2004 Lancer article
with Indian colleagues that explicitly criticized
Feachem’s prediction. “Frankly. I wouldn’t be
surprised if there were 6.1 million or 5 million
or 2.5 million infected people, but the point is
the epidemic is different in India.” says
Bollinger. A key distinction, he says, is outside
of commercial sex workers, Indian women
rarely have more than one sexual pariner at the
same time, a major driver of epidemics.

Suniti Solomon, who runs a private clinic in
Chennai, YRG Care, stresses that India sull
faces a formidable challenge. *“Whatever the
numbers, if we are complacent ... the virus
will spread faster.” says Solomon. And she
says many infected people still do not have
access to anti-HIV drugs, The couniry is also

AWARDS

Seience and Nature have jointly
been named recipients of
the prestigious 2007 Prince of
Asturias Award for Communica-
tion and Humanities.

The award is made annually by
Spain’s Prince of Asturias Foun-
dation, formed in 1980 under the presidency
of His Roval Highness
Prince Felipe de
Borbon, heir to the
throne of Spain. The
foundation honors
accomplishments by
individuals. groups, or
organizations in eight
categories: communica-
tion and humanities,
sacial sciences, arts,
letters. scientific and
technical research, inter-
national cooperation,
concord and sports.

In a statement, the
foundation noted: “*Some of
the most important and inno-
vative work ol the last 150 years has appeared
on the pages of Science and Nanere, thus con-
tributing to the birth and development of
many disciplines. including Electromagnet-
15m, Relanvity, Quantum Theory, Genetics,

www.sciencemag.org SCIENCE VOL 317

seeing “worrving” rates of people who fail o
respond to treatment and need more expensive
second-line drugs, she says.

According to an April report issued by
UNAIDS, the Werld Health Organization,
and UNICEF. India had just over 55.000 people
receiving anti-HIV drugs as of November
2006, The report, which relied on the old
calculations of HIV prevalence, estimated
that the number of people n need of imme-
diate treatment ranged from 627,000 (o
1.6 million. The new numbers mean “fewer
people need treatment today and will need
treatment in the future,” savs Ghys. Yet he,
too. cautions that this doesn™t suddenly make
scaling up reatment simple.,

UNAIDS’s latest figures estimate that
39.5 million people worldwide are infected
with HIV, which the revised Indian numbers
would lower to 36.3 million. South Africa
now has the unfortunate distinction of having
more HIV-infected people—35.5 million as of
2005—than any country in the world,

=]ON COHEN

Science Wins Communication Award

Biochemistry and Astronomy. ... In 2001,
the international community learned of the
description of the human genome from the
pages of both publications.”

This vear’s wwardees in other categories are
former Vice President Al Gore (interational
cooperation). Bob Dylan (arts). developmental
veneticists Gines Morata of the Spanish
MNational Research Council and Peter
Lawrence of Cambridge University
in the United Kingdom (scientilic

and technical research),

and Hebrew writer and

professor Amos Oz of
the Ben-Gurion Univer-
sity in Israel (letters),
Awards for social sci-
ences. sports, and con-
cord have not vet been
announced.

“We are delighted
and deeply honored that
our journal’s contribu-
tions to public discourse
on seience and wechnol-
ogy have been recog-
nized by Spain’s Crown
Prince Foundation.” said Science’s Editor-
in=Chief Donald Kennedy,

The awards will be presented at a cere-
mony in Oviedo, Spain, in October.

(\ O)x

Winds of Change

The head of the
L.5. National Hurri-
cane Center in
Miami, Florida, has
been placed on leave
after a rebellion by
fellow forecasters
and staff. William
Praenza (left), a
longtime National
Weather Service official and forecaster, has
publicly complained about the center’s
budget since becoming director 7 months
ago. One gripe was Lhat its parent agency, the
Mational Oceanic and Atmospheric Adminis-
tration (NOAA), hadn't prepared to replace
the aging QuikSCAT, a NASA satellite. Proenza
had warned that its loss could worsen 3-day
hurricane track forecasts by 16%.

But prominent center staff questioned the
satellite’s importance. And, in an unusually
public letter last week, 23 of 50 center staff
called for Proenza's removal, lamenting the
“unfortunate public debate” over the center's
forecasting ability. In May, NOAA chief Conrad
Lautenbacher called Proenza’s bluniness “one
reason why we love him,” but in a letter this
week to center stafl, he said there was "anxiety
and disruption” at the center and that Proenza
was leaving. Officials, who aren'l saying why the
maove was made, have pul center deputy Edward
Rappaport in charge. —ELI KINTISCH

Space Probes Add Side Trips

MASA is sending two decorated veterans out to
collect more scientific data. After already
having traveled 3.2 billion kilometers to pick
up 1 microgram of dust from comet Wild 2
and having dropped it back to Earth for analy-
sis, MASA's Stardust spacecraft will be visiting
comet Tempel 1in 2011, NASA's Deep Impact
spacecralt fired a massive copper projectile at
the comel an 4 July 2005, and researchers
wanl Stardust lo image the resulting impact
crater to learn about the structure and porosity
of the comet’s nucleus. "A revisit is always a
good idea,” says Gerhard Schwehm, head of
solar system science at the European Space
Agency, although he wams that “Stardust’s
hardware was designed for a different purpose.”
Meanwhile, Deep Impact also has been
given a new assignment. It plans to fly past
comet Boethin on 5 December 2008 after
looking for transiting planets around other
stars. NASA science chiel Alan Stern says the
new missions get “more from our budget.”
~GOVERT SCHILLING
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Rec urd':"_U SWarmth 012006 Was
Part Natural, Part Greenhouse

Climate scientists usually hesitate 1o point
to a single chmate extreme and say. “Thats
the greenhouse at work” Climate naturally
swings to and fro so much that it can be
tough to pick out the influence of the
strengthening greenhouse on a hurricane
season. say, or on one couniry’s climate
over the course of a vear,

But four National Oceanic and Atmos-
pheric Administration (NOAA) climate
sclentists report in a paper in press at
Geophvsical Research Letters that the

ogreenhouse was behind more than half of

ECOTOXICOLOGY

last year’s record-breaking warmth across
the contiguous United States. By their
reckoning, global warming in 2006 was
aggravating all manner of U.S, extremes:
severe droughts, the rising cost of air con-
ditioning, the cold-sensitive pine bark bee-
tle ravaging once-cool western forests. and
maybe even some midwinter daffodils,
Last January, NOAA announced that
2006 was the warmest vear for the lower
48 states since record-keeping began in
1895; temperatures even eclipsed the
El Niio-fueled record of 1998, According

Overheated. Too many voradious pine bark beetles
are surviving milder western winters.

to a NOAA press release, El Nifo was con-
tributing to 2006 unusual warmth, and
the strengthening greenhouse was proba-
bly involved too. But NOAA couldn’t say
which climate phenomenon was more
important in setting the new record.

S0 climate dynamicists Martin
Hoerling, Jon Eischeid, Xiao-Wei Quan,
and TaiYi Xu of NOAA's Earth System
Research Laboratory in Boulder. Col-
orado, decided to find out what was
behind the record. First, to gauge the
influence of last year's El Nifio, they
checked on what 10 actual El Nifo warm-
ings ol the tropical Pacific had done to
U.S. temperatures. They found a slight
overall cooling. not a warming, concen-
trated in the northern states. Then, in two
climate models. they simulated the effect
of a warmer tropical Pacific on US, tem-
peratures. Again, they found a slight cool-
ing. That “leads us to conclude that it was
very unlikely that E1 Nifio either caused or
materially contributed to the record 2006
warmth,” they write,

Mext, the NOAA group checked on
what greenhouse gases might have con- »

Canadian Study Reveals New Class of Potential POPs

Dioxin, PCBs. the pesticide DDT-—these
pollutants are considered among the most
dangerous on the planet because they don’t
break down easily, are highly toxie, and build
up in the food chain. Because these chemi-
cals stay put in our body fat, even tiny
amounts in food can add up over tme and
contribute to health problems such as cancer.
So worrisome are the nisks that more than
140 countries have endorsed a 2001 inter-
national treaty that aims to banish a dozen of
these substances from the environment.

Now on p. 236, a Canadian team reports
that efforts to crack down on persistent
organic pollutants, or POPs, may have
missed an entire set of them. The problem
is that risk assessment experts now finger
potential POPs based on whether they
build up in fish food webs. That assump-
tion, the authors argue, based on modeling
and field data, could be missing chemicals
that fish remove from their bodies but that
become concentrated in the tissues of
mammals and birds, which have a different
respiratory physiology,

One-third of the 12.000 or so organic
chemicals on the market in Canada fit this
new category, say the study’s authors at
Simon Fraser University in Burnaby, British
Columbia. This study did not examine
whether these chemicals are actually harming
wildlife and people. they and oth-
ers are gquick to point out. Sull, the
work “is really mising a red flag
and saying we've got to pay atten-
tion to this.” savs ecotoxicologist
Lawrence Burkhard of the U.5.
Environmental Protection Agency
in Duluth. Minnesota.

Biomagnification means that
the level of a toxin in animals’ tis-
suies rises as one moves up the food
chain. For instance. as larvae eat
algae, fish eat the larvae, and big-
ger Fish eat smaller fish. the toxin
present in the algae becomes
increasingly concentrated: top
predators like sword{ish and polar

=ars end up with the highest doses
in their tissues. This can happen

with stable, fatsoluble chemicals that aren’t
casily excreted in urine or feces. Biomagnifi-
cation was first studied in the late 19605 i
aquatic food webs, explains Frank Gobas, pro-

tessor at Simon Fraser University and leader of

the study. To sereen chemicals, scientists began

Toxic web. This woll devouring a caribou carcass may be ingesting
toxic arganic chemicals that the caribou picked up from eating lichen.
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tributed. Because they had no prior exam-
ples of the recent run-up in greenhouse
gases, the researchers were limited to ana-
lyzing simulations. They looked at I8
models that included greenhouse gases ris-
ing since the late 19th century to the pres-

T—

1.1 0.9 0.7 05 03 03101 03 05 0.7 0.9 1.1 °C
Warmth everywhere, All 48 of the contiguous states shared in

the greenhouse-fueled warmth of 2006.

ent. Averaged over the models. the simu-
lated greenhouse warming spanned the
entire contiguous United States—much

like the 2006 warmth, when every one of

the lower 48 states was warmer than nor-
mal. The model average in 2006 accounted

using a property known as Kow. which indi-
cates how readily a chemical dissolves in water
compared with fat and thus predicts how easily
it will move from a fish’s blood lipids into water
through its gills. Low-Kow, or more watersolu-
ble, chemicals don’t build up in the fish food
chain and were assumed 1o be safe,
Environmental chemists realized, however,
that this assumption might not hold in food
chains involving mammals and birds because
their lungs are i contact with ar, not water,
This means that many chemicals that are rela-
tively soluble in water and therefore don’taccu-

mulate in fish might remain in the tissues of

% land animals if they aren’t volatile enough to
E easily move from the lungs into the air { pre-
dicted by a property called Koa). Supporting
g this idea. some organic chemicals that don™t
E biomagnify in fish appeared w be doing so in
2 other wildlife and humans,
g To explore this hypothesis, Gobas and
graduate student Barry Kelly and colleagues
- collected plant and animal tissue samples-
& from lichens to beluga whales killed in Inut
2 hunts—
E weather patterns and cold temperatures,
E organic pollutant levels are high, They tested
= the samples not only for known POPs but
o also for several chemicals with a low Kow

www.sciencemag.org SCIENCE VOL 317

in the Arctic, where, because of

for “more than half of the observed
warmth.” the researchers report. “The
record 2006 warmth was primarily due to
human influences.”

*l could come up with a slightly differ-
ent conclusion,” says meteorologist David
Karoly of the University of Mel-
bourne., Australia, Rather than
blame half of the record warmth
on the greenhouse, he would say
that the new results show that
added greenhouse gases have con-
siderably upped the chances of a
year like 2006. He agrees, how-
ever, that greenhouse gases made
“a substantial contribution o the
warmth of 20067

Whatever the phrasing. the
same greenhouse contribution is at
work over the United States this
yvear as last, But what are the

the climate system will bring

enough exira warmth to the vear to
set back-te-back records? [t possible, the
NOAA group calculates, but not likely:
The odds are only 16%. Still, the past
spring was the fifth warmest on record for
the contiguous United States. The heat is
on agam?! -RICHARD A. KERR

but high Koa. which suggested they might
biomagnify in air-breathing animals.

The measured levels of contaminants for
various animals in aquatic and land food webs
wiere similar to those predicted from a bioaccu-
mulation model incorporating Koa and Kow,
suggesting the model was correct. Chemicals
with low Kow and high Koa stood out as
potentially risky. Several of the contaminants
studied, such as the insecticide lindane, have
been proposed for the POPs treaty already. But
many others with similar propertics have not
been serutinized Gobas says, The bottom line:
“We're missing alot of chemicals™ that may be
building up in the food web, Gobas says.

Canada and countries in Europe that are
working through lists of industrial chemicals o
identify new potential POPs will now need 1o
revise their approach, says chemist Derek Muir
of Environment Canada. He adds. however,
that the model has limitations. For one thing. it
assumes the chemicals aren’t metabolized:
many of them probably are, which may comvert
them to a form that is easily excreted. Procter &
Gamble senior scientist Annie Weisbrod
agrees: the Koa of chemicals “will matter in

some cases,” she says, “but the number of

chemicals [that bioaccumulate] will not be a
third of those incommerce.”  -JOCELYN KAISER

chances that the natural jostling of
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Stem Cell Debate Reignites

The Stowers Instilute for Medical Research in
Kansas City, Missouri, has again delayed
expansion plans because of opposition to
research with human embryonic stem cells.
Last fall, Missouri voters narrowly approved a
measure Lo prevent the state legislature from
prohibiting human ES cell work, But the thin
margin of viclory has prompted some oppo-
nents Lo try Lo overturn the measure in 2008.
A proposed resolution in the legislature failed
earlier this year, but Donn Rubin of the Mis-
souri Coalition for Lifesaving Cures says he
expects more attempts. “Missourians deserve
the opportunity to vote to ban all human
cloning,” the Missourians Against Human
Cloning said in a statement. Stowers says that
the continuing controversy has scared off top
recruils and put plans to double the institute’s
size on hold for now. ~GRETCHEN VOGEL

Two Cheers for EIT

A key European Parliament committee gave ils
gualified blessing this week to the European
Institute of Technology (EIT} proposed by the
European Commission (EC). The EIT has met
with little enthusiasm from scientists and
industry (Science, 20 October 2006, p. 399),
but some politicians are fans. Last month, rele-
vant European ministers approved the idea,
and now the parliament’s Industry, Research
and Energy panel has endorsed it, too. Bul the
committee rejected the EC's plan to take the
E.U."s €308 million contribution to the EIT's
€2.4 billion budget from existing innovation
funds, calling also for an EIT pilot phase.
The European Parhament will debate the plan
in September. ~MARTIN ENSERINK

Hot Times, Tough Sledding

A report released last week by the U.S. climate
science program paints a murky but grim pic
ture of the effort needed to cut greenhouse gas
emissions. Three independently developed
models of how that might be done came up
with costs that varied by a factor of 8 and
ranged lo “substantial” levels, even with some
optimistic assumptions. “Technically,” stabiliz-
ing atmospheric greenhouse gases “is not
impossible,” concluded report author James
Edmonds of the Pacific Northwest National Lab-
oratory. Similar work summarized by the Inter-
governmental Panel on Climate Change sug-
gested that tackling the problem "is afford-
able,” says economist William Pizer, of Wash-
ington, D.C.~based Resources for the Fulure,
who said this report’s "central tendencies” were
“closer to the truth,” -RICHARD A. KERR
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Making Dirty Coal Plants Cleaner

A daunting task awaits the utility industry as it scrambles to catch the
carbon spewing from today’s generation of plants

PITTSBURGH, PENNSYLVANIA—American
Electric Power (AEP), the biggest user of
coal in the United States, has long supported
research on WilYs 10 curb carbon emissions
from its 26 generating plants. But this spring,
Michael Momis, its CEO, surpnsed an audi-
ence of fossil fuel scientists, engineers, and
business executives gathered here when he
pronounced that technigques to extract carbon
from flue gases could be developed soon—itf
consumers are willing to pay for them, “If'we
want cleaner air, it’s going to cost spme-
thing.,” he declared. The fact that a power

industry executive 15 even talking in these
terms is a new departure, says Sarah Forbes
of Potomac-Hudson Engineering Inc.. a
Bethesda, Maryland-based consulting firm.
She sees itas a “bold” signal that the Colum-
bus. Ohio-based utility, at least, 15 getting
serious about carbon capture.

Emissions from the world’s 2100 coal-
Fired power plants are responsible for
roughly a third of the CO, generated by
human activity. In the United States, roughly
600 plants produce about 30% of the 7 billion
metric tons of greenhouse gases emitied by
all U.S. humanmade sources, easily surpass-
ing the amount produced by cars and all

other industries combined. Additionally, the
share of electricity generated by coal in the
United States 15 expected to climb from
48% today to 35% by 2030, And the United
States is not alone. Last vear, China, which
derives about 80% of its electricity from
coal and recently surpassed the United
States as the world’s biggest CO, emitter,
brought online two major coal plants a
week. “If we don’t solve the chimate prob-
lem for coal, we're not going to solve the cli-
mate problem.” says Princeton physicist
Robert Williams, a coal expert,

In practice, making coal plants cleaner
means removing as much of the CO, gen-
erated from flue gases as possible before
they are vented into the aimosphere. One
approach popular with industry and the
federal government 1s called the Integrated
Gasification Combined Cyele (1GCC),
which creates hydrogen to burn and C0O, to
be sequestered. (The U.S, Department
of Energy [DOLE] plans to spend

SCIENCE

51 bilhion for a full-scale public-private
plant called FutureGen that's scheduled to
open in 2012.) Onee extracted, the carbon
dioxide would then be stored, most likely
underground, at a cost and by an exact
method that are sull uncertain.

But only a handful of such plants are
running commercially worldwide, and none
currently stores the CO, underground. A
second approach. applicable to most exist-
ing plants, would remove the CO, from the
flue stream after combustion. The industry
standard, in limited use today, employs a
maolecule called monoethanolamine | MEA).
which has been used for decades as a sol-
vent 1o bind with CO, and separate it from
natural gas. -

Planners have long figured that build-
ing new facilities optimized for reduced
emissions would be cheaper than retro-
fitting existing plants, in part because of
the large amount of energy needed to
extract the CO,. But the retrafit option 15
becoming more attractive. One reason is
the growing support for near-term caps

on carbon dioxide emissions (Science,

8 June, p. 1412). The recent U.N.

Intergovernmental Panel on Cli-
mate Change report on mitigating
greenhouse warming puts a pre-
mium on early action to curb carbon
emissions. That means retrofittiing
existing plants may be more impor-
tant than building cleaner ones that
won't go on line for 20 years.

The cost of retrofitting also seems
likely to decline as scientists develop new
technologies: at the same ume,
the projected cost of new
construction. including
1GOC plants, is sharply ris-
ing in step with prices for «

Burning issue. Coal’s role in the future of
U.5. energy production is growing despite
its sizable contribution to global warming.

wwhw.sCliencemadg.org
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How a retrofit works. (1) Most coal plants burn coal to create steam, running a turbine that produces electricity. After treatment for pollutants, the flue gas, a
mixture of CO, {blue) and other emissions (green), goes out a smokestack. To collect CO, for storage, however, the mixture of gases is directed to an absorber (2),
where a solvent like MEA (pink) bonds with the CO, molecules. The bonded CO,—solvent complexes are separated in the stripper (3), which requires heat. More energy
is needed for the next step {4), which produces a puritied CO, stream for ground storage as well as solvent molecules that can be reused. (Schematic not 1o scale.)

industrial materials like concrete and steel.
“It’s a big change.” says engineer Jonathan
Ciibbins of Impernial College. London. “For a
long time carbon capture meant [methods
like] FutureGen, which was something won-
derful that was 15 or 20 years ahead.”

Taking a sip

Nestled among the green hills of coal country
in Cumberland. Maryland, about 2 km from
the Potomae River, the 7-year-old Warrior
Run plant burns 652,000 metric tons of coal
cach year. That makes it one of the newest and
smallest facilities operated by its owner, AES
corporation. But what also sets it apart is its
ability to collect some of the carbon dioxide
from the emissions generated in its boiler and
sell it commercially to beverage gas distnbu-
tors. “1f you've had a Coke today. you've
probably ingested some of our product,” says
plant manager Larry Cantrell.

Cantrell’s experience operating Warrior
Run gives him some insight into the econom-
ics of capturing carbon, and the numbers
aren't very encouraging. Warrior Run must
generate 202 megawatts (MW) of power o
meet its target of selling 180 MW, Roughly
4 MW of the gross total produced goes to
provide the energy required for the MEA
process to grab CO,. which captures only
5% of the plant’s CO, emissions, Grabbing
more would divert much more energy; the
cost of removing the carbon dioxide by
pipeline, truck. or geological injection would
drain profits even further.

Although current off-the-shelf technolo-
gies for carbon capture are improving, they
still have a long way to go. A 2001 DOLE study
of a 433 MW plant in Conesville. Ohio, cal-
culated that adding an MEA unit to capture
96" of its CO, emissions would cut the
plant’s net output by about 40%. And using
the technology would raise electricity bills by
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36% or more, according to a recent Massa-
chusetts Institute of Technology study. Last
vear, DOE updated its Conesville study and
found that the use of improved MEA technol-
ogy, including more concentrated mixtures,
more heat sharing, and larger and more tightly
packed columns (see diagram), would allow
the plant to capture 90% of CO, with only a
30% reduction in power output. That's better,
but it’s still a big hit.

Rearranging the inner workings of a
plant’s heat exchangers and turbines prom-
ises to make a bigger difference than simply
siphoning steam off for a retrofit bolted onto
the plant’s edge, says engineer Wolfgang
Arltof Universitiit Erlangen-Nurnberg, Ger-
many. His recent simulated retrofit with
MEA produced a 9% loss in total plant effi-
ciency instead of 11% without the reopti-
mizing tweaks. “That’s a big difference”
over yvears ol operation and thousands of
plants, says Arlt.,

Some scientists think that alternatives
chemically similar to MEA offer greater
hope. One uses a cooled stream of ammo-
nium carbonate as the solvent to pull carbon
dioxide from flue gas, releasing the gas
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when boiled. Data from a year-long experi-
ment with chilled ammonia at the bench
scale, run by the French energy giant
Alstom. suggests that the method needs
only 15% as much steam from the plant to
capture the same amount of CO, as an
equivalent MEA effort. That's because the
solvent grabs CO, less tightly. requiring less
energy to release it

Alstom 1s now buillding a 30-meter-tall
unit to capture 15,000 metric tons of CO,
per vear from a Pleasant Prairie, Wisconsin,
coual plant operated by We Energies. AEP
plans to try the technique at plants in West
Virginia and Oklahoma, where engineers
hope to use the gas to help extract additional
oil from nearby fields. The main goal of the
work is to quantify the energy demands, says
Alstom’s Robert Hilton, but he’s also hoping
to power the process with heat now wasted
instead of precious steam.

A grab bag of approaches

The reason solvents are needed at all is
because CO, makes up only a small fraction
of the flue gas created and emitted by coal
plants. Another retrofitting technique
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Mainstays. New plants are projected to be built in the U.5. soon, but the current fleet is going nowhere fast.
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involves the seemingly paradoxical goal of

A CAREER CO, HUNTER GOES AFTER BIG GAME

For 30 years, Michael Trachtenberg, a fast-talking, 66-year-old former neuroscientist, has been
working on an enzyme that removes carbon dioxide from various environments. Now, with the coal
industry and government finally focusing on reducing greenhouse gas emissions, Trachtenberg is
hoping to parlay his experlise and moxie into a commercial success.

Improbably, Trachtenberg began his career as an epilepsy researcher, studying the connection
between that disorder and the
brain’s ability to process carbon
dioxide with an enzyme called car-
bonic anhydrase. While working at
the University of Texas Medical
Branch in Galveston, he learned
that oil companies pump carbon
dioxide into depleted wells to extract
more crude. In 1991, Trachtenberg
formed a company, Carbozyme,
with the goal being to use the
enzyme Lo grab carbon dioxide from
coal plant emissions and sell it to oil
firms. The venture flopped, but by
then he was hooked on CO,. Apply-
ing his knowledge in work funded
by NASA, Trachtenberg next created  Using your noggin. Michael Trachtenberg's technique for
a device to maintain CO, and mois-  carbon capture involves an enzyme found in the human brain.
ture levels inside an astronaut’s
space suit that was smaller and cheaper than whal the space agency was using al the time,

Mow that “everyone and their mother” are suddenly interested in capluring carbon, Trachlenberg
predicts an industry consolidation in which “there won't be many of us little guys [left].” But he's hop-
ing Carbozyme, reconstituted in 2003, can hold its own against the likes of Mitsubishi and General
Electric. A $7.4 million grant this year from the Department of Energy (DOE}—the biggest award to
one team from a $24 million pol—will allow the Monmouth Junction, New Jersey, company and
its industry partners to carry out basic and applied research on post-combustion €O, capture.
(Carbozyme’s technology uses the enzyme in membranes to catalyze the conversion of CO, to
bicarbonate ions, reversing the process with the same enzyme by altering the pressure.) He says
that preliminary results show that his CO, absorber is dozens of times more cost efficient than the
current state-of-the-art technology using a molecule called monoethanolamine.

Trachtenberg's schedule at a recent carbon capture conference in Pittsburgh, Pennsylvania,
showed how far he's come since his days as an academic scientist: In addition to attending presenta-
tions, he juggled hushed sit-downs with some of the biggest names in the coal industry. A gregarious
self-promoter, he's also learned how to protect his intellectual property. Scrutinizing slides before a
public meeting with other DOE grantees, he explains: *I'm making damn sure that there's nothing pro-
prietary in those presentations,” -EK.

tric bill by 44%

compared with more than

producing flue gases that are richer in CO,.
The method. called oxy=firing. burns coal in
a pure oxygen stream, producing CO,, and lit-
tle else. After only minor processing, the flue
gas can be injected into the ground. Such
equipment could be attached to existing boil-
ers “more or less as 1s.” says University of
Utah chemical engineer Eric Eddings.

Last year, boilermaker Babcock and
Wilcox ended a T-vear oxy-firing test in
Alhance, Ohio, using a burner only 5% the
size of those used in a typical coal plant.
Preliminary results suggest that oxy-firing
would raise a wpical US, customer’s ¢lec-

30% for MEA—without accounting for
storage costs. Complicating the equation,
says Babeock and Wilcoxs Kip Alexander. is
that “evervone is tryving o get cost estimates
on equipment that hasn’t been built vet.”
One drawback to oxy-firing, says Uni-
versity of Texas chemical engineer Gary
Rochelle, is the need to make permanent
changes to the boiler, the heart of a coal
plant, By contrast, treating flue gas gives
operators the option of changing the carbon-
stripping technigque by swapping equipment
offthe end of the plant. That flexibility could
make emissions cuts casier for industry: The

Conesville study, for example, suggested
that capturing hall the carbon emissions
from the plant would cost hall as much as
capturing all of the CO,.

Keeping aptions open for relatively new
steam-powered plants is a big worry of coal
experts, especially for those eyeing the
Asian juggernaut. Gibbins hopes to
spread the word about technical
advances during a visit to China
later this year. He plans to
encourage Chinese utilities to
include particular features
such as space for new equipment
and certain steam fNttings—on
their prodigiously growing coal
fleet so that they're ready 1f
researchers, mostly in the West,
succeed in making capture
cheaper over the next decade,

Other methods to grab CO,
from fue zas are still at the bench
stage, They include giant mole-
cules that can pluck out CO, with

spindly arms called dendrimers,
cagelike molecules that capture the CO,, or
biological catalysts (see sidebar). The initial
barrier for each technology 15 the high costof
producing the molecules. But the methods
also hint at some attractive benefits. One
problem with MEA is its volatility, which
requires a company to run a chiller plant on
site 1o remove the evaporated solvent from
the concentrated CO,. But ionic liquids, a
relatively new class of chemicals that are
liguid at room temperature, have low volatil-
iy, and chemists are finding they might be
uselul for removing carbon dioxide.

The search for carbon-clutching tools is
attracting rescarchers from a variety of
felds previously unrelated to coal, like nano-
technology. Researchers at the University of
Notre Dame. for example. were trying to use
ionic liquids to make environmentally
friendly solvents for the chemical industry
when they discovered that the CO, involved
kept dissolving in the ionic liquid. “We didn't
expect the carbon dioxide to be so solu-
ble.” says Notre Dame chemical engineer
Edward Maginn.

Now, DOE is funding basic work with the
chemicals for carbon capture, and Maginn's
team is examining how to make cheap-to-
svnthesize solvents that grab CO, just firmly
enough, “It's a very small [but] growing
field” he says. And every little bit helps a
community that'’s tryving w tackle a problem
from a virtual standing start, says Babecock
and Wilcoxs Alexander. *“We need 1o demon-
strate a lot of things.” he says,

-ELI KINTISCH
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Obvious? Some
say Thomson
(right) didn’t
invent anything.

STEM CELLS

Prominent Researchers Join the
Attack on Stem Cell Patents

James Thomson's work deserves praise but no patents for doing what others could
have achieved with the proper resources, critics say

Four prominent stem cell scientists have
filed “declarations™ in support of a citizens’
group that 1s trving to break the University of
Wiscaonsin's hold on patents for human
embryonic stem (ES) cells.

Joining the fray are Harvard researchers
Chad Cowan and Douglas Melton, as well as
Alan Trounson of Australia’s Monash Univer-
sity. A new statement was also submitted by
Jeanne Loring of the Burnham Institute for
Medical Research in San Diego, Califorma,
who has been advising the Foundation for
Taxpaver and Consumer Rights, which filed
the initial complaint last July.

In April, the U.S. Patent and Trademark
Office (PTO) 1ssued a preliminary ruling
upholding the taxpayer foundation’s challenges
to three existing patents (Seience, 13 Apnl,
p. 182) covering primate and human ES cells,
which are based on the work of University of
Wisconsin, Madison, researcher James
Thomson and held by the Wisconsin Alumni
Research Foundation (WARF ). WARF nar-
rowed its claims in response to the ruling,
excluding human ES cells from sources other
than fertilized eggs, such as cloning. But
WARF is standing pat in face of the latest
onslaught. Spokesperson Andrew Cohn says it
will have no response to the statements, which
contain “nothing new,”

The scientists” statements reiterate the tax-
paver foundation’s central arguments; that the
feat by Thomson—who announced the first
successiul cultvation of human ES cells in
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1998 { Science, 6 November 1998, p_ 1145}
was “obvious” and therelore unpatentable
since it was the outcome of using already-
known technology.

The four scientists emphasize that Thomson
deserves all the accolades he has received. But
they argue that he was just lucky in having
access to abundant funding (from Geron
Corporation in Menlo Park. Calitfornia) and
tresh frozen human embryos (from Israel). *1
believe that had any other stem cell scientist
been given the same starting materal and
financial support, they could have made the
same accomplishment,” stated Melton.

WARF argues that for 2 decades after the
discovery of mouse ES cells, people “repeat-
edly tried and failed™ w cultivate sustainable
lines from other mammals including sheep.
pigs. hamsters, cows, and humans. But none
of these efforts was successtul until Thomson
reported the first monkey ES cell ling in 1993,
WARF cites Anff Bongso at the National Uni-
versity of Singapore as a researcher who tried
and failed to cultivate human ES cells pre-
Thomson. Bongso derived a human cell line
in 1994 but was unable to maintain it. WARF
also emphasizes that Thomson was the first to
report that Leukemia Inhibitory Factor, or LIF,
although necessary for cultivating mouse
LS cells, is not needed with human cells.

The challengers counter that “not a single
scientist in the field ried and failed to achieve
Thomson’s accomphshment™
know-how but because they did not have the

not for lack of
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proper resources, They also cite Bongso's
work, arguing that with a little more time he
would have gotten it nght. Trounson says he
had “work in progress™ cultivating human
ES cells at the time Thomson reported his
breakthrough { Trounson’s work was pub-
lished in 2000). Melton points out that his team
in the past few years has successfully isolated
human ES cells “hy simply following ... meth-
ods taught for deriving mouse, rat, pig, and
sheep ES cells. We did so without recourse o
Dr. Thomson's publications, ... "

Colin Stewart, a stem cell researcher at the
Institute of Medical Biology in Singapore, 1s
the only outside expert who has offered a dec-
laration to the PTO in support of WARFs
position. Stewart, co-discoverer of the role of
LIF in mouse ES cell culture, basically argues
that existing methods for cultivating mouse
cells did not provide adequate guidance for
cultivating human ones. (Stewart was not
available for comment. )

Some lawyers have gone o bat for WARE,
In a blog posted on 4 July, Chicago, Illinois,
biotech lawyer Kevin Noonan points out it is
difficult to maintain that the invention was
anticipated by “prior art” given the acknowl-
edged “absence ol appropriate starting materi-
als"—human embryos. “The best the art could
provide is a suggestion about how human stem
cells migd be produced™ he writes. Madison,
Wisconsin, patent attorney Grady Frenchick is
confident the patents will hold up. “*Every-

body'’s going to use [ Thomson's] method of

1solation and cultivation, That's truly the break-
through,” he suys.

But 1t 1s difficult to find a stem cell
researcher other than Stewart or Thomson
who thinks WARF's patents are justified. *1
know of no one other then the folks .., associ-
ated with WARF and these patents who is in
Favor of how they are handling this.” says Fred
Gage of the Salk Research Institute in San
Dicgo, California,

Johns Hopkins University stem cell
researcher John Gearhart agrees with the chal-
lengers. “The procedure James [ Thomson]
used to generate human ES cells was one that
had been basically reported [back in the "80s)
for generating mouse ES cells.” says Gearhart.
The LIF argument is a red herring, he adds.
Even though Thomson found it was not neces-
sary for growing human cells, its presence
does not interfere with culturing them.

Gearhart savs he doubts “whether the
patent office really understood what was
going on” when it issued WARF's patents,
“They were not very rigorous.” But with so
many eves now on it the PTO s presumably
giving the 1ssue more than routine scrutiny.

—CONSTANCE HOLDEN
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PROFILE:

ALBERT AMMERMAN

Exploring the Prehistory of
Europe, in a Few Bold Leaps

Archaeology’s Renaissance man takes a new plunge—into the topic that made him

leave a life of literature for a “$10-a-day

NISSI BAY, CYPRUS—TFor the operator of the
bungee jump here at the Olympic Lagoon
Resort, 1t 15 a strange request. The Cypriot
Department of Antiquities wants him o give
aride toa visiting American academic. A tall
man in khaki trousers, Albert Ammerman
steps over the coiled bungee cord and joins
the operator in the metal cage. The crane
hoists them 60 meters over the bay—the
point at which most passengers are bound at
the ankles and dive sereaming into the air
and then Ammerman has the crane pivol
farther, dangling the cage above the bone-
white escarpment flanking the resort, Here
Ammerman pulls out a camera and snaps
shots of the land below.

“People came here on boats 12,000 years
ago. It's one of the most important archaeo-
logical sites on Cyprus,” Ammerman says,
surprising the tattooed bungee operator. Most
people consider it a waste area, full of jagged
rocks that hurt the feet—there have been
plans to bulldoze it for a hotel. As the bungee
operator swings the cage back over the water.
he asks, "Are you sure you wouldn't like to
have a go?” Ammerman chuekles, and cocks
his head to consider the plunge.

Ammerman, 64, is no stranger to wild
leaps into the unknown. Indeed. they have
defined his carcer. But in spite of changing
research areas—and even felds—about
once a decade, Ammerman has made impor-

" life

tant advances again and again. *He is truly a
Renaissance man of archacology,”
MNicola Terrenato, an archacologist at the
University of Morth Carolina at Chapel Hill.
A decade ago, Ammerman all but aban-
doned the topic that launched his career, the
ongins ofagriculture. But after a chance dis-
covery on Cyprus’s shore a few vears ago. he
has come back with a radical hypothesis-
that sea-going people dominated the coasts
and islands of the Mediterranean for millen-
nia before farming was established.

Says

Piccolo € bello

The first time
Ammerman took a
leap into the unknown
was as an undergrad-
uate at the University
of Michigan. Ann
Arbor, in 1964, when
he wrned away from
math and physics to
literature. As the
Vietnam War reached its apex. he put aside
dreams of becoming a “rocket scientist”
because. he says, he felt it would mean
making weapons “in one way or another.”
A newly declared English major, he scooped
up the university’s top prizes for essay writ-
ing and for original poetry. By 1966. he was
an editor at a New York literary company,

foragers.

"Agriculture didn’t spread
along the coasts because
they were already

frequented” by voyaging

—Albert Ammerman,
Colgate University

producing recordings of readings by famous
actors and aciresses,

But in 1967, says Ammerman, “curios-
ity™ drove him to jump again. He moved to
England and enrolled in a Ph.D. program at

the Institute of Archaeology. now part of

University College London. "My friends told
me | was crazy to consider being a student,”
Ammerman recalls. His employer had just

agreed to make him the new editor in chiefof

their European operation, with “my own
London office and two secretaries.” Instead,
Ammerman ended up *in ltaly, searching for
the origins of agriculture, living on 310 a
day.” he says. “Those were the great vears.”
Inthe late 19605, Ammerman says he and
a like-minded group of “voung turks™
believed in a theory called “indigenism,”
which held that crops were domestcated all
over Europe by the people living there, The
theory was wrong, Ammerman soon real-
ized. But in searching for evidence to sup-

port it, he acquired a deep understanding of

the continent’s prehistoric landscape.
According w Andrew Moore, an archaeolo-
gist at the Rochester Institute of Technology
in New York state, Ammerman had “a knack
for finding sites in areas that others had not
thought worthy of exploration.”

Ammerman demonstrated that the earliest
signs ol agriculture didn't overlap with late
hunter-gatherer sites, and this was key evidence
for a theory contrary w0 indigenism—the view
that agriculture swept across Europe in a rapid
revolution, imported by newcomers. But it
would be nearly 2 decades before Moore and
others proved definitively that Europe’ crop
plants were domesticated in the Near East.

To find evidence of a farmer mass-
migration, Ammerman crossed disciplines
again. While he was in Italy in the late 1960s,
he teamed up with
Luca Cavalli-Sforza,
i EL'I'II.ZI.IL'IHI. now at
Stanford University
in Palo Alwo, Califor-
nig, who was study-
ing human migra-
tions. “Theirs was the
first collaboration
between an archaeol-
ogist and a geneticist
to put together two
totally distinet forms of scientific knowl-
edge.” savs Moore. Ammerman mapped out
the location of the earliest known appear-
ances of agriculture across Curope, while
Cavalli-Sforza analyzed samples of blood
from people living in Europe today, gauging
genetic differences by comparing mutations
in the genes for blood proteins,
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When they compared notes, a striking
pattern emerged. Agriculture appeared
steadily later the Farther west they looked,
and the degree of genetic difference between
populations also grew steadily greater. “The
best explanation for those patterns 1s that
agricultural people moved into Europe from
the east, displacing and mixing with hunter-
gatherers as they went.” says Ammerman.
By correlating geographic and genetic
distance, the duo calculated the rate of the
spread of agriculture across Europe at
roughly | kKilometer per yvear. “It created an
entirely new field of archacology.” says
Curtis Runnels, an archaeologist at Boston
University in Massachuseus,

The next leap came in 1985 while
Ammerman was holding a temporary posi-
tion at the University of Parma in ltaly.
While working on a dig in Rome, Ammer-
man teamed up with geophysi-
cists o use techniques then for-
eign to archacology, such as
radar imaging and computer
muodeling of landscape evolution,
In retrospect, says Terrenato,
“gstablishing the solid contours
and the geology ofa site as it was
when human occupation started™
15 an “obvious first step.” But
archaeologists had rarely done
50, “In part because of the diffi-
culty of acquiring the necessary
data,” he says.

Ammerman wasn't the only
archaeologist exploring these
new methods. says John Cherry. an
archacologist at Brown University, “but
he was one of the first, and his approach
was very creative.”

The geo-archaeological methods paid off

well, From Rome, Ammerman went to
ancient Athens and other cines, plving his
quantitative methods. In Venice, says
Moore, Ammerman produced “spectacular
results, pushing back the date of the incep-
tion of the city and giving it a new founding
history.” This work has also embroiled
him in debates over the future of coastal
cities in the face of climate change (Science,
25 August 2000, p. 1301).

But staying out of the mainstream has
often required Ammerman to work “as the
proverbial army of one.” says Terrenato,
stringing together small grants to do field
work either alone or in small collaborations.
Unlike colleagues at big research universi-
ties with troops of graduate students,
Ammerman drifted between universities in
Italy and settled at a small liberal arts col-
lege, Colgate University in Hamilon, New
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York. But if he has an underdog reputation,
Ammerman is sanguine about it. “Piccolo ¢
bello,” he says—small is beautiful.

Neolithic redux

In 2004, Ammerman spent a yvear as a Ful-
bright senior scholar in Cyprus. He was
attracted to an archaeological mystery on
the island.

Ammerman and Cavalli-Sforza’s rate of

| kilometer per year for the spread of agri-
culture works well on the European main-
land. but the picture 15 confusing along the
Mediterranean coast. Cyprus, as the first big
island off the Near Eastern coast. partly vis-
ible from mountains in Turkey, should have
been colonized by farmers relatively early.
To get there, however, they would have

needed boats to traverse 60 Kilometers of

open water, and evidence for ancient sealar-

Striking similarity. Ammerman found stone tools near a rocky outcrop on
Cyprus that he says resemble Neolithic tools from the mainland.

ing in the Mediterranean is scant.

Within the past decade, Edgar Peltenburg,
an archaeologist at the University of Edin-
burgh, UK. has pushed the date of Cypriot
occupation back to 8200 B.C.E.. making it
one of the earliest arrivals of agriculture
from the Near East. The discovery implies
that seafaring technology must have been
available by then, says Ammerman. and it
also creates a paradox, “In a world of boats,
agriculture should have spread far more
quickly around the Mediterranean than on
the mainland.” But the opposite is true.
Traveling west. the next big island. Crete, is
only days away by boat, but farmers do not
seem to have left their mark there until
7000 B.C.E. The toe of Laly seems to have
been foreign to farming until 1000 years
after that. “What took them so long?”
Ammerman wonders.

A few months after arriving at Cyprus,
Ammerman was strolling along the Aeo-
lianite bluffat Nissi Bay when he saw some-
thing that stopped him in his tracks. He
picked up a small, chipped stone and wirned
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it over in his hand., It was a wol from before
the Neolithic Period. “Then [ started seeing
them all over the place.” he says. He teamed
up with a fellow Fulbright senior scholar on
Cyprus, Jay Noller, a geologist at Oregon
State University in Corvalis, to map out
other Acolianite outerops on the island.
Sure enough, a similar part of the coast to
the west is peppered with stone blades and
scrapers typical of the mainland about
12,000 vears ago.

Archaeologists have never noticed these
sites, savs Ammerman., “because no one
would ever think of looking insuch a place.”
The Aeolianite seems like an unpleasant
place tomake a living, he says, But after sev-
eral summers of fieldwork. I now appreci-
ate that it’s aw ful for agriculturalists but
wonderful for hunter-gatherers.” The Aeo-
lianite’s natural pits and shelves “are like
Paleolithic furniture, perfect if
yvou've got seafood you've cap-
tured down at the coast and need
a sheltered place to process and
cook "

Ammerman believes he's
found by far the oldest evidence
of seafaring in the Mediter-
ranean, and he thinks it could
shed light on the agricultural
transition itself. “The mistake
that I think we have always
made about the Neolithic is to
assume that agriculture must
have been perceived as a far
superior lifestvle and was
immediately embraced.” he savs. “Agricul-
ture can support far higher population den-
sities,” and that is why the agriculturalisis
inevitably took over. But the coastal envi-
ronment is not ideal for agriculture, says
Ammerman, adding *1 think agriculture
didn’t spread along the coasts because they
were already frequented by a stable culture
of vovaging foragers.”

But Ammerman “desperately needs inde-
pendent evidence to sustain the early dating
of his sites,” says Pelienburg, Ammerman’s
first shot at that—getting a carbon date on a
sample of charcoal from the surface—was
disappointing. The sample turned out to be
no older than the days of Napoleon. Now he
plans to get carbon dates from samples of
shells at lower levels.

Back in the bungee cage, Ammerman
decides to skip this plunge. But about his
new research direction, he has no hesitation.
“Sure, I could be wrong,” he says. “But this
sure is fun.” That seems to be the motto of a
scientist who has followed the beat of his
own drum. =]JOHN BOHANNON
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Autism’s Cause May Reside in
Abnormalities at the Synapse

New genetic evidence is leading researchers to home in on the cleft separating neurons

as the site where the disorder may originate

Mo one knows what causes autism, which in
its broad definition affects about | in every
150 children. The impaired social interaction,
communication deficits, and restricted and
repetitive behaviors seen in people with the
condition have confounded scientisis since it
wits first wdentified in 1943, Because only a
minority of autistic persons have severe intel-
lectual disability, and some show exceptional
cognmitive talents, relanvely subtle changes in
the brain are probably responsible. Now a flurry
of new discoveries is pointing to one possible
site of autism’s ongin: the synapse.

Svnapses are Jjunctions across which
neurons communicate. They are essential
for sensory perception, movement coordi-
nation, learning. and memory—virtually
all brain funcuon, “The synapse is like the
soul of the brain.” says Huda Zoghbi, a
pediatric neurologist at the Bavlor College
of Medicine in Houston, Texas. “It’s at the
root of everything,”

Zoghbi was the first to propose, in 2003, that
altered synapses might be responsible for
autism. But direct evidence was thin. Now
“there seems to be a confluence of data flow-
ing.” says Stephen Scherer, a geneticist at the
Hospital for Sick Children in Toromo, Ontario,

Until the mid- 19805, experts considered
autism a strictly environmental disorder, with
muost of the blame falling on faulty parenting.
Moww we know that “autistic spectrum disorder.”

the term specialists prefer, 15 overwhelmingly
genetic. Based mostly on studies of fraternal
and identical twins, University of Tlhinois at
Chicago autism researcher Edwin Cook con-
cludes that genetic factors contribute about
Q0% to autism, with environmental factors
conimbuting no more than 10%., Autism 1s “the
most hentable of neurodevelopmental disorders
that are complex in origin,”
savs Scherer. ( Biology is not
destiny, of course, because the
environment affects the form
any genetic disorder takes,
and autistic children often
improve if placed in the right
learning setting.)
Abnormalities of chro-
MOSOIME s, MEany 1.'I'1I'|.I'II...'I1'I. V5=
ible under the microscope,
are thought to account for
10 to 20%a of autism cases.
The effect of multiple genes
acting in combination proba-
bly accounts for most of the
rest. Two groups recently
reported that many autism
patients have novel deletions
and duplications in their
genomes (Science, 20 April
2007, p. 445). probably
arising when chromosomes
cross over during meiosis,

Critical connection. Neurexins

and neuroligins coming together in
the synapse. Alterations in these
proteins could change how neurons
communicate and lead to autism.

Environment counts. Despite the highly genetic
nature of autism, which researchers are now
deciphenng, specialized school programs help.

Researchers are honing in on the individual
genes responsible.

Because autism is a spectrum of disorders,
different gene combinations will play a role in
different individuals. What's generating excite-
ment now ]"1 IIII...' dl!‘d,‘li‘.l'l.'tl'}' ﬂjll'.l'llllillll'll'lri 1n sin-
gle genes that, in rare instances, seem able 1o
cause autism. These genes may be pointing
directly at a general mechamsm for the disor-
der, at the synapse.

The first autism genes?

Zoghbi's provocative 2003 synapse hvpothesis
rested partly on work that vear by a group led by
Thomas Bourgeron at the Pasteur Institute in
Paris, France, that found mutations in proteins
called neuroligins in two pairs of Swedish
brothers with autism spectrum disorder.
Neurolizins are proteins expressed on the
surface of the postsynaptic neuron that bind to
proteins on the presynaptic neuron called
neurexins, spanning the synapse and forming a
physical tether. Together, neuroligins and
neurexins are thought to play key roles in the
formation and functioning of synapses,

Some researchers contested the Pasteur
Institute findings. however, because no other
reports of these mutations in other individuals
with autism followed: some even questioned
whether the Swedish brothers actually had
autism, “TF it wasnt [autism], it was pretty damn
close.” savs Scherer,

These rare neuroligin mutations and other
suggestive evidence linking
some neuroligin-inding pro-
teins to autism led Bourgeron
to postulate a *neuroligin
autism pathway™ in which
abnormalines n any of these
dozen or more proteins could
predispose their possessors
to the disorder. Bourgeron
buttressed his case this Jan-
uary, when his group identi-

these proteins, Shank3. in
three autistic individuals. In
such rare cases. mutations in
this single gene seem to be
sufficient to cause autism.
Other groups. according to
Scherer, are also reporting
Shank3 mutations in autistic
patients. “It’s being repli-
cated for sure,” he says. Inthe
one published study so far,
Shank 3 mutations appear w
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account for about 1% of autism cases,

Then. in March 2007, the Autism Genome
Project Consortium, a group of over 50 institu-
tions in North America and Europe, reported
results ol a S-vear study on the genetics of
autism in 1600 families. In addinon to several
new chromosomal regions implicated in the
disorder, the rescarchers found the newrexin-|
gene associated with autism. Since neurexins
bind to neuroligins at the synapse. this finding
boosted the neuroligin autism pathway idea,
although the study’s authors did not look for
specific neurexin mutations. (Several groups
are now sequencing the gene. ) Shank3 abnor-
malities also turned up In some Autism
Cienome Project families, reports Scherer, the
study’s coprincipal investigator, again implicat-
ing the neuroligin pathway.

Bourgeron now feels vindicated. *People m
the field are really accepting that
this is a pathway which is associ-
ated with autism.” he says. “When
wee published the neuroligin [repon
in 2003]. nobody believed it

Mutations in single synaptic
genes, including neuroligins,
neurexins, and Shank3, will proba-
bly explain only a small number of
autism cases—5% at most, Scherer
estimates.  In the most convineing
case so far, Shank3, “a single gene
could cause this complex disease
type.” says Scherer. “That's
tremendously important.” Scherer
explains, because it could provide
clues to cellular defects underlying
all aunsm. In Alzheimer’s disease.
for example, mutations in the
B-amylowd precursor protein (APP)
account fora tmy fraction (less than
0.1%%) of all cases yet were crucial
in revealing the likely disease
mechamsm: the abnormal deposit
of amyloid plagques in the brain,
“This field, autism, 1s probably about 7 years
behind the Alzheimer story,” says Scherer,

Orchestrating the synapse

Mow the race 15 on to fizure out how neuroli-
gins and their binding proteins are contribui-
ing to autism. “What exactly do these proteins
do at synapses?” asks Thomas Siidhof. a neu-
roscientist at the University of Texas South-
western in Dallas. “That’s ... crucial for
understanding autism.”

Siidhot™s lab discovered neurexins in 19492
and neuroligins in 19935, They have been stud-
1ed intensely ever since, because they seemed to
hold the key to how synapses form, and thus o
brain development. At first their panng was
thought w physically tether the synapse, but it
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later became clear that they also promote the
recruitment of neurotransmitier receptors and
various structural molecules o the synapse—in
fact, orchestrating a complete synapse. Neuroli-
gins and neurexins “are unbelievably important
proteins,” says Siidhof. “They re life or death”

Clues to their possible role in autism are now
appearing. One theory is that an abnormal neu-
roligin pathway upsets the balance of excitatory
and inhibitory svnapses in neurons, thereby
aftecting learning and memory, and thus lan-
guage and social communication. Broadly
speaking, svnapses can be either excitatory,
when the neurotransmitter glutamate is
released. or inhibitory, with release of the
neuwrotransmitter camma-aminobutyric acid
(GABA). The ratio of excitatory and inhibitory
synapses on a neuron determines whether it will
fire in any given situation. In the 21 June issue

Presynapti Presynaptic

Postsynaptic

Autism's origin? Neuroligins and neurexins, proteins crucial for aligning and
activating synapses, have now been implicated in autism, along with the Shank3
scaffolding protein. An altered balance between excitatory synapses (left) and
inhibitory {mght) could affect leaming and memory during development.

of Newron, Stidhof reported that in experiments
in cells, overexpressing neuroligin-1 leads to
excitatory transmission at synapses, whereas
neuroligin-2 overexpression leads o inhibition,
Stidhol speculates that an alteration in either
neuroligin could change the excitatory-
inhibitory balance, subtly changing the number
of neurons that are firing during brain develop-
ment. Such disruptions could eventually pro-
duce the lasting symptoms of autism, he
explains, because synapses change with use,
becoming more or less sensitive to stimuli
depending on experience. This “synaptic plas-
ticity™ 1s the basis of learing and memory.
That’s just one possibility. The synapse 1s
extraordinanly complex., both chemically and
structurally, and a lot could go wrong there as

Postsynaptic

NEWSFOCUS

the brain develops. Studies in animals to
understand the different componenis of the
synapse and to determine mutation effects are
just beginning,

Many research groups are now focusing on
finding links between synapse genes and
autism, Cook argues for a broader approach,
including whole genome scans for other genes
that might have less individual effect but may
aocount ﬁ!l’ maore :Ilill:i.\'ul'l'l Cillscs. EH{T!’I.'I.I..Z :il.[l...‘l'l
studies are in progress. ) “To say one or the other
approach ... is the right way to go is, I think, at
this point naive.” Cook says.

Few genes or many?

The hope is that most cases of autism are caused
by just a few strongly acting genes, rather than
many weak genes in concert. Simpler genetics
would accelerate understanding of the disorder.
as well as facilitae early diagnosis
and genetic counseling. and pro-
vide more discrete targets for ther-
apy. Bourzeron notes that a single
abnormal gene—or even a single
wene copy, s with Shank3—can, in
rare instances. cause autism. But
even Bourgeron doubts that altered
synapses by themselves are enough
10 cause most cases, “Aunsm is not
a single entity.” he stresses.

He speculates that a combina-
tion of abnormal synapses and
altered neural networks—the
complex circuitry involving the
billions of neurons that permits
language and social interaction
could combine to cause most
cases ol autism, Factors that could
alter neural networks include a
olobal, as opposed to neuron-
level. shift in the excitatory-
inhibitory balance, increased
neuron numbers (many autistic
children have large heads), or
high levels of the neurotransmitter serotonin,
seen in about a quarter of autistic patients.

Besides synapse abnormalities. many
causes of autism have been postulated, from
altered neuron migration during early develop-
ment to chronic inflammation in the brain.
Imaging and post-mortem studies suggest that
“underconnectivity” between brain regions is at
the heart ol the disorder { Seience, 24 June 2005,
p. 1856). Underconnectivity and altered
synapses are not mutually exclusive. “1f vou
have regionally different synapse dysfunction,
vou're going o have differences inconnectivity
between different brain regions,” says Sidhof.
“Thats exactly what vou would predict.”

In the end. it may all come down to
the synapse, ~KEN GARBER

GABA
receptor

Gephyrin
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Last-Gasp Effort to Save Borneo’s
Tropical Rainforests

One of the most ambitious attempts ever to
safeguard tropical forests is taking shape in
Southeast Asia. In February, the three
nations— Brunei Darussalam. Indonesia,
and Malaysia—that share Borneo agreed to
conserve and jointly manage vast tracts of
the world's third-largest island w protect its
unparalleled biodiversity. At the meeting,
scientists outlined their vision for the
Heart of Borneo (HoB) initiative—to
rave reviews, “Its phenomenal. A fan-
tastic project,” says terrestrial ecolo-

Like those of Sumatra, Borneo’s forests
are under siege. Palm oil plantations are
spreading as sales of the biofuel soar. inva-
sive acacia trees are on a rampage. and wild-
fires ravage the island each vear. The Heart
of Borneo has come none too soon. “The
project already appears to have been suc-
cessful in deterring o1l palm expansion in

unsustainable or damaging practices, such

as clear-cutting and unbridled expansion of

palm plantations. “We still have to provide
livelihoods for people as well as protecting
the biodiversity,” says Stork, who is not
involved with the initiative.

Scientists expect HoB will vield big,
albeit vague, dividends in species protection.
The project’s scale “is very promising, since
size does matter for biodiversity conserva-
tion in tropical forest habitats.” says Briihl,
who studies Borneo's ants. “1 expect that
such an ambitious project will provide a
safeguard against biodiversity loss. But how
will that be measured” asks Myron
Shekelle, an expert on tarsiers at the
MNational University of Singapore.

Some scientists worry that the mi-

tiative could be detrimental to creatures
outside project boundaries by distract-
ing attention from them. “HoB looks
like it would represent upland habitats
in all states very well, but much of the

aist Nigel Stork, head of the School of
Natural Resource Management at the
University of Melbourne in Victoria,
Australia, Yet with many details still to
be worked out, some worry whether

Forest Cover. Loss
on Borneo
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the partners will follow through on all
that’s been promised.

Under HoB. a third of the island—
some 240,000 square kilometers strad-
dling Brunei, Indonesia, and
Malaysia—would be designated for
varying degrees of protection, from
conservation to uses ranging from
tourism to sustainable logging. “This
15 the only place [in Southeast Asial
where tropical rainforest can still be
conserved on a large-enough scale to
remain permanently viable.” says
Rahimatsah Amat. chief technical
officer for Borneo with the World
Wide Fund for MNature (WWF) in
Malaysia. Famed for its orangutans,
Borneo is a biodiversity wonderland
with three new species described each
month, on average, over the past
decade. The richness of tree diversity
“is greater than anywhere else in the Old
World,” says Peter Ashton of Harvard Uni-
versity s Arnold Arboretum.

Ashton. who has conducted fieldwork
in Brunei for 50 years, calls HoB “spec-
tacular.” The initiative, adds Carsten
Briihl, an ecologist at the University
Koblenz-Landau in Germany. is “the only
chance that is left to do something mean-
ingful to conserve the remaining forests of
Borneo.” As a cautionary tale. Briihl
points to deforestation on nearby Sumatra,
Without HoB. he says, Borneo’s ecosys-
tems “might be lost in 200 vears.”

Foowd oo lgma 2000-2020

Forest (ove
{pregection] 200

Country Bouncary

Withering heart. Although boundaries are not yet set, the Heart
of Borneo initiative aims to keep remaining forests intact.

the HoB area, at least on paper,” savs conser-
vation biologist Matthew Struebig of Queen
Mary, University of London, UK.
Although the three governments are
still erafting implementation plans, the
multimillion-dallar HoB would integrate
management of national parks and other
protected areas with adjoining landscapes
to ensure contiguous forest cover. The HoB
concept “is not a total lock-away of land.”
says the imitiative’s originator, WWF adviser
Mikaail Kavanagh, Although about half of
HoB land will continue to be utilized. the
governments are expected to curtail

diversity and the greatest conservation
threats are in the lowlands,” argues
Struebig, who points out that substan-
tial orangutan populations are outside
HoB, in the peat swamps of Indonesia’s
Kalimantan provinces, Although HoB
“can't cover all of Borneo,” Struebig
says, “it would be catastrophic if donor
and government conservation interest
was diverted from other flagship areas
as a result.”

The initiative s amorphousness also
raises evebrows, “Exactly what is cov-
ered and what commitments each
country would take beyvond publicity
and tourism seem very uncertain at this
stage.” says Struebig. Experts are lob-
bying the three Borneo governments to
take a rigorous approach to sustainable
forest management. Timber extraction
should be highly selective, using sys-
tems like helicopters or cables, says Briihl,
who adds that such techniques have been
tested in Borneo.

Despite the misgivings, experts laud
WWF for conceiving HoB and persuading
the politicians to adopt it. The initiative
could become *a milestone in conserva-
tion,” says Brithl. Or, he warns, “It could
also become a piece of paper with a catchy
title.” The onus is now on Borneo's govern-
ments to carry the ball forward: to finalize
HoB boundaries and lay out a mechanism
for managing and funding it. A game plan is
due by February 2008,
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Paradise Lost,
Then Regained

A half-century ago. invaders overran Cousine
Island. Feral pigs denuded the tiny outpost in
the Seychelles archipelago, and alien plants
ran riot. Many ecologists wrote off the island,
“It was so degraded. so disturbed. It was in a
very, very sad condition,” says Michael

Samways. an ecologist at the University of

Stellenbosch in South Africa.

Samways didn’™t give up on Cousime, how-
ever. He has since become the chiefl architect
of what appears to have been a stunning eco-
logical recovery. At the meeting, Samways
enthralled participants with a vivid deserip-
tion of the “landscape triage™ his team has
performed over the past 15 years to restore
Cousine o a facsimile of what it was like
before humans arrived. “We call it *Paradise
Gained,” ™ says Samways. "Its a marvelous
story,” says Paul Racey, a biologist at the Um-
versity of Aberdeen. UK.

In important ways, few islands compare to
Cousine. 1t is privately owned, and the current
owner bankrolled the restoration. Crucially to
its ecology. Cousine appears never to have
suffered a rodent infestation. That is probably
because the 1sland has no jetty. so boats can-

From Flying Foes to Fantastic Friends

The bellis tolling for Southeast Asia’s bats. Pummeled by habi-
tat erosion and hunting, some 20% of bat species may become
extinct by the end of the century, experts predict. A concerted
effort is now underway to save the furry critters with the estab-
lishment of a Southeast Asian Bat Conservation Research Unit.

Throughout the region, bats are an animal of ill repute.
“People think bats are scary: they get stuck in your hair, they
drink your blood,” says Tigga Kingston, a biologist at Texas
Tech University in Lubbock and head of the new research
unit. "We want people to go from ‘ugh’to ‘aah." " Since 2001,
Kingston's team has reached out to Malaysian communities to
publicize the high ecological value of the only mammals
capable of powered flight. For starters, bats consume as much
as their body weight in insects in a single night—"fantastic
pest control,” Kingston says. And some species pollinate fruit,
including durian, a $1.5 billion commodity. “Bat conserva-
tion can be boiled down to: no bats, no durian, we can all go

not easily moor and introduce vermin stow-
aways, Samways says. Sans rats (egg
fanciers), creatures like the lesser noddy, a
seabird, hung on.

But ample devastation was inflicted by
other mammals brought to Cousine in the first
half of the 20th century. In 1977, Racey led a
team to the island to assess its endangered
brush warblers. They found no war-
blers—and “plenty of alien plants,”
he says. Subsequent surveys
revealed that the Sevchelles magpie
robin also had vamished.

Ownership of Cousine changed
hands. and in the early 1990s,
Samways and Peter Hitchins, the
island’s manager. embarked on the restora-
tion. First they enlisted “an arny of people™ to
hunt down the feral pigs. cats, and chickens,
Samways says, “There is nothing sofi about
conservation,” he explains, “It has to be
undertaken with military discipline rather
than with poetic wonder™

Afiter vanquishing the aliens, Samways's
forces planted mapou trees to restore the
canopy and released a couple of dozen tor-
toises that had been held in captivity else-
where. Four Sevchelles magpie robins brought
to Cousine have since begat 40, and there are
now around 200 brush warblers. Lesser noddy

Aah. The Horsfield's fruit bat
{Cynapterus horsfieldii) is found
across Southeast Asia.

home.” A chilling thought for fans of the pungent fruit.

Besides preaching the bat gospel, Kingston's research unit, bankrolled by the British American
Tobacco Biodiversity Partnership, will fund science and conservation. One urgent need is to curb
appetites for flying foxes, a delicacy in Malaysia and other countries. “They're under severe hunt-
ing pressure,” Kingston says. A top research priority, meanwhile, is to establish a regional network
of taxonomists, "There are more and more cryptic species being discovered,” Kingston says. “You
can't conserve what you can't identify.” A taxonomy workshop is planned for the island of Java
later this year.

Experts are thrilled. “It's an absolutely superb initiative,” says University of Aberdeen, UK.,
biologist Paul Racey, who studies bats on Madagascar. =R.S5.
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Primeval vision. The lesser noddy's
recavery has helped revitalize
Cousine’s ecosystems.

numbers have skyrocketed from a smattering
to an estimated 90000 pairs. “The noddy
brings back a functioning ecosystem™ by defe-
cating and dropping food items, which add
nutrients to impoverished soils, Samways says,
One downside: The island’s vitality could
attract poachers—a “particular worry,” he
says. as they could be a conduit for rodents.

The sitwation offshore 1s not so pretty,
Cousine’s coral reefs were hammered by the
globe-girdling bleaching event of 1998, Since
then, “there’s been very little recovery,”
Samways says. Ten vears ago, the reels were
alive with organ corals and butterfly fish. His
team found neither on a survey carlier this vear,

Although coral bleaching was bevond ther
control, Cousine’s managers have implemented
tough measures to safeguard the terrestrial
revival. The approach might seem unorthodox:
exclusive villas where celebrities and the super-
rich pay 400 euros and up for amight’s stay. “All
that money goes into the conservation effons,”
Samways savs. Guestsare fernied in by helicop-
terand subjected w strict quarantine,

Cousine will serve as an ark for such
endemic species like the Seychelles giant
millipede that are under threat elsewhere in
the archipelago. But to Samways, the deeper
value of Cousine’s renewal can only be fath-
omed by visiting the island, “The animals are
s0 unafraid of people. You sit on the beach
next to a bird with its egg, and it literally
won't bat an eyelid.” Many people. he says.
have forgotten what it’s like to truly experi-
ence nature. “Cousine rescues us from that
extinction of experience.”

Cousine may be exceptional, and “time will
be the best judge of just what is in store for its
natural systems.” says Christopher Filardi, a
biodiversity expert at the American Museum of
Natural History in New York City. But itshows,
he says. that “active intervention or restoration
can reinvent a place that is richer and more
reflective of its organic history than would exist
if we did nothing” =RICHARD STONE
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scientific research have never
been more important to economic
development and national security.”
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Keeping the U.S. a World Leader in Science

JOHN MARBURGER'S RECENT, SOMEWHAT CRANKY STATEMENT THAT U.S, RESEARCHERS NEED TO
rely more on private philanthropy and industry 1o expand the scienufic enterpnse (“LLS, sci-
ence adviser tells researchers 1o look elsewhere.” 1. Mervis, News ofthe Week, 11 May, p. 817)
provides a sobering revelation that the United States
science and technology. Failure to correct this situation will result in incalculable losses in
terms of future ULS, economic well-being,

We at Research Corporation, America’s first foundation for science advancement (begun i
1912). would like to say we stand ready to heed Marburger’s marching orders. We'd like to
boldly step forward to fund LLS. scientific research, so that the administration could continue
to cut taxes for the rich and focus axpaver dollars elsewhere, including the reported 59 billion
or 501t spends every month in Irag. Alas, we can’t.

Our 5170 million endowment. even when combined with those of our sister science

has beeun to stumble as a world leader in

advancement foundations, isn't likely to meet all the needs of US. researchers left high and dry
by Nat federal funding. In 2004, the top 50 private ULS. foundations awarding science and tech-
nology grants distributed just under 5456 million ( /). This sum pales in comparison to the
impact and importance of federal dollars,

Todiy's fat federal funding means that many bright voung researchers will be forced out of

promusing science careers in the coming decade unless something 15 done. Eventually, some
may choose o goelsewhere to do science; Ching, Korea, and India are grand examples of coun-
tnes ramping up their basic research efforts. Young Americans with advanced degrees in
physics, chemistry, and other hard sciences doubtless would be resilient enough tw adapt 1o
these intriguing cultures as they enriched their foreign corporate and government sponsors,

These developments couldnt have
come ata worse time. [n today s world,
where humanity™s knowledge base
continues to expand at a Frenetic
pace. the technological fruits of sci-
entific research have never been more
impariant o economic development
and national SCCUnty.

Last year, the Task Force on the
Future of American Innovation reported survey results that indicated 70% of the public sup-
ports increasing federal funding by 10% a vear for the next seven vears for umiversity
research in science and engineering. The same survey showed that 49% of the electorate
believes the United States” ability to compete economically in the world has grown worse
over the past few yvears.

[Tlhe technological fruits of

—Gentile

Unless we quickly come to an understanding that a simple-minded scheme to privatize sci-
entific research. incrementally or otherwise, will not work. 1 fear that the nightmare of the
United States as a scienufically developing-world nation could become a reality,

JAMES M. GENTILE

President, Research Corporation, 4703 E. Camp Lowell, Suite 201, Tucson, AZ B5712, USA.
Reference

1. The Foundatson Center, Statistical Information Service (see
hitpufoundationcenter.argfindiunderydatictics'pd04_hend_subv2004/50_found_sub/l_sub_u_04.pdf.
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Experimental Data for
Structure Papers

W are writing 1o address the retraction of five
papers on structural studies of ATP-binding
cassette ( ABC) transporters—three in Science
{G. Chang ef al., “Retraction.” Letters, 22 Dec.
2006, p. 1875). one in the Procecdings of the
Netional Acadenn of Sciences (1), and one in
the Jowrnal of Molecudar Biology (2), We have
much sympathy for vour readers but very lile
for the magazine. This is not the first time
incorrect structures have been published in
Science (3). and 1t will not be the last utme. We
and all of vour readers make mistakes; crystal-
lography is forunate that by careful treatment
ofthe experimental and derived data, most sen-
ous mistakes are caught and corrected before
publication. The necessary tools and tech-
nigues are well desenbed [for example, (4), and
references therein] and widely used by our
community. Inherent in structural analysis 1s a
degree of subjectivity (3), which is particularly
relevant in low-resolution studies such as those
made by Chang and co-workers. Essentially
correct structures have been bunlt at 4.5 A reso-
lution, but it is not surprising that some of them
turn out 1o be wrong upon further seruting:

For this scrutiny to take place. however,
readers must be provided with the original
experimental data, not only the derived atomic
coordimates, Onby armed with these data can an
mvestigator conduct an independent evaluation
that may result in a reinterpretation of the pub-
lished structure.

The last time this happened, the structural
community, with some prodding (most suc-
cesstully from the major funding agencies)
improved the frequency with which original
experimental data (the so-called structure fac-
tors) are deposited at the Protein Data Bank.
The response from and guidelines required by
the publishing community, however, were very
variable. Unfortunately. the higher the impact
factor of the joumal, the less likely it was that
the experimental data were deposited. In
Science, during the period from 1995 10 2002,
only 38% of the deposited atomic models
included the experimental data. Nanwre and
Cell were only shightly beiter.

Depositing the experimental data does not
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guarantee that incorrect structures will not get
published, but it does mean that an independent
evaluation can be made of the experimental
basis tor the denved model. In the case of the
ABC transporter structures, the serious errors
in the atomic models could only have been cor-
rected if the complete set of diffraction data
{including the diffraction data from the single
heavy atom derivative) had been deposited. No

Joumal, as far as we know, demands ths,

We call on Seience and other journals 1o
implement strict requirements for depositing
onginal expennmental data. both to forestall the
publication of erroneous models in the future
and to give readers the power to conduct inde-
pendent evaluations of published models,

T. ALWYN JONES AND GERARD ). KLEYWEGT

Department of Cell and Malecular Biology, Uppsala Uni-
versity, BMC, Box 596, 5-75124 Uppsala, Sweden,
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PDB Improvement Starts

with Data Deposition

A SMALL SOFTWARE FLAW RECENTLY TRIGGERED
the retraction of a series of high-profile x-ray
structures [“Retraction.” Letters, 22 Dec. 20040,
p. 1875: (1, 20]. Although in this case. the inac-
curate pﬁ!ll;lﬂ stucthures were ".'I.T'.'I'I'tg :IDL{ Were
promptly retracted. the Protein Data Bank
(PDB) (3) sull holds other sructures that either
are entirely wrong or are not correct enough to

be used for the design or explanation of biolog-
ical experiments.

In 1996, Hooft et al. (4) reported one mil-
lon anomalies i the PDRB, and we recently
detected 10 times as many anomalies ina PDB
that is 10 times as large. Most of these anom-
alies are of minor importance, and a small frac-
tion are genuine discoveries that warrant fur-
ther studies. However. a substantial number are
serious errors. Using twoday % wols, we can cor-
rect many of the erroneous structures, provided
that the original experimental x-ray data are
available. We re-refmedall 1195 PDB files that
had a reported resolution of 2.0 A and that were
deposited after 1992 with the use of an expeni-
meental data file that included an Ry set. The
details of the re-refinement procedure. the orig-
inal and re-refined coordinate sets. structure
vahdation reports for the onginal and TLS-
refined coordinates, and all R and R values
are available online (3).

The crystallographic community has long
been advocating the deposition of experimental
data. This has resulted in a clear policy by the
International Union of Crystallography (1UCr)
{6) and many scientific journals that the depo-
sition of these data is required before publica-
tion. Unfortunately, 11% of the macromolecu-
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tar x-ray structures released in 2006 lacked the
experimental data, and another 4% did not have
aproperly defined R _ set.

The re-refinement results (3) show that
today’s software can clearly improve the quality
of most structures solved in the past. The vast
majority of our test set clearly improved in
terms of Ry _ and in terms of protein geometry.
These results show the benefits of storing
experimental x-ray data; these data allowed us
to keep old protein structures relevant by means
of re-refinement with the use of the latest

insights and technologies. In anticipation of

future improvements in refinement tools, we
strongly urge journals and scientists to ever
more rigorously strive for the deposition of all
the original experimental x-ray data,

ROBBIE P. JOOSTEN AND GERT VRIEND

CMBI, NCMLS, UMC Nijmegen, Post Office Box 9101, 6500 HE
Nijmegen, Netherlands.
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Editors Note: Science seeks o enforce
accepted community standards, With this moti-
vation, we have required deposition of structure
factors sice 2002,

Permanent Reversal of
Diabetes in NOD Mice

WE DISAGREE WITH HOW ]. NISHIO ETAL. (1)
represent our published data on the permanent
reversal of type | diabetes in NOD mice (2).
Nishio eral, state (/) that “a FCA alone control
was not included in the report by Kodama eral.”
{.3). Further. in their response to our Technical
Comment (). they claim in numerous loca-
tions, including the abstract, that “[t]he expen-
ments of Faustman er al. lack adequate
controls.” and “we continue to wonder why
Faustman ef af. have not performed the essen-
tial Freund’s complete adjuvant alone control™
{#). These statements in their papers are mis-
representations. These specific FCA (CFA)-
alone controls were published in 2001 in our
Jewernal of Clinical Investization (JC1) paper
{3). Nishio er al. cite our JCI paper that con-

tains the numerous CFA control studies. The
CFA-alone controls are present in eight loca-
tions in our manuscript: Fig. 1a; Fig. 1b: Fig. 2,
Group D: Fig. 5. Group B: Fig. 6, Group D;
Fig. e, Group B: Table 1, Group D; and Table
2, Group B.

DENISE L. FAUSTMAN
Massachusetts General Hospital and Harvard Medical

School, Immunobiology Laboratories, Building 149, 13th
Streel, Boston, MA 02129, USA.
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A Diver's Perspective on
Coral Damage

| MUST TAKE EXCEPTION TO A COMMENT AND
its implications in Richard Stone’s otherwise
excellent article “A world without corals?”
(News Focus, 4 May, p. 678). Stone introduces
the human toll on reefs by citing damage
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inflicted by “divers clumsily breaking off
chunks of coral,” It 15 undeniable that recre-
ational divers will. on occasion, madvertently
injure corals, However, | have been a certified
SCUBA diver since 1992 and have logged over
150 ocean dives all over the world and in that
time 1 have seen only sporadic instances of
divers impacting corals, Formal dive training
by all major certification agencies includes
instruction on reef protection, and the vast
majority of dive tour operators repeatedly lec-
ture divers about avoiding contact with coral
and other manne life. It 15 undemable that our
coral reefs are threatened by human activities,
but it is unfair to imply that sport divers at all
popular reefs contribute significantly to this

Letters to the Editor

plight. Rather than a threat. 1 would argue that
the growth of recreational diving s a major
benefit to the future of our reefs: Divers are
among the most environmentally conscious
individuals | have met (note the “army of snor-
keling and diving volunteers” described in the
article). and this pasuime depends on having

beautiful, healthy corals to explore, As proof of

this view, one need only visit Bonaire, a popu-
lar dive destination and the site of some of the
world's healthiest coral reefs. Bonaire instituted
strong legislation, including laws enacted in
19735 that made it illegal 1o break or sell coral.,
Subsequent efforts in cooperation with the
World Wildlife Fund established a vast marine
park that completely encompasses the island.
NORMAN KARIN

Pacific Northwest National Laboratory, Richland, WA 99352,
UsA.

TECHNICAL COMMENT ABSTRACTS

CommenT on “Maternal Oxytocin
Triggers a Transient Inhibitory
Switch in GABA Signaling in the
Fetal Brain During Delivery”

Lionel Carbillon

LETTERS

Tyzio et al. (Reports, 15 December 2006, p. 1788) reported
that maternal oxytocin triggers a transient excitatory-to-
inhibitory switch of y-aminobutyric acid (GABA) signaling
during labor, thus protecting the fetal rat brain lrom anodc
imjury. However, a body of evidence supports the passibility
that oxytocin is released from the fetal pituitary during
delivery, not only from the mather, particutarly under con-
ditions of hypoxic stress,

Full text at
www.scencemag.org/agifcontentfull317/5835/197a

Response To CommenT on “Maternal
Oxytocin Triggers a Transient
Inhibitory Switch in GABA
Signaling in the Fetal Brain
During Delivery”

Roman Tyzio, Rosa Cossart, llgam Khalilov,
Alfonso Represa, Yehezkel Ben-Ari,
Rustem Khazipov

We tested the hypothesis that cortisol-induced release of
fetal oxytocin triggers a perinatal inhibitory switch in -
aminobutyric acid (GABA) signaling. The cortisol analog
methylprednisolone did not modify GABA driving force and
intracellular chlonde concentration in 1-day-old rat hip-
pocampal neurans. Tagether with the immaturity of the
fetal rat hypothalamo-neurchypophysial system, these
results suggest that oxytocin in the rat fetal brain is mainly
provided by the mother.

Full text at

Wi sciencemag.onglegifcontentTull317/5835/197h
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FILM: CLIMATE

Trying to Get Us to Change Course

Rush Holi

cientists can

learn

much from An

Tnconvenient Trueh, the widely viewed
film and companion book of the same
name, by former US. Vice President Al Gore.
They are important works: Not for the science,

An Inconvenient Truth

Davis Guggenheim,
Director

Paramount Cla 5,
Hollywood, CA, 2006.
nutes. DVD, $29.99,

although Gore does no
injustice o that and
no doubt through his
presentation has taught
some good science to
many people. Nor for
the visual images. al-
though those too are

An Inconvenient Truth

The Planetary
Emergency of Global
Warming and What
We Can Do About It

by Al Gore

Rodale, New York,
2006. 328 pp.

Paper, 321.95, C328.95.
|SBM 9781594865671.
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well chosen, clear, and
attractive, Rather, their
importance lies in the
author’s successful at-
tempt to do something
even harder than mod-
eling climate, deci-
phering ecological
relationships, ordesign-
ing low-carbon encrgy
sources. What he has
done is to help bring
about a change of opin-
ion in a resistant pub-
lic. Scientists would
be wise to take some of his methods 1o heart.
As Gore reminds us, for more than two
decades sciennisis have been issuing warnings
that the release of greenhouse gases, princi-
pally carbon dioxide (CO, ). 1s probably alter-
g Earth’s climate in w.l'_n'.: that will be expen-
sive and even deadly (/. 2). The American
public yawned and bought bigger cars.
Statements by the Amencan Association for
the Advancement of Science (3), American
Geophysical Union (4), Amenican Meteoro-
Society (), Intergovernmental Panel

logiea
on Chmate Change (6), and others under-
scored the warnings and called for new gov-
ernment policies o deal with climate change.
Politicians, presented with noisy statistics,
shrugeed, ssud there is too much doubt among
scientists, and did nothing.

So, why is it that only recently the Ameri-
can public and their representative policy-
makers have begun to pay attention”? How does
conventional public opinion change? Is it a
kind of phase change, where a seed can cause

The reviewer, U.5. Representative for New Jersey's 12th
District, is at the U.5. House of Representatives, 1019
Longworth House Office Building, Washinglon, DC 20515,
UsA.
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large erystals o drop out of solution, or maybe

where a school of fish change direction almost
at once from an indistinguishable signal?
Whatever the metaphor, change has occurred.
The public now widely believes that climate
change 15 under way and that it 1s induced by
humans (7). Those are two mayor conceptual
shifis. The public has not yet crossed the con-
ceptual barriers to the recognition that the pres-
ent climatic changes present a serious threat
and that solutions are possible, although they
may be close to clearing those third and fourth
hurdles as well,

Adding to our atmosphere.

Giore can be given as much credit as anyone
for these developments. The film earned over
524 mullion at the box office, the book has
been a best seller (760,000 copies are in
print), and 1.5 million DVDs have been sold.
Students are being shown the film in school,
and municipalities are scheduling viewings in
public spaces. Word of mouth and this year's
Academy Award for Best Documentary
Feature have also fueled An fncomvenient
Trul's success,

[t 15 instructive to consider how Gore did it
First, he worked for several vears on the pres-
entation, meeting with climate experts, energy
engineers, and ecologists again and again. He
collected some of the best images available,
including time-lapse picwures of melting gla-
clers, schematics of ocean circulaton, and
newsreels of storm flooding, And he practiced
his talk perhaps hundreds of ntmes in front of

many different audiences—politicians, scien-

VOL 317

tists, business leaders, and a variety of others. |
mysell heard him give it several times in the
vedrs before he made the film.

| find Gore’s science solid. More impor-
tant, those who are expert in the relevant fields
tell me that they are at least comfortable with
his explanations of the science and in some
cases admiring of his clarity and accuracy.
Certainly, they say, he has the gist. OF course,
critics will find points to dispute, They may
note that he = wrong when he indicates
diverted ocean currents will cause Europe to
although to be far, it was only recent
miodeling that now shows the ocean cooling is
insufficient to overwhelm the atmospheric
warming. Gore makes provisional conclusions
sound more delinite than a practicing scientist
might. He takes some worst-case outcomes

conl

{ such as the carastrophie melt of all Greenland

ice) and then presents the resulting e ffects,
leaving the viewer to expect those results. Not
what a1 scientist would do, perhaps, but recall
that researchers had been trying for years to
draw any attention to the matter.

Most significant, Gore structured the pres-
entation with a shrewd recogmtion of how peo-
ple learn and how they make decisions. He
tells stones, personal stories, Scientists typi-
cally try 1o present their work to nonscientisis
by simplifving the lite out ofit. Simphification
may be necessary, but that is not the key.
Scientists should not simply distill their analy-
sis. [T they want their work to have any rele-
vance beyvond their specialty. they should cre-
ate movement, present contests and contlicts,
and develop personalities,

As Gore develops the story of scientific
understanding of the effects of atmospheric
C03,. he shows graphs with hardly a mention of
the numbers on the axes and uses animation of

SCIENCE www.sciencemag.org
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the graphs to move the story, ltis, he says, just
as predicted by his wise former professor
Roger Revelle (8). Then. ina denouement wor-
thy ofa detective novel. he shows that the tem-
perature record over 600,000 years matched
the record of CO, concentration over the same
period. “Aha!” concludes the viewer, CO, is
exposed as the cause of the deadly hurricanes,
the spreading disease vectors, and the vanish-
ing landscapes. Gore leaves the viewer with
the mistaken impression that CO, is the driver
of climate change in that historic record.
Monetheless. 1t 15 true that chimate models
ncluding the CO, concentration as a coupled
feedback provide excellent retrospective fits,
and it 1s reasonable w aceept the models” pre-
diction that a CO, concentration several times
areater than recorded in that record will result
in temperatures similarly off scale,

Gore identifies CO, as the cause, though
not the culprit. Gore creates flesh-and-blood
heroes and villains. Revelle is presented as a
modern day Paul Revere sounding the alarm.
For villains, Gore invokes comparisons with
the tobacco companies. who by sowing
doubt about the epidemiology of smoking
caused the deaths of many people (9), includ-
ing Gore’s beloved sister. Similarly, he says,
those who would ruin our planet are sowing
doubt about ¢climate change. The film and
hook present a compelling story reminiscent
of Rachel Carson’s Sifent Spring (10), which
by dramatizing science changed public per-
ception and policy.

Using the conceptually simple “wedge
model” of Robert Socolow and Stephen Pacala
(11}, Gore suggests that a half=dozen ap-
proaches to energy efficiency, alternative
energy generation, and carbon capture could
collectively pull our planet back from the brink
of runaway climate change. The responses he
calls for are not so much advanced technology
as immediate. extensive, even bold, applica-
tions of methods currently available for redue-
ing carbon in the energy mix: stop energy
waste, choose efficient transportation, insulate
buildings. use renewable energy, and capture
and store CO,. Gore has since gone on o pro-
pose an immediate freeze on new emissions,
taxes on carbon emitters, a ban on incandes-
cent lights, increased fuel efficiency require-
ments for American cars, and a mortgage asso-
ciation to help homeowners save energy (/2).

He tells the viewers that they are now part of

the story. He intends 1o leave his audience with
4 sense of responsibility and empowerment,
not despair.

Through An Incomvenient Truth. Gore has
personalized the climate change debate and
made 1t accessible i a way that has not only
reversed public apathy but also motivated cin-

www.sciencemag.org SCIENCE VOL 317

zens 1w seek real policy changes, Ivis a lesson
tor all of us who believe science can serve pub-
lic policy. giving us a clear understanding of
how to engage people in a debate,

References and Notes

See for example, National Research Council, Carban
Dixide ond Chimate: A Scentific Assessment (Mational
Academy Press, Washington, DC, 1979).

2. ].T. Houghton, G. ). Jenkins, ].]. Ephraums, Eds., Climate
Change: The IPCC Scientific Assessment (Cambridge Univ.
Press, Cambaidge, 19900

3. wew.aaxs.org/news/press_roomidimate _change!
mig 20070271

4. waw.agu.org'scl_soc'policy/iclimate_change_position.
html.

5. www.ametsoc.ong/POLICY 200 7 climatechange, himl.

6. ]. T Houghton ef al,, Eds., Climate Change: The Scentific
Basis (Cambridge Univ. Press, Cambridge, 2001).

7. 1. M. Brader, M. Connelly, New York Times, 27 April 2007,
p. AZ0.

B. R. Revelle, H. Suess, fellus 9, 18 1957).

B D, Kessler, A Question of intent: A Great American Battle
with a Deadly Industry (Public Affairs, Mew York, 2001).

10. R. Carson, Sient Spring (Houghton Mifflin, Bostan,
1962).

11. 5. Pacala, R. Socolow, Science 305, 968 (2004).

12. F. Baminger, A, C. Reviin, New York Times, 22 March
2007, p. Al8.

1

10,11 26/5cience. 1142810

WOMEN IN SCIENCE

Can Evidence
Inform the Debate?

Margia C. Linn

Imost everyone has an

opinion about the rel-

ative dearthof women
in sclence. Wiy Aren t More
Women in Science? offers evi-
dence to enrich. strengthen,
question, or even refute com-
monly held views. The 15 es-
says bring to life recent find-
ings on the involvement of
women and men in science
courses and careers. Editors
Stephen Ceci and Wendy
Williams, developmental psy-
chologists at Cornell University, enticed 19
leading researchers on gender differences in
ability to contribute succinct. informative
essavs summarizing theirstudies, The contrib-
utors present their strongest arguments, sup-
port those with their best data, and articulate
their beliefs about the current participation of

The reviewer is at the Education in Mathematics, Science,
and Technology Program, Graduate School of Education,
University of California, Berkeley, 4611 Tolman Hall,
Berkeley, CA 94720-1670, USA. E-mail: mclinng
berkeley.edu

Why Aren't More
Women in Science?
hers

Uebate the evidence

Stephen J. Ceci and

Wendy M. Williams, Eds.

BOOKSETAL

women in science. | encourage readers to note
their views about the issue, read the essays,
reflect on their own beliefs, and then take
advantage of the editors” cogent introduction
and thoughtful conclusions.

My mam quibbles with the book are the
focus on exceptional scientific attainments
i Ph.D. level) and the emphasis on small differ-
ences between males and females. Although
important, these discussions overshadow the
stunning increases in participation of women
in science and may reinforce stereotypes that
attect selection and career decisions.

In recent decades, the panticipation in sci-
ence of women relative to men has increased
dramatically. For example, in her essay Janet
Hyde reports that, in 1966, women earned only
4.5% of the U.S. doctoral degrees in physical
seiences but by 2000 this percentage had nsen
to 24.6%. For the biological sciences, women
earned 12% of the doctoral degrees in 1966
and 42% in 2000, Similarly, Diane Halpern
reports that in the biological sciences (in-
cluding medicine, from which women were
actively excluded not very long ago) the partic-
ipation of men and women in Ph.D. and med-
ical programs is now approximately equal.
However, as Virginia Valian notes. women
progress through the ranks less rapidly and get
fewer of the most prestigious jobs and promo-
tions after completing their Final degree.

Against this encouraging backdrop of
women s increasing participation in science,
the essavists focus on three main areas of
scholarship. They largely agree that subile
beliefs about who can partici-
pate in science—held both by
those who instruct and select
participants and by those who
decide whether to participate
affect participation and persist-
ence. They offer disparate inter-
pretations of well-documented
findings about cognitive abili-
ties that might contribute to
sliccess in science, as indicared
by mathematics test scores and
spatial reasoning scores. They
discuss the emerging method-
ologies and findings about a wide range of
biological indicators, including prenatal
hormones. brain development, brain lateral-
ization, evolutionary processes, and brain
activation patterns measured while individu-
als engage in science-related tasks,

Many essays showcase the role of subtle
beliefs in decisions concerning the participa-
tion of men and women in science. A series of
studies of selection decisions illustrates these
phenomena. These studies provided respon-
dents with a portfolio, a job application. an

13 JULY 2007
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AirCraft. The Jet as Art. Jeffrey Milstein. Abrams, New York, 2007, 104 pp. $29.95,

535,95, £15,95. I5BN 9780810992856,

Photographer Milstein presents 60 precise digital images of current long-distance
and regional airliners, air freighters, and corporate jets. Most of the photographs
were taken looking directly up from the end of the runway at planes about to touch
down. All are printed without any background, to emphasize the planes’ engineer-
ing details and graphic designs. Many of the jets bear standard, if sometimes strik-
ing, airline paint schemes, Others display customized treatments—such as these
Boeing 737-700s that Southwest Airlines patterned after state llags.

individual essay, or other information that
was attributed to a male or a female. Whether
the task s to admit someone to a graduate
program. to select someone for tenure, or 1o
assign a grade to an essay. the studies demon-
strate that documents associated with a male
name consistently get a higher rating than the
same documents associated with a female
name. For example, Elizabeth Spelke and
Arnel Grace report on a study of a tenure deci-
ston for a candidate wiath an average record.
When the dossier was associated with a male
name, 70% of the reviewers recommended

ences in performance of men and women on
mathematics assessments have narrowed over
the vears, which leads Hyde to argue for gen-
der similarities rather than differences. Many
authors focus on the performance of males and
females at the extremes of the distribution,
where the gap is large but again narrowing.
The chapter by David Lubinski and Camilla
Benbow 1s one of several that mentions the
1980s talent search by Benbow and Julian
Stanley. in which they recruited students under
14 1o take the SAT and found that for scores
over 700 {two standard deviations above the

P4 1

Increased participation. In 1997, the AAAS Board of Directors included (left to right) physicist and electri-
cal engineer Mildred 5. Dresselhaus (president-elect), micrabiologist Rita R. Colwell (chair), and ecologist

lane Lubchenco (president).

tenure; when it was attributed 1o a female
name, only 43% recommended tenure. In
their separate chapters. Carol Dweck and
Jacquelynne Eccles discuss how subtle
beliets about who should participate in sci-
ence atfect admission, hiring, promotion, and
funding decisions as well as career choices,
Several ol'the essays consider performance
on competitive mathematics tests, such as
the Scholastic Aptitude Test (SAT) and
the Trends in Inmernational Mathematics and
Science Study. often offering rather divergent
interpretations of such evidence, Mean differ-

mean )., the ratio was |13 boysto | girl. By 1997,
the ratio had dropped 1o about 4 o 1 (/) it has
recently fallen further to 2.8 to | (2). These
large differences motivate some contributors
to criticize others for ignoring the evidence for
males’ superior abilities in science. In the most
dramatic statement, Doreen Kimura argues
that giving special scholarships or grants
exclusively to women “bribes them to enter
fields they may neither excel in nor enjoy.”

A number of essayists provide very pro-
vocative findings about sex differences in the
level of prenatal hormones, brain architecture,

and braun activity patterns— factors that may
play roles in determining people’s aptitudes

and interests in science. These studies are, of

necessity, conducted with relatively small
samples and often reach conflicting conclu-
sions, For example, Ruben Gur and Raquel
Gur draw attention to the rapidly developing
techniques and methodologies in neuro-
science and conclude that “biology can only
offer a limited perspective.”

Through their efforts, Williams, Ceci, and
the contributors offer readers the opportunity
to explore important issues in the ongoing
debates surrounding the participation and
persistence of women in science. The vol-
ume provides thoughttul and lucid viewpoints
from essayists who disagree with each other
and differ in their imerpretations of the same
evidence. [t also draws auention to neglected
variables that may affect gender differences in
science, such as the hours per week that indi-
viduals report in pursuing their careers and
trade-offs between MNnancial and intellectual
rewards in career decision-making.

Despite the disagreements among the con-
tributors, they all concur that scientific alent
is desperately needed w address the chal-
lenges facing us. They express in delightful,
thoughttul, and encouraging ways their com-
mitment to the goal of auracting able and
interested individuals o science, At the same
time, they endorse research on the full range
of factors that might contribute to success in
science. Wi Aren't More Women in Science?
raises important questions. The volume will
stimulate all readers to think more deeply
about their own beliefs, commitments, and
activities as they consider participation in sci-
ence and how we can ensure that all individu-
als have the opportunities they deserve.
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ECONOMICS

Critical Assumptions in the Stern
Review on Climate Change

William Nordhaus

n November 2006, the British govern-

ment presented a comprehensive study

on the economics of climate change (/).
the Stern Review. It painted a dark picture
for the globe, “[1]f we don™t act. the overall
costs and risks of climate change will be
uivalent to losing at least 5% of global
GDP [gross domestic produet] each year,
now and forever. If a wider range of nisks
and impacts is taken into account, the esti-
mates of damage could rise to 20% of GDP
or more.” The Stern Review recommended
urgzent, immediate, and sharp reduc-
tions in greenhouse-gas emissions,

These findings differ markedly
from economic models that caleulate
least-cost emissions paths to stabi-
lize concentrations or paths that
balance the costs and benefits of
emissions reductions, Mainstream
economic models definitely find it
economically beneficial to take steps
today to slow warming, but efficient
policies generally mvolve modest
rates of emissions reductions in the near
term. followed by sharp reductions in the
medium and long term (2-3).

A standard way of showing the stringency
of policies is to caleulate the “carbon tax.” or
penalty on carbon emissions. A recent study
by the author estimates an optimal carbon tax
for 2005 of around %30 per ton carbon in
today’s prices. nising to 585 by the mid-21 51
century and further increasing after that ( 5), A
similar carbon price has been found in studies
that estimate the least-cost path to stabilize
C0), concentrations at two times premdustrial
levels (2). The sharply rising carbon tax re-
flects mmoally low, but nsing, emissions-
reduction rates. We call this the climate-policy
ramp. in which policies to slow global warm-
ing increasingly tighten or ramp up over time.
A 530 carbon tax may appear to be a modest
target, but it is at least 10 times the current
globally averaged carbon tax implicit in the
Kyoto Protocol (shown as Stern assumptions).

What is the logic of the ramp? Ina world
where capital is productive and damages are
far in the future (see chart above), the highest-

cl
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The Stern Review's analysis of global-warming
economics depends an an extreme view of
economic discounting.
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Comparing the optimal carbon tax under alternative discounting assumptions. The Dynamic
Integrated model of Climate and the Economy (DICE model) (5) integrates the economic costs and bene-
fits of greenhouse-gas (GHG) reductions with a simple dynamic representation of the scientific and eco-
nomic links of output, emissions, concentrations, and climate change. The DICE model is designed to
choose levels of investment in tangible capital and in GHG reductions that maximize economic welfare. It
calculates the optimal carbon tax as the price of carbon emissions that will balance the incremental costs
of abating carbon emissions with the incremental benefits of lower future damages from climate change.
Using the DICE model to optimize climate policy leads to an aptimal carbon tax in 2005 of around 530
per ton carbon {shown here as “DICE baseline”). If we substitute the Stern Review's assumptions about
time discounting and the consumption elasticity into the DICE model, the calculated optimal carbon tax
is much higher and rises much more rapidly (shown as "Stern assumptions”).

return investments today are primarily in
tangible, technological, and human capital.
In the coming decades, damages are pre-
dicted to nse relative to output. As that
oceurs, 1t becomes efficient to shift invest-
ments toward more intensive emissions
reductions and the accompanying higher
carbon taxes. The exact timing of emissions
reductions depends on details ol costs,
damages, learning, and the extent to which
climate change and damages are nonlinear
and irreversible.

The Stern Review proposes to move the
timetable for emissions reductions sharply for-
ward. It suggests global emissions reductions

SCIENCE WOL 317

of between 30 and 70% over the next two de-
cades, objectives consistent with a carbon
tax of around S300 per ton woday. or about 10
times the level suggested by standard eco-
nomic models.

Given that the Stern Review embraces
traditional economic techniques such as
those described in (2-3), how does it get
such different results and strategies? Having
analyzed the Stern Review in(4) (which also
contains a list of recent analyses). [ find that
the difference stems almost entirely from its
technique for calculating discount rates and
only margmally on new science or econom-
1¢s. The reasoning has questionable founda-
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tions in terms of its ethical assumptions and
also leads to economic results that are incon-
sistent with market data.

Some background on growth economics
and discounting concepls is necessary o
understand the debate. In choosing among
alternative trajectonies for emissions reduc-
tions, the key economic variable is the real
return on capital, #. which measures the net
vield on investments in capital, education,
and technology. In principle, this 1s observ-
able in the marketplace. For example, the real
pretax return on ULS. corporate capital over
the last four decades has averaged about 0.07
vr!, Estimated real returns on human capital
range from 0.06 vy~ o =020 vr!, depending
on the country and time period (7). The return
on capital is the “discount rate™ that enters
into the determination of the efficient bal-
ance between the cost of emissions reduc-
tions today and the benefit of reduced climate
damages in the future. A high return on capi-
tal tlts the balance toward emissions reduc-
tions in the future, whereas a low return tilts
reductions toward the present. The Stern
Review's economic analysis recommended
immediate emissions reductions because its
assumptions led to very low assumed real
returns on capital.

Where does the return on capital come
from? The Stern Review and other analyses

of climate economics base the analysis of

real returns on the optimal economic growth
theory (&, 9). In this framework. the real
return on capital is an economic variable that
i5 determined by two normative parameters.
The first parameter is the time discount rate,
denoted by p, which refers to the discount on
future “utility™ or welfare (not on future
goods, like the return on capital). It meas-
ures the relative importance in societal deci-
sions of the welfare of future generations
relative to that of the current generation, A
Zero discount rate means that all generations
into the indefinite future are treated the
same; a positive discount rate means that
that the welfare of future generations is
reduced or “discounted” compared with
nearer generations,

Analyses are sometimes divided between
the “descriptive approach.” in which
assumed discount rates should conform to
actual political and economic decisions and
prices. and the “prescriptive approach.”
where discount rates should conform to an
ethical ideal. sometimes taken to be very
low or even zero, Philosophers and econo-
mists have conducted vigorous debates
about how to apply discount rates in areas as
diverse as economic growth, climate
change. energy, nuclear waste. major infra-

structure programs, hurricane levees, and
reparations for slavery.

The Stern Review takes the prescriptive
approach in the extreme, arguing that it is
indefensible to make long-term decisions
with a positive time discount rate. The actual
time discount rate used in the Stern Review 1s
0,001 yvr~!, which is vaguely justified by esti-
mates of the probability of the extinction of
the human race.

The second parameter that determines
return on capital is the consumption elastic-
ity. denoted as 1. This parameter represents
the aversion w the economic equality among
different generations. A low (high) value ofm
implies that decisions take little (much) heed
about whether the future is richer or poorer
than the present. Under standard optimal
growth theory, if time discounting is low and
society cares little about income inequality,
then it will save a great deal for the future.
and the real return will be low. This is the case
assumed by the Stern Review, Alernatively,
if either the ime discount rate is high or soci-
ety 1s averse to inequality, the current savings
rate 1s low and the real return is high.

This relation is captured by the “Ramsey
equation” of optimal growth theory (&, ). in
which the long-run equilibrium real retum on
capital 15 determined by = p + ng. where g
is the average growth in consumption per
capiti, p is the ime discount rate, and n is
the consumption elasticity. Using the Stern
Review s assumption of p= 0,001 yr! and n
= |, along with its assumed growth rate (g% =
0.013 yr') and a stable population, yields an
equilibrium real interest rate of 0.014 yr~'_ far
below the returns to standard investments. 1t
would also lead w much higher savings rates
than today’s. This low rate of return is used in
the Stern Review without any reference to
actual rates of return or savings rates.

The low return also means that future
damages are discounted at a low rate, and this
helps explain the Stern Review's estimate
that the cost of climate change could repre-
sent the equivalent of a “20% cut in per-
capita consumption, now and forever.” When
the Stem Review savs that there are substan-
tial losses “now.” it does not mean “today.” In
fact. the Stem Review's estimate of the out-
put loss “today™ 15 essentially zero. We can
illustrate this using the Stern Review's high-
climate scenario with catastrophic and non-
market impacts. For this case, the mean
losses are 0.4% of world output in 2060,
2.9% in 2100, and 13.8% in 2200. This is
reported as a loss In “current per capita con-
sumption™ of 14.4%,

How do damages that average around
1% over the next century turn into 14.4%

cuts “now and forever™? The answer is that,
with the low interest rate, the relatively
small damages in the next two centuries
get overwhelmed by the high damages over
the centuries and millennia that follow
2200, In fact, if the Stern Review’s metho-
dology 1s used. more than hall of the esti-
mated damages “now and forever™ oceur
after 2800,

What difference would it make if we used
assumpitions that are consistent with standard
reiurns to capital and savings rates? For
example. take the Stern Review's near-zero
time discount rate with a high inequality
aversion represented by a consumption elas-
ticity of 11 = 3. This combination would vield
real returns and savings rates close to those
observed in todays economy and dramati-
cally different from those shown in the Stern
Review. The optimal carbon tax and the
social cost of carbon decline by a factor of
~1{}relative to these consistent with the Stern
Review’s assumptions, and the efficient tra-
Jectory looks like the policy ramp discussed
above, In other words, the Stern Review's
alarming findings about damages, as well as
its cconomic rationale, rest on its model para-
meterization—a low time discount rate and
low inequality aversion—that leads to sav-
ings rates and real returns that differ greatly
from actual market data, I we correct these
parameterizations, we get a carbon tax and
emissions reductions that look like standard
economic models.

The Stern Review's unambiguous conclu-
stons about the need for urgent and immedi-
ate action will not survive the substitution of
assumptions that are consistent with today's
marketplace real interest rates and savings
rates. So the central questions about global-
warming policy—how much. how fast. and
how costly—remain open,
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Climate Change: Risk, Ethics,
and the Stern Review

Nicholas Stern and Chris Taylor

ny thorough analysis of policy on cli-

mate change must examine scien-

tific, economic, and political issues
and many other relationships and structures
and must have ethics at its heart. In a Policy
Forum in this issue of Science, Nordhaus (/)
suggests that our results as deseribed in the
Stern Review (2) stem almost entirely from
ethical judgments. This is not correct. In addi-
tion to revisiting the ethics., we
also incorporated the latest sci-
ence, which tells us that, for a
given change in atmospheric con-
centration, the worst impacts now
appear more likely. Further, the
science also now gives us a better
understanding of probabilities, so
we could incorporate explicit risk
analysis, largely overlooked in
previous studies, It is risk plus
ethics that drive our results.

The most direct way to look at
the problem of constructing an
economic response to climate
change is to look at the individual
impacts of climate change along-
side the cost of reducing emis-
sions and then o ask whether it is
worth paving  for mitigation.
However, we do not have the Kind of informa-
tion that would enable formally attaching
numbers to all consequences, weighting
them, and adding them all up with any plausi-
bility. Thus, economists attempt aggregations
of impacts and costs using very simplified
aggregate modeling and. in the process, throw
away much that is of fundamental importance
to a balanced judgment.

The central estimate of mitigation cosis
for stabilizing emissions below 550 ppm
CO, equivalent is 1% of gross domestic
product (GDP) per annum (2). The basic
question 1s thus whether it is worth paying
1% of GDP to avoid the additional risks of
higher emissions. The modeling in the Stern
Review is valuable in identifying some key
drivers of costs and benefits in terms of eco-
nomic modeling approaches, scientific vari-
ables, and ethical considerations. However,
excessive focus on the narrow aspects of
these simplistic models distorts and often
exaggerates their role in policy decisions.

www.sciencemag.org SCIENCE VOL 317

They cannot substitute for the detailed risk
and cost analysis of key effects.

Our sensitivity analysis shows that our
main conclusions—that the costs of strong
action are less than the costs of the damage
avoided by that achion—are robust to a range

of assumptions. These assumptions concern
(1) model structure and inputs (including
population, structure of the damage func-

tion. aversion to irreversible consequences,

future conditions, and the rise in price of

environmental goods relative to consump-
tion goods) and (ii) value judgments (atti-
tudes to risk and inequality, the extent to
which future gencrations matier, and intra-
generational income distribution and/or
regional equity weighting).

Some credible assumptions about the
rate at which climate change will result in
damage would lead to cost estimates that
are much higher: our modeling approach
has been cautious. Some modelers are very
optimistic about economic growth and
social rates of return for the next centuries.
However. they appear to overlook that such
rapid growth is likely to lead to greater
emissions and. hence. the more rapid onset
of climate change.

The ethical approach adopted in our
analysis focuses on the ethics of allocation
between richer and poorer people and be-
tween those born at different times. Ramsey

POLICYFORUM

An optimal economic response to climate
change requires consideration of discounting
and value judgments.

(3) developed the standard social welfare dis-
counting formula r = ng + p. where r is the
consumption discount rate, 17 is the elasticity
of the social benefits attained (also called the
social marginal utility ), @ i1s per-capita con-
sumption growth rate. and p 1s the time dis-
count rate (also called the pure rate of time
preference). The equation arises from com-
paring the social value of a bit of consump-
tion 1n the Future with a unit now and asking
how it falls over time, the definition of a
discount rate.

Traditionally, the discount rate has been
applied to policies and projects involving
small changes with direct benefits and cosis
over less than one generation (say a few
decades at most), which means that people
are feeling the impact of their decisions in
their own lives. However, climate change 15
an intergenerational policy issue, and thus,
we must see o as a parameter capturing dis-
crimination by date of birth, For example,
applying a 2% pure time discounting rate
(p = 2) gives half the ethical weight to some-
one bom in 2008 relative to someone born in
1973, Surely, many would find this difficult
o justify,

In addition. the discounting formula

described above depends on the path of

future growth in consumption. Climate
change involves potentially very large
changes and can reduce future growth in
consumption, so the discount rate applied in
a world with climate change will be less
than that in a world without, all else being
equal. Moreover. this logic can be extended
s0 that the uncertainty around climate
impacts 15 taken into accoumt. For every
possible scenario of future climate change.
there will be a specific average discount
rate, depending on the growth rate of con-
sumption in that scenario (4). Thus. to speak
of “the discount rate” 1s misguided.

Using n = | implies that a given social
benefit will be valued more highly by a factor
of five for someone with one-fifth the
resources of someone else. Some commenta-
tors have suggested that higher values should
be used. Using 1 = 2 would mean that an extra
benefit w the person who s poorer by a factor
of five would have a value 25 times that to a
richer person. In a transfer from the richer
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individual to the poorer one, how much
would you be prepared to lose in the process
and still regard it as a beneficial transfer? In
the case of 1 = 2, as long as less than 96% is
lost, it would be seen as beneficial and, for
1= 1. less than 80%. Although it 15 a tenable
ethical position, those who argue forn as high
as 2 should be advocating very strong redis-
tribution policies.

Inthe case of = 3 in Nordhaus™ example,
over 99% could be lost and a transter would
still be beneficial. Does he advocate huge
increases in transfers from rich to poor in the
current generation”’

A value of unity for 1) 15 quite commonly
invoked, but higher values of p are some-
times used in cost-benefit analysis. Indeed,
there are a number of reasons why a smaller-
scale project such as a new road or railway
may not be as valuable—or relevant a all—
in several years time as circumstances

change. However. avoiding the impacts of

climate change (the value of a stable climate,
human life. and ecosystems) is likely to con-
tinue to be relevant as long as the planet and
its people exist.

Further, as people become richer and
environmental goods become scarcer, 1t
seems likely that, rather than fall, their value
will rise very rapidly, which was an i1ssue
raised in chapter 2 of our review and has been
investigated in later analyses (5). And the
Now-stock nature of greenhouse gas accu-
mulation, plus the powerful impact of ¢li-
mate change, will render many conse-
quences irreversible. Thus. investing else-
where and using the resources to compensate
tor any later environmental damage may be
very cost-ineflective.

Many of the comments on the review have
suggested that the ethical side of the modeling
should be consistent with observable market
behavior. As discussed by Hepburn (6), there
are many reasons for thinking that market
rates and other approaches that illustrate
observable market behavior cannot be seen as
reflections of an ethical response to the issues
at hand. There is no real economic market that
reveals our ethical decisions on how we
should act together on environmental issues in
the very long term.

Most long-term capital markets are
very thin and imperfect. Choices that
reflect current individual personal alloca-
tions of resource may be different from
collective values and from what individu-
als may prefer in their capacity as citizens,
Individuals will have a different attitude to
risk because they have a higher probability
of demise in that vear than society. Those
who do not feature in the market place

i future generations) have no say in the cal-
culus, and those who feature in the market
less prominently (the young and the poor)
have less influence on the behaviors that
are being observed.

The issue of ethics should be tackled
directly and explicitly through discussion (7).
Mo discussion of the appropriateness of
particular value judgments can be decisive.
Alternative ethical approaches should be
explored: Within the narrow confines of the
modeling, sensitivity analysis does this.
There is also scope for further work attempi-
ing to disenmangle the roles of risk aversion
and inequality aversion that are conflated
{via 1) in this modeling, Furthermore, we
should go beyond the narrow framework of
social welfare functions to consider other
ethical approaches. including those involving
rights and sustainability,

We note briefly that Nordhaus misrepre-
sents the Stern Review on the subject of
taxes, He argues that we propose a tax of
5835 per ton of carbon dioxide, which
equates 1o $312 per ton of carbon. This was
our estimate of the marginal environmental
cost of each extra carbon emission (the
“social cost of carbon.” hereafter SCC)
under business-as-usual, with no policies
to reduce emissions. To identify this with a
recommended tax makes two mistakes,
First, any estimate of the SCC is path-
dependent. In chapter 13 of the Stern
Review, we justify our proposed policy
roal of stabilizing emissions between 43510
and 550 ppm CO, equivalent. In this range,
we estimate the social cost of carbon 1o be
between 525 per ton of carbon dioxide (450
ppm) and 330 per ton (550 ppm). and so the
proposed package of policies should be
broadly consistent with this range. Second,
in distorted and uncertain economies. any
tax should be different from an SCC (&),
Stabilization between 430 and 350 ppm is
equivalent to reductions of around 25 to
70% 1in 2050. Nordhaus claims erroneously
that the review suggests reductions on this
scale over the next two decades. The Stern
Review is also clear that prices should
increase over time, although perhaps not as
sharply as Nordhaus suggests.

The ethical approach in Nordhaus™ mod-
¢ling helps drive the initial low level of
action and the steepness of his policy ramp.
As future generations have a lower weight
they are expected to shoulder the burden of
greater mitigation costs. This could be a
source of dynamic inconsistency. because
future generations will be faced with the
same challenge and. if they take the same
approach, will also seek 10 minimize short-

term costs but expect greater reductions in
the future as they place a larger weight on
consumption now over the effects on future
generations (thus perpetuating the delay for
significant reductions).

We have argued strongly for an assess-
ment of policy on climate change to be
based on a disaggregated approach to con-
sequences—Ilooking at different dimen-
sions, places. and times—and a broad ethi-
cal approach. Nevertheless, our modeling
sensitivity analysis demonstrates that the
treatment of risk and uncertainty and the
extent to which the model responds to
progress in the scientific literature, are of
roughly similar importance in shaping
damage estimates as our approach to ethics
and discounting. It is these three factors
that explain higher damage estimates than
those in the previous literature,

Given the centrality of nisk. scientific
advance, and ethics, in our view, the question
should really be why, with some important
exemptions, did the previous literature pay
inadequate attention to these issues?

There was much structural caution in our
approach. We left out many risks that are
likely to be important, for example, the pos-
sibility of strong disruption of carbon cyeles
by changes to oceans and forests. [t 1s possi-
ble that risks and damages are higher than
we estimated, But one thing is clear: how-
ever unpleasant the damages from climate
change are likely to appear in the future, any
disregard for the future, simply because it is
in the future. will suppress action to address
climate change.
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BIOCHEMISTRY

Toward Methylmercury

Bioremediation

James G. Omichinski

uman activities such as coal
burning have produced mam,
tons of ionic mercury, which
15 readily converted to methylmer-
cury by microbes in sediments ( f).
This contamination 1s dangerous,
because methyvlmercury accumu-
lates in living tissues, where it is
highly toxic. Specialized bacteria &
can grow naturally in methylmer-
cury-contaminated environments,
because they produce the methyl-
mercury-degrading enzyme MerB
(.21, Because of its unique ability to
cleave carbon-mercury bonds, Mer3
15 crucial to efforts w clean up
methylmercury from contaminated
waterways. Unfortunately, litle is
known about the enzymatic mecha-
nism of MerB at the atomic level,
limiting its applications in remediation efforts.
On page 225 of this issue, Melnick and Parkin
{3) provide insights into the reaction catalyzed
by MerB by demonstrating cleavage of a car-
bon-mercury bond by compounds whose struc-
tures closely resemble the active site of MerB.
Methylmercury toxicity was first observed
on a large scale in Japan in the 1950s due to
the consumption of contaminated (sh from
Minamata Bay (4). The contamination was
caused by a nearby chemical factory discharg-
ing high concentrations of ionic mercury.,
which was converted to methylmercury and
bioaccummulated in the fish,
Select strains of bacteria are resistant 1o
mercury compounds through the acquisition
of a transferable genetic element known as the

Thial

mer operon. The mer operon is a dedicated set
of mercury-resistant genes that are self-regu-
lated by the DNA-binding protein MerR.
Bacteria resistant 1o both ionic mercury and
methylmercury code for proteins that regulate
mercury transport {MerA, MerP. MerT) and
mercury degradation (MerA and MerB) (see
the first figure).

Mercury compounds are toxic because they
bind very strongly to thiol groups in proteins.
The mer system exploits this property by bind-

The author isin the Département de Biocthimie, Université
de Montréal, Montréal, QC, H3C 3]7 Canada. E-mail:
ig.emichinski@umontreal.ca
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ing to mercury compounds with high atfinity
through thiol-containing cysteine residues,
These thiols are critical not only for the enzy-
matic reactions by MerA and MerB (5. 6). but
also for the direct transfer of 1onic mercury
between members of the mer
system ( 79, thus mimmizng
the opportunity for mercury
compounds to bind other cellu-
lar proteins leading to toxicity.

The active site of MerB
encoded by Escherichia coli
(RE31b) contains three cys-
temes ( /1), To emulate the en-
vironment in this active site,
Melnick and Parkin prepared a
series of alkyl-mercury com-
pounds that contain three sul-
turs (3). Following a reaction
with a second thiol-containing
compound, a subgroup of the
alkyl-mercury compounds spon-
taneously cleaved their carbon-
mercury bond, In the most active
compounds, mercury can simul-
taneously bind to three thiols,
The authors suggest that the
three cysteines in the MerB
active site create sumular struc-
tures that facilitate cleavage of
carbon-mercury bonds.

The results are consistent

A strategy for facile cleavage of carbon-
mercury bonds in chemical compounds may
help in cleaning up environmental
contamination by methylmercury.

The mer system. The proteins of the mer system
depend on thiols for high-affinity binding to mer-
cury compounds, lomic mercury [Hg(1)] is bound in
the periplasmic space by MerP and then transferred
to MerT far transpart across the membrane. In the
cytosal, Hglll) is transferred from MerT to MerA.
Merh reduces Hglll) to elemental mercury [Hgl0],
which is expired. Methylmercury (CH,Hg) directly
enters the cytosol, where it binds to MerB. MerB uses
thiols to cleave the carbon-mercury bond by a
mechanism similar to that proposed by Melnick and
Parkin. This cleavage generates methane and Hgll).
The latter remains bound to MerB until it is trans-
ferred to Merd for reduction to Hgld).

with earlier mechanistic studies of MerB
i /7). However, their model for MerB differs
slightly from other models, which suggest
that carbon-mercury bond cleavage requires
two thiols and either a carboxylate (12) or
possibly a phenolic group (5), rather than a
third thiol. Phylogenetic analysis of MerB
sequences indicates that only two of the three
active-site cvsteines are strictly conserved (5).
All three cysteines are essential for resistance
in vivo (6], but replacing the nonconserv-
ed cysteine with a serine
hvdroxyl group only moder-
ately reduces MerB acuivity
in vitro ( 3), Hence, cither the
third eysteme 1s not required
tor cleavage. or the hydroxyl
group of serine is a suitable
substitute. But even if the
work by Melmck and Parkim
does not exactly model MerB,
the authors provide an ele-
gant atomic-level descrip-

MerB

a carbon-mercury bond {3).

There have been con-
siderable efforts to develop
broremediation systems to
deal with methylmercury
contamination using MerB

MerB-expressing plants. Trans-
genic cottonwood plants ex-
pressing MerB (right) grow
roots readily on concentrations
of phenylmercury acetate that
severely inhibit wild-type root
growth (left),
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and MerA. The results of Melnick and Parkin
help such efforts by providing atomic-level
insight into the basic mechanisms of carbon-
mercury bond cleavage by thiols, In a highly
innovative approach, Meagher and co-work-
ers have engineered MerA and MerB mto
plants to remediate methylmercury contam-
ination (/3). Remediation using plants is
potentially more robust than bacterial reme-
diation, because plants use solar energy.
have roots that penetrate contaminated sedi-
ments, and accumulate a large aboveground
biomass: furthermore, a few well-character-
ized plant species may be used to clean up
contaminated wetland ecosystems (/3).
When they modified plants such as cotton-
wood trees (/4) and tobacco (1 5) to express
either MerB (see the second figure) or both
MerB and MerA, the plants converted
methylmercury o ionic mercury or elemen-

tal mercury, respectively, However, the
elemental mercury was released into the
atmosphere, where it may stll pose a risk.
Future studies must also evaluate the risks
and benefits of introducing genetically
modified MerB-expressing plants with
respect to the dangers associated with
methylmercury contamination,

Considerable work remains to be done (o
increase the efficiency and safety of current
bioremediation systems for methylmercury
involving MerB. Atomic-level knowledge of
the carbon-mercury bond cleavage. such as
the results of Melnick and Parkin, is essential
to efforts to reengineer MerB to improve its
catalvue efficiency for the bioremediation of
methylmercury.
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PI3K Charges Ahead

Jennifer Y. Lee, Jeffrey A. Engelman, Lewis C. Cantley

he phosphoinositide 3-kinase (PI3K)
signaling pathway is crucial to the via-
bility of many cancers (/-3). PI3K
inhibitors block cancer cell growth and sur-
vival, and some genetic alterations, such as loss
of the PTEN tumor suppressor, increase PI3K
activity in cancer cells. After the seminal dis-
covery that PIRK3CA-—the gene encoding the
PIAK catalyvtic subunit (p 1 10c)—is mutated in
cancers (). these mutant pl 10 proteins were
found to have constitutive PI3K activity and
the capacity to transform normal cells into can-
cer cells (5). Muations in AIK3CA oceur
throughout pl 10, but two hotspot regions
the helical and Kinase domains—comprise
more than 8074 of the mutations. However. the
molecular mechanisms by which these muta-
tions increase PI3K activity have remained a
mystery. On page 239 of this issue, Miled er al.
(6) elucidate how one of the hotspot mutations
increases PLIK acuviry. The findings reveal a
new mechanism for activating PI3K and sug-
gest new possibilities for therapeutic agents
that target this enzvme.
PI3K (specifically, class [, PI3K) 1s a
heterodimer consisting of a p83 regulatory

The authors are in the Department of Systems Biology,
Harvard Medical School, and in the Division of Signal
Transduction, Beth lsrael Deaconess Medical Center, Boston,
MA 02115, USA. ]. A. Engelman is also at Massachusetts
General Hospital Cancer Cenfer, Boston, MA D2115, USA.
E-mail: lewis_cantley @hms hasvard. edu

subumit and a p 110 catalytic subunit (/. 7).
Normally, PLI3K, which resides in the ¢yto-
plasm, is activated upon binding to either a
receptor tyrosing kinase at the cell surface (for
example, the platelet-derived growth factor
receptor) or to adaptor molecules (such as
insulin receptor substrate— 1. which 1s phos-
phorylated by activated msulin recepior). The
PR3 regulatory subunit mediates these binding
events through two Sre homology 2 (SH2)
domains that interact with phosphorylated
tyrosine residues on the receptor or adaptor
protein. As a result, PI3K localizes to the
plasma membrane, where it phosphorylates
the membrane lipid phosphatidylinositol 4,5-
bisphosphate (PIP,) to produce phosphandyl-
inositol 3.4.5-trisphosphate (PIP,). This leads
to activation of downstream signaling path-
ways that control cell growth and survival,
The p83-pl10a interaction is remarkably
strong, and pl10a is stable only when it is
bound to p83 (¥). This heterodimer is formed by
the binding of the p85 inter-SH2 (1ISH2) domain
to the pl 10 adaptor-binding domain (ABD)
(see the figure). However, the structure of this
interaction had remained unknown until Miled
and colleagues crystallized the pl 10w ABD
bound to the p83 iSH2 domain. They found that
the ABD forms a ubiquitin-like domain that

contacts the antiparallel coiled-coil region of

15H2. However, previous data implhied addi-
tional interactions between ps3 and pl 10o—

Structural information about an enzyme
implicated in numerous cancers provides
insights into to how certain mutations promote
cancer cell growth and survival.

the p85 N-terminal SH2 domain (nSH2) in-
hibits purified pl 10 in vitro (). This sug-
gested that binding of the p835 nSH2 domain to
a receptor or adaptor releases pl 100 from this
inhibitory interaction with p83, without disrupt-
ing the ISH2-ABD interaction {see the figure),
In light of these structural findings. the
authors examined two classes of pl 10 onco-
senic mutations: the prevalent helical domain
mutations and the less common ABD muta-
tions. Several mutations in the helical domain
result in an amino acid ofopposite change, such
as a glutamie acid (negative charge) to lysine
(positive charge) change at position 545
(E345K). Through biochemical studics, the
authors found that. unlike wild-type p1 10ce, the
E345K mutant is not inhibited by p83 nSH2,
Thus, this region of the pl 10a helical domain
likely binds 1o p85 nSH2, an interaction that
normally mamtains wild-type PI3K ina low-
activity state. The authors hypothesized that
important charge-charge interactions ocecur
between the pl 10 helical domain and pS&S
nSH2 domain, and they mutated all nSH2 basic
residues to acidic ones. They identified two
important residues in p83 (Lys*™ and Arg™?)
that are required to inhibit pl 10, When they
reversed the charge on these basic residues by
mutating to glutamates. the mutant p83 nSH2
domains effectively inhibited pl 100 E545K
but not wild-type p 110, Thus. the authors
propose that pllto E3453K s oncogenic
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Oncogenic mutant PI3K

A cancer-linked mutation in PI3K. The major stabilizing interaction in PI3K involves the p85 iSH2 and p110c ABD domains. Inhibition of PI3K is mediated by a
charge-charge interaction {shown as plus and minus signs) belween the pB5 nSH2 domain and the helical (H) domain of p110c. PI3K localizes to the membrane
where interaction with an activated receptor relieves the inhibition. In PI3K with an encogenic p110c charge-reversal mutation in the helical domain (ES45K), the
inhibitory interactions are abrogated, resulting in constitutive PI3K activation.

because it is not inhibited by the p85 nSH2
domain (see the figure).

It is less clear how the ABD mutations acti-
vite PI3K. Although the ABD binds to p85,
ABD mutations are located on the exposed
surface onented away from the 15H2 domain,
suggesting that ABD mutations do not directly
interfere with p83-pl 10 interaction. Instead
thev may distort orientation of the ABD with
respect to the catalytic core, affecting the
intrinsic enzymatic activity of pl 10¢ or its
interactions with other proteins,

How does the E545K mutant promaote cell
growth and survival in the absence of growth
factors? Although the mutation abrogates
intermolecular inhibition, it does not explain
its membrane localization. The p85 nSH2
domain, unencumbered by interaction with the
pl10c helical domain, might remain more
tightly associated with receptors and adaptors,
protecting critical tvrosine residues from
dephosphorylation and thereby prolonging

PIP,; production. It 15 also possible that
the mutant P13K localizes to the membrane
through membrane-bound Ras protein (pl 10
has a Ras-binding domain) or random encoun-
ters with membrane lipid substrate. The
research by Miled er af. will hopefully spur
efforts to crysiallize the holoenzyme with both
the wild-tvpe and mutant pl 10 proteins.
PI3K inhibitors are now being evaluated in
clinical trials, Analogous to the success of
drugs that block kinases—trmstuzumab in
HER2-amplified breast cancers. imatinib in
Philadelphia-chromosome chronic myeloge-
nous leukemia, and gefitinib in EGFR-mutant
lung cancers—cancers with genetic activation
of PI3K signaling could be susceptible 1o
PI3K inhibitors. Thus. cancers with PIK3CA
mutations (or PTEN loss) will be carefully
investigated for sensitivity to PI3K inhibitors.
The pl 100 E545K mutant may be susceptible
to compounds that bind tw its unigue helical
domain surface. Sucha specitfic therapy would

be expected not to inhibit wild-type PI3K,
thus reducing unwanted side effects. More-
over, different PIK3CA mutations may be
functionally distinet and their effects on cellu-
lar responses to inhibitors could also be vari-
able. Thus, we are reminded not o necessanly
croup all cancers with PIK3CA muiations
together when analvzing cancers and their
response to targeted therapies.
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CLIMATE CHANGE

A Changing Climate for Prediction

Peter Cox and David Stephenson

he latest report by the Intergovern-
mental Panel on Climate Change (1PCC)
makes it clear that recent global warm-
ing is significant in the context ol natural ¢h-
mate variations, and that human activities
are very likely to be the cause of this climate
change. As aresult, businesses, policy-makers,
and members of the public are seeking the
advice of climate scientists on what they should

The authars are in the School of Engineering, Computing
and Mathematics, University of Exeter, Exeler EX4 4QF,
UK. E-mail: p.m.coxgexeter.ac.uk

www.sciencemag.org SCIENCE VOL 317

do to prepare for the inevitable further climate
change over the next few decades (adaptation)
and how they can help to avoid dangerous cli-
mate change in the longer term (mitigation).
Current climate change projections pro-
duce a wide range of estimates of global
warming by 2100, These projections are use-
ful for stressing the consequences of different
greenhouse gas emission scenarios, bul too
long-term and uncertain to guide regional
adaptation to climate change. Standard
climate projections are also insufficiently
focused on gquantfying the risk of dangerous

Standard climate model projections, which have
shown the significance of global warming, must
be redesigned to inform climate change adapta-
tion and mitigation policy.

climate change to properly inform mitgation
policy under the United Nations Frame-
work Convention on Climate Change, (The
UNFCCC 15 an international treaty joined by
most countries; the Kyoto Protocol is an
addendum to that treaty.) How can projections
be designed so that they better inform policy?

Uncertainties in climate predictions vary
with the averaging period over which the cli-
mate is defined and with the lead tme of the
prediction. Consider, for example, the predic-
tion of the global mean decadal temperature
over the next century, with forecast lead times
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tainty in the predicted decadal mean temperature
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the lowest fractional uncertainty. This schematic is
based on simple modeling,
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climate prediction

at a concentration that avoids dangerous inter-
ference in the climate system. The convention,
therefore, focuses on the risk of dangerous cli-
mate change as a function of the concentration
of greenhouse gases and on the relation
between CO, emissions and increases in
atmospheric CO, concentrations through cli-
mate—carbon cycle feedbacks (3, 6).

These issues are not easily addressed with
the model simulations currently used by the
IPCC (see the second Mgure, left panel). In the
IPCC approach, scenanios of possible future
emissions of greenhouse gases and aerosols are
venerated with socioeconomic models that
take nto account arange of “story lines” cover-
ing global population growth, economic devel-
opment, energy use, and a vanable mix of
future energy sources, These emission scenar-

mi [i-2.| ation po i ¥

Climate prediction to inform

change mitigation may at First sight appear 1o
require different modeling sirategies. Ob-
servations of the contemporary Earth system
are the key that must tie these modeling
strands together. Informing adaptation on
decadal time scales requires data on the slower
climate system components (especially the
ocean) to initialize high-resolution climate
predictions (#). The interpretation of observa-
tons in a manner consistent with the model
(through “model-data fusion™ or “data assim-
ilation™) 15 common in numerical weather pre-
diction and seasonal to decadal prediction (9).
but is not yet used to constrain the climate pro-
Jections of the IPCC.

For climate change mitigation, the domi-
nant uncertainties are associated with climate
system processes and feedbacks, rather than
uncertainties in mitial condi-
tions, However, the major con-
straints on these processes
and feedbacks also come from

the signal of anthropogenic cli- Socioeconomics Socioeconomics -- - Policy observations of the historical
mate change is relanvely small GHG emissiors Permitted GHG emissions and contemporary climate. We
compared to natural decadal cli- > Cabon cycle and Carbon cycle and can therefore envisage a cli-
miate variability, and uncenainties atmospheric chemistry atmospheric chemistry mate diagnosis and prediction

parrnnnhe,

in initial conditions dominate the GHG concentrations GHG concentrations €—— system that assimilates data
overall uncertainty of the predic- “teeens Climate model Climate model Kméiwm“::ﬂ:‘ into a climate model not only to
tion (see the first figure) (/). lﬂind!dlmge- Climate change  dangerous define the initial conditions for

By contrast, climate predic- cRa gy decadal projections, but also

tions on time scales of a century
are much less sensitive 1o imital
conditions, because the signal of
anthropogenic climate change 15
typically much larger at longer
time scales and because most ele-
ments of the climate system have a
“memory” of past climate-forcing factors that
is shorter than a few decades. The major
source of uncertainty here lies in the future
anthropogenic emissions of greenhouse gases
and aerosols (see the first figure) (2). This
uncertainty can be seen as humankind’s free
will concerning future climate change,

The parameters used to specify climate
processes in climate models are also a source
of uncertainty, These parameters determine,
for example, the behavior of clouds and the
strength of amospheric convection in the
models, They have a large impact on the sensi-
tivity of the modeled climate to a doubling of
the carbon dioxide (COL) concentration ( 3, 4).
The net effect of all these uncertainties is that
the fractional uncertainty 15 smallest when
lead times are between 30 and 50 yvears (see
the first figure). Fortunately. this is also the
time scale over which most longer-term policy
and business planning 1s carried out.

Mitigation, as defined by the UNFCCOC, s
concerned with even longer time scales. The
UNFCCOC aims o stabilize greenhouse pases

Impact assessment

"Bodies on the streel”

Madels for informing policy. The design of climate model studies must change to
inform climate change mitigation policy. (Left) Current IPCC process. (Right)
Proposed new experimental design (7). GHG, greenhouse gas.

108 are used w dive atmospheric chemistry and
carbon cyele models that simulate changes in
the concentration of greenhouse gases and
aerosols. The resulting concentration scemarios
are put into general circulation models (GCMs)
of the chimate system, which generate climate
change scenarios that in trn drive models of
the impacts on human and natural systems,
Mitigation policy requires a different, less
linear structure, beginning with an assessment
of the vulnerability of natural and human sys-
tems to climate change as a function of the
magnitude of global warming and ending with
scenarios of greenhouse gas emissions that
avold the most damaging impacts (see the sec-
ond figure, right panel). Given the emphasis on
avoiding dangerous change in the light of
inevitable uncertainty, the UNFCCC also
requires a reliable probabilistic risk assessment
to inform emission-reduction targets, The
mitigation policy agenda. as defined by the
UNFCCC, theretore demands an overhaul of
1zn of climate change assessments ( 7).
Climate change adaptation and climate

Vulnerability assessment ————

to refine estimates ol the key
internal model parameters that
influence climate sensitivity
(/0). Such a system would pro-
vide data-constrained estimates
of the range of possible future
climate changes on decadal o
century time scales, which could be updated
on the basis of new observations.

Climate projections have been instru-
mental in convincing many of the need for
action to limit future climate change. It is
now time for modelers to turn their expert-
is¢ toward developing forecasting systems
better suited for active management of the
climate system,

References
. T.C. K. Leeetal., ). Clim. 19, 5305 (2006).
. M. 0. Andreae, C. D. Jones, P. M. Cox, Noture 435, 1187
{2005},
. 1. M. Murphy er al., Noture 430, 7638 (2004).
. D. A Stainforth et o, Notwre 430, 403 (2005).
. P.Friedlingstein et al,, I Clim. 19, 3337 (2006).
C. D. Jones, P. M. Cox, €. Huntingford, Tellus & 58, 603
(2006,
7. K. A Hibbard, G. A Meehl, . M. Cax, P. Friedlingstein,
Eos 88, 217 (2007,
8. A Ganachaud, C. Wunsch, J. Clim. 16, 696 (2003).
9. M.A. liniger, H. Mathiz, C. Appenzeller, F ). Doblas-
Riyes, Geaphys. Res. Lett. 34, LO4705 (2007).
10. P.Rayner ef al., Global Biogeechem. Cycles 19, GB2026
{2005,

T

o LN D L

10.1126/science. 1145956

13 JULY 2007 WOL 317 SCIENCE www.sciencemag.org




CREDIT: B HUEY/SCIENCE

MOLECULAR BIOLOGY

How and When the Genome

Sticks Together

Erwan Watrin and Jan-Michael Peters

efore a eukaryotic cell divides. it gen-
erates a copy of its genome by DNA
replication. As a result, each chromo-
some in a postreplicative cell contains two
identical DNA molecules, the sister chro-
matids. These DNA molecules are physically
connected to each other, a phenomenon
known as sister-chromatd cohesion. Co-
hesion is essential for the symmetrical segre-
gation of chromosomes during cell division
(f). Mot surprisingly, cohesion is normally
established when sister chromatids are syn-
thesized during S phase of the cell division
cycle (see the Digure), But cohesion also helps
to repair damaged DNA after S phase has
been completed (2). Two papers in this issue,
by Strom er al. (3) on page 242 and Unal er al.
(4) on page 245, show that cohesion can be
established in response to DNA damage inde-
pendently of DNA replication. This overturns
a long-held belief that cohesion is strictly cou-
pled o DNA synthesis, The papers also imply
that DNA damage may have a broader impact
than previously thought, triggering genome-
wide protection of chromosome integrity.
Sister-chromatid cohesion is thought 1o be
mediated by ring-shaped protein structures
called cohesin complexes (/). In normal cells,
cohesin can connect sister chromatids only
in 5 phase. even though newly synthesized
cohesin complexes can associate with DNA in
the subsequent G, phase (5. 6). Until recently.
it was generally assumed that sister-chromatid
cohesion can only be generated at replication
forks where DNA is synthesized. This view
was first challenged by the finding that cohe-
sion can also occur in G, phase if DNA is
damaged by double-strand breaks (7. &).
In this case, large amounis of cohesin are
recruited o the damaged DNA, forming new
connections between the sister chromatids
(7. 9). However. repair of damaged DNA also
typically depends on DNA, synthesis. It there-
fore remained quite possible that establish-
ment of cohesion after DNA damage 15 also
mechanistically coupled to DNA synthesis,
Just as the two processes are linked during
S phase.

The authors are at the Research Institute of Molecular
Pathology (IMP), Dr. Bohr-Gasse 7, A-1030 Vienna, Ausiia
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Forging cohesion. (Top) Chromosome dynamics
during the four phases (S, G,, M, and G,) of the cell
division cycle. (Bottom) Cohesin protein {blue) is
loaded onto chromosomes before DNA replication
begins in 5 phase. In § phase, the acetyltransferase
Ecol converls cohesin into cohesive complexes
{green) that hold sister chromatids together. A DNA
double-strand break in G, can also trigger cohesin
loading and cohesion establishment both at the
break site and on undamaged chromosomes,
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Cells respond to DNA damage by strengthening
chromosome cohesion across the entire
genome independently of DNA replication.

To address this issue, Strim er af. and Unal
ef af. analvzed budding yeast mutants that are
deficient in an enzyme (Rad32) that is needed
for DNA synthesis. specifically during DNA
repair. Both groups observed cohesion even if
the DNA of these mutant cells was damaged
during G, phase, indicating that cohesion can
be fully uncoupled from DNA synthesis.
Bevond this surprise, the discovery could also
prove technically useful to address another
long-standing question: Do DNA replication
factors also function in sister-chromatid cohe-
sion”? Replication defects inevitably lead to
the absence of cohesion. The discovery that
cohesion can. under certain conditions, occur
without DNA replication may enable reinves-
tigation of this question.

Unal er al. and Strom er af. made a second
unexpected discovery when they analvzed
yeast cells in which only one chromosome
had been damaged by a double-strand break.
Surprisingly, cohesin complexes could estab-
lish cohesion on both damaged and undam-
aged chromosomes during G, phase. This
implies that the presence of DNA double-
strand breaks somehow reactivates the molec-
ular machinery that normally forges cohesion
only duning S phase.

What could this machinery be? Unal ef al.
speculate that part of it could be Ecol (also
known as Ctf7), an enzyvme that 15 needed to
cenerate cohesion in S phase but not for its
subsequent maintenance throughout G, phase
(10, 11). Indeed. both Unal er al. and Strism er
al. found that Ecol is required for de novo
establishment of cohesion in DNA-damaged
(i,-phase cells, but more surprisingly, Unal er
al. discovered that overexpression of Ecol
induces the de novoestablishment of cohesion
in undamaged cells. Ecol may therefore be
rate-limiting for cohesion in G,-phase cells,
perhaps, as Unal ef al. speculate, because it
becomes inactivated by an unknown mecha-
nism at the end of DNA replication in S phase,
whereas Ecol may be specifically reactuvated
n response to DNA damage (see the figure).
These results imply that Ecol may have a key
role in regulating cohesion,

The studies raise a number of question
about Ecol: How is it regulated during S and
(1, phases? How does 1t contribute to gene-
rating cohesion” Ecol is an an enzyme that
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artaches acetyl residues to proteins, thereby
possibly modifving their properties (/2).
Other enzyvmes of this class are famous for
their ability to change chromatin structure by
acetyvlating histone proteins, but the physio-
logical substrates of Ecol are unknown. More
strangely. its acetylransferase activity is
required for de novo establishment of cohe-
sion in G, phase (). but is not essential when
cohesion is generated during S phase ( 13). To
explain this conundrum, Unal ef al. speculate
that acetyltransferase activity may only be
required to reactivate Ecol after DNA dam-

age, but more work 15 needed o resolve the
mystery surrounding the role of this enzy-
matic activity. Finally, it will be interesting to
determine why yeast cells “strengthen™ their
preexisting cohesion on chromosomes in a
genome-wide manner after DNA damage,
and to understand how a single chromosome
break triggers cohesion across the entire
genome.
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COMPUTER SCIENCE

Happy Birthday, Dear Viruses

Richard Ford and Eugene H. Spafford

irthdays and other anmversaries are

often a nume for celebration, as we

reflect on milestones passed. In the
world of computing. we have quite a few happy
anniversaries: for example, the first computer
(arguably. Babbage’s design of 15822) and the
first e-mail message sent ( 19635).

Some remembrances. however, are less
positive, and 2007 marks the silver anniver-
sary of a darker sort—the genesis of malicious
computer viruses ( /-3). In 1982, a virus writ-
ten by a high-school student in Pittshurgh
began appearing on Apple Il systems, This
virus—known as “Elk Cloner™—infected the
operating system, copied itself to floppy discs,
and displayved bad poetry. Prmarn ly intended
to be irritating, the virus came and went with
little notice, Few people spent time worrying
about the beastie. and almost nobody pre-
dicted that it was a harbinger of the current
multibillion dollar antivirus industry,

From such humble beginnings, com-
puter viruses—and, more broadly, “mal-
ware” programs—are now so ingrained in
popular culture that they "ve become the butt
of jokes in ads and talk shows. Although the
malware problem grew slowly in the early
19805, not much time passed before it really
made the news. In 1988, the infamous
“*Morris Worm™ spread worldwide. causing
outages across the fledgling Internet. There
was also the media storm surrounding the
Michelangelo virus, which was set to trig-
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Sciences, Florida Institute of Technology, Melbourne, FL
32901-6975, USA. E-mail: rord @se.fit.edu E. H. Spafford
is at the Center for Education and Research in Information
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geron 6 March 1992, threatening to destroy
data on infected machines. Since then,
SOQL Slammer, Code Red, Nimda, Concept,
and Melissa all had their 15 minutes of fame
and, in the process, collectively caused bil-
lions of dollars in damage.

The most talked-about nisks from oday’s

malware have a distinetly financial flavor, If

the viruses and worms of'the past decade were
the online equivalent of graffiti artists, mal-
ware is now like eriminals who wish to steal
your wallet and forge your checks. This has
led to much gquieter attacks, because too much
visibility would cut down on profits. Instead
of displaying a message or erasing vour hard
drive. modern malware is more insidious,
tumning your machine into a relay for spam, a
staging ground to anack other systems, or a

The first computer virus was created 25 years
ago, but there is no end in sight to malicious

software,

spy capturing your bank account and credit
card information—or all three.

Spyware, phishing. rootkits, and bots
the cutting-edge malware of today—are truly
nasty, and considerable effort has been
mvested n their creation. It has become a
significant eriminal enterprise and supports
a thnving underground economy.

Surely the scientific community has sim-
ply been wo preoccupied to deal with this
challenge and a good solution is available.
Sadly. even after decades. it appears that no
end 1s in sight. This stems partly from a subtle
computational twist: Building a computer
program that can tell with absolute certainty
whether any other program contains a virus is
equivalent to a famous computer science
conundrum called the “halting problem.” It
has no solution in the general case and has no
approximate solution for our current compui-
ing environments without also generating too
many false results (4).

Popular opinion holds that malware 15 a
Microsoft-only problem. Macs, for example,
don’t seem to suffer from malware as much as
Windows, so perhaps evervone should swiich
to Macs. Linux and Unix, too, are often touted
as obvious solutions. However, no svsiem is
fully immune.

Windows has suffered for a variety of
reasons: Microsoft must take some responsi-
bility for the problem. They made some
architectural decisions that, in retrospect,
lefi Microsoft products more vulnerable.
Backwards compatibility meant that later
releases kept old weaknesses. And Micro-
solt products have undergone intense
scrutiny: It 1s the obvious software to attack
as it is the dominant plaver in the deskiop
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market. Macs and Unix systems would
undoubtedly be more frequently attacked if
they were dominant, although their underly-
ing architecture and maturity might result in
less (but not zero) success for attackers. [tis
definitely not the case that malware is a
problem only because of consumers’ choice
of operating system (the “platform™), The
truth 15 much more complicated and far
More Worrisome.

Diversity of platform is a double-edged
solution in that it solves some problems
neatly but creates new ones. For example, if
we want some machines always running,
diversity makes it very difficult for one anack
to wipe out all available computers—some
machines are always immune. The flipside is
that diversity may actually increase the
“attack surface™: Although some machines
are safe and secure, diversity may increase
the chances that other machines are vulnera-
ble to some other attack. Diversity is a boon
for survivability but a potential risk in terms
of network penetration.

There is one basic fact in security: The
more functionality, the more opportunities a
developer has to make a mistake. The sim-
ple truth is that modern computers are any-
thing but simple—their increasing com-
plexity s driven by consumers” thirst for
functionality. Furthermore. computers are
almost ubiquitous: For most people, the cell
phones in their pockets are as much com-
puters as are their laptops. Virulent cell-to-
cell malware is not far off: researchers have
already seen some limited “proof of con-
cept” efforts. Personal digital assistants,
music players, “smart”™ appliances, and

more are all inereasingly making use of

available connectivity, Consumers and
producers alike need to understand that
more functionality means more risk. Un-
fortunately, no change is likely in the near
term, and vendors will continue 1o add
poorly thought-out code to their products.
Despite the best efforts of researchers,
malware is not zoing to vanish any tme
soon. Computers are extremely difficult to

PERSPECTIVES

secure, and humans are often the weakest
link. For example, in one hoax users were
encouraged to delete a particular file from
their computers, Many users did exactly that
and carefully followed the instructions to for-
ward the warning message to all their
Iriends. The file they deleted was critical to
the system: the “virus™ was executing in their
minds. There is no obvious “fix™ for human
nature—that has not changed in many hun-
dreds of years. Because of this, it seems
likely that in another 25 years time. we will
all be lifting our glasses to (or because of)
mialware once again.
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Strange Water in the Solar System

Edward D. Young

osmochemists use isotope ratios to

understand the siellar environment

in which our solar system formed.
The most pronounced and mystenous of
these ratios involve the three stable isotopes
of oxyeen, 0. 70, and "*O. Normally, "0
and 'S0 separate partially from the more
abundant %0 according to their relative mass
differences. Variations in the '"0/'%0 ratio are
thus about half those of *0/'%0, But many
rocky materials in the solar system violate
this expectation, exhibiting vanations in iso-
tope ratios that are independent of mass. This
15 most apparent in chondrite meteorites,
which are remnants of primitve rocks ac-
creted during the earliest stages of solar sys-
tem formation.

This anomalous distribution of oxyvgen
1sotopes produces a distinctive line with slope
equal to | on a plot of 870 versus 30 (1)
rather than a slope of ~ ! typical of oxygen
reservoirs on Earth (see the figure). The cause
of this *1%0 anomaly™ has been a mystery for
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three decades (2). Water, it seems. was a key
plaver in the origin of the "0 anomaly. and on
page 231 of this issue. Sakamoto er al. (3)
report evidence for the onginal isotopic com-
position of water in the early solar system.
From this discovery come insights into the on-
gin of the %0 isotope anomaly and clues to the
nature of the stellar nursery that gave birth to
the Sun ().

Many mechanisms have been proposed for
producing the "0 anomaly in the solar sys-
tem. Perhaps we have simply inherited the iso-
tope abundances as they evolved in our Galaxy
(3). Or possibly the isotope ratios stem from
chemically induced mass-independent frac-
tionation. analogous to what happens during
ozone production in Earth’s simosphere (6, 7).

Researchers have recently looked to light-
induced destruction of CO as the cause. About
half of the total oxvgen in a protoplanetary
disk like the one that produced our solar sys-
tem resides in CO. Another third exists in the

form of IIZ{} with the remainder as oxides of

other elements (&, ¥). Carbon monoxide
absorbs ultraviolet (UV) light emanating from
stars and 15 dissociated to C and O, In regions
of'the right gas density, UV absorption cleaves
Ce0, C70. and C¥0O molecules in propor-

Analysis of a primitive meteorite offers clues
about the environment in which the solar
system formed.

tions inverse to their relative abundances, a
process referred o as “self-shielding.”

Because C'*0) is the most abundant of
these 1sotope varieties. the oxvgen liberated
by CO photodissociation is 7O and "0 rich
and "0 poor. Clayton (/1) suggested that CO
sell-shielding ot the inner annulus of the solar
protoplanetary disk might be the cause of the
slope = 1 line on the 870 versus 8'%0 plot (see
the figure). Yurimoto and Kuramoto (/1) sug-
gested that CO photodissociation and self-
shielding in the molecular cloud precursor to
the solar system could have caused the %0
anomaly. Lyons and Young ( /2) suggested that
CO photodissociation at the surfaces of the
protoplanetary disk might have been the cause
(see the figure).

A key prediction of the CO self=shielding
madels 1s that O liberated by CO photode-
struction reacted with H to form "*O-poor
H,O (//-14). We know that water in the
early solar system was depleted in %0 rela-
tive to rocks. but the extreme depletions pre-
dicted by the CO self=shielding models were
not observed. Estimates of the original oxy-
gen isotope ratios of solar system water
relied on inferences from the measured oxy-
gen isotope ratios of “secondary minerals”
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like carbonate, iron oxides. and
clay minerals in chondrites (see
the Tigure) (15, 16).

These minerals grew by reac-
tions between water and rocks in
hydrologically active planetesi-
mals, vestiges of which are found
today among asteroids. Meteorite
parent bodies were hvdrologically
active, unlike the asteroids of
today, because heat from shori-
lived radioisotopes meled ice
within the bodies, leading to the
formation of carbonate, iron ox-
ide, and clay minerals.

But there is a problem with
using minerals produced by reac-
tions between rocks and waters 1o
infer the onginal oxvgen 1sotopic
composition of solar system
H,0: These secondary minerals
take time to grow, whereas iso-
li![!l_‘ L‘.‘iL'I'l;'II'l_'__'I...' l'-lL'l ween waler
and rock can be rapid. As a result,
new minerals generally grew
from waters that had already ex-
changed oxveen isotopes with
rock, diluting or even erasing the
original isotopic composition of
the water. Secondary minerals
therefore generally do not have
the original 1sotopic composition
of pristine water. Instead, they
inherit a mixtwre of rock and
waler 1otopic compositions.

The discovery by Sakamoto ef
ail. avoids this problem. They find
hints of alteration of a primitive meteorite
rock by reactions between water and rock that
oceurred before exchange of oxyeen changed
the composition of the water. In these earliest
reaction products, Sakamoto ef al, find "0
depletions approaching 20%, by Far the least
10 seen inany solar system material to date.

Moreover, the oxygen reservoir identified
by Sakamaoto e af. lies on the extension of
the line of slope 1 on the graph of 870 ver-
sus 8'%0. This line is postulated to represent
the primitive oxygen reservoir of the solar
svstem. These extremely depleted "0 oxy-
gen abundances along the slope-1 line are
consistent with the predictions of CO self-
shielding models.

Sakamoto ef al. do not prove that self-
shielding was the origin of the "0 anomaly.
However, they appear to verity a key predic-
tion of the models, that H,0 in the carly solar
system was depleted by tens of percent in 0.
If CO self-shielding were verified as the ori-
gin of "0 anomalies, it would show that UV
light was important in the chemisiry of the

early solar system. The UV source could have
been nearby giant stars or the Sun itsell. The
UV flux responsible for the %0 anomaly
might then indicate whether the Sun formed in
a cluster of voung stars or in relative isolation,

The next step will be to search for signs of

CO sell=shielding going on today in other pro-
toplanetary disks, One observation suggesis
C150 overabundance (implying %0 depletion):

Britwin er af. (17) presented nfrared spectra of

the disk surrounding the voung star HL Tau that
imply 2 C""0 enrichment of several tens of per-
cent. Ultimately, observations on scales rang-
ing from the width of a human bhar in mete-
orites 1o proto
kilometers away will be required to settle the
origin of the solar system "0 anomaly.
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Extraordinary Flux in Sex Ratio

Sylvain charlat,u* Emily A. Hornett,! James H. Fullan:l,a' Neil [:ninulile-s,.2 George K. Ruderick,‘

Nina Wedell,” Gregory D. D. Hurst!

he ratio of males 1o females within a spe-
I cies 15 central 10 many aspects ol its bi-
ology, from mating frequency (/) o
population growth and discase spread. Forty years
ago, Hamilton (2) noted that the evolutionary amns
race engaged between “sellish”™ sex-rtio distorters
and counteracting suppressor genes has the po-
tential o produce mpid Nux m sex muo. Here we
document this process in action in a tropical but-
terdly and report a transition from 9%, [emales
parity within 10 generations,
The buttertly Hvpedlinmay bofing 15 infected by
a maternally inherited Holbaclva bacterium that
selectively kills male embryos. Extreme population
sex ratio bias associated with high prevalence of
the male killer has been recorded in Polynesian
populations, most notably on the Samoan islands
Upolu and Savaii, where males represented only 1%
of ndividuals in 2000 (33 In May and June 2005,
informal obscrvations revealed substantinl numbers
of males at three different locations on Upolu, sug-
gesting a dramatic alieration ofthe sex mtio. At the
same time, the sex mtio on neighboring Savai
remained at >99% female, with no males observed
(= 100 individuals were observed on cach island).
We camed out a formal survey of H boling sex
ratio in 2006 and also sconed male-killing ¢flicien-

cy via the sex mtio produced by wild caught
females (Fig. 1), On Upolu, where males were very
rare in 2001 but commeon in 2005, we collected 20
males and 33 females in total in 2006 from two
sites within the island. We reared progeny rom 14
females, and all produced sons, This represents a
marked difference from the 2001 data, where only
3 of 64 females gave nise 1o any male ofspring
m: =55.T6.dl= 1, =< 0.0001). Overall, the sex
ratio produced by Upolu females was near 1:1
(83 females 10 75 males), with no helerogeneity
within or between sampling sites. Lack of male
killing was also comoborated by lugh cgp hach
rales,

The 2006 data from Savail showed a similar
translormation: Barely 10 generations alter ex-
treme [emale bias was reported, 21 males and 33
fermales were collected from Savaii, At Salelologa,
close 1o Upolu, the shift 1o a 121 sex mtio was
nearly complewe: All females produced sons, there
was no heterogeneity between broods, and the
overall sex mtio produced was consistent with 1:1.
High cgg hach rate also indicates loss of male
killing. In contrst, at Sagone (more distant from
Upolu), the shift to a 11 sex mtio was incomplete:
Three of six females produced no sons, and sex
ratio was heterogencous between broods. Con-
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Fig. 1. F, sex ratio and egg hatch rate in 2006. Histograms give the distribution of Fy sex ratios (x axis,
proportion of males; y axis, number of broods). Sex ratios are homogeneous within sites at Apia Ef =7.59,
df = 5, P = 0.18), Saleilua (x® = 5.68, df = 7, P= 0.58), and Salelologa (x® = 4.89, df = 6, P = 0.56) and
are compatible with a 1:1 sex ratio (Upolu pooled %% = 0.41, df = 1, P=0.52; Salelologa ),;z =2.df=1,
P = 0.16). Sex ratios are heterogeneous at Sagone (3 = 18.27, df = 5, P < 0.003). Breeding is as
described in (1)
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sistent with retention of male killing, the median
¢z hatch rate was 71% (Fig. 1),

Polymerse chain reaction (PCR.) assay of the
butterflies revealod that all individuals from Upolu
and Savaii, male and female, camy Wodbachia, and
sequence identity at six Welbacliia Joci conlinmed
that the previously present strain had not been
replaced (). Thus, the change in M. boling sex
ratios arose because of a loss of male-killing cifi-
ciency in the existing Holbachia rather than cither
loss of inlection or displacement by a new strain.
We tested whether loss of efliciency was coused
by the evolution of suppressor genes in the but-
terfly host, as previously observed (5), Introgness-
ing the Samoan Hellvclia onto 2 nonsuppressor
H baling nuclear background () restored full
male-killing ability alter three generations of
introgression, demonstrating that the shift in sex
ritio was caused by the spread of host suppressor
genes (lable S1 and fig. S1)L

These results establish that conflicts associ-
ated with evloplasmic sex ratio distorters &n
generate very rapid shifis in local population sex
ratio, in our case from 100:1 1o near 1:1 in fower
than 10 generations. The nature ol the processes
targeted by sex mtio distorters (for example, sex
deternmination ) suggests that inense selection for
suppression could drive the evolution of core de-
velopmental traits that otherwise remain stable
over time. With Wellbac/iia being just one of many
widespread sex mtio distorters, it is probable that
such phenomena occumred in the past on many
branches of the wee of hife
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Prefrontal Regions Orchestrate
Suppression of Emotional Memories
via a Two-Phase Process

Brendan E. Depue,™®* Tim Curran,™** Marie T. Banich™***

Whether memories can be suppressed has been a controversial issue in psychology and cognitive
neurascience for decades. We found evidence that emotional memories are suppressed via two
time-differentiated neural mechanisms: (i} an initial suppression by the right inferior frontal gyrus
over regions supporting sensory components of the memaory representation (visual cortex,
thalamus), followed by (i) right medial frontal gyrus control over regions supporting multimodal
and emotional components of the memory representation (hippocampus, amygdala), both of which
are influenced by fronto-polar regions. These results indicate that memaory suppression does
occur and, at least in nonpsychiatric populations, is under the control of prefrontal regions.

ne ol the most controversial ssues i

psychology over the past 100 vears 1s

the degree to which memorics can be
manipulated, both whether they can be [alsely
created (/) and whether they can be suppressed.
Although some researchers have provided ini-
tial evidence for memory suppression (2, 3),
others claim thal memory repression or suppnes-
sion is a clinical myth in search of scientific
support (),

We hypothesized that evidence for memory
suppression would be provided by activation
below a fixation baseline in brain regions process-
ing components of memory representation (5). We

used the ThinkMNo-Think paradigm (T/NT) of

Anderson and colleagues, in which individuals
atiempt to clabormte a memory by repetitively
thinking of it (T condition) or 1o suppress a mem-
ory by repetitively not latting it enter conscious-
ness (N condition) (.2, 3. Our recent TNT work,

using faces as cues and pictuncs as tangels, suggecsts
that the mmpact of exerting control 15 larger for
cmotional than for nonemotonal imformation
(). Because ol these hindmgs, as well as the
clinical relevance of intrusive negative images in
postirunutic stess disonder (PTSD) and obsessive-
commpubsive disorder (OCD) (795, we used nega-
tive pictures known to activate the visual cortex as
memory targets (/0), In both monkeys (/1) and
humans ( /), retrieval of memories involves the
same regions of the brain that are involved in
encoding a memory (12, 13) Thus, we used the
degree of activation in the hippocampus, amyada-
Iy, and visual processing arcas that are known o be
mvolved i the creation and retneval of emotional
memorics (J4, £330 determine whether mem-
ory suppression mvolves mhibition of the newral
machinery underlving mamaory processing,

Two aspects of our version of the T/NT
paradigm were imporant (Figo 1A) Fist, the
experimental phase included hixation nems that
acted as a lbow-level baseline of bramn activity 1o
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Fig. 1. (A) Experimental procedure. Individuals were first trained during
structural scanning to associate 40 cue-target pairs. During the experimental
phase, brain activity was recorded using fMRI while individuals viewed only the
face (16 faces per condition, 12 repetitions per face; 3.5 5 per face). On some
trials they were instructed to think of the previously learned picture; on other
trials they were instructed not to let the previously associated picture enter
consciousness. The presentation of only the cue (ie., the face) ensures that
individuals manipulate the memory of the target picture. The additional faces (8
items) not shown during this phase acted as a behavioral baseline. During the
test phase, the individuals were shown the 40 faces and asked to describe the
previously associated picture. (B) Behavioral results: percentage recall for each
participant for T trials (green) and NT trials (red), with the dotted line indicating
baseline recall for items not viewed in the experimental phase. Recall differed for
T and NT items [{15) = —4.29, P = 0.0006] because of a trend for greater recall in the T condition [#{15} = 1.49, P = 0.07] and a significant reduction
in recall in the NT condition [f{{15) = —2.28, P = 0.02], calculated relative to baseline.
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determine whether activity in the regions of

mterest (ROIs) actually decrcased (5), Althowgh
Anderson and colleagues (2) demonstrated the
mvelvement of prelrontal regilons i cognitive
control over memory, they exammad the contrst
between activation on NT and T trials without
reporting fixation bascline contrasts, making i
diflicult w0 associate activity with a specilic
condition (eg., Tor NT).

Second, in the experimental phase, cach face
was shown 12 umes with the presentation of the
faces pseudo-randomly imemmixed. Although in
our previous study (6) memory increased lin-
carly with the number ol times cognitive control
wis exerted for T tnals, this was not the case for
NT trials. Hence, we divided our data into guar-
tiles (three repetiions per cue during cach guar-
tile) 1o deternine whether the neural mechanisms
imvolved in memory suppression change with
repeated attempts.

The behavioral results shown i Fig, 1B
indicated that individuals elfecuvely suppressed
memory. To investigate the neural basis ol this
effeet, we first analveed the functional magnetic

resonance imaging (IMRI) data for instances of

NT=>1T

that is, signilicantly greater activity for

Fig. 2. Functional activa-
tion of brain areas involved
in (A) cognitive control, (B)
sensory representations of
memory, and (C) memary
processes and emotional
components of memory
(rSFG, right superior frontal
gyrus; tMFG, right middle
frontal gyrus; rIFG, right
inferior frontal gyrus; Pul,
pulvinar; FG, fusiform gyrus;
Hip, hippocampus; Amy,
amygdala), IMRI data were
analyzed using a hemody-
namic response function—
convolved epoch; statistical
parameter maps (SPMs)
were thresholded on a vox-
elwise basts at 7 = 2.81, P =
0.005. To adjust for false
positive erors on an area-
of-activation basis, we set a
clusterwise threshold at P =
0.05 {cluster size of 120) as
determined by the Analysis
of Functional Neurolmages
program AlphaSim. Red in-
dicates greater activity for
NT trials than for T trials;
blue indicates the reverse.
Conjunction analyses re-
vealed that areas seen in
blue are the culmination of
increased activity for T trials
above baseline as well as
decreased activity of NT
trials below baseline,
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NT wrials than for T trials—imespective of recall
accuracy () Addmionally, because we were
specifically interested in ellective control over
memory, we examined this same contrst only
lor NT tnals in which the picture was lorgotien
(NTH and on T trials in which it was remem-
bered (Tr). Bran arcas are discussed according
o their putative functional roles: (1) cognitive
control, (1) sensory representation of memaory,
and (i) memory processes and cmotional
components of memory.

Sources and sites of cognitive control, Pre-
frontal regions, nght-sided and spanning BA 8,
9/46, 47, and BA 10, exhibited NT = T contrast.
A conjunction analysis indicated that these

differences resulted from an increase i activity
for NT trials rather than a decrease m activation
for T mrals relative 1o baseline (Fig. 2A), which
sugpests that these regions are specifically
imvelved in controlling the suppression ol emo-
tional memories.

Next, we sought to determine which regions
support components of the memory representa-
tion. These regions showed condition-specific
changes, which we defined as vielding not only a

significant difference for the NT = T contrast but

also a negative signal change for NT trials and,
conversely, a positive signal change for T tnals,
relative 1o basclme, Bramn areas underlying the
sensory representation of memory that showed
such an eflect were the visual cortex, mcluding
bilaeral BALT, BALE, and BA3T [fusiform gyrus
(FG) |, and the pulvinar nucleus of the thalamus
(Pul; Fig. 2B} Suppression of emotional memo-
nes thus mvolved decreased activity in sensory
corices that are normally active when memorics
are being retieved, as well as in regions (e, Pul)
that play a role in gating and modulating avention
towand or away from visual stimuli (f6, [ 7),
Brain arcas involved in memory processes
and emotional components of memory repre-
sentation that exhibited sigmificant condition-
spectlic acuvity were the hippocampal complex
(Hip) and the amygdala (Amy: Fig. 2C), which
are strongly involved in emotional learning and
memory (I8, 19), as would be required by the
face-prctune assocition in our paradigm. Hence,
the suppression of emotional memory also
mvolved suppression of memory processes and
emotional aspects of the memory representation.
Two phases of memory suppression. We
next examingd how brain activity changed with

S5CIENCE www.sciencemag.org



mereased attemipts at cognitive controd, over trials,
as well as covanation of prefrontal actvation and
the two putative scts of postenior corex (sensory
arcas, Amy-Hip complex). This was ac-
complished by dividing the 12 attempts at cog-
nitive control into quaniles (three epetitions por
quartile), We then plotted percemt signal change
(AS) across the quariles of cach b arca that
showed differential activation for NT wials rela-
tive 1o T trials (5).

Two patterns of wmporal change in activation
were observed, cach associated with dillerent
groupings of prefrontal and posterior brain arcas,
The two groupings were composed of (i) right
inferior frontal gyrus (dFG), Pul, and FG, and (i1)
right middle fronial gyrus (MFG), Hip, and
Amy. Unique temporal pattemns of prefrontal
corex (PFC) mfluence on posterior brain regions
were observed for each group, il FG showed carly
activation in the tme course of suppression,
which [lasted through the sccond quartile of
repetitions, and then a decreased level of
activation during the last two quartiles (Fig.
AL Activity of Pul and FG lollowed a similar
time course of AS, which lagged behind that for
lFG. To express quantitatively the relationship in
activation between these brain areas as a function
of time, we plotted the correlations of activation
of rIFG with Pul and FG, respectively, as a
function of quartile (Fig. 3C). Greater activity in
flFG in the second quartile was signilicantly
associated with decreased activity in Pul and FG
dunng the sccond quantile, but showed no sig-
nificant relation for later quartiles (20), This cor-
relation pattem s consistent with the temporl
pattern of AS: The apparent dFG inhibition of its
associted bram regions begins carly, in the fist
quartile, reaches maximum in the second quartile,
and is greaily reduced therealier.

In contrast to rIFG, MFG activation in-
crcased later and remained active. Activity in
Hip and Amy appearced 1o follow that of fMEFG
in reverse: In the finst quartile, activity was
significantly above bascline, but it decreascd
steadily 1o reach significance below baseline by
the fourth quanile (Fig. 3B). Increased activity
in tMFG did not predict activity in Hip and
Amy in the first or second quartiles, but did so
significantly in the third and fourth quartiles
(Fig. 3C). This covariation patiern suggests that
tIFG and MFG suppress different aspects of
memory processing during different temporal
phases.

To assess the linkage between Hip activation
and memory, we performed a subsequent mem-
ory analysis (remembered versus forgotien) on
Hip activation during the fourth quartile, when
the effects of cognitive control were largest. We
found a linear deercase ofactivity in Hip: Tr >
Tr= baseline = NTr = NTI (), with only that of
NT mals below bascline. Further analyses
showed that activity of tMFG and Hip correlated
with behavioml success at suppression ( 5). Taken
together with the previous data, these findings
suggest that fMFG modulates activity in Hip,
which is directly related 1o behaviorl success.
These dma replicated the finding of Anderson
and colleagues, so the relationship between pre-
frontal and hippocampal regions may well be
involved in suppressing memory recall.

Higher-order orchestration of memory sup-
pression. Only one prefrontal region, BA 10,
exhibited activity across the entire experimental
phase (Fig. 4A). Because this region reccives
minimal sepsory input and s predominantly
cormected with other prefrontal areas, we in-
spected is relationship with dFG and rMFG tor
cach quartile. The maxinal correlation beiween

Fig. 3. Time course of percentage A . - B
signal change (AS) relative to base- 0.20 - L e o S L | 0.20
line for the two regional groupings.

(A} rIFG shows significantly in- ._\‘

creased activity only for the first § 010 % et
and second quartiles [quartile 1, g | = — g
#(15) = 3.65, P =0.001L; quartile2, = 0.00- TR 7 0.00
1(15) = 2.66, P= 0.01], whereas the .. T~y -
activities of Pul and FG decreaseto . -0.10 St = 2-0.10
significantly below baseline during

quartile 4 [Pul, t{15)=-2.11, P = 020-

0.05; FG, t{15) =—1.96, P = 0.05). 2 3 4 s

(B) rMFG displays significantly ele-

vated activity during the second, third, and fourth quartiles (Fig. 4B} [quartile 2, t{15) = —4.42,
P = 0.0005; quartile 3, H{15) = 2.10, P = 0.05; quartile 4, t{15) = 2.08, P = 0.05], whereas Hip

Cuartilg

C

and Amy initially exhibit increased activity in quartile 1 but show significantly decreased activity

by quartile 4 [Hip quartile 1, t(15) = 3.11, P = 0.007; Hip quartile 4, t(15) = —1.98, P = 0.05;
Amy quartile 1, t(15) = 3.11, P = 0.007; Amy quartile 4, t{15} = —=2.15, P = 0.04]. (C)
Correlation coefficients for fIFG and tMFG grouped with respective associated posterior brain
regions as a function of quartile. *P = 0.05, +P = 0.01, #P < 0.001.

RESEARCH ARTICLE

BAIO and cach of the prefrontal regions was
observed in the quantile preceding the maximal
correlation between rlFG and rMFG and therr
respectively associated brain regions (Fig. 4, B
to ). This pattern suggests that activity i
BATO modulates activity in rlFG and fMFG,
which in turn modulates activity in posterior
regions, This result is consistent with recemt
rescarch suggesting that activity in BAL0
increases with task complexity and is involved
in other aspects of higher-order cognition, such as
monitoring of intemal states, memory retrieval,
emotional processes, coordination of higher-level
goals, and modulaing other arcas of PFC 1w attain
these goals (21, 22,

Conclusion, Our finding of below-baseline
activation in bram arcas related 1o sensory
representation (Pul, FG) and memory (Hip,
Amy) for emotional stimuli during NT nals is
consistent with the operation of an active process
ol suppression. Furthenmore, our lindings are less
consistent with two sets of altermative intempreta-
tions of responses in behavior and brain activa-
tion that we observe on NT trials, One aliemative
explanation is replacement, in which participants
think ol a new cue-targel association or substitute
an alternate memory to create distraction from the
target memory (23), However, the generation of a
pew associate would be associated with activa-
tion, not desctivation below hascline of sensory
and memory representations o represent and
ecneode the new association. In essence, replace-
ment would manifest functionally in brain
activations as in T inals.

A second alternative suggests that reduced
recall on NT inals involves disengagement with
the stimuli {e.g., momentary mind-wandering or
introspection), because in some studies BALD
activation has been comelated with intemally fo-

[4MFG W Hp A Amy|
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cused attention. However, we found that BA LD

activity precedes and covaries with the activity of

two separate prelrontal arcas that are imtiated

at different temporal points in the process of
suppressing activation i two different sets of

posterior brain regions, This ime-phased, region-
specilic activity pattern of BALO is more complex
than that expected for simple mind-wandering
during NT wials, and is more consistent with
BAID's proposed role of orchestration of mul-
tiple prefrontal processes involved in guiding
complex wsks (21, 22),

Our findings suggest that the suppression of

emotional memory involves at least two path-
ways with staggered phases of their modulatory
mfluence. The (st pathway involves cognitive

control by fdFG over sensory components of

memory representation, as evidenced by reduced
activity in FG and Pul. This finding is consistent
with computational models that posit that activa-
tion and imbubition of the thalamus is a enbcal
means of gating working memory  information
(24). A second pathway involves cognitive con-
trol by fMFG over memory processes and emo-
tional components of memory representation via
modulation of Hip and Amy (2. 25). The overall
timing of these suppression eflects appears to be
orchestrated by a modulatory influence of BALO,
first over AFG, then over tMFG. Further research
is needed o determine the extent to which the
two pathways act independently or interactively.,

Our findings also provide insight imo the
podential neurocognitive mechanisms by which
emotional memornics are suppressed. Our data
are consistent with the idea that iiial memory

Fig. 4. (A} Time course of percent
signal change for BAL0, rIFG, and

A

suppression is most readily accomplished by pre-
fromtal modulation of activity in sensory cortices
that 15 hikely 1o reercate the sensory percepd. This
process, however, does not predict subsequent
behavioral recall and may be a “late-comection™
mochanism ( 26) 1o suppress prepotent activity in
sensory cortices generated as a result of viewing
the cue, In contrist, activity of f™MFG (over all
quantiles) and Hip (during the last quartile) pre-
dicts behavioral suppression (5). This suppres-
sion process may reduce access to the memory
itsell, by blocking Hip and Amy activity needed
for retrieval of the emotional memory. However,
this mechanism becomes effective only alier re-
peated attempts at control, as shown by the in-
creased correlation in activity between i FG-Hip
and rMFG-Amy over gquantiles (Fig. 3C), Onee
successful suppression of hippocampal activity is
achieved, the nead o invoke the *late-comection™
process apparently decreases, as reflectad in the
decreased dFG-Pul and rlFG-FG correlations,
Owr data also provide an intriguing hint that,
as suggested in clinical practice, it is necessary
to “revisit” an emotionally distressing memory
before it can be comrolled. We found that carly
in the course ol suppression (during quartiles
I and 2), greater Hip activity was observed for
NTI trials than NTr trials, as was also found by
Anderson ef al, in nomemporal analyses (2, 5).
We speculate that memories that activate Hip to
a greater degree are more amenable 1o cognitive
control because they are more ¢laborated and
may provide increased access. By the fourth
quartile, activation in Hip for NTU trials (bot not
NTr trials) is significantly below baseling, indi-

|{BA10 #IFG #MFG|

cating that Hip activity has been effectively
suppressed.

Al a broader level, our findings extend ne-
search suggesting that prefrontal brain arcas asso-
clated with inhibitory mechanisms (BA 10 and
superiorn, inferiorn, and middle FG) are Imeralized
predomimantly 1o the nght hemisphere (27, 25).
Wi have shown the involvement of these arcas in
the suppression of emotional memories, which
replicates curment lilemture suggesting that these

s are active in the suppression of emotional
reactivity (29, 3. Activity in these brain arcas,
along with inhibition over Hip and Amy, sug-
gests that suppression of emotional memories miay
use mechanisms similar o those used in emotion
regulation. Thus, vanous nght-latemlized PFC
arcas may be involved in coordinating suppres-
sion processes across many behavioral domains,
including memory retnieval, molor processes, feel-
ings of social rgoction, selll motives, and state
emotional reactivity (27-32).

Our lindings may have implications for ther-
apeutic approaches to disorders involving the
inability to suppress emotionally distressing mem-
ories and thoughts, including PTSD, phobias.
ruminative depression/anxiety, and OCD. They
provide the possibility for approaches o control-
ling memorics by suppressing sensory aspects
of memory and/or by strengthening cognitive
control over memory and emotional processes
through repeated practice. Relinement ol ther-
apeutic procedures based on these distinet means
of manipulating cmotional memory might be an
exciing and fruitful development in future
clinical research.

|4 BA10&IFG #BA10BMFG

rMFG. (B) Correlations of rBAL0 2 0 *
with rlFG and rMFG as a function e . 0.6 '
of quartiles of suppression repeti- 0.15 r -~ b E .
tions. (C) Correlations of BA10 E‘ ; \‘ 0.4 »
with lFG, rIFG with Pul, and iFG & : gu
with FG as a function of quartiles  § § .
of suppression repetitions. (D) :;:" i} .
Correlations of BA1D with rMFG, 0.05 1 .
rMFG with Hip, and rMFG with Amy 0.2 » *
as a function of suppression repe- 0.00 i
titions. Arrows in (C) and (D) 1 2 3 4 1 2 3 4
indicate a preceding orchestration Cuartle Quertie
of control. For the quartile in which c
the comelation was maximal, great- |#BA10BIFG MIFGEPU A IFGAFG | D [ecri0aMFG mMFGaHp AMFGEAmY
er activity in BA10 was assodated 0.8 = 087 ;
with significantly increased activ- 0.6 3 08
ity inflFG(r=056 P=0.0Nand = o4 ] i
tMFG (r = 0.77, P = 0.001), but 0.2 g g2
not with other brain areas [Pul, r = ) b = 3 ... .
-0.16; FG, r=-0.16; Hip, r=—022; ¢ e
Amy,r=-009;Ps>0405).P<  E0C| g _ ,'-f---'-l'_ §02 b T \ '
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Our results suggest that effective voluntary
suppression of cmotional memory only develops
with repeatad attemipts 10 cognitively control pos-
terior brain arcas underdying instantiated memo-
rics. In this sense, memory suppression may best
be conceived as a dynamic process in which the
brain acquires multiple modulatory inlluenees w
reduce the likelihood of retricving  unwanted
memores,
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Scattering and Interference in

Epitaxial Graphene

G. M. Rutter,* J. N. Crain,® N. P. Guisinger,® T. Li,* P. N. First,™ ). A. Stroscio®

A single sheet of carbon, graphene, exhibits unexpected electronic properties that arise from
quantum state symmetries, which restrict the scattering of its charge carriers. Understanding the
role of defects in the transport properties of graphene is central to realizing future electronics
based on carbon, Scanning tunneling spectroscopy was used to measure quasiparticle interference
patterns in epitaxial graphene grown on 5iC(0001). Energy-resolved maps of the local density of
states reveal modulations on two different length scales, reflecting both intravalley and intervalley
scattering. Altheugh such scattering in graphene can be suppressed because of the symmetries of
the Dirac quasiparticles, we show that, when its source is atomic-scale lattice defects, wave

functions of different symmetries can mix.

uilt of a honeveomb of sp>-bonded car-
B bon atoms, graphene has a linear, newtrine-

like energy spectrum near the Fermui
cnergy, Ep This results from the intersection of
clectron and hole concs in the graphene band
structure at the Dirae energy, Ep. The linear ener-
oy dispersion and concomitant opological con-
strainis give nse o massless Dimc quasiparticles
in graphene, with energy-independemt propaga-
tion speed v = 10° my's (where vi 15 the Fenmi
velocity). Distinctive symmetries of the graphene
wave functions lead 1o unusual quantum proper-
ties, such as an anomalous imeger quantum Hall
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ellect (1, 2) and weak antilocalization (3, 4), that
have spurred an intense scientific interest in
graphene (5). Bilayer grphene (5-7) s equally
distinctive: Quasiparticle states are chiral (6) with
Berry's phase 2m for the bilaver versus mfor the
monolayer (6). High carner mobilities, chemical

inertness, and the two-dimensional (2D} nature of

eraphene make it a promising candidate for fu-
ture electronic-device applications ([, 2, 3. 8, 9).
In particular, grmphene grown epitaxially on SiC
substrates and patterned via standard lithographic
procedunes has been proposed as a platfonn Tor
carbon-based nanoclectronics and maolecular
clectronics (4. 9).

Epitaxial graphene was grown on the silicon-
terminated (001} face of high-purity  semi-

insulating 4H-51C by thermal desorption of

silicon at high temperatres (8, /), This method
produces an electron-doped graphene system,
with the Fermmi level 2000 1o 400 meV above Ep.

The data that we present wene obtained from a re-
gion identified as bilayer graphene (/7). Scanning
mnncling nucroscopy (STM) measurcments were
performed in a custom-built ultrahigh-vacuum,
low-temperature instrument. We measured  the
scanning tunneling spectroscopy (STS) differential
conductince 01 (where [ s cument and P s
voltage ) with lock-in detection by applying a small
miodulation 1o the wnnel voliage ar =500 He
Difterential conductance maps were obtained by
recording an STS spectrum at each spatial pixel
in the topographic measurement. All measurc-
menis reporied here were taken at 4.3 K.

STM topographic images (Fig. 1) show the
atomic structure and different tvpes of disorder
for epitaxial graphene on SIC(O001), At the
aomic scale, the graphene is imaged a5 a tri-
angular latice (Fig. 1B). chamcieristic ol imag-
ing only onc of the two graphene sublattices,
Superimposed on this alomic structure is a mod-
ulation period of =2 nm caused by a reconstnuc-
tion of the SiC interface beneath the graphene: a
SIC 6 = 67 superstructure (/7). Survey images
reveal two categorics of defocis, Type A defects,
such as mounds (red armow in Fig. 1TA), have an
unperiurbed graphene structure that is continu-
ous, akin o a blanket. These defects are due o
irrcgularities in the interface layer between
graphene and the S1C bulk. In contrast, tyvpe B
detects are atomic defects within the graphene
latiice itsell (Fig. 1. A, C, and 1) and are ac-
companiad by strong distortions in the local
lattice images, These distortions are of electronic
origin and are accompanied by large increases in
the local density of states (LDOS) at the defeat
site (13, 14). Quasipanicle scattenng from type B
deficts gives rise to spectacular patterns in the
topographic images (Fig. 1, C and Dy resulting
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from the symmetry of the graphene Bloch states
(13=17).

Detailed milormation on scattering from both
types of defects 1s obtained from STS maps of
dfdV (Fig. 2), which is determined by the LDOS,
By comparing the topographic and spectroscopic

Fig. 1. 5TM topographic images of defects in the
bilayer epitaxial graphene sample. (A) Large field
of view showing a variety of defects. Type A defects
{red arrow) are subsurface irreqularities blanketed
by graphene. The defect indicated by the red arrow
has a height of 2 A. Type B defects are atomic-scale
defects in the graphene lattice. Higher-magnification
images from the boxed regions in (A) are shown: a
defect-free region (B} and complex scattering pat-
terns around type B defects [(C) and (D)]. Tunnel-
ing setpoint: / = 100 pA, ¥ = 300 mV.

Fig. 2. Defect scattering in bilayer epitaxial graphene. (A) STM
topography and (B to E) simultaneously acquired spectroscopic ol
maps. Type A defects (mounds) and type B defects are labeled with red and
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images. we lind that type B defects in the
graphene lattice are the dominant scattering
centers, Over much of the encrgy range studied,
these atomic-scale defects have a large central
density of states surrounded by a strong reduction
in the LDOS that appears 1o pin the phase of the
scattenng pattem nearby, For example, the type B
detiocts labeled by blue armows in Fig, 2 show a
bright central spot encircled by a dark region and
a bright ring (Fig. 2, Bto E). In contrast, the ool
maps show that tvpe A defects, over which the
graphene is cominuous (red amows in Fig, 2),
have dramatically less influence on the LDOS,

Onver large length scales, the d8d1 maps ex-
hibit long-wavelength Muctuations that change
with sample hias voliage (Fig, 2. B 10 E). As the
sample volage mereases from 100 1w+ 100 mV,
the dominant wavelength decreases corspond-
ingly from 910 5 nm. Fluctuations ol much shorer
wavelength are also presant in these dPdl maps,
but they are not apparent over such a large dis-
played arca. Figure 3 shows the short-wavelength
modulations in 17 maps taken with momie-
scale spatial resolution. The interference patterns
in these maps display a local (/3 x V3R30°
structure (Fig. 3, B 10 E) with respect w the
graphene lattice, with a superimposed  long-
wavelength modulation. Both the long-wavelength
standing-wave modulations and the 3 = 3
perindicity are due to quasiparticle scattering
from type B defects through wave vectors
determined by the electronic structure of epitax-
ial graphene.

The 2D constant-energy conlours i recip-
rocal space (Fig. 4A) are used 1o understand the
scatiering vectors that define the interference
paticrns observed in the STS maps of Figs. 2 and
3 (14). For graphene, the constant-cnergy con-
tours near Ep cut through the electron or hole
conical sheets, resulting in small circles of radius
w. centered at the wave vectors K. and K _. that
cach locate three symmetry-equivalent cormers of
the 2D Brillouin zone. The scaitering wave vectors
q connect different points on the constant-cnenzy
contours (Fig. 4A). Two dominam familics of
scatiering vectors, labeled qy and g, give risc 1o
the pattems observad in the spectroscopic con-
duciance maps. Wave vectors qy connect poinis
on a single constant-cniergy circle (intravalley
scattering) and  determine the observed long-

wavelength patterns, Wave vectors qy connect
constant-cnergy circles at adjiacent K, and K.

pomts (ntervalley scattering), vielding scattenng
wave vectors close in length to that of Ke. K,
(K _ ) is related 1o the reciprocal lamice vectors G
by a mowtion of 307 (- 30%) and a length that s
shorter by 1/+/3 in reciprocal space, This rela-
tionship gives niscto the ('3 = /3 IRI° reabspace
superstruciures observed in the high-resolution
maps (Fig. 3, B 1o E). The veetors g will differ
from the exact K, wave vector because of the
linite size of the constant-cnergy circks, The
combination of different lengths contributing 1w
gy leads w0 the modulation of the V3 x 3
scattering pattems in Fig. 3,

To quantify the observed mterference patierns
and deduce the local band structure, we obtain g-
space images ol the scattering vectors (Fig. 4B)
from Fourier transfomm power spectra of the
spectroscopic oVdl maps (19, 200, In Fig. 4B, q,
scallening appears as a bright nng centered at
q = 0. The ring is a consequence of the en-
hanced phase space for scattering near the
spanning vectors of the constant-cnergy circle.
Circular disks appear cemered at the K and K_
points because of the distnbution of g, wave
vectors. We determined ring mdii for the central
ang (Fig. 4C) and the Ky point disks using
angular avemges to maximize the signal-to-noise
rtio. Both featurcs change mdius as a function
of bias vollage because of dispersion in the
graphene electronic states, and for these extremal
q values, the scattering geometry determines
q = 2xor g+ K, = 2x. The resulting x values
vary lincarly with encrgy (Fig. 4D), with vg =
(9.7 « 0.6) = 10° m/s (J&). The x = 0 energy
iniereept gives the Diac energy, £ — Ep =330 4
20 meV. This local measurement ol E(x) agnees
well with photoemission siudies ol bilayer
epitaxial graphene (7). and the parmeters are
close to those reported from transport studies on
epitaxial graphene grown on SIC(0001 ) (9.
Similar resulis are found for a single monolayer
of graphene (fig. S1) (/8)

In addition 1o states localized on defect sites,
sharp conductance peaks, =5 meV in width, are
found several nanometers from the nearest type B
defect (Fig. 33 The peaks are clearly associated
with the g5 induced V3 % 3 LDOS modula-
tion, as can be seen in the dfe ) maps (Fig. 3, B

V=30 mV
13nS
100 A EOTRES

blue arrows, respectively. Sample biases are; (B) =90 mV, (C) —60 mV, (D)
—~30mV, and (E) 30 mV. /=500 pA, V= 100 mV, AV = 1 mV,,,, where Al is
the modulation voltage.
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V=31 mV | G i

REPORTS

Fig. 3. Bilayer graphene topography (A}
and simultaneous diidV maps at sample
bias voltages of (B} —31 mV, (C} —13 mV,
(D) 1.0 mV, and (E) 21 mV. The type B
scattering centers lie outside the image
region [see lower left corner of (A)]. (Fto 1)
dlidV (color scale) versus sample bias
(horizontal axis) and distance (vertical axis)
along corresponding red lines in (B) to (E).
The blue-white-red color scale spans the
conductance values observed in () to (M),
() to M) Line-averaged difdV spectra
obtained from regions marked by red lines
in (B) to (E). The spectra are averages of
nine curves acquired at positions of the

V3 ¥ /3 interference maxima in the re-
gion of the red lines. Peaks in the diial/
spectra correlate with maxima in the long-
wavelength modulation of the +'3 = /3
interference pattern. Blue arrows indicate
the bias (energy) position of the corre-
sponding conductance images in (B) to (E).

Sample Bias {mV)

to E)and the spectral line profiles (Fig. 3, F o I).
Furthermore, the data show that these conduct-
ance peaks arc spatially localized, with maximum
intensity in regions of constructive interference
(Le., over broad maxima modulating the -.,,r.?_ b x,-"'-.‘;
patiem in Fig. 3. B 10 E). We auribute these
conductance peaks (o scallering  resonances,
which localize quasiparticles because of con-
structive interference in scattering from the
random arangement of defeets found within a
phase coherence length (/5.

In suppont of these conclusions, Fig. 3, Flol,
displays sequences of dfel 1 spectra taken along
the red lines shown in Fig. 3, B o E (the red lines
are in regions of maximum intensity modulation
for the four different energics of the 41 maps
inpanels B through E). Each of the figures shows
a very prominent gy modulation along the ver-
tical (distance) axis at the energy of the corre-
sponding ¢4l map (B 10 E). The lower sei of
panels (J to M) shows Jl/d1” spectra obtained at
positions of the '3 x /3 maxima, in the general
arcas of constructive mierference (e, near the
rad lines). Clearly, the energy-dependent standing-
wave pattems are associated with conductance
peaks of dillerent energics. Across the sencs of
maps and speetr, resonances decrease in inten-
sity as new ones acquire increased spectral
strength, cach corresponding to a particular
spatial location of constructive interference in
pancls B to E. Resonances ane seen at -31 mY
(Fig. 3, F and J), a1 -13 mV (Fig. 3, G and K),
straddling the Fermi energy at =1 mV (Fig. 3, H
and L), and at several energies above the Fenni
level (Fig. 3, Tand M), Many more spectral peaks
are observed for different spatial locations in the
dawn s in Fig. 3, with equally pamow line
widths

Of panticular imerest is the influence of the
observed scaitering centers on the transport
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-0 -20 0 20 40 -0 -20 ©

create the interference pattems. ky

and kz denote the wave vectors of e
incident and scattered carriers. K
Scattering wave veclors qq (short =
red armow) are seen to connect points

20 40-40 20 0 20 40-40 20 0 2o 40 [=500pA V=100mV, AV=0.7 MV
Sample Bias (mV) Sample Bias (mV) Sample Bias (mV)
Fig. 4. (A) Schematic of the 2D ; .
Brillouin zone (blue lines), constant- 4 mrmﬁ&hm
energy contours (green rings) at the e KT8
K. points, and the two dominant =
classes of scattering vectors that .

on a single constant-energy circle, D Er.ilﬂuuh :{;m .

and wave vectors q; (long red arrow) c D LDOS Period (A}
m;:t points on mnﬁtant-e;nderg',r _100 mV 0 % D

circles between adjacent K, and K a 1wof :

points. Red circles indicate graphene & o | R e
reciprocal lattice points with arigin I, 5 2 sof i
(B) g-space map of scattering ampli- o | &
tudes, obtained from the Fourier g &

transform power spectrum of the E 5 _ggl "':F’

difdV map in Fig. 2D. g, scattering

forms the small ring at q = 0, peaaband? 100 ;L‘}—‘ .
whereas qa events create the six ooz 0.04 0.06 oo 0.04 005 008
circular disks at K. points. (©) An- x (A)T x (A)T

qular averages of the central qq

ring from the g-space maps, at bias voltages from —100 to —20 mV shown in 10-mV increments. arb,,
arbitrary units, (D) Energy dispersion as a function of « for bilayer graphene determined from the g-space
profiles in (C) and similar data. Values shown are derived from the radii of the central g, scattering rings (red
squares) and from the angle-averaged radii of the scattering disks at K, andK _ (blue triangles). Dashed line
shows a linear fit to the data with ve = (9.7 £ 0.6) x 10° m/s and an energy intercept of =330 = 20 meV.
Similar results are found for a single monolayer of graphene (fig. 520) (18). The error bars represent the
typical combined statistical and systematic uncertainties estimated for each data set.

propertics o epitaxial graphene. For perfect
monolaver graphene, the lattice A-B site sym-
metry and the K valley symmetry give rise 10
wave functions with distinet values of pseudo-
spin and chirality (2, 24, 22). Both quantitics
are ticd directly 1o the group velocity of the
quasiparticle wave function, and their near-
conscrvation in the presence of weak potentials
is equivalent o a suppression ol backscantering.

Our measurements ol both g, and q5 scal-
tering processes show very directly that in-plane
atomic defects are a dominant source of both
intravalley (pseudospin-flip) and imervalley
ichirality-reversal) backscanering, This result
may explain the observation of weak localiztion
in similar samples (8, 18). The related phenom-
enon of weak antilocalization was recently
confirmed in epitaxial grphene grown by a
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ditlerent method on carbon-terminated SiC(000T )
substrates (). indicating a very low density oflin-
plane atomic scattenng centers m those samples,
Thus, the mwnsport propertics in epitaxial gra-
phene are entically influenced by the microscop-
ic propentics of the sample, detcrmined (at least)
by the substmte and growth conditions. For
carbon-based electronics, this work highlights
the need for further microscopic studies that are
correlated closely with macroscopic transport
measurcments.
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Efficient Tandem Polymer Solar Cells
Fabricated by All-Solution Processing

Jin Young Kim,™® Kwanghee Lee,** Nelson E. Coates,' Daniel Moses,!
Thuc-Quyen Nguyen,® Mark Dante, Alan ). Heeger®

Tandem solar cells, in which two solar cells with different absorption characteristics are

linked to use a wider range of the solar spectrum, were fabricated with each layer processed from
solution with the use of bulk heterojunction materials comprising semiconducting polymers and
fullerene derivatives. A transparent titanium oxide (TiO,) layer separates and connects the front cell
and the back cell. The TiQ, layer serves as an electron transport and collecting layer for the first
cell and as a stable foundation that enables the fabrication of the second cell to complete the
tandem cell architecture. We use an inverted structure with the low band-gap polymer-fullerene
composite as the charge-separating layer in the front cell and the high band-gap polymer
composite as that in the back cell. Power-conversion efficiencies of more than 6% were achieved
at illuminations of 200 milliwatts per square centimeter.

olymer solar cells based on conjugated
Pp{rl:.-mur and fullerene composites offer

special opponunities as renewable encrgy
sources because they can be fabricated 1o extend
over large arcas by means of low-cost printing
and coating technologics that can  simulta-
neously pattern the active materials on lightweight
Texible substmics (/<) Although encouraging
progress has been made with power-conversion
clliciencics (ne) of 3% having been reported
(59, the limited cfliciency has hindered the
path toward commercialization,

The “tandem edl” architecture, a multilayer
structure that is equivalent to two photovoliaic
cells in series, offers a number of advantages.
Because the two cells are in series, the open-
circuit voltage (15 is increased w0 the sum of
the 5% of the individual cells. The use of two
semiconductors with different band gaps enables
absomption over a broad range of pholon energies
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within the solar emission spectnm; the two cells
typically use a wide band-gap semiconductor for
the first cell and a smaller band-gap semiconductor
tor the second cell (/. Because the electron-hole
pairs generated by photons with energics greater
than that of the encrgy gap mpidly relax to the
respective band edges, the power-conversion
elficiency of the two cells in series is inherently
better than that of a single cell made from the

smaller band-gap matenal, Morcover, because of

the low mobility of the charge camiers in the
polvmer-fullerene composites, an nercase m the
thickness of the active laver incrcases the intemal
resistance of the device, which reduces both the
Voo and Gl factor (FF) (/). Thus, the tandem
cell architecture can have a higher optical density
over @ wider fiaction of the solar eamission
spectrum than that of a single cell without
increasing the imemal resistance. The tandem
cell architecture can therefore improve the light
harvesting in polymer-based photovoliaic cells,
Tandem structures have been investigated
for small-molecule heterojunction orgamic solar
cells (12-45) and for hybrid organic solar cells
in which the first cell uses an evaporated small-
moldecule material and the second cell uses a
conjugated polymer: the two cells are sepamted
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by a semitransparent metal layer (76), Recently,
polymer-fullerene composite tandem cells were
reported (/7-20). In these devices, a thermally
evaporated metal laver is wsed as a charge-
recombination layer and as a protection layer
(o prevent interlayver mixing) during the spin-
casting ol the second cell (77-19), These polymer-
based tandem cells exhibit a high F. chose 1o the
expecicd sum of the 1.5 of the two subeells,
the short-circuit cument (L) & lower than that of
cither single cell. When the same polyvmer was
wscd for the front and back cells, the amall . was
attributed 1o the absomption spectr being identical,
s that the back cell absorbs less incident light and
thus limits the photocurrent (hecause the two cells
are in osenes, the cument through the multilayer
device 15 determined by that from the back cell).
Morcover, because the interfacial metal layver is
only  semitrsparent, the additonal  absorption
also reduces the inensity of the light incidemt on
the back ccll. Thus, even when two different poly-
mers are used, the photocurrent is correspond-
ingly reduced.

We rgport here that we have successfully
demonstrated the application of polvmer-hased
bulk heterojunction tandem cells. with each
laver processed from solution. A transparent Ti0),
laver is used to separate and connect the from
cell and the back ccll. The Ti0), laver scrves as
an chectron transport and collecting laver for the
first cell and as a stable foundation that enables
the fabrication of the second cell w complete the
tandem cell architecture. In carlier work on tan-
dem cells fabricated with organic semiconduc-
tors, the analogous imemmediate laver was formed
bv the evapomtive deposition of a sanitrans-
parent metal laver in high vacuum. This increases
the complexity of device fabrication and causes
unwanted loss of light intensity (due 1o absom-
tion) to the back cell (/4). For the undem cells
reported here, the T, imermediate lver was
deposited  from solution (by means of sol-gel
chemistry) with no substantial interayer mixing.
The perfommance of the polvmer andem solar
cell is summarized s follows: Je = 7.8 mA 'cml,
boe = 124 ¥, FF = 067, and e = 6.5%
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Fig. 1. (A} Molecular structures of the active materials: PCPDTBT, P3HT,
PCEM, and PC;oBM. (B} The device structure (right) and TEM cross-sectional
image (left} of the polymer tandem solar cell. Scale bars, 100 nm (lower
image) and 20 nm (upper image). ITO, indium tin oxide. (C} Energy-level
diagram showing the HOMO and LUMO energies of each of the component

Figure 1 shows the structure of the multi-
laver polymer tandem solar coll together with
the chemieal structure of its components. The
charge-separation laver for the from cell is a
bulk heterojunction composite of poly[2.64(4.4-
bis-( 2-cthylhexyl -t -cvelopenta] 2, 1-b:3 4-1)
dithiophene J-afi=4,7-(2, 1 3-benzothiadiazole))
(PCPDTBT) and [6,6]-phenyl-Cgy butyric acid
methyl ester (PCBM). The charpe-separmtion
layer for the back cell is a bulk heterojunction
composite ol polyi 3-hexylihiophene) (P3HT)
and [6.6)-phenyl-Cyy butyvric acid methy] esier
(PCsaBM). The two polymer-lullerene  layers
are separated by a transparent TiOy laver and a
highly conductive hole ransport laver. polvi34-
clhylenedioxylencthiophene polyvsiviene sullonic
acid (PEDOT:PSS) ( Baytron PHS00 from . C.
Starck, Newton, Massachusetis, USA). Electrons
from the first cell combine with holes from the
second cell s the TiO-PEDOT:PSS interface.

The Ty, layver is deposited by means of sol-
el chermistry, as describod m (9), The TiO, laver
serves five sepamie funcuons. First, hydrophilic
Ti0d, separates the PEDOT:PSS that is cast on it
from aqueous solution, from the underdying
hvdrophobic PCPDTBT:PCBM charge-separating
layer of the from cell; the hydrophobic TiO, pre-
cursor becomes hydrophilic after conversion to
Ti0y,. Second, the TiO, layer breaks the sym-
metry in the front cell and hereby cncates the
open-cireuit voltage, Third, the TiO, functions
as an electron wansport layer. Founth, the TiO,
functions as a hole blocking layer because the
top of the valence band of TiO, 15 sulliciemly
clectronegative, 8.1 ¢V below the vacuum, w
block holes (9). Finally, the wp Ty, laver (Le.,
between the PIHT:PCoBM charge-separating
layer of the back cell and the aluminum chec-
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materials.

trodde) acts as an oplical spacer that redistribates

the light imensity to optimize the efficiency of

the back cell (9).

Cross-sectional images of the polymer tan-
dem solar cells taken with high-resolution trmns-
mission clectron microscopy (TEM) show the
individual lavers elearly (Fig. 1B) (2/1). Perthaps
more important, the various interfiices are very
sharp: there 15 no interlayer mixing.

The energy-level diagram (Fig. 1C) indicates
the highest occupied molecular orbital (HHOMO)
energies and the lowest unoccupied molecular
orbital (LUMO) energies of the individual com-
ponent materials. As noted, the I of the tan-
dem cell is equal to the sum of the Fi of each
subcell because the front and back cells are
connected in series (12).

The absorption bands of the PCPDTBT and
P3HT (Fig. 2A) complemem each other and
make these two materials appropriate for use in
the two subcells of a spectnumesplitting tandem
cell device, The absomption spectrum of a film
of the bulk heterojunction composiie of cach
subcell and that of a bilayer film of PCPDTBT:
PCBM and P3HT:PCBM arc shown in Fig.
2B. The absomption of the PCPDTBT:PCBM
film is weak in the visible spectral range but has
two strong bands: one in the near-infrared (near-
IR) between 700 and 850 nm that arises from
the interband m-r* transition of the PCPDTBT
(22) and one in the wlraviolet (UV) that arises

primarily from the HOMO-LUMO tansition of

the PCBM. The absorption of the P3HT:PC,BM
film falls in the “hole™ in the PCPDTBT:PCBM
spectrum and covers the visible spectml mnge.
The electronic absorption spectum of the tandem
structure can be deseribed as a simple supempo-
sition of the absorplion spectm of the two com-
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Fig. 2. (A) Absorption spectra of films of each
materal. The absorption band of the P3HT com-
plements the absorption of PCPDTBT in visible
range. a.u., arbitrary units. (B} Absorption spectra
of a PCPDTET:PCBM bulk heterojunction compos-
ite film, a PIHT:PC7oBM bulk heterojunction
composite film, and a bilayer of the two as
relevant to the tandem device structure. 0.0.,
optical density.
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plementary composites. Therelore, the PEDOT:
PSS and TiOy, layers have negligible absomtion
m the tndem device structure,

Tandem cells generally use a wide band-gap
material as the first change-separation layer and
a narmow band-gap material as the second charge-
separation layer with a thinner front cell than the
back cell so that the photocurments generated in
cach subcell are balanced. In our case, because
ol the non-optimum phase morphology ol the
PCPDTBT:PUBM composite, increasing the film
thickness of this layer above 130 nm leads 1o
reduced values for both A and FF in single cells
{221, However, the Jg of a PAHT:PCoBM single
cell imcreases as the [ilm thickness increases up
200 nm, beyond which the FF s reduced, Be-
cause of these matenal characienstics, we have
chosen an “invered tandem cell” structure with
the low band-gap bulk heterojunction compos-
e (PCPDTRT:PCBM) as the front cell and the
higher band-gap bulk heterojunction composite
{PIHTPCoBM) as the back cell (Fig. 1By i2/7).

We have measured the incident photon-to-

current collection efliciency (IPCE) specim of

both the single cells and of the tandem cell,
using a bias light on the tandem cell 1o conflinm

the series connection of the subcells and o ex-
tend the data over the full spectral coverage
(Fig. 3A) (6, 21, 23). Each single cell shows the
known spoctral response of s bulk heterojunc-
tion composite, which is in excellent agneenment
with the absomption spectra of the two composites
(Fiz. 2B): The PAHT:PC1BM composite gives a
maximum [PCE of ~78% a1 300 nm, and the
PCPDTBT:PCBM composite has two dominant
peaks (-33% at 750 10 800 nm and over 32%
below 440 nm) When carryving out the measure-
ments on the andem cell, we find that bissing the
device with 330-nm blue light and with 730-nm
red light selectively excites the fromt and back
cells, respectively, showing that (1) the device har-
vests photons from the UV w the near-IR, and (i)
cach subcell functions mdividually (23),

The curment density versus voltage (-1 char-
actenstics of single solar cells and the andem
solar cell with PCPDTBTPCBM and P3HT:
PC7BM composites under Aar Mass 1.5 Global
(AMILLAG) illummation from a calibmied solar sim-
ulator with imadiation intensity of 100 mW/em?
are shown in Fig. 3B, The single devices show a
typical photovoltaic response with deviee per-
formance comparable to that reponed in previ-

Fig. 3. (A) IPCE spectra of single A B
cells and a tandem cell with bias 100 b —
Singla Cells
light. We carried out the IPCE mea- . pc:::n'r:pc“ "E
surements using modulation spec- sol & PIHT:PC, BM ﬁ
troscopy with a lock-in amplifier for -r".'--'"‘--._‘ =
the single cells and for the tandem g e, Tandem Ceils -
cell without light bias. For the tan- 2> 9 A o i e 2
dem cell measurements made with § o ot ) )
bias light, unmodulated monochro- 40t o %, \ perttesn é
matic [ight with an intensity of =2 — | Meese Thee | oop et c
mW/em* was used. (B) J-V charac- 20" 'Wd"' . =, £
teristics of single cells and tandem 2 ., e
cell with PCPDTBT:PCBM and P3HT: & . s =
PC,oBM composites under AM1.5G : o

illumination from a calibrated solar
simulator with irradiation inten-
sity of 100 mW/em? (about ane
sun) are presented. The power-

conversion efficency of a solar cell s given as me = (Ju Vo FF1-1000Pir,
where P, is the intensity of incident light. The device performance is
summarized as follows: The PCPDTBT:PCBM single cell shows /.. = 9.2 mA/m?®,

Fig. 4. (A) J-V characteristics of
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Vo = 0,66 V, FF = 0.50,
= 108 mAend, V. = 0.63 V, FF = 0.69, and n, = 4.7%; and the tandem
cell shows J. = 7.8 mA/am®, V. = 1.24 V, FF = 0.67, and n, = 6.5%.

ous studies (9, 22) the PCPDTBT:PCBM single
cell vields Jie = 9.2 mA/em®, Ve = 0.66 V, FF =
0.50, and ne = 3.0%, and the PIHT:PC70BM
singhe cell yickds S = 108 mAen, 1 =063V,
FF = (L6Y, and ne = 4.7%,

With two subcells stacked in senics, the cur-
rent that is extracted from the andem cell s
determined by the current genermited in cither the
fromt or back cell, whichever is smaller (23). Ac-
cordingly, when there is greater carmer generation
in cither subcell, these excess charges cannot
contribute to the photocument and so compensate
lor the built-in potential across that subeell. This
compensition leads 10 a reduced 15 in the un-
dem cell (19),

To optimize and balance the cumrent in cach
subcell, we tned all possible variations of the
tandem cell architecture: by changing the onder
of the active materials, by varving the concen-
tration and ratio ol cach component in the com-
posite solutions, and by varving the thicknesses
of the two bulk heterojunction matenals. Be-
cause of the high extinction coellicient of the
PCPDTBT:PCBM composite, the P3HT:PCBM
back cell has the smaller J of the two subcells
and is thus the limiting cell (23). The FF of the

00 02 04 06 08 10 12
Bias (V)

and ne = 3.0%; the P3HT:PC;BM single cell shows

the optimized tandem cell mea-
sured with different incident light
intensities from 0 to 200 mWicm®
(AM1.5G solar spectrum). (B} J.,
Ve FF, and n, of the tandem cell
are plotted as functions of the
incident light intensities. The n, of
the optimized tandem cell reaches
its maximum of n, = 6.7% at 20
mWem?,

Current Density (mAlem’) »
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tandem cell can be very near the FF of the lim-  incident light intensity from 0 to 200 mW/em®, 11 1. Riedel, V. Dyakonav, Phys, Status Sofidi A 201, 1332
iing cell. Thus, we use the PAHTPCxBM as  are shown in Fig. 4A. In Fig. 4B, the perform- (2004).

g cell. Thus, we usc the PSHT:PCoBM as  are sh Fig. 4A. In Fig theperd 12. M. Hiramoto, M. Suezaki, M. Yokoyama, Chem. Lett.
the back cell to obtain a higher FF ance parameters of the tandem cell (A Tee FF, (pnJ 19, 327 (1950},

More than 200 individual tandan cells were  and ne) are plotted as functions of the madent 13. A Yakimow, 5. B Fomrest, Appl, Phys, Lert 80, 1667
made in order o optimize the fbrication pro-  light miensity, Because Je 15 lincar with {2002). )
cedure and device architecture (24), This optimi-  illuminated light intensity, there is no substantial -~ 14 L_””‘sss*;-]'r‘;;daﬂ%;- Rand, 5. R Fomest, Appl. Phys.
S 1 - = L = - ] -4 TR L - f 1 = - R Ta . l ’ T
Zation Il.:q.li to the mv -.rh_.:d I.mldn.lm cell device space i.’h.lll'!._ll. buildup in the ttnu.lun ah_.uq.u. T_hq. 15. . Drechsel ef al,, Agpl. Fhys. Lett, 86, 244102 (2005).
depicted m Fig. 1B. Using this mverted strue- 1 also nereases monotonically with an in- 15 6. pennler ef ol,, Appl Phys. Lerr. 89, 073502 (2006).
ture, we fabrcated more than 20 andem cells  crease in the light inensity and approaches 17, V. Shrotriya, E H-E Wu, G. i, Y. Yag, Y. Yang, Appl.

with efliciencies above 6.2%., Performance pa-

1.3 Vunder AM1.5G conditions at 200 mWen™,

Phys. Lert B8, 064104 (2006},

rameters for a typical device are as follows:  the sum of 15, of the two subcells. The FF ap- 15 :‘;ﬁ;ﬂi‘&f&a} WO, | Sabal. dek: s Lt

Jo = T8 mAm®, Fe = 1.24 V, FF = 067, and  proaches 0,68 at 10 mW/em?, a value near the  1q. o Hadipour et al, Adv. Funct Mater. 16, 1897

e = 6.5%. The Jg in the wndem cell is con-  FF of the Timiting PAHT:PCyBM back cell, {2006},

sistent with the [PCE measurements because the  and exceeds 063 at 200 mWen?. The power- 20 ;ﬂﬁi'lﬂ:-agﬂl-z”&m;?k R. A ). Janssen, Appl Phys. Lett
otocurrent in the back cell from IPCE s conversion efficiency of the optimized 1an- s ; ; ;

e S o, oo 2. K i 1 b s ey

confirming that the back cell is the limiting 20 mWiem?®, whereas N.=35ca 2 mW/em® 22. D. Mihlbacher ef al., Adv. ﬁ:mr. 18, 2884 (2008).

cell for J. as well as for FF and ne = 6.1% at 200 mW/em®. With these per- 23 Burdick, 1. Glatfelter, Sol. Cells 18, 301 (1986).
Initial measurements of the stability of the  formance parameters, it is evident that the sub- 2% All the solar cell devices were fabricated by L.Y.K, who

tandem cell vield promising results. Aller stor-  cells inour tandem eell are connected 1 ics and sbio e icec tha pastoenance. The IFCE

’ b I L f_._ esllls, ALCT & I:“:I oo h_lﬂl T B ool are oo |5!|'|5.L Ll BN SCTICS (N MEaSUrEMents wWere PE'E‘DITI'IE{' by 1.¥.K and M.EC, The

mg the tandem cell m Ni for 3500 hours (fig.  provide enhanced coveraze of the solar spectrum. TEM images were obtained by M.D.

S2A), its efficiency deercased from n, = 6.5 1o 25. The research was supported by Konarka Tedunologaes

5.5%. This relatively small decrease afier nearly
hall a vear confirms the robustness of the tan-
dem cell architecture. Moreover, the tandem solar
cells showed reasonable stability under continu-
ous illumination. When exposed continuously to
irradiation with an imensity ol one sun (AM1L3G,
the tandem cell retained -70% of its orginal
efliciency alier 40 hours and over 60% even alier
100 hours (fig. S2ZB) (2/1). Clearly. more exten-
sive measurements on the degradation of
packaged devices are required in future work.

The J<1 charmctenstics of the optimized in-
vered tandem cell, measured with different
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cause they bind so strongly 1o protein residues
and are capable of crossing the blood-brain bar-
ner. Indeed, methyl-mercury compounds are
responsible for Minamata discase, so-called be-
cause it caused the death of almost 2000 people
around Minamaa Bay (Japan) in the lawe 19505
when the residents consumed fish that was
comaminated with methvl-mercury compounds
(/). Although the initial outbreak of the discase
wais a4 result of toxic release from a nearby chem-
ical plant, methyl-mercury compounds are also
introduced into the environmment by biomethy la-
ton of natumally occumng Hegill) in an aquatic
enviromment (7, &), The Hg-CHy bond is kinet-
ically stable toward protolytic cleavage in aque-
ous solution, with the result that methyl-mercury
compounds accumulale in predatory fish and
may be consumed by humans (/, 7).
Detoxification of organomercury compounds
is therefore of aritical impontance. In nature, this
is achieved by the combined action of two en-
gvmes, Specifically, bacterial organomercurial
Ivase (Merf) achieves protolviic cleavage of the

Cleaving Mercury-Alkyl Bonds:
A Functional Model for Mercury
Detoxification by MerB

Jonathan G. Melnick and Gerard Parkin®

The extreme toxicity of organemercury compounds that are found in the environment has focused
attention on the mechanisms of action of bacterial remediating enzymes. We describe facile room-
temperature protolytic cleavage by a thiol of the Hg-C bond in mercury-alkyl compounds that
emulate the structure and function of the organomercurial lyase MerB. Specifically, the tris(2-
mercapto-1-t-butylimidazolyDhydroborato ligand [Tm®], which features three sulfur donors, has
been used to synthesize [Tm”IHgR alkyl compounds (R = meth& or ethyl) that react with
phenylthiol (PhSH) to yield [Tm® ]HgSPh and RH. Although [Tm®]HgR compounds exist as linear
two-coordinate complexes in the solid state, 'H nuclear magnetic resonance spectroscopy indicates
that the complexes exist in rapid equilibrium with their higher-coordinate I-cz—TmB“'}HgH and
[%*-Tm®|HgR isomers in solution. Facile access to a higher-coordinate species is proposed to
account for the exceptional reactivity of [Tm®]HgR relative to that of other two-coordinate
mercury-alkyl compounds.

Znill) from cysteine-rich structural and catalytic

he extremie toxicological problems asso-

I ciated with mercury and its compounds
(1) are largely a consequence of the high
aflinity of mereury for sulfur. As such, mercury
binds readily 1o the thiol groups of cysteine res-
idues in proteins and cnzymes and may displace

www.sciencemag.org SCIENCE WYOL 317

zinc sites (7). For example, Hg(ll} inhibits the
Fpe DNA repair protein by a mechanism that is
believad 1o involve replacement of Zn(lly m the
Cysg zine finger binding site (3-6), Mercury
alkyls. in paticular, are potent neurotoxins be-

Department of Chemistry, Columbia University, New York,
NY 10027, USA,
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Fig. 1. Molecular structures of [Tm®]HgMe (left) and [Tm®™]HgCH,CN (right).

otherwise mnert Heg-C' bond while a second en-
ayme, mercurie ion reductase (Merd), reduces
Hgi 1) 10 less 1oxic elemental mercury. Hai())
i1, 91 Here, we provide evidence relevant to the
mechanism of action of MerB by investigation
of a synthetic analog system.

Merf obtained from Escherichia colf (R831h)
has four cysteine residues that are crucial for
enzymatic activity. OF these, one cysteine (Cys"7)
is considened 1o play only a structural role. whereas
the other three (Cys™, Cys'™, and Cys'®) are be-
licved to serve the combined roles ol binding the
organomercury substrate and protolyvtically cleay-
ing the mercury-carbon bond (9 £2), Other than
this general deseription ol the reaction sequence,
however, the coordination mode of the organo-
mercury substrate in MWerB and the intimate details
of the reaction mechanism are unknown. There-
fore, to provide a more thorough understanding of
the mechansm ol action of MerB, 1t is pertinent o
investigane the bioorganometallic chemisty ol mer-
cury in a sulfur-rich coordination environment.
For this purpose, we have used the u‘is[.!-nwmuﬁ:n-
1-+-butylimidazolylhydroborato ligand [ Tm™],

[Tm™' K + AHgX

A
Bu

§——Hg—R

fy
B
@)
N
‘\

H—8 Hg—R

Scheme 1.
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which features three sulfur donors, 1o synthesize
mercury-alkyl compounds that emulate aspeets of
the structure and function of M8 (13, 14).

The mercury-alkyl compounds [Tm®™¥ [HgMe
and [Tm™'|HgEt are readily synthesized via
the reaction of [Tm™|K with McHgl and
EtHgCl, respectively (Scheme 1) (13). The mo-
lecular structures of [Tm™ ' HgMe (Fig. 1) and
[ Tm™¥]HgEt have been determined by x-ray dif-
fraction, thereby demonstrating that the [Tm™)
ligand coordinates primarily in a &' manner (i.c.,
coordination via a single sulfur atom), with a
linear S-Hg-C geometry and Hg-5 bond lengths
of 2.396(2) and 2.405(1) A, respectively (16).
This &' coordination mode is quite distinet from
the x* mode (i.¢.. coordination via three sulfur
atoms) that is observed for other [Tm®HgX
denvatives in the solid state (17, {8) nonetheless,
it does correspond closely 1o the means by which
the prowcin coordinates 1o the metal in the
mercury-=dithiothreitol complex ol MaB (19). In
contrast to the ' coordination observed for
[Tm™'|HgMe and [Tm®"|HgEL the evano-
methyl complex [Tm L|Iﬂ||§l'..‘llzl‘."~2 (200 adopts
% coordination of the [ Tm™ | ligand, giving a four-
coordinate  pseudoteirahedmal mercury center
(Fig. 13 OFf these two peometrics, the linear co-

A\
e
ﬁ"‘“a.:'l‘x.—___u"(
//'\\' .\B-:—hs
B,
l N W S
N—
/,
By
§—Hg——R
PhSH, 25'C
—RH
B
SN
)
2
4 .\L\.'\
. Hg——5Ph
\ S5
m!

Scheme 2.

ordination mode 5 most prevalent lor mercury-
alkyl compounds (27231 | :KJ*[HI"]HCS;: HgMe|'
(29). 1[N 1:CHaPPha)s|HeMe} * (25), and
[ -Tp"™ | HgEt (26) arc illustrative of the few
pseudotetrahedral mercury-alkyl compounds
previously characterized (27, 28).

Prior efforts to emulate Mer® have examined
protolyvtic cleavage with the use of strong Bronsted
oxo acids such as CF3S05H (24). However, be-
cause MerB uses a cysteine 5-H group to effect
cleavage ol the Hg-C bond, we considened that a
better model for cysteine would be simple thiols

29). It is therefore noteworthy that each of the
alkyl compounds [Tm™ HgR (R = Me, Et,
CHAON) reacts with PhSH mpidly at room
temperature (30 w0 yield pscudotctrahedral
[Tm™HgSPh (3/) and liberate RH, thereby
demonstrating facile He-C' bond cleavage by a
thiol in a sulfur coordination envirommeni
iScheme 2).

With respect o the mechaniam ol cleavage of
the Hg-C bond, it is well known that two-
coordinate monoalkyl-mercury  compounds  of
the type M-Hg-R (/5) are notonously inen
toward cleavage of the He-C' bond under phys-
iological conditions (32-34). As such, the high
reactivity of [Tm™]HgMe and [Tm™|HgEr
may be attributed 1o the ability to access & or
% isomers (35, 36). In this regard, variable-
temperature 'H nuelear magnetic resonance
(NMR) spectroscopic studies on [Tm""LIIIgjt
(R = Me, Et) indicate that the molecules are
highly Mluxional. Al -60°C, the spectrum is con-
sistent with a [x*~Tm®|HgR pscudotetrahedral
structure, whereas at intermediate empera-
wres, both k' and &% isomers are observed. A
two-dimensional exchange spectroscopy exper-
iment conlirms that these isomers are in rapid
-n.]ijilihrium at -20°C and a threc-coordinate
[e?-Tm™|HeR imermediate is implied in this
process (37,

The observed Nuxionality of |T|11B"|II;_.=R
provides excellemt evidence that the role of one
of the cysteine ligands in the active siie ol Mer8
is o aciivaie a two-coordinate mercury-alkyl
compound toward protolytic cleavage by an

5, ]
N B

H _-Q

5—-H;;'—n

=Y

S RAH

o=

I:._-ﬁ“\N__ But
HZN “\(».\ - PhSH
S—=-Hg R
H ' 25C
: |
N\‘F_."-S
i
\&J’
not isolated
Scheme 3.

WWW.SCiencemag.org




additional cysteine S-H group. To address further
the impact of coordination number on the ability
to cleave the Heg-C bond, we examined the cor-
responding  reactivity of strictly  two-coordinate
mercury-alkyl compounds that bear a close rela-
tionship to [k "-Tm™ HgR. Specilically, we inves
tigaed the [-r-butylimidazole-2-thione denvatives
AHmIm™ | HgR ™ (37) in which the Hmim™
ligand emulates the &' coordination mode of the
[ Tm™) ligand, as determined by x-ray diffraction
studies on || Hmim™|HgEt}[BF,] (38, 39).

Imerestingly, whereas I'T'inuullllgfvin.' and
[Tm™|HgF1 react rapidly with PhSH at room
temperature, the two-coordinate compounds
HHmim™ THgMe} ™ and {[Hmim™ |HgEy}”
are stable under comparable conditions; pro-
tolytic cleavage and hiberation of RH are none-
theless observed at elevated 1emperatures
iScheme 3) (40). The lower reactivity of
(Hmim™ | HgR ! relative to [Tm™ | HaR sup-
ports the proposal that access o coordmation
numbers greater than 2 promotes protoly tie cleay-
age ol the Hg-C bond (4/). In support of this
suggestion, addition of Hmim™" to a mixture of
:thﬁ“w“ IgEr} |BF,] and PhSH causes eliming-
tion of cthane o room lamperature, an obsernvation
consistent with the formation ol a highercoordinate
specics {[Hmim™ | HgEt! " that is more suscep-
tible 1w Hg-C protolytic cleavage than is two-
coordinate [l Imimmll IgEt}" (42).

In view of the low reactivity of two-
coordinate [[Hmim™|HgR ! " toward PhSH, we
attribute the high reactivity of [ Tm™ JHgMe and
[Tm®|HgEl 1o the accessibility of a higher-
coordinate mercury alkyl by % or & binding of
the [Tm™] ligand. Thus, of the three non-
structural cystemne nesidues off MerS that are
crucial for enzymatic activity, it is evident that
one cysicine is required w coordinate [HgR | ina
linear manner, a second cysicine is required o
activate the Hg-alkyl group toward protolyiic
cleavage, and the third cysieine is required o
effect the cleavage reaction (43, 44),
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possble that a residue other than ogystene could also
facititate the protolytic cleavage. In this regard, studies on a
madel system indicate that carboxylate bases may ako senve
to promote protolytic cleavage of Hg-C bonds (443,

44. E. Gopinath, T. C. Bruice, | Am. Chem. Soc. 109, 7903
(1987},

45, Supporied by N5F grant CHE-D619638, which enabled
the acquiation of an x-ray diffractometer, and by NIH
grant GMO46502, Complete arystallegraphic data have
been deposited in the Cambridge Crystallographic
Database Centre {acoession numbers 648324 1o 64833 1).
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Magmatic Gas Composition Reveals
the Source Depth of Slug-Driven
Strombolian Explosive Activity

Mike Burton,™* Patrick Allard,™® Filippo Muré,* Alessandro La Spina™”?

Strombolian-type eruptive activity, common at many volcanoes, consists of regular explosions driven by
the bursting of gas slugs that rise faster than surrounding magma. Explosion quakes associated with
this activity are usually localized at shallow depth; however, where and how slugs actually form
remain poorly constrained. We used spectroscopic measurements performed during both quiescent
degassing and explosions on Stromboli voleano (ltaly) to demonstrate that gas slugs originate from as
deep as the volcano-crust intedface (~3 kilometers), where both structural discontinuities and
differential bubble-rise speed can promote slug coalescence. The observed decoupling between deep
slug genesis and shallow (-250-meter) explosion quakes may be a common feature of strombolian
activity, determined by the geometry of plumbing systems.

trombolian explosive activity, named afier
Stromboli voleano, s commonly observed
on volcanoes fed by low 10 moderate vis-
cosity magmas, [t consists of periodic jets or
explosions throwing molten lava fragments tons

to hundreds of meters above open venis, which
are driven by the fast up-rise of gas slugs through
magma-lilled conduis (/-3 It 15 widely agreed
that gas slugs form by coalescence of smaller
bubbles at depth and keep sullicient overpressure
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upon ascent to disrupt their skin and the upper
magma column when they burst at the surface,
However, both the depth at which slugs formand
the mechanism of slug coalescence—be it dif-
ferential bubble-rise mte in conduits (2, 3) or
bubble foam accumulation at structural disconti-
nuitics (4, 5)—remain poorly constrained, Shal-
low source depths for strombolian explosions arc
estimated from associated seismic (6-70) and
acoustic (912} signals, but whether these coin-
cide with the slug source depth is unknown,

We provide quantitative constraints for the
depth of slug genesis producing strombolian ac-
tivity, based on spectroscopic measurements of
the magmatic gas phase driving explosions at
Stromboli volcano, Stromboli island, in the Aco-
lian archipelago, is the emerged upper pant of a
~3-km-high stratovolcano crupting a volatile-nch
high-potassium (HK) arc basalt (/3 /5) lis
stndard activity consists ol quicscent magma
degassing through crater vents located at 7530 m
above sea level and briet ( 10- 10 15-5) explosions
that, every 10 10 20 min, launch crystal-rich
scorfac and lava blocks 1o 100- 10 200-m height.
According to geophysical signals (6-8, 11, 12),
these periodic explosions originate at shallow
depth (250 m) below the vents. Although
spectacular, they conmtribute litle of the bulk
volatile discharge, most of which is supplied by
quicscent degassing (16, 17). Episodically, the
voleano also produces more powerlul, deeper-
derived explosions (14, [8) that have no clear
warning signal [apan from recent observations of
precursory changes in gas composition (f9)] and
constitute a magor hazard for the thousands of
visitors and volcanologists alike. Therefore, im-
proved undestnding of the processes control-
ling the ditfenent types ol explosions at Stromboli
is also a high priority for civil defense.

Between mid-2000 and Seplember 2002, we
repeatedly measured the chemical composition
of Stromboli magmatic gases between and during
cxplosions, wsing open-path Fourer transfonm
infrared (OP-FTIR) spectroscopy. With this
remoic sensing tool, recently used by volcanolo-
gists (20-23), magmatic gases issuing from the
crater vents could be analvzed from a safe dis-
tance and with high temporal esolution (~d-s
perod). Here, we present and discuss one rep-
resentative data set obtined on 9 Apnil 2002,
dunng 3.2 hours of passive and cxplosive de-
massing at the southwest vent that was most ac-
tive at the time. Our spectrometer overdooked this
vent rom a slant distance of 240 m. We acquired
double-sided imerferograms, which we subse-
quently Fourier transformed, using the infrared
radiation emitied from the hot ermer foor and/or
molien lava ejecta. The oblained FTIR absorp-

Ystituto Mazionale di Geofisica e Vulcanologia, Catania,
Italy. *Groupe des Sciences de la Terre, Laboratoire Pierre
Sie, CNRS-CEA, Gif-sur-Yvette, France. *Dipartimento di
Chimica e Fisica della Terra ed Applicarioni, Palermo
University, Palermo, Italy.

“To whom correspondence should be addressed. E-mail:
burten@ct.ingv.it
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veaked the ollowing features: (1) Quicscent gas
release between the explosions has a well-delined,
quite steady mean composition. 1 contains 83
micl %o of water vapor: it has mean C02/50) and
SO HCHratios of =8 and 1,010 1.5, respectively;
and according w0 s CO/CO; ravo, it last
equilibrates at 630° 1w 760°C ¢ven though it
wits at close-w-ambient wmperature (17° ©
30°C) when measured. (i) Each explosion is
marked by shamp incrcases in the IR source
temperature and the volcanic gas temperatune and
amounts. At the very onsel ol an explosion, the
gas s as hot as the radiating Gecta (up w 970°C),

tion spectra allowed simultaneous retrieval of the
path amounts (in molecules em %) of major
voleanic gas specics (Ha(), 04, S04, and HCT)
and minor volcanic gas specics (CO and COS),
with an accuracy ranging from +4 1o 6% for the
purcly volcanic specics 1w, respectively, =109
and 20 1o 23% for CO5 and HY0, the amounts of
which had 1o be comected for air background
(22). Details of the operating conditions and data
retrieval procedures are given in (24),

The observed variations in radiating source
temperatune, volcanic gas amounts (Fig. 1), and
derived molar gas compositions (Table 1) re-
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Fig. 1. Time series of volcanic gas amounts (molecules em™2) and radiating source temperature measured
during quiescent and explosive degassing on Stromboli (9 April 2002). Quiescent emissions produce a
background composition aver which sharp bursts of gas, enriched in €Oz, S0, €0, and COS, are measured
during explosions. These bursts coincide with peaks in radiation source temperature due to the ejection of
molten lava clots. The third explosion, whose gas composition is reported in Table 1, is boxed and shown in
greater detail in fig. 51

Table 1. Molar gas compesitions during quiescent and explosive crater degassing at Stromboli volcano,
measured with OP-FTIR spectroscopy. “Typical explosion” shows the gas composition during the explosion
shown in Fig. 2 and the average gas ratios (x1o) for similar such explosions. "Smaller explosions” shows
the average gas composition for smaller, COs-poorer explosions. The equilibrium gas temperatures
(Equil. temp.) were computed from measured CO/CO, ratios and thermodynamic data for the reaction 200 +
0, = 2C05, assuming ideal gas behavior and redox buffering by Stromboli basalt [logfOs ~ NNO + 0.3 (34);
NNO, nickel-nickel oxide buffer]. Source pressures were inferred from the modeled degassing of Stromboli
basalt during decompression (Fig. 3). b.d., below detection limit.

Gas features Quiescent degassing Typical explosion Smaller explosions
Hz20 % §2.9 64.4 79.3
€Oz % 13.6 331 15.0
50; % 1.7 18 115
HCI % 1.7 0.33 0.43
€O % 0.03 0.44 0.15
Cos % b.d. 0.008 b.d.
Hz0/CO4 6.1 2308 45x23
COy5 7.8 20.7 £ 2.1 16819
s/l 1.0-1.5 4.7 £ 0.8 2308
CO/50, (1077%) 1.8 24.0 = 0.9 14.6 = 0.4
€0ICO; (107%) 0.21 1.14 + 0.09 0.9 + 0.08
Equil. temp. (°C) 700 1020-1130 1000-1060
Source pressure (MPa) =0.3-4 ~70-80 ~20-50
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which prevents its analvsis. Sudden expansion of
the eruptive cloud produces an apparent drop in
brack ground gas amounts (Fig. 1), due 1o shorer
beam path length. Afiera fow seconds, however,
the explosive gas phase mapidly cools through
expansion and air dilution, whereas the radiation
souree (fresh lava clots on the crter loor) cools
more slowly, providing a large wmperature con-
trst and simple absorption spectra, Subtcting
the background gas amount measured immedi-
ately before cach explosion from the amount
produced by the explosion allowed us 10 deter-
mine the chemical composition of the pure slug
2as. Once cooled enough, the laner displays a
stable composition (Fig, 2) that can be observed
for a minute or so before the eruptive cloud
gradually dissipates, We find that the slug gas
markedly differs from the quicscent emissions: It
is less hwdrous, nicher in CO,, 805, CO, and
COS, and its COL/S0,, SOLHCL and COCO,

ratios are three to five times as high, Morcover,
its computed cquilibrium temperature (10007 1o
1 140°C elosely matches that of the molten basalt
{Table 1), Therefore, the gas phase dnving the
explosions preserves the memory of hotter but
also deeper source conditions, as shown by its
enrichment in carly exsolving volatile specics
such as C0,,

Similar observations made for explosions at
different perods suggest a reproducible source
process, However the explosions separated by
“standard” repose intervals of ~135 10 20 min
(such as the second to fifth peaks in Fig. 1) were
generally found o display more eproducible and
higher CO2S0,, COSO,, and SOLHOT matios
but @ lower HaO0005 mtio than smaller explo-
sions succeeding at shorter intervals (Table 1),
Accordingly, the smaller explosions may have a
maore shallow origin, consistent with their higher
frequency and Jower energy, or they may be

1E422 16
A

1E+214 Explosion onset 1.4
= H:0
ﬂﬂ
€ 1E+20- CO, 12 2
g 2
g 1E+191 —e50, 1y [
g co g
= 1E+18- HCI 08 2
5
E 2
£ 1es17 06 E
8 g

1E+16- -0.4 5
g

1E+15+

Gas Temperature (*C) and
Source Intensity (x60)

Molar Gas Ratios

12:50:30 12:51:00

12:51:30

Time (GMT)

Fig. 2. (A} Gas amounts and (B} molar gas ratios of the pure slug phase driving one illustrative
Strombolian explosion (which occurred at 12:50:41 GMT). At the explosion onset, marked by a peak
in radiative intensity, the gas is as hot as the radiation source, preventing detection. As the gas
cools, the thermal contrast between the radiation source (molten lava clots) and the gas increases

until its stable composition is observed.
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powered by smaller and hence slower slugs tha
sufler greater contamination by gas—present in
the shallow condunt—that is poor in CO-5 and
ncher m Cl-Ha0).

Melt inclusion studies of volatiles dissolved
in Strombaoli HK-basalt (/7-1.3) provide the key
information © nterpret our results, Primitive
inclusions of the basaltic meh entrapped in oli-
vine at about 280 MPa (- 10-km depth) contain
on average 3.0 weight (wi) % HaO, 0012 wi %%
COy, and 0.17 wi %0 of S and Cl (43 75). At tha
pressure, the basalt already coexists with ~2.5 wi%s
of COz-rich gas formed by carly exsolution of
the abundanmt CO; comained in Strombaoli
parental magma (25). Starting from these data
and using the VolauleCale software (26), we
computed the pressure-related evolution of Ha(O
and COy; in the melt and the gas phase during
closed-system ascent and differentintion (tracked
by K500 of the HE-basalt from 280 MPa 1o the
surface. The amounts of S and Cl degassed
during this process wene then estimated from the
best fit of their dissolved content with respect 1o
HL0 and K0 in melt inclusions (/3-15). The
main sources of uncertainty in our modeling
arose from the spase number of melt inclusions
recording intermediate pressures and, 1o a lesser
degree, from intrinsic limitations of VolatileCale
in simulating the degassing of water-rich basalt
126, Motwithstanding these issues, the modeled
degassing trends reproduced fairly well both pet-
rologic observations and the FTIR-measured gas
compositions. Figure 3 shows the vanations of
HLO0C 05, CO/S, and SC1 molar ratios in the
cquilibrium gas phase a5 a function of pressure
between 100 and 0.1 MPa |S and Cl here refer 1o
the exsolved amounts of bulk elemenal sullur
and chlorine which, in surface emissions, pre-
dominantly occur as S0 and HCL, as shown here
and in (/6. 1 7).

We highlight two conclusions. (i) The chem-
ical composition of quiescent emissions is well
reproduced by complete degassing of the up-
rsing basali, with a trmnsition from closed- o
open-system conditions in the shallow volcanic
conduits. This is consistent with a steady-state
process of magma ascent, degassing, and con-
vective overtum that contnbutes the bulk of the
volcanic gas output (16, /7). The comitted gas
only diverges from the modeled composition n
its. higher water content and slightly lower S/CI
mtio (Table | and Fig. 3). We atinbute these dis-
crepancics 1o both spectmoscopic imerferences
from low-temperature, water- and Cl-rich crater
rim fumaroles (27, 28) and probable entrainmen
of meteoric steam from the shallow hydrothenmal
system. (ii) The gas slugs daving Strombolian
explosions cannot have a shallow origin, Instead,
their measured compositions correspond 10 those
achieved by the cquilibrivm gas phase under
confining pressures of =70 o 80 MPa (most
energetic explosions) to <200 MPa (smallest
cxplosions). To preserve these compositions at
the surface, the slugs must then nse separately
from the magma from depths between 2.7 and
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Fig. 3. Pressure-related modeled evolution of H,0/C0,, CO,S,
and S/Cl molar ratios in the magmatic gas phase during closed-
system ascent, differentiation, and degassing of Stromboli
HEK-basalt (100 to 0.1 MPa) and inferred source depths of gas
slugs driving Strombolian explosions. Gas modeling was
performed using (i} the chemistry and dissolved volatile content
of olivine-hosted melt inclusions representative of the primitive
and evolved basalt (13-15); (i) the original CO, content of
Stromboli parental magma (25); and (iii) VolatileCalc software
(26). The VolatileCalc software was used to compute the step-
by-step evolution of H;0 and CO; in the melt and the gas phase
from initial boundary conditions of P = 280 MPa, T = 1140°C,
and melt Si0; = 48.5 wt %. Partial sulfur exsolution during
genesis of Stromboli HK-basalt {13) has been taken into ac-
count. The measured CO,/5 and SACL ratios of gas slugs driving
Strombolian explosions require their separate ascent from
pressures of ~80 to 70 MPa to 20 MPa, or -3- to 0.8-km depth
below the vents (i.e., from between the volcano-crust interface .
and the Tyrrhenian Sea level). This is much deeper than the 0
source depth (=250 m) of explosion quakes {6—8). H20/C0;

ratios suggest somewhat lower but more uncertain source

Depth below crater vents (km)

08 15 23

41
-+

i
T L ] 1

H,0/CO,, S/CI

20 40 60 80
Pressure (MPa)

100

depths, owing to larger analytical uncertainty on emitted H,0 and probable entrainment of hydrothermal meteoric steam during shallow slug ascent.

08 km below the vents (for a ock density of

2700 kg m ) that is, from between about the
base of the voleanic pile and the Tyvrhenian Sea
level (Fig. 3). In that depth imterval, the mel
vesicularity inereases mpidly from -03510 ~0.7,
promoting 4 tansition from closed- 1o open-
system degassing (29). A the volcano-crust
interface, slug gencsis could thus result either
froum bubble accumulation and foam growth al
structural discontinuities (4, 5) or from the
coalescence of bubbles with different siees and
rise speads (2, 3). Discriminating between these
two processes s challenging, even though the
fommer should be vored by inercased ow mte
ol gas-rich magma and could thus explain
increases in wremor (30, explosion-gquake [re-
quency. and gas Mux (373 that are observed during
periods ol elevated activity. Increasing magng
permeability in the shallow volcanic conduits
would rather inhibit slug coalescence. Therefore,
unless another geometrical discominuity exists al
=1 km below the vens, the most shallow gas
compositions associated with the weakest explo-
sions may reflect greater incorpormtion of shallow
bubbles into slowly nsing, smaller slugs, which
tormed at the volcano-crust interface.

We demonstrate here that Stromboli’™s ne-
current explosions have much decper roots
than previously inferred from geophysical data
(6-&, £f, 12). The shallow (-250-m) source
depth of explosion quakes and associated
acoustic signals do not signify a shallow origin
of the rising gas slugs. Insiead, these signals are
the result of a permanent structural discontinuity
at the base of the upper conduits, where decper-
derived gas slugs undernzo an abrupt llow-patiem
change (32) before bursting at the surface. This
conclusion 1s supponed by the unchanged source
location of explosion quakes during the 2002-
2003 lava Mlow crption (37), despite laeml
dminage of the upper magma column. We thus
reveal a strong decoupling between geophysical
signals of the explosions, controlled by structural

13 JULY 2007 VOL 317 SCIENCE

discontinuity, and the true process of slug gene-
sis. Such an observation may apply 1o several
other volcanoes (such as Villarica, Ercbus,
Masaya, Yasur. and Arenal) displaying compa-
rable persistent explosive activity, depending on
their magma volatile content and the geometry of
their plumbing system. Recemt FTIR measure-
ments on Yasur (23) detected weak CO5 enrich-
ment of gas driving explosions, but the lack of
constraints from scismic or petrological data
prevented guaniitative assessment of the slug
source depth. Improved understanding of the
mechanisms controlling strombolian explosive
activity cleardy requires multidisciplinary inves-
tigations. As shown here, spectroscopic measurc-
ment of the driving magmatic gas phases is a
powerful wol in such studies.
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Remnants of the Early Solar
System Water Enriched in
Heavy Oxygen Isotopes

Naoya Sakamoto,* Yusuke Seto,’ Shoichi Itoh,* Kiyoshi Kuramote,® Kiyoshi Fujino,?
Kazuhide Nagashima,® Alexander N. Krot,* Hisayoshi Yurimoto™**

Oxygen isotopic composition of our solar system is believed to have resulted from mixing

of two isotopically distinct nebular reservoirs, **0-rich and *"*®0-rich relative to Earth. The
nature and composition of the *"*®0-rich reservoir are poorly constrained. We report an in situ
discovery of a chemically and isotopically unique material distributed ubiquitously in fine-grained
matrix of a primitive carbonaceous chondrite Acfer 094, This material formed by oxidation of

Fe Ni-metal and sulfides by water either in the solar nebula or on a planetesimal. Oxygen isotopic
composition of this material indicates that the water was highly enriched in 70 and %0
(67180 gpow = +180%. per mil), providing the first evidence for an extremely *-*80-rich

reservoir in the early solar system,

xygen solopic vanatons in chondntes

provide imporant constraints on the ori-

gin and carly evolution of the solar sys-
tem (1) Oxygen isolope ratios in chondrtes
change not only by mass-dependent isolope
fractionation law (isotope fractionation depend-
ing on mass dillerences among isolopes) bt
also by large mass-independent isotope fraction-
ation (MIF) that keeps "0M0 ratio nearly con-
stant. It is generally accepted that MIF recorded
by meteorites resulted from mixing of wo iso-
topically distinct nebular reservoirs, "®O-rich
and """0rich (2). The composition of the "0
rich reservoir has been recently  constramed
from sotopie compositions ol nebular conden-
sates (3) and of a unique chondrule (). The
nature and composition of an ' ™'*0-rich nebular
reservoir are still poorly constrained (5, 6). Ac-
cording to the cumently Fvorite self-shiclding
models ( 7-11) nebular water is hyvpothesized
to have been highly enriched in 70 (5 10
20%) relative to Earth, which is, however, vel
o be verified by isotope measuremenis. Here
we report an in situ discovery of a chemically
and isotopically unique material in the primi-
tive carbonaceous chondrite Acfer 094, This
material is mainly composed of iron, oxygen,
and sulfur, and is highly enriched in "0 and
%0 {up 1o+ 18%) relative w Eanth’s ocean. Min-
cralogical observations and  thermodynamic
analysis sugeest that this manerial resulied from
oxidation of iron metal andior iron sulfide by
waler in the solar nebula or on a planctesimal.
We infer that the extreme oxyvgen sotopic com-
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position of this material recorded composition
ol this primordial water that comesponds 1o an
7150 rich nebular reservoir in the carly solar
system, in agreement with the sell=shielding
models (7-12).

During our ongoing in silu survey (13- 16)
of presolar grains of primitive metcorites (f7),
we discovered sotopically anomalous regions of
oxyeen in matrix ol the ungrouped carbonaceous
chondrite Acfer 094 in addition 1o isotopically
anomalous spots comesponding 1o presolar grins
(Fig. 1) The oxygen isolopic compositions of
the regions are uniform and enriched in "0 and
0 relative 1o "0 (Fig. 2). The data seem 1o be
plotted along the slope-1 line (/%) mther than
the carbonaceous chondrie anhvdrous mineral
mixing (CCAM) line (2) (Fig. 3). The epresent-
ative values of ﬁ”{lgmgw - flwﬂm,,mw are
about + 180 per mil (%e); SMOW is standard
mean ocean water (/9). These are the heaviest
oxveen isotopic compositions of the solar svs-
tem materials reported so far. The less "O- and
¥0-rich compositions (8" Oguow = *50M%a)
of unknown origin have been recently reporied
in the surface lavers of metal grains from lunar
regolith (20

The chemical compositions of the isotopical-
Iy anomalous regions detenmined by an cnergy-
dispersive x-ray spectrometer ( EDS) attached 1w
a fickd-cmission scanning clectron microscope
(FE-SEM) (/6) show tho they arc homoge-
neous and mainly composed of Fe, Ni, O and 5
(represenmiatively, in weight percent, Fe, 61.6;
Ni, 5.4 O, 193; 5, 9.6, Mg, (L1; 8§, 0.2). In
addition, analytical tmnsmission electron mi-
croscopy (ATEM) (/6) reveals that the regions
consist of aggregates of nanocrystals with a size
range of 10 1w 200 nm (fig. 513 The electron
diffmction pattems from ~ 100-nm-stzed individ-
ual erystals show that the main spots of the
crystals are similar 1o those of magnetite (Feq Oy
space group Fal3my, the cormesponding cell pa-
rameter o is 0,83 nm. In addition, there ane weak
extra spots suggesting a threefold superstruc-
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ture. Charactenistic x-ray spectra from individual
crystals show that they consist of the same cle-
ments determined by the FE-SEM-EDS study.
These observatons mdicate that the crystals
have a magnetite-like structure and may repre-
sent a new Fe-O-5 -bearing mineral; more de-
tailed charactenzation is necessary to idenufy .
Although this mincral consists of the same cle-
ments as a poorly characterized phase (PCP)
commonly observed in aqueously altered CM
chondrites and largely composed of tochilinite
or tochilinite-cronstediite intergrowths (21, 22),
its OVS atom ratios are about 4 times as large as
those in tochilinite, Herealter, we refer o this
mineral as a new-PCP,

The chemically umigue and isotopically anom-
dous new-PCPs are ubiguitous and  seattered
randomly throughout the Acler 094 matnx.
Twenty-two new-PCPs (the largest is 160 um?)
were identified in about an 11-mm? area of the
matrix using clemental mapping with a 7-um®
spatial resolution. This comesponds to 94 + 20
(o) parts per million (ppm) by volume. Because
the number of the new-PCP grains increases
exponentially with decreasing size, the grain
numbers below 7 pm® are dominant and the ac-
tual abundance of new-PCP must be larger than
the estimate,

The new-PCP often coexists with trojlite
{FeS) (Fig. 2), which is considered 1o be a re-
action product between Fe, Ni-metal and HsS
gas (23, 24),

in

FC 1 ”.:5 = F':‘i T ”.1

Matrix

Presolar grain

B

100 150 200 250 300 350
6700 (%oe)

=50 0 50

Fig. 1. Spatial distribution of ¥’ 0/**0 in matrix of
the ungrouped carbonaceous chondrite Ader 094
measured with isotopography (16). An isotopi-
cally anomalous 10 um-sized region (5" Ocmow =
+180%.) and a spot {ﬁﬂﬂmw = +400%e) are
surrounded by the isotopically normal matrix
materials. The spot corresponds to a presolar
silicate grain, whereas the isotopically anomalous
region corresponds to a new-PCP.
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0 50 100 150 200
6""Ogyyomr 0" Ogow (%e)

Fig. 2. Oxygen isotopic distribution and grain
shape for new-PCP embedded in chondrite
matrix. 5 Ocpow (A and D), 5**Ogpow (B and
E), and backscattered electron (€ and F} images
for new-PCP #14 [(A) to (C)] and #21 [(D) to

(F)] in the Acfer 094 matrix. Arrow in (A} indicates small troilite grains attached to the new-PCP
#14. The new-PCP #21 is surrounded by troilite, Because troilite contains no uwgen. the trulllte
area in (D) and (E) is masked by black color. The new-PCPs are highly enriched in *’0 and **0

isotopes relative to the matrix.
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or . .
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Fig. 3. Oxygen isotopic compositions of the new-
PCP from the Acfer 094 matrix. Oxygen isotopic
compositions of matrix and amoeboid olivine ag-
gregate (ADA) from Acter 094 and tochilinite from
Murchison are alko plotted. The new-PCPs are
plotted on extrapolation of slope-1 line or car-
bonaceous chondrite anhydrous mineral mixing
(CCAM) line. The compositions of the Murchison
tochilinite are plotted near the terrestrial fraction-
ation (TF) line, along an aqueous alternation line
[CM waters (26)]. Isotopography: analyzed by
precise isotopic imaging with an isotope microscope
(15). Point SIMS: analyzed by conventional point
analysis by secondary jon mass spectrometry (16).
The data are listed in table 51

Because new-PCP has magnetite-like diffraction
patlerns, magnelite can be used as its proxy,
Magnetite can be formed by oxidation of Fe,
Ni-metal (23, 25), or troilite.

3Fe + 41,0 (2)

I'-l..'.:|[.}4 + 4l I:
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Temperature (K)
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Fig. 4. Calculated equilibrium temperatures for
Fe-metal, troilite (FeS) and magnetite (Fe30,4)
as a function of Pyo/Pye ratio. The magnetite
phase boundary is calculated assuming canonical
solar nebular H;O/H; ratio of 5 » 107° (30).
Magnetite is considered as a proxy of a new-PCP.
Thermodynamic data from JANAF tables (31) were
used for calculations.

AFeS ¢ 40 = FeyOy + 3H.S + Ha  (3)
Oxidation of troilite or metal o form new-PCP
would ocour below 360 K, independent of total
pressure of the solar nebula (Fig. 4). I the
nebular Pryag/Pya ratio increases from a char-
acteristic value for a gas of solar composition
(25}, formation of new-PCP occurs at higher
temperture. Although the complete chemical
equilibrium would not be expected in the cool
solar nebula (23, the new-PCP would be formed
inside the water sublimanon fromt (snowling)
ol the solar nebula, because water vapor is

the major oxidant in the solar nebula and the
sublimation tempemture of water ice is below
200K even in the several-fold HaO-ennched
nebhula (23).

Alternatively, new-PCP may have boen fonmed
by aqueous alteration of metal and roilite on the
Acfer 094 parent body, like tochilinite i the
aqueously altered CM chondntes (22). To west
this hypothesis, we analveaed oxygen isolopic
compositions of tochilinite in the CM chon-
drite Murchison. In contrast to the Acler 094
new-POP oxyvgen isolopic composition of the
Murchison tochilinite is plotted near the weres-
tial fmctionation line, along the “CM waters”
line (263 (Fig. 33, that is considered 1o be a reac-
tion path between agueous solution and matnx
silicates toward the sotope cquilibiium (26).
These observations and the lack of mincralog-
ical and petrographical evidence of aqueous
aleration of Acler 094 (27) exclude formation
of new-PCP by the agueous alteration previ-
If new-PCP re-
sulted from oxidation of troilite or metal in a
planetesimal setting, a plausible oxidant would
be water vapor or aqueous solution that orig-
inated from acereted nebular ice and did not ex-
perence oxygen isolope exchange with the
mutrix silicates, In comtrast, the inferred oxyveen
isotopic compositions (26, 28) and the observed
chondrite parent body water composition nchest
in """%0 (29) may have recorded equilibrtion of
aqueous solutions with the chondrite matrix
silicates.

We conclude that oxvgen Bolopic compaosi-
tions of new-PCP in Acler (04 mepresent com-
posiion ol the primordial water of the solar
system and the previously hwypothesized "D
and "O-rich reservoir in the early solar system.
The wide oxvgen isotopic variations of al least

80% <6' "0 < + 180% found from hot and
cold origin materials must provide new puide-
lines for the origin of oxveen sotope anomalies
in the solar sysiem.

ously observed m chondntes.
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How Much More Rain Will Global

Warming Bring?

Frank ]. Wentz,* Lucrezia Ricciardulli, Kyle Hilburn, Carl Mears

Climate models and satellite observations both indicate that the total amount of water in the
atmosphere will increase at a rate of 7% per kelvin of surface warming. However, the climate
models predict that global precipitation will increase at a much slower rate of 1 to 3% per kelvin, A
recent analysis of satellite observations does not support this prediction of a muted response of
precipitation to global warming. Rather, the observations suggest that precipitation and total
atmospheric water have increased at about the same rate over the past two decades.

lower troposphere, the increase in green-

house gas (GHG) concentrations is likely o
aler the planet’s hydrologie evele (/-3). 11 the
changes i the mtensity and spatial distmbution of
rainfall are subsiantial, they may pose one of
the most serious nsks associaied with climate
change. The response of the hvdrologic cyele wo
global wamming depends to a large degree on the
way in which the enhanced GHGs alier the ra-
diation balance in the troposphere. As GHG con-
centrations increase, the climate models predict
an enhanced radiative cooling that is balanced by
an increase in latent heat from precipitation (f, 2).
The Coupled Model Intercomparison Praject (#)
and similar modeling analyses (/-3) predict a
relatively small increase in precipitation (and
likewise inevaporation ) at a rate ofabout | 1o 3%
K™ of surface warming. In contrast, both climate
models and observations indicate that the wial
waler vapor in the atmosphere increases by about
7% K (1-3.5,6).

More than 99% of the otal moisture in the
atmosphere is in the form of water vapor. The
large increase in water is due to the wammer air
being able 10 hold more water vapor, as dictated
by the Clausius-Clapeyron (C-C) relation under
the condition that the relmive humidity in the
lower toposphere siays constant. So according

In addition 10 warming Earth's surface and
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to the current set of global coupled ocean-
atmosphere models (GOMs), the rate of increase
in precipitation will be several times lower than
that for tolal water. This apparent inconsistency is
resolved i the models by a reduction in the
vapor mass Mux, particularly with respect 1o the
Walker circulation, which reinforces the nde
winds (3. 7). Whether a decrease in global winds
is a necessary consequence of global wamming is
a complex question that is vet 1o be nesolved (5).

Using satellite observations from the Special
Sensor Microwave Imager (SSNUT) we assessed

the GOMs™ prediction of a muted response of

rainfall and cvaporation 1w global warming.
The SSM/ is well suited for studving the
global hvdrologic cyele in that it simultancous-
Iy measures precipitation (), total water vapor
(), and also surface-wind stress (1), which is
the principal term in the computation of evapo-
ration (£) (&, 9).

The SSM/ dma set extends from 1987 1o
2006, During this time Eanh’s surface temper-
ature wammed by 0.19 + 0.04 K decade™,
according 1o the Global Historical Climatology
Network (/0,11 Sarellite measurements of the

lower woposphere show a similar warming of

0.20 + 0.10 K decade™ (12). The error bars are at
the 93% confidence level, This warming is
consistent with 20th-century climate-model mins
(/3) and provides a reasonable, albeit shor, test
bed for assessing the impact of global warming
on the hydmwologic eycle.

When averaged globally over monthly time
scales, P and £ must balance cxeept for a

negligibly small storage term. This £ = P con-
straint provides a usetul consistency check with
which 1o ¢valuate our results. However, the con-
strunt 15 valid only lor global averges. Accord-
ingly, the first step in ouranaly sis was to construct
global monthly maps of 2 and £ at a 2.5° spatial
resolution for the period 1987 o 2006.

The SSMI retrievals used here are available
only over the ocean. To supplement the 55M/
over-ocean min rerievals, we used the land
values from the Global Precipitation Climatology
Project data sct, which is a blend of smellite
retrievals and min gauge measurements (4, 15),
Satellite rain retnevals over land were less ac-
curte than their occan countemarts, but this
drawback was compensated by the fact that there
are abundant rain gauges over land for constrain-
ing the satellite retrievals. Likewise, global evap-
oration was computed separately tor oceans and
land. Becouse 86% of the world’s evaporation
comes from the oceans ([6), occan evaporation
was our primary {ocus. We computed evapora-
tion over the oceans with the use of the bulk or-
mula from the National Center for Aimospheric
Research Community Atmospheric Model 3.0
(%, [7). Evaporation over land cannot be derived
from satellite observations, and we resonad o

using a constant value of 527 mm vear ! for all of

the continents, excluding Antarctica (/6). For
Antarctica and sea ice, we used a value of 28 mm
vear ' (&, 16).

The GOCMs indicate that £ should increase
about | 10 3% K™ of surface wanming. However,
according to the bulk formula (eg. S1)(4), cvap-
omation nereases similarly 10 C-C as the surface
femperature wanms, assuming that the other
terms remain constant. For example, a global
increase of 1 K in the surface air temperature
produces a 5.7% increase in £ (¥). To obtain the
muted response of 110 3% K™, other variables in
the bulk formula need 1w change with time. The
air-sea temperaure difference and the near-
surface relative humidity are expected o remain
nearly constant (8), and this leaves 1, as the one
varable that can reduce cvaporation to the mag-
nitude requined to balance the mdiation budget in
the models. To bring the bulk formula into agree-
ment with the radiative cooling constraint, /T
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would need 1o decrease by about 4% K. Thus. a
muted response of precipitation to global warm-
mg requires a decrcase in global winds (2, 3, 7).
To evaluate the GOCMs™ prediction of a de-
crease in winds, we looked at the 19 years of
SSM/T wind retrievals. These winds are ex-
pressed in terms of'an equivalent neutral-stability
wind speed () at a 10-m clevation, which is
proportional to /Ty (8, 16). Figure 1 shows a
decadal trend map of W For cach 2.5° grid cell, a
least-squares linear it 1o the 19-year time series
was caleulated after removing the seasonal var-
iability. The wind trends from the International
Comprehensive Ocean-Atmosphere Data Set
(COADS) are also shown, but just for compar-
ison. They were not used i our analysis, Al-
though the ICOADS trend map s very noisy
because of sampling and measurement delicien-
cies, it shows trends similar to those from the
S5M/T in the northem Atlantic and Pacilic, where
the [COADS slup observations are more abun-
dant. The North Atlantic Oscillation (NAO) is ap-
parent i both trend maps as a tpole feature with
increasing winds between 30°N and 40°N and
decreasing winds 1o the north and south (/8). This
feature is consistent with the observed decrease in
the NAO index since 1987, When averaged over
the wopics from 30°S 1w 30°N, the winds in-
creased by 0.04 m s (0.6%) decade ™", and over
all oceans the increase was 008 m s~ (1.0°%)
decade™. The SSM/ wind retrievals were vali-
dated by comparisons with moored ocean buoys
and satellite scaterometer wind retrievals (fig,
S1). On the basis of this analysis, the error bar on
the SSM/T wind trend is estimated 1o be £0.05
m s~ decade™ at the 95% confidence level (X).
This observed increase in the SSM/I winds s
opposite o the GOM results, which predict that
the 1987-10-2006 warming should have been ac-
companied by a decrease in winds on the order of
(0.19 K decade™ )% K ') = 0.8% decade ™.
We then looked at the variability of global
precipitation and evaporation during the past iwo
decades. Figure 2A shows the time series for P
and £. Adso shown is the over-ocean SSM/ re-
tricval of ¥ To gencrate the time series, the sea-
sonal variability was first removed, and then the
variables were low-pass filtered by convolution
with a Gaussian distribution that had a +d-month
width at halfspeak power. The major featurces
apparent in the time scrics are the 19971998 E|
Nino and the 19861987 El Niio, followed by
the strong 19881989 La Nida. It is noteworthy
that £, £ and Fall exhibited similar magnides
for interannual vanability and decadal trends
{Table 1) After applying the +4-month smooth-
ing, the comrelation of £ versus P was 0,68, Be-
cause global precipitation and evaporation must
balance, the observed differences in the derived
values of P and £ provided an eror estimate that
we used 1o estimate the uncenainty in the decadal
trend. The estimated emor bar at the 95% con-
fidence level for E and P is +0.5% decade™ (H)L
Albso shown in Fig, 2A is the ensemble mean
of mne climate-model simulations smoothed in
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Fig. 1. Surface-wind trends for the period July 1987 through August 2006 computed at a spatial
resolution of 2.5°, (A) SSM/ wind trends. (B) ICOADS wind trends. In the North Pacific and Morth Atlantic
where ICOADS ship observations are more abundant, the two data sets show similar trends. The tripole
feature in the North Atlantic is consistent with the recent decrease in the NAD index.
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Fig. 2. Anomaly time series of the hydrologic variables. (A) Global results for the observed precipitation
and evaporation and over-ocean results for total water vapor. The average model precipitation predicted
by AMIP simulations is also shown. (B) Tropical ocean results for evaporation, total water vapor, surface-
wind speed, and 55T. The 55T time series has been scaled by 9.1% K. During the El Ninos, evaporation
and wind were not in phase with vapor and 55T. At the end of 1996, 55T and vapor began to increase
while the winds began to decrease, with no net effect on evaporation. About 8 months later (mid-1997),
the winds in the tropics began to recover and then increased sharply, reaching a maximum value in late
1998. All four variables remained at elevated values thereafter. (C) Same as (B), except that the water
vapor and 55T curves have been shifted forward in time by 6 months, and the wind curve has been
shifted backward by 2 months. The statistics on the global time series, including error bars, are given in
Table 1.
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the same way & in the satellite observations, These
chimate runs, for which the sca-surface temperture
(SSTyis prescribed from observations, are from the
Atmosphenc Model Intercompanson Project 1
(AMIP-II) (49, 200, There is a pronounced differ-
ence batween the precipitation time sencs from the
climate models and that from the satellite observa-
tions, The amplitude of the interannual vanability,
the response 1o the E1 Nifos, and the decadal trends
are all smaller by a factor of 2 to 3 in the climate-
model results, as compared with the observations,
This charmcteristic of the models 10 undempredict
the amplitude of precipitation changes o El Nifo
Southem Oscillation events has been reponed pre-
viously (24, and the results presented here suggest
that the climate models are also underestimating
the decadal vanability.

The similarity i the satellite-denved time
series became more pronounced when the anal-
wais was limited 1o the tropical occans (30°8 1w
I0PN), where most of the evaporation occurs,
Although the condition E = Pwas no longer valid
fior this regional analysis, the coupling of evap-
oration with the other variables was more ap-
parent. Figure 2B shows the wropical time series
of £, I7 88T, and W, The variables ¥ and 58T
exhibited a high correlation |[correlation co-
efficient (#) = 0,96), and their scaling relation of
9.1% K™ was equal 1o the C-C rute (6.5% K™')
times a moist adiabatic pse rte (MALR) factor of
1.4 (3} The MALR factor is the miio of change in
the lower roposphieric temperature to the change in
58T, This strong coupling between Fand 55T is
another confirmation that the total smosphenc
waler increases with temperature at the C-C rate.

Dunng the two El Nifios, evaporation and
wind speed were not in phase with vapor and
S8T. The inerease in evaporation lagged the in-

crease in vapor by 6 months, and the increme in
winds lagged by 8 months (Fig. 2B). When a 6-
month lag was applied, the correlation between £
and 1 was 0.84 in the tropics and (.88 globally,

Figure 3 shows a trend map of P — E. The
most stiking feature is in the tropical Westem
Pacilic Warm Pool, where AP~ E) 15 about 400
mm year ' decade ™, and A represents change.
This is aregion of maximum P — £ (1500 to 2000
mm year™). Simple hydrologic models predict
that AP — E) should vary similarly wo P~ £ (3).
That is to say, wet regions should get wetter and
dry regions should get drier. This seems to be the
case over the Wamm Pool, but elsewhere this di-
rect proportionality is not as apparent,

During the past two decades, the hydmologic
parmeters £, 2 oad 1 exlubited similar re-
sponses 1o the two El Nifios (apat from a 6-
month lag), similar magnitudes of interannual
varability (1.0 1o 1.3%), and similar decadal
trends (1.2 to 1.4% decade™"). Eanh's surface
warmed by 0.2 K decade™ during this period,
and hence the observed changes in £ and P
suggest an acceleration in the hydrologic evele of
about 6% K™, close to the C-C value. In addi-
tion, ocean winds exhibited a small increase of
1.0% decade ™. There is no evidence in the ob-
servations that radiative forcing in the tropo-
sphere is inhibiting the variations in £, £ and 11
Rather, £ and P scem to simply vary in unison
with the total atmospheric water content.

The reason for the discrepancy between the
observational data and the GCMs is not clear,
One possible explanation s that two decades is
too short of a time period, and thus we see in-
temal climate variability that masks the limiting
ellects of mdiative forcing, However, we would
argue that although two decades may be oo shon

Fig. 3. Trends in satellite-derived P — E for the period July 1987 through August 2006. The largest
change was over the warm pool in the western Pacific: a wet area that became wetter.

Table 1. Statistics on the variation of global evaporation, global precipitation, and over-ocean
water vapor for the period July 1987 through August 2006. The error bars on the trends are given at
the 95% confidence level. The values in parentheses are in terms of percentage change, rather than

absolute change,

Parameter Mean Standard deviation Trend

Evaporation 961 mm year 10.1 mm year™* (1.1%) 12.6 £ 4.8 mm year ' decade™
{1.3 £ 0.5% decade™)

Precipitation 950 mm year 12.7 mm year™ (1.3%) 13.2 + 4.8 mm year * decade™
(1.4 + 0.5% decade™)

Total water 28.5 mm 0.292 mm (1.0%) 0.354 + 0.114 mm decade™

(1.2 + 0.4% decade™)
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for extrapolating trends, it may indeed be long
cnouigh 1o indicate that the observed scaling re-
lations will continue on a longer e scale. An-
other possible explanation is that there are ermors
in the satellite retrievals, but the consistency
among the independent retrevals and validation
of the winds with other data scts suggests oth-
erwise, Lastly, thene is the possibility that the cli-
mate models have in common a compensating
error in chametenzing the radiative balance for
the troposphere and Eanh's surface. For example,
varations in modeling cloud radiative forcing
the surfice can have a relatively large effect on
the precipitation response (), whereas the em-
permture response 15 more driven by how clouds
affect the radiation at the wp of the roposphere.

The dilference between a subdued increase in
rinfall and a C-C increase has enormous impact,
with respect 10 the consequences of global
warming. Can the toial water in the atmosphere
increase by 15% with €05 doubling but pre-
cipitation only increase by 4% (77? Will warming
really bring a deerease in global winds? The ob-
servations reported here suggest otherwise, but
clearly these questions are far from being settled.
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Food Web—Specific Biomagnification
of Persistent Organic Pollutants

Barry C. Kelly,* Michael G. lkonomou,” Joel D. Blair, Anne E. Morin,* Frank A. P. C. Gobas™

Substances that accumulate to hazardous levels in living organisms pose environmental and
human-health risks, which governments seek to reduce or eliminate. Requlatory authorities identify
bioaccumulative substances as hydrophobic, fat-soluble chemicals having high octanol-water
partition coefficients (Kgy! (=100,000). Here we show that poorly metabolizable, moderately
hydrophobic substances with a Kgw between 100 and 100,000, which do not biomagnify

(that is, increase in chemical concentration in organisms with increasing trophic level) in aquatic
food webs, can biomagnify to a high degree in food webs containing air-breathing animals
(including humans) because of their high octanol-air partition coefficient (Kga) and corresponding
low rate of respiratory elimination to air. These low Kow—high Kaa chemicals, representing a
third of organic chemicals in commercial use, constitute an unidentified class of potentially
bicaccumulative substances that require regulatory assessment to prevent possible ecosystem

and human-health consequences.

he Stockholm Convention on Persistent
I Organic Pollutants was endorsed by
131 nations in 2004 to climinate the
world's most persistent bioaccumulative and
toxic substances (/). Such substances include
polychlorinated biphenyls (PCBs) and dichlordi-
phenylirichloroctlanes (DDTs), which are high-
Iy accumulative and can cause adverse health
effeets i fish, wildlife, and humans (2-6). Bro-
minated fName retardants and cenain perfluori-
nated chemicals have recently emerged as new
contaminants of concermn (7, §). Govemments
worldwide are cumrently evaluating all commer-
cial chemicals, with the goal 1o identty sub-
stances that can biomagnify in food chains and
achieve harmiul concentrations in high-wophic
level organisms including human beings.

To identily bioaccumulative substances, reg-
ulatory authoritics rely on the chemical’s Kow
or when available, on organism/water chemical
concentration ratios measured in laboratory wests
[bioconcentrtion factors (BCFs)| or in the ficld
(bioaccumulation factors) (¥). These criteria
were derived from laboratory tests in fish, which
revealed comrelations between the Kgw and the
BCF of organic chemicals and showed that bio-
concentration could be explained and prodicted
by lipidewater patitiomng (/). Studics m real
food webs damonstrated that bioaccumulation
food webs 1s not solely a lipid-water paniton-
ing process. Dictary accumulation or biomag-
nification can cause additional hioaccumulation,
resulting in an increase in chemical concenira-
tion with increasing trophic level in food webs
{/1). This apparent chemical transport against
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the thenmodynamic gradient is due o food diges-
tion and absorption, which concentratle ingested
chemicals in the gastrointestinal tract (12, 13)
Poorly metabolizable, hydrophobic substances
with Kow = 10° have proven panticulardy sus-
ceplible to biomagnification in lish { /4), whercas
chemicals with lower Kow do not generally bio-
magnify in fish,

However, less hydrophobic chemicals (eg..
chlorobenzencs and Iindane), with Kow - ]”5
and with BCFs in lish-basced expenments below
the regulatory criterion of 500, were Tound o
biomagnily in lichen-canbou-woll food chains
in northern Canada (/3, 76). Also, pedluonnamed
sulfonic acids such as perfluomoctane sulfonate,
which (with a caleulated Kgw < 10%) do not
biomagnify in laboratory tests with fish (17,
show a high degree of biomagnification in birds
and mammals (8, I8, 19, These findings in-
dicate that very hydrophobic chemicals with a
Kow = 107 are not the only chemicals with bio-
magnification potential and that lipid-water par-
titioning cannol serve as a umiversal model for
identifving bicaccumulative substances in wild-
life and humans,

To test the applicability of current regu-
latory criteria Tor identilying bioaccumulative
substances, we measured and compiled con-
centrations of orgamic contaminants of varying
hydrophobicity and Kgy in a piscivorous food
web (waler-respining organisms only ), a terrestrial
lood web (air-breathing organisms only), and a
combined manne mammalian food web (includ-
ing water-respiring and air-breathing orga-
nisms) from northern Canada (20) (g, S2).
We also used mechanistic food web bioaccu-
mulation models o determine the influence of

A PISCIVOROUS FOOD WEB
100 y PCB-153 07 p-HCH
= 1L MgEE Cod Saimon
, - Bivalves  Scudpin
= 0.1 0.01
- 0o 1 2 3 4 & & o 1 2 3 4 5 6
B
2 |B TERRESTRIAL FOOD WEB
1]
2 1000 y PCB-153 1000 g f-HCH
E' 100 100
o 10 10 Wall
L= 1 1
E Caribou
- 0.1 0.1 Lichen
= 0.01 0.01
s o 1 2 3 4 5 6 6 1 2 3 4 5 &
&
g C MARINE MAMMALIAN FOOD WEB
o
10000  PCB-153 Poe B4 000 (B-HCH Human Mik
1000 Polar Bear
100 " Wa wman Milk 100 Wa]n.ﬁi
0 10| EiderDuck® Ringed Seals
1 1R
0.1 0.1 Bivalves Sculpin
061 o.01
06 1 2 3 4 5 & 6 1 2 3 4 5 B

Trophic Level (TL)

Fig. 1. Relationship between observed tissue residue concentrations {ng,hg"'l lipid equivalent} and
trophic level for PCB 153 (a high Kgw—high Kg. compound) and [-HCH (a low Kaw—high Koa
compound) in Arctic organisms of the piscivorous (A), terrestrial (B), and marine mammalian (C)
food webs. Data represent geometric means = 1 5D,
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Kow on chemical bioaccumulation in these
tood chains (20, 2/).

In field studics, we observad strong positive
relationships F = 0.8 P < 0.001) between
trophic level and concentrations of recalcitrant
PCB congeners 138, 180, and 153; mirex; hexa-
chlorobenzene (HCBz) dicldnn; and DDTs in

all three food webs (Fig. 1 and fig. S4. A to C).
These and related findings (22-24) support
the current regulatory and scientilic paradigm
that very hvdrophobie organic chemuicals with
a Kow = 10° can biomagnify in food webs.
However, although less hydrophobic com-
pounds (Kgw < 1071 such as «, . and ¥ hexa-

Fig. 2. Model predicted 10000 = ® Lichen
versus observed concen- 5 B Caribou
trations (ng-g™* lipid 1000 s §# awor
equivalent) in various ; -
organisms of the Cana- 5 F 100} .’ G
dian Arctic temestrial & & E - & Zooplankton
and marine ecosystems, ;:‘J £ 10l ;{ : aMussels
Clbsew;idala repr:sggt E IE' I 5 " & Arctic Cod

eomelric mean + ; i Z
T wld Mk B 8 i
resents an ideal model fit 2 - S ¥ har LR
(11 predicted:observed & @ 0.1¢ k. e Ringed Seal
line). Dashed lines repre- & E - EJ,-" - o Beluga Whale
sent a factor of 3 (gra -
Gebe) 0d 20 bo [ : bRt
dashes) above and below e ® Hurman Milk
the ideal fit 8 E e = S_ § g

[ =] L

Predicted Concentration
{ng-g-" Lipid Equivalent)

Table 1. Calculated BMFs (25) of selected industrial chemicals in aquatic
invertebrates, fish, reptiles, amphibians, birds, nonhuman mammals, and
humans for organic chemicals varying in molecular weights (My, g-mol™), log
Ko, and log Kaa. No metabolic transformation was assumed. Biomagnification
occurs if BMF = 1. Low Kgw—low Kgp chemicals show no biomagnification in

Mw Log Log

Chemical*

Water-respiring arganisms

REPORTS

chlorocyclohexanes (HCHs) (Kow 105,

tetrachlorobenzencs (TeCB#) (Kow = IH‘”L
and endosulfins (Kow = Il[}j'.'r} did not biomag-
nify in the piscivorous food web, they showed a
high degree of biomagnification in the lichen-
caribou-woll' foed chain and in air-breathing
organisms of the manne mammalian food web
{Fig. 1 and fig. 54, D 1o F). The predator-prey
biomagnitication factors or BMFs (25) of -
HCH in nnged scals of 20 and in beluga whales
ol 30 exceed the BMFs of PCB 180 in those
animals. These findings demonstrate that al-
though substances with a Kow below 107 can-
not biomagnily in fish, they can biomagnify in
birds and mammals.

Bioaccumulation modeling  studies (20}
showed good agreement between  caleulmed
and observed concentrations of recalciimnt sub-
stances in all three food webs (Fig, 2). The
miodel shows that air-breathing organisms in this
malysis exhubit igher BMFs than those
waler-respiring  organisms  because of their
greater ability to absorb and digest their dict
{Table 1), which is melated to differences in
digestive tract physiology and body temper-
ature, The model also shows that the relation-
ship between the BMF and chemical properties
is controlled by the mte of elimination, In water-

water-respiring or air-breathing organisms because of efficient respiratory
elimination to air and water, Low Koy (log Kaw ~2 to 5}-high Kq, (log Kqy ~6
to 12) chemicals exhibit no biomagnification in water-respiring organisms but
biomagnify in air-breathing organisms. High Kaw~high Kga chemicals
biomagnify in water-respiring and air-breathing organisms.

Air-breathing organisms

(g-mol™t Kowt Koat Zooplankton

Forage Predatory

Reptile Amphibian Seabird

Marine Terrestrial Terrestrial Human

fish fish mammal herbivore carnivore
Low Kow—low Kgg
1,4 butadiene 145 1.9 29 =1 =1 <1 <1 <1 <1 <1 <1 =1 <1
1,3,5 TriCBz 182 35 4.7 =1 =1 <1 =1 <l <1 =<1 <1 =1 =1
Hexachlorobutadiene 261 45 3.9 =1 =1 =<1 <1 <1 <1 =1 <1 =1 =1
Styrene 150 23 4.9 =1 =1 =<l =1 =<1 =1 =1 =1 =1 =1
Low Kgw—high Koa
Dicofol 371 5 89 <1 <1 <1 6.1 12 16 42 3.9 76 76
[rendosulfan 391 E e B | =1 =1 <1 4.9 11 10 22 2.5 28 23
[FHCH 291 38 B9 =1 =1 <1 1.5 12 17 45 4.0 a5 84
Musk xylene 297 41 89 <1 <1 <1 8.5 12 18 47 4.1 90 89
Trifluralin 350 44 7.2 =1 <1 <1 6.2 11 12 26 2.8 34 28
Tetradifon 356 4.6 114 =1 =1 <1 9.4 12 19 49 4.1 a7 a7
1,2,4,5 Te(Bz 247 4.7 &3 =1 =1 <1 2.4 7.3 3.9 7.3 1.0 1.6 5.9
High Kgu—high Kga
PelBz 247 5 6.9 =1 =1 =1 4.8 10 8.4 17 2.1 21 16
Dieldrin g 54 BB 1.7 2.4 2.3 9.6 12 19 48 4.1 24 93
HCBz 285 55 7.7 1.8 2.7 2.7 8.4 12 16 38 3.6 62 55
PCB 153 361 75 9.6 2.5 5.0 1.7 9.6 12 18 49 33 97 96
PCB 180 Ef: 51 7.5 109 2.5 5.1 8.0 0.3 12 18 47 2.4 a5 95
FBDE 47 308 60 9.8 2.2 4.0 5.1 9.7 12 19 49 4.1 93 93
PBDE 99 342 68 112 2.5 4.9 715 9.7 12 19 49 3.6 98 98
Mirex 546 81 9.6 1 1 2 8.2 10 14 16 1 82 82
FBDE 209 600 2.9 131 1 1 1 1 1 1 3 1 8 8

*Chemical abbreviations not provided in the text include TriCBz (richlorobenzene), PeCBz (pentachlorabenzene), PCB 153 (2,2.4,4°,5.5" hexachlorchiphenyll, PCB 180 (2,234,455
heptachlorobiphenyl), PBDE 47 (2,2°.4.4" tetrabromodiphenyl ether), PBDE 99 (2,2°.4,4"5 pentabromodiphenyl ether), and PBDE 209 (2,2°.3,3°4.4°55.66" decabromodiphenyl

ether).
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respiring organisms, climination becomes sul-
ficiently slow 1o cause biomagmification il the
Kew of the chemical exceeds - HJS. In the mr-
breathing organisms of this study, this occurs for
chemicals with a high Kaa (=10%), which causcs
slow respirtory elimination, and a Aow = 107,
causing slow elimination in unne or nitrogenous
wastes (Table 1) The difference in biomagnifi-
cation behavior between air-breathing  and
waler-respiring  organisms  implies that, for
substances with a Koy = 10° and a Kow =
1P, Kow and the BCF in fish are not good
prediciors of biomagnilication in air-breathing
animals,

Application of the bioaccumulation model 1w
identify potentially bioaccumulative substances
among commercil chemicals reveals distinet

differences in the biomagnification behavior of

chemicals in different food webs (Fig. 3). In the
piscivorous food web, concentrations ol non-
metabolizing chemicals with Ky between 108
and 10% biomagnify in top-level predatory fish
up o 100-fold (Fig. 3A) No biomagni lication
occuwrs for less hydrophobic chemicals with
Kow < 10°, which are efficiently climinated by
respiration, or for superhydrophobic orzanic
substances with Kow = 10%, which are absorbed
at very slow rates (26-28), However, in the ma-
rine mammalian food web (Fig. 3B), which
includes water-respiring invertebrates and fish
and air-breathing birds and mammals, poorly
metabolizing chemicals with a Kgw = 10° and
Kaa = 10° biomagnify, attaining concentrations
i top predators (polar bears) up o 10,000 times
the coneentrations in pamary producers. Less
hydrophobic chemicals with Kgw < 10° and
Koa = 10° also biomagnify strongly, with con-
centrations in polar bears exceeding those in
primary producers up o 3000-[old. Chemicals

with Kow < 107 do not biomagnify in this food
web regardless of their high Ko because air-
breathing anmimals ¢liminate them through unnary
excretion. In temestrial food webs, chemicals
with a Kow between 102 and 10" and a Ko =
10° can biomagnify up w0 400-fold if not metab-
olized (Fig. 3C)L Chemicals with a Ky between
~10* and 10° achieve a similar degree of biomag-
nification, given the same Kpa.

Simulations, representing human dictary ex-
posure of contaminams 1o the indigenous Inuit
population of nonhern Canada, show that chem-
ical amplifications can reach ~<4000-fold  for
chemicals with a log Kow = 5 and a log Kga =
6 and 2000-fold for chemicals with a log Kow
between 2 and 5 and a log Ko above 6 (Fig.
AD) The modeling results are consistent with
cmpincal obsenvations for PCBs, chlordanes,
HCBe, dieldrin, and DDTs, which have both a
high log Kaw = 5 and a high log Kpa = 6 and
biomagnily in all three Arctic lood webs studied
(fig. S4). The results are also consistent with
observations of HCHs, TeC Be, and endosullans,
which have a low log Kqw < 5 but a high log
Kaa = 6 and exhibil no biomagnilication in
the piscivorous food web but biomagnily in
air-breathing organisms.

Organic chemicals with a Kow = 107 and a
Koa = 10° (i) have an inherent biomagnification
potential in aie-breathing organisms of ermestrial,
marine mammalian, and human food chains and
(i) include almost two-thinds of all oreanic
chemicals wsed i commerce (29) (fig. S6).
About 40% of chemicals with these propertics
have a Kow = 10° and are currently recognized
as potentially biogsccumulative because ol their
high degree of lipid-water panitioning. The -
maining 60%% of these chemicals, which include
substances with a Koy between 107 and 10° and

AQUATIC MARINE TERRESTRIAL HUMAMN
15 PISCIWOROUS MAMMALIAN MAMMALIAN FOOD CHAIN
11
10
a9
x B
g i
L]
5
[
3
1223245867 85%101 23 45678910123 458788101 234586780910
Log Koy Log Kow Log Kow
l - I T i . 1 '
e —— T (B T T e B . B B T LI T -
2 1025 75 2 100 500 4000 BOOD 2 B0 100 400 2 100 500 1000 4000
Degree of Food Web Magnification

Fig. 3. Contour plots illustrating the relationship between chemical Kgw (r axis), Kga (v axis), and
food web magnification (2 dimension represented as contours) in the aquatic piscivorous food web
(A), marine mammalian food web (B), terrestrial mammalian food chain (C), and Arctic indigenous
human food chain (D). The data represent the combined magnification of the chemical
concentrations {rugl-u_:l_'JL lipid equivalent) in the top predator over the concentrations at the base
of the food web [e.g., primary producers at trophic level (TL) = 1 to polar bear at TL = 5.4]. A
matrix table was generated with ~30,000 Kgu-Kga combinations over a log Koy range of 1 to 10
and a log Koa range of 3 to 12. These data demonstrate the combined effect of Kow and Kga on
chemical bioaccumulation.
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a Ko = 10°% should also be considered for their
hioaccumulative potential because of their high
degree of Iipid-ar partitioning. These low Kow
high Kaa chemicals are susceptible to biomagni-
fication in air-breathing animals, including
humens, because of their slow mie of respimtory
climination. Metabolic transformation can reduce
or climinate the anticipated biomagnilication po-
tential but only i the metabolic transfonmation
rate s sulficiently high. In those cases, the bio-
accumulation behavior of resulting metabolites
should also be considencd.
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Mechanism of Two Classes of Cancer
Mutations in the Phosphoinositide
3-Kinase Catalytic Subunit

Nabil Miled,'*t Ying Yan,”* Wai-Ching Hon," Olga Perisic," Marketa Zvelebil,” Yuval Inbar,*
Dina Schneidman-Duhovny,* Haim ]. Wolfson,* Jonathan M. Backer,’4 Roger L. Williams't

Many human cancers involve up-regulation of the phosphoinositide 3-kinase P13Ka, with
oncogenic mutations identified in both the p110u catalytic and the pB8Su regulatory subunits. We
used crystallographic and biochemical approaches to gain insight into activating mutations in twe
noncatalytic p110a domains—the adaptor-binding and the helical domains. A structure of the
adaptor-binding domain of p110« in a complex with the p85u inter—Src homology 2 (inter-SH2)
domain shows that oncogenic mutations in the adaptor-binding domain are not at the inter-5H2
interface but in a polar surface patch that is a plausible docking site for other domains in the holo
p110/p85 complex. We also examined helical domain mutations and found that the Glu**® to
Lys**® (E545K) oncogenic mutant disrupts an inhibitory charge-charge interaction with the p&5
N-terminal SH2 domain. These studies extend our understanding of the architecture of PI3Ks and
provide insight into how two classes of mutations that cause a gain in function can lead to cancer.

hosphoinositide 3-kinases and their lipid
P product, phosphatidylinositol-(3,4,5)-
insphosphate [Pldins(3 4.5)P), play key
roles in a vanety of ccllular processes (/-3).
Abermations in Pudlins(34.50, levels, cither duough
activation of PI3Ks or through inactivation of
lipid phosphatase PTEN, occur frequently in
numerous [orms of cancers. For example, recent
data suggest that at least 30% of human breast
cancers involve mutations in ecither PI3Ko or
PTEN (4. 3. Broad-spectum PI3K inhibitors
such as LY294002 or wortmannin result in in-
creased apopiosis, decreased proliferation, and
reduced metastasis in vito and in tumor models
[reviewed in (6-4)]. Understanding the structural
mechanisms of PIBK regulation may Gcilitate
development of isoeyvme-specific therapeutics.
The class 1A PI3Ks are obligate heterodimers
(9), consisting of a pl 10 catalytic subunit and
a regulatory subunit, Any of the three class 1A
catalytic subuniis (pllta, pll0Op, and pll10§)
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can bind any of the p83-related regulatory sub-
units. Regulatory subunits have multiple roles in
the fnction of PIK: down-regulation of the basal
activity, stabiliztion of the catalytic subunit, ac-
tivation downstream of receplor lyrosine Kinases,
and sequential activation by tyrosine Kinases and
Ras i /0-13) Common o all regulatory subunits
are two 5H2 domains (nSH2 and ¢SH2) tha
Mank an inervening domain (ISEH2), and com-
maon 1o all caialviic subunits are the N-temminal
adaptor-binding domain (ABD), the Ras-binding
domain (RBD). the putative membmane-binding
domain (C2). and the helical and catalvtic do-
mains (Fig. 1A) The iSH2 domain is responsi-
ble for tight binding 1o the ABD (/4). The nSH2
and ¢SH2 domains bind phosphorvlated tyro-
sings in TyrX-X-Met motifs found in activated
receptors and adaptor proteins, and this inter-
action activates the haterodimene PI3K. The
nSH2=15H2 unit constitutes the minimal fragment
capable of regulating the PI3K activity (/5): It
both inhibits the basal activity and fcilitates
activation by binding phosphotyrosine peplides.
In contrast, the isolaied iSH2 only minimally al-
fects the PI3K activity, although it dghtly binds
the pl10 subunit.

A number of studies have identified a high
frequency of somatic point mutations in the
gene encoding the pllDa catalviic subunit in
different human cancers (/6. /7). An increased
lipid kinase activity inm vitro and the ability 10
induce oncogenic trmnsfommation N vive were
shown both for the most frequently  mutatad,
“hotspot” residues (76, 18200 and lor 14 rare
cancer-speeific mutations in pllda (21). The

cancer-specilic mutations can be grouped mto
four classes defined by the four domains of the
catalytic subunit in which they occur—the ABD,
C2, helical, and catalytic domains—and it has
been proposed that these classes may increase
PI3K activity by differem mechanisms (21, 22).
Hotspot mutations in the catalyiic domain clus-
ter around the “activation loop™ involved in sub-
strate recognition (23) and are likely 10 share a
common mechamsm (201, The ABD binds tzhi-
Iy 1o the regulatory subunit, the C2 doman s
thought 1o imeract with the plasma membrane,
and the helical domain appears 1o act as a rigid
scalfold around which the RBD, C2, and cat-
alviic domans are mounted (24). The catalyte
and C2 domain mutations may up-regulate PI3K
by increasing the aflinity for substrate-containing
membranes. However, it is not immediately clear
what might be the mechanism of helical domain
mutations. We used structural and biochemical
approaches o understand the basis for gain-of-
function mutations in the ABD and helical do-
mains of pll0a. Because the ABD is the only
p 1O domain for which there is no known strue-
ture, we ervstallized it in a complex with the
1SH2 domain from p&S. This structure suggested
a rough preliminary mode]l for the pl1OpES
haterodimer, which ked us 1o hy pothesize that the
nSH2 domam might contact the helical domain.
To understand how helical donain oncogenic
mutations lunction, we created a series of site-
specific mutations in the nSH2 domain, resulting
in an adaptor subunit that specifically counteracts
the pl10 helical domain hotspot E343K mutant.

We detenmined the crystal structure of a come-
plex between the bovine pl10a ABD (residues
I to 108) and the human pS3a SH2 domain
(residucs 431 1o 600) @ 24 A resolution (25),
revealing the interaction of the small, globular
ABD (35 by 25 by 15 A) with one end of the
long, rodlike iSH2 (115 A long) (Fig. 1B). The
ABD 15 similar to many ubigquitin=like domains:
It supenmposcs on ubiguitin with a oot mean
square deviation of 1.4 A for 60 oul of 76 resi-
ducs (Fig. 1C), The B-grasp fold of both the ABD
and ubiguitin is a common {old, and neither sc-
quence nor function sugeesis a common ongin
for the ABD and ubiquitin. The ABD rnks as
one of the least conserved domains among class
I catalytic subunits. Conversely, the iSH2 do-
main is highly conserved in vertebrates, shar-
ing =90 sequence similarity from human 1o
zebrafish (fig. 51 Despite a lack of sequence
similarity, sccondary and tertiary structure pre-
dictions for the class 1B pl10y ABD are con-
sistent with a ubiquitin-like fold, similar o the
class IA pll0 ABD. However, the greater se-
quenee divergence of the pl10y ABD makes it
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unable 1o bind the iISH2 domain. Consistent with  genic mutants in the helical domain, We found  E342K, ES435K, or Q346K in vitro (Fig. 3A).
previous studies (26), the p85a 1SH2 domain  that the pRSni regulatory fmgment does not in- Because all of these helical domain mutations
consists of two helices, al and a2, that form a abit pl 10a helical domam oncogenic mutants  increase the positive charge on the surlace of the
long, antipamllel coiled cotl followed by the
short a3 helix (Fig. 1B),

The ABDASH2 interface is large, burying A
2284 A? surface arca, with the concave face of
the ABD B sheet interacting with the coiled-coil
helices of the iSH2 (Fig. 1, B and E). Most of
the interactions with the ABD are formed by the = i "
iSH2 helix al, which contacts the ABD with piSa &3 1m 321 a30¥39 800617 724
seven of its wms, whereas only three ums of
iSH2 helix a2 interact with the ABD. Ceniral o
the ABDASH2 interface is the surface encom-
passing the strands Bl w B2 of the ABD, which B p110c ABD
contans the conserved 25-Leu-Leu-Pro-X-Gly-
ad-31 moul] where ¢ denotes a hydrophobic res- ﬁl"'ﬂﬁ_"'""lw
idue (Fig. 1, D and E). This motif’ forms a loop o
that through both its side chains and backbone
comtacts two conserved iSH2 residues, GIn™?
and Asn®®, one on cach long helix of the do-
main. Among all wesidues at the interface, the

i iR i
plifa 108 188 200 332 481 517 a7 1088

nSH2

Ubiquitin

n-iSH2
linker

side chains of these two polar iSH2 residues
engage in the greatest number of intersubunit
contacts. Overall, about three-quanters ol the
ABDVSH2 interactions are van der Waals con-
tacts, and most of them involve exposed hy- D
drophobic side chains (g, S1). At the rn:ri?hct}-
of the interface are two salt links, Glu™ app/
."'&l',_!li“,-suz and J‘hr};wﬁgp-'(ilumm: however,
site-specific mutagenesis of the individual charged
residucs w0 Ala did not eliminate binding in
vitro, This is consistent with the very high af-
finity of the 1SH2 domain for the ABD (/4, 27).
Other 1SH2-comacting sites include the al /B3,
the B3/, and the B4/BE3 loops of ABD.
Among rare cancer-specilic mutations i pl 10,
there are three residues that map 1o the ABD
Are™®, Arg®™, and Pro'™. Recently, it was shown Fi T TR . s .
S -/ ' g. 1. Structure of a class 1A PI3K heterodimerization core. (A} Domain organization of PI3K catalytic
the R38H (28) mutation induces oncogenic IRNS-—(cjaccec 1A and 1B} and regulatory (class 1A only) subunits. N and €, N- and C-terminal lobes of the kinase
formation of avian cells. although with weak  gomain respectively; GAP, Rho-GAP domain. (B) Ribbon representation of ABDASH2 heterodimer. The three
elliciency (2/). None of these residues are at the  ABD residues identified as somatic mutations in colon cancers (shown in spheres) are not in the ABDVSH2
interface between the ABD and the iSHI do-  jnterface. (C) The ABD has a ubiquitin-like fold. (D) A cross-=ection through the ABD/ASH2 interface showing
main. Analysis with ConSurl” (29) shows that  the surface complementarity. (E) Underside view of the heterodimer interface showing residues that
there is a highly conserved ABD surface paich  contribute substantially to the binding. Co atoms of residues forming prominent interactions with the iSH2
outside the conserved ABDISH2 interface (Fig.  (contributing more than nine interatomic contacts, interatomic distance < 3.8 A) are shown as large spheres.
2A) This patch, formed by the 403 region and  Smaller spheres represent residues invelved in less extensive interactions (four to six interatomic contacts),
the (2%l loop in the ABD (Fig. 2 and Hg. 51),
consists predominately of polar residues, includ-
ing two of the three ABD residues whose muta- A B
tion is linked with cancer, Arg™ and Arg®™. It

represents o plavsible docking site for other conserwd msidues ail f\‘k: \
on ABD surnea @
M L]
7))
J

ship of the ABD with respect 1o the catalyiic
core. This could reonent the adaptor subunit

domains in the rest of the pl 10/pSS complex. BA0

Mutations in this surface may affect the relation- !
. ;

with respect 1o the pl10 subunit or change the o2 -
orentation of the enzyme on the membrane. SH2 ] -"-'

A minimal regulatory p&3 fragment consist- 0
ing of nSH2 and iSH2 (p83ni) readily nhibits [Cancorimmd mizatons |

activity of the wild-type pll0a (Fig. 3A), sug-

gesting an undefined inhibitory p83-p110 con-  Fig, 2. A model of the minimal p110/p85 complex, showing the locations of rare cancer-specific
tact (3. Hypothesizing that the helical domain mutations in the ABD. (A} Two ABD residues that are mutated in colon cancers map to a conserved,
might be a good candidate for the inhibitory  non—iSH2-binding surface patch (purple). (B} A view of the ABD/iSH2 complex rotated 90° around a
nSH2 binding, we looked at the elffect of onco-  vertical axis, showing conserved residues on the ABD surface and cancer-specific mutation sites (boxed).
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helical domain, we speculated that there might
be an inhibitory interaction between the nSH2
and the wild-type helical domam invelving a
charge-charge imteraction between an acidie
patch on the helical domain and a basic residue
on the surface of the nSH2 domain. We singly
mutated each of the lysine or arginine residucs
on the surface of the nSH2 domain into glutanate,

Among these mutants, only the pR3ni-R340E
and pS83ni-K3T9E mutants did not inhibit the
wild-type pl10a (Fig. 3B). The loss of inhibi-
ton for R340E and K37T9E suggests that these
residucs are involved in an inhibitory  contact
with the catalytic subunit, Consistent with this,
the pE3ni-K3T9E mutant inhibits the pl10q-
E345K oncogenic mutant, whereas the wild-

A B
1 — = 140
] #0 E :N p110a-WT
P
L 150 i
g .,
%0 g
] g
€ w0
E
i § o
::&ﬁin -+ -+ =+ _- + g °
p10a  WT  ES4IK EBSK  OS88K BBSM -ﬁgﬁ'@#quﬁﬁ&&#&@ﬁfj
C D_ 20
31,“ o110 WT 140 1 10-ES45K g 200
Br 120 3
=m0 =e=pdSnl-KITSE | 100
o b 5T - g 150
[ 40 [
& =M= pES-WT 2
3 ; i‘g =e=pE5N-KITIE & 50
i -0 50 100 1% 0 50 100 150 g o
pasal (n) pBSnl (nM) Prosphopeplige __ =+ i

P 10a-WT P 100-ES45K

Fig. 3. Helical domain oncogenic mutants of pl10u eliminate an auteinhibitory contact with the
p85 nSH2 domain. (A} PI3K activity of the three p110a helical domain mutants was not inhibited
by the p85ni fragment. Equal amounts of protein were assayed and the catalytic subunits had

similar specific activities (fig. 53) (25). WT, wild type. (B) Charge-reversal mutagenesis screening of

basic surface residues in the nSH2. (€) Simultaneous charge-reversal in p110a and p85ni restored
inhibition, suggesting direct interaction between the pl10« helical domain and the p85a nSH2
domain. A titration series was carried out for both the wild-type (left) and ES45K mutant (right)
p110 subunits to ascertain that the inhibition was at saturating levels of p85ni. (D) Binding of IRS-
1 phosphotyrosine peptide activates wild-type p110«/p85ni but not p110-E545K/p85ni (25). [(A)
to (D) Lipid kinase assays were performed with Myc-pl10c produced in transfected human
embryonic kidney 293 cells (&) or baculovirus-infected 519 cells [(B) to (D)], incubated with or
without excess p85ni [expressed in Escherichia colf (25)]. Basal activity refers to p110a activity in
the absence of p85ni. Results are means from three to four experiments [(A) and (B)] or are
representative of two experiments, each carried out in triplicate [(C) and (D}].

Fig. 4. A model showing
the inhibitory contact
between the nSH2 do-
main and the helical do-
main of pl10a near the
site of the helical do-
main hotspot mutations.
[The pll0u catalytic
core was modeled on
the pl1Qy catalytic core
(24).) Arg**® and Lys>"”
are part of a Mghly con-
served phosphopeptide-
binding surface on nSH2.
Binding of nSH2 to the
pl10a helical domain
and to phosphopeptide
are mutually exclusive
(boxed image).

SH2-Inhibited

pli0
nﬁﬂu
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type psSni docs not, suggesting that the charge
reversal has reestablished the critical inhibitory
interaction (Fig. 3C).

The p85 residues a*trg“" and L].-:\x]"'u are pan
of the phosphopeptide-binding surface on the
nSH2 domain, Both are in direet contact with
bound phosphopepude in crystal struciures of
two nSH2 phosphotyrosine-peptide  complexes
{31}, suggesting that the phosphopeptide activates
the cnzyme by competing with the inhibitory
comact. A tandem Tyvr-X-N-Met phosphopep-
tide from the Tyr®™™Tv™* region of insulin
receplor substrate 1 (IRS-1) roughly doubled the
activation of the wild-type pl 10a/ps 5 hetero-
dimer but did not activae the pl10a-E345K
pi3n complex (Fig. 3D). Figure 4 suggess
how bindimg of the nSH2 domain 1o the pl 1a
helical domain and to the phosphopeptide would
be mutually exclusive, Curmently, it is not clear
how the nSH2 mhibits the wild-type enevme.
The helical domain interacts with the catalytic
domain across a broad surface. The contact of
the nSH2 domam with the helical domam
might trigger a conformational change in the
catalytic domain to affeet the activity alloste-
Acally, or it may influence the orientation of
the catalytic domain on the substrate-containing
membrane,

The ABDGSHY crystal structure compleles
the architeetural accoum of the whole pl10 cat-
alvtic subunit and shows that oncogenic muta-
tions in the ABD are not in the interface with the
RS regulatory subunit. Our results also suggest
an unexpected function Tor the helical domain.
A mtionally designed nSH2 mutan counteracts
the gain-ol-function oncogenic pl10a-E345K
mutation, supporting the proposal that the ps5
inhibition of pll0a occurs through a charpe-
charge interaction beiween the helical domain
and the p83m. The crysiallographic struciures
combined with the mutational analvses have
enabled us w0 propose a ough panial model for
the pl10/p& 3 complex (23), but ongoing siudics
bwv nuclear magnetic resonance, clectron para-
magnetic resonance, and cryvstallography will be
required to refine any such model,
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Postreplicative Formation of
Cohesion Is Required for Repair and
Induced by a Single DNA Break

Lena Strém,” Charlotte Karlsson,* Hanna Betts Lindroos,* Sara Wedahl,*
Yuki Katou,” Katsuhiko Shirahige,® Camilla Sjogren ™

Sister-chromatid cohesion, established during replication by the protein complex cohesin, is
essential for both chromosome segregation and double-strand break (DSB) repair. Normally,
cohesion formation is strictly limited to the 5 phase of the cell cycle, but D5Bs can trigger cohesion
also after DNA replication has been completed. The function of this damage-induced cohesion
remains unknown. In this investigation, we show that damage-induced cohesion is essential for
repair in postreplicative cells in yeast. Furthermore, it is established genome-wide after induction
of a single DSB, and it is controlled by the DNA damage response and cohesin-requlating factors.
We thus define a cohesion establishment pathway that is independent of DNA duplication and acts
together with cohesion formed during replication in sister chromatid—based DSB repair.

he tethering of sister chromatids by the

I cohesin complex, so called sister-chromatid
cohesion, is essential for chromosome seg-
regation (/). Cobesin consists of Smel, Smc3,
Medl (also called Scel), and Sccd and is loaded
onto chromosomes before replication by Sec2
and Sccd (2). The establishment ol cohesion
requires Ecol (also called Cif7) and occurs in
the S phase of the unchallenged cell evele (3-&).
Cohesion then persists until anaphase, when it
15 resolved by proteolviie cleavage of Medl,
which 15 triggered by the degradation of Pds|
(9-f1). In additon to its central role in chro-
mosome segregation, eplication-gstablished co-
hesion is needed for double-strand break (DDSB)
repair in postreplicative cells (/2). Cohesin also
has to be recruited 1o the site of damage for
ellficient repair (13, [4). and de novo cohesion
is established in Gy/M cells exposed 10 ionie-
ing irradiation ({3). This raises the possibil-
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ity that chromatid-based DSB repair requires
both cohesion formed during replication and
postreplicative damage-induced cohesion. It
also challenges present concepis that cohesion
establishment is tightly connected 1o chromo-
some duplication. Therefore, we  investigated
how damage-induced cohesion & regulated and
resolved its function in DSB repair and chromo-
sO0me segregation,

Central to our investigalions are experimen-
tal systems in which damage-induced cohesion
can be distinguished from cohesion formed dur-
ing replication (fig. 51, A 1o C). In one of these
sysiems, smef-239 wemperturc-sensitive  cells
are first amested in Ga'M a1 permissive temper-
ature. Thereafier, temperaturc-resistant, damage-
induced cohesion is generated by the expres-
sion of wild-type (WT) SMCT and treatment with
y-imadiation (Fig. 1, A and B, and fig. S1A) (15).
We first asceriained that our results wene noi
influenced by the absence of a milotic spindle
in nocodazole-amested cells (Fig. 1. A and By,
Thereafter, we imvestigated the function of cen-
tral DNA damage-response proteins in damage-
mnduced cobesion. Mrel | is one of the first proteins
that localizes at a DSB (/5) and is essential
for the recruitment of cohesin to the damage

(14, 16). Accordingly, damage-induced cohesion
was compromised in mrellA cells (Fig. 1C)
(7). Other regulators of the DNA damage ne-
sponse that miluence cohesin's break localzation
are the Tell and Meel kinases, which phospho-
rylate histone 2A (H2A) (in humans, H2AX)
(14, 18). Phosphorylated H2A (y-H2A) narks
the DSB and is required for DSB recruitment
of cohesin (/4). Correspondingly, the forma-
tion of damage-induced cohesion was defective
in cells lacking Tell or Mecl or in cells express-
ing nonphosphorylatable TRA (Fig. 1, D 1w F).
However, in the absence of Tell or Meel,
substantial amounts of y-H2A and cohesin stll
accumulate at a DSR because of the overlapping
function of the other kinase (4, 718). This in-
dicates that Tell andior Mecl could influence
cohesion i a way other than through y-H2A
dependent recruitment of cohesin. The two ki-
nases also activate Rad9, which in wum trnsmits
the signal o downsiream events in the DNA
damage response (/9-21). Damage-induced co-
hesion was, however, unaffected in rad¥A cells
(Fig. 1G), showing that if Meel and/or Tell af-
feet damage-induced cohesion independently of
cohesin recruitment, this pathway does not in-
clude the activation of Rad9,

To determine whether replication induced by
the repair process influences cohesion, we in-
vestignted damage-induced cohesion in rad 5324
cells, Rad32 facilitates the direct interaction be-
tween the DNA Manking a DSB and an undam-
azed homologous wmplate, which is cssential
for cliciting DNA synthesis at the break (22, 23),
Therefore, the unperturbed formation of cohesion
in rael32A cclls (Fig. 1F) shows that, in contrast
io the csablishmem process in unchallenged
cells, damage-induced cohesion is independem
of ongeing DNA duplication (/7).

We observed chromatid separation in a lim-
ited region of chromosome V (che. V) that ex-
perences toughly one DSB per cell m the
imadiation dose applied (/.7). Because cohosin is
recruited 1o only 50 w0 100 kb around the DSB
(13, 14) the y-my-induced cohesion suggests a
more general activation of cohesin (Fig. 1, A
and B). To investigate whether a single genomic
DSB triggers cohesion, we used an uncleavable
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variant of Med1 (Mcd1 Y™ that blocks chro-

matid separation at anaphase when it is present
m cohesion-fomming  complexes (M0, 24 (hg.
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Fig. 1. Mrell, Mecl, Tell, and yH2A, but not Rad9 and Rad52, are required for y-ray—induced
cohesion. (A to H Chromatid separation at URAZ on chr. V in Gy/M-arrested cells after y-irradiation
and destruction of § phase—established cohesion, as described in fig. S1A. (A) Chromatid separation
in Cde20-depleted Gy/M-arrested smel-259, GAL:SMCI-13MYC, MET:CDC20 cells (CB496). (B to H)
Chromatid separation in nocodazole Ga/M-arrested (B) smc1-259, GAL:SMC1-13MYC cells (CBA69),
combined with (C) mre11A (CB478), (D) mec1A (CB784), (E) tel1A (CB693), (F) htal-5129stop, hta2-
129stop (CBT42), (G} rad2A (CB696), or (H) rod52 A (CBST1). Gal, galactose addition; IR, irradiation.

Fig. 2. A single DSB on chr. A
Il leads to establishment of &
cohesion on chr. V. MCD1Y™t 'E 80 -
was induced in G/M-arrested B
cells, with or without a con- £5807
comitant DSB on chr. lIl. Cells 5
were thereafter released into
the next cell cycle under non-
inducing conditions (fig. 510).
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V' separation did not occur when Med VN

cxpression was combined with the induction of

a homothallic switching (HO}-endonuclease
that creates a DSB at the MAT locus on chr.
I (Fig. 2, A o C) This inhibition was not due
o o eelleyele delay caused by the break, be-
cause Pdsl levels declined concomitamly i
both cell populations (Fig. 2B), and HO ¢x-
pression alone lelf chromand separation un-
perturbed (Fig. 2, D and E) Morcover, HO
overexpression did not generte DSBs at un-
specific sites in the genome, because the chro-
matids separsted normally after the induction
of HO and Med1 ™™ in MATA cells (Fig. 2. D
and E). As a control of Med!"™ function, its
chromosomal localzation alier expression in
G was determimed and shown 10 be wdentical
o normally expressed Med! (lig. 825 (8) Ths
finding establishes that a break on chr., I trig-
gers the fomation of cobesion on chr. V, demon-
strting that a single DSB reactivates colwsion
mn a genome-wide manner.

We next investigated how ganome-wide cohe-
sion is regulated wing Gy M-amested temperature-
sensitive suicl-259 cells in which WT SMCT and

a DSB on chr. 1T was induced before an up-
shilt in temperature (g, S1B). This experi-
ment showed that “global™ cohesion depends on
Meel and partly on Tell and p-H2A, but not on
Rad® (Fig. 3. A and B, and fig. S3A) In cells
lacking y-112A, no cohesin is recruited to dam-
aeed chromosomes, but cohesion is only partly
defective when compared with meclA cells (14).
This observation indicates that Meel is required
for more than cohesin localization and could
be a key factor in the ransmission of a signal

from damaged 1o undamaged chromosomes. [F

s0, this transmission is achieved in a Rad9-
independent manner. The partial requirement

c
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Fig. 3. Genome-wide cohesion
depends both on the DNA damage
resporse and on proteins requlating
cohesin fundion. (A and B) Chr. V
chromatid separation in G2/M-amested
cells after removal of 5 phase—
established cohesion, in the absence
or presence of a DSB on chr. I, as
described in fig. 51B8. (A) Chromatid
separation in smcl-259, GALHO
(CB58&3), and smicl-259 GAL:SMCI-
13MYC GALHO (CBAT9). (B) Chro-
matid separation in smcl-259, GAL
SMCI-13MYC, GALHO cells (CB479),
combined with teflIA (CB815),
meclh (CB753), htal-5129stop,
hta2-129stop (CB740), or rad9A
(CB813). DSE formation on chr, 1N
is shown in fig. S3A (C to E)
Chromatid separation of chr, V in
cells containing GALMCDI™ and
GAL:HO. The experiments were per-
formed as in Fig. 2 and fig. S1C,
with the exception that the temper-
ature was up-shifted 30 min after
the addition of galactose. (C) Wild
type (CB507) and scc2-4 (CBS73), (D)
wild type and smc6-56 (CB537), and
(E} wild type and ecol-1 (CB732). (P
Chip-on-chip analysis of Scc2 local-
ization on chr. Il in the absence
(—DSB) or presence (+DSB) of a DSE
at the MAT locus. Ammow indicates a
DSB. CENIII, chr. Il centromere,
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Fig. 4. Postreplicative function
of Ecol is required for DSB repair
but dispensable for chromosome
segregation. (A and B) DNA re-
pair and sister-chromatid separa-
tion at URA3 in Gu/M-arrested
WT (CB167) and ecol-1 (CB720)
cells, After arrest in Gx/M at 21°C,
half of the cultures were trans-
ferred to 32°C for 30 min, and
then all cells were teated with
200 grays of y-irradiation (IR)
{1 gray = 100 rads). At indicated
time points and temperatures,
samples were withdrawn for analy-
ses of DNA repair by pulsed-field
gel electrophoresis (PFGE) and
sister-chromatid separation (29).
(Left) Southern blots of the PFGE
gel with the use of a radioactive
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probe detecting chr. XV and a
loading control. (Middle} Quantifi-
cation of chr. XVI signals normal-

ized to the control (Right) Chromatid separation. (C) Chromosome segregation in the absence (—) and presence (+) of
genome-wide damage-induced cohesion. GxM-arrested WT (CB524) or temperature-sensitive ecol-1 (CB755) cells were
treated such that damage-induced cohesion was inhibited in ecol-1 cells (29). A DSE on chr, lll was induced in
half of the cultures. After release into a Gy arrest, the percentage of cells with a single chr. V, reflecting correct



for Tell and y-H2A in global cohesion could
be due to a function in amplifving the signal
cmanating from the DSB (25). Such a function
of v-H2A 15 supported by our fnding that it
covers the entire chr. LI after the prolonged
break induction that we used in our exper-
iments, but 1s absent on undamaged chromo-
somes (flig. S3B),

W also explored the mole of cohesin-regulating
proteins in genome-wide cohesion by scoring
che. V separation afier the induction of Med V™
and a DSB on chr. HI in temperaune-sensitive
see -4, smet-36, or ecol-] cells, These exper-
iments showed that Scel, Smeh, and Ecol are
required for global cohesion (Fig. 3, C w E, and
fig. S3C)

The prereguisite of Sce2 reveals that genome-
wide formation of cohesion requires the load-
ing of cohesin to chromosomes, Loading in Ga/M
occurs also in the absence of DNA damage, and
the cohesins present on chromosomes in s
cell-cyele phase are thus a mixture of cohesive
and noncohesive complexes (¥). Our findings

indicate that a DSB triggers an alteration of

cohesin or its effectors that activate the cohesive
function of the nomally unproductive com-
plexes. We investigated whether this is re-
Mected by a change in the localization of Sce2
on undamaged chromosomes, but found that
HO expression only induced its aceumulation
at the DSB (Fig. 3F). This is true also lor co-
hesin (13), showing that genome-wide cohe-
ston is generated without positional changes
of cohesin or its loader in undamaged regions
of the genome.

The Smed protein 1s pan ol the cohesin-
related Smcdio complex, which also is requined
for sister-chromatid repair, and regulates the
localization of cohesin 1 DNA breaks in human
cells (26, 27) In veast, however, the chromo-
somal association of Medl was unaliered afier
the destruction of sme6-36 function in Ga/M-
arresied cells (fig. S3D) This suggesis that the
requirement of Smeb for genome-wide cohesion
reflects a more direct influence on cohesin func-
tion, which is in accordance with the similar
chromosomal localization patiems of cohesin
and the SmeS6 complex (28),

The hinding that Ecol is required for genome-
wide cohesion shows that it can act independem-
Iv of chromosome replication. It also indicates
that the damage response removes an inhibitory
mechanism and'or reactivates Ecol, therchy al-
lowing cohesion formation in postreplicative cclls,
Because the ecod/-f mutation leaves the chromo-
somal association of cohesin unallected (g, S4)

(), we examined whether the establishmem of

damage-induced cohesion and not only chro-
mosomal loading of cohesin is needed for repair
{12, 29). The resulis showed that Ecol, and con-
sequently damage-induced cohesion, 1s required
for postreplicative DSB repair (Fig. 4, A and B),
In contrast, the absence of damage-induced co-
hesion did not interfere with scgregation in the
presence o functional replication-cstablished

www.sciencemag.org SCIENCE WYOL 317

cohesion (Fig, 4C). Thus a possible explanation
for genome-wide cohesion is that postreplicative
reparr requires cohesion at a DSB, and this 15
achieved by a global activation of the cohesion
machinery, leading to de novo cohesion on all
chromosomes,

Our imvestigation charactenizes an additional
pathway for cohesion establishment that is
crucial for DSB repair in postreplicative cells,
This pathway generates cohesion on undam-
aged chromosomes in response 10 a single DSB,
suggesting that the break triggers a diffusible
signaling event that activates cohesin andor
Ecol via Mecl. Consequently, the establish-
ment of cohesion is not imited 10 active rep-
licauon forks and has 10 occur both before and
alier DSB formaton to repair broken sister
chromatids.
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DNA Double-Strand Breaks Trigger
Genome-Wide Sister-Chromatid
Cohesion Through Eco1 (Ctf7)

Elcin Unal, ™2 Jill M. Heidinger-Pauli,™* Douglas Koshland*

Faithful chromosome segregation and repair of DNA double-strand breaks (DSBs) require cohesin,
the protein complex that mediates sister-chromatid cohesion. Cohesion between sister
chromatids is thought to be generated only during ongoing DMA replication by an obligate
coupling between cohesion establishment factors such as Ecol (Ctf7) and the replisome. Using
budding yeast, we challenge this model by showing that cohesion is generated by an Ecol-
dependent but replication-independent mechanism in response to D5Bs in Gz/M. Furthermore, our
studies reveal that Ecol has two functions: a cohesive activity and a conserved acetyltransferase
activity, which triggers the generation of cohesion in response to the DSB and the DNA

damage checkpoint. Finally, the D5B-induced cohesion is not limited to broken chromosomes
but occurs also on unbroken chromosomes, suggesting that the DNA damage checkpoint

through Ecol provides genome-wide protection of chromosome integrity.

fundamemal property of the cukaryotic
clromosomes s sister-chromatid cobe-
sion, Cohcsion plays a crucial mle in
chromosome scgregation () as well as post-
replicative repair ol double-strand breaks (DSBs)
(2 and 15 mediated by a large rng-shaped com-

plex, cohesin, and 115 associated protein, PdsS
i3, 4L In ke Gy of budding yveast, cohesin s
loaded onto chromosomes by the Sce/Sced
complex (51 This leading ocours around cen-
tromeres and at cohesin-associated regions
(CARs) along chromosome arms (). During S
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. o cohesion loss Chr Il ecordinates (kb)
" Active S-cohesin (30°C) " Inactive S-cohesin (37.5°C)
. . . ? ; : D E
Fig. 1. DSE proximal cohesin generates sister-chromatid cohesion. (A} DSB-
induced cohesion assay. See text and supporting online material (SOM) for details. 80 wt, SRDT-MAT wt, SRD1-MAT
(B} Chr. Il cutting in EU3275 assayed by pulsed-field gel electrophoresis and E | §
Southern blotting. (C) Mcd14HA binding on SRDI-MAT fragment assayed by E Bﬂl _E
chromatin immunoprecipitation/real-time polymerase chain reaction. Gray squares: @ 40 o
no DSB, black squares: DSB. Error bars indicate SD {n = 4). DSB-induced cohesion 2 T -%
assay in (D) EU3275 and () EU3274 and EU3278. In (D) and (B) and subsequent & 20 1 5
figures, the genotype and location of the cohesion reporter are shown above each T ———
plot. Detailed information on strain genotypes are in table S1. a, active; i, inactive; Mo 10 g
ts, temperature-sensitive; HA, hemagglutinin, Error bars indicate SD {n = 3). ety w1 T
phase, Ecol {also known as CtfT)acis onthe A B Cc
chromatin-bound cohesin complex o gen- rad52A, SRD1-MAT wt, Chr IV
erate cohesion by an unknown mechanism gﬂﬂ' GREE Mo E B0
(5, 7). g0+ s
The generation ol cohesion is limited o %‘m_ gg g 40
S phase in undamaged cells (8-00). This § 5 ) '_E o .g 20! ™ I
limitation cannot be explained by regulating | - =
the association of uuhl:s.ilm with chromosomes i |_._ '§ g. . # ‘ r._
: DsB = = * + Ds8 = = + +
bocause they continue to load onto chromo- Mod1o%. . R Z if TP — TR
somes al CARs in Go/M by an Sec2/Seed- medll & | a i "= medi-1 & | a |
dependent mechanism  (8). To explain this
limitation, one model posits that cohesin can D E F
penerate cohesion only by a replication-driven mraliA, ChrlV Chr X\
mechanism, facilitated by Ecol (&) (herein B0y wi  meciA felfa  h2gS1ea
called replication fork-driven cohesion mod- P g €0
DAP| Mcd1

el). The absence of a replication fork in Ga'M
prevents cohesion generation. However, co-
hesion is generated in Ga/M upon irradia-
tion (%) and was inferred 1o be mediaed by
cohesin loaded de novo around DSBs by a
mechanism dependent on the DNA damage
checkpoint (9, £/, 12). In the replication fork
driven cobesion model, a fork should be nec-
cssary for DSB-induced cohesion as well,
Indeed, replication forks do occur at DSBs as
part of the recombination-repair pathway,
To determme whether DNA replication 1s
required for DSB-induced cohesion, we devel-
oped an assay 0 detect cohesion of specific
regions on chromosomes in response o de-
fined DSBs (Frg. 1AL This assay has three
propenties: First, formation of’ DSBs on the
chromosomes is temporally and spatially
controlled by placing the site-specific HO

YCamegie Institution, Howard Hughes Medical Institute,
Department of Embryology, 3520 5an Martin Drive,
Baltimore, MD 21218, USA. “Johns Hopkins University,
Department of Biology., 3400 North Charles Street,
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mre1fA  wild type

DsB - = + + DSB8 = + = = + = #
Mod18HA _ F— Mod18HA | 4 + = + = #
medi-1 3 i a | medl-1 @ 0 01 | I

Fig. 2. D5B-induced cohesion is independent of DNA replication but is dependent on the DNA damage
response pathway. DSB-induced cohesion assay in (A) EU3286, (C) EU3291, and (E} EU3321. Error bars
indicate SD (n = 3). Chromosome binding of GaM-loaded cohesin in (B) EU3297, (D) EU3291, and
EU3321. (F) DSB-induced cohesion assayed by fluorescence in situ hybridization in JH4112, JH4114,

JH4115, and JH4117. See SOM for details.

endonuelease under the contro] of an inducible
promoter and by imtroducing two HO eleavage
sites (HO-cs) on chromosome 11 (che. 1),
One HO-¢s is upstream of SRDY and the
second site is 60 kb away at MAT locus. After
I hour of HOY induction, chr. [T (=90%) is
broken into three pieces: the 60-kb SROJ-MAT
fmgment and two larger fragments (Fig. 1B).
Second, cohesion of specilic sites in the genome
is detected by a cohesion reporter consisting o' a
tandem amay of Lac operators { LacO) that can be
visnalized by Lacl-green Nuorescent protein

SCIENCE

{Lacl-GFPL A single GFP spot in the cell -
dicates cohesion between the broken chromatid
pairs, whereas two GFP spots indicate cohe-
sion loss (Fig. 1A, right panel). Third, de novo
DSB-induced cohesion is distinguished from
the coliesion established during 5 phase. S-phase
cohesion is cstablished by the use of a thermo-
sensitive cohesin subunit, med1-1 (referred to as
S-cohesing, In Go/M, wild-type Med] (also known
as Seel) is expressed concomitant with induction
of DSBs, and subsequently S-cohesin is inacti-
vated (Fig. 1, A and C).

www.sciencemag.org



REPORTS

Fig. 3. Ecol is necessary A B Cc D
to generate cohesion in ecot™ Chr IV geota® Che IV no DSB, Chr IV
Gy/M and it aceylrans- g 60 % & Sl ot
ferase activity s required in g ﬁ

. Eq.u GAL - * = *
response to D5Es. Cohesion 2 40 40 e
asay in ) EU3326, B £ 5 : Mod1™s 8 ams = 100kD
EU3336, and (C) EU3307, - 20 20
EU3325, and EU3328. — - -
Arrow in (C) indicates over- '%m' : = DSB8 T T 4+ Ecolé - wit wt ack- Ecol™l.  wee = 374p
production. Error barsin- o McdiBHA ¥ Mcd®A . .+ +
dicate SD (n = 3). (D) eco1203a & | medl-1 | a | medt-1 § § i

Immuneoblot showing

Mcd1®™ and Eco1™™ with or without galactose (GAL) induction in EU3307 and EU3328.

Using this assay, we asked whether co-
hesion can be generated in Go/M in proxim-
ity of the DSB by following the cohesion of
the SROF-MAT region. Without DSBs, when
S-cohesin is active (30°C, permissive emper-
aturchy, ~20% of the chr. I sister chromatids
are separmed. As expected. upon inactivation
of S-cohesin (37.5°C, nonpemuissive  lemper-
atre), =60% of chr. 11 sister chromatids sep-
arate (Fig. 1D). With DSBs, wild-type cohesin
is loaded to the SROV-MAT fragment (Fig.
1C). and this fragment retains cobesion upon
the imactivation of S-cohesin (Fig. 110, Both
DSBs and wild-type cobesin are necessary, bul
neither is sulficient. to generate cohesion on the
SR -MAT region in Go/M (Fig. 1E). These
results show that DSBs ean induce cobesin-
dependent eohesion in Ga/M, confimung that
cohesion can be generated outside o’ 5 phase
(9. In addition, these results show that as few
as two DSBs are sullicient to induce cobesin-
dependent cohesion in Ga/M.

The tirst prediction from the replication fork
drven eohesion model is that DSB-induced co-
hesion should require: recombination-dependent
replication. To test this pradiction, we deleted
RAD32 Rad32 is a prerequisite for recombination-
dependent DNA replication (/3). In rad52A cells,
the extent of DSB-induced cobesion on SROV-MAT
fragment s indistinguishable from that of RA40252
{Figs. 1D and 2A), indicating that recombination-
dependent replication and/or DINA structures are
dispensable for DSB-induced cohesion.

The second prediction from the replica-
tion fork-dnven cohcsion model s that DSB-
induced cohesion should ocour only around
DSBs and not on unbroken chromosomes. To
test cohesion on unbroken chromosomes, we
moved the cohesion reporier to chr. [V oor chr. |
while keeping the HO-cs on chr. 111, We found
that the loss of cohesion on chr. IV and chr. |
upon inactivation of S-phase cohesin is prevented
by the induction of DSBs on chr. 11 (Fig. 2C
and figs. 51 and S2, A and B). This generation
of genome-wide cohesion cannot occur by a
replication-dependent mechanism because there
15 no ongoing DNA replication on unbroken
chromosomes in Giy/M,

How does a DSB in Go/M induce sister-
chromatid cohesion both proximal o the lesion
and genome-wide? In Ga/M, in the absence of
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Fig. 4. (A and B} A model for cell-cycle and damage-induced regulation of sister-chromatid cohesion.
Cohesin is represented in its noncohesive (circle) or cohesive {oval) state. (i} represents the inhibitor of

cohesion generation in Gy/M. See text for details,

DSBs, cohesing load st CARs but cannot mediate
cohesion (870, Upon DSBs, the DNA damage
response pathway induces DSB-proximal cohe-
sin loading ( /1), We posit that subsequenily, cohe-
sins loaded at CARs and DS Bs becomes cohesive
throwugh the action of a cntical factor that responds
1o el cyele and DNA damage cues. In undam-
aged cclls, this factor 15 active only dunng S
phase, Henee, cohesins loaded an CARs in GaM
cannot generale cohesion. However, in response
1o DSBS, this factor is reactivated by upsircam
components of the DNA damage response path-
way o generate cohesion both proximal to the
DSB and at CARs genome-wide,

To identily the upstream components, we ex-
amined damage-induced cohesion in cells muted
for MREH, MECUATR (ataxia welangicctasia and
Rad 3 related), TELIATM (ataxia telangioctasia

mutated), or H2AX We were limited w0 analysis of

genome-wide cohesion because only  cohesin
loading a1 CARs oceurs independently of these
factors (/1) (Fig. 2Dy In mred IA or mecl A cells,
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cohesion fails w form on che. IV or on che XV in
response to DSBs on che. U (Fig. 2, E and F). In
contrast, neither Tell nor y-H2AX is required for
damage-induced colesion (Fig, 2F and fig. S2C).
Whercas all these factors are required for DSB-
proximal cohesim loading, only Mrell and Mecl
are dlso necessary for DSB-indueced  cobhesion.
Thus, the chromatin-bound cohesin complex 15
converied 1o a cobesive sate by the DNA damage
response pathway |also reported in (f4)], pre-
sumably through a trans-acting factor.

A candidate for this trans-acting factor is
Ecol (Cu7) because it is essential for cohesion
establishment in § phase (6, 7). To determine
whether Ecol is also necessary for DSB-induced
cohesion, we list subjected Ga/M cells camrying
both eco/-203 and mad /-1 conditional alleles
tov a temperature shift (34°C), which inactivates
only Ecol. After DSB induction, cells were sub-
Jected 1w a second, higher-temperaure shiflt (37.5°C)
to nactivate S-cohesin, We found that inactiva-
tion of Ecol in Ga/M results in a filure 1o gen-
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erate DSB-induced cohesion (Fig. 3A and fig,
S3. A and B In addition, impaimment of Ecol in
Cia'M also compromises postreplicative repair,
a process dependent on DSB-loaded cobesim
(fig. S3C) Thus, Ecol is necessary o generile
sister-chromatid cohesion in G in response
to DSBs as well as in S phase, suggesting that
DSB-induced and S-phase cohesion occurs by a
similar mechanism. Furthermore, these resulis
suggest tha Ecol is the cohesion factor that is
reactivated in response 1o DSBs,

One way of regulating Ecol upon DSBs is
through its C-terminal acetvlimnsterse (Ack) do-
main (15}, Until now, the in vivo relevance of the
Ecol acctyltrmnsfermse domain has been clusive, It
15 dispensable for generating cohesion dunng S
phase (/6) (lig. S4A), sugeesting that a distingt
part of Ecol is required for cohesion establish-
ment. We asked whather the acetyliransforase
activity of Ecol is necessary for DSB-induced
cohesion. We genemted strains m which the sole
copy of ECOI is replaced by gpo 2206 K2236
(e ) and monitored the cohesion of chr. 1l or
chr. IV in response o DSBs. Similar to eeod-2103,
ecol ** cells are compromised for DSB-induced
cohesion (Fig. 3B and fig. 84, B 1o D) and for
postreplicative repair in Go/M (lig. S4E). These
results show that Ecol acetyvltransierase activ-
ity is specifically required in Ga/M to genemte
DSB-induced cohesion. Furthermore, they
sugeest that Ecol has at least two distinet bio-
logical functions: One function converts the
chromatin-bound cohesin complex o a cohe-
sive state, and the acetvliransferase function
aetivates directly or indireetly its cohesive func-
tion durmg Ga/M.

Having esiablished Ecol as a critical factor
fior the generation off DSB-induced cohosion, we
asked whether the failure o generate cohesion in
undamaged Ga/M o cells results from limiting
Ecol activity. To test this hypothesis, we over-

produced Ecol during Ga/M in the absence of
HO-induced DSBs. Indeed, overproduction of

Ecol but not ecol™¥ bypasses the requirement
for DSBs to generate cohesion inGa/M (Fig. 3C),
Both Feol and ecol®® are present at similar
levels (Fig. 3D), and ecol® encodes a function-
al protein because it complements the ecof-2003
at nonpemmissive temperature (g, S4F)L These
results suggest that i Ga/M, Ecol acetyliransier-
ase activity is limiting in undamaged cells and,
in response o DSBs, this activity is elevated
through the DNA damage checkpoint,

Here we show that the generation of cohesion
in GaM is Ecol dependent but replication inde-
pendent [also reported in (/4)]. This contradicts
the curent model, which posits that cohesion gen-
eration can only occur in the conmext of DNA
replication, and Ecol (CUT) merely allows the rep-
lisome 1o slide through the cohesin ring in S phase
(&), Rather, we suggest that Ecol directly convens
the chromatin-bound cobesin complex 1o its co-
hesive state. During S phase, Ecol associates with
replhisome components (7, 17), and tus allows
Ecol 1o establish cohesion before the sister chro-
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matids separate (7, /&) We also show that the
cohesive lunction of Ecol requires its acctyltans-
femase domain m Ga™ but not in S phase. We
suggest that the cohesive fimetion of Ecol s m-
activated after S phase cither by inhibiting Ecol
dircctly or its accessibility 1o cohesin (Fig. 4A).
Upon DSBs, the DNA damage checkpoint ini-
tiates a signal that induces cohesin loading
around the DSB and avgments the acetylirans-
ferase activity of Ecol (Fig. 4B). Ecol in tum
acety lates itsell, cohesin subunits, or Pds3 (15}, and
thus overcomes the Go/M inhibition. Thus, like
cohesion dissolution, cohesion establishment
exhibits complex spatial and temporal regulation
throughout the cell eyele, and Ecol is the hub for
this regulation.

The conservation of the Ecol acetylirmsior-
ase domain suggests that it s cntical for DSB-
induced cohesion in all species. Delects in the
DSB-induced cohesion pathway lead to genomic
mstability in humans (790 These defocts have
been attnbuted o improper repair of the broken
chromosomes as a result of a failure 10 generate
cohesion at the break site. The discovery that
DNA damage response pathway activates cohe-
sion on unbroken as well as broken chro-
mosomes suggests that the role of this pathway
extends bevond the repair of the break. Indeed, in
GaM, absence of DSB-induced genome-wide
cohesion increases loss ol unbroken chromosomes
about threefold ([z. S5, suggesting that enhaneed
cohesion during checkpoim delay provenis preco-
cious sister-chromatid separation. Funther studies
of genome-wide cohesion may reveal additional
lunctions such as the prevention of reamange-
ments through ectopic recombination.
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Developmentally Regulated Activation
of a SINE B2 Repeat as a Domain
Boundary in Organogenesis

Victoria V. Lunz.rak,”‘ Gratien G. Prefontaine,t Esperanza Nifiez,*+ Thorsten Cramer,*+
Bong-Gun Ju,' Kenneth A. Uhgi*" Kasey Hutt,* Rosa Roy,* Angel Garcia-Diaz,* Xiaoyan Zhu,!
Yun Yung, Lluis Montoliu,* Christopher K. Glass,” Michael G. Rosenfeld™*

The temporal and spatial regulation of gene expression in mammalian development is linked to
the establishment of functional chromatin domains. Here, we report that tissue-specific
transcription of a retrotransposon repeat in the murine growth hormone locus is required for gene
activation. This repeat serves as a boundary to block the influence of repressive chromatin
modifications. The repeat element is able to generate short, overlapping Pol Il- and Pol lll—driven
transcripts, both of which are necessary and sufficient to enable a restructuring of the regulated
locus into nuclear compartments. These data suggest that transcription of interspersed repetitive
sequences may represent a developmental strategy for the establishment of functionally distinct
domains within the mammalian genome to control gene activation.

he greonetl frarnrone (GHI gene provides a

I wellstudied transerption unit that is highly
suited for defining how specific chromatin
modifications (/-6) might be responsible for the

spatial and wemporal order of lincage specification
cvents in the developing piuitary gland. The
human GH locus is epresented by a cluster of five
Ceff-related genes that are regulated by a Pit-1
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dependent locus control region {(LCR (7 /i), The
munne G genomic locus s found on mouse
chromosome 11 and encompasses live genes (Fig,
[A) In contrast to the human locus, the mouse
locus does not contain tandem duphications of the
CH gene, and there is no known munne LCR,
The (oM gene is mitially silenced an carly stages
of murine pituitary gland development but act-
vated atembryonic stage 17.5 (¢l 7.5) by the POL-
homeodomain Ector, Pit-1, in GH-producing cells
(somatotropes) (fig. STA) I remains actively re-
pressed, or silenced, in the other pituitary cell types,
Anmalysis of histone maodilications wis used 1o
assess the chromatin state of the GH locus during
development, Chromatin immunoprecipitation

(ChIPY analysis (3, 1 16) revealed high levels of

kY methylation of histone H3, indicating a con-
densed heterochromatie state of the GH gene pro-
moder, at ¢l 2,5, with a gradual decline to low levels
by eld.5 and complete disappearance by ¢l 7.5 or
i adult pituitary (Fig. 1B). Conversely, low levels
of dimethy lation of KOH3 on G wene observaed at
el2.5, but increased by ¢13.5 to el4.5, declined at
17.5, and disappeared in the adult gland. Based on
complete loss of the condensed heterochromatin
marks, we sugeest that these chromatin events oc-
curmed and were sustained in all lineages. In dwidhe
mice, containing an inactivaling point nutation in
the Pit-1 POU domain factor, the GH promaoter
lacked wiMe KOH2 but conained clevated diMe
K93, which sugeests that these events ocour it a
Pit-1-independent manner (Fiz. 1B). Two-step
ChIP was performed using alPitand cither aPol 11
or aNCoR immunoglobulin G (I2G). Together,
the analysis of transcriptionally active or
repressed Pit-1 bearing chromatin suggests that
panitioning ofthese histone modifications occurs
uniformly in the pituitary cell population in carly
pituitary developmeni.

Fluorescence in siw hybrdiztion (FISH)
analysis was used to localiae the GH gene within
interphase nuclei at different stages of pituitary
embryvonic development (Fig. 1C) (12, 16). Both
alleles of the GH gene localized 10 4°.6'-
diamidino-2-phenvlindole (DAPDH-stained het-
crochromatin in virtually all of the clearly stained
{(=900%) e12.5 nuclei (Fig. 1C and fig. S1B). In

contrast, at cl4.5, of the towl population of

clearly stamed nucler (102 o of 109 nucleny, the
Ceff gene had relocated 1o cuchromatic termones
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outside the DAPI regions (Fig. 1C and fig. SIB).
This is temporally coincident with the observed
cxchange ol branched mmMe K9YH3I or diMe
K9H3 methylation marks on the G promoter
(Fig. 1B} ChiP analysis (/7)) across a 30-Kb ge-
nomic interval revealed a specilic region within
the CH locus (between primer pairs 4 and 6) at
which the exchange of branched riMe K9H3 or
diMe K9H3 occurs temporally between ¢12.5
and ¢14.5 in pituitary development (Fig. 1, D and
E, and fig. S1, C and D),

Because the region of diMe K93 and triMe
KYH3 transition is located 14 10 - 10 kb
upstream of the GH tmnscriptional  start site
(Fig. 1. A, D, and E), we considered that a
putative boundary elementis) might exist within
the G locus o establish these regulatory do-
mains. We used an assay o locate DNA se-
quences that might posscss putative insulator
propenies by mssessing the enhancer-blocking
activity of cach DNA sequence. We placed the
experimental  boundary  clement between a
known ¢nhancer and a reference promoter
driving a reporter gene (%), This strategy has
been used for a number of known insulators
(19-21). The enhancer-blocking assay (EBA)
was camied out with lincarized constructs in
transiently ransfected HEK 293 cells (Fig, 2A)
As controls, a 1.2-kb DNA frgment containing
the 3HS4 insulator of the chicken B-globin locus
(22), and the FIUFII core elements of this 3154

Fig. 1. Developmental A
repositioning of the GH

REPORTS

boundary [wild-type (F8) and mutant (Fo) forms |
(18, 24) were used. Each element (Fig. 1A) was
cloned between the evtomegalovinus (CMVY) en-
hancer and mmimal CMY promoter (ol site).
or at the 5 end of the CMY ahancer (st site),
with enhancer-blocking occurning only when the
experimental element is located between the
enhancer and the promoter (Fig. 2A) (1%, 19).
The maximal (by a factor of 34.7) reduction in
activity was observed in the case of the CD negion
or any construct that included the CD element, and
this region coincided with the region of the wan-
sition between developmentally  regulamed dibvle
KAH2 and the branched wiMe K9H3 (Fig. 1F),

concepually  consistent with the desenption of

boundary activity. Further examination of the CD
region reveaked the presence of a shon mterspersed
nuclear clement (SINE) B2 retrotransposon repeat
(Figs. 1A and 2B), derived from the tRNA gene,
consslmg of a 190bp comsensus sequence, inchud-
me an BNA polymemse [ promoter with its two
conserved regubtory elements, A-box and B-box
(24, 240 Recently, it was repontad that SINE B2 ex-
pression can be driven in opposite strands by high-
ly conserved Pol 111 or Pol Il promoters (25, 26).
Assessment of the presence ol the Pol 11- and
Pol 11-generated transcapts from the GH SINE
B2 reporier construct was performed using
srnd-specific RT-PCR analysis with sequence-
specilic primers used for extension o generte
single-stranded DNA for PCR amplification on

locus. (A) Schematic dia-
gram of GH genomic lo- o

cus murine chromosome + SCNda

11, showing the five

transcription units in the |I_| 2 Region 3
locus., Arrows indicate the  osskb GF

direction of each ranscrip-
tion unit. Red bars repre-
sent PCR amplification
regions in ChIP experi-
ments. The regions later
examined for function are
labeled in letters (eg.,
G-F), (B) ChIP analysis of rikiekatts I8

isolated pituitary using o o
antibodies specific for
branched trimethyl
K9H3 (Br-triMeK9H3),
and diMeK9H3. Multistep
ChiPs with «Pit-1 then
ulN-CoR, or uPit-1 then
aPol Il for initial selection
of Pit-1 lineage cells, (C)
Immuno-FISH analysis of
el25, eld.5, and el7.5
nuclei from murine pitui-
taries using a GH probe.
(D and E} Conventional
ChiP analysis acoss the
GH locus using «-Br-

(9]

E125

E145

W
=
|

Fold ol Enrichment (IPnpul) M Fold of Envichment (IPinput]

'8 810112

trife H3-K9 or c-diMe H3-K9 IgG on e12.5 and e14.5 murine pituitaries.

PCR primers diagrammed in (A},
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RNA samples recovered from transfected Hela
cells (Fig. 2B). SINE B2 was clliciently tran-
scribed (Fig, 2By trom both Pol 1T and Pol 111
promoters ndependent o its nsertion site with
respect o upstream (Pstly or downstream (Xhol)
{(Fig, 2B) of the enhancer, and deletion ol the
SINE B2 repeat (ASine B2 CD) abolished the
enhancer-blockmg activity (Fig. 2C)

To confim a functional role for this putative
boundary element in vive, a 220-kb bacterial
artificial chromosome (BAC) encompassing a
centrally located mGH gene was modified 1o
replace the GH coding sequence with a red (Tuo-
rescent protein (RFPY dimer coding sequence
(fig. 53, A and B). This wransgene was clearly
expressed i three transgenic founder mice
generited, recapitulatng the physiological em-
poral and spatial pattem of GH locus expression
{51 (Fig. 2D) Deletion of the 160-bp region en-
compassing the mCH SINE B2 repeat in this BAC
caused ether complete loss of RFP expression
(two transgenic founder mice) or loss of RFP ex-
pression in all but a few nesidual cells (one truns-
genic founder mouse) carrying this BAC transgene
(Fig. 2D). Therefore, the SINE B2 wranscription
unit can be suggested o be required for devel-
opmentally regulated GH gene activation in
vivo, However, this assay docs not establish that
this rellects its boundary function in vivo,

RT-PCR analysis of RNA recovered from de-
veloping pituitary at embrvonic day el4.3 reveals
that both Pol 11 and Pol 111 transcripis were present
in vive (Fig. 3, A 1o E) (26). Pol 11 transcnpis
origmnating in the SINE B2 repeat were detected in
the pool of the piuitary-specific RNA at all the
times during embrvonie development, including
¢l2.5 (Fig. 3, D and E), but the transcript generated
from the Pol 11 promoter (26) initially appeared
only at ¢13.5 1o 145, because it was not present in
the pooled ¢4.5 10 ¢12.5 sample (Fig. 3C) but was
present in the pooled ¢12.5 o el3.5 sample (Fig.
AC) in the piwitary gland (Fig. 3, B and C),
correlating both with the timing and establish-
ment of differential domains of chromatin mod-
ifications within the GH locus and nuclear
repositioning detected by FISH (Fig. 1, C and E).

We next inserted the SINE B2 from the GH
locus imo a 1.2-kb coding sequence from the
Adam ! ! transcnption unit that alone exhibited no
activilty i the enhancer-blocking assay. We
evaluaed delenon and substilution constructs in
the enhancer-blocking assay (Fig. 4A) and found
that insertion of SINE B2 tmnscription unit
containing the minimal defined Pol [ promoter
(26) in Adam!! constructs resulied in clear
enhancer-blocking activity (etl+SINE B2) (Fig.

4A) However, insertion of a shorer version of

the SINE B2 in which the Pol I promoter was
deleted in the same position within Adanrdd no
longer exened the enhancer-blocking  activity,
Substitution of nucleotide sequences representing
the imtmagenic promoters for Poll - mediated
trnscription (2.3) diminished enhancer-blocking
activity of clement CD (Fig. 4A). These results
revealed that a bidirectional Pol HUPal H-driven
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Fig. 2. ldentification of
a SINE B2 repeat in the
GH boundary region. (A}
Enhancer-blacking assay
performed using the pE
Luc (CMVEmPLuc) vector
im human embryonic kid-
ney (HEK) 293 cells, plac-
ing the tested element
either upstream (Pstf) or
downstream Khol) of the
enhancer {map of the
construct is given in fig.
520). (B) Schematic dia-
gram of the GH SINE B2
expression unit showing
position of primers used
for reverse transcriptase
reaction (Y or 2 for Pol I
and 3 or 4 for Pol Il
transcription, respective-
ly) and PCR(Y, 2,1, 3, 4).
Assessment of Pol Il and
Pol Ill-generated tran-
scripts from the reporter
construct using RT-PCR
analysis with primers in-
dicated above. Designa-
tions of +1 and TATA
indicate the transcription
start site and TATA box,
respectively. [Poly A re-
fers to a stretch of A res-
idues in the sequence

(relative to pLuc)
s 8 8

o 8

Fold Enhancer Blocking =

3
-
2 0
77 e T

A 8
B e

Sine B2 Expression Unit HeLa cols :}' 4’ 4’4’
Pol Il DNAcontrol we — ~ ==
lfr—— —
x & +1] TATA Poly A :
s Xhol insert
Abox Bbox 1 3 4
Polll

WT

A SineB2

(fig. 52Al]. (€} Effect of deletion of the SINE B2 element on function of the CD GH element in the
enhancer-blocking assay. All data are £5EM. (D) RFP expression in transgenic founder mice with wild-
type mGH/RFP BAC (founders 1,2,3) or with deletion of the SINE B2 element (founders 4,5,6).

Fig. 3. In vivo expres-
sion of the GH SINE B2
transcripts during pitui-
tary development. (A}
Schematic diagram of
primers used for reverse
transcription, PCR, and
primer extension analysis
of the SINE B2 transcrip-
tion units. Primers used
for reverse transcription
and ssDNA are shown in
yellow, their PCR partner-
ing primers and expect-
ing PCR fragments are
shown in black. (C72 bp =
a 72-bp sequence con-
served in human and
mouse). (B and € Identi-
fication of Pol Il transcript
by RT-PCR at e14.5, but
not detected on el2.5,
with actin-specific prim-
ers used as a positive
control (see Actin lane).

Pol il transcript

Pol Il ranscript Pol W transcript Pol W transcript

GH promoter—specific primers used as a negative control. (D) Demonstration of the Pol Ill transcript on
e14.5 by RT-PCR using primers shown. (E} Ontogeny of expression of the Pol Il transcripts, showing
expression throughout pituitary development. The same RNA samples were used for RT-PCR as in (B) to (D).
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transcription of the GH SINE B2 repeat was both
necessary and suflicient 10 establish boundary
activity, independently of the sumounding se-
quences, Ongoing transeription of the SINE B2
repeat was required o mediate enhancer-blocking
activity, rather than gencration ol SINE B2 tran-
seripts themselves in rrans (g, 54)

Together these data suggest that bidirectional,
noncoding  ransenption rom the munne GH
SINE B2 transcnption unit has the ability o
contribute to cstablishing a putative boundary
clement by imposing a local penurbation in
chromatin structure resulting in repositioning of
the GH locus from a heterochromatic region o a
more permissive euchromatic environment (Fig,
4B8). Indead. resulis obtained in fission veast don-
onstre a very similar orgganization of the bound-
ary elements encompassing inverted repeats (27)
and development changes in expression of SINE
B2 reported for different systems (28), consistent
with widespread use of SINE B2 clements in
mammalian development, Our lindings further
support the notion that transcnbed  insulators
boundary clements may function as a dynamic
infrastruciure adapied 1o the mnscoptional and
or developmenal state of the cell, providing the
required plasticity 1o respond to the developmen-
tal and environmental cues.
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Combinatorial ShcA Docking
Interactions Support Diversity
in Tissue Morphogenesis

W. Rod Hardy,™? Lingying Li,* Zhi Wang,? Jiri Sedy,® James Fawcett,? Eric Frank,?

Jan Kucera,>** Tony Pawson™*

Changes in protein-protein interactions may allow polypeptides to perform unexpected
regulatory functions, Mammalian Shch docking proteins have amino-terminal phosphotyrosine

(pTyr) binding (PTB) and carboxyl-terminal Src homology 2 (SH2) domains, which recognize specific
plyr sites on activated receptors, and a central region with two phosphorylated tyrosine-X-asparagine
(pYXN) motifs (where X represents any amino acid) that each bind the growth factor

receptor—bound protein 2 (Grb2) adaptor. Phylogenetic analysis indicates that Shch may signal through
both pYXN-dependent and -independent pathways. We show that, in mice, cardiomyocyte-expressed

Shch directs mid-gestational heart development by a PTB-dependent mechanism that does not
require the pYXN motifs. In contrast, the pYXN motifs are required with PTE and SH2 domains in
the same ShcA molecule for the formation of muscle spindles, skeletal muscle sensory organs that
regulate motor behavior. Thus, combinatorial differences in ShcA docking interactions may yield
multiple signaling mechanisms to support diversity in tissue morphogenesis.

ocking proteins with multiple interaction
domams and motits act downstream of

receptor tymsine  Kinases (RTKs) and
other cellsurface receptors (1, 23 Allhough dis-
crele profein-protein interactions are known 1o

exert specific biological effects in RTK signal-
ing (3, 4, there is linle mformation as 1o the
combinatorial effects of these docking inter-
actions in vive, We have used the 46- and 52-kD
protein products of the mouse Shed gene (5)
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(p46™A and ps2%™*, collectively SheA) as a
mode] o investigate this issuc.

The PTB and SH2 domains of SheA bind
phosphorvlated motils with the  conscnsus se-

Yoamuel Lunenfeld Research Institute, Mount Sinai Hospital,
600 University Avenue, Toronto, Ontario M5G 1X5, Canada.
*Depantment of Molecular and Medical Genetics, 4388
Medical Sciences Building, 1 King's College Circle, University
of Toronto, Ontario M55 1A8, Canada. Department of
Physiology, Tufts University School of Medicine, Boston, MA
02111, USA “Institute of Anatemy, Charles University, First
Faculty of Medicine, Prague 12000, Czech Republic.
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Medicine, Boston, MA 02118, USA. “Veterans Adminisiration
Medical Center, Boston, MA 02130, USA.

*To whom correspondence should be addressed. E-mail:
pawson@mshr,on.ca (T.R); jfkucera@bu.edu (K.

quences D-X-Asn-Pro-X-pTyr (P-X-N-P-X-pY)
and pTyr=-X-lle/Leu (pY-b-X-I'L) (6), respec-
tively (where @ represents any large hyvdrophobic
amino acad), on vanous cell-surface receptors (7).
The collagen homologous 1 (CH1) region con-
tains two YXN motifs (Y**Y2'N and Y*'*WN
of mouse p32%A) (7). Upon phosphorylation,
these motifs can each bind the SH2 doman of
the adaptor Gib2, which reenuits activators of the
Ras and phosphatidylinositol 3-kinase signaling
pathways through its SH3 domains (7-70). Al-
though She proteins in metazoans are delined
by their PTB-CHI-SH2 structure, the pYXN
motils are absent in some invenichrates (fig, S1),
and additional CHI pTyr motils are presem in
certain venebrate Family members (77) (hg, S2).

This suggests that SheA and its homologs have
altemative pY XN-dependent and -independem
signaling functions, which are vanably used in
evolution (/2),

Mutamt mice scloctively missing a third SheA
solomm, pe6™™*, are Jong-lived (/3), whereas mu-
tnts lacking all three SheA proteins die around
EIL5 (embrvonic day 11.5) with candiovascular
detects (£4), To explore the biokgical ol of the
varous plve-dependent interactions of SheA, we
penerated mice with trgeted Shed knock-in (K1)
alleles expressing cither wild-pe (WT) SheA
proteins with a single Flag (1=Flag) epiope tag
(SheA™™T allele) or SheA-1<Flag variants with
substitutions that (1) disnupt pTyr binding by the
PTB domain [Shet™™ allele, Arg' —Gin'™

Fig. 1. Cardiomyocyte

expressed ShcA supports
mid-gestational viability
and heart formation by
a PIB-dependent mech-
anism not requiring the
CH1 pTyr residues. (A}
Common structure of tar-
geted ShcA®™ alleles
generated by gene tar-

geting in embryonic stem

cells. Exons are indi-

h AT AT ATS n l
- B A (A TaA
S’T'}q | Ench-1uFing [prj{hes o |
8 Ex1 Ex2 Ex3 ExS
B “"‘I"‘_“lﬂ_’l P
WT ShcA-1xFlag
prter =
C SheA™  Sheh-1xFlag Effectis) on E
Adcle mutnbions  SheA-1xFlag luncion l
FWT e wid type
prechcas pY-binding
6FTH R1T30 by the PT8
prechiced pY-bindng
ASH2 RIGTK by the SH2
ABA0E removes the Y238Y240
- vz CH1 pY¥ resichuss
removes s Y313
N YaraF CH1 pY resdus
FEMoyEL Bl Ehrss
IF  YIZM40013F CH1 pY
F AT ATE AT
ple il [l
vt I |
s Srecl mares s l mm I
Exl Ex2 Bt~ - Exs
'\“ }'
>
‘:I::r‘-mq
ATG ATG ATG
(Pt inAT) (gl d
SheA ™ pilgls
i m ey Srck)
o Ext B2 Ed £t
S, T =H-
{ne Shed sepresnion )

Exl

E»S

cated by boxes, introns
by horizontal lines, and
LowP sites by arrowheads.
ATG and TGA are start
and stop codons, respec-
tively. pA, polyA; Neo,
neocmycn resistance gene.
(B} The WT ShcA-1x<Flag

protein product of the
Shet™ allele. Mutated

amino acids are indi-
cated. (C) Summary of
SheA™ alleles intro-

duced into mice. Amino
acid changes and their
effects on ShcA-1xFlag
function are indicated.
(D} Hematoxylin and
eosin (HEE}-stained trans-
verse sections showing
that the formation of
cardiac trabeculae (ar-
rows) is severely impaired
in E115 Shcqbrasrm
hearts. (E) H&E-stained

transverse sections revealing the similar extent of trabeculation in E13.5 SheA™™ and

| Shca™WKO. MHCo-Cre

":!F =
L - A
¥

=
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| ShcA*'*: MHCa-Cre

WT hearts. (F) Depiction of the protein-null ShcA®™ allele and its Cre-mediated
conversion into the ShcA-expressing Shcd®® allele. sa-IRES-figeo, splice acceptor—
internal ribosomal entry site—{}-galactasidase/neomyocin fusion gene. (G) Structure
of the irreversibly protein-null ShcA*® allele. (H) Phenotypic rescue of lethality in
an E12.5 SheAH®0: MHCu-Cre embryo, as compared with a dead and necrotic
ShcA™¥0 littermate. (I) H& E-stained transverse sections showing the comparable
extent of trabeculation in E12.5 ShcA

+ MHCa-Cre and WT hearts.
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Fig. 2. Motor behavior 5 | Wik type ”

3FI3F

B la Sensory Neurons

and stretch reflex devel-

A\ Muscle Spindle

opment are disrupted in
viable Shea®™¥* and
SheA ? mice. (A)
Adult WT and Shea®™3F
mice. Note the inability
of the Shca™" mutant

to maintain normal limb

7% : (i P22-P2S AsE
position. (B) Diagram I { | { | {
depicting the monosyn-
aptic stretch reflex dircuit. i

(C) Histograms repre-
senting the numbers of
muscle spindles per mus-
cle and numbers of in-
trafusal fibers per muscle

spindle in ShcA*’*,
shmnmwm' Shﬁqawl
and ShcA®*"2%5H2 mice,
Error bars indicate SEM;
numbers and statistics are

Imtrafusal FbresSoindie SpindiosMuscle )
- eNsa @S
I
—
3
T
=

presented in table 51
(D) Toluidine-stained trans-
verse sections through the
equatorial regions of

e
ie-Motor Neurons / I

Ventral Root

muscle spindles in adult
WT and Shca®™F mice.

s5H2/85H2 |

Note the structural dif-
ferences between the
stereotypical WT spin-
dle with its multiple
intrafusal fibers (arrow-
heads) and the atraphied
Shea™ spindle with its
single intrafusal fiber.

(E) Toluidine-stained transverse sections demonstrating the abnormal structure of spindles in adult
synaptic input to motor neurons evoked by electrical stimulation of DRG neurons in ShoA*™*, shea™™, and Shea®

latency EPSPs induced by group la sensory neurons.

Shea™"

liconv
10 ms

At

ShASSH2ASH2 wice  (F) Ventral root recordings of

SH2BSHZ ice. Red arrows indicate short-

SheA™* . Mic1f-Cre

He Li Lu Sp Ga T Qu So He Ll Lu Sp Ga Ti So Qu Hz0

: —mm Tl

E L_fxfix; Isl1-Cre || flx/fix; Mic1f-Cre |

A " P l&%ﬁl‘;;%A‘] 1? B
e =1 [ Shcaaxriag [pal»{Nec}-
B | PP B2 e "';3
!_ Cre-mediated deletion
]
. Pl
Shed D -‘.E] D
allgle
Ex1 "H Ex5
C D
- I >  pR@
& X, g2
1 Shoa [ . @ | [ o T T

IB: RASGAP | s | [ = |
Liver Med Gastroc

Fig. 3. Cre-mediated ablation of Shch specifically from skeletal muscles
disrupts motor behavior and spindle formation. () The Shca™ allele. P1/P2
and PL/P3 primer combinations were used to identify unrecombined (ac-
tive) ShcA™ alleles and Cre-recombined (inactive) 5hcA* alleles, respecs
tively. (B) PCR analysis showing that ShcA-3xFlag coding sequences are
deleted from skeletal muscles but not other tissues in adult MlcIf-Cre
carriers. He, heart; Li, liver; Lu, lung; 5p, spleen. Skeletal muscles are also
indicated: Ga, medial gastrocnemius; Ti, tibialis; Qu, quadricep; So, soleus.

www.sciencemag.org SCIENCE WYOL 317

P1/P3-derived
PCR product

)@"

(C) Immunoblot (IB} analysis showing that ShcA-3xFag is specifically
ablated from the skeletal muscles in adult Shcd™™: Mic1f-Cre mice. Med
Gastroc, medial gastrocnemius muscle; RasGAP, guanosine triphosphatase
activating protein of Ras. (D) PCR evidence of Cre activity in the DRGs of
SheA™*: Isi1-Cre mice. (E) Toluidine-stained transverse sections demonstrat-
ing the disrupted structure of spindles in SheA™™: Mic1f-Cre mutants, as
compared with the WT appearance of those in S w Isll-Cre mice,
between P22 and P35.
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(RI1750) substitution] or by the SH2 donmin
(SheA™ " R397K mutation) or (i) alier the CHI
plyr \um o phenylalamne, either sq'mmu
{(Shiz i "I“L“II.. Y239240F substiutions; She i
allele, Y313F substitution) or in combination
(SheA™ allele, Y239/240313F substitutions)
(Fig. 1, A w C, and fig. S3). Mutant embrvos
expressed similar levels of SheA-1=Flag pro-
teins that were slightly reduced as compared
with endogenous SheA in WT (Shed™ ) liner-
males (fig. 54} Heterozygotes all appeared nonmal
and were lenile.

From intererosses, SheA™ TR s
were recovened at the cxpcu:cd Mendelian fre-
quency of ~25%, (24.6%: 5% She I.Iur TR "TITHLQ
out of 236 mice in the ol progeny), as were
SheA™2F muice (24.4%:; 60 owm of 245) In con-
trast, the numbsers of SheA3S285%2 gp 373 and
SheAMFSEE pytant animals were reduced, rep-
resenting 7.9% (30 out of 380), 12.2% (57 oul
of 466), and 17.5% (44 out of 251) of viable
progeny, respectively (P < 0,035, chi-square test),
No viable SheA3FTESPTE phiee were identified (0
out of 155). Whercas viable SheMFTREIT
SheA* 3 and Shea™ 1 mice appeared nor-
mal, SheA™™ and SheA"¥75 s ex-
hibited defects in limb coordination (movies 51 o
56), Thus, the PTB and SH2 domains and CHI
pTyvr sites of SheA are vanably requined for em-
bryonic development and postatal molor control,

Many EILS Shed™ B8 78 anbryvos were
dead (13 ow of 27), while live mutams ex-
hibited cnlarged and iregulardy beating hearts
with poordy developed cardiac trabeculae (Fig.
1D} By E12.5, no live Shet® %7 wmbryos
were prosent (0 out of 19). In conrast, between
E12.5 and E13.5, vinually all Shea*F mu-
tants were alive (27 out of 29), with regulardy
beating hearts in which candiac irabeculae ap-
peared grossly nonmal (Fig. 1E). -‘h expected,
SheA-1%Flag proteins in Shed™ " mouse
embryvo fibroblasts (MEFs) were not tvrosing-
phosphorylated and seleciively failed 10 coim-
munoprecipitaie with Grb2, in response o an
activated ErbB2 RTK: conversely. SheA-1%Flag
proteins  from SheASTBEPTE \EFS sclectively
failed to associate with an NPXpY phospho-
peptide (fig. 55). These results indicate that
SheA regulates mid-pestational heart develop-
ment by a PTB-dependemt mechamsm, whereas
phosphorvlation of the ¥YXN motfs s not cs-
sential at this stage,

To test whether SheA s imnnsically required
in the heart, we produced mice with a protein-
null Shed allele (SheA™) that can be reactivated
o express SheA by Cre recombinase (Cre)
mediaed DNA recombination (Fig. 1F and fig.
S6). We then generated SheA™XC: VHCa-Cre
mice (KO, knock out; MEC ., myosin heavy chain
at), m which the MACu-Cre tamsgene sclectively
expresses One in mnhumwylm begmning before

E9 (15) and the SheA™ alkele i imeversibly protein-
null (Fig. 1G and Og. S6), Polymerase chain re-
action (PCR) analysis revealed  Cre-mediated
reactivation of the SheA™ allele in the heans,

13 JULY 2007 WVOL 317 SCIENCE

but not in the heads, of MHCa-Cre camiers (lig.
S6). Between E12.5 and E135, 21 out of 21
lek._,llﬂi'ﬂ?
19 Shed"™8C WHCa-Cre cmbryos were alive
with regulardy beating hearts and grossly nommal
candiag tmbeculac (Fig, 1, H and 1), Thus, PTB-
dependent SheA signaling 15 required in- candio-
myocytes for mid-gestational heant development,
All viable Shed™* mice were severely un-
coordinated (Fig. 2A and movie 553 Mice with
disruptions in signaling by tyrosine Kinase C
(TkC') or ErbB2, two RTKs known o bind
SheA (6, IT) display similar motor defeas,
whose physiological cause is abnormal streich
reflex development (/8207 The monosynaptic
stretch reflex circuit detects altemtions in skele-
tal muscle length mnd mduces compensatory: mus-
cle comraction and relaxation (2F). It has three
major components: group [a sensory neurons lo-
cated in the dorsal root ganglia (DRG). a-motor
neurons - the ventral spinal cond, and skeletal
muscle sensory ongans known as muscle spindles
(Fig. 2B). Spindles diffaentiate from type | myo-
tubes that are innervated by group la sensory
neurons during embrvogenesis (2/). In newbom
mice, skeletal muscles have their full comple-
ments ol spindles, which reach structural maturity
around the second posimatal week (22). Between
postatal days 2 and 9(P2 and P9), between P22
and P35, and in aduls (older than P56), spindle
numbers in the solews and medial gastrocnemius
muscles of Shed™F mutants were, respectively,
70, 30, and 101.5% of those in age-matched con-
trols (Fig. 20 and table S1). Properly developed
spindles contzn stereotypical numbers of intr-
fusal fibers (22). Between P2 and P9, between
P22 and P35, and in adulis, the numbers of intra-
fusal fibers in She ™™ spindles were, respective-
Iy, 38.5, 53.8, and 27.5% of thosc in controls (Fig.
2, C and D, and table 51). In contrast, extrafisal
muscle fibers in adult She ™ mice had WT
maophologies and nommal distributions of tvpe |
and ype I myofibers, indicoting that newromus-
cular function was not ovenly disruped (fig S7)

Supporting this view, the veniral motor moots of

adult A% mice contained normal numbers
of Brge<dinmeter (3.5 pm) a-motor axons, which

comact extrafisal fibers, whereas the mumbers of

smgtlldiameter (3.5 pm) y-motor axons, which
contact muscle Tuu]l-.::-., were only 2074 of those
ol contmols ( She FIF 533+ 106 SEM, n= 3 mice:
controls, 346.6 « 6.7 SEM, n =3 mice; £ < 0.001)
(fig. 57). The numbers and stuctures of spindles
in adult SheA™ "I gpimals were similar 1o
those in WT controls (Fig. 2C and table 51).
Thus, muscle spindles develop abnommally and
are lost with age in uncoordinated Shed™™
mice.

The ataxic behavior of She: mice
was less severe than that of She -
tants (movie 56), Between P2 and PY, and in
adults, total spindle numbers in S35
amimals were equivalent to those of controls
(Fig. 2C and wable S1), but their spindles ap-
peared structurally abnormal, with intrafusal

Iﬁﬂfmf)
'i IF3F

mitants were dead, whercas 8 out of

fiber numbers that were 66.7 and 62.5% of
thosc in comtrols, respectively (Fig. 2, C and
E, and table S1). Thus, spindle mnrphng__mcu.\._
but not spindle production, s disrupted in
She: !55;_:_,5:3 mutants. The pYXN motifs and
SH2 domain are therefore both required  for
proper spindle formation,

Abnormal spindle formation could result from
defects intrinsic 1o group la sensory neurons

23). Labeling of DRG neurons with (luores-
cent dextan or Dil (1, 1'-dioctadecyl-3,3,3°.3"
tetramethy lindocarbocyanine perchlore) revealad
axons of group la sensory neurons reaching
their mrget n:J,mlL- |n 1h|., ventral hom of the
spinal cord in She A and SheSHEESH2 ice
(fig. S8L To west the functiomality of these neu-
rons, we stumulated DRG neurons electneally
and recorded EPSPs (excitatory  postsynaptic
potentials) evoked in ventral ool motor axons
124, The amplitudes of short-latency EPSPs
12 to 3 ms), which result rom the monosynaptic
nput of group la sensory neurons, were smaller
in SheA™ 3 (1= 9 mice) and SheASHEH2 () -
2 mice) mutants as compared with those in
WT mice (v = 9) (Fig. 2F). In the case of
SheA™F animals, the amplitude was less than
200 of that in controls (# = 9 mice for both
groups: P < 0001, Swdent’s ¢ test), Thus, the
svnaptic conductivity of Em Iwm.um REUNIS
is impaired in ataxic Shet™ 2 and She5S2E5H2
mutants.

The development of spindles and group [a
sensory newrons is mutually dependent (23, 240,
and SheA is expressed in both skeletal museles
and DRG neurons (25, 261, To invesiigate where
SheA acts in the sietch rellex circuit, we gen-
crated mice with a tarpeted Shed allele (Shet™)
encoding WT SheA tsoforms with a tnple Flag
(3= Flag) tag. which could be inactivated by Cre
(Fig. 3A and fig. S9). For this purpose, we used
the Mledj~=Cre allele. which is expressed in dev-
cloping skeletal muscles starting before the onsat
of spindle formation (27), or the f&if-Cre allele
that expresses Cre in embryvonic motor and
SENSOrY NEUTONS, nr.lud'mg group la sensory new-
rons (28). SheA™™ mice were viable and ap-
peared nomal. All SheA™™: Mic£Cre animals
exhibited SheA™ . like motor murd:mtum I;I-L“-
focts, whereas SheA™™: fd1-Cre and She™
S5l -Cre mutants .jppmn:d normal {movics h'.l'
and 581, PCR analysis wevealed Cresmedizied dele-
tion of SheA-3=Flg coding sequenoes specifically
in skeletal muscles of Mied =Cre camiers (Fig. 3B),
and immunoblotting showed that SheA-3=Flag
was specifically ablated from skeletal muscles
(Fig. 3C). Cre-mediated excision of SheA-3+=Flag
coding sequences was dewected in DRG and
hindlimb tissues of &/-Cre carriers (Fig. 3D),
where this allele is known 1o be active in sensory
peurons and  mesenchymal cells, respectively
129}, Between P22 and P33, spindle numbers in
St Mic I-Cre animials were 30%% of those
of controls (table 52). .‘p?u'.-i‘&ﬁ‘.' Micl-Cre spin-
dls were morphologically abnommal (Fig. 3E).
with intrafusal fiber numbers that were 5945
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of those of controls (table 52). By contrast,
spindles in SheA™®, [5t1-Cre mice were present
m proper numbers and appeared structurally
normal (Fig. 3E and table S2). Thus, SheA is
required in developing skeletal muscles and/or
spindles for proper motor behavior and spin-
dle formation, and the defective synaptic con-
ductivity of group la sensory neurons in Shed™
and SheAS P8 panants s likely a non cell-
autonomous ellect

The preceding data did not discount the pos-

SheA™™ and SheaAPS2 mytams resulted
from the effects of these alleles in a combination
ol spindle, muscle, and nonmuscle cell types.
Furthermore, the role of the SheA PTB domain
in spindle formation could not be analyeed in
SheAATESTE mutants because of their embry-
onic lethality. To address these issues, we gener-
ated SheA™ B Afle1£Cre mutants, Shoed ™,
Miclf-Cre mutants, and She A0 Aflc1-Cre
mutants, anticipating that the Cre- tluilﬂ.lu.l in-
activation of the SheA™ allele would selectively
restrict the effects of the Shea® ™, Shed ™, and

REPORTS I

SheA™" alicles 1o dev "'I"’“"ir skeletal muscles
and spindles (Fig. 4A), Shea™ ™% w1 -0
mice, Shet* Mic-Cre mice, and *ul'r.-

Miclf-Cre mi‘x were fully viable, with the former
two mutants exhibiting Shet™ like motor ab-
normalitics and the latter mutant displaying
S AP Jike motor defects (movies 89 1o
S11), Between P22 and P35, the spindle and
intrafusal fiber numbers in SheA® 8% Afle 1y
Cre and Shed™™; Miclf-Cre mutants were
reduced. whereas only intrafusal fiber numbers
were decreased in SheAS 2 Afle £ Cre mice

sibility that the spindle phenotypes of germline

A ShcA®TER; Mic1f-Cre B
Non-skeletal muscle tissues|  Skeletal muscles SPTB/Mx; Mic1f-Cre +ifx
{no Cre expressed) (Cre axpressed)
SheA genotype: ShcAP BN SheAWTR%D
ShcA proteins; SheA-1xFlag and SheA-JxFlag Shcoh-1xFlag
gxpressed {from the SheARTE gnd {from the SheASTE allahs )
ShcA® alieles, respectively)
C Mormal motor Impaired motor D

coordination |

Med Gastroc

Spleen

\ coordination
. |

molecule for proper motor behavior and spindle development. (A} Genetic strategy to
2 reveal intrinsic requirements for the ShcA PTB domain in spindle formation. (B)

Toluidine-stained transverse sections demonstrating the disrupted structure of spindles in

ShcA™¥T8. pic1f-Cre mutants between P22 and P35. The single intrafusal fiber in the

SheA™ ™™ Mic1f-Cre spindle has taken on the appearance of an extrafusal fiber (arrow).
(€} Histograms showing the average numbers of spindles per muscle, the average numbers of intrafusal fibers per spindle, and percentages of the
average numbers of spindles with greater than three intrafusal fibers in muscle-restricted and transheterozygous Shcd mutants between P22 and P35.
Mutants are grouped by whether they exhibit normal or impaired motor behavior. Error bars indicate SEM; numbers and statistics are presented in
lable 52. (D) Immunoblot analysis demonstrating that ShcA-1xFlag protein from the Shca™™ allele is selectively expressed in the skeletal muscles of
SheaSem M.‘flf{re mice. (E) Dlagram depicting combinatorial differences in the roles of the PTB and SH2 domains and CH1 pTyr residues of SheA
downstream of protein tyrosine kinases in spindle morphogenesis (green arrows and box) and embryonic heart formation {blue arrows and box). 777,
presumptive CH1 pTyr—independent SheA function.
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N . L - Development Formation
5 .5:? ,-:5 ;.:f _..‘__5_“:5 _,‘_5 gﬂé’g Fig. 4. The PTE and SH2 domain and CH1 pTyr residues are required in the same Shch
288
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(Fig. 4, B and C, and table 52). Immunoblot
analysis confinmed that the slower-migrating
SheA-3=Flag proteins of the SheA™ allele were
selectively eliminated from the skeletal museles
of SheA ™. \ficlfCre mulants (Fig. 4D).
Thus, the pTyr-binding functions of the SheA

PTBE and SH2 domains, and phosphorylation of

the YXN sites, are all required in skeletal
muscles and'or spindles Tor proper motor co-
ordination and spindle development.

To test whether the SheA PTB domain, SH2
domain, and YXN phosphorvlation sites act
independently or in combination in spindle de-
velopment, we tested for genctic complemen-
lation in ammals with wo different muiani
alleles of SheA. Transheterozygous SheA™5
SheASTBEH2 nd SheA™ T8 ptants dis-
plaved motor defects of incrcasing severity. Be-
tween P22 o P35, spindle numbers in She %789
SheAPTBSSIR and She AT putants were 13,
833, and 86.6%, respoctively, of those in controls
(Fig. 4C and ble S2). Spindles in Shet 878
SheARTEHE and She AT animals were struc-
turally abnomal, with intrafisal fiber numbers that
woere 359, 666, and 48.7% of those in controls,

respectively (Fig. 4C and 1able 82). This lack of

complementation indicates that the PTB domain,
SH2 domain, and phosphorylated Y XN motifs
are likely required in the same SheA molecule
(e, in cis) for proper spindle development and
motor coordination,

Our findings imply that by combining the
modular functions ol a limited set of domains
and motils in altemate ways, SheA is able to
provide multuple signaling mechanisms 1o sup-
port diversity in tssue morphogenesis (Fig.
4E). This likely exiends 1o other She family
members and unrelmed docking proteins with
modular functions (1, /7). The SheA PTB do-
main s required in both spindle and mid-
gestational heant formation, whereas the CHI
YN motifs are only essential in the former
case. This result indicates an important role for
SheA signaling in mammalian  development
that is independent of direct pY XN-mediated
Grb2 binding, Genetic data from Dyosopdnila
suggest that this scheme is conserved in
evolution, because the SheA ortholog, DSHC,
requires the PTB domain for signaling by the
DER and Torso RTKs but can medine RTK-
dependem Ras activation in cells devord of the
Grb2 onholog, DRK (30). By conmst, the
pY XN motifs are required in cis with the PTB
and SH2 domains for SheA to elicht proper
spindle formation, suggesiing that pYXN-
mediated SheA-Grb2 interactions may be crit-

ical in this process. Based on the presence of

both YXN motils in some inverebrate She
proteins (fig. S1), we speculate that this func-
tional combination of SheA domains and motifs,
possibly acting in a signaling pathway down-
stream from EfbB RTRs (/%9 20, 23), was co-

opled m evolution wward the development of

muscle spindles as a novel tssue in vencbrmtes
(34, 32
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Reciprocal Ty17 and Regulatory
T Cell Differentiation Mediated

by Retinoic Acid

Daniel Mucida, Yunji Park, Gisen Kim, Olga Turovskaya, lain Scott,

Mitchell Kronenberg, Hilde Cheroutre*

The cytokine transforming growth factor—[3 (TGF-3) converts naive T cells into regulatory T (Treg)
cells that prevent autoimmunity., However, in the presence of interleukin-& {IL-&), TGF-}} has also
been found to promote the differentiation of naive T lymphocytes into proinflammatory IL-17
cytokine-producing T helper 17 (Tyl7) cells, which promote auteimmunity and inflammation.
This raises the question of how TGF-[} can generate such distinct outcomes. We identified the
vitamin A metabolite retinoic acid as a key regulator of TGF-f—dependent immune responses,
capable of inhibiting the IL-6—driven induction of proinflammatory Tul? cells and promoting anti-
inflammatory Treg cell differentiation. These findings indicate that a common metabolite can
requlate the balance between pro- and anti-inflammatory immunity.

clper T cells perform entical functions
Hin the immune system through the pro-

duction of distinct cyvtokine profiles. In
addition o T helper-1 (Tyl) and Ty cells. a
third subset of polarized elfector T cells char-
acterized by the production of interleukin-17
(IL-17) and other cvtokines (and now called
Tyl T cells) is associated with the pathogenesis
of several autoimmune condiions (/). Trns-
forming growth factor (TGF)-f s a suppressor
of Tyl and Ty2 cell differentiation and drives
the conversion of T eells o those with a regula-

tory phenotype [so called regulatory T (Treg)
cells]. In comrast w the suppression of Tyl and
T2 cells, in vitro activation of naive T cells by
dendritic cells (DCs) and TGF-f, together with
proinflammatory cytokines including [L-6, leads
to the differentiotion of Tyl 7 cells (2-4). These
observanions indicate that the priming of T cells
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by DCs in the presence of TGF-f might lead w
OPPOSING IMMUNE CONSCAUCNCes.,

Previouws studies have indicated that mucosal
DCs are immune suppressive (3), leading us to
compare the ability of gut-associated DCs and
peripheral DCs in driving Ty 17 cell differemia-
tion, Mesenteric Ivmph node (MLN) and spleen
DCs were thus used 1o stimulate ovalbumin
(OVA) peptide (OVAp)-specilic, OTHL T eell
recepton ( TCR) tansgenic CD4 T cells (Fig, 1TA)
or a-CD3-stimulated polyelonal CD4 T cells
(fig. STA) (). In the presence of IL-6 and TGF-S,
MLN DCs displaved a reduced capacity to in-
duce Tyl 7 eell differentiation, as companed with
their splenic counterparts, Mucosal DOs have
been shown to imprnt primed T cells with gut
tropism, and the molecular mechanism for tis
has been attributed 10 DC-derved retinoie acid
(RAYT). To investigate if the reduced capacity of
MLN DCs 1o drive Tyl7 cell difterentiation
might also be controlled by RA, we included the
RA receptor (RAR) antagonist LEL35 (8) during
the i vito actvation of T cells under conditions
that promote Tyl7 cell differentiation. In these
experiments, the relative inelficiency of MLN
DCs o mediate Tyl 7 cell differemiation was re-
versed such that they primed T cells at levels

similar 10 those of spleen DCs. In comparison,
the addition of alltrmns RA w0 the culures in-
hibated the Tyl cell differentiation by splecn
DCs(Fig. 1, A and B; fig. S1A: and SOM text 1).
In additon o CD4™ Tyl 7 cells, we observed that
wild-type (Fig, 1CYyor OT-1 TCR™ ( fig. S1C) cyto-
toxic CDS'T lyvmphocytes activated in the pres-
ence of TGF-B and IL-6 also gencrated IL-1T7T
cells and that BA was again able to inhibit this
process. This linding indicated that T cells can
become [L-17"cells, regandless of their effector
phenotype, and tha RA specifically suppresses
IL-17 expression, Tyl 7 cells can also be generated
in the absence of DCs iFadditional evtokines, such
as IL-1 and TNF-a, are incuded in the culiure
conditions. Under such antigen-preseming  cell
(APC)-tree conditions, RA also mhibited the
generation of IL-17" T cells, demonstrating that
RA targets T eells directly (fig. S1D).

RORyt 15 an orphan nuclear receptor that has
been implicated in the gene mnsenption of Ty 17
cells (9). To test whether RA controls RORy1,
we activated CD4 T eells under Tyl7 culture
conditions, with or without RA. In the presence
ol inflammatory evtokines, TGF- induced high
levels of RORyt whereas added RA greatly
reduced s expression (Fig. D),

A B
TGF-{+IL-6 TGF{i+IL-6
none TGF-j+IL-6 +LE135 +RA
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I | [ 1w 13
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1.2 -'[.q 1 © A K |
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none TGF-}i+IL-6 +RA None
200 5 MIL-17 cond.
OiL-17cond.+RA
160 - -
E
15h  36h
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shown. (E) Intracellular IL-17 and IFN-y staining of CD4'T cells from small intestine lamina propria 5 days after oral infection with Lm. Data are
representative of three to four mice per group.
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To investigate the apparent suppressive cf-
feet of RA on Tyl 7 cell development in vivo,
mice were orally infected with Lisreria moneo-
ovtogenes (Lm) and treated with BA or an RAR
inhibitor (LES40) (%), A measurable reduction
of Tyl 7 mucosal T cells was seen in the animals
that received RA, whercas RAR inhibitor
trcated mice showed no apparent differcnce as
compared 1o the controls (Fig. 1E). Collectively,
these experiments suggest that RA acts 1o op-
pose Tyl 7 cell development in vito and in vivo,
and that this appears 10 operate directly on T
cells via the reduction of ROR.

The inefliciency of MLN DCs in promoting
Tu ! 7 cell differentiation and the reciprocal TGE-
B-dependent conversion w either Tyl7 or Treg
cells bed us o mvestigate whether mucosal DCs
might drive enhanced TGF-B-dependent Treg cell
differentiation (fig. S2. A and B, and SOM 1ext 1),
Because TGF-B-dependent Treg cells can be
identified by expression of the forkhead winged-
helix transeription factor (Foxp3) (20-13), we
tested for Foxp3 induction in OT-I CD4 calls
cultured with spleen or MILN DCs in the presence
of TGF-f and OVAp. In contrast 1o Tyl7 ecll
differentiation that was seen with splenic DCs,
MLN DC's were able to induce higher frequencies

5000 -
MseL DC
4000 OmMLN DC
3000
2000
1000
o o e [ =l =
TGFp - + + + + + +
LE135 = - + = + = -
RA = = = = = + -
9cls - - - - - - 4+
8 = - = + + 4+
Fig. 1. RA suppresses Ty17 cell differ-
entiation. (A} IL-17 and IFN-y staining

of gated TCR VP5'CD4"spleen cells
from OT-1 TCR transgenic mice. CD4"
CD25 cells were stimulated with OVAp
and MLN or spleen (SPL) DCs and,
where indicated, with exogenous cy-
tokines and LE135 or all-trans RA. (B)
IL-17 enzyme-linked immunosorbent as-
say (ELISA) of the culture supernatants
from {A) and also with 9-cis-RA (9-cis)

{mean + SD). (€} Intracellular IL-17 and IFN-y staining of gated TCRE*CD8"
cells. Total CD8*spleen T cells were stimulated with anti-CD3¢, and spleen
APCs were stimulated with the indicated cytokines and RA. (D) RORyt
mRNA analyzed at various times by polymerase chain reaction in CD4 T
cells stimulated with anti-CD3¢ and anti-CD28. Where indicated, IL-17—

inducing cytokines {IL-17 cond.) (black) or these cytokines plus RA (white)
were included (mean + SD). Representative data from four experiments are
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of Foxp3 cells (Fig. 2A) In the presence of an
BAR inhibitor, TGF-f-dependent Foxp3 induc-
tion by MLN DCs was reduced, but 1t was
enhancad by the addition of RA (Fig. 2A) In
addition, RA promoted the expression of eytotoxic
T lymphocyte antigen 4 (CTL A=), a coll-surface
receptor typically expressed by Treg cells, on
most TGF-f-gencrated Foxp3eells (Fig, 2B and
SOM text 2) The synergistic effect of RA on
TGF-p-dependent Foxp3™T cell dilferentiation
was also apparent with CDE™T cells (Fig. 2C),
suggesting that the RA-mediated increase of
Foxp3'T cell differentiation might not be limited
o CD25°CDY Treg cells (fig. 82, Cand D, and
SOM text 3}, Ovenll, these data indicate that RA
controls the reciprocal ditfferentiation of TGF-J
dependemt Treg and Tyl 7 cells.

Mucosal DC-denved RA also mediates the
induction of gut homing receptors, including the
imtegrn ayfs and CCRY, specific lor homing o
the small intestine (7), whereas TGF- has been

found to promote the induction of CD103, the oy
subunit of the agfly intcgnn (J4) We therelore
tested whether TOGF- and BA might synergiee o
mduce these receptors. Consistent with synergy,
RA greatly enhanced TGF-fmediated CD103
expression, In contrast, TGF-B partially antago-
nized RA-mduced CCR9 (Fig. 2D). These results
show that the combination of RA and TGF-f
results in CCRY™ Treg cells with likely tropism
for the small intestine and CCRY™ Foxpl eells
with potentially dilferent homing capacitics,

To further test the influence of RA in vivo, we
treated Lm-infecied mice with RA or an RAR
inhibitor. Although BA alone did not measurably
enhance the differentiation of Foxp3 Treg cells
in vivo, the inhibinon of RAR significantly re-
duced the number of mucosal Foxpd ' Trez cells
in Lm-challenged mice (Fig. 2E). No cffeet of
RA or RAR on spleen Foxp3'CD4 cells was
observed (g, S3C) The linding that RA com-
bined with TGF-3, but not alone, can drve dif-

ferentiation of Foxp3 T cells in vitro (Fig, 2A)
suggests that TGF-f might be a limiting factor in
the lack of Treg cell differentiation induced by
exogenous BA mvive (Hig. 53D and SOM text 4).

To examine whether in vitro—generated
Foxpd CD4 T cells could function 10 suppress
cllector T eells in vivo, we performed cotransier
cxperiments using naive CD4SREMCDY T cells
that mduce colitis in immune-delicient mice (/1 5),
in combination with CD4 T cells that were pre-
viously cultured under diltferent conditions, Mice
that received CD4 T cells activaed  withow
cytokine conditioning, combined with naive
CDYSRBMCDY cells, developed severe colitis
{Fig. 3). In contrast, mice that were cotransfemed
with €D4 T cells activated in the presence of
TGF- were partially protected from disease, and
mice cotmmsiermed with naive Teells and CD4 T
cells activated in vitro in the presence of both
TGFE-B and RA showed no apparent signs of
discase (Fig. 3). Funhemore, fewer mucosal

A none RA  TGF-i+RA D RA _ TGF-B+RA
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ﬂ
Lales Fig. 2. RA with TGF-} induces Foxp3 and gut-homing receptors. (A) Intracellular
C staining for Foxp3 and surface staining for CD103 of gated TCR V5" CD4" cells from OT-
none TGF-} TGF-[i+RA Il TCR transgenic mice. CD4*CD257T cells were stimulated with OVAp and MLN or SPL
I 01 | 8.7 14 DCs and, as indicated, with TGF-{1 and LE135 or RA. (B) Intracellular Foxp3 and CTLA-4
i { ] staining of OT-Il TCR CD4"CD257T cells stimulated as above, except with spleen APCs
. instead of DCs. (C) CD8'T cells from OT-1 TCR transgenic mice were stimulated with OVAp
21! ! and spleen DCs with TGF-1 and RA. Intracellular staining of gated TCRE" cells for Foxp3
E | ' 3 é | | = . is shown. (D) Cell-surface staining of gated TCRE*CD4* cells for CD103, a,fd;, and CCRI.
T 8 | INs0 | N0 85 CDA'CD257T cells were stimulated with soluble anti-CD3« and spleen APCs plus TGF-f31,
 ——" RA, or TGF-31 and RA. lsotype controls are indicated with solid gray histograms.
CDs Representative data from three experiments are shown, (E) Percentage of Foxp3*CD4*

cells in CD4*TCRB lymphocytes from the small intestine lamina propria 5 days after oral infection with Lm (left) or in naive controls (right). Veh, vehicle.
Asterisks indicate P < 0.05 (Student’s ¢ test). Horizontal bars indicate averages of the mice that are represented individually.
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CD4 T cells isolated from these animals
produced IL-17 and imterderon-y (IFN-y) (lig.
541 These results suggest that Foxp3™T cells
generated in vitro with RA and TGF-p have a
measurable regulatory capacity and anc able 1o
control inflammation upon transler in vivo, In
addition, whercas Treg cells gencrated in vitro by
TGF-p alone lost Foxpl expression upon restim-
ulaton, most of the RACTGF-B-differentiated
Foxp3™T cells remained Foxp3® afier restimula-
tion, indicating that RA drives the differentiation
of a stable Treg cell lincage (Fig. 3D). Converse-
Iy, RA and TGF4 also suppressed commitied
To! 7 cells in secondary cultures, whereas TGF-|3
alone did not (Fig. 3E). The experiments thus far
suggest that RA might dircetly coumteract the
activity of IL-6, and o test this hypothesis, we
analveed TGF-B-dependem T cell differantiation
in the presence of RA. together with [L-6. CD4
(Fig. 4A) or CDR (Fig. 4B) T cells culured with
BA under conditons that otherwise promole
TGF-p-dependent Tyl 7 cell differentiation con-
verted Lo Foxp3 eells with a deercase in Ty 1 7 cell
differentiation. The antagonistic effeet of BA on
IL-6 was dose dependent (fig. S3A), suppesting
that under phyvsiological conditions, the RA-driven
TGF-p-dependent Treg cell differentiation might
override the IL-6-promoted TGF-B- dependent
Tl 7 cell gencration.

CD45RB"gN ;. none

A

IL-2 is required for the production of TGE-
[b-dependent Foxp3 Treg cells (16), and it was
recently shown that exogenously added 1L-2
also suppresses Tyl 7 cell differentiation (17).
To investigme whether RA-mediated regulation
of T cell polarization required IL-2 signaling, we
examined RA-mediated effeats on T cell differ-
entiation in vitro in the absence of IL-2, using
IL-2 specific antibodies (ami-1L-2) or IL-27 T
cells. In these experiments, the enhanced cflect
of RA in driving differentiation of Foxp3 "cells
and the inhibitory effect of RA on TGF-p
dependent Tyl7 cell differentiation were pri-
marily dependent on IL-2 (Fig. 4. C 10 E, and
fig. S5, B and C), RA-mediated regulation did
not require exogenously added 1L-2, although
when added together, RA and exogenous 1L-2
synergiaed to drive the reciprocal regulation of
TGF-fB-dependent T ecll differentiation (Fig. 4).
However, RA- and exogenous 1L-2-controlled
differentiation appeared  distinet, in that RA-
mediated TGF-B-dependent Foxp3  differentia-
tion generated mostly CDI03 Treg cells,
whereas most of the IL-2-daven Foxpd Treg
cells were CDIO3™ (Fig. 4C). Conversely, the
mechanism of RA and IL-2 used to suppress
Tul7 cells also appeared 1o have some dis-
tinctions, because RA measurably decreased
IL-17 cviokine scecretion, whereas exogenous

CD45RB"ah, TGF-1+RA
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IL-2 did not (Fig. 4E). Collectively, these
experiments show that although both exoge-
nous 1L-2 and BA require matial 1L-2 signaling
for their regulatory function, the cooperation
with TGF-p and the further downstream mech-
anisms they activate might be very differem
(SOM 1ext 5),

The weciprocal activity of RA in inhibiting
TGF-p-dependent Tyl7 cell gencration while
promaoting Foxpd Treg cell differentiation might
provide a sell=correcting mechanism for TGF-f
o regulate both pro- and anti-inflammatory
immunity, This regulatory capacity has panicu-
lar relevance for the imestine, where eflicient
immune protection has o coincide with main-
taiming the mucosal-barier ntegnty.

Vitnmin A deliciency causes ommune dys-
function and increased morality ([8). Ouwr
results show that RA-mediated effects might
be important in vive., The immune pathology
chamcteristic of subphysiological levels of RA
might in part be attributed to an imbalanced
TGF-B function favoring proinflammatory Tyl7
cells at the expense ol anti-inflammatory Treg
cells. These insights may stimulate new ap-
proaches for the treatment of immune disorders
in which the imbalmce mediated by TGF-f
might be an important contributor o immune
pathophysiology.
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Fig. 3. TGF-f} plus RA in vitro—differentiated Treg cells regulate in vivo. (A)
Hematoxylin and eosin staining of the distal colon of mice deficient in
recombination activating gene 1 (RAG-17") 6 to 7 weeks after cotransfer of
5 % 10° CD4*CD4SRB™ cells with 2.5 x 10° CD4"T cells stimulated in vitro with
anti-CD3r alone (none) or with TGF-f1 and RA. Original magnification, 40:x.
Representative data from four mice in each group are shown. (B) Body weight
of RAG-1"" mice after transfer of 5 x 10° CD4*CD45RB" cells with 2.5 x 10°
anti-CD3e-stimulated CD4*T cells with no additions (squares), TGF-J3
1 {triangles), or TGF-J31 and RA (diamonds). The mean + 5D weight of four
animals per group is shown; data are representative of three experiments, (C)
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Histological scores of the groups described in (B). Horizontal bars indicate
averages of the mice that are represented individually. (D) Foxp3 intracellular
staining of naive TCREF'CD4" cells that were initially stimulated with soluble
anti-CD3¢ and spleen APCs with the indicated cytokines. The cells were rested
for 2 days with IL-2 and then restimulated in the absence of exogenous
cytokines before analysis. (E) Intracellular staining for IL-17 of naive CD4*T
cells that were initially stimulated and rested as described in (D), but in the
presence of TGF-p and IL-6, and then restimulated in the indicated
conditions. The percentage of IL-17*cells in the gated TCRE*CD4*cells is
depicted. Representative data from three experiments are shown,
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Fig. 4. Reciprocal TGF-f—dependent T cell differentiation by IL-6 and RA. (A)
Naive CD4'T cells labeled with carboxyfluorescein diacetate succinimidyl ester
(CFSE} were stimulated with anti-CD3«¢, spleen APCs, the indicated cytokines,
and RA. TNF-e, IL-1-f3, TGF-f3, and IL-6 were used to drive IL-17 differentiation.
Intracellular staining of gated TCRECD4*cells for Foxp3 and IL-17 is depicted,
(B} Intracellular staining for Foxp3 and IL-17 of CD8™T cells stimulated with
soluble anti-CD3¢ and spleen APCs under the indicated conditions. (€ and D)
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Intracellular staining for Foxp3 and surface staining for CD103 (C) or
intracellular staining of IL-17 and IFN-y (D) of naive CD4"T cells from B7. 127"
IL-2*"* or B7.127" IL-2™ mice. Cells were stimulated with soluble anti-CD3¢,
spleen APCs and the indicated cytokines, and RA and/or a blocking antibody to
IL-2 (20 pg/ml). The staining was performed on gated TCRE*CD4* cells, (E)
ELISA of IL-17 in the supernatant of the cultures in (C) and (D} (mean + SD).
Representative data of two experiments are shown,
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Ultra-Bright X-Ray Source

www.sciencemag.org/products

The Microstar Ultra is a bright x-ray source for structural biology that is comparable in bright-
ness to many second-generation synchrotron beams. Fealuring advanced electron optics and
the patent-pending Hypercool anode cooling design, the Microstar Ultra produces x-ray intensi-
ties of 8 = 10 x-rays/mm?sec, higher than any conventional rotating anode generator. This
increase in performance is beneficial for all aspects of in-house crystallographic research, from
high-throughput carystal screening to structural determination. It makes the instrument suitable
for analyzing even the smallest crystals. The unit is compact and low maintenance, and offers an
affordable path for existing Microstar generators to be upgraded to the Ultra,

Bruker AXS For information 978-663-3 660 www. bruker-axs.com

Glyco Protein Staining

Glyco-5tain allows for the staining of glyco-pro-
tein bands that may not be visible if stained with
ordinary Coomassie dye or silver staining meth-
ods. Using a modified silver enhancement, it
achieves a nanogram level of sensitivity, with
more than a two-fold increase in glycoprotein and
proteoglycan detection. Glyco-Stain detects both
glycosylated and non-glycosylated proteins.
Genotech/G-Biosciences For information
314-991-6034 www.GBiosciences.com

LabSafe GEL Blue

A sensitive Coomassie dye-based protein stain that
is also environmentally safe can detect as little as 4
ng bovine serum albumin without any need for
destaining. The ready-to-use format produces
rapid protein band visualization on gels following
alectrophoresis. After a briel wash step, LabSafe
GEL Blue is added directly to the protein gel.
Genotech/G-Biosciences For information
314-991-6034 www.GBiosciences.com

Antigen Unmasking Solution

The High pH Antigen Unmasking Solution is a TRIS-
based formula that is highly effective at revealing
antigens in formalin-fixed, paraffin-embedded tis-
sue sections when used in combination with a high
temperature treatment procedure. The solution is
supplied as a concentrated stock, sufficient to pre-
pare 25 liters of working solution,

Vector Laboratories For information
650-697-3600 www.vectorlabs.com

Flow Cytometry Cell Isolation

New DynaBeads FlowComp cell isolation technol-
ogy is a tool compatible with flow cytometry that is
designed to isolate cells and avoid the negative
cellular effects caused by foreign immunogenic
substances. Cells are isolated with a simple tube-
based magnetic separation that leaves the isolated

www.sciencemag.org SCIENCE VOL 317

cells bead-free, allowing downstream use in any
cell-based application. FlowComp products are
built on the inert Dynabeads technology, s0 no
harmful substances such as iron oxides or dextran,
which remain following other isolation techniques,
are left to negatively influence results. The first
products featuring this new technology allow
mouse and human T cell isolation.

Invitrogen For information B00-955-6288
www.invitrogen.com

Multiplexed PCR-Based Assays
QiAplex polymerase chain reaction (PCR} multi-
plex technology allows sensitive detection of mul-
tiple molecular targets in one test. Until now, sam
ples that could contain multiple pathogens such
as viruses, bacteria, and other disease markers
have had to be analyzed with assays that typically
test for one to three molecular targets. QlAplex-
based multiplexing has great advantages com-
pared with single-targel assays, since one or more
targets can be detected in one test from one sam-
ple. This permits sensitive and simultaneous
analyses of mulliple nucleic acid targets. The
newly launched research-use QlAplex panels—
ResPlex | Panel, ResPlex Il Panel, and StaphPlex
Panel—allow parallel detection of more than 10
bacterial and viral targets in a single reaction. The
ResPlex | and ResPlex |l panels detect respiratory
bacterial and viral nucleic acids. The StaphPlex
Panel allows identification of methicillin-resistant
Staphylococcus aureus lor research applications.
Qiagen For information 800-426-8157
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Imaging Agent

Antibody Conjugates

Kodak X-Sight Imaging Agent Antibody Conju-
gates forin vitro imaging applications join an
existing line of organic fluorescent nanoparticles
for in vivo applications, The conjugates are suit-

able for protein immunoblotting applications,
which use gel electrophoresis Lo separate proteins
from a sample of cell or tissue based on molecular
weight and size. Once the proteins are separated,
a primary antibody targets the specific protein of
interest. These conjugates attach to the primary
antibody and illuminate when excited by the
appropriate wavelength of fluorescent light, thus
allowing researchers to visualize and guantify the
protein under investigation. The superior bright-
ness these conjugates offer means higher levels of
sensitivity and delection of smaller amounts of
proteins can be achieved. Designed Lo be biocom-
patible and nontoxic, they provide a bright and
robust platform for translating molecular imaging
experiments from in vitro to in vive applications.
Eastman Kodak For information 877-747-4357
werw kodak. comfgo/molecular

Blood Pressure Monitoring

The Non-lnvasive Blood Pressure Monitoring Sys-
tem (NIPB) provides an easy and reliable tech-
nique for measuring systemic blood pressure and
cardiovascular parameters in rodents without
invasive catheterization. The NIPB calculates sys-
tolic, diastolic, and mean blood pressure in real
time with complete reliability. The transducers
and cuffs can be exchanged to accommodate up
to 12 animals of varying sizes up to 500 g.
Researchers can customize their NIBP systems
with heaters, scanners, and specialized software.
Stoelting For information 630-860-9700
www.stoeltingco.comiphysio

Newly offered instrumentation, apparatus, and laboratory
materials of interest to researchers in all disciplines in aca-
demic, industrial, and government organizations are featured
in this space. Emphasis is given to purpase, chiel 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.

13 JULY 2007

| __\NEwpPRODUCTS

261



@

online &

B
3
:
®)
9
&
&
@

Cecdreers.org

Science Careers

LYY

From the journal Science

Classified Advertising

From life on Mars
tolife sdences

For full advertising details, go to
weasw sdencecansen.ong and click on
For Advertisers, of call one of our representatives,

United States & Canada

E-mail: advertise@sciencecareers.ong
Fax: 202-289-6742

IAN KING Recruitment Sales Manager
Phone: 202-326-6528

NICHOLAS HINTIBIDZE
West Academic

Phone: 202-326-6533
DARYL ANDERSON
Midwest/Canada Academic
Phone: 202-326-6543
ALLISON MILLAR
Industry/Northeast Academic
Phone: 202-326-6572
TINA BURKS

Southeast Academic
Phone: 202-326-6577

Europe & International

E-mail: ads@science-int.co.uk
Fax:+44 (0) 1223 326532

TRACY HOLMES Sales Manager
Phone: +44 (0) 1223 326525
MARIUM HUDDA

Phone: +44 (0) 1223 326517
ALEX PALMER

Phone: +44 (0) 1223 326527
LOUISE MOORE

Phone: +44 (0} 1223 326528

IEEEH

JASON HANNAFORD

Phone: «81 (0} 52-757-5360
E-mail: jhannaford@sciencemag.jp
Fax: +81 (0) 52-757-5361

To subscribe to Scemce:
IS, /Canada cal 203-326-6417 or §-800-73 14939
Inv i resst of e world call +44 (0} 1223-326-515

Science makes every oo o smees 9x a0 loroffenshe
g e g Assma oy Languge B acoiiacs Wik LS.
angd aon-l 5 Lw, Since we are anintemational jousal
WU iy s ads fom nosdL 5 counties that nequesl
applcationg bom wpecFo demognphic proups. Sime LS
Loy &oes nat apply i3 of her couniries we by S0 acme-
madate recrulfing peactice of cther countries. Howewe|
WE mSurage our eaden to dhet us ba any ady that they
Tl are discrimnatsry or ofigndsey,

262

POSITIONS OPEN

EVOLUTIONARY DEVELOIMENTAL
BIOLOGIST
Bryn Mawr College

The Department of Biology invites applications
for a tenure-track posiion in evolutionary develop-
mental biology at the rank of ASSISTANT PRO-
FESSOR, begmning August 2008, We seck as a
colleague someone who will thrive in an environment
that combines teaching and research. The success-
ful candidate is expected 1o teach at all levels of the
curriculum and establish an excernally funded re-
search program thar provides rigorous collaborative
rescarch projects for undergraduares. Individuals wha
sudy animal andSor plant development model sys-
ems ““h a '\f]"l:'ll'lt., L'l-“hl“"“:ln CONLEXT anc Crcour-
aged o applv. A Doctorare and ar least one vear of
postdoctoral expericnce are required.

Please send a letter of application, cumculum vitac,
a description of rescarch plans that addresses the role
of undergraduates in vour rescarch, and a statement
of teaching philosophy that includes arcas of teach-
ing interests, and arrange for three letters of recom-
mendation to be sent by Seprember 21, 2007, to:
Chair, Biology Search, Department of Biology,
Bryn Mawr College, 101 N. Merion Avenue,
Bryn Mawr, PA 19010-2899, (No clecrronic sub-
missions, pleasc. )

Located in suburban Philadelphia, Bryn Mawr
College s a highly selective liberal arts college for
women who share an intense intellectual commit-
ment, a sclf-directed and purposcful vision of their
lives, and a desire to make meaningful contributions
to the world, Brm Mawr comprises an undergraduate
college with 1,200 studenrs, as well a5 coaducational
graduare schools in some humanirics, sacnces, and
social work. The College supporns faculty excellence
in both teaching and research, and participares in
consortial programs with the University of Penn-
sylvania, and Haverford and Swanthmore Colleges.
Bryn Mawr College 15 an Equal Cpportunity, Affiomative
Action Employer. Minonity candidares amd women ane eipe-
ciilly emeonraped fo apply,

FACULTY POSITION in PHARMACOLOGY
Department of Pharmaceutical Scences
Midwestern University
College of Pharmacy-Glendale

The Department of Pharmaccutical Scicnoes in-
vites applicatons for a 12-month, tenure-track po-
sition at the rank of ASSISTANT /ASSOCIATE
PROFESSOR. The Department of Pharmaceuiical
Scences cncompasses the disciplines of physiology,
pathophysiology, phamaceutics, pharmacokinerics,
medicinal chemistry, and pharmacology. Applicants
should possess a Ph.D. degree in pharmacology or
in a related discipline. Candidates with postdocroral
expenience or an active research program will be given
prefarence. A professional degree in pharmacy is de-
sarable but not requared. The successful candidare must
demonstrate 3 commitment to quality teaching and
scholarship, be highly motvated and a team player,
and have a constructive and cooperative approach o
faculty and institutional affairs, This faculty member
will teach didactic courses offered by the Depar-
ment of Pharmaceurical Sciences and team teach in
ingegrated courses with the Department of Pharmacy
Pracuice. Engagement of students in research and
the establishment of an active research program are
expected.

The position is available immediately. Application
review will continue untl the position is hlled, Ap-
phicants should submit a personal statement describing
his/her weaching philosophy and rescarch interest,/
experience, currculum vitae, and names, addresses,
telephone numbers, and ¢-mail addresses of ar least
three references. Midwestern University College of
Pharmacy-Glendale s located on a picturesque 140
acre campus in the greater Phoenix anca. Applicants
should send information to: Craig Johnston, Ph.D.,
Chair, Department of Pharmaceutical Sdences,
College of Pharmacy-Glendale, Midwestern Uni-
versity, 19555 M. 59%th Avenue, Glendale, AX
85308, wlephone: 623-572-3575, c-mail:cjohns@
midwestern, edu, Miduestorn Usiverssty i an Egual Op-
portiity Emplayer.

POSITIONS OPEN

USDA

Agricultural
Rasearch

Service

——
==

www. ars.usda. ooy

The U.S. Department of Agriculture, Agricultural
Rescarch Service (ARS), Crops Pathology and
Geneties Rescarch Unit, Davis, California, invites
applications for 2 RESEARCH BIOINFORMA-
TICIST/COMPUTATIONAL BIOLOGIST/
MOLECULAR GENETICIST /PLANT PA-
THOLOGIST, GS5-12/13/14 (866,993.00 to
512237900 per annum), The USDA-ARS, Crops
Pathology and Generics Research Unir, located in
Pavis, California, is secking a permanent, full-ime
scientist to conduct genomics-based rescarch on
Pineaphrbora ramerum, the causal agenr of Sudden
Ok Death. The successtul candidate will develop an
independent, innovative rescarch program  that
focuses on understanding the genetic, biochemical,
and moleaular mechanisms of . remeram patho-
genesis with the goal of developing effective diseasc
contred strategies. Bescarch arcas include, but arce
not limited to, computational analyses of the
scquenced genomes of Mlyvraplthora spp. and char-
acterization of plant host infection and colonization
by P ramersm through global gene expression
studics and /or proteomics approaches, The incum-
bene will participare in collaborative cftorts with ARS
and University rescarchers involved in the Sudden
Oak Death Rescarch Program. Salary will be com-
petnve and commensurate with expenence. For
details and application directions, sce website:
htep: / Swww.nsajobs.com.  Announcement num-
ber ARS-XFW-0251. For additional information
contact D, Kluepfel ar telephone: 530-752-1137
or e-muail: dakluepfel@ucdavis.edu.

U5, anzensip &5 reqeiwd. The USDA & an Bl
Chppartiamity Prvwsider aund Eployer

HEAD, DEPARTMENT of BOTANY
Oklahoma State University

The Department of Botany (website: hope//
botany.okstate.edu) at Oklahoma Seate Universiey
{O5L) invites applications for the position of Pro-
fessor and Department Head, We seek 3 dynamic
and visionary keader who will have an extramurally
supported, nationally recognized research program,
administratve skills, a commitment 1o supporting in-
novarive n::mlﬁnm and a vision for curricular enhance-
ment and refoem ar the graduare and undergraduare
levels. Applicants should have qualifications appro-
priate for a tenured appointment at the rank of Pro-
fessor. The preferred starting date is July 1, 2008,

Q5L is a land-grant institution with 23,000 stu-
dents located in nosrth central Oklahoma, 70 miles
from Oklahoma City and Tulsa. Applicants should
subait by c-mail to the Search Chair { Dy, Joe Bidwell,
Zoology, e-mail: joe.bidwell@okstate.edu) a sin-
gle PDF file contaiming: a cover letter, statements of
rescarch, reaching, and administratve philosophics and
accomplishments, curnculum vitae, and contact in-
formation of four professional references. Informal
inquiries to Dean Peter Sherwood of the College of
Arts and Sciences are wielcome (telephone: 405-
744-5663; e-mail: peter.sherwood@okstate.edu).
Review of applications will begin September 15, 2007,
and will continue unnl the position is flled. OS50 e
couragy  applications _,I'l-'nr.lr |_iIIIJIl_JfJ'|‘|.I' e, peireres, angd
JreTins sl i waleilinies.

FACULTY POSITIONS
EVOLUTIONARY BIOLOGIST
PHYSIOLOGIST-FPROTEOMICS BIOLOGIST

Twe tenure-track positions in the Department of
Biological Sciences at California State  University,
Long Beach, starting fall 2008; ASSISTANT PRO-
FESSOR g:l'q:li:rrmE ASSOCIATE PROFESSOR
considered. Sce websites: htrp:/ /www.csulb.edu/
depts/biology or http://www.csulb.edu/

divisions/aa /personnel fjobs fonsm for application
details and addinonal information. Application review
begins on Scprember 10, 2007, CSULE i an Equal
Ohpprovinity Engrlogper committed to excelence throgh diveraty,
and takees pridde an it poanltual corironmment
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@ Working for a healthier world™

L Torais. o (METgelTastell he
glant scientific breakthroughs'?

Imagine what you can achieve at a biotech start-up with unrivaled global resources. Imagine translating leading
research into life-saving biotherapeutics. Imagine a biotech company atmosphere within one of the world's

largest pharmaceutical organizations.

Al Pizer Biotherapeutics Reseanch, we want to leave a lasting legacy to the world. We're building on our current successes and
capabilities, with the goal of developing the most compeling story of biotherapeutic scientific discoveries - and through this a
comipelling portfclio of biclogical therapies.

Representing a new aligned focus on bictherapeutics for the world's largest healthcare research organization, Plizer Biotherapeutics
Research has brought to market a2 wide-range of ground-breaking medicines including Fragmin, Genctropin, Macugen, Somavert
and our first-in-class inhaled insulin product Exubera. And, now, with a blossoming late stage pipeline, we are focusing on further
developing our research programs to deliver innovative and compelling biotherapeutics scientific research and discoveries.

Our accomplishments to date make us the eighth-largest biotech in the world with an anticipated $1.5 billion in sales. But there is
much more work 1o be done, and we are investing in science in order to grow our biotherapeutics research to 20 percent of the
overall Plizer portfolio, leading to the launch of one biotherapeutic product every year by 2016. In doing so we hope 1o deliver
exciting scientific discoveries that will forever change the treatment of disease,

But we can't do it alone. Our achievements are the direct result of our multidisciplinary teams working together to accomplish
boundary-breaking results. That's why we're seeking you, world-renowned scientists, researchers and doctors, to help us - working
in tandem we'll bring these axciting new therapies to patients and improve the health and well-being of people evenywhera.

Your talent can change the world at Pfizer Biotherapeutics Research, a biotherapeutics company unlike any other.

To learn more about our people, our products, and our plans for
the future, visit www.pfizerbiotherapeutics.com

We're proud to be an equal epportunity employer and welcome applications from people
with different expenences, backgrounds and athnic origins.
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Tt NATIONAL INSTITUTES OF HEALTH

OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES g&
DIRECTOR, DIVISION OF STRATEGIC COORDINATION Gyt

The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, is secking a Director of the Division of
Strategic Coordination (DSC) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). If vou are an exceplional
candidate with an M.D. and/or Ph.D.. we encourage vour application.

ik
4%(’

The OPASI's primary objective 1s 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 ol 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.

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 1o the Roadmap. Obesity, and Neuroscience Blueprint
initiatives), You will also be responsible for providing the NIH Director with the information needed to allocate resources effectively
for trans-N1H ¢fforts.

Salary is commensurate with experience and includes a full benefits package. Adetailed vacancy announcement with the mandatory
qualifications and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement number OD-07-
172844-T42) and the NIH Web Site at htip://www.jobs.nih.gov. Quesiions 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.

ff OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES f*é%
Vo DIRECTOR, DIVISION OF EVALUATION AND SYSTEMIC ASSESSMENTS s

The Office of the Director, National Instituies 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 Imitiatives (OPASI). 1t vou are an exceptional candidaie
with an M.D. and/or Ph.D. and the vision and ability to integrate evaluation systems and programs across multiple disciplines and organizations,
we encourage your application.

The OPASI's primary objective is 1o develop: a ransparent 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 tols, including uniform discase coding
and accuraie, current and comprehensive information on burden of disease; an institutionalized process ol regularly scheduled evaluations based
on current best practices; the ability to weigh scientific opportunity against public health urgeney: a method of assessing outcomes to enhance
accountability: and a system for identifying areas of scientific and health improvement opportunities and supporting regular trans-NIH secientific
planning 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 Resulis Act (GPRA) and OMB Program
Assessment Rating Tool (PART). You will also serve as a member of the OPAS] Steering Committee involved in oversight of institution-wide
planning and analysis.

Salary 15 commensurate with experience and includes a full benefits package. A detailed vacaney announcement with the mandatory qualifications
and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement number OD-07-172847-T42) and the NIH Web
Site at http://www.jobs.nih.gov. Questions on the application procedures may be addressed to Brian Harper on 301-594-5332. 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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{\-. DIRECTOR, DIVISION OF RESOURCE DEVELOPMENT AND ANALYSIS O ps®

The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, is secking a Dircctor of the Division of Resource Develop-
ment and Analysis (DRDA) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). If you are an exceptional candidate with
an M.D. and/or Ph.D., we encourage your application,

7 m.é OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES gé‘%

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 discase 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 opportunitics and supporting regular trans-NIH scientific
planning and initiatives,

As the DRDA Director, you will be responsible for employing resources (databases, analytic tools, and methodologies) and developing specifications
for new resources, when needed, in order to 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://www.
jobs.nih.gov. Questions on the application procedures may be addressed to Brian Harper on 301-594-5332, Applications must be received by
midnight castern standard time on August 10, 2007.

NIDDK (6) Program Director in Gestational Diabetes and Obesity Research

Health Scientist Administrator, GS-14

The Division of Diabetes, Endocrinology and Metabolic Diseases (DDEMD), National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK), National Institutes of Health (NIH) is expanding its programs in obesity and diabetes research. An opportunity exists for a clinical scientist
lo join a dedicated and dynamic group of health scientist administrators 1o help guide NIH funding of research in diabetes and obesity.

A clinically-oriented scientist with expertise in the areas of obesity and gestational diabetes is sought for this new position. This individual will be
responsible for managing and developing a program of research grants in the human physiclogy of gestational diabetes, imprinting and obesity. A
person with an interest in fostering basic and clinical parinerships is desirable.

This position involves close interaction with leading researchers, scientific administration of grants and contracts, program planning and development,
and the opportunity to organize and attend scientific meetings. The successful candidate will have independent research experience, with a track
record of publications in areas of biomedical science relevant to the objectives of the program, excellent interpersonal and written communications
skills, the ability to identify research priorities and opportunities, and the ability to track and analyze the success of initiatives and programs. In
carrying out these responsibilities, the Program Director will interact with national leaders in diabetes, endocrine, obstetric, and obesity research.
Many DDEMD research activities are conducted through parinerships between the NIDDK and other components of NIH and DHHS, as well as
voluntary organizations. The Program Director will play a leadership role in fostering these parinerships.

This position is subject to a background investigation. Applicants must be U.S. citizens, resident aliens, or nonresident aliens with an employment-
authorized visa, and have an advanced degree (M.D., Ph.D. or equivalent) along with relevant independent clinical and/or basic research. The
position is located in Bethesda, Maryland. 3alary and benefits will be commensurale with the experience of the applicant.

Position requirements and detailed application procedures are provided on Vacancy Announcement Numbers: NIDDK-07-193870-DE, and NIDDK-
07-193871-MP, which can be obtained by accessing WWW.USAJOBS.GOV. All applications must be received by 07/31/2007. For additional infor-
mation contact Karen Page at (301) 496-4232.
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E@i] i Postdoctoral Position

e eI

The Biomolecular Structure Section (BSS) of the Macromo-
lecular Crystallography Laboratory, National Cancer Institute at
Fredenck i1s inviting applications for a postdoctoral position. The
appointment will be two years imtially and renewable up toa total
of 3-5 vears on the basis of performance and mutual agreement.
Qualified applicants should have experience in macromolecular
crystallography and skills in either insect cell protein expression
or structure-based drug design. Successful candidate will partici-
pate in the structure/activity studies of RNA-processing proteins
or structure-based development of anticancer and antimicrobal
agents. Additional information about research activities in the
BSS can be found at: http://mell.nciferf.gov/ji.html. We provide
excellent work environment, state-of-the-ant facilities and regular
access to synchrotron light source; we offer competitive salary
and comprehensive health insurance. DHHS and NIH are Equal
Opportunity Emplovers, Please send CV, research summary,
and contact information of three references to Dr. Xinhua Ji at:
jixnciferf.gov.

F&\% INFLAMMATION AND CANCER
B— TENURE TRACK POSITION
LABORATORY OF HUMAN CARCINOGENESIS

The Laboratory of Human Carcinogenesis ( LHC), Center for Cancer Research,
Mational Cancer Institute, has a long tradition of excellence in the investiga-
tion of the molecular carcinogenesis and epidemiology of human cancer. The
Laboratory now invites applications for a tenure track position 1o study the role
of chromie mAammation in human cancer. The applicant should have previous
postdoctoral experience; a substantive record of publications in quality, peer-
reviewed journals; amd the potential to developan independent rescarch program
that wtilizes basie research discoveries and their translation 1o investigate the
role of chronie inflammation in the molecular pathogenesis and progression of
human eancer. Previous translational studies of cancer-prone chronic inflamma-
tory diseases in animal models and humans and’or molecular epidemiological
studies are recommended.

This position is available for a Ph.D. or M.D. with a salary commensurate with
education and experience. The position is available to U3, citizens and foreign
nationals. A one or two-page statement of rescarch interests and goals should
be submitted in addition to three letters of recommendation and a curriculum
wilae Lo

Ms. Shirley Swindell, Laboratory Program Specialist, LHC, CCR, NCIL,
Building 37, Room 3060C, Bethesda, MD 20892-4258, Phone: 301-496-2048,
Fax: 301-496-0497, email: swindels@ mail.nih.gov.

Applications must be postmarked by October 1, 2007,

Department of Health and Human Services
@) National Institutes of Health
National Center for Research Resources

The Division for Climical Research Resources (DCRE) of the National Center for
Resecarch Resources (NCRR), a major component of the National Institutes of Health
{ MIH) extramural rescarch programs, is secking applicants for Medical Officer and Health
Scientist Administrator positions. Medical Officers and Healih Scientist Adminisiralors
have broad responsibilities in (e planning. evaluation and scientific management of a
portfolioof grants, coopertive agreements and other program activities, DURE provides
funding to biomedical research institutions to establish and maintain specialized rescarch
facilities that enable chnical, basic and translational reseanch, DCRR supports resources
including, among others: Clinical and Translational Science Awards (CTSA ), General
Clinical Research Centers (GCRC), Center for Genotyping and Analysis and pre- and
post-doctoral research training and career development programs,

Applicants for this position must have a doctoral degree (M.D., PhD., D.D.S. or equivalent)
and approprizte experience in health-related science fields. Applicants who also possess
additional knowledge, training or degrees in clinical and translational rescarch and a strong
intenest in moving forwarnd our clinical research efforts are highly desimble. Expenicnce
in administering scienific grant programs is an assel bul nol required. U.S. ciizenship is
required. The position is at the GS-14 level and includes a full benefits package. DCRR
offices are located in Bethesda, MD,

Candidates can view the detailed vacancy announcements, along with mandatory
qualifications and application procedures on the NIH website at: http:/fwww usajobs,
£ov (announcement numbers NCRR07-200010 and NCRR-07-200020). Quedions
on announcement procedures may be addressed w Ms, Carrie Williams at williacadr
odaih.gov orby calling 301-594-2234,

Department of Health and Human Services
National Institutes of Health
National Center for Research Resources

The Division of Comparative Medicine (DCM) within the National Center for Research
Resources, o major rescarch component of the National Institutes of Health (NIH) and
the Department of Health and Human Services in Bethesda, MD, is secking applicants
fora Health Scientist Administrior (HSA) position. Weorking elosely with the rescarch
community, the HSA has broad responsibilities in the planning, evaluation, and scientific
management of the extramural research programs sponsored by DCM. These programs
provide support for sophisticated mammalizn and non-mammalian resources and reposi-
tories of genetically-modified animals, both veriebrate and inverichrate. Through granis,
cooperative agreements, and contracts, DCM programs support activities associated with
the national primate research centers, prmate breeding end resource-related projects,
national repositones for mduced mutant rodents and other species, development of mam-
milian and non-mammalian model resources, and a variety of other highly specialized
rescarch projects. The DCM prograins also suppor pre- s post-docton | research irining
and cereer development foe veterinarians. Applicants for this position must have a DVM
{orequivelent) and o PhD or MS degree 1s desirable. Appropriate experience in health or
health-related science research 1s required, Salary is commensurate with experience and
full benefit packages (including retinement, healih, life, long lerm care insurance, Thrift
Savings Plan participation, etc.) are availzble.

Candidates can view the detailed vacancy announcement, along with mandatory quali-
fications and application procedures on the NIH websile ot bttp:/www.usajobs.gov
(announcement number NCRR-07-197098). Questions on announcement procedures
may be addressed 1o Ms. Carrie Williams at williaca®@od.nih.gov or by calling 301-
594-2134.

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMURNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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MaTiOMAL INSTITUTES OF HEALTH

ReauesT For InNFormaTion NOT-OD-07-074 i
) NIH System 10 SupporT BioMEDICAL AND BEHAVIORAL RESEARCH AND PEER REVIEW H
N Release Date: July 9, 2007 N

Response Date: August 17, 2007, 5:00 p.m. EST

The Mational Institutes of Health (NIH) has issued Request for Information (RFI) NOT-0D-07-074 10 solicit comments from reviewers, applicants,
and members of the public on the NIH's two-tiered system of peer review and its system for support of biomedical and behavioral research. NIH
has formed a Working Group of the Advisory Committee to the NI1H Director http://www.nih.gov/about/director/acd/index. htm to look at these
issues. The Working Group is interested in your opinion of how NIH can best support the needs of an increasingly complex scientific enterprise
given the growing numbers of grant applications and the challenges these and other factors bring to the peer review process. The complete RFI

is online at the following website: http:/grants.nih.gov/grants/guide/notice-files/NOT-O D-07-074. html.

Responses will be accepted online at http:/grants.nih.gov/grants/guide/rfi_files/rfi_peer_review_add.htm and through the following ¢-mail
address, PeerReviewRF1@ mail.nih.gov, Note that the form will limit the length of each response to the number ol characters idemified. The
closing time for comments is 3:00 p.m. EST on August 17, 2007. This RFLis for planning purposes only and should not be construed as a solicita-
tion for applications or an obligation on the part of the Government. Collected information will be analyzed and may appear in reponts; there is no
guarantee of confidentiality. A summary of results will be available 1o the public on the NIH Peer Review website: hitp://enhancing-peer-review.
nih.gov, Inguiries concerning this Notice may be directed to PeerReviewR Fl(@mail.nih.gov or Office of the Director, NIH, Attn: Peer Review
RFI1, 1 Center Drive, Bethesda, MD 20892-0189.

Postdoctoral Research
Training at NIH

Launch a career to improve human health

Work in one of 1250 of the most innovative and well-
equipped biomedical research laboratories in the world

Explore new options in interdisciplinary and
bench-to-bedside research

Develop the professional skills essential for success

Earn an excellent stinend and benefits

Click on wwwv.training.nih.gov

Office of Intramural Training and Education
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Q—lﬂ MAYO CLINIC

Director, Microarray Core Facility

Rochester, Minnesota

The Advanced Ganomics Technology Center (AGTC) of the Mayo Clinic
College of Medicine (www.mayo.edu) seeks a Director of the Microarray
Shared Resource (MSR). Applicants should have extensive research
exparience in the design and interpretation of RNA expression profiling
studies using microarray lechnologies (Atlymetrix, llumina, custom
spotted arrays) and RT-PCR. In addition 1o managing the operation

and future growth of the M5R, the successiul candidate will have

the opportunity to develop an extramurally funded state-of-the-ant
research program in an area relevant 1o the prediction, prevention,
diagnosis, and/or treatment of human diseases. The Mayo Clinic AGTC
provides coordinated high-throughput. kgh-guality genomic resources,
including sample accessioning and processing., genotyping. expression
profiling, cytogenetics, and DNA synihesis and sequencing for all Mayo
investigators.

To learn more about Mayo Clinic or Rochester, MN, please visit
www.mayoclinlc.org.

Send curriculum vitae, contact information for 3 references, and
statement of research interests to:

Dr. Eric Wieben

Mayo Clinle

200 First Streetl SW
Rochaster, MN 55905

Email: wigben.erc@mayo.edu

Mayo Foundation is an affirmative action and equal opportinity employer and
edscator. Post olfer/pre-employment drug screening B requlred

THE Chair
University Department of Biology

OF lowa

The College of Liberal Arts and Sciences secks a Chair for the Depart-
ment of Biology at the rank of Professor. The candidate should be an
internationally recogmaed scientist with an outstonding research pro-
gram. We welcome applicants from any arca of the biological sciences,
while particularly encouraging candidates who would enhance one or
more of our existing strengths in cell and developmental biology, evolu-
tion, genetics, and neurobiology.

The Departiment has embarked on an aggressive program of growth
that includes ongoing faculty recruitment, the recent modemization of
the biology complex. and the addition of a new building. It is active in
interdisciplinary programs, withstrong tes to the other colleges involved
in hiomedical rescarch. The Biology faculty 15 well funded by bath
federal and pivate sources. The successiul candidate will bring vision,
energy. and a demonstrated commitment to diversity to shape the future
of the Department through hiring and mentoring of new faculty, with
an mm o further mprove the Deparment’s strong national reputatien
for rescarch and teaching. More about the department may be viewed
at www. hinlogyv.uiowa.edu,

The Applicant should submit a curriculum vitze, a statement of research
interests and administrative philosophy, and the names and addresses off
at least three references w: Dean Joseph Kearney, College of Liberal
Arts and Sciences, 240 Schacffer Hall, The University of lowa, lowa
City, 1A 52242-1409. Applications accepled by mail or ¢lectronically
i biologyv=chairsearchiwuiowa.edu.

The University af Towa is an A ffermetive Action/Equal Opportunine
Emplover: Minority candidates and women are enconraged o applv.

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) Ofhice of Science 15 sceking
qualificd candidates 1o lead 11s Biological and Environmental Rescarch
(BER) Program. With an anmual budget of more than 5500 million, the

BER Program is the nation’s leading program devoted to applications of

biology to bio-energy production and use and to environmental remedia-
tion. The BER Program supports major research programs in genomics,
protcomics, svsiems biology, and environmental remediation. The
Program 15 also one of the nation's leading contributors to understanding
the effects of greenhouse gas emissions, aerosols, and atmospheric
particulates on global climate change,

The Director of Biological and Environmental Research is responsible
for all strategie program planming in the BER Program; budget formula-
tion and exccution; management of the BER office including a federal
work force 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 U5, government's Senior Executive Service (SES);
menmbers of the SES serve in key positions just below the top Presiden-

tial appointees. For more information on the program please go 1o hitp:

fwww.se.doe.goviober!.

For further information about this position and the instructions on how
to apply and submit an application, please go to the following website:
http:/jobsearch.usajobs.opm.gov/getjobasp?Johl D=585208068& A

VSDM=2007%2D06%2D06+ 1 3% IA44%IA02& Logo=0&q=SES-
SC- HQ {Ilvl-ﬂkd]ﬂdeFmp '\&aort n-&.m d&hrd 1_#76&55 l.\‘
&FedPub=Y&SUBMITIx=4T&SUBMITL. '.—lH To be considered

for this position you must apply online. It is important that you follow
the mstructions as stated on the announcement SES-5C-HQ-014 (kd)

located at the website above,

University of Louisville, Stem Cell Institute
at James Graham Brown Cancer Center

The newly created Stem Cell Institute at James Graham Brown Cancer Center
at the Usiversity of Louisville (www.beeloulsvillecdu ) plans an expansion of
research i the biology of nommal and malignant stem cells, with an emphasis on
bssue/organ regeneration and molecular mechanisms that govern trafficking,
engrafiment and expansion of normal stem cells and metastasis of malignant
stem cells. Positions are available at open rank of Full Professor, Associate
Professors and Assisiani Professors {ienure irack ). Applicanis must have M.D.
Ph.D., or Ph.D. with postdoctoral research experience, a strong track record of
publications, history of successiul funding, and will be expected 1o estabhish
an independently funded research program. We are looking for candidates in
the arcas of (i) stem cell biology, (ii) isolating. purification and expansion of
human hematopoietic and non-hematopoietic cells, (1) molecular aspects
of stem cell renewal/differentiation. (iv) developmental embryology and {v)
animal in vivo models. The successful faculty candidates will be provided
with laboratory space and generous stan-up packages. The JGB Cancer Center
houses excellent shared facilities for molecular and cellular biology, including
flow cytometry and cell sorting, DNA sequencing, structural biology includ-
ing molecular modeling, NME, biophysics, crystallography, genomics and
prodeomics and facilities for transgenic mice. Please send curriculum vitae,
with a bibliography, a synopsis of research interests, and the names and
telephone facsimile/e-mail of at least three references to:
Donald Miller MD, PhD
Direcior, James Graham Brown Cancer Cenler
University of Louisville
529 South Jackson Street
Louisville, K'Y 40202
email: Donaldmif ulh.org

Mariusz £. Ratajezak MID, Phid
Stella and Henry Hoenig Endowed Chair
Professor of Medicine
Director of Stem Cell Institute at
James Graham Brown Cancer Center
University of Louisville
500 Flovd Street
Louisville, KY 40202
cmail: mzratallia gwise. Loaisville.cdu




Head of Sequencing

The Wellcome Trust Sanger Institute is a world leader in genomic research and in the delivery of high-quality, large-scale resources
of lasting value to the global research community. During the coming years, we aim to make a major contribution to the understanding
of genomes and genome variation in health and disease. similar in impact to our role in genome seguencing. Sequencing will continue
as the central undarpinning technology of the Institute in support of the scientific projects comprising the 2006-11 Strategic Plan and
we aim to fully exploit the potential of new technologies and the scientific opportunities opened up by them,

We are seeking a senior scientist to provide strong leadership and direction for the Sanger's sequencing activities as the Institute
moves to the new technologies. Working across multiple platforms, the post holder will play an important co-ordination role and will
be responsible for further developing a scientific and informatics infrastructure that can respond flexibly to the requirements of the
Institute’s scientific programmes. With a background in genetic/genomic science including broad knowledge of sequencing and its
technologies, applicants should have significant resource management experience and experiise coupled with a successful track
record leading and motivating teams in a complex, changing environment. Strategic thinking and the ability to influence and persuade
al board |level are also key 1o success in the role.

The appointment may be at faculty or senior staff scientist level depending on background and experence. For further information
and informal discussion, contact Mike Stratton mrs@sanger.ac.uk

Applicants should send curriculum vitae, complete list of publications and details of three referees accompanied by:
- a summary of scientific achievements (approx 1-2 pages);
- a summary of leadership experience and accomplishments to date together with an indication of the vision you will
bring to the management of Sequencing (approx 1-2 pages).

Please email to seqsearch@sanger.ac.uk or post 1o
Sancha Martin, Search Committee,

The Wellcome Trusl Sanger Institute,

Wellcome Trust Genome Campus,

Hinxton, Gambridge, wellcome trust
CB10 15A, UK

s, i étﬂenger

Working towards equality through diversity Genome Research Limited is a Registered Charity Mo 1021457
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University of Maryland,
College Park

e s vevin ma e sapp fies
et s it et i ol I Chair, Department of Cell Biolo
Want to lanq:i Eialecular Geneticls o

experience, and encrgy o lead a peniod of major growth and expansion of the Department of Cell
Biology and Molecular Genetics (CBMG ). The expansion will mclude the recruitment of new semor

and junior faculty and the establishment of new facilities as part of an ambitious campus drive for
m 0 re enhancement in the life sciences, CBMG 15 a vibrant, interactive and cohesive department, with
B research strengths in microbiology, immunology, plam biology, molecular genetics. genomics, cell
l 0 b and developmental biology and virology. The CBMG faculty includes prominent scientists in their

Sea rCh We seek a distinguished senior scientist with a vigorous research program and the broad vision,

z the future chair and new faculty appointees will be located in spacious new laboratory facilitics in the
? recently opened Bioscience Research Building. The successtul applicant will also share a leadership

p 0 St I n gS . role in the development of one or more of the ongoing CBMG and College of Chemical and Life
Sciences initiatives in comparative and functional genomics. signal transduction, gene expression,

plant biology, and host-pathogen iteractions. For more mformation about the depanment. the col-

. lege, and the university, visit our web site ot www.ehmg.umd.edu.
www'sc:lentecareers‘nrg Applicants should apply clecironically by emailing an application letter with the following attach-
Sea rﬂh th DUSHT'ICIS menis in: I_’DI-‘ format: { l_r cun_'i-:ulurn m_il:u.', (2) statement of research :'ulum.f-&.»;. (3) statement of aca-
i . demic vision and administmtive experience, and (4) names and addresses of at least four references
of ]ﬂ'b postings to CLFS-CBMG_Chaird@umd.edu. Review of credentials is ongoing and will continue until the

—UDdEtEd dﬂ“'y"— position is filled.

The University of Marviand, College Park is the flagship campus of the University System of
all for free. Marviand and one of the most rapidlyv advancing public rescarch universities in the country.

Close proximity to Washington, Baltimore, and the Maryland Biotechnology Corridor facilitates
interactions with an extraordinary range of major research institutions, including the NIH,
FDA, Smithsonian Institution, and USDA.

The University off Marviand is an Eqred Oppornine Affirmeative Action Emplover
Minorities aned wowten are encowraged fo apply,

Science Careers
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A Pasition far an

Endowed Professorship
by Lond Salzburg
in Molecular Regenerative Medicine

is open ot the Paracelsus Medical University (Salzhurg/Austria).

Thee opplicant should hove exceptional international scientific qualifications and be an
expedt in the methadologies of molewlar regeaceative medicine (eg. functional pratea
mics, signal trmnsduction, angionesis, 30 cell cultures, stem cells),

The peofessarship is bor immediate occupancy, initially set for five years. Continuation of
this position after this time period is planned. ln oddition to the useal documents provided
(cumiculum vitoe, scientific career history, publication lisf), we request o presentation of
presious research progroms, o5 well os of ocquived third-pory fundings ond geons.

The Parocefsus Medicol Universitg strives in mising the percentoge of female employess
and thesefore invites qua |-.edx.t=mu'| interested in this position to apply. When the qua
lifications ore identical, preference will be given to female oppliconts,

For tems of employment and defails of the
professorship please see hitp:/www pmu.oc.or/789.hm
A cowes letter of opplication should be sent by August 25, 2007
via Email only o the following oddress: cloudio.melchart @ pau.ac.ot
The online submission of all supporting documents must be completed by
August 28, 2007 s outlined in the lettes of confirmation you will 1eceive
feom the wniversity in response fo your letter of intesest (Email)

wWww.pmu,ac.af

Human Molecular Embryology

The Division of Human Molecular Embryology at the
Department of Pediatrics, Medical College of Wisconsin, is
seeking applications for a faculty position at the Assistant
Professor level from talented professionals who study
mechanisms of embryonic development and disease.
Imvestigators with interest in ocular or cardiac development are
particularly encouraged to apply. An attractive start-up package
will be provided to facilitate program development. Candidates
should have a Ph.D. and'or M.D. degrees. proven excellence
and productivity in research and demonstrate strong potential
to attract and maintain external funding. Candidates with
current K or R0O level funding are preferred. Please submit an
application letter, curriculum vitae, research plan, and the
names of three individuals to be contacted as references to:

Elena V. Semina, Ph.D.

Medical College of Wisconsin

Department of Pediatrics

Translational and Biomedical Research Center, CRI C3420
8701 Watertown Plank Road

P.O. Box 26509

Milwaukee, Wl 53226

E-mail: esemina@mcw.edu

Children's Hospital
“and Health System

Children’s Specialty Group®

EQEMA MF/DY

& Washingfon University in St.Louis

SCHOOL OF MEDICINE

The Department of Biochemistry and Molecular Biophysics ol
Washimgton University School of Medicine 15 looking lor outstandimg
Jumior or semior faculty who use NMR spectroscopy as their primary
tood for studying functional dynamics of biological macromolecules,
NMR studies would be augmented with biochenu cal and bhophysical
imvestigations. Areas of special interest include the study of disorder-
to=-order tansitions of natively unfolded proteins, allosteric regulation
in enevmes, and dynamics in protein-protein and protein-nucleic acid
complexes. The suceessful candidate will join an interactive group
of facully who apply NMR. computational, and theoretical methods
to understand the role of macromolecular dynamics in self-assembly
and function. For more information on the Depariment, please refler o
http:/hioehem.wastleduo and httpefwwwoechawnstLedu. Applicants
must have a Ph.D. or equivalent degree. postdoctoral expenence, and
have demonstrated excellent rescarch qualifications.

Applications are due September 1, 2007 for Fall, 2007 interviews,
Applicants should provide a CV, summary of research interests, and
marmes of af beast three faculty as references. Matenals should be sent
via email o nmrsearchi biochemawustLedu, or by post o
Professor Kathleen B. Hall
NMR Search Committee Chair
Department of Biochemistry and Molecular Biophysics
Box 8231
Washingion University School of Medicine
660 5, Euclid Ave.
Saint Lowis, MO 63110

Weeshringion University is an Equal Qpportunity Emplover:

GRANTS

THINK MITOCHONDRIA

UMDF Research Grant Program
¢ REQUEST FOR PROPOSALS +

HITI‘J-EHOHI:IFIIM.
DISEASE
FOUNDATION

HOPE. ENERGY. LIFE

The United Mitochondrial Disease Foundation (UMDF) is
seeking new, innovative research to continue its mission to
find cures and better treatments for mitochondrial ilinesses.

Proposals will be considered in basic science and clinical areas
and must fall under at least one of the following categories:

= Seed money for new researchers

= Post-docloral fellowship

» New area of research for experienced investigators

Letter Of Intent (LOI) Application and additional information
about the grant process is available on the UMDF web site at
www.umdf.org or by contacting the UMDF office.

UMDF must receive LOI by September 14, 2007, Incomplete
LOIs or those received past the deadline will not be
considered. FAX transmittal is not acceptable.

Contact Information: UMDF Research Grant Program
B085 Saltsburg Rd, Suite 201, Pittsburgh, PA 15239 USA
Telk (412) 793-8077 = Fax: (412) 793-6477 = Email: jean@umdiorg




T FOM

1IFOM = IEQ CAMPUS
MILAN, ITALY
www.ilom-ico-campus.it
HEAD OF TECHNOLOGY TRANSFER/JANDUSTRIAL
LIAISONS OFFICE

The IFOM-1EQ CAMPUS was created by the joint efforts of two major privale
Cancer research Institutions in Italy, the FIRC Institute of Molecular Oncology
(IFOM) and the European Institute of Oncology (TEO) that have expanded and
integrated their research activities into a common campus, The IFOM-IEQ
Campusis also home to the PhD program of the European School of Molecular
Medicine (www.semm.ith. It presently comprises 35 independent Research
Groups that utilize a number of Central services. including Animal Facilities
{mwwse, #ebrafish, amd C.elegans), Imaging, Protein and Antibody Production,
DNA and Tissue Microamays, DNA Sequencing, Proteomics and Bioinformatics.
In addition, the TEQ Hospital is o dedicated cancer hospital engaged in patient
care, therapy and climcal rescarch imcluding clinical trials,

We are looking for an experienced individual io head our Technology Transfer/
industrial liaizons office (TTO), starting approximately Janwary 1st 2008, The
successiul camdidate will be responsible for creating a system of “invention
reports” within the Institutions, Aling of patent applicatons, promote the
commercialization and licensing of such inventions, as well as monitoring and
supervising new or already existing license agreements or research contracts
with commercial entities, In addition the TTO will be responsible for stipulating
andl regulating the financial agreements related o the execution of clinical drug
trialz at the IEQ hospital amd imterface with the IRB and conflict of interest
commitiees of the institutions.

Candidates should have expenience in interacting with the pharmaceatical and
biotechnology industry and with regulatory agencies, as well as leadership and
orgamzational skills,

The official language of the instiution 1= English but some knowledge of
Italian may be desirable. A competitive salaryfresources package is available.

Applications should be sent by e-mail 10 search-TTO®@ifom-ico-campus.it
and should include: CV, statement of Achievements and Interests (Max 2
pages), names and ¢-mail addresses of 3-4 referces, Deadline for applications is

A0th of October 2007

CHICAGO
SIGNAL TRANSDUCTION IN BREAST CANCER
RESEARCH POSITION

Rush University, a prominent university medical center in Chicago, invites
applications for a Tenure-Track Faculty Position to establish the Rush
Breast Cancer Rescarch Laboratory. The candidate should have specific
rescarch interest, experience and publications in translational rescarch in
signal transduction cancer, preferably in breast cancer. The candidate must
hold a Ph.D. or M.DUPh.D. degree and preference will be given to candi-
dates with external funding, cstablished rescarch programs, and training
in signaling in breast cancer. Academic rank and salary are commensurate
with training and experience. Appointments are possible in the Division of
Cncology, the Department of Medicme and the Department of Biochemistry,
Excellemt startup funds are available.

The Comprehensive Breast Cancer Center at Rush offers a multidizci-
plinary approach to patients with breast cancer. Here, patients are seen by
a lesum, consisting of surgeons, medical oncologists, mdiation oncologists,
psvchologists and nurses. Approximately 300 new breast cancer patients
are seen annually. Dr, Melody A. Cobleigh, a medical oncologist and
Dvirector of the l-]n..hl C 'lnu.r( enter, oversees the Comprehensive Breast
Cancer team, which provides patients with a full range of the latest and
most mnovative treatment options, The Center 15 pant of Rush Undversity
Medical Center, which is an academic medical center with an 830-bed
hospital serving adults and children and has national rankings in more
specialty arcas than any other hospital in Hlinois (08 News & World
Reparts 2000 America’s Best Hospitals™). Rush is also a thriving center
forbasic and clinical research, with more than 370 million in NIH programs
in fiscal vear 2006 and a recent state-of-the-art Robert H. Cobn and Tem
Cohn Rescarch Building.

Send CV and 3 references to:
Dr. Melody A, Cobleigh
Melody Cobleigh@rush.edu

/) RUSH UNIVERSITY
\[J MEDICAL CENTER
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PROFESSOR AND FOUNDING CHAIR
Department of Systems and Computational Biology

The Albert Einstein College of Medicine invites applications and nominations for the position
of Professor and Founding Chair of the Department of Systems and Computational Biology,
The major goal of the new department will be to advance our understanding of living systems
by developing theoretical, computational and experimental approaches to reveal the properties
and functions of the component parts and the higher level behavior of complex biological
systems. It will have the infrastructure, authority, responsibility and accountability for
integrating and coordinating research and education. The new Chair will oversee the
development of a full educational and research program that will nurture medical and graduate
students, post-doctoral fellows and faculty who are expected to have international impact and
add to the overall mission of the College. Einstein boasts a strong research faculty covering a
broad area of experimental biology offering outstanding opportunities for the development of
collaborative interactions with members of the new department. The opening in late 2007 of the
200,000 square fool Center for Genetic and Translational Medicine at Einstein offers the
potential of locating computational, systems and experimental scientists in physical proximity,
a prime opportunity to foster interdisciplinary communication and collaboration,

Einstein offers an extremely interactive environment with numerous, well-equipped core
facilities subsidized by the College (http2wwewaecomiueduhomefshared.asp). There are
currently 750 medical students, 325 graduate students and 360 post-doctoral fellows in
traiming, We seek an outstanding scientist with broad experience and vision for appointment as
full professor with tenure. Interested applicants should send a letter of interest and C.V. in
electronic format to: Dr. E. Richard Stanley, Chair, Systems and Computational Biology
Search Committee, Albert Einstein College of Medicine, Jack and Pearl Resnick Campus,
1300 Morris Park Avenue, 312 Belfer, Bronx, New York, 10461, Tel: (718) 430-2344,
E-mail: rstanley@aecom.yu.edu.

We particularly welcome applicants who will add diversity to our academic leadership and
faculty. Equal Opportunity Emplover,

ALBERT

IEINSTEIN

COLLEGE OF MEDICINE

OF YESHIVA UNIVERSITY

DEAN

School of Science

IUPUI

Istaton | Sarraear - Py s | vy s s

IUPLI{ Indiana University-Purdue University Indianapolis) seeks an outstanding leader with the vision,
scientific standing, and administrative abilities to direct its School of Science. IUPUL is Indiana’s urban
research campus, offering undergraduate and graduaste education, professional degrees i medicine,
dentistry. nursing, law, business and social work. IUPUT serves over 29,000 U.S. and international stu-
dents, leads Indiana®s research campuses in annual external research funding, ond 15 recognized nation-
ally for its contributions in the area of civic engagement. Located adjacent to the state's capitol, IUPUI
is helping to lead Indiana’s public and private economic development initiatives such as those in life
and information sciences. The School of Science, which awards degrees from both Purdue and Indiana
Universities, consists of the departments of Biology, Chemistry and Chemical Biology, Computer and
Information Science, Earth Sciences, Mathematical Sciences, Physics, and Psychology, School Faculty
actively collaborate with other campus units, especially the schools of Medicine and Engineering. The
School has 160 faculty members (120 tenure-track and 40 lecturers), over 1,300 und ergraduate majors,
and over 350 graduate students (250 Master’s and 100 Ph.D.). A description of special programs and
research centers can be found at hittps//www.science jupui.edu'science/deansearch/, The web site also
carries information on the accomplishments and status of the School.

A primary objective of the School is to raise its profile in research, external funding, and graduate edu-
cation. The successful candidate for this position will have (a) demonstrated success and leadership in
teaching, scientific research, and academic administration, {(b) the ability to set goals for the School and
pursuge them by generating and allocating resources effectively, hiring faculty, and working with campus
colleagues and administrators, and (¢) the ability to build constructive relations hips with the community
including leaders in private industry and government, Candidates must have the academic qualifications
and achievements consistent with an appointment as a tenured, full professor.

The tanget date for receipt of applications is September 15, 2007, but the search will remain open until the
position is filled. Applications must include o letter of intent, curriculum vitae, and the nomes, addresses
{including e-mail) and welephone numbers of six references, who will be contacted with the candidate’s
approval. All communications will be treated confidentinlly. Nominators and cemdidates ave nrged to
sttfmit materials by e-mail wrilizing artaciments, Materials should be submitted to: Associate Dean
Greg Lindsey, Chair, 505 Dean Search Committee, ¢fo Ms, Tamckia Anderson, School of Science
IUPLL, 402 North Blackford St., Indianapolis, IN 46202, tlanderl & iupuiedu.

TUPUT is an EEQAA Emplover:
Wemen and wnderrepresented minorities are particedarly enconvaged to apply:

POSITIONS OPEN

POSTDOCTORAL POSITION
HIV Molecular Biology and Neuro-AIDS
(Pathogenesis)

A Postdoctoral posiion i HIV molecular biology
is available immediately. A Ph.D., M.DPhD), or
doctoral degree in imfectious discase, molecular
biology, virology, or related field is required. The re-
scarch involves HIV infection, molecular biology,
signal transduerion in neuro-ghial cells and peripheral
blood mononuclear cells. Knowledge in gene clon-
ing, gene expression, and virology s essential. Please
submit vour curriculum vitae with research goals and
names of three references with their addresses to:
Ashok Chauhan, Ph.D.; Department of Pathology,
Microbiology and Immunology, University of
South Carolina School of Mediane, Columbia,
SC 29208 or e-mail: achauhan@gw.med.sc.edu.
L'SE Clalimnnledr i aur fﬂ_rur.d' erIl:?:I'ﬂurrJ' .'I_rﬁrlll.irfl-.' Astnoer
Employer and  encoirges applicattons  froon e o
RILIROFEEIECS

FACULTY POSITIONS
University of Vermont
Vermont Center for Immunology and
Infectious Diseases

The Vermont Center for Immunology and Infee-
mous Discases i undergoing significant expansion and
i secking outstanding, renurc-track fBoulty ar the AS-
SISTANT, ASSOCIATE, and FULL FPROFESSOR
kevels 1o contribute to the Center’s research and reach-
ing programs. Those appointed at the level of Assist-
ant Professor may be cligible for rescarch funding
from a recently awarded NIH Cenrer of Biomedical
Research Excellence (COBRE) Award. Wi are seck-
ing both Ph.DD. and M.1D. scientists with innovative
research programs in the areas of microbial Aviral patho-
geiwss of immune response to infectiows agents. Ex-
tensive opportunitics tor collaborative research exist
bath within and ocuside the Cenrer in cell, modecular,
and structural biology. Primary appointments waill
be in cither the Department of Medicine (Immu-
nobiology or Infectious Discase ) or the Department
of Microbiology and Molecular Genetics. Derails about
the Departments, the University, and the Burdingron
area may be accessed ar websites: hip: /Soww.med.
uvm.cdu/medicine//immunobiology,/; hup: /S
med. uvm. edu/medicine /id /4 and  hops/ Swww,
uvmedn /microbiclogy /mmg. Cumculum vitae, a
summary of rescarch interests, and three lemers of
reference shoubd be senr elecronically (if possible ) to
Search Committee Chair, ¢ /o Pamela Carter (e-mail:
pamela.carter@uvm.edu), Vermont Center for Im-
munology and Infections Discases, College of
Medicine, University of Vermont, D305 Given, B9
Beaumont Avenue, Burlington, VT 05405 or apply
oitline ar website: hitps:/ Swww.uvmjobs.com, Re-
view of applications will begin July 25, 2007, and
continue until suitable candidares are identficd. The
Uriversity of Vemvont fs an Egual Oppostennity, Affimmanive Ae
tiver Engployer. [omen and mivonties are encotmaged fo apply.

POSTDOCTORAL FELLOWSHIPS

The Michigan Sodety of Fellows, with the sup-
port from the Andrew W, Mcllon Foundation, is
pleased to mvite applications for postdoctoral fellow-
ship programs fir recent Ph.Dos in the humanities,
arts, scicnees, and professions. Three-year positions
at the University of Michigan are open to recent
Ph.DD s who wish to pursue rescarch opporunitics
while teaching at a major rescarch university, Annual
stipend will be $50,000. Application postal deadline:
Ocrober 1, 2007, Information and applications are
available online at website: http:// www.rackham.
umich.edu/Faculty Ssof.html, or By writing: Sod-
ety of Fellows, 2 Fackham Building, Univer-
sity of Michigan, 915 E. Washington Street, Ann
Arbor, MI 481091070, E-mail: sodety.of.fellows@@

umich.edu. Mo c-mail applications accepted.
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U.S. Department of Energy
Office of Science
Deputy for Programs
Announcement #SES-SC-HQ-013 (kd)

The US, Depariment of Encrgy’s (DOE) Office of Science is secking highly quahfied candidates
with outstanding scientific achievements 1o 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. [t oversees the Nation’s research programs in high-energy and
nuclear physics, basic and fusion energy sciences, and biological, environmental and computational
sciences, 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 US. research in climate change,
geophysics, 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 Mation's most
advanced Ré& D user facilities, located at national Inaboratones and universiies. These include panicle
and nuslear physics accelerators, synchrotron hight sources, nonoscale science rescarch centers,
meutron scattering facilnies, bo-energy research cemters, supercomputers and high-speed computer
netwarks, More information on the Office of Science can be found 2t httpe/science.doe.goy,

The Deputy for Programs provides scientific and management oversight of the six progrom offices
by ensuring prograim achivilies are stategically conceived and executed; formulating and defend-
ing the Office of Science budget request; establishing policies, plans. and procedures related (o
the management of the program offices; ensuring the research pontfolio 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 U8, government's
Senior Executive Service (SES); members of the SES serve i key positions just below the wop
Presidential appointecs,

To apply for this position, please see the announcement and application nstructions at hupe//
jobsearch.usajobs.opm. govises.asp under the vacancy announcement of #SES-SC-HQ-013 (kd).
Qualified candidates are asked to submit their online applications by August 29, 2007,

CHAMPALIMAUD FOUNDATION NEUROSCIENCE PROGRAMME
AT THE INSTITUTO GULBENKIAN DE CIENCIA

Innovative, risk-taking research in Neuroscience:
Call for Group Leaders

The Champalimaud Foundation (CF) is secking 2 Group Leaders in the area of systems
neuroscience with special interest in the relationship between neural cireuits and behavior.
Applicants that use genetic, electrophysiological, optical and/or theoretical methods,
preferably in rodent model systems, are sought.

Svecessful applicants will join @n international group of 3 other laboratories in founding the
Champalimawd Program in Neuroscience at the Instituto Gulbenkian de Ciéncia, in Portugal.
The Program has a broad aim of understanding the relationship between brain function and
behavior through an integrative, orgamism-centered approach, thereby contributing to the
CF's mission of improving human health, The Program will include up 10 8 groups and will
in addition host an intemational neuroscience Ph.D. program, as well as series of intemational
workshops and conferences.

The Instituto Gulbenkian de Ciéncia is a rich international scientific environment with
some 3 research groups on life sciences, mcluding evolutionary biology and genetics, cell
and developmental biology, inflammation and immunology, compuational and theoretical
biology.

Applications for group leaders at the equivalent of Assistant or Associate Professor are
sought. but applications at all levels will be considered. notably. newly gradvated yvoung
investigators (Fellows). Applicants should have completed a Ph.D. and posidoctoral training
{except Fellows) in neuroscience or a related field. Applications from scientists with a
medical education are encouraged.

Initial appomtments will be for a period of 6 years, with renewal or extension based on a
34 year review. To encourage innovative, risk-taking research, the Foundation is prepared
to provide support for both startup and running costs to the groups in the Program.
Investigators are also encouraged 1o obtain competitive external grants. in which case the
Foundation will constitute a personal fund at the diseretion of the investigator.
Applicams should submit a cover lener, C.V., statement of research imerests and request
three letters of reference o be sent to Maria Matoso Caetano de Carvalho
mmatoso@ige.gulbenkian.pt. Applications will be reviewed beginning 31 August 2007,

Further information on the Program can be found o www.fchampalimaud.org/ef/
neuroscience and www.igc.gulbenkian.pt
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Centre for Molecular Medicine and Therapeutics
THE UNIVERSITY OF BRITISH COLUMBIA

The Faculty of Medicine and Centre for Molecular Medicine and Therapeutics at the Univeristy of British
Columbia in Vancouver seeks applications for the following;

Professor/British Columbia Leadership Chair in Genetic Medicine

This prestigious appointment provides a unigue opportunity for an internationally recognized individual
to perform research in an outstanding environment, positioming the province as o leader in gen etic medi-
cine. The successful applicant will conduct innovative research generating new knowledge relevant to
genetic contributions to illness, molecular detenminants and mechanisms of disease and'or development
of novel therapeutic approaches and technologies 1o improve treatment for disease. He/she should also
demonstrate teaching excellence.

Assistant Professor/Canada Research Chair - Tier Il

This tenure-track appointment provides significant start-up resources for an outstandin g new researcher
whao has the potential to be a leader in has'her field, The successtul candidate must demonstrate teaching
excellence potential. His'her research will interface with scientific programs within the Cemtre directly
addressing issues of medical relevance.

We are especially interested i applicants working in: = Genetic variation and susceptibality to disease
+ Statistical genetics = Bioinformatics = Pharmacogenomics = Experimental therapeutics » Mechanisms
of genetic disease » Gene Therapy

Located on the Children’s and Women"s Health Centre of BC site, the CMMT is one of the main programs
of the Child and Family Research Institute (www.cfri.ca). For more detailed information regarding the
positions and the CMMT, please visit http:iiwww.emmt.ube.ca.

Applicants should ideally hold an M., and‘or Ph.D. degree or equivalent and a record of recognized
accomplishment in areas relevant to Human Biology and Discase. Salary and rank will be commensurate
with qualifications and experience. These are full-time tenured or tenure-track appointments. The CRC
15 subject to final budgetary approval,

Anticipated start date is July 1, 2008, Application closing date 15 August 13, 2007, Please send CV,
names of three references, a teaching dossier and a brief statement of research interests to; Hilary Stod-

dart, Manager of Human Resources, hstoddarif emmi.ube.ea, CMMT, 950 West 28 Avenue,
Vancouver, BC V5 4H4.

UBC and irs affiliates hive on the basis of merit and are commited fo emplovment equine. We encour-
age all gualified applicants fo apply. These positions ane apen to individieals of any nationalitv: offers
will be made in accordance with the CRC program and LEEF.
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POSITIONS OPEN

PROFESSOR and CHAIR

Department of Physiology
Southern [linois University School of Medicine

Southern Mllinois University School of Medicine
inwires applications for the position of Professor and
Chair of the Department of Phyvsiology, The successful
candidate wall be responsible for the contnued de-
velopment of the Department and will guide its re-
scarch and education missions, Qualified candidares
must have a PhuD. and for MLD. (or equivalent ) degree,
outstanding, academic expenence, rescarch produc-
tvity with publication in nationally or internationally
referred joumals and professional service activitics.
Candidates must also have proven ability to seoure
and sustain extramural funding as well as excellent
incerpersonal and leadership skills.

The Deparmment of Phavsiology is located on the
campus of Southem Ilinois University Carbondale, a
large, public, comprehensive research-intensive univer-
sity sitwated in a pleasant community surrounded by
the Shawnee Nanonal Forest and located two hours
southeast of St. Lows. This is a vibrant, growing
Department with 12-month, state-funded taculty
positions. Current rescarch strengths mclude cancer
biology, endoainology, neurobiology, and repro-
duction, Opportunitics for collaboration exist with
the Simmons Cooper Cancer Instimite, the Center for
Integrared Rescarch in Cognitive and Neural Sdences,
as well as other basic and dinical science depariments
within the University. The Depanment is responsible
for varous educational programs including an inte-
granve medical curriculum and both gradvate and
undergraduate physiology degree programs.

For more informatnon about the Department,
please visit our website: httpe//wwwosinmed.edu,/
physiology /.

Applicants should submit a cover letter highlighte-
ing their interests and qualificanions, their cur-
riculum vitae, and the contacr informarion for five
or more persons qualified and willing o discuss the
applicant’s abilinics to fill this position. Applications
may be submined elecrronically in PDF or RTF for-
mat to: Professor Ronald A, Browning (e-mail:
rhrowning@siumed.edu), Physiology Search
Committee Chair, Department of Physiology,
School of Medicine, Mail Code 6523, Southemn
Illinois University Carbondale, 1135 Lincoln
Dirive, Carbondale, IL 62901,

Applicarions will be reviewed beginning Sep-
tember 1, 2007, and will continue unol the positnon
is filled. Effcetive date of employvment is August 15,
2008, but is negotiable, Before any offer of emplay-
ment i owmade e University will conduet n pre-
emplovivent backirownd vvestigation, wihick indudes
a eriminal dackgrownd cheek.

KIC i oan .'!_l!il;llﬂlrﬂl'i' Actionn /Egual Cypypwrtnnity Eni-
Moyer thar striver o aliawee i ability to develop o divene

Sacwley o stirff aond b ravase it potential fo senre a diverse

studens popualesion. AN applications are welcomed and encover-
dped and will recevre avnadenstion

FOSTDOCTORAL POSITION studying the
role of the innate immune system in cardiovaseular
discase is avalable. Progects inwvolving diabetes, oxida-
tive stress and stem cells are underway. A PhD. in
cardiovascular physiology /pharmacology, bio-
chemistry, or cellular /molecular biology s required.
Please send letter of interest, names of three refs
erences, and curiculum vitae to:

Professor Gregory L. Stahl, Ph.D.
Center for Experimental
Therapeutics and Reperfusion Injury
Brigham and Women's Hospital
Harvard Medical School, 75 Francis Street
Boston, MA 02115
E-mail: gstahl@zeus.bwh. harvard.edu

FOSTDOCTORAL FELLOW/RESEARCH
ASSISTANT PROFESSOR position is available in
the marshrionl neuroscicnee program for snadics in
Alzheimer’s, Parkinson's discase, and amyorrophic
lateral sderosis. Interested candidaves should send
curnculum vrtae to: Isabela Diaconescu, Program
Manager, t of Psychiatry, the Mount
Sinai School of Mediane, New York City, e-mail:
isabela.diaconescu@mssm.edu.
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LAGRANGE PRIZE - FONDAZIONE CRT rasustis

LAGRANGE

On Complex Systems
Notice of Compelition -Year 2007

Fondazione CRT (Cassa di Risparmio df Torioo Foundaton), a privale non profi body founded in
1991 thal operales mainly in the Noth-Weslem ltadan region, intends o establish with the scentiic
coordinalion of 15| Foundation the Lagrange Prize - Fendazione CRT. dedicated 1o scentifc research
in e Tield of complex systems.

AIM AND CRITERIA

The Lagrange Prize - Fondazions CRT aims ol promaoling rese-arch activlies on complex sysiems. Bath
hecrebol and expermental research aclivins e taken indo acoounl. In particular, Be paze will be
anarded ko such scenliic research which, having generated a large impac] on the inbemational ssenlic
cosmunily, Fas enabled the accomplshren) of excepional resulls i e scence fisd of complex
sysiems and its applicalions in the decade prior io the publehing of tis noboe of competiion.

THE PRIZE

Thix Lagrange Prize - Fondarions CRT & assigned avery year Lo two ressarches. The przes, each one
endowed wih the amount of € TS000 (seventy-five thousand eunss), am assiged o indvidual
researchers whom will be prochimed as winnos within December 2007 by the Scientific Commission
The: prine-awarding ceremany wil Like place in Turin by April 2008

SUBMISSION OF CANDIDACIES

Each candidacy can be submiied by at keast one guarantor. who will have 1o aftacha dossier motkaling
the specdic carddacy compleling il with mirimirm 5 - medmom 10 supporing lelters from a maldhing
number of sponsars of the canddacy lsall. Guaraniars or sporseds ol he alure can be considesd
direciors and ressarchers of nalional and infemational research canlres; professors of naliorad and
inlernational unhersity instifules; pariress and members of Scenlikc Academes.

Sal-candidahares will nol be accepled

CANDIDATURE DOGSIER

The: guararior of the candiacy & requisd i sabmit the related candidature dossir driwn ug in English
and including the lowing:

1) Candidacy proposl of i guaranicr,

2} A writen lexi presenting the meearch made by the canddale, he mporiance of resulls schieved and
an analyss of e sclentfic impad (heorelical of experimental) Brought about By 1he candidale's work.
JtCa I cumcwbim wilae.

4 Lisl of scieniic publicadons relaied Lo the candidale’s ressarch aclhvities. The whiole dossier has fo be
slit. The fes reladed o the candidacy documants will have io be in

e

submitied via emal Io se
pdf or woed formal

5) 510 mtiers suppoding the candidacy.

The: prire regulaton & aalable on e we'bste www.progetiolagrange it

SELECTION OF CANDIDATURES:
The Seenifie Commussion wil communicals B choice af the b winhers within December 2007.

DEADLINE FOR CANDIDACY SUBMISSION
mmm:}'m' relaled o the 2007 and including all documents &5 per arl. 4, has 1o be
recaived by 15| Foundation within October Jith, 2007,

The complete nolice of the ¢ is avallable vpon request addressed fo the Frire
w;&:nh]rﬂm Lit) and can be refrieved in elec tronic formal by accessing the
www. progeftolagrange it

MEETINGS

Hepatic Inflammation and Immunity 2008

Institute for Human Infections and Immunity
The University of Texas Medical Branch

Children's Research Institute
Ohio State University

January 25-27, 2008
Galveston, Texas

Organizers: LM, Cnspe, C. Walker, C. O'Farrelly, and 5.M. Lemon i

the ULS. Sapem Cooperative Medical Sciences Program

This interdisciplinary meeting will examine unique aspects of the intra-

hepatic mmune system and its role in health and discase in 7 sessions

over 2.5 days:

Opening Session (1. Anas)

L Tolerance, fmmunitv, and Anticen Presentation in the Liver (P
Bertolino, K. Lang, P Knolle, A, Thomson, F. Winau, N, Crispe)

i, Repnfarion and Subwersion of fmnate and Adaptive Infrafepatic
fmmunity (B. Beutler, S, Akima, T. Fujita. T. Saito. M. Gale, 5.
Lemon )

il Regrdation of Adapiive Ceffular frmuity in the Liver (AL Grakou,
R. Ahmed, K. Sugamur, P Klenerman, F, Chasan )

I Mechamisms of Liver fnfary (D, Brenner, 8, Friedman, A.M, Duehl,
Gl Cheng. K. Koike, C. Morishima)

o Nawral Lymplocyres, Tmmamity, and Fmmunopathology (C.
O'Farrelly, M. Mam, B. Gao, J. Reimann)

Fi.  Netwral Lymphocyvies, Dendrivic Cefls amd the Interface of Innate
aned Adapaive fmmemity (M, Kronenberg, H, Kivono, L. Lanier. T,
Kanto, A. Bendelac)

FIE Awtoimmemity and the Liver (D. Vergam, A. Rao, M. Manns, K.
[naba, J. Gorham, E. Gershwin, T. Sasazuki)

A poster session s planned. For further mformation and registration
details. see http:VYwwwautmb.edwehr/hii2008 or contact: M. Susman,
Center for Hepatitis Research, THIL, The University of Texas Medi-
cal Branch, Galveston, TX 77555-1019; TEL: 409-T72-2319; FAX:
409-772-2495; email msusmania utmb.edu.

cerfumction with the Joing Hepatitis Panels amd Tmoumalogy Board of

Skirball Institute of
Biomolecular Medicine

BEARIE 3P

W VORE INIVERLITY

Faculty Positions

The Skirball Institute and the Kimmel Center of

Biology and Medicine at New York University
School of Medicine invite applicants lor tenure-track
positions at the assistant, associate or full professor
level. We seck applicants with an exceptional record
of achievement to join our exisling programs in
Molecular Neurobiology., Developmental Genetics.,
Structural Biology and Molecular Pathogenesis.
These programs are interdisciplinary and reflect
strengths at NYU's School of Medicine and College
ol Arts and Sciences. Special priority will be given to
applicants with broad interests working at the cutting
edge of mammalian genetics. stem cell rescarch.,
neurobiology or molecular cell biology.

NYU School of Medicine offers excellent resources
to support new faculty, including generous start-up
packages and core facilities for cell sorting, imaging.
proleomics. mouse molecular genetics. genomics
and structural biology.

Successlul candidates are expected 1o initiate and
maintain vigorous independent research programs
that will enrich and be enriched by the highly
collaborative environment at the Skirball Institute
and throughout the NYU research community.

This is an electronic application process. No mail
applications will be accepted. Create your application
packet by formatting it as a single PDI document.
Use the following page order: (1) Cover Letter -
indicating Program preference. (2) Curriculum
Vitae. (3) Research Statement.

Email application packet 1o

skirballscarchia saturn.med.nyu.edu.

Three letters of relerence should be sent independently
to: skirballsearchia saturn.med.nyu.edu

New York University School of Medicine was
founded in 1841 and is an equal opportunity
alfirmative action employer. Women and minonty
candidates are encouraged o apply.

http://saturn.med.nyu.edu
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POSITIONS OPEN

POSTDOCTORAL SCIENTISTS
Mechanisms of HIV-1 Entry Antagonism and
Design of Entry Inhibitors

Postdoaoral positions are available immediaely 10
investigate structure-based antagonism of HIV-1
envelope function in cell entry using peptide chemistry
and maoleciilar biology approaches. We ainvestgare
HIV-1 envelope protein mteracoons with its host cell
receptors and seck to identity inhibitors of the
cnvelope protein. We use a2 multidisaplimary strategy
that includes muniprotemn scaffolds, peptdomimetics,
mutgenic maedification of protein targets and surface
phsmon resonance ( Biacore), and other interaction
analysis methods o support inhibitor design and
mechanism-of-acion smdies,

For peptide chemisery /peptidomimenics: We seck
candidates with a strong organic chemistry expertise

and an ability 1o apply this expertise in the arca of

pepudes and pepndomimetics,

For molecular biology: We seck candidares with
strong molecular biology skills and expencence in ap-
plving these to investigate profein structure- function
relationships ar both biochemical and biophysical
levels.

Resumes and names,/contact for three references ro:

Irwin Chaiken, Ph.D.
Professor, Department of Biochemistry and
Molecular Biology
Direxel University College of Medicine
11102 New College Building, MS#497
245 N. 15th Street
Philadelphia, M'A 19102
Telephone: 215-762-4197
Fax: 215-762-4452
E-mail: ichaiken@drexelmed.edu

ENDOWED CHAIR
for Biomedical Research in the
University of Louisville
Department of Pediatrics

The Department of Pediatrics at the University of

Louisville invites applications to fill an Endowed Chair
im a renure-track academic position. The Depar-
ment of Pediarrics has a well-funded and expanding
faculty dedicared o pediarric care, research, and edu-
cation. This posttion offers an outstanding, opportu-
nity for development of an independent research
program in a multidisciplinary rescarch environment,
The Department prowides wide oppontunitics for cal-
labarative rescarch including NITH-funded basic and
clinical programs in pediatne pharmacology, diabe-
tes, and sleep. The successhul candidate will be joint-
Iv appointed in the Department of Pharmacology
and Toxcology or other basic scicnce departments
o faciliare trining of graduace students, The posi-
ron will be expecred o maintain an independently
funded rescarch pmgrim and foster new collabora-
tions with the faculty. Applicants must have a strong
publication record. :‘Lpp;n. ants tor ASSOCIATE or
FULL PROFESSOR arc antiapated o have a na-
tionally recognised and currently funded rescarch pro-
gram. Candidares with an M.1. and for Ph.D. will
be considered. Applications will be reviewed unl
the position is filled. Mease submir curriculum virae,
contact information for three references, and a cover
letrer including a statement of rescarch interests to:

I'aul M. Epstein, I'h. D,
Ch:l.tr of the Scan:h Cnmmttt-:c

POSTDOCTORAL /RESEARCH SCIENTIST
position for an individual with a Ph.D. i chemisery/
biochemistry available at the University of Michigan
to study the mechanism of action of microsomal
cviochrome 450 using biophysical and biochem-
ical techniques including rapid chemical quench
clectron  paramagnetic resonance, stopped-flow-
spectrophotometry, and rapid freciee quench ander
anacrobic conditions. Knowledge of the structure
and function of heme- and flavoproteins, as well as
cneyme kinetics s desirable, $alary commensurate
with experience. Send resume and names of three
references to Dre. L. Waskell at e-mail: waskell@

umich.edu,

278

POSITIONS OPEN

POSTDOCTORAL RESEARCH ASSOCIATE

The Department of Physiology at the Kirksville
College of Osteopathic Medicine has a vacancoy for a
one-vear Postdocroral Rescarch Associate to examine
the therapeutie efficacy of two new compounds in the
treatment of Duchene and Becker muscular dysiro-
phv. The rescarch will pamanly involve tramslational
studics wsing the mds mouse modd for Duchene
minscular dystrophy, and wall include several measure-
ments of pathology in treated mice along with
biochemical studies examining the cffects of the
treatments on the disposition of the NFkappaB
pathway in dystrophic skeletal musde, The Rescarch
Associate will be responsible for performing con-
venronal biochemical assays and will also be re-

sporsible for supervising the laboratory activities of

varous laboraron: assistants, rescarch rechnicians, and
graduare students thar are currently working on the
project. Previous expenence in muscular dvstrophy
rescarch or musde biology & desired but not re-
quired. Candidates with Ph.D). in biologcal or related
sciences will be considered. Send curmiculum vitac,
brck statement of rescarch background, and names
.1an.1 addresses (citv, c-mail, relephone number ) of three
references po
C. George Carlson, h.D,
Department of Physiology
AT, Still University Human Resources
800 W, Jefferson
Kirksville, MO 63501
E-mail: hr@atsu.edu
Telephone: 6G0-626-279)
Fax: 660-626-2085

AT, Sull University of Health Saences does nor disoring-
inrie on ihe basis of race, coler, religion, mational orgn, sex,
sexanal orfenration, age, disshiliny, or stimg o5 a Viennun-cre
weleran in admisson and access fo, or restment and enploy-
rent o ity progranns and dachieitics,

CLIMATE SCIENTIST
Environmental Studies Department

The Envirenmental Studies Department of Macalester
College invites applications for a tenure-track Climate
Scientist to begin fall 2008, Appointment will be at the
ASSISTANT, ASSOCIATE, or FULL PROFES-
S0OR rank. Specific arcas of climate-related  interest
could include climare dymamics, biosphere-climare in-
tersction (including agricultural systems), biogeochem-
ical eveles, climatology, mereorology, oce mugr.!.ph},
geochemistry, and geophysics, among others. The sue-
cessful candidare i expected to build and maintain an
active research program with stidents, IL:h.Iun.;_._. diites
include environmental science, courses in the arca of
specialty, induding chmate change, and rotating re-
sponsibility for the semior seminar course. Send letter
of applicanon, curnculum vitae, statement of teaching
philosophy and rescarch plans,
reference to: D, Dan Hornbach, Chair, Depart-
ment of Environmental Studics, Macalester Col-
lege, 1600 Grand Avenue, St. Panl, MN 55105,
Applications reccived by October 15, 2007, will receive
firt consideration. More information s at website:
http:/ Swvww.macalester.edu /provost /positions
index.html. Maadesrer Cillege &5 i Egqual Oypyrortsiey/
Affirmarive Action Employer ard strongly encoirages applic-
tiong from wonren and minorinies

FOSTDOCTORAL POSITION wailable imme-
diatcly in the Laboratory of Dr. Julie Saba to study
how sphingolipid-mediated signaling  pathways con-
tribute o cancer development, progression, and re-
sponses o chemotherapy and radiotherapy { Celf Cwele
6:522-7, 2007, Proc. Nor, Acad. Sei. 103:17384-9,
2006 and 101:17825-30, 2004 ). Expericnee with mu-
fne models of cancer, molocular biology, odl biology,
tssue cultore, and microscopic imaging, technology
are required. Candidares with a Ph.D. or M.D. and
with LLS, ertizendup or permanens resident status are
strongly encouraged to apply. Please submit curricu-
lum vitae, boef statement of research interests and
goals, and the names of three references too Julie D

Saba, M.D., Ph.DD. ar e-mail: jsaba@chori.org,

and three letters of

POSITIONS OPEN

FOSTDOCTORATE in CELLULAR
IMMUNOLOGY

MNewlink Generics Corporation is a biophar-
maceutical company in Ames, lowa, developing new
therapeutic alternartives for cancer paticnts,

We seck an individual o perform the development
of immunologic assays to conduct the immuno-
monitoring in patients. The individual should have a
background in cellubar immunology and be proficient
in culturing human lvmphocytes.

Applicants must posscss knowledge in immunologic
techniques and have hamds-on experience in Aow
evtometry, fissue culiure, and enzyme-linked smmu-
nosorbent assay, The candidare will work with a
muludiscipline  scientific eam providing  analvical
expertisc in support of this company’s tumor inm-
nology program. S/he will idennfy appropriate tech-
nigue(s) and develop methods necessary for the
charscterization and quantification of the immune
reactions induced by curment experimental vaccnes.

Ph.D. /MDD, in immunology with a strong em-
phasis in cellular immunology strongly preferred.

Candidaces wnst also bave o current work autho-
rization to work in the United States to be considered.
Mease submit curriculum virae, lerter of application,
rogether with a list of three references and salary
history 1o e-mail: apply@linkp.com or mailed o
NewLink Genetics, 2901 South Loop Drive, Suite
3900, Ames, LA 50000 or fax: 515-296-5557.

We offer a diverse workforce with a competitive
salary and benefit package.

I lImnI Oyyrortinity Emsployer

We deliver —
customized job alerts.

| W know seience | A EYTY

MARKETPLACE

US Pat #5,436,149  e-maik abpeps@msn com
Coll Ab Peptides | =80038323362
Fo: 314#958+8988  www.obpeps.com

EZBiolab www.ezbiolab.com

Custom Peptide10mg 90%: $19.59/aa
AB Production 5785 peptide included
Gene Synthesis $1.20Mbp
siRNA 20 nmal PAGE purified: $285

Oligo Synthesis Columns
t Columns For All Synthesizers
L gta_ndard and Specialty CPGs
L Bulk Column Pricing Available

BIOSEARCH
BOWMCH  1s0ceowes
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Fascinating”' “informative™ science from YALE

THE LAST HUMAN
A Guide to Twenty-Tivo Species of Extinct
Humnians

Created by G. J. Sawyer and

Viktor Deak

Text by Esteban Sarmiento,
G.J. Sawyer, ond

Richard Milner

With Contributions by
Donald C. Jchanson,
Meave Leakey, and

lan Tottersall

“A magnificent matching
of precisely rescarched science and
inspired popularization. . . . Fascinating,”
— Adrian Bornett, MNew Scientist '

&3 color +8 b/w illus. + 21 maps $45.00

MATTERS OF EXCHANGE

Commerce, Medicine, and Science in the
Dutch Golden Age

Hareld ). Cook

“Admirable. ...
A book that will

undoubtedly be fruitful,

not least in stimulating
fresh debate about the
sources of the scientific
revolution,”

— Jonathan |. Isroel, Science

THE ORIGINS OF THE FUTURE

Ten Questions for the Next Ten Years

John Gribbin

“This is the ultimate book on ultimate

origins from strings, to quarks, to present
day particles, galaxics, WIMPS, the solar
system, life and the ultimate death, written
by the premicre science expositor in John

Gribbin."—Allon 5ondage  $27.50

QUANTUM PHYSICS

AND THEOLOGY
An Unexpected Kinship

John Palkinghorne

“Polkinghorne explores the underlving
truth-secking connection belween science
and religion and executes this task with a
rare blend of precision and clarity.”

—Mathan J. Hallonger  $26.00

@YALE ...

Fawe

60 illus. $35.00

MARSHES
The Disappearing Edens

William Burt

“Burt has an enviable
gilt: the power, with
prose and camera lens,
o persuade a reader of
Marshes that these
‘disappearing Edens” are
among the most remarkable places on
earth. Believe him.” —House & Garden

92 color illus. $35.00

BREATHING SPACE

How Allergies Shape Our Lives and
Landscapes

Gregg Mitman

“A critically important analysis of the
emergence of allergies as strikingly commaon
and increasingly serious health maladies. . . .
[Mitman| vividly shows how our bodies,
our environment, and our health are indi-
visible" —Allan M. Brandt 48 illus. $30.00

SECOND NATURE

Brain Science and Human Knowledge
Gerald M. Edelman, MD., Ph.D.

“For anyone who is interested in human
consciousness, this is required reading.”
—Oliver Sacks ~ $24.00

INTO THE BLACK

IPL and the American Space Program,
1976-2(04
Peter J. Westwick

“Comprehensive, rich and revealing. . ..
Westwick's impressively well-crafted history
lis also a] probing institutional study.”
—David H. DeVorkin, American Scientist

24 illus. $40.00

SAVING NATURE’S LEGACY
Origins of the ldea of Biological Diversity
Timothy J. Farnham

“In examining an idea that is now driving
conservation worldwide, Farnham gets
the story right in a way that no one else
has, His book is richly detailed, yet catches
the large themes beautifully.” —Ellioft Morse
$45.00

versity Press

New in paper

CLIMATE CHANGE AND
BIODIVERSITY

Edited by Thomas E. Lovejoy and

Lee Hannah

“This book will be a milestone in the
emerging discipline of climate change
biology." —Edward O. Wilson

107 b/w + 11 color illus. $35.00 poperback

MANAGING THE ENVIRONMENT,
MANAGING OURSELVES

A History of American Environmental Folicy,
Second Edition
Richard M. L. Andrews

A substantially revised new edition of
this “readable . . . history of American
environmental policy, . . . Well-written,
informative, and meaningful”

—Martha §. Salk, Gmrhrfr Review oFBHug}' 2
34 illus. $40.00 poperback

IMPERIAL NATURE

The World Bank and Struggles for Soctal Justice
in the Age of Globaltzation

Michael Geldman

“An excellent critique of the Bank's inner
workings and external image-making.”

—Publishers Weekly
Yale Agrarion Studies Series  $22.00 poperbock

WRITING FOR SCIENCE

Robert Goldbort
“Addresses writing across the entire
enterprise of science. . . . Uselul to

students and faculty across a wide range
of scientific disciplines.” —Mary Arthur
$50.00 cloth; $20.00 poperbock

IN THE COMPANY OF CROWS
AND RAVENS

John M. Marzluff and Tony Angell
lllustrated by Tony Angell

Fareword by Paul Ehdich

108 illus. $18.00 paperbock
THE PLAUSIBILITY OF LIFE

Resolving Darwin'’s Dilentmna

Marc W, Kirschner and John C. Gerhart
lllustrated by John Marten

40 illus. $18.00 paperback

THE RETREAT OF
THE ELEPHANTS

An Environmental History of China
Mark Elvin
£22.00 paperback

Available wierever books are sold »  yalebooks.com




Oct-3/4 Detected by Flow Cytometry

Relative Cell Number

10° 10' 10 10
Oct-34

Oct-3/4 in human ES cells (BGOTV) using
PE-conjugated anti human/mouse Oct-3/4
antibody (Cataleg # IC1759P).

R&D Systems

Your Complete Source for Embryonic Stem Cell Research.

( MARKER ANTIBODIES Antibodies & antibody panels for monitoring undifferentiated and lineage specific differentiation of ES cells
For expansion of undifferentiated ES cells & directed differentiation along spedific lineages GROWTH FACTORS & CYTOKINES

EMBRYONIC STEM CELL KITS - o
& PANELS Assess the differentiation status of ES cells at the BNA level

Nanog Detected in Human ES Cells

Nanog detected (BGO1V) with anti-human
Nanog (Catalog # AF1997) and Northern-
Lights™ 557 secondary antibody (Catalog #
NLOOT; red). Cells were counterstained with
DAPI (blue). Differentiated cells no longer
express Nanog (arrow).

Phospho-FGF R2w (Relative Intensity)

NEW! Tissue Culture Grade FGF basic

40

304

I

104

Untreated FGF basic FGF basic
Tissue Culture
Grade

FGF basic (Catalog & 3718-FB) and cost-effec-
tive tissue culture grade FGF basic (Catalog &
4114-TC) stimulate FGF R2cx. phosphorylation
in human E5 cells as measured using the Pro-
teome Profiler” Phospho-RTK Array (Catalog
# ARY001). Inset shows corresponding array
dot blots,

For more information visit our website at www.RnDSystems.com/go/StemCells

USAB&Cansds RED Systems,inc Tel: (500) 3437475 |nfp#RnDSystems com

Ewrope RE&D Systems Europe, Ltd. Tel: +44(0]1 235 525249 info@fnDSynstemscouk

For research use only. Mot for use in diagnostic procedures,

Selection expanding weekly—visit www.RnDSystems.com to sign up for weekly new product updates.
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