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What if staying up to date with the
latest technology published in journals
and patents were as easy
as pushing a button?

It 1s.

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

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

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

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

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

SciFinder

Part of the process."

@ A division of the American Chemical Society. SciFinder is a registered trademark
of the American Chemical Society. “Part of the process” is a trademark of the American Chemical Society.
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Lead the way with a Stratagene personal QPCR system
featuring enhanced MxPro™ QPCR Software.

Our Mx3000P* and Mx3005P™ personal quantitative PCR (QPCR) Systems
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Science

SCIENCE EXPRESS
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MICROBIOLOGY

Staphylococcus aureus Panton Valentine Leukocidin B

Causes Necrotizing Pneumonia

M. Labandeira-Rey et al.

Avirulent form of drug-resistant Dacterium not only carries genes for a potent toxin

but also makes mare of an inflammatory factor, exacerbating the resulting pneumonia.
10.1126/50ence. 1137165

CELL SIGNALING

Integration of TGF-[} and Ras/MAPK Signaling
Through p53 Phosphorylation

M. Cordenonsi et al.

Two prominent signaling pathways important for cell growth and development

intersect at a common lumor suppressor, pa3.

10.1126/science. 1135961

CHEMISTRY

A Molecule Carrier
K. L. Wong et al.
In a molecular conveyor, CO, can be carried across a copper surface on
anthroguinone molecules (which diffuse linearly, not isotropically) and then
can be unloaded at the end,
10.112605c0ence. 1135302

TECHNICAL COMMENT ABSTRACTS

MATHEMATICS

Comment on “The Geometry of Musical Chords” 330
0. Headlam and M. Brown

Jull text et wwi scienc emag.org’ g content T s 15 5810/330b
Response to Comment on “The Geometry of Musical Chords”
D. lymoczko

.r.!!-'l- lext at wavi sclencemag.org’cgl/contentfull315/581 03 30¢

REVIEW

SCIEMCE POLICY
Enabling Europe to Innovate 344
A. Dearing

BREVIA

MATERIALS SCIENCE

Brilliant Whiteness in Ultrathin Beetle 5cales 348
P Vukusic, B. Hallam, ]. Noyes

Although only 5 micrometers thick, the scales of a beetle appear
briliantly white because they contain a sparse, random network

of cuticular filaments that efficiently scatter light.

REPORTS

PHYSICS

Electric Field-Induced Modification of Magnetism in 349
Thin-Film Ferromagnets

M. Weisheit et al.

A weak applied electric field can reversibly modulate the magnetic
properties of a thin iron-palladium film immersed in an electrolyte.

MATERIALS SCIENCE

Ultralow Thermal Conductivity in Disordered, 351
Layered W5e, Crystals

C. Chiritescu et al.

Randomly stacking the layers in tungsten selenide produces

a dense solid having a remarkably low thermal conductivity

at room temperature that is only twice that of air,

o . ’ 3
» FETSPECHIVE D, 342

CHEMISTRY

Organic Glasses with Exceptional Thermodynamic 353
and Kinetic Stability

5. F. Swallen et al.

Organic molecules can form stable glasses when deposited

from a vapor onto a substrate cooled only 50 kelvin below

their usual glass transition temperature,

CHEMISTRY

Unexpected Stability of Al,H,: A Borane Analog? 354
X Lietal

A pulsed arc discharge yields stable aluminum-hydride clusters,

a new compound which has a high heat of combustion and in bulk
could potentially be used for hydrogen storage.

CHEMISTRY
Divalent Metal Nanoparticles 358

G. A, Deliries et al.

Different molecules can be placed at opposite positions in the
molecular coating of metal nanoparticles to form chemical handles,
allowing assembly of the particles into chains or films.

CONTENTS continued >>

www.sciencemag.org SCIENCE VOL 315 19 JANUARY 2007 291




| |[ExiIqoON

microRNA expression profiling
- using miRCURY™ LNA Arrays

Dear Researcher, we are happy to announce the launch of miRCURY™ LNA
prespotted microarray slides and ready-to-spot probe sets for microRNA profiling
for all organisms (vertebrates/invertebrates/plants/viruses) in miRBase 8.1.

We have at least 92% coverage in miRBase 9.0.

» Stay ahead of the field » Get reliable results
- Most comprehensive probe set that contain - Spike-In control probes for easy and improved
proprietary miRPlus sequences not yet in miRBase normalizationprocedure and assessment of data
quality and reproducibility
} Increased discovery potentia| - Excellent discrimination of let-7 family members
- Cross species profile comparison possible - Tm normalized capture probes
- Almost 1500 unique capture probes )
» Save time
} USE |e55 sample - No miRNA enrichment required
-Works on 1 ug total RNA - Fast 90 minutes miRNA labeling protocol

- Highly sensitive LNA™ capture probes

Normalized signal
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Discrimination of closely related miRNAs. 10

10 IIZ;] 1Di;l:} 1{[IiH.'I 1EIIID}
Spike-In capture probes allow assessment
of reproducibility.

Visit

www.exiq on.comlarray
to learn more....

...0r contact us for more info:

Phone:
US: 781 376 4150 / 888 miRCURY (EST)

Rest of world: +45 45 65 09 29 (GMT+1)

www.exigon.com Email: support@exigon.com
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REPORTS CONTINUED...

ATMOSPHERIC SCIENCE

Global-Scale Similarities in Nitrogen Release 361
Patterns During Long-Term Decom position

W. Parton et al.

Experiments in 21 sites from seven biomes show that nitrogen release
by litter decomposition depends mostly on nitrogen concentration
rather than on climate variables.

GEOCHEMISTRY

Water Solubility in Aluminous Orthopyroxene 364
and the Origin of Earth’s Asthenosphere

K. Mierdel, H. Keppler, ]. R. Smyth, E. Langenhorst

Experiments show that the solubility of water in mantle minerals
reaches a minimum at depths of 150 to 200 kilometers; the free
water there may explain the melting and low seismic velocities.

== Perspective p. 338

CLIMATE CHANGE

A Semi-Empirical Approach to Projecting Future 368
Sea-Level Rise

5. Rahmstorf

Relating the observed sea-level rise and global air-temperature
increases over the 20th century predicts that sea levels may rise by
0.5 to 1.4 meters by 2100.

BIOPHYSICS

Nonequilibrium Mechanics of Active Cytoskeletal 370
Networks

0. Mizuno, C Tardin, C. £ Schmidt, £ C. MacKintosh

When the motor protein myosin is added to a gel-like network of
cross-linked actin filaments similar to that in cells, the network
stiffness increases nearly 100-fold and can then be modified by ATP.

BIDCHEMISTRY

An Inward-Facing Conformation of a Putative 373
Metal-Chelate-Type ABC Transporter

H. W. Pinkett, A. T Lee, B. Lum, K. P. Locher, D. C. Rees

A pump maves molecules out of cells by coupled changes in the
nucleotide-binding domain and membrane-spanning helices, which
switch the accessibility of the central cavity from outside to inside.

IMMUNOLOGY

Antibody Class Switching Mediated by 377
Yeast Endonuclease—Generated DNA Breaks

A A Zarrin et al.

Factors required for the DNA rearrangement that generates antibody
classes can be replaced by yeast cleavage-site sequences, pointing

to a general DNA repair system, == Perspective p. 335

ECOLOGY

Farmland Biodiversity and the Footprint 381
of Agriculture

5. J. Butler, ]. A. Vickery, K. Norris

A protocol for assessing how agricultural intensification affects bird
habitat and diet predicts bird population status and may be generally
useful for conservation planning. == Perspective p, 341

DEVELOPMENTAL BIOLOGY

Control of Drosophila Gastrulation by Apical 384
Localization of Adherens Junctions and RhoGEF2

V. Kdlsch et al.

Furrow formation is initiated during gastrulation when a protein

in the outer membrane of epithelial cells binds a cytoskeletal
modulator, constricting the outer part of the cells.

GENETICS

High-Throughput Identification of Catalytic 387
Redox-Active Cysteine Residues

D. E. Fomenka et al.

Screening of genome databases for bound cysteine-selenocysteine
pairs has identified known proteins with redox-active cysteines and
predicts previously unknown anes.

MEUROSCIENCE

Balanced Inhibition and Excitation Drive 390
Spike Activity in Spinal Half-Centers

R. W. Berg, A. Alaburda, ]. Hounsgaard

The neural circuit for scratehing in turtles unexpectedly shows
periodic waves of simultaneous excitatory and inhibitory synaptic
activity, rather than the anticipated alternating oscillations.

> Perspective p. 339

MEUROSCIENCE

Wandering Minds: The Default Network and 393
Stimulus-Independent Thought

M. £ Mason et al.

When the human brain is not engaged by outside stimulation,
an active network of cortical areas apparently subserves
mind-wandering.
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High-Performance Dialysis s}

Easy to hold on to frame
and inject sample.

SLIPPERY WHEN WET.

Flat tubing is difficult to handie and fill when wet

SLIPPERY WHEN WET.
Sample can easily be lost when tubing leaks or clamps siip off,

SLIPPERY WHEN WET.

Legking into dizlysate can compromise sample.

>95% sample recovery.

Sample_ remains intact with no
contamination from surrounding dialysate.

High surface areafsample volume ratio will

SLIPPERY WHEN WET.
Typically dizlyze ovemight. Difficult to recover sample from wel fubing.

dialyze twice as fast as conventional tubing.

No more leaking! Avoid sample
loss with Pierce Slide-A-Lyzer®
Dialysis Cassettes.

The Pierce Slide-A-Lyzer® Dialysis Casseftes
have a silicone-like gasket that prevents them
from leaking. The new color-coded transparent
frames allow you to instantly know the MWCO of
the membrane and to see the sample being
injected. No knots, caps, lids or clamps to loosen,
fall off or leak. Obtain >95% sample recovery
with a rigid frame that permits smooth and
complete withdrawal of samples,

FREE picture frame offer!”

How does the Cassette dialyze?

1. Inject sample into the Cassette through
one of the guide ports on top of the gasket.
Draw up on the syringe to remove air.

2. For Cassettes other than the 12-30 mi
unit, attach a flotation buoy and dialyze.
Forget about having to hassle with dialysis
bag suspension!

3. After dialysis, inject the Cassette chamber
with air, and withdraw your dialyzed sample
from the Cassette.

www.piercenet.com

20 KMWCO

Slide-A-Lyzer® Cassettes are available
in2,3.5 7, 10 and now 20 K MWCO.
See our website for the full line that

Buy any package of Slide-A-Lyzer® Dialysis Cassettes
before 3/30/07 and receive a free magnetic piclure
frame that looks just like our Cassettes!

Tal: 815-968-0747 or 800-874-3723 » Fax: §15-968-T16
Customer Assistance E-mall

G5 Loom
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Junk on a journey.

SCIENCENOW

WWW.SCIENCENOW.0 rg

Modeling the Ocean’s Motion

Researchers chart the course of a current as it ferres junk

acrass the Pacific.

A Huff Equals a Puff
Abused inhalants trigger the same brain response as
cocaine and nicotine.

Big Melt Threatens India’s Water

Himalayan glaciers have declined one-fifth in the past 4 decades,

according to new report.

RGS2: Astructured RGS domain
and unstructured N terminus.

SCIENCE'S STI{E

wiaw. stke.org

PERSPECTIVE: RGS Proteins—5wiss Army Knives in Seven-
Transmembrane Domain Receptor Signaling Networks

5. P Heximer and K. . Blumer

An unstructured domain allows RGS2 to regulate more than just

G proteins.

PERSPECTIVE: Propping Up Qur Knowledge of G Protein
Signaling Pathways—Diverse Functions of Putative
Noncanenical G} Subunits in Fungi

C. 5. Hoffman

Proteins that adopt a conformation like that of G serve various
functions in G protein signaling.

FORUM
Join the ongoing discussion of redox regulation through cysteine
modulation of GPCRs in the "Open Forum on Cell Signaling.”

ONLIN

WWW.sCiencemag.org

Resisting the temptation to cheat.

SCIENCE CAREERS

WY, HtlE‘II{t‘ert“-‘r‘: org

Us: Dealing With Deception

B. Benderly

As scientific cheating increases, researchers must protect their own
careers and the integrity of science.

US: Tooling Up—~Resumé Rocket Science, 2007
D. Jensen
Good Cs and resumés share some common threads.

EUROPE: Mastering Your Ph.D.—Group Dynamics

B. Noordam and P. Gosling

Your Ph.D. experience will depend, in part, on what type of research
group you end up in.

Separate individual or institutional subscriptions to these products may be required for full-text access.
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Phusion™ High-Fidelity DNA Polymerase from New England Biolabs
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Enabling Innovation

In open innovation, different actors work
together in a flexible manner so that they can
develop products and services more efficiently
than they could on their own. Dearing (p. 344)
relates ways companies think about innovation
within the policies that European governments
are putting in place to foster productive innova-
tion. Qualities that define effective ecosystems
for innovation include the potential for market
growth, straightforward and effective regula
tions, and the availability of skilled resources,

Aluminum Pyramid

The tendency of boron to compensate for its
electron deficiency by forming elaborate polyhe-
dral hydride clusters has long intrigued chemists
and given rise o a detailed series of bonding
rules that rationalize cage geometries based on
electronic structure. In contrast, aluminum has
not evinced a comparably rich hydride cluster
chemistry, despite sharing boron's valence struc-
ture, However, pholoelectron spectroscopy stud
ies by Li et al. (p. 356} indicate that the neutral
Al H, cluster is actually quite stable. Density
functional theory supports a distorted tetrahe-
dral aluminum arrangement. The stability of this
molecule suggests the potential for synthesizing
a broad range of (AlH} structures,

Random Stacking
Beats the Heat

Materials with low thermal conductivity are not
only useful as thermal barriers but thermoelec
tric energy conversion. Chiritescu ef al. (p. 351,
published anline 14 December; see the Perspec-

www.sciencemag.org SCIENCE VOL 315

tive by Goodson) find that when tungsten
selenide, a layered material similar to graphite
in the weakness of attraction between its layers,
is grown from alternating thin films of W and Se,
the sheets stack in 2 random manner. This disor
dering, coupled with the high in-plane ordering
of the layers, leads to an extremely low cross
plane thermal conductivity for a fully solid
film—as low as 0.05 watls per meter per kelvin
at room temperature, or 30 times less than the
c-axis thermal conductivity of single-crystal
Whe,. Disruption of the in-plane ordering by ion
bombardment actually increased the thermal
conductivity of the material.

Electric-Field—
Modulated Magnetism

The ability to modulate the magnetic properties of
a material with an applied electric field offers the
potential of low-power consumption and fast
memory devices. Weisheit et al. (p. 349} report
on the fabrication of a tri-

EDITED BY STELLA HURTLEY AND PHIL SZUROMI

k % D

Cellular Morphogenesis with a Twist

Cellular morphogenesis is important throughout much of early
development in multilcellular animals. During Drosophila
gastrulation, epithelial cells on the ventral side of the embryo
display apical constrictions that cause the invagination of the
mesoderm and formation of a ventral furrow. Kolsch et al.
(p. 384) now identify a target of the transcriptional activator
Twist. This transmembrane protein, T48, coordinates with sig-
naling factors Fog and Cta to localize the cytoskeletal modulator
RhoGEF2 to the apical side of ventral cells in order to direct apical
constriction and ventral furrow formation.

to prevent their further growth or agglomera
tion. Such a layer might be assumed to be
isotropic, so that further derivatization or
attempts to connect nanoparticles would be non-
selective in terms of bonding directions. How
ever, when rodlike molecules pack on a spherical
object, at least two defect areas must form at
opposite poles (much in the same way that hair
on a person's head must adopt a whirl pattern).
DeVries et al. (p. 358) exploit this phenomenon
to selectively bond two different types of ligands
to metal nanoparticles, such that they can be
further reacted at the poles to give them direc-
tional bonding. The nanoparticles could then be
formed into free-standing films.

Water Marks the
Asthenosphere

Plate tectonics assumes that rigid plates float
and move over the weaker asthenosphere, which
extends from about 60 to 220 kilometers below

the oceans and 150 kilo-

layer junction of metallic
ferromagnetic thin films
immersed in a dry propyl-
ene carbonate electrolyte.
The ferromagnetic magne

LI "L | LI I

meters below continents.
The softness of the
asthenosphere may be
caused by pockets of
hydrous melt. Mierdel et

lization in the layer in con-

lact with the electrolyte, a 2-nanometer-thick

FePd film, could be modified considerably by

applying a voltage across this barrier with a Pt
counter electrode.

The Ends Enable the Means

During their synthesis, nanoparticles are often
coated with a capping layer of rodlike molecules

al. (p. 364; see the Per-
spective by Bolfan-Casanova) have performed
experiments which show that the asthenosphere
could coincide with a zone that marks a mini
mum in the solubility of water in mantle miner-
als. A sharp drop occurs in water solubility in
aluminous orthopyroxene with pressure, or
equivalently depth, whereas the water solubility
in olivine continuously increases, The limits of

19 JANUARY 2007

Continued on page 299

297



Science is organized
knowledge. Wisdom is
organized life.

Immanuel Kant

Philosopher (1724-1804)

Our core strengths include not only technologies that support superior products and services, but also the spark of ideas that
lights the way to a brighter future. 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 sclutions we develop find applications in areas ranging from life sciences and medicine to flat-panel displays.
We have learned much in the past hundred years. Expect a lot more,

www.shimadzu.com é SHIMADZU



LOOKING FOR ONE OF
THE MOST DRUGLIKE
SCREENING LIBRARIES
AVAILABLE TODAY?

This Week in Science

Continued from page 297

the asthenosphere would be the regions where water comes out of solution and forms pockets of
hydrous silicate melt,

CREDIT: PINKETT ET AL

Modeling the Cytoskeleton

The cytoskeleton, the mechanical framework of cells, represents a nonequilibrium active machinery that
can adapt its mechanics to perform tasks such as cell locomotion. Mizuno et al. (p. 370) show that in a
reconstituted model system comprising actin filaments, a cross-linker and a motor protein (myosin 1},
the motor activity controls the mechanical properties of the actin network. Adenosine triphosphate could
promote near 100-fold increase in stiffness and change the viscoelastic response of the network. A guan-
titative model connects the large-scale properties of the gel to molecular force generation.

Sideways with a Twist

The family of ABC membrane transporters uses the energy from
adenosine triphosphate, hydrolyzed by the nucleotide-binding
domain (NBD), to power transport of substances into or out of the
cell via the transmembrane domain (TMO). Pinkett et al. (p. 373,
published online 7 December) report the NBD-TMD structure of an
; inward-facing conformation of a bacterial metal chelate importer
2 . gy and compare it to the outward-facing structure of another ABC
L. = family member, the vitamin B,, importer. Small shifts in the rela-
"'t" P A !;."\‘Fﬁ . live orientations of the membrane-spanning helices in the TMD
s s PR . suffice to switch the accessibility of the central cavity from
] ‘-"p.l. - .. i i L -, L £
- . *w periplasmic to cytoplasmic. Furthermore, these shifls are associ-
| & . ated with, and perhaps driven by, twisting and translational confor
A4 N, mational changes in the NBDs.

Making (and Breaking) the Switch

B cells produce different classes of antibodies by combining the highly variable antigen-binding
front-end with one of a selection of functional rear-ends through class switch recombination, in which
somaltic gene rearrangement brings together intronic switch region sequences that flank the constant
region segments. After generation of double-strand breaks by the cytidine deaminase AID and subse-
guent end-joining, intervening DMA is deleted and the upstream variable sequence meets its selected
constant-region partner. To look more closely at the role AID and the switch regions themselves play
in this process, Zarrin et al. (p. 377, published online 14 December; see the Perspective by Chaudhuri
and Jasin) replaced the switch sequences with endonuclease sites from yeast, which allows the pro-
duction of independent double-strand breaks. Surprisingly, class-switch recombination still took place
with a measurable frequency and was independent of AID,

Dance, Turtle, Dance

The basic spinal network mechanisms underlying limb movements are still not fully understood.
Investigating spinal cord preparations from adult turtles, Berg et al. (p. 390; see the cover and the
Perspective by Kristan) describe how spinal networks operate during motor pattern generation. Bal
anced increases in synaptic excitation and inhibition operate in spinal motoneurons to produce rhyth-
mic bursts of action potentials that are stochastic in nature. This activity contrasts strongly with the
classical notion that antiphasic inhibition and excitation produces rhythmic activity in oscillatory
spinal networks.

Daydream Believer

Despite the preponderance of daydreaming during everyday life, little is known about its neurocognitive
underpinnings. How does the brain spontaneously produce the images, voices, thoughts, and feelings
that constitute stimulus-independent thought? By analyzing functional magnetic resonance imaging
signals associated with a cognitive task that was shown to induce a high frequency of mind-wandering,
Mason et al. (p. 393) show that between periods of instrumental thought and goal-directed behavior, the
mind exhibits tonic activity in a network of cortical regions. This so-called default network contributes to
the production of stimulus-independent thought and the subjective experience of mind-wandering.
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CREDIT: PAT LEWIS

Source It Out

THESE DAYS, OUTSOURCING IS ALL THE RAGE IN THE UNITED STATES; ONE CAN FOLLOW IT ALL
the way from the campus to the national park system, then to Irag. and finally to our domestic
political infrastructure, Beginning with the first: It used to be that Faculty members at Generic
State U, could be sure that the campus bookstore and food service were home-grown enterprises,
staffed by people they got to know. Now those enterprises are likely to be connected to Borders
or a multinational food service company. These arrangements. a prominent feature of the
outsourcing epidemic, are popularly called public-private parmerships. The term lends a sense of
comfort, but it also hides some nagging problems.

The LS. government is getting into outsourcing through public-private partnerships, big
time. In the Bay Area, military base closures have created an appetite for putting private ventures
on public lands, San Francisco’s most desirable piece of public land, the Presidio. was trans-
ferred to the National Park Service after its base closed. Congress then created a special agency
called the Presidio Trust. with a management plan demanding self-sufficiency
by 2015. Ongnally, it required occupancy by nonprofits, but given the
tough target date, it’s hardly surprising that somehow the trustees
accommodated Lucasfilm Lid. Meanwhile, at the old Moffen Field,
the National Aeronautics and Space Administration is looking
around for new partners, How about Google?

Moving on: The public-partnership responsible tor the Irag
mess includes a huge array of private organizations holding
outsourced roles. Some are contractors, such as Bechtel and oy
Halliburton, whose high overhead may be justified by the w==
challenge of restoring (or not) infrastructure while being shot
at. The other commercial partners are, to put the matter
bluntly, mercenaries: well-armed contract employees (think
Blackstone) playing roles that are at least paramilitary 1if’ not more. This high-water mark in
outsourcing for war has put some of the legal risks of public-partnerships on display: The New
York Times reports that of 20 accusations against contract employees of criminal abuses against
Iragi and American detainees, none have been acted on. If part of the partnership deal entails
immunity, the deal may not be all that wonderful.

When functions vital to a democratic society are partially outsourced to private interesis, legal
problems anse and social costs are hkely to result. To be sure, there are some benefits. Much of
LLS. domestic infrastructure has been put into the hands of private commercial entities for
sensible reasons. Privately run toll roads are worked imto the highway system, and the Intemet 1s
avaluable utility that operates well as a public-private partnership. But although voter confidence
in the system by which we choose our government representatives 1s essential, in many places
private vendors have provided the electronic touch-screen machines that count the votes. This
public-private partnership has produced both technical doubts (how can the voter be sure that the
vote gets counted?) and legal ones (can the state know and reveal what's inside the machines?).

A major supplier of such machines, Diebold, is a central player in the debate, partly because
its CEO, also the chair of the Republican Party in Ohio, unwisely declared his hope to secure
his state’s 2004 vote for Bush. The next vear, North Carolina asked for bids for machines, with
the requirement that bidders reveal the computer codes and other details about how the
machines would work. Diebold appeared to zet the bid but refused to meet this stpulation,
claiming that the information was a trade secret. The state Elections Commission then decided
to disregard its own requirement on the basis that no bidder could be expected o meet it
The stalemate broke when, afier a court test in which the state’s provision was upheld, Diebold
withdrew. Meanwhile, another bidder acceded. showing that the requirement could be met
despite the commission’s earlier conclusion.

Diebold’s withdrawal was fortunate, but they are selling machines elsewhere. The lesson from
these adventures with public-to-private oursourcing is that if you're going to hire others to do your
work, better make them as accountable as vou are. Otherwise vou've bought vourself a fig leaf.

- Donald Kennedy

Donald Kennedy is the
Editor-in-Chief of Science.

10,1126 science. 1139569
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EDITED BY GILBERT CHIN AND JAKE YESTON

GENETICS
Generating Varieties

Paralogs are the result of a gene duplication event arising after
speciation. By examining expressed sequence tags (ESTs) in the
B73 strain of maize, Emrich et al. identified gene copies with 98%
or more similarity, which they have labeled as nearly identical par-
alogs (NIPs). Approximately 1% of all genes in maize (Zea mays L.)
have a NIP, a significantly higher rate than found in Arabidopsis.
Many of these NIPs demonstrate linkage, suggesting that they
originated via tandem gene duplication. Among NIP families it was
found that both gene copies were often expressed (~80%) and that
the expression of an individual gene often differed from that of its
paralog. These data suggest that paralogs may be a means by which
organisms generate variation and, in the case of maize, may have
been important in providing varieties for selection and domestica-
tion by humans. — LMZ

Genetics 10.1534/genetics. 106.064006 (2006).

PSYCHOLOGY
Morality on the Web

Inconsistencies—ifor instance, between what is
observed and what is reported—can be fecund
ground for researchers to till, and a topic of cur-
rent interest is the incongruence between the
moral judgments that people make and the rea-
sons that people proffer as a basis for those judg-
ments. At one side are the proponents of con-
scious or deliberative thought as the means for
making choices when confronted with moral
dilemmas, whereas another view favors intuitions
arrived at via automatic or inaccessible processes
as the motivation for their responses.

Cushman et al. have elicited “ought versus
ought not” judgments and postjudgment ratio-
nales from more than 500 people by using a Web-
based script. Participants read carefully con-
structed scenarios and registered their judgments;
they were then presented with their choices in
pairs of the scenarios that differed in only one of
three dimensions and asked
fior a justification. In situations
where action (or inaction) was

was the issue, the pattern of judgment was just as
clear as in the action scenarios, but most partici-
pants could not explain why they had chosen as
they did. Hence, there may be more than one way
to reach a decision on merality. — GJC

CHEMISTRY
From Soup to Nuts

The promise of microfluidic systems, in which very
small volumes of liguids are manipulated,
processed, and interrogated, is thal it may be pos-
sible to develop low-cost diagnostic systems, par-
ticularly for use under challenging field condi-
tions. Although there has been tremendous
progress in developing microfluidic components,
crealing an integrated system thal can analyze an
unpurified sample has remained a goal.

Easley et ol. describe a microfluidic system
with three distinct functional domains. The first
two are for sample preparation, consisting of
solid-phase extraction (SPE) to
pull out samiple DMNA from a

crude specimen and for sub-

Psychol. Sci. 17, 1082 (2006).

involved, participants were
consistent in their judg-
ments and generally had
no difficulty in articulat-
ing a reasoned argument
for how they had decided
which behavior was morally
better. In contrast, when inten-
tional {or unintentional} harm

sequent PCR amplification.
After this, the amplified
products are then
injected along with
a DNA standard into
an electrophoretic
detection domain. One key

The microfluidic lab bench.

aspect of the device (3 x 6 cm) is a series of valves
that are used to isolate each unit, thus keeping
SPE reagents from reaching the PCR domain;
these valves are also used in a diaphragm-like
fashion to pump the amplified DNA into the ana-
lytical chamber. The authors demonstrate the
detection of Bacilfus anthracis in 750 nl of whole
blood taken from infected but asymptomatic mice,
and they also are able to measure Bordetello per-
tussis in 1 pl of nasal aspirate taken from a patient
suspected of having whooping cough. — MSL
Proc, Natl. Acad. Sei. U.S.A 103, 19272 (2006).

IMMUNOLOGY
A Loss of Intestinal Fortitude

The large-scale and rapid depletion of CD4* T
cells in the weeks after HIV infection occurs pre-
dominantly in the gastrointestinal tract. Accompa-
nying this loss is a sustained whole-scale activa-
tion of the immune system, which corres ponds
directly with the eventual progression to AIDS.
Brenchley et al. propose that the two processes
are tightly coupled, with impaired intestinal
integrity leading to the translocation of gut
microbes, or some of their constituent compo-
nents, which overstimulate the immune system.,
Circulating levels of bacterial lipopolysaccharide
(LPS), which was used as a marker for microbial
translocation, were markedly elevated in the sera
of chronically infected HIV individuals and in
macaques experimentally infected with the simian
immunodeficiency virus (SIV). This increase corre-
sponded directly with footprints of immune acti-
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vation, including circulating cytokines, antibodies
to LPS, and immune-cell turnover. In HIV patients
undergoing highly active antiretroviral therapy,
LPS levels were decreased, with a corresponding
rebound in CD4* T cell numbers. Furthermore, in
the absence of pathology—as typified in the
infection of natural primate hosts for SIV—signs
of substantial microbial translocation or immune
activation were not apparent. The link between
HIV infection, integrity of the mucosal immune
system, and chronic peripheral immune activation
may prove important to consider in future thera-
pies for HIV infection. — 5)5

Not. Med. 12, 1365 (2006).

APPLIED PHYSICS
Eavesdropping Foiled by Decoys

Secure communication between a sender and a
receiver generally requires the message to be
encrypted, with the sender and recipient sharing
a secrel key that encodes and deciphers the
message. |deally, the key should be changed
often, and so for practical reasons the key
should be distributable over normal communi-
cation channels. However, the possibility of the
interception of the key by an eavesdropper
would compromise security. There is, therefore,
aneed for a method to distribute the key to the
recipient securely so that any altack on the com-
munication channel by a potential eavesdropper
can be detected and appropriate action taken.
Yuan et al. use a combination of signal and
decoy optical pulses sent over a 25-km optic fiber
to demonstrate unconditionally secure quantum-
key distribution to a recipient. Because the decoy
pulses are weaker than the signal pulses, intercep-
tion by an eavesdropper considerably reduces

EDITORS'CHOICE

their transmission rate to the receiver, thereby
revealing the existence of an eavesdropper.
Although the use of decoy pulses does provide for
secure communication, it also places stringent
requirements on the calibration of the sources and
the detectors so that artifacts do not compromise
security, — 150

Appl. Phys. Letl. 90, 011118 (2007).

CHEMISTRY
Stabilizing Porphyrin Stacks

Expanded porphyrins are larger versions of the
familiar tetrapyrrole compounds. These extended
aromatic frameworks could potentially lorm dis-
cotic, liquid-crystalline phases, but the floppiness
of the electron-rich structure disrupts stacking,.
Stepied et al. have prepared cyclo[8]pyrrole
cations bearing phenylalkyl side chains and a
central sulfate counter-ion. They find that elec-
tron-acceptor mole-
cules such as trini-
trobenzene (TNEB} form
1:1 adducts with the
expanded porphyrins,
which leads to
changes in color and
can produce columnar
stacking and the for-
mation of discolic

—
—

Liquid crystal structure I Thi
igray, side chains; green, mesop 1351%5. us
pyrrole cores; red, TNB; approach, if success-

fully applied to related
explosives such as TNT
(trinitrotoluene), might provide a simple visual
method for detection or sensing, — PDS

Angew. Chem. Int. Ed. 10.1002/anie.200603893
(2006).

yellow, sulfate).

<< A Balance Between Life and Death

Cancerous cells often exhibit not only a capacity for excessive prolifera-

AY AAAS |
www.stke.org

tion but also a resistance to apoptosis. For example, the oncoprotein c-
MYC, an important contributor to many human tumors, activates the
transcription of some genes and represses that of others and thus influ-
ences many targel genes that might contribute to the regulation of apop-

tosis. Patel and McMahon have extended earlier studies that showed that the binding of ¢-Myc to the
transcription factor MIZ-1 and the inhibition of MIZ-1-dependent transcription were important for
promoting apoptosis. In human fibroblasts, a form of ¢-MYC (c-MYCV394D) that does not interact
with MIZ-1 was defective in inducing apoptosis. Furthermore, when the level of MIZ-1 was reduced
in these cells, the apoptotic effect of c-MYCV394D was restored. MIZ-1 activates the transcription of
several hundred genes, and a search of target genes in microarrays yielded a promising candidate:
the gene encoding the antiapoptotic protein BCLZ, Indeed, expression of BCL2 was decreased by -
MYC but not by ¢-MYCV394D, and inhibiting BCL2 expression rescued the ability of --MYCV394D to
promote apoplosis. Previous studies of mouse models and of human tumor cells have shown that
BCL2 and ¢-MYC appear to work together in promoting cancer, and these results indicate that tran-
scription of the BCLZ gene is regulated through c-MYC and MIZ-1. — LBR
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More Flexible LCM

Molecular Devices inroduces Arcturus® ", the only open, modular microdissection instrument to
combine Laser Capture Microdissection (LCM) with UV laser cutting. Arcturus®T is the ideal solution
for researchers who require more flexibility and system ease of use.

2 Unigue IR-enabled LCM—never lose contact with the sample!

) Nikon™ TEZ000U base—research-grade microscope with high-guality optics

* Fully upgradable and extendable platform

% Optional UV Laser Cutting and Epi-Fluomscance

' Phase contrast and DIC oeptions—ideal for live-call applications

* Ergonomic touch-screen monitor and trackball-controlled stage

% Full range of objective offerings—2x to 100x

# Compatible with glass or membrane slides

By combining gentle LOM and rapid UV laser cutting, you have more choices in the isolation of pure
cell populations to fit any research application. The new Arcturus™T system, along with our Arcturus”
microgenomics reagents and GenePix® microarray scanners and software, provide a more complete
solution for microarray research. Visit waweemoleculardevices.com/LCM for more information.
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ﬁ Molecular Devices
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Telltale Stripes

Devotees of DNA bar-coding, a method of differentiating species
using short, standard DNA sequences, hope to speed the description
of new kinds of organisms and make it easier for nontaxonomists to
identify tricky specimens such as this tachinid fly (Adejeania vexatrix; left).
Keeping track of the latest developments in the field is Mark
Stoeckle, a physician who teaches in the Program for the
Human Environment at Rockefeller University in New York
City. Last March, Stoeckle launched the Barcode of Life
Blog, which provides weekly news updates, analyses of
~w' . papers, and other information. Recent posts, for example,
- discuss the technique’s success in distinguishing
_ \: hard-to-separate species of red algae and why the
T mitochondrial DNA sequences often used as bar codes
" differ more between species than within them.
== phe.rockefeller.edu/barcode/blog

it

Outwitting the
Grim Reaper

migration casualties and the life-shortening
effects of caring for young, the scientists
reported online on 4 January in the Proceedings
of the Rayal Society B. Evolutionary psychologist
Robert Deaner of Grand Valley State University
in Allendale, Michigan, says the findings are

not unexpected, but they supply the "first real

The bigger your brain is relative to your body,
the smarter you are, increasing your chances
of staying alive in a dangerous world. That's
the idea explaining the evolution of brain

size, and it's indirectly supported by evidence
that big-brained animals are betler problem
solvers and socially more complex, Bul there
are few data directly connecting bigger brains
with survival.

Mow, evolutionary biologist Daniel Sol of
the Autonomous University of Barcelona in
Spain and colleagues in
the United Kingdom,
Hungary, and
Canada have used
birds to fill in this
gap. The team
analyzed mortal-
ity rates in
300 natural
populations of
220 species in
environments from
tropical to polar regions. They
found that relative to body size, birds
with larger brains, such as parrots and
crows, live longer than do smaller-
brained species such as grouses or pigeons,
The average tropical parrot, for example, has
a 6% to 12% chance of dying in any given
year, whereas the odds of survival for a morn-
ing dove are less than 50-50,

The correlation remained significant even
after accounting for other factors such as

www.sciencemag.org SCIENCE VOL315

evidence” for the idea that “large-brained
species have a low probability of dying” within
a given period,

Let’s Brainstorm

The U.5. National Academy of Engineering (NAE)
last week announced the launch of a "worldwide
brainstorming session” on great engineering
ideas for the 21st century.

A 19-member multidisciplinary inter
national committee, headed by for-
mer U.5. Defense Secretary William
Perry, is charged with coming up
with a list of about 20 engi-
neering challenges, which
will be announced in
September.

The public is invited
to chime in at

wWww.engineering
challenges.org,

where engineer and
former President Jimmy Carter has a lead-off
essay on his favorite challenge, "the growing
chasm between the rich and poor.”

NAE spokesperson Randy Atkins says this
exercise is a natural follow-up to NAE's list of
“greatest engineering achievements of the
20th century.”
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_ Scientist surveys wall
of detached ice shelf.

e = L&

ARCTIC BREAKUP

Canada used to have six ice shelves; now it only
has five, after the astonishingly rapid and total
collapse of the Ayles shelf off Ellesmere Island
near northern Greenland. The Canadian lce
Service noted the breakup on satellite images
shortly after it occurred on 13 August 2005,
but it got no public notice until last week.

In a striking example of fallout from climate
change, 87.1 square kilometers of ice calved off
in less than an hour, according to a team led by
University of Ottawa glaciologist Luke Copland.
In a paper now under review at Geaphysicol
Research Letlers, the scientists say a long crack
appeared in the 4500-year-old shell when pack
ice normally pinning it in place melted away.
The shelf ice moved rapidly offshore in several
pieces, causing the disappearance of a rare
freshwater lake ecosystem that had been
dammed behind it.

Ice shelves “are endangered landscape
features,” says Warwick Vincent, a polar scientist
at Laval University in Quebec. Ellesmere’s have
shrunk 90% since 1900, and summer ice cover
on its lakes has thinned by nearly two-thirds since
the 1990s. The largest chunk of Ayles ice shelf—
now Ayles ice island—is now frozen into sea ice
about 50 kilometers from its origin. But this win-
ter, normally selid ice has been fractured by high
winds and temperatures 7°C above normal. If the
island breaks loose, Copland says, it could gyre
on currents into the lower-Arctic Beaufort Sea,
where it may menace ships and oil rigs,
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Q. AAAS

WhO’S helping bring “ As a child | got very interested in space travel.
When | was six my father gave me some
thE glft Df SCiEﬂCE books on rockets and stars. And my universe

suddenly exploded in size because |
realized those lights in the sky | was

to everyone?

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. It gives me a great
grounding for many activities in my professional life,
such as advising government agencies and ,,
private corporations.

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 at
www.aaas.org/stories

5. James Gates |r., Ph.D.
Theoretical physicist
and AAAS member
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PATENTED FINISH. Raghunath Anant
Mashelkar (above, left), director general of
the Council of Scientific and Industrial
Research (CSIR) in New Delhi, India, retired
last month after an 1l-year tenure.
Mashelkar's emphasis on new technology
paid off, as the number of U.S. patents
owned by CSIR rose from 41 to more than
800. In a rare gesture, Indian Prime Minister
Manmohan Singh (above, right) gave a
farewell speech praising Mashelkar and
noting that “perhaps the bestis yet to come.”
Mashelkar, a polymer engineer, plans to do
research at the National Chemical Laboratory
in Pune, India.

TRIPLE PLAYER. Last fall, the University of
Chicago, long the steward of Argonne
Mational Laboratory, took managerial
responsibility for another U.5. Department
of Energy lab: the famed Fermi National
Accelerator Laboratory (Fermilab) in
Batavia, Illinois. This
month, Donald Lewy,
a physical chemist,
was given the job of
managing science at
all three institutions.

Levy, 67, wants
to strengthen ties
between Fermilab and
the university's parti-
cle astrophysicists as
well as between the
two labs. Levy says he’s reluctant to give up
his research on jet cooling and molecular
structure to take on the new challenge, which
includes having the proposed International
Linear Collider built at Fermilab. “Had this
job come along 20 years ago, | wouldn't have
even considered it for that reason.”

Got a tip for this page? E-mail people@aaas.org
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DEATHS

DEMOCRACY PIONEER. Seymour Martin
Lipset, a sociologist and political scientist
renowned for his studies of American democ-
racy, died 31 December at age 84. The only
person to be president of both the American
Sociological Association and the American
Political Science Association, Lipset taught at
Harvard University, the University of
California, Berkeley, and George Mason
University in Fairfax, Virginia, and was most
recently a senior fellow at Stanford
University's Hoover Institution.

Lipset traced the peculiarities of American
institutions back to the nation’s revolutionary
roots and the strict Protestant religious codes
of its founders. This contradictory heritage

EDITED BY KELLI WHITLOCK BURTOMN

has made Americans
"disobedient” and
“more lawless” than
citizens of many
other countries while
at the same time
“much more moralis-
tic,” he told an inter-
viewer in 1996.

Earl Raab,
director emeritus
of the Nathan
Perlmutter Institute for Jewish Advocacy
at Brandeis University in Waltham,
Massachusetts, and co-author of three
books with Lipset, called him "a great
intellect and an excellent communicator.”

Awards >>

ENGINEERING HONORS. Advances in information technology, biomechanics, and engineering
education earned five scientists top honors from the U.S. National Academy of Engineering.

Tim Berners-Lee of the Massachusetts Institute of Technology and the University of
Southampton will receive the Charles Stark Draper Prize, a $500,000 annual award. Berners-Lee
designed many of the most fundamental features of the World Wide Web, The Fritz . and Dolores
H. Russ Prize, a $500,000 biennial award, will go to Yuan-Cheng "Bert” Fung, a professor emeri-
tus at the University of California, San Diego. Fung is known as the “father of modern biomechan-
ics” for theories explaining such things as blood microcirculation and soft tissue response to
trauma. And Harold 5. Goldberg, Jerome E. Levy, and Arthur W. Winston of Tufts University will
share the $500,000 annual Bernard M. Gordon prize for educational innovation for developing a
multidisciplinary graduate program for “engineering leaders.”

The prizes will be presented on 20 February.

JAPAN PRIZES. This year's Japan
Prizes go to a forest conservationist
and creators of technology essential
for personal computers, video
recorders, and portable music play-
ers. The Science and Technology
Foundation of Japan, which sponsors
the prizes, each year creates two new
categories in basic research for the |
5435,000 awards. 3

Albert Fert (above, left) of the University of Paris-South and Peter Griinberg (above, center) of
Germany's Research Center of Solid State Physics in Jilich share the prize for Innovative Devices
Inspired by Basic Research. In 1988, the pair independently described giant magnetoresistance
(GMRY), in which the electrical resistance of certain materials drops when a magnetic field is applied.
GMR is used in devices requiring large-capacity hard disk drives, such as personal compulers.

Peter Shaw Ashton {above, right), professor emeritus of forestry at Harvard University, will
receive the prize for Science and Technology of Harmonious Co-Existence for his work on tropical
forest conservation and the development of modern forest classification systems. The awards will
be presented in April.
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Gene linked to late
Alzheimer’s

A Surprising Connection Between
Memory and Imagination

People with amnesia struggle to remember
their past. They may also struggle 1o envi-
sion their fuure, according to a new study,
Researchers have found that people with
amnesia caused by damage to the hippo-
campus. a brain region intimately tied to
memory, have difficulty envisioning com-
maonplace scenanos they might reasonably
expect to encounter in the future.

The findings challenge long-held views
about the function of the hippocampus and
the nature of memory. says Lynn Madel. a
cognitive neuroscientist at the University of
Arizona in Tueson. “The ¢laim here 15 that
the same system we use to remember the
past we also use to construct possible
futures,” says Nadel.

In the new study, published online this
week by the Proceedings of the National
Academy of Sciences, cognitive neuro-
scientist Eleanor Maguire of University
College London and colleagues examined
tive amnesic patients. All of them had
severe memory deficits caused by damage
to the hippocampus; they had grea difficulty
forming new memories and recalling events
that happened after their injuries. Ten
healthy individuals who matched the
patients’ ages and education levels partici-
pated in the study as controls,

Maguire's team asked each subject to
imagine and describe several ordinary exper-
ences, such as meeting a friend or visiting a
beach, a pub, or a market. The healthy subjects
provided rich descriptions, remarking for

example on the curve of a beach. the sound of

waves hitting the shore, and the feel of burning
hot sand. The amnesic patients were able
to follow the researchers” instructions, but
their descriptions were far less vivid. They
described fewer objects, fewer sensory details
such as sounds and smells, and fewer thoughts
or emotions that might be evoked in the imag-
ined scenario. The patients” responses on a
questonnaire iIndicated that what they saw n
their mind’s eye were frmgmented collections
of images rather than coherent scenes.

The work suggests that the hippocampus

may have a broader role in cognition than
many researchers have thought, says Morris
Moscovitch, a cognitive neuroscientist at
the University of Toronto in Canada. The
textbook view is that the main function of'the
hippocampus 15 to encode new memories,
creating an initial memory trace that is even-
tually filed away to the cortex for long-term
storage. In this view, the hippocampus is not
needed to maintain or retrieve memorics
once they 've been stored in the cortex. If this
VIEW WETE correct, .\I-"Igllll]"...‘ sdys, 1.]1'.._' p'.ll.]l..‘l'.ll."i
in her study, who did not have substantial
damage to the cortex, should have been able
to construct imaginary experiences by draw-

The Janus center? The hippocampus (red box) may
be as impartant for imagining the future as it is for
remembering the past.

ing on memories formed before their
injuries. But their inability to integrate those
memories into a coherent imagined scene
suggests that the hippocampus does more
than simply record current events,

MNadel, Moscoviteh, and others have
argued in recent years that the traditional view
of the hippocampus’s role 1s too narrow. Work
from Moscovitch and colleagues, for exam-

Another round
on stem cells

ple. suggests that the hippocampus binds
together elements of remembered scenes
to create vivid and coherent memories.
Maguire’s findings point to a similar role in
constructing imagined scenes, Moscoviich
savs, “In order to have vivid constructions of
the past, the future, or of Imaginary events,
you always need the hippocampus,” he says.

The 1dea that thinking about the past has
much in common with thinking about the
future has ancient roots, says Yadin Dudai. a
neuroscientist at the Weizmann Instituie of
Science in Rehovot, Israel: “In prescientific
times. many people thought that the role of
memory 15 not necessarily to remember the
past but to enable you to imagine the future.”
In modern times, Dudai says. the notion was
resurrected by the memory researcher Endel
Tulving, who speculated thar the ability to
predict the future was a major driving force
in the evolution of memory, Even so, Dudai
says, only very recently have studies like
Maguire’s begun to provide experimental
evidence that memory and imagination may
share neural circuitry.

More evidence comes from a functional
magnetic resonance imaging study now in
press at Newropsvehologia. Cognitive
neuroscientist Donna Addis and psycholo-
gist Daniel Schacter of Harvard University
scanned the brains of healthy volunteers
who had been asked either to recall a vivid
memory or o envision a future experience.
Both situations activated a similar network
of brain regions. including the hippo-
campus, the researchers found.

[fthe hippocampus does turn outto be as
important for imagination as it is for mem-
ory. that could have interesting implications
for aging, Addis sayvs. The hippocampus is
one of the first brain regions w show signs
of deterioration as we get older, and Addis
has recently found evidence that the ability
o envision future experiences declines in
parallel with memory as people age. Mean-

while. Moscovitch is examining the work of

tamous artists and novelists o see whether
the detail of their work declined in their later
vears. The picture of the hippocampus thats
emerging suggests vet another compromise
facing us in old age, he suggests: “Age will
contribute wisdom because you can draw on
a lot of past experience, but that experience
may not be quite as rich as it used to be.”
-GREG MILLER

19 JANUARY 2007 WOL 315 SCIENCE  www.sciencemag.org

CREDIT: ELEAMNOR MAGUIRE



CREDITS: CARMEGIE MUSEUM OF MATURAL HISTORY, PHOTOGRAPHY BY MELIMDW MCHALKSHER (IMSET) AAPS

Hard times
astrobiology
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Running
on sand

An unusual

cdareer

Fossil Dealers Launch Research Journal

One of the biggest taboos in paleontology
15 publishing papers about fossils owned by
private collectors. The problem 15 that these
tossils are traded, and analyses can’t be vet-
ted 1 a new owner slams the door shut. Last
week, a trade association of
commercial fossil dealers
launched an online journal to
provide assurances ol access
to and documentation of
the tossils, Predictably, the
announcement has sent rip-
ples through the academic
comim llllil:\'.

“This self-publishing of
fossils in private hands will
further undermine our sci-
ence.” says Mark Goodwin of
the University of California,
Berkeley. one of many scien-
tists who oppose the new ven-
ture. But other scientisis are
hoping that their collabora-
tron will bring important
skeletons out of the closet and
ranse the standards of commercial dealers,

The crux of the 1ssue 1s access o speci-
mens, All researchers agree that important,
rare fossils must be available lor study in
perpetuity. A fossil in a private collection
may end up lost to science if it deteriorates or
is sold to a secretive buyer. Many academics
also dishike commercial collecting because
sloppy fieldwork can damage fossils and
omit important contextual information,

For those reasons, the editorial policy of
the Society of Vertebrate Paleontology
(SVP) commits members to publishing only
on fossils that are cataloged n public insti-
tutions. Nevertheless, researchers sometime
tind themselves casting a furtive eye over
important but privately owned specimens.
“We know about this stuff,
say anything,” say Thomas Holtz of the
University of Maryland. College Park, one
of several academics who studied a
Tvrannosaurus rex skull owned by a
British millionaire while it was temporarily
at the Carnegic Museum of Matural History
in Pittsburgh, Pennsylvania.

The founders of the new publication, the

but we can’t

www.sciencemag.org SCIENCE VOL 315

Out of the box. Commercial fossil dealers hope their association’s
new journal will encourage the study of privately owned specimens,
such as this firannosaurus rex,

Jowrnal of Paleontological Sciences (JPS),
say they want to help bring these fossils into
the daylight. “It’s a shame to 1gnore a fossi|

just because itis not in a public repository,”
says commercial collector Mike Triebold,

prestdent of the Association of Apphed
Paleontological Sciences ( AAPS), the trade
arpup that is publishing JPS. Some special-
ized journals, mostly in Europe. already
publish analvses of privately held speci-
mens, but AAPS has laid down explicit
guidelines to address the concerns of the
scientific commumity and to encourage
more responsible behavior among dealers
and collectors, “They really are trying hard

to do it right,” savs Kenneth Carpenter of

the Denver Museum of Nature and Science
in Colorado. one of two academics on the
nine-member editorial board,

The free journal will be published
online guarterly, with plans to sell an
annual print edition. Editorial board mem-
ber Walter Stein, a dealer in Belle Fourche,
South Dakota, says the goal is a self-
sustaining journal with advertisements
but none for fossils. A pool of 20 academics
will review submissions in which the owner
has agreed to make the ftossil treely avanl-

able to researchers. The exact location of

the excavation site must be registered with
the journal, although that information will

remain a trade secret for 235 years. Other
documentation, such as photographs and
replicas. must also be supplied.

Opponents say thats not good enough.
The pledge of access by the current owner is
no cuarantee of future avail-
ability. sayvs Goodwin: “The
fact remains that the owner
retains all nghts and controls
access to the specimen.”
Photographs are no substitute,
because they can’t be meas-
ured accurately and can be
faked. notes Hans-Dieter Sues

MNatural History in Washing-
ton, DO, I you can't look at

T e
pi g “. [ fossil] yoursell, it might as

& ?"P"P«S" {,} well not exist.”

{ % . ) A Some sclentists worry

4 By \ ﬁ.}' that publishing research
U;' on privately owned speci-

.ﬁ-‘f mens could remove the
n‘{'@cibﬂiﬁc mcentive for collectors to

donate their fossils in return
tor having them studied and
named after the discoverers. In the worst
case, the journal might be just a free propa-
ganda platform for private specimens ...
and thus for raising their price.”
Reinhold Leinfelder. director of the Berlin
Museum of Natural History. High prices
lead to more thefts and illegal collecting,
savs Goodwin, adding that any involvement
in the journal by academics “undermines
the science of paleontology and borders on
unethical conduct.”

Carpenter and others disagree. saving
that the benefits of collaboration outweizh
the risks. “Better to try 10 work with people
and help guide them toward doing the right
thing for science rather than shove them
away and say,
unless you do everything we want,” ™
That hasn’t worked.”

savs

“We won't work with vou
Holtz
savs,

SVP isn't likely to budge on permanent,
guaranteed access, says society vice presi-
dent Blaire Van Valkenburgh of the Univer-
sity of California. Los Angeles, “You have
to stick tightly to your guns when vou're

doing science.” ~ERIK STOKSTAD
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MOLECULAR BIOLOGY

Trafficking Protein Suspected in Alzheimer’s Disease

Traffic control is every bit as important for
our cells as it is for our ¢ities. A protein that
ends up in the wrong cellular location can
cause as much trouble as, say, a car crash in
midtown Manhattan. Indeed. growing evi-
dence suggests that improper protein traf-
ficking contributes to the development of
Alzheimer’s disease (AD) by fostering the
production of abnormal amyloid deposits. a
keyv pathological feature of the mind-
robbing disease. A new genetic study now
gives a boost o the idea that misdirected
protein transport contributes to the develop-
ment of AD. particularly in older people.

In a Nature Genetics paper published
online on 14 January. a multi-institutional
team linked a gene called SORL/ 1o the
late-onset form of AD. “This gene is
robustly associated with an increased risk
of Alzheimer’s disease in several groups,”
the group’s co-leader Peter St. George-
Hwslop of the University of Toronto in
Canada said at a press confer-
ence last week. (The other co-
leaders are Lindsay Farrer of

Other genes have been linked wo AD.
Mutations in three of these, APP itself and
presenifin § and -2, cause the early-onset
form of the disease that strikes people in
their 40s. 30s, and 60s. Most AD cases
oceur later in life, after age 70, however, and
zetting a handle on the genes that contribute
to these late-onset cases has been difficult,
Although there are many candidate genes,
only one has been firmly established, the
epsilon 4 variant of the APOFE gene,
involved in perhaps 30% of the cases.

To try to find other genes for late-onset
AD, about 4 yvears ago, St. George-Hyslop,
Mayeux, Farrer. Younkin, and their col-
leagues embarked on a large collaborative
study involving some 41 co-authors located
at 14 institutions. Because most B amyloid
15 produced in endosomes, membrane-
bound vacuoles that transport proteins from
the outer cell membrane where APP 1s nor-
mally located into the cell interior, the

APP

Boston University School of
Medicine, Richard Mayeux of
Columbia University’s College
of Physicians and Surgeons in
New York City, and Steven
Younkin of the Mayo Clinic in
Jacksonville. Florida.)

The protein made by the
sene, also known as SOREA or
LR1!. 15 thought to be involved
in regulating protein movements
through the cell. The Natuwre

B

rEell membrane
,
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Genetics results, combined with Newly
recent findings from other  Synthesized
o i i . endosome
groups, suggest that mutations in APP Regycling
SORLI lead 1o a decrease in 1ts endosome

protein product, which in turn
increases the risk of developing
the disorder. When the SORL |
protein is lacking, St. George-
Hyslop says, the so-called amy-
loid precursor protein (APP) is
tratficked off to compartments in the cell
that contain enzyvmes that snip out and
release the small and highly toxic protein
fragment known as f amyloid. Accumula-
tion of this protein is thought to underlie
brain neuron degeneration. [T confirmed,
the new findings should clarify the causes
of AD and point to better ways of identify-
ing——and possibly treating—people at nisk
of developing the disease.

Bad move. The SORL1 protein directs APP into recycling endosomes,
which shuttle it to the cell membrane. Butl when SORL1 is absent
APP goes instead to the late endosomes, where the enzymes BACE
and P51 snip out neurotoxic [§ amyloid.

¥

researchers decided to focus on seven
genes, including SORL/, involved in pro-
tein shuttling in the endosomes.

They looked for associations between
AD and gene variations called single-
nucleotide polymorphisms (SNPs) in peo-
ple of varying ethnic backgrounds—about
6800 total, divided between AD patients and
unaftected controls. Only SNPs in SORLJ
associated with the disease. These are only

markers, however. The true disease-causing
mutations have not yet been identified.
Until they are. Mayeux says, the researchers
can’t get a good fix on how much they con-
tribute to AD, but he estimates they may be
involved in 10% to 20% of the cases.
Researchers do have some good ideas,
however, about how SORL/ alterations
could lead to AD. About 2 vears ago. James
Lah and colleagues at Emory University in
Atlanta. Georgia. found that brain tssue
from AD patients contains less SORL pro-
tein than do brains of unaftected individuals.

Since then, the Emory team and also that of

Thomas Willnow at the Max Delbriick
Center for Molecular Medicine in Berlin,
Germany, have been building a case that
SORLI protects against AD by directing
APP away from the late endosomes, where it
will be clipped into § amyloid.

They've found, for example, that
increasing SORL1 expression in neurons
decreases f-amyloid production, but
decreasing the gene’s expression increases
B-amyloid production, The SORL] genet-
ics group reports similar findings in their
Nature Genetics paper. “The biology is
pretty compelling™ in favor of the 1dea that
a SORLI deficiency can increase AD sus-
ceptibility. savs AD geneticist Rudolph
Tanzi of Harvard’s Massachusetts General
Hospital in Boston.

A genetic linkage between the SORLI
pathway and AD would nail down those
findings. “That would definitely implicate
the pathway,” says another AD researcher,
Sam Sisodia of the University of Chicago in
Ilinois. Still, he and others, including
St. George-Hyslop and the other team
members, say that the results need o be con-
firmed. In unpublished work described at
meetings, Tanzi and his colleagues found a
weak link between SORLI and early-onset
AD but no link to the late-onset form.

Such discrepancies are common in
attempts 1o find genes linked to diseases that
have multiple causes. But as Farrer pointed out
at the press conterence, finding the linkage in
four distinet ethnic groups—persons of Euro-
pean descent. African Americans, Canbbean
Hispanics, and Israeli Arabs—gives them
confidence. That. Farrer says. “was unex-
pected and highly unlikely to be due to
chance.” Tanzi, too. is optimistic that the result
will hold up. “When everything is said and
done.” he predicts, 1 think [SORLI] will be
added to the list™ of AD genes.  <JEAN MARX
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STEM CELL DEBATE

Replay. Senate stem cell bo

oft te mght) Orrin Hatch (R J
Arlen Specter (R—PAJ, Tom Harkin
(D-1A), and Dianne Feinstein (D-CA).

Scientists Protest ‘Misrepresentation’
As Senate Vote Looms

Several leading scientists are charging that
the White House has misrepresented their
research in an attempt to influence the ongo-
ing stem cell debate in Congress,

On 11 January, the U.S. House of Rep-
resentatives voted overwhelmingly to
expand the number of human embryonie
stem (ES) cell lines available to federally
funded researchers. The bill, designated
H.R. 3 and considered a top priority in the
new Democrat-controlled Congress,
passed 253 to 1 74—a significant jump in
support from May 2005 when the same bill
passed by 238 to 194, But it still falls more
than 30 votes short of the two-thirds
needed o overnde a presidential veto,

With the Senate expected to vote on the
same measure next month. the stage is sel
for a replay of the veto dealt by President
Georze W, Bush last July, The White House
has rebuffed attempis by the bill's sponsors
to meet with the president, and it’s fighting
hard to cast the debate in its own terms.

As part of that effort. the White House
Domestic Policy Council 1ssued a new

report on 10 January to promote methods of

getting stem cells that don’t harm embryos.
The report, Advancing Srem Cell Science
Withowt Destroving Human Life. suggests
that a variety of “non-embryo-destructive™
approaches may prove capable of creating
cell lines with all the potential of ES cell
lines. It repeatedly mentions a new study
by scientists at Wake Forest University in

www.sciencemag.org SCIENCE VOL 215

Winston-5alem, MNorth Carolina, who
reported in the January issue of Nature
Biorechnology that stem cells found in
human amniotic fuid have many of the same
qualities as ES cells (Science, 12 January,
p. 170). The White House report also touts
adult stem cells, sayving some “may be pluri-
potent,” and suggests that these could be ade-
guate to treat Parkinson’s disease and other
conditions for which ES cells have been held
up as the great hope. Also put forth are poten-
nal akemative sources for pluripotent ES-like
cells, advanced in the past by the President’s
Council on Bioethics, which include the possi-
bility of getting viable cells from dead embryos
or through somatic cell *de-differentiation.”

Scientists have already reacted strongly
to some of the material in the report. Three
Harvard stem cell researchers—Kevin
Eoean, Chad Cowan, and Douglas Melton
wrote to the sponsors of H.R. 3 complaining
of the “clear misrepresentation of our work™
in the document, which heavily cites Eggan
and Cowan. “We are surpnsed to see our
work on reprogramming adult stem cells
used to support arguments that research
involving human embryvonic stem cells is
unnecessary,” they wrote, “Our work
directly involves the use of human embry-
onic stem cells ... [and] is precisely the type
of research that 15 currently being harmed
by™ the president’s policy.

Anthony Atala, lead author of the amni-
otic cell paper, also feels that his work is e

(\ O)x

Wall Stall

Construction of a portion of lsrael’s defense
barrier is on hold. Amid several lawsuits as
well as pressure from environmental activists
and prominent ecologists, lsraeli Defense
Minister Amir Peretz announced last week that
he will hold up work on the 300-km separation
fence into the southeastern Judean Desert.
Work on this section, which includes ecologi-
cally sensitive territory, began in December.
Tel Aviv University zoologist Yoram Yom
Tov wants the government to build a chainlink
fence that would allow small animals to pass
through what in most places is an 8-meter
high cement barrier. He also says a well-
considered route could protect the movement
of ibex, wolves, and other animals in the area.
=ELI KINTISCH

Three's a Crowd Pleaser

Researchers stand to benefit from a new coop
erative agreement signed last week by the sci
ence ministries of China, Japan, and South
Korea. Scientists in the three countries have
long shared personal connections, but offi-
cials hope the new agreement will foster joint
work on the environment, epidemic disease,
disaster prevention, Oriental medicine, and
new sources of energy. In March, experts will
gather in Tokyo to discuss environmental and
energy research. The initiative is part of
efforts by Japanese Prime Minister Shinzo Abe
to improve relations with regional neighbors.
=DENNIS NORMILE

Saving Superfreaks

The Zoological Society of London announced a
$975,000 conservation campaign this week to
focus on endangered mammals that are evo-
lutionarily distinct. Researchers have come up
with a priority list both by analyzing the status
of endangered animals and by creating a
“supertree” of evolutionary relationships, lo
be published shortly in Mature.

Topping the list of 100 species is the
Yangtze River dolphin, which is near exting-
tion (Science, 22 December 2006, p. 1860),
followed by the long-beaked echidna. Lead
scientist Jonathan Bailie says there were also
some surprises: Mumber three is a riverine
rabbit of South Africa’s Karoo Desert. In addi
tion to expanded efforts to study and protect
animals and habital, the society plans to
sponsor 10 research fellows in countries
where the endangered mammals live.

-ERIK STOKSTAD
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being misinterpreted. Opponents of H.R. 3
have seized upon the repori. which appeared
on the eve of the House debate, and are cit-
ing it as further evidence that noncontrover-
sial cell types can substitute for ES cells.
Atala wrote a letter to the bill’s sponsors
emphasizing that that is not the case.

More friction may be in store; According
to The Wall Street Journal, presidential
aides are drafting a possible executive order
favoring alternative sources, although a
White House spokesperson says they have

REGULATORY SCIENCE

nothing w announce at present.
The tocus of the debate now turns to the
Senate, which passed the same bill { now

labeled S. 5) in the last Congress by a vote of

63 to 37. Many estimates put the count at
66 in favor—one vote short of a veto over-
ride. But the bill's advocates think there might
be a chance of avoiding a veto, because Sen-
ate rules will allow for amendments. Certain
changes could make the bill more palatable to
the president—such as adding provisions for
more ethical oversight: a program to promote

embryo adoption; or even a new, later dead-
line for cells that are eligible for federal
funding. (Currently. cells have to have been
derived by 9 August 2001 to qualify.)

Still, many see another veto as the likely
outcome. But stem cell advocates are con-
vinced that public opinion is increasingly
on their side, “This is an issue that will not
go away.” says one of the bill's sponsors,
Representative Diana DeGette (D-CO).
Until it becomes law, “we intend to intro-
duce it over and over.” ~COMSTANCE HOLDEN

Panel Pans Proposed Change in U.S. Risk Assessment

Government regulators and toxicologists
with private industry are assessing the
impact of an unusual rebuke last week by
an expert panel ol a White House
proposal to change how the
LS. government practices risk
assessment. The expert panel,
which called the proposal “funda-
mentally flawed” urged the White
House to focus on “goals and gen-
eral principles™ and to leave the
detals of nisk assessment to agen-
cies with more expertise.

The proposal, 1ssued in Janu-
ary 2006 by the White House
Office of Management and Bud-
get (OMB), laid out technical
guidelines for estimating risks
posed by anything from toxic
chemicals to large engineering
projects. Among other things. the
guidelines called on agencies to
caleulate and disclose the uncer-
tainties surrounding their risk
estimates. Agencies shouldn’t just
create a “worst-case” estimate, it said, but
also prepare a “central or expected estimate.”

That approach is often unrealistic, says a
panel of the National Academies’ National
Research Council (NRC) asked to review the
proposed guidelines, A major reason it’s not
feasible, say public health officials. is because
the data required to caleulate such values may
not exist, “The OMB is looking for a Cadillac
of risk assessment.” says Gary Ginsberg. a
toxicologist with the Connecticut Department
of Public Health, “A lot of the time, we're
lucky if we have something that moves.”

The dispute highlights one of the most
difficult 1ssues in nisk assessment: what to do
when there are no data showing, for instance,
how many people became 1ll after exposure
to a particular chemical. “For a few chemi-

cals, vou can do this.” says Joseph Rodricks,
a former ULS. Food and Drug Administration
official now with the consulting firm

More than a drop. Billions of dollars are at stake in setting limits for
exposure to chemicals, such as perchlorate in drinking water.

ENVIRON International Corp. in Arlington,
Virginia, “But most of the time. you can’t.”

Rodricks points to the example of acry-
lamide, a chemical used to manufacture
dyes. Animals exposed to this chemical
have developed cancer. but studies of work-
ers at factories where acrylamide is used
haven’t found similar effects, With no solid
data from humans to go on, the Environ-
mental Protection Agency (EPA) assumes
that animal studies do reflect human biol-
ogy and, as a result, regulates acrylamide as
a substance that can cause cancer.

Such assumptions play a critical role in
risk assessment, says Rodricks, a member
of the NRC review panel. “You have to do
something rather than nothing.” he says.
The OMB’s proposed guidelines, however,

didn’t provide any guidance to agencies on
how to cope with an absence ol data.

Many critics. including industry groups,
have faulted EPA for sometimes relving on
worst=case assumptions in reviewing sub-
stances such as perchlorate, a chemical used
in rocket fuel that'’s been found in drinking
water supplies. *'1 think the OMB was trying
to push agencies in the direction of being per-
haps less conservative, or more realistic,
about risks,” savs Rodricks.

But the actual result of implementing
OMB’s demand for more and better data,
according to some critics of the proposal,
would be regulatory paralysis. 1t would
give industry lots of tools for slowing down
the process.” sayvs Renee Sharp, an analyst
in the Oakland. California. office of the
Environmental Working Group.

In response to the NRC’s report, the
White House announced last week that it
will reconsider 1ts proposal. “We will not
finalize it in its current form.” said Steven
Aitken. acting administrator of the
OMB office that issued the guidelines.

In the future, many hope that new scien-
tific advances will begin to fill in the data
gaps about effects on human health. Among

the new techniques are detailed studies of

the biology of human cells, or examination
of chemical effects on arrays of DNA. NRC
has convened another expert panel o evalu-
ate how these and other techniques might
improve EPA's nsk analysis.

Such new approaches can raise as many
questions as they answer, Rodricks admits.
“You can find all kinds of effects to chemi-
cal exposures” once you start looking for
them, he says. The hard part is translating
these observations into useful guidance on
the chemical’s potential harm o humans.

-DANIEL CHARLES
Daniel Charles is a freelance writer in Washington, D.C.
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SCIENTIFIC MISCONDUCT

Former Hwang Colleague Faked
Monkey Data, U.S. Says

Another Korean cloning repercussion

sounded last week: A former member of

Woo Suk Hwang’s research team has been
sanctioned by the Office of Research
Integrity ( ORI) of the U.S. Public Health
Service for faking figures in a paper on
monkey cloning being prepared at the Uni-
versity of Pittsburgh in Pennsylvania.

Jong Hyuk Park, who was a postdoc in
the lab of Pittsburgh researcher Gerald
Schatten, has been barred for 3 years from
any relationships with U.S, agencies, The
university began investigating the monkey
work in January 2006, after Schatten alerted
officials to possible irregularities, and the
EIPCT Wils never ?'-lli‘.ll'l.'l.l“ll_‘l'.l.

Schatten has not talked to the press for
more than a vear, but university spokes-
person Lisa Rossi says that, despite the
fraud, the research team
15 confident that it suc-
ceeded in cloning rhesus
monkey embryos and
generating pluripotent
embryonic stem (ES) cell
lines from them. The team
is repeating the experi-
ments before submitting
the paper. Don Wolft of
the Oregon National Pri-
mate Research Center in
Beaverton says he has
“little doubt that it 15 pos-
sible™ that Schatten has
derived ES cells from
cloned monkey embryos,
as Schatten reported at a
meeting in Toronto last
March, but says he will
“withhold judzment.”

Park was a postdoc at
Magee-Women s Research
Institute in Pittsburgh
from August 2004 to
February 2006. The uni-
versity concluded last April that he had
committed misconduct and referred the
case to ORI, which published its finding in
the Federal Register on 9 January. Accord-
ing to the ORI notice, Park “repeatedly
misrepresented” the accuracy of one of the
figures in the paper to the Pittsburgh
investigative panel, “presented false fig-

ures as true.” and “falsified the record of
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Facing the music. Jong Hyuk Park arriving
in Seoul last year.

revisions of the figures by deleting all
prior versions from the laboratory server.”
ORI says the research., funded by the
Mational Institutes of Health, was to be
submitted to Narture in a paper entitled
“Rhesus Embryonic Stem Cells Estab-
lished by Muclear Transfer: Tetraploid
ESCs Differ from Fertilized Ones.”

John Dahlberg, director of ORIs Divi-
sion of Investigative Oversight, says the
Pittsburgh investigation verified that three
pluripotent lines of rhesus ES cells were in
fact generated. But Park used photographs
from one of them as representing all three,
“This is not a huge case of misconduct, to be
honest; much of the damage was in the
cover-up,” says Dahlberg.

Park. before coming to Pinsburzh, was on
Hwang's team in Seoul, where he was a
co-author of two papers,
published in Science in
2004 and 2005, that were
later retracted. A9 January
statement from Pittsburgh
savs “other papers ¢o-
authored by Dr. Park also
have been retracted.” but
no information was avail-
able on what they were,

The episode 1s another
blow o Schatten, whose
collaboration with Hwang
led to his being found
guilty of “research mis-
behavior™ by his univer-
sity in February 2006,
Although the panel found
no evidence that Schatien
Falsified data or was aware
of any fraud, it said he
failed to exercise “a suffi-
clently critical perspec-
tive” in ensuring that
the 20035 Science paper
was sound (Science,
17 February 2006, p. 928),

Although Korean prosecutors said Park
was inwvolved in fabrication of data for the
2004 Hwang paper, he was not one of the
six researchers indicted on misconduct
charges last May in Seoul. ORI does not
know the current whereabouts of Park,
who returned to Seoul to talk to prosecu-
tors last February,  -CONSTANCE HOLDEN
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The Demise of the Eyes
In the Skies

The U.5. satellite sensors monitoring a rapidly
changing planet Earth will inevitably shut
down in coming years as orbits and equipment
decline. But neither NASA nor the National
Oceanic and Atmospheric Administration has
plans to replace enough of them to avoid a
collapse of the U.5. observing system, warned
a committee of the National Academies’
National Research Council this week.

“Things have gone downhill” since a
2005 interim report that issued a similar
warning, says commiltee co-chair Berrien
Moore of the University of New Hampshire,
Durham, citing the government’s recent
decision to remove climate sensors from
the National Polar-Orbiting Operational
Environmental Satellite System (NPOESS)
mission. & MPOESS test satellite is scheduled
for launch in 2009,

The committee’s solution to the federal
belt-tightening is 17 missions between 2010
and 2020, at a cost of %3 billion per year.
“These are affordable numbers™ in line with
1990s annual budgets for Earth observation,
says co-chair Richard Anthes of the University
Corporation for Atmospheric Research in
Boulder, Colorado. The White House told
The New York Times that space observations
remain a top priority. ~RICHARD A. KERR

U.K. Takes Eggstra Time

The U.K.'s Human Fertilisation and Embryology
Authority (HFEA) will hold a public “consulta-
tion” before deciding whether to license scien
tists who wanl to create research embryos by
putting human DNA into cow eggs.

Several scientists have applied to use the
procedure to generate new lines of human
embryonic stem cells, but in December, a
government report advised banning such
research, at least until new regulatory legis
lation is passed (Science, 12 January, p. 173).
Stem cell scientists were worried that HFEA
would decide against the applications. But
HFEA chiel Angela McNab says “we have a
duty to judge this work under the current
law.” She says the applications will be taken
up in the fall,

“The very encouraging thing is the HFEA
didn't kowtow to government pressure,” says
Stephen Minger of King's College London,
one of those who has applied to do the
cow-egq research. But “we’re obviously dis
appointed” at the delay, he adds.

~CONSTANCE HOLDEN
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Astrobiology Fights for Its Life

A decade after NASA pledged to create a robust program to find and understand life in the universe,
researchers face a debilitating budget crunch and skepticism within their own agency

THESE SHOULD BE HEADY TIMES FOR
astrobiologists, Reports of recent liguid
water on Mars and organic maiter in the far
reaches of the solar system signal that the
fedgling discipline. which seeks to under-
stand the nature of life in the universe, is
coming of age. Add an expanding roster of
newly discovered extrasolar planets and
examples of life flourishing in extreme envi-
ronments on Earth—amid the high ultra-
violet of the Andes, in Australian radioactive
springs, and in granite formations deep
underground—and the research challenges
seem boundless. “The field is not only
promising,” savs Steven D'Hondt, an ocean-
ographer at the University of Rhode Island,
Kingston, who studies microbial life deep in
ocean sediment. “It is productive and
extremely successful "

But don’t ask D"Hondt how astrobiology
is faring in his lab. He is turning away
prospective graduate students because his
support from MASA has dried up. D'"Hondt’s
colleagues have similar tales to tell. They are
scrambling to find funds from other sources
to cope with a 50% cut over the past 2 years
in NASA support for astrobiology,

“Were in dark times now for astrobiology.”
says Michael Meyer. a former senior scientist
fior astrobiology and now NASAT lead scien-

tist on Mars exploration. Researchers are
afraid that the field may go the way of the
agency’s life and materials science effort, a
once-robust 51 billion program now virtually
extinct as more pressing needs in the human
space light prozram have siphoned off funds.
Those fears grew stronger last summer when
NASA Administrator Michael Griffin told the
Mars Society that astrobiology is marginal to
the agency’s mission. The fiscal downturn has
meant staff cuts at the program’s centerpiece,
the decade-old NASA Astrobiology Institute
(MAI at NASA's Ames Research Center, on
the edge of Silicon Valley in Mountain View,
Califormia, and less money for the outside
scientists it supports.

New, politically savvy leaders in place at
Ames, NAT and NASA headquarters have
high hopes that they can make a better case
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Astrobionauts. Scott Hubbard (lgft) helped recruit
Baruch Blumberg to beef up MAI's research program.

for astrobiology within the space agency and
outside. And the new Congress, which
includes a more powerful California delega-
tion, is expected to go to bat for the field in
upcoming budget battles with the White
House. “We're going to emerge from this in
an even stronger position,” insists Carl
Pilcher, the new NAI director. But others
aren’t so sanguine, I feel a pang in my stom-
ach.” says Kenneth Nealson. a biologist at the
University of Wisconsin, Madison. “Survival
i5 going to be tough.”

Life mission

MASA has spent a half-century looking for
life beyvond Earth. For most of that ime, how-
ever, the exercise was an afterthought o the
agency’s main focus on space exploration.
That modest effort underwent a dramatic
change in the mid-1990s, the same time
NASA' sprawling Ames center—founded
on the eve of World War II to promote aero-
nautical research—appeared to be on the
verge of closure. A team of senior NASA
officials proposed a makeover for Ames that
would draw upon its existing small programs
in exobiology, the life sciences, and comput-
Ing to focus on two core missions: computing
and what was termed astrobiology. The 1dea
wowed then—-NASA chief Daniel Goldin,




who was eager to link up with the exploding
biological revolution.

The makeover got a boost when scientists
announced in 1996 that they had detected evi-
dence of fossilized life in a martian meteorite
found in Antarctica. With the backing of
then—Vice President Al Gore, Goldin folded
NATLand astrobiology funding as a whole into a
larger package that included several ambitious
Mars missions. He forecast a $100-million-
a-vear budget line for astrobiology that would
help biologists, astronomers, geologists,
chemists, and other researchers probe the
nature of life on Earth and throughout the uni-
verse. His vision had its entics—particularly
among biologists—who groused that NASA
wits using the hype over the martian meteorite
to jump on the biology bandwagon. But those
concerns were given little credence by a White
House, Congress, and NASA leadership
intent on pursuing a field that had captured the
public’s imagination.

Befitting its nontraditional subject, the
new NAI was designed to be a nontraditional

institute. Its research, done by collabora-

tive teams from universities outside the
institute, would focus on the existence of
habitable planets and moons within the
solar system, the origins of life on early
Earth. the limits of terrestrial life, and signa-
tures of life on extrasolar planets. Instead of
having a large stafl housed in one location,
NAT would function as a “virtual™ institute,
employing a few civil servants who would
orow a cadre of experienced scientists work-
ing anm n arm with NASA engineers to plan
future missions. “We knew that if we didn’t
keep a connection to missions, this thing

Astrobiology’s Roller-Coaster Budget
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Downward spiral. NASA's increased focus on human exploration has meant less money for astrobiology

within an already tight science budget.

would look like NSF [the Mational Science
Foundation], and someone would challenge
its existence.” says physicist G. Scott Hubbard,

NAL's founding director and later chief of

Ames itself. He and others envisioned NAI
pursuing basic research while also taking a
lead role in proposing astrobiology instru-
ments that could fly on spacecraft.

In 1998, after a stiff competition, NAI
picked 11 umversity teams to receive approx-
imately 51 million annually for 5 years. The
next yvear, Hubbard was replaced by Baruch
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Blumberg, a Nobelist in medicine from Fox
Chase Cancer Center in Phaladelphia, Penn-
sylvania, who played a critical role in devel-
oping a vaccine for hepatitis B, The appoint-
ment satisfied Goldin’s demand to Hubbard
to find *a King Kong biologist™ who would
provide NAT with instant biological gravitas.

But that gravitas came at a price: Blum-
berg had no experience with NASA or space
projects. “My understanding was that this
was to be a basic science institute, and the
teams were selected and funded on that

Seeing red. The NASA Astrobiology Institute is
making a small contribution to the planned Mars
Science Laboratory but has little role in other NASA
efforts to search for extraterrestrial life.
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basis,” Blumberg recalls. “Scientists were
aiven broad direction™ to pursue a host of top-
ies. And so they did, with projects on every-
thing from chemical evolution in the inter-
stellar medium to biosynthetic pathways in
living cells. The work was intended to lay the
foundation for secking signatures of life. says
Blumberg. an approach that he calls “very
mission-oriented.”

When Blumberg retumed to Fox Chase in
2002, astrobiclozy at NASA appeared o be
thriving. The institutes original $4 million
annual budget had grown to $25 million, the
number of NAI teams stood at 16, and some
[5% of the 150 senior scientists on those
teams were members of the US, National
Academy of Sciences. NASA was also
spending considerable sums on technologies
to monitor life on other planets and for tradi-
tional exobiology, which focuses on prebiotic
conditions for life in the universe,

But astrobiology s apparent good health
proved illusory, The gulf between NAT and
the engineers who traditionally run NASA
began to widen as the institute’s work
diverged from the agency’s mission pipeline.
“Engineers know what theyre going to build,
while basic scientists don’t know what they
are going to Find” acknowledges Blumberg,
Although many scientists associated with the
institute worked on missions to Mars and
other astrobiology-related flight projects,
NATand its team members did not have a seat

-._".\.r"' = 3 -
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Distance learning. Ames biologist Lynn Rothschild
hunts for extremophiles in an Australian pond.

at the table when the relevant instruments
were chosen. Without their participation, NAI
had litle direct impact on planning missions,
And missions are at the heart of NASA's rea-
son for being. Several university scientists
and NASA nsiders give Blumberg credit for
establishing an excellent research program,
but they believe that his failure to pursue a
solid role in future missions became the insti-
tute’s Achilles” heel,

Others note that Blumberg and his succes-
sor labored under wugh constraints. Space-
crafi projects can take a decade or two to com-
plete, and the cost and technology needed to
build specific instruments far exceed the
means of a $60-million-a-year institute. Such
mstruments typically require the technical and
scientific muscle of a NASA center. acro-
spice corporation, or large research univer-
sity. Having its roster of scientists on compet-

A strong foundation.

itive, S-year grants hampers long-range plan-
ning. And government regulations preclude
the teams from bidding on new NASA proj-
ects because they are already collaborating
with the agency. Their diversity would also
make it virtually impossible to settle on a sin-
gle instrument, notes Bruce Runnegar, a Uni-
versity of California, Los Angeles, paleontol-
ogist who served as a team member and then
succeeded Blumbers,

Crwver time, NALS portfolio veered notice-
ably toward the study of extremophiles. That
unintended shift—driven perhaps by the high
quality of proposals it received in that area,
say sclentists—was a boon to researchers,
who canvassed the globe to examine life that
could live off radioactivity from rocks in deep
mines, metabolize in subzero temperatures,
or thrive in highly alkaline or highly acidic
environments, “1f vou are looking for life on
Mars, Europa, or the outer planets, vou have
to look at other kinds of energy sources,” says
Andrew Knoll, a Harvard University paleo-
biologist who led one of the teams whose
work was not renewed. That makes work on
organisms in mines on Earth relevant to the
search for subsurface life on Mars, he notes,

But the emphasis on extremophiles also
widened the gap between the institute and
NASA’s core mission. NASA continued to
develop, launch, and gather data on missions
to Mars, asteroids, Jupiter, and Saturn that

provided exciting data on the existence of

Spain’s astrobiology center

.- a

It Rains in Spain and Wilts in Australia

In a gleaming steel-and-glass building in Madrid surrounded by mani-
cured lawns, dozens of Spanish researchers are probing the hows,
wheres, and whys of life in the universe. With an annual budget
approaching 53 million, Spain’s Centro de Astrobiologia is thriving.
Interdisciplinary teams of scientists, engineers, and lab technicians are
working on a sophisticated laser that could sample elements in martian
soil as early as 2013, developing a drill system for delecting organisms
under the Red Planet’s surface later in that decade, and simulating in
their labs Earth's early conditions. Each project includes European or
American researchers from a host of institutions.

The center’s happy buzz of activity stands in stark contrast to the
angst felt by its U.5. cousin, the NASA Astrobiology Institute (NAI) (see
main text). lronically, the creation of NAl spurred Spanish researchers to
start their own institute in 1999. Construction grants from the European

Union and the Spanish government provided a $20 million showcase
for astrobiology, and the defense and education and science min-
istries—along with the regional government of Madrid—supply a
steady stream of operating funds. “We are independent and have suffi-
cient funds,” says Director Juan-Pérez Mercader, ticking off a long list of
ongoing projects. Although its budget and staff are a fraction of the size
of NAl and its university leams, the Madrid center is linked both to basic
research in the lab and to specific European Space Agency missions,
such as the ExoMars orbiter and rover planned for launch in 2013,

The same cannol be said for the 4-year-old Australian Centre for Astro-
biology at Macquarie University in Sydney. The Australian institute also
was a beneficiary of the U.5. decision to develop the field, “We had a lot
of encouragement from NAI and [its director] Baruch Blumberg,” says
Director Malcolm Walter. With five scientists, 10 graduate students, and
an annual budget of 51 million, the Australian center focuses primarily on
extremophile research. But a proposed 40% cut in government funding,
which Walter sees as a direct result of the NASA cuts, is likely to mean lay-
offs. “When the U.S. sneezes, we get a cold,” he says.

Some U.5. scientists worry that the Europeans are moving into astro-
biology's driver seat. “The center of gravity will shift to Europe, and we'll
lose leadership,” predicts Lynn Rothschild, a biologist at NASA Ames
Research Center in Mountain View, California. Indeed, younger
researchers may want to book a flight to Madrid. Spain’s center has just
announced plans for a graduate student program, and as Mercader makes
clear, “it is open to anyone who wants to come.” =A.L.
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water and other conditions that might be
favorable to life elsewhere. At the same time,
astronomers using both space-based and
ground-based telescopes detected extrasolar
planets with increasing frequency.

However, none of these nussions—most
of which were well under way when the insti-
tute was formed—include specific instru-
ments designed to test for life. That makes it
hard to judge NATS impact over the past
decade. "What credit can the NAI take? |
don’t have a good quantitative answer.” says
Bruce Jakosky. a planetary scientist at the
University of Colorado, Boulder, and long-
time advocate of the feld. And with the
exception of a contribution to the future Mars
Seience Laboratory slated for a 2009 launch,
the NASA astrobiology effont is not directly
iwvolved in upcoming missions, The Terres-
trial Planet Finder. a good candidate for pick-
ing up biological signals from extrasolar
planets, has been put on indefinite hold, as
has a proposed Astrobiolozy Field Lab o
Mars that could probe beneath the planet’s
surface for hidden microbes,

lts ambiguous contributions make astro-
biology tremendously vulnerable as NASA
attempts to finish the space station. build a
new launcher, and set up a base for humans
on the moon—all without significant budget
increases. Whereas space and earth sciences
have fornudable political allies, astrobiology
so far has proved too small, wo scattered, and
too new to fight off budget threats. Griffin
has proposed cutting astrobiology funding in
2007 to half of its 2005 level, and NAI has
repeatedly delaved 1ts next team competition.
Without a new round of winners, there will be
no teams lefi by 2008,

That decline runs counter to the conclu-
sions of a May report from the National
Academies’ National Research Council that
called astrobiology “an outstanding example
of the development of a successtul new inter-
disciplinary area™ and recommended contin-
ued robust funding. However, Griffin says
that it not his job o nurture a fledgling field
that won't help him put humans on the moon.
Asked atan August meeting of the Mars Soci-
ety about the impact of the cuts on astrobiol-
ogy students, he retorted that “if they want to
work for government money, they must look
at what the government wants
think it should want.”

not what they

New life

Despite Griffin’s skepticism, some scientists
expect astrobiology to survive and prosper.
Last fall, John Rummel ook over as astro-
biology chief at NASA headquarters. A
biologist with a strong affinity for the human
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space program, Rummel is a respected
agency nsider. At the same time, Pilcher. a
longtime NASA headquarters official, took
over as the institute’s fourth director, And his
boss is Simon P “Pete™ Worden (see following
story), who has big plans for Ames.

Rummel and Pilcher confront a worried
batch of researchers as well as a shrinking
pool of graduate students. “Plenty of people
are getting fed up with the lack of proposals
funded.” savs Kevin Hand, a graduate student
at Stanford University in Palo Alwo, Califor-
nia. “People are doing other things ancillary
o astrobiology.” he notes, while they wait for
NASA to pump more money back into the
effort, And some researchers such as Nealson
are skeptical that the program can be redi-
rected to make it more relevant to explo-
ration-focused NASA,

There is a chance Congress may come 1o
the rescue. Whereas Republican legislators
regularly defended U.S, President George
W. Bush’s push for a new launcher and
human exploration of the moon, Democrats

NEWSFOCUS

have spoken out against raiding the science
budget to pay for those projects. And some
members of the overwhelmingly Democra-
tic California delegation—including Repre-
sentative Anna Eshoo (D-CA), who repre-
sents the area around Ames and 15 a close
ally of new House Speaker Nancy Pelosi
(D-CA)
the fate of astrobiology.

In the meantime, scientists soldier on,
Thanks to an NSF grant, D"Hondt traveled 1o
the South Pacific last month o study deep-sea
microbes, But he is worried that the NASA
cuts may inflict long-term damage to the field.
“We won’'t be able to produce the scientists
needed for future space missions,” he wams,

Mot everyone 1s so pessimistic. Even if the
institute becomes a victim of the current
budgetary storm, many scientists think that
the field will survive. “Given the incredible
nature of the questions posed by astrobiol-
ogy,” says Hand, “I'd be doing this i  had to
pick up dimes from the street”

=ANDREW LAWLER

are aware and concerned about

% Peé Worden
¥ ‘Ames’ for the

The newead of Ames Research Centerhit
sell NASA on some of his unconventional

To Simon P “Pete”™ Worden, NASA™S Ames
Research Center in Silicon Valley seemed like
the perfect beachhead from which o launch a
retrograde campaign for a new generation of
smaller. cheaper, faster scientific spacecrafi.
But the maverick astronomer and retired
LS, Air Force general had barely arrived as
the center’s director last May when he
encountered unexpected fire,

The first blow was the transter of responsi-
bility for developing lunar robotic orbiters and
landers—the center’s key prece m LS. Presi-
dent George W, Bush’s human exploration
effort announced 3 vears ago—from Ames to
Marshall Space Flight Center in Humsville,

Alabama. Weeks later, Ames lost another
project when NASA headquarters decided
that the rival Dryden Flight Center in southern
California was better able to hold down the
cost of readying the Stratospheric Observa-
tory for Infrared Astronomy for flight later
this decade. By the end of the summer,
Worden's superiors shot down his bold pro-
posal to incorporate smaller and cheaper
probes into the fleet set to explore the lunar
surface early in the next decade,

Those three early setbacks haven’t
deterred Worden, a self-proclaimed NASA
basher who jokes that the agency’s initials
stand for “Mever a Straight Answer.” Instead,
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Worden remains bent on radical changes for
the roubled lab. Ames and its famous neigh-
bor, Google, last month agreed to an innova-
tive technology-sharing deal that will make
MNASA's enormous archives of Earth and
space data accessible to the public. The deal
could pave the way for Google Moon to join
Google Earth and Google Mars. And Worden
hasn’t given up on smaller, faster, and
cheaper: He has wrangled $10 million from
his bosses to begin thinking about small
spacecraft that could journey to asteroids and
the outer solar system as well as the moon.
He hopes to scale up the program once
there’s more money for such activities. Inthe
meantime, he's pursuing contracts from
other federal agencies to help the center’s
2500-strong workforce weather the current
NASA budget crisis,

True mavericks are rare among the govern-
ment’s colorless cadres of generals and civil-
ian burcaucrats. But the 37-vear-old Worden,
who earned an astronomy doctorate from the

University of Arizona, Tucson, has a history of
bucking conventional wisdom regardless of

its effect on his career. In the 1980s, he was an
early advocate of President Ronald Reagan’s
Strategic Defense Inttiative, an unpopular
stance that earned him the sobriquet of Darth
Vader in space circles. As a White House
staffer under Reagan’s successor, President
George H. W, Bush, Worden helped engineer
the ouster of NASA chief Richard Truly and
his replacement by Daniel Goldin, who touted
the smaller, faster, cheaper approach. He then
led a tight-knit group of Defense Department
officials that applied the philosophy to the
successful 1994 Clementine mission to the
moon, finding hints of ice at the lunar poles
and thoroughly embarrassing NASA and its
fleet of large, costly spacecrali.

Afterthe 9/11 werrorist attacks, Worden did
a brief and controversial stint as chief of the
Pentagon’s Office of Strategic Influence, set
up to place stories favorable to the United
States in foreign media and on the Internet.
But then-Defense Secretary Donald Rums-
field shut it down atter the office came to be
seen as simply a propaganda vehicle for the
Bush Administration.

Worden’s unconventional ideas often
make his superiors nervous—he served for
more than a decade as a full colonel before
winning his first star. The debacle with
Rumsfeld squashed further chances for pro-
motions., so after working brietly for Senator
Sam Brownback (R-KS), Worden left the
military in 2004 to join the University of An-
zona as a research professor. He lost out 1o his
less-controversial civilian friend Michael
Giriffin when Sean O Keete stepped down as

MNASA administrator. As for the Ames
appoiniment, mutual acquaintances say Grif=
fin is eager for Worden's help in promoting
the president’s new exploration vision but

chose to keep him far outside the fishbowl of

Washington politics.
Worden spoke recently with Science about
his setbacks, plans, and vision for the center,
~ANDREW LAWLER

On budget cuts to life sciences and
astrobiology:

The agency has been given certain priorities
and missions by Congress and the president.
Astrobiology-—not that it 1sn’t superb sci-
ence—has a lower priority, But there is non-
NASA funding—the private sector, other
government agencies—and we are aggres-
sively pursuing those options. Is it easy” No,
It is much like what happens at a university. |
spent the last 2 vears as research faculty at
Arizona. [ didn™ have a tenured position, and
vou did the work you needed to do. ['m a sci-
entist. If I were king. I'd double the science
budeets. [ think scientific exploration of the
solar system and the universe is really excit-
ing and a key area of our future, I'd love to
spend two-thirds of the defense budget on sci-
ence if | could get away with it

On tension between Griffin and the
science community:

It’s unfortunate there’s a perceived problem.
There are clearly a lot of incensed people,
Mike's position—which | support—is that an
agency has a set of customers, first and fore-
maost the Congress and the White House, They
set priorities, If they want to change those pri-
orities, they can. There has been a tendency
[for astronomers] to regard what NASA does
s a sinecure.

On how scientists can help:

I'm an advocate of small, fast missions that
could do 80% of the capability for 10%% of the
cost. What would be useful is for the scien-
tific community to prioritize missions within
the budget we've got, so we can gel more sci-
ence, better science, by doing more smaller
missions and fewer bigger ones.

On exploration versus science:

We are faced with a crisis in exploration,
The vehicle we have is being phased out for
a lot of zood reasons, and there’s an invest-
ment 0 make. Once the shuttle is phased
out, I would anticipate scientific opportuni-
ties will go up quickly with a much more
flexible system.

Robot Seeks New Life—and New
Funding—in the Abyss of Zacaton

With missions to other worlds in mind, explorers ready an ambitious robot to plumb
a deadly sinkhole, looking for new life—or at least the bottom

Thirteen years ago on a sunny spring moming,
two divers prepared to descend into what could
be the worlds deepest water-filled pit: north-
eastern Mexicos El Zacaton, a 180-meter-
wide limestone sinkhole filled by hydro-
thermal springs. The water is 30°C, eeming
with strange microbes, and pitch-black below
the first 30 meters. One diver was Sheck Exley.
then holder of the world's scuba depth record:
the other was his friend Jim Bowden, a top
underwater caver. They wished each other
luck. adjusted their masks, and began free-
falling down separate safety lines. Ten hours
later, Bowden surfaced with a new world
record—Y923 feet (252 meters —without ever
finding the bottom. Exley did not surface.
Three days later, his body was pulled out, tan-
gled in the line. No one knows what killed him.

The sinkhole’s depth remains unknown;
sonars work poorly in narrow spaces, so read-
ings peter out at about 330 meters, But this

week another team is preparing to replumb
the mysteries of Zacatdn—this time. with an
audacious new robot made to probe both its
geology and biology. The NASA-funded
Deep Phreatic Thermal Explorer (DEPTHX)
is designed to navigate and map deep under-
water tunnels. spot living things, grab them,
and bring them back—all without direction
from the surface. IFit survives its first vovage
in March, DEPTHX will be a major advance
in robotics and exploration of extreme envi-
ronments. IF it survives MASA budget cuts, it
could be a model for probing Jupiters moon
Europa, where Zacaton-like cracks or holes in
the ey surface may offer the best chance of
Finding extraterrestrial life.

Compared to other autonomous under-
water vehicles (AUVs), DEPTHX is “well
ahead,” sayvs Gwyn Griffiths, head of the
Mational Oceanography Centre underwater
lab in Southampton, UK. But like other
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NASA-funded astrobiology projects, the
robot’s future is uncertain. lis funding is about
to run out, and a follow-up project may be a
long shot as NASA cuts back support for such

efforts (see p. 318). “Robotic exploration of

our planet and the universe has been wildly
successtul and cheap.” says Dana Yoerger, an
AUV guru and cheerleader for DEPTHX at
Woods Hole Oceanographic Institution in
Massachusetts, “To cut back on stuff like that
for manned exploration is going to give the
taxpavers very poor value,”

The ningleader of DEPTHX 15 extreme
engineer and cave explorer Bill Stone, who in
1989 made 1t to NASA’S semifinal astronaut-
selection round but was nixed as being too
independent. During the past 3 decades. he
has worked on space and military projects for
the National Institute of Standards and Tech-

nology and on the side explored some of

Earth’s most dangerous caverns. Traveling a
kilometer or more under the surface, he has
staved down for weeks at a time in air-filled
caves, Underwater, he has often dived through
twisty, silt=choked passages, re-emerging
alive to appear in Narional Geographic. Find-
ing standard scuba tanks wo bulky, he
inwvented a compact rebreather that recycles
gases, now used by divers worldwide. In 1998,
he made the first high-resolution maps of an
underwater cavern, Florida's Wakulla Spring,
by inventing a torpedo-like personal propul-
sion vehicle studded with sonars—the precur-
sor to DEPTHX. He and colleagues drove the
devices through 6.4 Kilometers of inky-black
passages to create three-dimensional (3D)
images of the invisible walls. “Deep cave sys-
tems are the last terrestrial frontier; they push
the limits of human endeavor. technology, and
psychology.” says Stone.

They are also dangerous. Stone has lost
16 friends to exploration accidents and has
dragged out the bodies of seven himselt.
Exley was his cave-diving mentor, “['ve come
to the conclusion that there are places where
humans cannot travel safely)” savs Stone, now
54, “We need a surrogzate.”

At Zacaton, Stone is working with Marcus
Giary. a University of Texas, Austin, Ph.D. s-
dent who assisted at the fatal 1994 dive and
became obsessed with the sinkhole. In a Geo-
logical Society of America paper last vear,
Giary reported that the system owes its vastness
to volcanism that adds heat and gases to water
running into the limestone. This hastens chem-
ical dissolution of the rock as well as making
things cozy for unusual bacteria. In 2003,
Stone and Gary joined with a cast of Tuminar-
1es in space, robotics, and microbiology to win
a 55 million, 3-vear grant from NASA’s Asiro-
biology Science and Technology for Exploring
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Into deep water. DEPTHX will plunge into Zacaton (fop) and sample microbial mats (above, right).

Planets (ASTEP) program to use Zacaton as a
proving ground for a prototype robot that
could explore Europa. A side benetit would be
exploring Zacawon iself

Another team member 1s Richard Green-

berg, a planctary scientist at the University of

Arizona in Tucson who helped show that
Europa, about the size of Earth’s moon. has a
hidden ocean covered with an icy crust. Tides
crack and puncture the ice from below, creat-
ing sinkholelike features on the surface. Like
Zacaton, Europa’s ocean is also probably
ideal for the develop-
ment of life. Many scientists think a robot
might have to melt through some 10 kilo-
meters of ice to reach liquid and thus life. but
Greenberg savs organisms—probably strictly
microbes—may also he mthe surtal slushy
cracks and holes. “The beauty of this robot is
that 1t would have the smarts to get in there and
look msell)” he savs. (A separate craft would

heated by volcanism

probably melt its way to the bottom of the ice
and release one or more DEPTHX-like robots
to search the higuid ocean,)

So far, robots have made only baby steps
toward this goal. Deep-sea research sull
depends heavily on remotely operated vehicles
powered by tethers from mother ships. Even
the Mars rovers receive radioed instructions
from Earth and power from the sun. Robots
sent under ground or ice can receive neither,
because these block radio and hight waves, and
tethers would become tangled. New AUVs
hold promise, but so far most operate in open
waters, merely recording temperature,
depth, and salinity. “The fully 3D environment
and true autonomy are things robotics is only
beginning to address,” says David Wettergreen,
a robotics engineer at Carnegie Mellon Umi-
versity in Pittsburgh, Pennsylvania, and
DEPTHX team member.

Early drawings of the 1500-kilogram
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DEPTHX robot had it looking like an out-
board motor, but in 2005, the team switched o
a flattened egg shape to help make it slippery
and all-seeing in tight spaces. Wettergreen's
team has girdled the surface with 56 transduc-
ers that bounce narrow sonar beams in all
directions. These hook to a newly elaborated
technology called simultancous localization
and mapping (SLAM ). As DEPTHX moves

slowly. about 0.1 meters per second—SLAM
compuiers integrate the signals into real-time
maps of walls, ceilings, and floors. Theoreti-
cally, the craft should hover within less than an
arm’s length of these features and traverse
almost any passage it can fitinto. As it travels,
it will store the maps and look both forward

Extremophile.

DEPTHX leader Bill Stone
has explored underground
environments for 3 decades.

and back: it 1s supposed to recognize where
it is, and, when it is time to go home, follow
the maps back.

In spring 2005, the team lowered a stripped-
down version of the sonar array into Zacaton
and retrieved exquisite 3D images of the sink-
hole down w 290 meters. the first even partial
glimpse of its shape. Below its wide, circular
top, it narrows into something like a tornado
spout. Gary says the bottom could lie as deep
as a kilometer—the probable limit of water-
soluble limestwne—and labyrinths of horizon-
tal tunnels could run many kilometers, possibly
connecting to other sinkholes nearby.

As for navigation, the team is stll working
out bugs. During a shakedown cruise at a
water-filled quarry in Austin, Texas. last
maonth. the robot smacked the muddy bottom,
then surfaced unexpectedly under the team’
rowboat. smashing a 3000 Wi-Fi antenna and
rattling researchers, “The risk of losing this
viehicle down there 1s non-neghgible.” admits
Camegie Mellon roboticist George Kantor,

The greatest challenge ar Zacawdn may be
finding and sampling organisms. [Us no prob-
lem on top: Along with little fish, water moc-
casins and other snakes up to 2.7 meters long
cuit the surface faster than humans can swim.
But below about halt a meter, the hot. chemi-
cal-laced water lacks both oxyveen and conven-
tional aguatic life. Divers have found a shallow
tunnel connecting Zacaton to a nearby river
that holds the bones of countless turtles; like
Exley. they may have dived too far or too long.
On the other hand. hvdrogen sulfide and other
volcanic gases feed thriving communities of
extremophile microbes. Each morning the
water 15 clear. but by noon 1t turns milky gray,
probably from elemental sulfur precipitated

out by photosynthetic sulfide-eating bacte-
ria, Further down, the walls are lined with
spongy red and purple microbe mats, says
the team’s microbiologist, John Spear of the
Colorado School of Mines in Golden. In the
first 82 meters—as far as human divers dare
sample—=Spear has spotted 27 divisions of
bacteria, including six that may be new,
along with archaea and planktonic diatoms,
“The diversity is astounding. [ think that if
we get down further. there will be even
more,” he says. He expects only microbes but
does not rule out bigger life forms. “We
could run mto tubeworms. or crabs, or some-
thing else. We really have no idea”

To search for such life, DEPTHX is
equipped with sensors and software that will
allow it to follow plumes of heat. sulfide.
nitrates, or wrbiditv—Ilikely emanations of
the voleanic vents that almost certainly lie
below and potential hot spots for life, “1ts the
old "getting hot. getting cold” game, built into
a robotic brain,” says co-investigator Daniel

Dwrda, a planctary scientist and cave diver at
Southwest Research Institute (SwRI) in
Boulder. Colorado {Science. 6 September
2002, p. 1640). The robot also continually
sips water through a microscope designed 1o
pick out living cells by spotting motion. If
cell numbers spike. the robot may follow that
trail and suck in a water sample to carry
back. Once the robot reaches a likely spot,
cameras are programmed w look for changes
in colors, textures, or shapes that could set
bacterial mats apart from bare rock or open
water. “We're not quite sure what we're look-
ing for vet—just something different,” says
SwRI engineer Ernest Franke. head of the
science-package team. DEPTHX has an arm
with a coring device primed to stick itself
into a prospective life form and pluck out a
sample about the size of one’s thumb-end,
Little Jack Horner—style,

Skeptics may think all this unlikely. but
from 2002 o 2003, a NASA-funded robot that
Wettergreen worked on crisscrossed Chile'’s
near-lifeless Atacama Desert seeking patches
of photosynthetic alzae by s wlhale fluores-
cence. The robot successtully scooped up
samples and applied dyes to detect amino
acids and lipids—the st of life.

However, NASA has slashed exobiology
budgets. and this could prematurely end
DEPTHX and related ventures, ASTEP, the
main funder of exotic robots, has gone from
5135 million in 2005 to a planned $4 million in
2007. DEPTHXS current funding ends after
its March deployment. Stone and colleagues
had next hoped to develop a smaller. smarter
DEPTHX to ship into Antarctic subglacial
lakes, and then w design a robot to land on
Europa by 2020. Already. another cutting-
edge DEPTHX-like AUV slated to sample
volcanic vents under the ice-covered Arctic
Ocean this summer has run over budget, and
ASTEP has not rescued 1t. But John Rummell,
NASA'S senior scientist for astrobiology,
notes that there is still some money in 2007,
“Itis my fervent hope thatwe'll be able to fund
the next stage of DEPTHX.” he says.

This month, the team will test the robot
in the shallower sinkholes near Zacaton.
Electrical-resistivity tests around several
suggest that their bottoms may be false floors
of travertine hiding much deeper watery
volds below, These may be sealed environ-
ments like the Antarctic subglacial lakes or
like Europa’s hidden ocean. Then, DEPTHX
will swim down into Zacaton itself and meet
whatever might be living there, “Whether we
actually get that far, we'll see.” says Stone.
“Mo guts, no glory, right 7

-KEVIN KRAJICK
Kevin Krajick is a writer in New York City.
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Tread lightly. The zebra-tailed
lizard's toes may explain why this
species can outrun ghost crabs
(below) on soft sand.

BEIOMECHANICS

Crab’s Downfall Reveals a Hole
in Biomechanics Studies

The melding of materials and movement to better understand locomotion gets a
boost from physicists studying the properties of granular materials

PHOENIX, ARIZONA—When it comes o run-
ning on sand, the ghost crab is an Olympic
champion. With legs that are a blur to the naked
eve, Oavpode guadieia scoots up to 2 meters
per second on hard-packed sand. But soften up
the sand a bit, and the gold medal instead goes
to the zebra-tailed lizard, an animal that spends
little ime on the grainy material. This surpris-
ing observation, reported earlier this month
here at the annual meeting of the Society for
Integrative and Comparative Biology. comes
courtesy of physicist Daniel Goldman of the
Georgia Institute of Technology in Atlanta,

Goldman has jumped into the field of bio-
mechanics by employing a device physicists
have long used to examine granular materials.
That’s allowed him to study how animals
move over different kinds of surfaces, an
approach that Goldman and others feel has
been neglected to a large extent. “It’s nice w
see practical and theoretical applications of
eranular physics applied to an organismal bio-
mechanics problem,” savs Andrew Biewener,
a biomechanicist at Harvard University. “1t
creates an entirely new field of investigation.”
which will advance both basic biology and
robot engineering,

Until now. most researchers have studied
how animals walk, run, trot, and otherwise
move using hard, nonskid platforms. “When
we studied forces, the last thing we wanted
was to have slippery surfaces.” says Cather-
ine Loudon, a biomechanicist at the Univer-
sity of California, Irvine. And this approach
has proved useful, as researchers have made
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progress analyzing how muscles and ten-
dons make differemt gaits possible (Seience,
21 January 2005, p. 346).

But in the wild, organisms must contend
with mud, gravel, and ground littered with
debns. Sand can be particularly challenging, as
its grains give way briefly underfoot, trans-
forming the surface froma solid to a virtual lig-
uid. Goldman wants to undersiand how organ-
1sms deal with this complexity. “We can't pre-
dict how animals will move unul we under-
stand the substrate.” he says.

At the University of California, Berkeley,
Goldman and Wyatt Korfl, now at the Cali-
fornia Institute of Technology in
Pasadena, built a “fluidized™ bed, a box
of glass beads that were stand-ins
for sand. The bed’s underside
has a porous membrane, and
by pumping air at different
speeds up through the mem-
brane, Goldman can change
how tightly packed the beads are,
thereby controlling the properties
of the “sand.” More air results in looser pack-
ing and. eventually. a surface much like quick-
sand. Aerated enough, the bed turns into a
fuid. The method is “extremely brilliant,” says
Frank Fish, a biomechanicist at West Chester
University in Pennsylvania.

Goldman and his colleagues chased
ghost crabs, geckos. and various lizard
species down a sand-filled wack and across
the bed. filming the animals as they tra-
versed hard, soft, and “liquid” sand. In addi-
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tion, he and KorfT dropped wires attached o
rods into the sand to determine the mechani-
cal requirements for locomotion in sand of
different consistencies.

As expected. the ghost erab zoomed across
the hard-packed sand. But in soft sand, its eight
legs sank in, and the crab trudged along atabout
40 centimeters per second. That's about the
speed of the gecko, which is adapted for living
intrees. not on beaches, “We didn’t think there
would be such a big difference.” Goldman says.
The Mohave fringe-toed lizard, another sand
dweller, also got bogged down: Its speed
dropped by 10%. “Being specialized for sand
doesn’t necessarily mean better performance”
on all forms of sand, Goldman reported.

The big winner on the softer sands was the
zebra-tailed lizard. It lefi the ghost crab in the
dust, maintaining at least a 1.5-meter-per-
second pace, even in quicksand. This species
lives ina varied environment, traveling through
brush and on rocks. gravel, and occasionally,
sand: therefore. Goldman expected that it
would lack any special adaptation that would
enable it to excel on any one surface. But the
zebra-tailed lizard didn’t sink. and “it seems
to use feet as a buffer against the substrate.”
Goldman said. The lizard has exremely long.
gangly toes. and Goldman discovered that it
spreads the toes wide as they hit the sand and
then curls them up as it lifis the foot. He sus-
pects that sand caught between the toes causes
the sand to stop flowing such that it supports
the lizard’s weight and allows the animal to
push off into the next siep.

Fish is not convinced that long toes are the
secret to this hzard s success. ™1
don’t think they understand
enough about the dimensions
of the feetand how they inter-
act with the sandy environ-
ment,” he says.

Goldman is addressing
those interactions. He and Korll
have designed an artificial “foot™: a rod

with crossed wires attached perpendicu-

.1'? larly at the end. They vary the angle

between the wires and drop the “foot™ into
the sand, measunng how far it sinks. “The pen-
etration depth depends on the angle™ between
the individual wires, Goldman reported. It
shows geometry can be important in your foot.”
Understanding the differences between
how the ghost crab and zebra-tailed lizard
move could help engineers make better robots,
which for the most part stop dead in sand. **You
want o have robots that can run around on all
surfaces.” says Loudon. For that reason, it of
ereat importance to understand how animals
can [handle] such different surfaces.”
=ELIZABETH PENNISI
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Represematives Select Committee on Assassi-
nations, The scientific pavetl, however, wasthe
discovery of the Orientale basin, a huge impact
scar on the extreme west limb of the moon, the
first of its kind to be recognized.

Onentale’s discovery would typify much of
Hartmann's science, “A lot of my career has

PROFILE: WILLIAM K. HARTMANN

Renaissance Man of

been the big-picture stufl]” he says, While most
of his contemporaries worked to become the
world’s expert on the topics of their disserta-
tions and to tum out data to five significant fig-
ures, Hartmann headed the other way. “The
tirst-order things linking different planets has
always appealed o me,” he savs,

In that spirt. he next used impact craters
on the moon and on Earth to gauge the age of
the great lunar lava plains that shape the man
in the moon. Assuming impactors steadily

The Solar System

Scientific innovator from the moon to
Mars, author of textbooks and novels,
and space artist, William Hartmann is
the independent scientist writ large
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TUCSON, ARIZONA—Whether 1t's his
office. studio, or home, William Hartmann
packs the pictures in. Everywhere the walls
are covered with paintings. And they are
paintings of everywhere: an absiract of
Paris by writer Henry Miller; Carmel
Beach, California, by Hartmann’s space-
artist hero. the late Chesley Bonestell: his
own depiction of a European calé; a Swiss
landscape by his grandfather.

And then there are the chockablock paint-
mgs of the Great Out There from Hartmann’s
35-vear career asa space artist. The one still on
the easel in his backvard studio depicts 1cy
gevsering on Saturn’s moon Enceladus.
Another shows how a gant impact 4.5 ilhon
vears ago could have splashed the makings of
the moon off Earth, an offbeat hypothesis he
co-originated, which is now the scientific con-
sensus on how the moon formed. Hartmann's
imagined views of space blend with his words
in his fifth-edition planetary science textbook,
his halt=dozen popular books, and even his
first novel.

*He"s one of the most productive, inno-
vative scientists in the field.” even while
pursuing his painting and writing, says plan-
etary geologist Ross Irwin of the National
Aar and Space Museum in Washington, D.C.
“He's made as many discoveries as anyone
could hope to.”

And he’s done 1t without tenure, without
an academic position or even a salaried one
the past 36 vears. He did help found the Plan-
etary Science Institute in Tueson, where he
like all other PSI staffers—has done his sci-
ence on nothing but soft money. A nonprofit,
P’S1 has lately been a model for a growing
number of planctary scientists looking for
workplaces “run by scientists for the benefit
of science,” as PSS founders put i,
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A backyard start

Hartmann, 67, approached planetary science
at an auspicious moment asking the right
question. “What are the planets ike”” he won-
dered as a |d=vear-old. Through the welescope
that he built with the help of his engineer
tather, he could make out the cratered lunar
surface well enough, but from his home in
suburban Pittsburgh, mysterious Mars was a
tiny disk of shifting smudges.

At the time, prolessional astronomers
couldn’ do much better. As a graduate studemt
at the University of Arizona (UA) at the dawn
of the space age. the early 19605, Hartmann
found himsel f studying
existing mmages of the
moon taken from
Earth. But his adviser
Gerard Kuiper, a
founding father of
planetary science,
showed him a new
way to look at the
moon, one that would
shape much of his
scientific career.

From Earth, astro-
nomers could see only
the near side of the
moon. Around the
edges. they could see
it only at terrain-
distorting low angles.
So Hartmann projected telescopic photo-
graphs of the moon on a plain white [-meter
sphere and photographed this lunar globe from
the side, simulating an overhead perspective
not avatlable until the Apollo missions. His
darkroom experience would eventually involve
him in a major UFQO study for the ULS. Air

Force and image analysis for the U.S, House of

Playful. P51 researchers of the 1970s worked on a
computer model that made solar systems.

rain in from the asteroid belt ke sand through
an hourglass, the number of craters on a sur-
face measure the age of that surface. Compar-
ing lunar crater counts and craters on dated
surfaces on Earth, Hartmann calculated the
age of the lunar lava plains to be about 3.6 bil-
lion vears. The late Eugene Shoemaker, the
leading cratering expert of the time, put the
age at 0.1 bilhon vears. Five vears later,
lab dating of Apollo rocks proved that
Hartmann's estimate was right on.

In the early 19705, afier serving on the sci-
ence team for Mariner 9
satellite of Mars—Hartmann applied his
crater-counting idea to the Red Planet. Mars
may have looked geologically decrepit, but
he found some lava
pluns whose low crater
counts implied that
they could be a mere
100 million vears old,
born last yvear if Mars
Wiers an l'lli.'[l'll_L's.'I'I:!IrjiE:l'l.

the first artificial

meteorites from Mars
confirmed the youth-
fulness ofat least some
martian lavas, By the
late 19905, Hartmann
had co-authored the
vold-standard crater-
ing chronology for the
inner solar system.,

Freelancers unite
S0 in the late 1960s, Hartmann was at the start
of'a roll. He even had an assistant professor’s
position at UA, But by 1970, Kuiper
cerned that Hartmann develop some profes-
siomal independence—was nudging him out of
the nest when there were sull few places o go
in planetary science. As it happened, Hartmann
had company. In 1968, UA graduate Alan

con-
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In the 19805, dating of
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Binder had wlked his Chicago-based employer
into opening a Tucson office. By 1971, the
office included not only Hartmann but also
UA Ph.D. Donald Davis and UA student and
Massachusetts Institute of Technology Ph.D.
Clark Chapman, now at the Southwest
Research Institute in Boulder, Colorado.

From the start, the Tucson group was on a
mission of its own. It would pass through a
half-dozen leased offices and work its way
through three parent organizations, always
searching for a free hand and a lower overhead.
It was a nonprofit division before going inde-
pendent in the late 1990, but the philosophy
remained the same. “We tried to design PSI o
be good for the individual researcher,” says
Hartmann. “We designed it around how people
wanted to live and work. We didn’t have fac-
ulty meetings or deans, but we didn’t have
assured money either.”

That meant gathering a few young
researchers less interested in teaching thanin
doing hands-on science in overlapping
fields, and then bringing them up to speed
on the fine art of winning NASA grants, By
the mid-1970s, P51 was a group of five
researchers with all the expertise necessary
to tease out the secrets of how a disk of dust
and gas had clumped into balls of ice and
rock that banged into each other to form
planets, moons, asteroids, and comets.
Hartmann briefly served as manager of the
group until, as a short history of PSI by
Davis, Hartmann, and a colleague puts it,
“his natural inabilities were recognized.”

P51 has ballooned in the past 5 years, as
have several other nonprofit planetary insi-
tutes, It has gone from a staff of 13 and annual
revenue of three-quarters of a million dollars to
a staff of 35 (half of them women, with only
four or five administrators) and an annual rev-
enue of $3.5 million. Many were attracted not
Just by the organizational simphicity but also by
the geographical fexibility o work where they
wish or where their spouses work. The result is
a “virwal instituee”

The PSI synerey soon led Hartmann to the
biggest find of his career. From his own crater-
ing work, Russian theoretical studies, and lab
experiments, he and P51 colleagues realized
that bodies violently colliding in the still-
forming solar system came in a range of s1zes.
There were farmore small onesthan larze ones.
The object that hit the moon to form the Orien-
tale basin was about 150 kilometers across.
What was the biggest body that could have hit
the nascent Earth?? wondered Hartmann.

It the biggest impact were big enough to
blast some of Earth’s iron-poor mantle into
orbit to form the moon, “it seemed to me that
would explain a lot,” savs Hartimann. Apollo
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astronaues had just brought back lunar rocks for
geochemists to analyze. 1 was in awe of the
geochemists because they worked at such high
levels of accuracy.” he says. Yet they couldn’t
explain even the grossest of the moon's proper-
ties, such as s dearth of ron,

So Hartmann teamed with Davis—a
dynamicist—to develop the giant-impact the-
ory of the moon’s origin. Pretty much ignored
afterits 1975 publication, it became the surprise
leading contender at a workshop in 1984 and

has been pulling away ever since, The success of

the giant-impact hypothesis gave Hartmann
renewed faith in making inferences from a few

fundamental properties rather than a welter of
data, Harmmann has missed the misspelling of
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the color of a terrestrial dune he’s painting
changes with changing sun angle. And trying to
paint an alien scene not yet visited by a lander
“forces vou to ask what we actually know™

As a young scientist, says Hartmann, he
was considered something of a dilettante
because of his painting. But other scientists
eventually saw the rewards of someone trans-
lating their data into a form accessible to the
public, In 1997, Hartmann even won the first
Carl Sagan Medal for communication of sci-
ence to the public from the American Astro-
nomical Society, in part for his art.

Grounded. Hartmann has painted the new volcanic
island Surtsey as well as the origin of the moon.

his own name on papers. Chapman says, but “he
sees things in a subjective way that can be more
effective™ than Highting through all the details.

Another side of science

At least part of Hartmann's more intuitive
approach was nearly lelt behind with the trap-
pings of amateur astronomy, He had grown up
with a sketchbook in his hand and his grand-
fathers paintings all over the walls of his home,
But by grad school, he had absorbed the mes-
sage that he'd need physics, not graphics, o
understand the planets, That changed in 1970
when a publisher asked him o write an intro-
ductory textbook for planetary science. The
prospects for illustrating solar system bodies
other than the moon and Mars were bleak. So
he solicited paintings from his growing con-
Lacts n '|.I'Il..‘ .‘\'plll;‘l_‘-i!rl 'l..'l'l-l'.l‘.ll'l'll.ll'lll_'\' E!I'I:L‘ H.'H.'Ill-; up
his own acrylics and brush.

Hartmann sees a productive interaction
between “the painter’s eye versus the scientist’s
eve.” For instance, sometimes he understands
planetary photometry-—the nteraction of light
and surface—"experientially™ by noting how

i

The other part of lus public communication
has been writing, starting with a wextbook and a
half-dozen popular science books. Since the
Sagan award, he has also published two novels.
Mars Undererownd combines science fiction
and mystery on a scientifically realistic Mars,
while Ciries of Gold switches back and forth

between 1989 Tucson and the carly days of

Spanish mcursion there. *1 like having a dia-
logue with interesting people who take you to
different places or times,” savs Hartmann,
“Movelists can be the scientists of the human
psvehe. You can talk about evervthing”

Eveing retirement, Hartmann has been cut-
ting back his science in recent vears to favor
painting and writing, although he sull feels an
obligation to contribute o PSI and its efort 1o
groom new planetary scientists, Whether PSI s
|‘.II'I]‘.I'II..‘I;E 4] '|'II'UI.|'I.IL'I...' unutl:u:r FeNSsance man, or
woman, is hard to tell. “A lot of the questions [
wanted answered at 14 have been answered,”
says Hartmann. And gigabytes of those pesky
details he tended 1o avoid have been returned
from spacecratt. with terabytes more to come.

=RICHARD A. KERR
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The ethical and political controversy
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Treating Diseases with Adult Stem Cells

IN THEIR LETTER "ADULT STEM CELL TREATMENTS FOR DISEASES?” (28 JULY 2006, P. 439),
S. Smith er af, cluim that we misrepresent a list of adult stem cell trestments bene{iting patients (/).
But itis the Letters authors who misrepresent our statements and the published literature, dismiss-
ing as irrelevant the many scientists and patients who have shown the benefits of adult stem cells,

We have stated that adult stem cell applications have “helped” “benetited” and “improved™
patient conditions, Smith er /. s Supporting Online Material ( 2) repeatedly notes patient improve-
ment from these cells {3). We have never stated that these treatments are “generally available,”
“cures,” or “fully tested in all required phases of clinical trials and approved by the ULS. Food and
Drug Administration (FDA)L” Some studies do not requare prior FDA approval (4), and even the
nine supposedly “fully approved” treatments acknowledged by Smith e af. would not be consid-
ered “cures” or “generally available™ to the public at this stage of research,

The insistence that no benefit is real until after FDA approval is misplaced. Such approval is
not a medical standard w evaluate patient benefit, but an agency determination that benefits out-
welgh risks in a broad class of patients, Physicians and patients use an evidentiary standard. Our
list of 72 applications, compiled from peer-reviewed articles, documents observable and measur-

able benefit to patients, a necessary step toward formal FDA approval and what is expected of

new, cutting-edee medical apphications.

Smuth er af. also mislead regarding citations for testicular cancer and non-Hodgkins [ym-
phoma, referring o “{t]he reference Prentice cites.. .. as though only one reference existed in
each case, and not menuoning four other references that, according to their own SOM,
show “improved long-term survival™ of patients receiving adult stem cells, There are cur-
rently 1238 FDA-approved clinical
trials related o adult stem cells,
meluding at least 5 tnals regarding

surrounding embryonic stem cell
research makes scientific claims
especially prone to exaggeration or
distortion. All such claims should
receive careful scrutiny....”

testicular cancer and over 24 trials
with non-Hodgkin’s lvmphoma (3).
They also disregard studies showing
successtul stimulation of endogenous
cells for Parkinson’s,

The ethical and political contro-
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versy surrounding embryonic stem
cell research makes scientific claims
especially prone to exaggeration or
distortion. All such claims should receive careful scrutiny, as recently acknowledged by the edi-
tors of this joumnal after two articles claiming human “therapeutic cloning™ success were revealed
to be frandulent. This serutiny should be directed equally to all sides. We note that two of our crit-

—Prentice and Tarne

ics, Neaves and Teitelbaum, are founding members of a political group whose Web site lists over
70 conditions that “could someday be weated or cured™ using embryonic stem cells (6). High on
this hist 15 Alzheimer’s disease, acknowledged by experts as a “very unlikely” candidate tor stem
cell treatments, with one NIH expert describing such a scenario as a *fairy tale™ ( 7). The entire list,
in fact. 15 based on no evidence of benetit inany human patent from embrvonic stem cells and hit-
tle evidence for its claims inanimal models. No one should promote the falsehood that embryonic
stem cell cures are imminent, for this cruelly deceves panents and the public (),

DAVID A. PRENTICE:®* AND GEME TARNE®
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Moving Toward
Decarbonization
CONCENTRATED SOLAR THERMAL (CST) ENERGY,

such as that used at the SEGS solar energy
plams, 15 not new. What appears to be new 15
. Shinnar and F. Citro’s suggestion that oil ata
temperature of =RO0°F can be stored for hours
or days before being used to generate steam
(A road map to ULS. decarbonization,” Policy
Forum, 1 Sept. 2006, p. 1243).

Tueson, Arizona, at 32°N latitude has aver-
age daily solar insolation of 2,000 Btu/feet®.
This is the highest level in the United States
and occurs only in the southern half of
Arizona and a small part of New Mexico.
During the peak summer periods, the rate of
solar energy falling on a given land area is
more than five times the rate n winter,
Further. about 60% of the solar enerzy comes
between 10 am. and 2 pm.

Consequently much of the oil would be
heated to =800°F during midday in summer
and stored for use in the winter. The amount
of hot o1l storage required to provide 50%
of LS. energy consumption is enormous
and impractical,
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Howard Hayden describes partof'the SEGS
operation as follows (/) “The optical effi-
clency varies from 71% (units | and 1T) o 8%
(units VI and 1X). That is. between 71% and
80% of the sunlight that strikes the mirrors is
actually reflected to the pipes containing the
therminol. They achieve this high efficiency by
washing the mirrors every five or so days, and
with a high pressure wash every en-to-twenty
days. Let’s repeat that: they wash the several
million square meters of mirror - much more
than the 2.3 million m? of aperture — about 235
times a vear!”

The storage and cleaning problems ren-
der this CST project nonviable, A third prob-

lem is that of finding 13,000 square miles of

land suitable for SEGS systems that can be
made available.
H. DOUGLAS LIGHTFOOT

Global Environmental and Climate Change Centre, McGill
University, Montreal, QC H9X 3C2, Canada. E-mail:
dlightfo@aei.ca
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MOVING TOWARD A DECARBONIZED ENERGY
system is an essential element of any strategy
to mitigate climate change. In their Policy
Forum “A road map to LS. decarbonization™
(1 Sept. 2006, p. 1243). R. Shinnar and F. Citro
have outlined one possible technological road
map to achieve LS, decarbomzation, i large
part by using extensive concentrated solar ther-
mal technology for large-scale, carbon-free
electricity generation. Although we fully sup-
port studies that explore the potenuial of tech-
nology to “solve the climate problem™ (). we
are of the opimon that strong policy analysis 1s
needed to reinforce the findings of such work
and that policy research in support of this or
other technological futures should adhere to
common research standards (), Policies—aor
lack thereof—are probably the most profound
barrier to successtul implementation of tech-
nological climate change mitizgation measures,

Shinnar and Citro have used an engineering
cost-eflectiveness caleulation to esnimate that
the investment in carbon-free energy tech-
nology would cost 343 1o $30 per ton of CO,
reduced. They state that this figure is the
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appropriate value for a CO, tax, but cite no pre-
vious policy research or new analyses to sup-
port this. Rather than a single policy solving
the climate mitigaton problem, a policy analy-
sis might reveal that a portfolio of policies,
implemented at different levels of government,
introduced over different time scales. and
aimed at different parts of the energy system,
will be required to make decarbomization a
reality. In addition to pollution taxes (a price
instrument), there are many other empincally
validated policy approaches (3, 4). such
as “cap and trade™ guantity limits, finan-
cial incentives or subsidies, and emission
standards, A full consideration of all options
through rigorous policy research is critical o
overcome the “political hurdles™ mentioned at
the end of the Policy Forum.

CONOR REYNOLDS AND ERIC MAZZI
Imstitute for Resources, Environment and Sustainability,

University of British Columbia, Vancouver, BC W6T 124,
Canada.
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Response
LIGHTFOOT SEEMS TO CONFUSE SOLAR CELLS
with concentrating solar power (CSP), CSP
plants constructed by Luz have been operating
in the Mojave Desert for 20 yvears (/, 2). The
interval required for cleaning the colleciors is
not considered o be an impediment w their
operation ( f, 3). The storage capability of these
plants was an important technical break-
through that. if properly designed. can allow
solar energy to become a major source of elec-
tric power in countries with large desert areas.
Lightfoot is not correct when he says
that the use of a high-temperature heat
transfer fluid for energy storage is “new.” It
wias an essential part in the mitial Luz
design that provided storage for two hours,
This capability, which 1s not feasible for
solar cells, is the critical concept that makes

large-scale use of solar energy via CSP pos-
sible. Our Policy Forum also shows that,
with simple design changes, CSP with stor-
age can provide a load-following capability
that can stabilize the grid and increase the
usefulness of solar cells.

One of Lightfoot’s main arguments 15 the
assertion that the solar irradiance ratio in
Tucson. Arizona, between summer and win-
ter is larger than 5. Figure 51 (4) shows that
the measured monthly solar irradiance ratio,
averaged over a period of 30 years, for
Tucson and two other places 1s less that 1.8
i 1.7 for Tucson), and that the ditference from
the average is less than 30%.

As rainy or cloudy days do oceur even in
the desert (less than 25 days a vear). the ability
to store energy and to use fossil fuel as backup
gives CSP a cnncal edge over any other
renewable energy with variable output. In our
plan. the excess electncity generated will be
used to obtam the hydrogen to produce hydro-
carbons as well as storable fuels for backup.

Regarding Lightfoots concern about
available space, extensive studies by the LS,
Department of Energy have identified
four Southwest states { Arizona, California,
Mevada, and New Mexico) with deserts large
enough to generate 4000 GW (5), more than
twice the output needed for our plan. Larger
deserts with stronger and more even solar
irradiance are available in nearby Mexico,

We fully agree with Reynolds and Mazzi
that dealing with the decarbonization of the
economy requires a complete svsiems analy-
s15. Political problems, costs, and the eco-
nomic constraints on implementation must be
taken into account, as well as time factors and
competing priorities. But the methedology
they recommend requires quantitative data on
risks. penalties. and costs that cannot be
clearly defined. When guesses replace hard
numbers, the results can be highly mislead-
ing. The only sensible response when faced
with a calamitous nsk is to do everything fea-
sible and affordable to prevent it

Our Policy Forum did not deal with a com-
plete systems analysis. We accepted the con-

clusions of previous analysts that the risk of

any of the three problems—peaking of oil and
oas reserves, energy independence, and global
warming—we discussed is unacceptable (6).
[nstead, we identified the technological options
available and focused solely on proven technol-
ogy that we can start to implement now. We
demonstrated that a totally decarbomzed econ-
omy can be realized with existing technology
at an aftordable cost. Furthermore, as each of
the problems mentioned has unbearable conse-
quences, we showed that it 15 cheaper and more
effective 1o treat them simultaneously, which
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our plan tries to achieve. We estimated a cost
of $200 billion a year, but this is the total
investment required; the cost to society would
be significantly less, probably reduced by
one-third. by the income realized from the
investment. The reduction of imported oil and
gas alone would free up between $200 and
S300 bilhon a vear.

We agree with Reynolds and Mazzi that
there can be many ways to help implement
our plan and that a CO, tax is only one possi-
ble example. But no risk analysis can lead to
positive resulis unless we acknowledge that
the problems we face are ominous and that
no foreseeable research will provide a “silver
bullet™ that will make the solution pain-tree.

Letters to the Editor

REUEL SHINNAR AND FRANCESCO CITRO

The Clean Fuels Institute, City College of New York, New
York, NY 10031, USA.
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CORRECTIONS AND CLARIFICATIONS

News of the Week: "U.S. weighs protection for polar
bears” by E. Pennisi (5 Jan., p. 25). The article incor-
rectly referred to the Natural Resources Defense Council
as the National Resources Defense Council.

Table of Contents: (24 Nov., 2006, p. 1209). The one-
sentence summary for the Report “Two Dobzhansky-
Muller genes interact to cause hybrid [ethality in
Drosophila™ by N. ). Brideau el al. was incorrect. It
should read, "Lethality in the hybrid offspring of two
fruit fly species is caused by a pair of interacting genes,
bath of which have been positively selected,”

TECHNICAL COMMENT ABSTRACTS

CommenT on “The Geometry of
Musical Chords”

Dave Headlam and Matthew Brown

Tymoczko (Reports, 7 July 2006, p. 72) proposed that
the familiar sonorities of Western tonal music cluster
around the center of a multidimensional orbifold.
However, this is not true for all tonal progressions.
When prototypical three-vaice cadential progressions
by Bach converge on the tonic, the chords migrate from
the center to the edge of the orbifold,

Full text at www.sciencemag.orglegifcontentfull315
5810/330b

ResponsE To COMMENT ON
“The Geometry of Musical Chords”

Dmitri Tymoczko

The basic sonorities of traditional Western tonality
divide the octave nearly evenly and are found near the
center of the orbifolds T%S, and T*5,. Many commen
musical patterns exploit this fact, which permits effi-
cient voice leading between structurally similar chonds.
In actual music, these patterns sometimes appear
incompletely or are accompanied by additional notes.
Using orbifolds in musical analysis therefore requires
interpretive skills.

Full text at www.sciencemag.orgicgiicontent/fulli315/
S810/330¢

Innovation has its Rewards

The Alternatives Research & Development Foundation,
a leader in the funding and promotion of alternatives to
the use of laboratory animals in research, testing, and
education, announces that it is curmrently solicitin
research Empasals to its Alternatives Research Gran
Program. For over 15 years, this innovative program has
rewarded scientists who have an inlerest and expertise
in alternative research investigation.

* Up to $40,000 in funding
available to support individual
projects with preference given to
U.S. universities and research
institutions.

* Downloadable application and
instructions at
www.ardf-online.org.

* Deadline: April 30, 2007.

* Announcemant of recipients:
July 15, 2007.

nEEE

801 Old York Rd., #316

Jenkintown, PA 19046

fax: (215)887-0771

Alternatives Research & Development — www.ardf-online.org
m& info@ ardf-online.org

Canon

THE CANON NATIONAL PARKS
SCIENCE SCHOLARS PROGRAM

Training the Next Generation of Conservation Scientists

The Canon National Parks Science Scholars Programyis
pleased _to announce! its 2007 competition. The
program 15 a collaboration ameng Canon, the Ameri-
can-Association for the Advancement ef Science and
the US National Park Senvice: Thanks to a generous
cammitment E_:l}' I:ancn, ne pragram w Il be awarding
eight US%B0000- scholarships to Ph.D. students
throughout the Americas o conduct research critical
o conserving the national parks of.the region

Research projects in the biological, physical, social
and cultural sciences are eligible, as well as research
projects in technology innovation in support of

conservation scence

Applications must be received by 3 May 2007. For
information about the Canon National Parks Science
Scholars Program and a copy of the application quide,

please visit the website «swww.canonschelars.org>

AVAAAS
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SCIENCE ANDTHE MEDIA

Breaking the Embargo

Richard Horton

CC C an we expect a few broken fin-
gers!” asked one news agency
Joumalist. “The em-

bargo break caused me serious
embarrassment.” wrote the sci-
ence editor for a leading inter-
national broadsheet newspaper.
“There should be consequences
for this sort of behavior,” re-
marked another reporter.

These were just a few of the many angry
reactions | received from journalisis when
three ULS. newspapers—the New York
Times, Washington Post, and Wall Street
Jowrnal—broke The Lancet’s news em-
bargo on the recent Johns Hopkins survey
of mortality in lrag.

Admitedly. the story was hot, Could it be
true that increased death rates after the
U.S.-led mmvasion of Irag in March 2003
have claimed an additional 630,000 lives?
We planned to publish the research paper
online. Following our standard practice (one
shared with many journals), we had issued a
press release and advance copy of the article
to journalists a few days before the day of
publication. But a dispute over who had
rights to disseminate the research led jour-
nalists at those three newspapers to believe
they were free o ignore our usual embargo
rules. We felt stamped upon by this embargo
violaton. In retaliation, and at the urging of
other journalists, we temporarily removed
the three newspapers from our press lists
(thus depriving them of advance access to
papers we were about to publish).

Vincent Kiernan might, I think, be quite
pleased with this outcome. In Embargoed
Science, his compelling critique of the self-
agerandizing embargo system that currently
rules scientist=editor-reporter relations, he
stresses that journalists should not break
embarzoes. But he also believes that, as he
bluntly puts it, *The embargo should go.”
What happened wo The Lancer shows that
the system does fracture under pressure.
Welcome news, perhaps.

In practice, an embargo means that the
content of a journal is sent to journalists on
the understanding that they will not wnite
about the work until a prespecified date and
time, Editors use the journal embargo as a

The reviewer is the editar of The Lancef, 32 Jamestown Road,
London NW1 78Y, UK. E-mail: richard. hotton@lancet.com
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Embargoed Science

by Vincent Kiernan

marketing toel to extract the maximum pos-
sible publicity for their publications, We do
s0 in the belief (or, at least,
hope) that we have something
useful to say. Kiernan claims
that embargoes create and sus-
tain an elite cadre of journals,
a cabal of titles that exerts an
ever-widening and unjustified
authority over journalists.

He goes on to argue that the control of

information through the embargo creates an
“impression of immediacy.” But it is a mis-
leading impression. The governing idea
behind the journal embargo is a bad one: it is
a mechanism to restrict, not promote, the

Al2 Wrpxpsoay, Ocrones i, 2oob
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Study Claims Iraq’s
‘Excess’ Death Toll

Has Reached 655,000
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Breaking news.

communication of science to the press and
public. The editors of scientific and medical
jJournals have somehow assumed the power
to decide which journalists will and will
not have privileged access to information,
Kiernan concludes that this svstem is mani-
testly against the public interest.

My fellow editors and I usually deploy a
well-rehearsed series of defenses at this

Rising Death Rate

BOOK

point. The embargo creates a level playing
field for journalists, No one journalist gets
an advantage over any other, we say.
But who says journalism is about fairness?”
Kiernan ivites readers to view the “primary
purpose” of journalism as providing infor-
mation that citizens need to be “free and
self-governing.” A level playing field has no
part to play in this noble cause.

The embargo zives time for joumalists o
rescarch a story properly, we retort. Insulting,
suggests Kiernan (himself a senior writer
at the Clironicle of Higher Education). Jour-
nalists react to complex breaking news all
the tme. Why should science and medicine be
any different? But what is good for science
{ the production and publication of excellent
research) is surely good for society, we bluster.
Maybe. Maybe not. That is a value judgment,
one that journalists are not paid to make, Their
allegiance is 1o something far higher, a cause
independent of any one interest,

But journalists like embargoes,
we editors cry. It 15 not us who im-
pose embargoes on News reporters.
Kiernan shows that this is true. his-
] torically as well as currently. The
embargo was born because journal-
ists “demanded advance access™ to
scientific research. But the publish-
ers of science soon realized what a
powerful stanglehold over the press
they had been given. They have ex-
ploited that power ever since.

Kiernan wins the argument about
embarzoes cleanly and comprehen-
sively. Embargoes do create defer-
ence among journalists to the scien-
tific and medical establishment.
They are artificial. perpetuating the
work of less-skilled journalists and
giving attention to often weak and
dubious science. They turn jour-
nalists away from investigating
science as they would any other
institution in society.

The constant stream of embar-
coed news releases distracts jour-
nalists from what they should be
doing—namely. taking a more criti-
cal approach to their beat. The exis-
tence of this embargo-driven “pack
journalism™ should be antithetical to a group

that usually resists any authority trying to

influence what it does. It is strange that jour-
nalists acquiesce to the will of such powerful
publishing organizations,

It the “tyranny™ of the embargo was to
disappear, and the “gentility™ of science and
medical journalism were 1o end, what would
happen? Would the world self-destruct?
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Much second-rate research would likely not
wet reported. Poor science journalists would
move into less-specialized felds. Good

jJournalists would flourish and work faster,

Mobody would mourn the embargo. It's a
wonder we editors stll defend it. But which
medical or seience journal will move to erase
the embargo first? Ah, there lies the rub.

10.11265cience. 1135374

LINGUISTICS

Language Learning
Through Selection

Jeffrey Lidz and Lisa Pearl

veryone knows that language acquisi-
tion is a protracted process. It takes a
child a minimum of 3 1o 5 yvears to be
able to talk, for the most part. the way every-
one else does, The commonsense under-
standing of language learning is that children
start knowing nothing about their language
and gradually build up a system of knowl-
edge that enables them to communicate.
The orthodoxy of generative linguisties,
however, could not be more different from
this commonsense view. Rather than build-
ing up a language from scratch, children
bring innate knowledge of the
space of possible languages 1o the
learning task. Language learning,
from this perspective. involves
mapping experience from the
language the child 1s exposed to
onto this hypothesis space so that
one language emerges. This per-
spective derives from two interre-
lated considerations. First, the
range of variation found among
the world’s languages 1s surpris-
ingly restricted. Viewed from a
certain level of abstraction, lan-
guages vary along a finite set of
parameters, each with a narrowly restricted
range of values (typically two or three).
Second. children’s linguistic behavior ap-
pears to be restricted along these same
dimensions. Although children obviously
make many errors in the course of language
learning, many of these errors mimic the
variation found across the world s languages.
Together. these considerations lead 1o the
conclusion that the learning task consists pn-
marily of selecting the set of parameter val-

The reviewers are at the Department of Linguistics, 1401
Marie Mount Hall, University of Maryland, College Park,
MD 20742, USA E-mail: jlidz@umd.edy; lsp@umd.edu

ues that best fits the language the child hears,

What has been missing from the parame-
ter-setting perspective on language learning
is a theory of how learners use the input to
identify the correct parameter
values. In The Infinite Gifi:
How Children Learn and Un-
learn the Languages of the
Woarld, Charles Yang offers a
popularization of his ideas
about how this is done.

Yang's central thesis bor-
rows from population biol-
ogy, where variation within a
population 1s a fundamental
feature. The insight under-
lying his approach is that a population does
not need to be a population of organisms in
order for the principles of natural selection
to apply. Instead, Yang (a computational
linguist at the University of Pennsylvania)
argues that the mechanisms of natural
selection can apply to a population of lan-
cuages within the mind of a language
learner, where a “language™ is viewed as a
set of parameter values.

To understand the application to lan-
guages. it 15 first necessary to remember
some basic principles of Darwinian evolu-
tion. Population biology provides a formal
basis for describing how varianon within a

Scribne

population both exists and changes over

time. Matural selection provides the driving

mechanisms via quantified notions of

reward. punishment. and competition. The
key is Darwin's variational principle: indi-
vidual members of the populanon differ
from each other in some specified traits, and
the population system as a whole evolves by
changes in the proportions of the different
members in the population. The proportions
map directly onto the probability of finding
an organism with a certain trait in the popu-
lation at any given time. Over evolutionary
time. these probabilities shifi.

Yang applies the variational principle

The Infinite Gift

earn and

by Charles D. Yang

(Simon and

directly o the population of languages
within the mind of the learner. Just as popu-
lations of organisms evelve by changing the
probabilities of orgamsms over evolution-
ary time, so does the learner
change the probabilities of
languages over ontogenetic
time. These probabilities shift
in direct response to the useful
data in the linguistic environ-
ment. The more successful a
language is at analyzing data
from the hingwistic environ-
ment, the more it is rewarded;
the less successful 1t is. the
more it is punished. These lan-
guages are competing against each other,
and the winner is ideally the one that pro-
vides the best fit to the language spoken
around the child.

The book represents the first populariza-
tion of ideas coming from a new wave of
rescarch in cognitive science, That field has
traditionally been divided between the rep-
resentationalists, who propose that the mind
15 essentially a symbol-processing device,
and the associationists. who propose that all
behavior is driven by probabilities of dis-
tributed neural activity. The difference here
lies in the existence of symbols as distinet
mental objects. The new wave recognizes

that there 1% no inconsistency between sym-
bolic computation and probabilistic compu-
tation. Yang’s ideas illustrate how these two
styles of computation can coexist in the
same Hr‘ll__'.lll'li..‘il'.l'l.

Much of The Infinite Gift is spent run-
ning through a set of standard arguments
about the complexity of language learning,
but the last two chapters represent the real
strength of the book. In them. Yang provides
an easy-to-read and insightful distillation of
how acquisition of a symbolic system can
take advantage of the tools of probability
theory and natural selection,

10.1126/5cience, 1135673
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SCIENCE FOR DEVELOPMENT

Poverty Reduction Through
Animal Health

Brian Perry'* and Keith Sones?

ivestock contribute to the livelihoods of

roughly 70% of the world’s poor (/).

supporting farmers, consumers, traders,
and laborers throughout the developing world
(2). Furthermore, there is an increasing
demand for livestock products for the growing
and more affluent populations of many devel-
oping countries, particularly in Asia (3. 4).
which offers new market opportunities for poor
farmers. Ammal diseases severely constrain
livestock enterprises in developing countries
but are not being given the attention they
deserve by the global community,

The global animal health product market
was worth 515 billion (U5, dollars) in 2005,
of which Western Europe. North America,
East Asia. Latin America, and Eastern Europe
held 97% of market, leaving ~3% o Africa
and South Asia (5). OF this market, 0% was
targeted toward companion animals, and this
proportion is growing (6). The global veten-
nary pharmaceutical industry puts ~10% back
annually nto research and development
(~%1.5 billion) (@). Public-sector contribu-
tions to animal health research come mainly
from wealthy economies, and target princi-
pally therr domestic prnonties, such as bovine
spongiform encephalopathies (BSEs). For
BSEs, the research budget in the United
Kingdom for the financial year 2005-06 was
roughly $25.7 million ( 7). Compare these
figures with the estimated 20 million allo-
cated over 10 years by the Animal Health
Programme of the ULK.s Department for
International Development (DFID) to re-
search targeted at developing countries ().

Animal diseases can be divided into three
categonies (9 those that (1) influence the vul-
nerability and assets of smallholder livestock
keepers, (1) constram mcreases in productiv-
ity and (1ii) constrain market access. Reducing
vulnerability and improving market access are
themes that appear in frameworks developed
by the DFID to evaluate strategies for poverny
reduction { /). Diseases affecting vulnerabil-
ity are those causing high levels of mortality in

Ynternational Livestock Research Institute (ILRI), Post
Office Box 20709, Nairobi 00100, Kenya. ¥Keith Sones
Associates, Post Office Box 24720, Karen 00502, Nairabi,
Kenya.

*Author for correspondence. E-mail: bperry@ogiar.org
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A need for sustained vaccination programs. Under the
auspices of a project in Mozambique funded by the
Australian Agency for International Development, a commi-
nity animal health worker is seen vaccinating a village
chicken against Newcastle disease. Unfortunately, the fund-
ing for that program ended in 2005.

key livestock species important to the poor
{such as the seasonal epidemics of hemor-
rhagic sepuicemia of cattle and buffalo in
South Asia and the epidemic waves of
Newcastle disease of poultry in Africa and
Asia) and those causing illness in their owners
and keepers (such as brucellosis of cattle,
small ruminants, and pigs in many regions).
Diseases constraining productivity include
those that are more pathogenic in nonindige-
nous breeds of livestock that are increasingly
used to improve performance [such as the tick-
bome disease East Coast fever (ECF) of cattle
i easten and southern Afnca]. Diseases con-
straining market access include those in which
human disease can be caused by consumption
of meat or milk products (such as cysticercosis
of pigs in Africa, Asia, and Latin America) and
those spread by movement of animals or live-
stock products, such as foot-and-mouth dis-
ease ( FMD) of ruminants and pigs.

Many developing countries are stuck in a
time-warp of outdated service delivery sys-
tems that are incompatible with the needs of
their poorer clients and are compromised by
inadequate funding. The conditions imposed
by the International Monetary Fund and
World Bank two decades ago on loan agree-
ments with borrowing nations precipmated
attempts o privatize statc-owned enter-
prises. This, in turn, resulted in dramatic
cuts in social service programs, which have

/|

The global community needs to give greater
thought and investment to building scientific
capacity in animal health research within
developing countries,

never recovered, particularly in parts
of Africa ([[).

What can science offer to this sit-
uation? MNew, more cost-effective
approaches w delivery ofanimal health
services are critical to poverty reduc-
tion processes, with greater incorpora-
tion of demand-led features that con-
sider accessibility, acceptability, and
sustainability as well (/2). An essential

participatory approaches used for dis-
ease surveillance, priority setting, and
inerventions (f/—/3), as well as the
erowing understanding of how innova-
tion systems can help tools reach
the poorer sectors of society ([a).
Cuantitative epidemiological sciences,
in combination with economics tools,
can aid in prioritization and in identi-
fying the most cost-effective intervention
strategies ( [ 7). In addition, there are the more
high-tech tools of complex systems science
modeling that show considerable promise
(/8). although these are data-hungry animals
in a data-barren environment.

Vaccines are critical technologies for the
prevention of infectious diseases (/¥), and
here science has a major role w play. Vaccines
are available for some diseases. but for many
they are rudimentary, inadequate. or lacking.
Many animal diseases prevalent in the devel-
oping world do not occur in the developed
world. OF particular importance are the tsetse-
transmitted trypanosomiases and the tick-
borne ECF in Africa, for which safe and effec-
tive vaccines do not exist. These are compli-
cated infections, but because their distribuy-
tions are restricted to developing countries
and the risk of their spreading bevond Africa
is minimal. the research investment they
have attracted has been relatvely small.
Encouragingly. the genome for Theileria
para, the cause of ECFE, has been sequenced

21, providing new tools to approach an ECF
vaccine, should funding become available,
But even diseases that have shown potential to
spread to the developed world such as African
swine fever (ASF) and Afncan horse sickness
{AHS), have not attracted the funding they
arguably deserve. There s stll no safe and
effective vaccine against ASF, and there is
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little incentive outside Alrica o develop one.
Should ASF reemerge in Europe, countries
would likely eradicate through slaughter and
compensation, a policy that is not an option in
most developing countries. There is a vaccine
against AHS, but it was developed 40 years
ago and does not meet the demands for more
effective control in rural African communities,
in which equines are economically important
for farm work and transportation (2/).

Even with diseases that clearly pose a
global risk, such as FMD, the investment in
new vaceines has focused primarily on prod-
ucts that respond to the needs of the West,
rather than tckling the control of the disease
an its source, FMD-free countries require vac-
cines that induce immunity rapidly in the face
of an outbreak (to minimize further spread),
with the induction of a long-lasting immunity
unimportant (because many vaccinated ani-
mals will subsequently be slaughtered in order
to allow the rapid resumption of FMD-free
meat and animal exports). Neither are FMD-
free countries interested in the thermostability
of the vaccine (as refrigeration facilities are
ubiquitous) or even the vaccine’s price (rela-
tively speaking). In contrast, developing coun-
tries require vaccines that protect for longer
{50 that herd immunity can be established and
maintained in the face of weak veterinary
services). are less reliant on a chain of cold
tacilities, and are affordable.

But there is some hope. The Wellcome
Trust and the European Union (EU) have
recently led the funding of an initiative o focus
on the research needs of endemic FMD set-
tngs (22). Two years ago. the Wellcome Trust
launched “Animal health in the developing
world” which now funds 12 projects (23),
including one on African swine fever. Within
this. there is a “Livestock for Life™ scheme
that supports smaller projects to strengthen
links between stakeholders working in animal
health. Both these initiatives contributed a 1o1al
of $32 million to animal health research
targeted at developing countries, which is
impressive, but small when compared with the
amount of money the United Kingdom is
spending annually on BSE alone. In quite a
different style, but with the same target audi-
ence, is the public-private partnership in the
international animal health-pharmaceutical
sector called GALVmed (24), with initial
financial backing from the UK.s DFID. This
organization was established to respond o

miarket Failures in development and delivery of

animal health technologies targeted at devel-
oping countries. Although not a research
organizaton per se, itis expected to fund adap-

tive research that promotes the tailoring of

technologies to developing country settings.
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There is growing concern in the developed
world about changing disease distributions,
including potential expansion of vector-borne
diseases as aresult of global warming (25-28),
This reflects an increasing awareness of the
internationality of disease spread and the
responsibility for leadership by those who
can afford it, exemplified by the Foresight
Programme of the UK. government (2¥),
and by the European Technology Platform in
Cilobal Animal Health (314, The latter aims to
guide research in the EU over the next 10
vears and will “take into account the global-
ized setting in which importam diseases
occur,” but will concentrate on ammal dis-
eases of priority o Europe,

Such initiatives will undoubtedly bring
benefits to some developing countries, but
they will be the result of “spill-over™ effects,
The focus of these initiatives is primarily on
developing “new technologies for shared
problems.” which, if' we judge by history, will
still need substantial tailoring for use in devel-
oping country environments, even if aftord-
able. It is likely that many amimal diseases of
high significance to the assets and vulnerabil-
ity of poor rural communities, to market
access, or to the aspirations for improved pro-
ductivity will not qualify for such global
attention, given the low direct nisk they pose to
the developed world,

The capacity to develop and refine vac-
cines and other tools in research institutes of
developing countries must be enhanced. One
encouraging initiative is the creation of
Biosciences for East and Central Africa
(BecA)with funding from Canada (37). BecA
has a hub located on the campus of the
International Livestock Research Institute
(ILRI} in Nairobi, Kenya, that will provide
a biosciences research platform. research-
related services. and capacity building. A
great idea— but current funding is for infra-
structure development, meaning that much
wark 15 yvet to be done to secure operational
resources and to build effective research part-
nerships. Another promising model is the
South African Chairs Initiative (SARChHI)
of the South African National Research
Foundation, designed to help reverse the sys-
temic decline in research outputs and capacity
at national science councils and research insti-
tutions (329, SARCHI aims to ereate 210 new
research chairs in South Adrica by 2010,

Deespite some encouraging new initiatives,
we conclude that sectors of the affluent world
are still basing their science contributions to
poverty reduction on self-interest, relying on
the spillovers from investments designed pri-
marily to protect themselves. At the moment,
only the crumbs go o the poor,
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IMMUNOLOGY

Antibodies Get a Break

Jayanta Chaudhuri and Maria Jasin

ntibodies [or immunoglobuling (lgs)]

are produced by B lvmphocytes of

our immune system against almost
any foreign substance, Antigenic substances
are captured by a variable region at the amino
terminus of an antibody but mgger different
responses depending on which of the invariant
{constant) regions are present at the antibody s
carboxyl terminus. The IgM isotype 15 the first
antibody made m an immune response, but
upon encountering antigen, mature [gM-
producing B cells switch to express secondary
isotypes (IgG. IgE, or IgA) with different
effector functions, This switch in antibody
class requires recombination of specific DNA
segments in the Ig locus called switch (S)
regions, but many aspects of the mechanisms
of DNA breakage and joining are unclear. On
page 377 of this issue, Zarrin et al. (1) chal-
lenge the notion that S regions and a specific
DNA deaminating enzyme have roles in class
switch recombination beyond the initial intro-
duction of DNA breaks, and argue that once
DNA breaks are formed, they are processed
by the cell's general DNA repair pathways that
promote Joinmg of widely separated DNA
breaks within a chromosome,

The production of antibodies mitally
encompasses the CuL constant region 1o gener-
ate lgM. B cells switch Cu for one of the
downstream constant regions (Cy, Cot, or Ce),
to express IgG. IgA, or IgE, respectively. This
class switch recombination occurs within the
intronic S regions, which in the mouse range
from ~1 to 12 kb in length and can be as far
apart as 200 kb, A major breakthrough in
understanding the mechanism of class switch
recombination came about with the discovery
of the role of activation-induced cytidine
deaminase (AID) (2). This enzyme targets
deoxyevtidines in S regions. leading to an as
vet unclear mechanism of DNA breakage and
repair to join Sy to one of six downstream 5
regions (see the Nigure) (3). Through a series
of elegant in vivo genetic manipulations in the
mouse, Zarrin ef af, (/) show that the require-
ment for both 5 regions and AID can be cir-
cumvented by artificially generating double-
strand DNA breaks upstream of the switching
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in the Developmental Biology Program, Memorial Sloan-
Kettering Cancer Center, New York, NY 10021, USA.
E-mail: chaudhujg mskec.org, m-jasing@ski. mekee.ong
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The process by which a lymphocyte specifies
antibody production may have evolved by
exploiting existing cellular DNA repairing
mechanisms.

Structure of the Ig heavy chain constant region in mouse

VB GBS -G S-S -E-se- B OG-

g3

igh IgD IgGl1

Oa"' g e e,

{I-Scel) (I-5cel)
Processing and joining of DNA
breaks in switch regions

o1 T A A

g2k Ig2a IgE Igh

Antibody structure

Vanable region
(antigen binding)

Light chain —i“& /

Constant region
(effector function)

Switching class. (Top} Mouse immunoglobulin heavy chain (IgH) locus before class switch recombination,
(Bottom} Activation-induced deaminase (AID) targets deoxycytidines within the transcribed 5 regions (red
arrows at Sp and Sy1). The deaminations lead to the generation of double-strand breaks in DNA (scissors). The
breaks are processed and joined, leading to a switch in antibody production, from IgM to 1gG1L. IT 5 regions
are replaced by endonuclease cleavage sites (1-5cel), the requirement for AID in antibody class switching is

bypassed when the endonuclease is expressed.

constant regions, These results provide strong
evidence that S regions have evolved o pro-
vide substrates for deaminase activity en route
to generating double-stranded DNA breaks.
The study also challenges the notion that
AID and S regions have roles in class switch
recombination downstream of DNA break
formation (4, 3

Since the discovery of DNA recombina-
tion as the basis for Ig isotype switching (6).
our understanding of the mechanism of class
switch recombination has been constantly
evolving. It is now generally accepted that
transcription through S regions generates
structures in which the template DNA strand
15 stably associated with nascent RNA while
the nontemplate DNA strand, which is r'u:]l
with deoxyvguanosine (dG), 15 “looped out.”
AlLD acts primarily on the nuntcmpLLlu DNA
strand, altering dC to dU. The mismatch
between the generated dU and dG on the
template DNA strand is then processed by
components of the cell’s base excision and
DMNA mismatch repair pathways to generate
double-strand DNA breaks in the S regions
{ 7). Double-strand breaks between the two 8
regions are brought together. or synapsed.
and then ligated, possibly by components of
the cellular machinery that joins the ends of
nonhomologous DNA (3). Duning this join-

ing process. S regions can also undergo
intra—S region deletions, probably reflecting
AID activity on an S region that is not
synapsed with another S region. Several pro-
teins of the double-strand break response
pathway have been implicated in g class
switch recombination, including the phos-
phorylated histone H2ZAX (YH2ZAX), ataxia
telangiectasia mutated (ATM). and 53BPI
(¥). Deficiencies in these proteins impair
class switch recombination without affect-
ing ntra-S deletions, suggesting that the
recombination defect might be due to a
defect in synapsis. Notably, specific muta-
tions in AID severely impair class swiich
recombination without altering intra=5 dele-
tions, indicating that A1D itsel fmight partic-
ipate in synapsis (4),

To address the potential roles of AlDand 5
regions in synapsis, Zarrin et al. wok advan-
tage of the veast endonuclease [-Scel (¥).
which has no known cleavage sites in the
mouse genome and which has been widely
used to study double-strand break repair in
mammalian cells (/#). Manipulations in the
S regions were done in mouse embryonic
stem cells that contain two distinguishable
immunoglobulin heavy chain (IgH) alleles (a
cell has two alleles for each gene, one from
each parent). IgH® and IgHP. All mutations in
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the S regions were incorporated into the [gH?
allele. This allowed assessment of class
switching of the mutated [gH* allele relative o
that of the wild-type 1gH® allele after the gen-
eration ol mature B cells. Zarrin ef al. gener-
ated mutations in which one (Syl ) or both (Su
and Sv1) S regions were each replaced by two
nearby [-Scel endonuclease cleavage sites,
When mouse splenic B cells or B cell hybrido-
mas (B cells engineered to grow indefinitely)
expressed the I-Scel endonuclease, 126G 12 pro-
duction was observed at ~10 to 20% the level
observed in cells with wild-type S regions.
Because B cell hybridomas do not express
detectable AID, Zarnin er al. could bypass
the requirement for both the deaminase and
S regions by artificially generating DNA
double-strand breaks.

Two other notable results were obtained.
Although deletions between two nearby
I-Scel cleavage sites—reminiscent of intra-5
region recombination—occurred more fre-
quently than class switching ivolving distant
cleavage sites, the frequency of these short-
range deletions (up to ~0.5 kb) was only ~10
times that of the long-range deletions (~1 (4}
kb) that occurred during class switching.
Moreover. S-region transcenption could be dis-
pensed with,

These stnking results rmse several interest-
ing questions about the role of both S regions
and AID in class switch recombination. The

frequency of class switching in the Zarrin e
al. system is much higher than has been seen
for joining two double-strand DNA breaks on
heterologous chromosomes (/7). Does some
unknown component of the 1gH locus provide
sites for synapsis that promote DNA joining
during recombination, or 15 the joining of two
distant breaks on a single chromosome more
frequent than might have been expected? If
the latter, perhaps joining is promoted by
components of the double-strand break
response pathway such as 33BP1 and y{H2AX,
which may spread a megabase from the break
sites (/2). Although the requirement for S-
region transcription is bypassed in the system
used by Zarrin er al. (at least at Syl), is class
switching sull dependent on activation of
other B cell-specific elements involved in
gene expression?

B cells orchestrate a complex series of
events for class switch recombination, rather
than simply providing site-specific endonu-
cleases (like 1-Scel) to cleave DNA that lies
upsiream of constant regions. It may be that
ivolving a specific deaminase and control-
ling its access to DNA by transcription pro-
vide the necessary level of regulation for
choosing which of six downstream possible S
regions to use. Moreover, cleavage by the
veast endonuclease did not result in normal
levels of class switching. Perhaps the multiple
DNA lesions throughout the long S regions

provide the necessary amount of damage to
promote normal levels of class switch recom-
bination. Finally. it may be that AID and/or S
regions do have a role in synapsis in the con-
text of normal class switch recombination,
and that in the absence of these agents. a high
proportion of double-strand breaks are chan-
neled into DNA wranslocations, The approach
designed by Zarrin er al. will now allow these
questions to be addressed.
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NEUROSCIENCE

Is More Neurogenesis

Always Better?

Helen E. Scharfman and Rene Hen

or decades. it was believed that the adult
mammalian brain could not generate
new neurons, but during the 19905, that
concept changed. Evidence of'the birth of new
neurons inadultmammals, including humans,
raised expectations for improved treatment for
patients with central nervous system injury or
illness. But this enthusiasm has been tem-
pered since then, as more recent studies indi-
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cate that excess adult neurogenesis can be as
detrimental as a deficit. In some cases, the
clinical relevance of increasing neurogenesis
may need to be reconsidered.

Neurogenesis in the normal adult mam-
malian brain is primarily limited o three
areas: the subventricular zone, hippocampal
dentate gyrus. and olfactory bulb (/). The
identification that this is true in humans, at
leastin the hippocampus (2}, together with the
findings that neurogenesis can be increased in
laboratory animals by learning. exercise, and
antidepressants and decreased by stress and
aging (/). reinforced the expectation that neu-
rogenesis might be clinically beneficial,
Moreover, additional sites in the adult brain
the cortex and hypothalamus—demonsirate

The clinical relevance of increasing neurogenesis
in the adult mammalian brain is being
questioned as increasing the number of new
neurons has positive effects on some brain
functions but nat others.

ongoing neurogenesis (3, 4), although this
remains controversial { 3). However, we now
know that neurogenesis in the adult brain
occurs at a very low rate afier maturity, and
many of the new neurons do not survive for
long (6). Thus. new neurons born in the adult
brain may support plasticity on an acute tme
scale because of their increased excitability
{ 7) but have limited long-term restorative abil-
ity. Such transient existence of new neurons
should not necessarily dampen therapeutic
potential. Survival of new neurons increases
with benign interventions such as learning
and enriching the environment (/). Dormant
stem cells may also exist throughout the brain
(¥). These cells could potentially be stmu-
lated to mature in pathological situations or
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after pharmacological interventions. Indeed, a
possible reason for the beneficial effects of
rehabilitation or psychotherapy may be that
treatment ncreases survival of new neurons,
But an increase in neurogenesis may not
always result in improved function. Recent
stucdhes show surprising limitations in the
ways new neurons in the adult brain can
improve function. For example, dentate gyrus
neurogenesis influences some hippocampal-
dependent behaviors in laboratory animals,
but not others. Speci-
fically. there are positive
effects on trace and con-

textual fear condition- Abnormal migration
y : New granule cells &
ing, but not on spatial e ) e s s 828ly
ot : e o Liee (L

learming (9-71). Animals o, T . 4 ..i-)u ©
without new neurons Progenitor cells ‘fx-n

- N 8
also perform better in o 3 oy teE:': e
certain working mem- g % ge”
ory paradigms (/2). | Subgranular zone =
Specifically, mice that Granule cell layer
are devoid of neuroge- Acute changes (days)

nesis due to irradiation
or genetic ablation dis-
play improved memory
in a radial maze, but
only when repetitive in-
formation is presented.
Therefore. mamipulations
that increase neurogen-
esis may have positive effects on some
behaviors but negative effects on others. In
addition, improved function may not always
be caused by increased neurogenesis. For
example, some of the behavioral effects of
ennched environment and antidepressants are
independent of their influence on hippocam-
pal neurogenesis (/3). So despite increasing
experimental support for an
influence of neurogenesis on
specific behaviors, it is not yet
clear how these effects may
translate into clinical benefits.

hippoc:

Antidepressants (19, 20, 22)

MNarmal brain neurogenesis

Drugs that inc

mpal neuroge

DENTATE GYRUS
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Increased neurogenesis

promote neurogenesis (brain-derived neuro-
trophic actor. vascular endothelial growth
factor, insulin-like growth factor, fibroblast
growth factor 2, and neuropeptide Y).
there may be a rapid response of the
brain to damage that retlects a recapitula-
tion of developmental programs, However,
the acute increase in neurogenesis and
associated growth-related
changes are often tran-
sient. limiting their influ-
ence. Indeed after an acute
increase N neurogenesis,

T‘Jeurugcn?'r-_i:a under [![.Ilhi_lﬁ Sele nh:mﬂ“rmr:um:hihim th;:n..j may be a prullrm.'lq:d
logical conditions also indi- decline in the rawe ofneure-
cates limits to the utility Mood slah111:ers 22) genesis (see the figure),
of new neurons in improving mﬁt‘:ﬂd and this could contribute
brain function. A commaon to what is often an in-
theme is that neurogenesis Cognitive enhancers (23) tractable clinical condition.
increases after injury to the Galantamine Increasing neurogene-
central nervous system ([4). Mematios sis may not always be
This could he considered Anesthetics (24) beneficial in the context of
restorative, and findings such Ketamine pathology. Mew neurons
as the migration of new neu- Steroids (1, 22) may not develop. migrate,
rons to the site of damage, Estradiol or integrate correctly, as
at least in animal models Dehydroepiandrosterone in animal models of
of stroke (/3, [6), support Other (22) temporal lobe epilepsy.
this view. Because pathologi- Rolipram In such models, severe
cal conditions also increase Statins prolonged seizures (status

Sildenafil (Viagra)

the production of factors that
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epilepticus) are followed

Rap
Bigyy,
HIPPOCAMPUS
Decreased neurogenesis
Abnormal connections
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Chronic changes (weeks/months)

Adult hippocampal neurogenesis. Acute and chronic changes in rat brain neurogenesis after severe seizures parallel changes
observed in temporal lobe epilepsy. (Left) Most progenitor cells typically become granule cells that migrate to the granule cell layer.
{Center) Seizures rapidly and transiently increase the rate of neurogenesis and expression of growth factors that influence neuro-
genesis. (Right) Ectopic migration of new newrons may result in abnormal neuronal connections. Neurogenesis in laboratory animals
and humans may decline at later times, but some of the neurons that were born in the acute period persist, Reduced neurogenesis
and growth factor levels, together with abnormal new circuitry, may contribute to the chronic condition.

not only by robust increases in numbers of
new granule neurons in the dentate gyrus. but
also by imappropriate migration, differentia-
tion, and integration of many of these new
neurons (see the figure) (/7). This may con-
tribute to persistent seizures in animals, and a
similar process may occur in some patients
with intractable temporal lobe epilepsy ( {8).
Some commonly prescribed drugs have
robust effects on neurogenesis. These include
antidepressants and mood stabilizers (see the
Table). Indeed some of these treatments may
ameliorate symptoms because of their effects
on neurogenesis, as suggested by studies in
animal models (/9 200, Specifically, the
behavioral effects of selective serotonin reup-
take inhibitors and tricyelic antidepressants
were blocked in two rodent models of anxi-
ety/depression by radiological and genetic
ablation of neurogenesis in the dentate gyrus
{ 19). How do changes in hippocampal fune-
tion, presumably caused by neurogenesis,
affect mood or anxiety”? Although the answer
to this question is not clear, ablation of the
ventral hippocampus can alter mood, presum-
ably because of its connectivity with limbic
structures such as the amygdala. the prefrontal
cortex, and the nucleus accumbens (24
Although neurogenesis occurs throughout
life, its clinical potential remains unclear in
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some cases, While there is some evidence that
strategies 0 ncrease neurogenesis may lead o
the development of new therapeutics such as
antidepressants, decreasing neurogenesis may
be beneficial in other cases, such as epilepsy.
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GEOCHEMISTRY

Fuel for Plate Tectonics

Nathalie Bolfan-Casanova

ur understanding of plate tectonics

relies on the concept of relatively

rigid rocky plates moving on a more

ductile shallow mantle called the astheno-
sphere (1), The word asthenosphere comes
from the Greek "a-sthenos”™ meaning “without
strength”” This lack of strength especially
affects seismic waves, which slow down when
entering the asthenosphere (see the figure).
For decades, Earth scientists have tried to
understand the reason for this seismic wave
deceleration. On page 364 of this issue.
Mierdel er al. (2) report new experimental
findings on the maximum amount of water
that can be stored by the shallow mantle.
These results may solve a number of riddles,
including the cause of the seismic slowdown.
Why is water important” Water not only is
essential to life but also controls the dynamics
of Earth’s interior (3). Since the 19905, geolo-
eists have recognized with increasing certainty
that mantle minerals can hold substantial
amounts of water. This implies that the oceans
may no longer be the main water reservoir of
Earth. But water does not necessarily have to be
fluid 10 be stored in the deep Earth. Rather, it
dissolves as hydroxyl (OH") in anhydrous min-
erals (such as olivine, pyroxenes. garnet, and
their high-pressure forms) as a result of the
association of a proton (H') with oxygen of the
mineral lattice. This creates a defect in the lat-
tice and thereby speeds up the Kinetics of phys-
ical properties that depend on the concentration
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of defects. Even at very low concentrations
lower than 1% by weight—ithe presence of
water has many consequences for mantle prop-
erties such as creep and electrical conductivity
(4. 5). When present in minerals as a defect,
water will enhance the deformation of rocks
and make them more ductile. Dissolved as H*
in minerals, water will also increase the electri-
cal conductivity of the mantle by adding mobile
charges. Water also lowers the meling point of
mantle rocks and allows melting at greater
depths than n the absence of water.

To understand how water affects mantle
properties, we need o know how much water
can be stored 1n mantle minerals and how this
storage capacity varies with increasing depth,
Researchers have firmly established that the
solubility of water in minerals increases with
pressure and water partial pressure (6). The
water storage capacity of Earth’s upper mantle
(extending from the base of the crust down to
the transition zone at 410 km depth) was
thought to increase monotonically with depth.
Moreover, in a mantle consisting of 60% by
volume of olivine, this mineral was believed
1o be the one that dictates the water budget.

The results of Mierdel er al, completely
change the picture: Water storage capacity in
Earth’s shallow mantle is controlled by
orthopyroxene, a less abundant phase than
olivine, because water solubility in this phase
is more than two orders of magnitude higher
than in olivine, The reason for this is composi-
tion. The enhanced affinity of pyroxenes for
water i indeed aided by aluminum through
the coupled substitution of 2AP* + 2H* for
20e?" + Si¥ which is a very efTicient way to

Water storage in Earth's mantle causes seismic
waves to slow down when passing through
Earth's interior.
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Seismic speed bumps. Schematic shear wave
speed profile across Earth's mantle,

store up to 1 weight % water in MgSi0),
orthopyroxene,

Mierdel er al. also show that the curve of
water saturation versus depth has a pro-
nounced minimum between 100 and 200 km.
Indeed. the water storage capacity of pyroxene
with substituted aluminum is dependent on
the acceptance of the large aluminum cation
into the small tetrahedral site of silicon, the

WWW.SCIencemag.o g




size of which diminishes as a function of

increasing pressure because of atomic com-

paction. This leads to the drastic change of

water solubility in pyroxene at pressures
between 3 and 5 GPa. corresponding to depths
of 100 to 175 km. Depending on the tectonic
environment and the temperature, the mini-
mum in solubility is shallow in the case of the
oceanic mantle but deepens in the case of the
colder continental mantle.

Still, what are the physical and chemical
changes that create the deceleration of seismic
waves and the mechanical distinction between
brittle lithosphere and ductile asthenosphere?

Early models have invoked the presence of

molten silicate to explain the reduced shear-
wave velocity because these waves do not
travel through liquids (). This explanation
was abandoned for two reasons: (1) To have an
effect on wave propagation, the melt should
form films lapping the boundaries between
the solid grains, which 15 not the case: and (1)
the presence of excessive amounts of melts is

required o effectively reduce the viscosity of

the asthenosphere. The most accepted expla-

nation of mineral physicists has thus been that
the asthenosphere is weak because it is
hydrous and not because it is partially molen.
Because the melt has an affinity for water that
15 1000 times that of the minerals. melting
does not oceur in the asthenosphere as it
would dehydrate the mantle (7, ).

The consequence of this drving out would
be that minerals become stiffer and deform
less in response to convective flow. Such a
model implies that the lithosphere-astheno-
sphere boundary limits the storage capacity of
the mantle: this model would be in agreement
with the interpretation of the electrical conduc-
tivity of the mantle, The oceanic mantle where
the asthenosphere is shallower 1s more conduc-
tive than the adjacent continental lithosphere,
which is deeper and less conductive (V).

Mierdel e al. conclude thar melting must
occur in the asthenosphere because their mini-
mum in water storage capacity coincides with
the depth of the low-velocity zone. This is an
addinonal arouwment to constrain the water con-
tent in Earth’s mantle, and vields a minimum of
0.07% weight occurring around 100 km in the

PERSPECTIVES

oceanic mantle. These conclusions agree with
recent observations of the melting depth of a
hydrous mantle (/) and further imply that
melting starts deeper, in the garnet stability
field. Thus, these findings show how mantle
properties such as viscosity, melting, and differ-
entiation are ted 1o 1S water storage capacity.
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NEUROSCIENCE

A Push-Me Pull-You Neural Design

William B. Kristan

etworks of neurons producing behav-

ioral outputs can be both excitatory

and inhibitory-—that 1s, they can acti-
vate or block the activity of their target neu-
rons. The important interplay between these
two opposing effects in the mammalian cen-
tral nervous system has been recognized for at
least 100 years. ever since Nobel laureate Sir
Charles Sherrington investigated leg reflexes
controlled by spinal cord motor neurons in
cats (). We now know that there is continual,
intermixed chattering of inhibition and excita-
tion in many parts of the mammalian brain,
including the cerebral cortex (2, 3). that main-
tains a balance between responsiveness and
stability (4-6). On page 390 of this issue (7),
Berg et al. show the very surprising result that
the rhythmic input onto motor neurons during
scratching behavior in turtles excites and
inhibits networks of motor neurons not alter-
nately, as expected. but in phase. This syn-
chronization of simultaneous excitation and
inhibition—pushing and pulling at the same
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lime—appears to be counterproductive and
wasteful. What possible function might it
serve”! To understand the possible importance
requires a brief excursion into some other
funcoons of neural inhibition.

Sir John Eeeles and colleagues recorded
the first inhibitory synaptic potential. in a cat
spinal motor neuron, in 1952 (&). Since then,
inhibition—a block to signal transmission
through a neuron—has been found all over the
central nervous system. For example, stimu-
lating input from neurons to the mammalian
cortex produces an miual direct excitation of
target neurons followed quickly by strong
indirect inhibition (9). The auditory systems
of many animals have taken advamage of the
relative timing difference of the excitation and
inhibition elicited by neural signaling path-
ways from the two ears to determine the loca-
tion of sound in space ( /).

In a different network arrangement, a sin-
gle source of neuronal activity can excite one
population of neurons and inhibit another (see
the figure) to activate one behavior and turn
off others. The nature of the connection pat-
tern found in the turtle scratching reflex cir-
cuit, which Berg ¢r af. investigated, differs

How do spinal neurons control patterned motor
output? A balance in simultaneous excitation
and inhibition of neuronal circuits produces
rhythmic activity that drives motor behavior.

from this behavioral choice connectivity pai-
tern in that the excitation and inhibition onto a
neuronal target overlap completely in both
space and time (see the figure). In this config-
uration, the target neuronal network 1s effec-
tively a comparator: It 15 active only when the
input carried by the excitatory pathway is
greater than that from the inhibitory one,
and the magnitude, and even the qualitative
nature, of its response will vary with the mag-
nitude of the difference.

Berg et al, show that the input onto wrtle
motor neurons during the scratching reflex is
oscillatory (from an input neural network that
15 a central pattern generator for scratching).
with excitation being somewhat stronger than
inhibition. In this mode, the target spinal
motor neurons produce bursts of impulses
{spikes) in phase with the synchronous excita-
tory and inhibitory bursts. At first glance.
there would be no practical merit to having
nearly equal input from excitatory and in-
hibitory inputs. The resultamt activity of the
target neuronal network would be the same if
its total input were entirely from a much
weaker excitatory input (see the figure). A
lintle reflection shows that this is not accurate.
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Input neural metwork
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Time

Neural circuit designs. In simulated recordings of neuron activity, time runs left to right and the vertical
blips represent action potentials (spikes) within the bursts of activity in the individual neurons. (Top) If a sin-
gle input excites one neural network and inhibits another, it can turn one target network (pattern generator)
on, resulting in alternate bursts of activity, and turn the other off. (Bottom) If there is excitatory and
inhibitory input from a rhythmic pattern-generating circuit {shown is a circuit of two neurons) onto a single
target neuron, such as a motor neuron, the magnitude of the target’s response depends on the relative
strengths of the inputs. When excitation is much stronger than inhibition, the same input from the neural cir-
cuit produces more spikes per burst. When the excitation is slightly stronger, the target’s response is dimin-
ished. When there is no inhibition at all, the target's response increases—the same amount of excitatory

input can produce a large output in the target neuron,

Both signaling pathways increase the target
neuron’s electrical conductance (ie., it be-
comes leakier 1o electric current). and it is
therefore ina very different state when excita-
tory and inhibitory inputs are both active than
it would be il the input were exclusively a
weaker excitation.

Because the conduction of action poten-
tials along axons and the consequent chemical
synaplic ransmission are expensive energeti-
cally (/7). there must be a strong benefit
gained from simultaneous stimulation by
inhibitory and excitatory sources. The reason
proposed by Berg er al. is to randomize the
timing of the spikes produced by different
motor neurons to provide the muscles with
a smoother excitation. and thus to produce
smoother reflex responses, The authors pro-
vide several pieces of data in support of this
hypothesis. For instance. they show that the
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intervals between spikes become more regular
when inhibition to the motor neurons is
blocked pharmacologically,

Although convincing. this mechanism
seems to be a long walk for a short drink. One
can imagine a number of mechanisms with no
invelvement of inhibition that would do
equally well at smoothing the motor response,
including slow decay times in the motor neu-
ronal membrane, asynchrony in the excitatory
inputs to the motor neurons, or variability in
synaptic transmission. In fact, nervous sys-
tems are usually faced with just the opposite
problem: how to maintain timing accurately in
the face of vanability i all the components of
acomplicated neuronal circuit, Ultimately, the
decoder of the motor neuron activity—the
contraction of muscles—may not be affected
very much by such subtleties as the degree of
regularity in the motor neuronal spike bursts.

It may be that competing excitation and
inhibition in a network are used for more
interactive functions. Studies of seizures
emphasize the need for inhibition to avoid the
svstem’s “bBlowing up.” because there is a great
tendency for neural systems with too much
excitation to go into a maximal activity state
(4, 6). In general, neuronal circuits with both
excitation and inhibition are better able to con-
trol their level of activity because they have a
broader dynamic range (5). They can thus
change their gain more effectively than can
purely excitatory networks. One consequence
of this broader range of control may be that
sensory input from a source that 15 external to
the circuit, or parallel input from other behav-
wral circuits (onto either the excitatory or
inhibitory pathways that impinge on the target
motor neuron), can be integrated more
smoothly imo the ongoing activity of the pri-
mary circuit. These additional possibilities.
however. do not detract from the one model
proposed by Berz er al. In fact, a major
strength of the trtle scratch reflex system is
that the whole system—{from sensory input
through the central patiern generator o motor
neuron output (L20—is much more tractable
than is cortical brain activity. for instance. The
turtle system, or other spinal cord locomotory
networks, should provide a good test bed for
approaching the many possible reasons for
having cojoint inhibition and excitation.

The findings of Berg er af. are jarring
because they provide clear evidence for an
unlikely cellular system architecture in a
completely unexpected place. This elicits
both practical thoughts (Is there something
like this in other neural systems?) and theo-
retical ones {What else can such a mechanism
do?), sure signs of a particularly interesting
piece of work.
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ECOLOGY

Managing Farming's Footprint

on Biodiversity

Tim G. Benton

anagers of both agricultural re-
sources and conservation areas
increasingly need to know how
environmental change will affect population
size. However, the biological mechanisms
that link changing environment to changing
population size. through changes in an organ-
ism’s life history and demographic rates. are
often highly complex (/). Gathering suffi-
cient data to build a detailed model to predict
a species’ response to environmental change
is far from trivial, and we may not have the
luxury of spending vears collecting biologi-
cal information or of simply mitigating the
change by creating nature reserves (7). On
page 381 of this issue. Butler er af. (3) intro-
duce a simple risk-assessment framework
that can predict the impact of environmental
change on biodiversity. Although the authors
applied it to predicting species’ responses
to agricultural management, it is a general
method for risk assessment.
Biodiversity management in an agricul-

tural setting has recently become a focus of

conservation biology. About 37% of'the glob-
ally avaulable land area 15 agricultural, and a
predicted additional 10% hectares of land
will be required by 2030 to produce the 50%%
increase in production required (2, 4, ).
Thus, a substantial proportion of total biodi-
versity is associated with farming and, given
that agricultural intensification has reduced
biodiversity (6-9), it is under considerable
threat, Brodiversity on nonagncultural land 15
also affected by the quality of farmland as it
forms the landscape matrix between frag-
ments of suitable habitat. Degradation of the
matrix through agriculural intensification
can therefore affect species’ dispersal
between patches and hence the survival of all
the local populations in a region ({(1),
During the 19705 and 19805, a marked
decline in the abundance of species that are
strongly associated with Farmland, especially
birds, created considerable alarm (V). So great
has been the public concern at the potential
loss of agricultural biodiversity that govern-
ments have begun to channel resources into
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A simple risk-assessment model that predicts

the effect of environmental change on farmland
biodiversity may be more generally applicable
to analyzing the effects of environmental
changes on populations.

1970 1980 1990

Timie

Estimating the risk. Declines in the

000 2000 2020 ‘ &

community of farmland birds in the et idlbadludiol mm
United Kingdom are described by Foraging habitat = Area. Negative Negative

the Farmland Bird Index (FBI). How : ::mllty

can we predict what intervention will Nesting habitat qui?ity Negative

fulfill the government's pledge to
reverse the decline by 20207 Butler

el al. outline a very simple method of risk analysis. Conceptually, this invelves producing a matrix of basic
ecological requirements and estimating a weighted sum of the negative effects an environmental change may
have (such as the tabulated example for increasing pesticide usage). This risk score is strongly correlated with
the population decline for each species that makes up the FBI, and can be used to predict how it will change

with change in management.

mitigating the effect of intensive agnculture.
The major policy mstruments have been to (1)
decouple the relation between price support
(subsidy) paid on the basis of vield in favor
of support based on the area farmed—reduc-
ing the incentive for farmers to maximize
outputs, and (1) introduce voluntary schemes
in which farmers are reimbursed to under-
take practices aimed at benefiting biodiver-
sity—so-called agri-environment schemes
such as retinng land from production (“set
aside™ ) or leaving field margins uncropped.
In total, nearly $5.25 billion is spent annu-
ally on agri-environment schemes in Europe

and North America (/0). The importance of

positive intervention is indicated by, for
example, the UK government’s commitment
to reverse the population declines of farmland
birds by 2020 (see the figure). Given the way
agriculture is set to change in the future
by both increasing food production and
diversifying into nonfood crops). the impact

of agriculture on global biodiversity, and
the money now being spent on mitigat-
ing agriculture’s effects. it is increasingly
important to predict biodiversity's response
to agricultural change,

Predicting any population’s response to
an environmental change is difficult, and not
simply because of inherently complex biol-
ogy. A population’s response depends also on
the web of interactions within its habitat (/)
and. as we are increasingly recognmizing, local
biodiversity is also influenced by different
factors at different spatial scales (/2. [3).
Constructing a detailed. mechanistic, cut-
ting-edge population model [e.g..([/4)]
may take so long that it neither produces an
answer to a policy-led question within the
policy-makers” required tume frame nor pro-
duces a sufficiently general answer (/5). So
what is needed is a simple approach to allow
risk assessments of the effects of environ-
mental change on populations, an approach
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that is quick o implement, not spatially
restricted, able to assess the impacts on mul-
tiple species. and usable where existing data
may be of sufficient quality or quantity.

Mirvanas, even modeling ones, are the swff

of fantasy. but are there shorteuts to produce
a pragmatically useful, “quick and dirty™
risk-assessment approach that produces
answers that are good enough? The answer,
somewhat surprisingly, seems to be “ves,”
according to Butler er al. (3).

Like many good ideas. this approach is
elegantly simple: What proportion of an
organism’s habitat requirements will be
affected by any given environmental change?
Birds inhabiting farmland require only a few
types of resource: somewhere to nest, some-
where to forage in summer and winter, and
food to be available in each foraging habitat,
Typically, we know enough about a species’
biology 1o estimate whether a given environ-
mental change (e.g.. a switch from spring to
winter sowing ) will have a negative impact
on the abundance of dietary items or the
amount of foraging or nesting habitats, The
species’ rnisk depends not on only the number
of negative impacts but also on its specializa-
tion on the resources: this 15 incorporated
into the risk score by a simple weighting fac-
tor. The nsk score in response to six historn-
cal agricultural changes was estimated for a
sample of 57 United Kingdom bird species
found on farmland. This simple score is

remarkably well correlated with the rate of

population change over the past 40 years
{and thus with the species’ conservation sta-
tus) and does as well as. or better than. a
range of much more complex formulations,
Having developed the methodology,
Butler et af. (3) illustrate its use with an
assessment of how farmland birds may
respond to two changes in the farmed envi-
ronment. First, the widespread introduction
ol two species of genetically modified herbi-
cide-tolerant crops is predicted to have little
effect, a result that may contribute to public
acceptance of such crops. Second, a 2005 UK
agri-environment scheme offers a wide range
of options, but those most commonly taken
up affect the management of hedgerows and
field margins, The risk assessment identifies
within-crop habitat as that whose degradation
most strongly affects population size. Birds’
reliance on cropped areas 1s 50 strong that

population declines in half to two-thirds of

species will not be reversed by the wide-
spread margin management resulting from
farmers’ current choices. For the scheme to
reverse declines, farmers should be more
strongly encouraged to take up options that
address the drivers of change.
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This framework not only applies o birds
but also can be used on any species or groups
of species whose habitat and resource
requirements are known and for whom the
impacts of any environmental change can be
estimated. The targets could be species of
conservation concern or species that provide
ecosystem services (such as biocontrol or
pellination), and the environmental change
could be a management or a climate change.
Predicting population change will always be
an inexact science ( /6). but this approach is so
simple that it will provide a very useful first
approximation. A quick answer that is good
enough may be more influential on policy
than a better answer supplied vears later,
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Ordering Up the Minimum
Thermal Conductivity of Solids

K.E. Goodson

Disorder usually interferes with heat conduction in most materials, but an exception has been
found for insulators made from multiple layers of crystalline tungsten selenide,

Ithough record-high thermal conduc-

tivities in ordered materials such as

diamond and carbon nanotubes have
captured headlines ([, 2). a few researchers
have pursued materials with the minimum
thermal conductivity. Although the best ther-
mal insulators are porous (like styrofoam),
many applications require electrical and
mechanical properties that are only available
in fully dense materials. The best nonporous
insulators are amorphous dielectrics, which
have conductivities as much as four orders of
magnitude less than that of diamond (3, ).
On page 351 of this issue, Chintescu ef al. (5)
report a breakthrough value nearly an order
of magnitude lower still for WSe, films. The
material combines the thermal conductivity
of a porous insulator with a density near that
of copper (see the figure). In addition. the
conductivity of the WSe, [ilms increases
after ion-irradiation damage. undermining
the assumption that more disorder is better in

The author is in the Medhanical Engineering Department,
Stanford University, Stanford, CA $4305-3030, USA.
E-mail: goodsongd stanford . edu

the quest for the worst heat conductor. This
finding promises improved. dense thermal
insulators for gas wirbine engines, thermo-
electric refrigerators and power generators.
and thermal data storage devices,

The highest thermal conductivity in a
given material is generally achieved through
crystalline order. Many of the best room-
temperature heat conductors are erystals with
high speeds of sound (like diamond and sili-
con carbide). in which atomic vibrations
(phonons) carry energy hundreds of nanome-
ters before attenuation. Ordered crystals pro-
vided early successes for the phenomenolog-
ical phonon transport theory, which relates
the thermal conductivity to the mean free
path and heat capacity contributions of
phonons [e.g.. (6)]. Even today, with molecu-
lar dynamic simulations capturing the essen-
tial physics of conduction, phonon transport
theory is helpful for interpreting the impact
of localized disorder in crystals,

The minimum thermal conductivity is
found in amorphous dielectrics. Atomic-
scale disorder in these solids attenuates vibra-
tional waves within a few angstroms, Con-
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ductivity modeling for amor-
phous materials has roots in
the Einstein heat conduction
maodel, in which atoms behave
as oscillators with random phase
and the vibrational attenuation
length scale is near the inter-
atomic separation, When this
approach is recast with the
Debye heat capacity and a
mechanistic scale equal to
the vibrational wavelength,
conductivity predictions agree
with data for a broad variety
of amorphous glasses ().
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example is thermal barrier
coatings for gas trbine
blades, which require ther-
mal insulation from com-
busting flows (/). Achieving
mechanical strength, high-
temperature stability, and
high resistance to radiative
transfer will be key chal-
lenges for the new class
of thermal insulators in this
application. Phase change
memory technology, which
uses electrical current and
heating to alter the stored

Porosity 15 another route to low
conductvity. Low-density xero-
zel films, for example. have
conductivities well below 0.1
W m! K1 7). However. poros-
ity strongly degrades other
properties. including mech-
anical stiffness and electrical
conductivity.

More recently, systematic layering of
materials has reduced the conductivity.
Material interfaces scatter atomic vibra-
tional waves and can strongly limit the
phonon mean free path. Phonon scattering at
interfaces reduces the thermal conductivity
and improves the thermoelectric properties
(&) Mululayers of disordered materials lead
to further conductivity reductions, with dis-
order and interfaces working in concert.
Costescu ef al. (¥) showed that the thermal
conductivity of disordered W/ALO, nano-
laminates decreased with increasing inter-
face density to a value of 0.5 W m™' K
(see the Ngure).

Before the work of Chiritescu er al., a
natural assumption was that the minimum
thermal conductivity in fully dense solids
would be achieved in multilavers of disor-
dered materials. However, their results (3)
demonstrate a dramatic further reduction in
room-temperature conductivity, down to
0.05 W m™' K™Y, in multilayers of crystalline
WSe, sheets. The films are fabricated by
depositing sequential lavers of W and Se on
silicon and annealing. X-ray diffraction con-
firms a precise layering of WSe, sheets with
spacing of 6.6 A, in which the crystalline
orientation may be random in the direction
parallel to the substrate. The thermal con-
ductivity is measured perpendicular to the
film with a well-established laser heating
and thermometry technique having high
sensitivity to the film properties. Although
thermal conductivity data are provided only
in the cross-plane direction, further research
on the in-plane component is likely o cap-
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Room temperature thermal conductivity (W m= K1)
=

1u.Tm
Mass density (kg m™)

1.601!

Search for the worst. Room-temperature thermal conductivities of a few representative
materials compared with new data for ordered WSe, films (5). The material sets a record for
the lowest thermal conductivity of a fully dense material at 300 K. Remarkably, the ultralow
conductivity is achieved through the introduction of crystalline order.

ture a very large conductivity anisotropy.
The key to the low thermal conductivity
lies in the WSe, structure, which features
covalent bonding within two-dimensional
sheets that are themselves bonded by
weaker van der Waals forces. The authors
show that the data are consistent with
molecular dynamics simulations by using
differing interaction energies within and
between the WSe, sheets. The strong
anisotropy of bond strengths may localize
vibrational waves attempting to travel nor-
mal to the film. To confirm the connection
between crystalline order and low conduc-
tivity, the authors showed that ion bombard-
ment (and the associated disruption in the
ordered a-b planes) increased the condue-
tivity by a factor of 5. The conductivity
increase with damage is a remarkable find-
ing and dicates that the careful combina-
tion of order and disorder can minimize the
thermal conductivity in other materials,
There is no shortage of applications for
low-conductivity nonporous materials, par-
ticularly in the area of energy conversion.
The challenge is to provide thermal insula-
tors that retain other attractive mechanical,
electrical. and optical properties. Thermo-
electric energy conversion (refrigeration or
power generation) requires low thermal con-
ductivity, high electrnical conductivity, and a
high Seebeck coefTicient (which relates tem-
perature gradients and electric fields in the
material). The new findings will launch
research on the correct recipe of in-plane
order and cross-plane disorder that impairs
heat conduction while promoting electrical
transport of charge and energy. Another

data bits through phase
transformations, has a write
energy that decreases rap-
idly with increasing ther-
mal resistance (//). The
new class of thermal in-
sulators may provide a
route to minimizing the
energy required for storage.

The minimum thermal conductivity 15
vel another example where nanostructuring
enables us to reach the extreme limit of a
basic material property. Because thermal
conductivity is rarely the only key property,
this finding highlights a challenge for
nanotechnology: Nanostructured materials
will find the greatest impact if they provide
radically new combinations of properties,
rather than merely an extreme value of one
property. For applications ranging from
thermoelectrics to turbine blades. the pri-
mary challenge will be to introduce the lay-
ered disorder that minimizes the thermal
conductivity while maintaining the other
targeted properties, including mechanical
stability and high electrical conductivity.
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Enabling Europe to Innovate

Andrew Dearing

As activities that relate to innovation become increasingly global and open and so draw the
private and public sectors into complex networks of partnerships, these activities also tend to
concentrate where the ecosystem is most supportive. European public policy, which in recent years
has emphasized the importance of research and development (R&D) in achieving competitive
knowledge-based societies, is shifting toward approaches that address the broader qualities
required of favorable ecosystems for innovation in a global economy, thereby incorporating the
roles of market demand, public procurement, and regulation, as well as science, education, and
industrial R&D, as part of determining effective innovation policies.

uecessiul innovation once depended mainly

on the controlled qualities of the corpo-

rmle rescarch and development (R&D)
laboratory, bul noticcable changes became
evident in the 1990s. These changes, at first
stimulated by companies” desire to reduce eyele
time and to bring technology development more
closely under business unil control, have been
turned to advantage by those companies that
recognized that they could no longer develop
all required technology in-house and that “gold
plating” of proprictary technologics was counter-
productive. Within this anvironment, small in-
novative companics have thrived through their
ability 1o test, develop, and supply new methods
and approaches more effectively than larger
COMPAnies.

Coombs and Georghion (1) referred to these
changes as a “new indusinal ecology™ and
Chesbrough () introduced  the 1erm “open in-
novation” 1o describe approaches that combine in-
house and external resources. Orzanizations
succeed by vinue of their ability 0 gain com-
parative advantage from the combined activities of
competitors, suppliers, and customers: o obtain
ceonomic value also from intellectual propenty
(IPY that s not necded for intemal business
pumposes: 1o teal public rescarch as a simtegic
resource; 1o spol and mpidly intlemalize discov-
cries from sources outside the company; and
thereby to concentrate their own elfons on ac-
tvitics (such as mmproved service content) that
best contribute o value ereation and innovation
fior the company itsclf.

These wrends are playing a major part in
shaping corporate approaches 1o innovation,
The March 2006 issue of the Harvand Business
Review (3) describes the “connect-mmd-develop™
approach taken by the global consumer goods
company, Procter and Gamble (P&G). P&G
reported that this approach now wields more
than 353% of the company's innovations and
billions of dollars in revenues. The approach

European Industrial Research Management Assodation, 46
Tue Lauriston, 75116 Paris, France. E-mail: adearing@eima.
agso.fr

was illustrated wsing an example of a small
bakery in Bologna, ltaly, run by a university
professor who had extended ink-jet technology
to print edible images on foodstuffs. By trns-
ferring this technology and modifying it to deal
with different process conditions, P&G was able
to take a new product (Pringle Prnts) (Fig. 1)
from concept to launch in less than a vear, at a
feaction of the cost of in-house development.

Open innovation has also been stimulated by
the decreasing time frames during which com-
panics can commiand premium prices from pro-
prictary technologies. Whereas the price of
videocassette recorders fell by 30% over a 10-
year period, the price of DVD recorders, which
came o market 25 years later, fell by this
amount in 2 vears. Remaining competitive in
this siation requires considerable agility from
companics, forcing them to concentrate on core
skills.

As techmological content of products and
services grows, this must be packaged in ways
thai consumers find reliable and casy 1o use.
Philosophics such as ambient intelligence (4)
emphasize within the corporation that technol-
ogy has 1o become a more natural, el per-
vasive, part of the environment in which we
live. The introduction of advanced consumer
products such as luxury coffee machines, which
bring the qualitics of the professional espresso
bar into the home and office, and music and
video players like Apple’s iPod shows how this
zoal 15 starting 1o be being addressed,

As a result of these combined pressuncs on
innovation, emphasis within companics has
shified toward linking research and develop-
ment more closely with activities such as de-
sign, production. and distribution. Growing
technological complexity requires that the com-
pany anticipates developments in standards and
stimulates the development of shared component
platforms and 1echnology roadmaps, Research
collaboration among companics and with uni-
versities and other public research organizations
takes on a more strategic importance. New
businesses (3) mediated by the Intemet faciliate
technology exchange among companies and help

nuitch scientific skills globally with the problems
that companics wish o raolve.

European Public Policy: Understanding

the RED Numbers

A key task for policy-makers is 10 address these
developments in ways that benefit the home
ceonomy. Soon afier the summit meeting of
European heads of state in Lisbon in March 2000
placed innovation at the heart of the policy
agenda, a substantial gap became evident be-
tween overall R&D intensities within the Euro-
pean Union (EU) and its main cconomic
competitors, particularly with regand o private-
sector investment, Treating this gap imitially as
both symptom and cause of lack of competi-
bveness, a subsequent summit projected tha
levels of R&D mvestment should rise from 1.9 1o
3% of gross domestic product, in effect addness-
g a gap in competiivencss and imnovation
perdommance by means of a “rescarch push.” This
has become known as “the Barcelona target,”
for which two-thirds of R&D investment
would come from the private scetor.

To a large extent. the gap between current
levels of R&D investment in Europe and the 3%
goal reflects a concentration of large R&D in-
vestors i certain industrial sectors. Most in-
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dustrial R&D woddwide is financed by a few
hundred large companies (6. A main factor dif-
ferentiating  the levels of R&D i different
regions (Table 1) s the seetor concentration that
resulted from previous patierns of  company
growth,

Competing companics tend 1o invest in a
similar [ashion in R&D regandless of where they
are headquanered. In sectors such as informa-
tion technology (IT) hardware, computer soft-

ware, and biotechnology, large amounts of

money are commited 10 R&D per unit of sales,
Many larger companies in these seclors are
headquartered in the United States, and most
grew large in the last 30 vears, Many of the
larger European players are in sectors such as
automotives and chemicals, where absolute
R&D investments are high, but R&D intensity
per dollar of sales is lower. There are also more
specilic European strengths in key growth sce-
tors, for example, m the IT systems anbedded
mto products such as cars and telephones,

Because of the dominant part played by the
larger companies, aggregate R&D figures fail 1o
reveal the pant played by smaller companics.
Deeper examination shows that the larger
companies now depend on and. in tum, sup-
port extensive networks of smaller companies,
some of which will become the large com-
panies of the future, It is important o empha-
size this interdependency and to understand its
CONSCYUEICES.

Here, There, or Somewhere Else?

A sccond pan of the policy cquation is to
understand and w anticipate where companics
will place their new R&D investmems. In the
phamaceuticals sector (7), for example, from
1990 1w 1994, 88 “new molecular entity™
pharmaceuticals came 10 market in Europe and
74 in the USA, and companics’ R&D effons
were concentrated accordingly [ 1990: EU, €8
billion (310,53 billion LS. dollars), USA, €6
billion (57.% billion}]. These patierns have since
reversed (2000-04: 57 new molecular entities in
ELL 70 in the USA; estimaied in 2004: ELL €21
billion (527.5 billion) spent on R&D: USA, €27
billion (5354 billion). The shilts continue as new

markets, trained people, and adequate sup-
port structures boecome available in Asia, In May
2006, the Anglo-Swodish pharmaceutical major,
AstraZeneca, Tollowed its Swiss and Danish
counterpants, Novartis Intermational, Novo Nordisk,
and Roche, in announcing plans for R&ED fa-
cilities in China.

Two recent studics examining actors driving
decisions about the global R&ED investments of
U.S.- and EU-based companies (&, 9) concluded
that the most important eatures are potential for
market growth, availability of environments
that foster the development of a high-quality
work force, and opportunities for productive
collabormion between compomtions and uni-
versities. There is still a tendency 1o place work
addressing newer technologics and newer
markets close to home, but this is by no means
an absolute rule. Contrary 1o some assump-
tions, rescarch costs have not proved 1o be
the main factor stimulating companics to look
towand Asia.

In its 2006 study (8) of more than 200 larger
European companies. the Ewopean Commis-
sion found markel access o be the most im-
portant factor in deciding where o locate R&D,
followed by a prediciable legal framework for
R&D, access w specialized RED knowledge
and results, high availability of researchers, and
macrocconomic and political stability, Respon-
dents reponted outsourcing an average of 18%
of their R&D, around two-thirds going to other
companics and one-third o public research or-
ganizations. Pharmaccutical and biotechnology
companics outsource roughly twice the share of
R&D as their counterparts in other seclors.
These figures are consistent with other studies,
including those by the author’s organiztion,
which suggest a Usshaped curve over the past
80 wears. The minimum of around 3% out-
sourcing occurred in the mid-1970s, when the
comporate laboratory was the dominant feature
of the industrial landscape. Since then, the
proportion of R&D performed outside the cor-
poration has increased steadily, in line with the
reported adoption of more open approaches,

Respondents  distinguished  between  loca-
tions they considered most attmctive for new

Table 1. Distribution of the headquarters of the 700 multinational companies that account for
some 80% of private sector R&D investment and over 50% of all R&D within Organization for
Economic Cooperation and Development member states (6).

Headquarters' location

Type of industry RED/Sales
Europe North America Rest of the world
Global 700 192 334 174 4.3%
“High R&D" 72 220 87
IT hardware 15 93 22 10.1%
Automotive/parts 16 14 17 4.2%
Pharmaceuticals/biotechnology 22 42 13 13.7%
Electronics/electrical 10 14 28 6.0%
Software/services 9 57 2 9.0%
Other sectors 120 144 131 2.0%
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R&D investment and where they expected their
companics” R&D activities will grow. Although
they olten placed their home country first and
saw the United States as most attractive outside
the EU, they expected to direct most new in-
vestment toward China and the United States.
Thurshy and Thursby (%) studied a similarly
sized sample of medium and large U.S.- and
European-based corporations and  found that
38% reponted that they plan w “change sub-
stantially™ the worldwide distribution of their
R&D over the next 3 vears, with China and
India attracting the greatest increase, For emerging
country Jocations, the most important  factors
were found to be output growth potential, fol-
lowed by quality of R&D personnel, supporting
sales, [P protection, the ability o own [P, costs,
collaborating with universitics, and the experntise
of university faculty. In developed countries,
what matters most s the quality of R&D per-
sonnel and 1P protection, university collabora-
tion, output markal factors, and 1P ownership.
The study revealed little difference between the
views ol US.- and European-based companics.

From Collaboration to Platforms to a
Pact for Innovation

These and other (/0) surveys confirm that
companics prize locations that support business
growth and offer high-gquality work forees and
collaborative partiners. How can policy-makers
improve the attractiveness of their own region?

In the European Union, a key objective re-
mains o gain full benefit from a large single
marketl. This sull requires much work to ree-
oncile the legal and other traditions of 25 mem-
ber states and 1o overcome signilicant barriers,
such as those concerming regulatory maiters
and mobility. There is a widely shared belicl in
having sirong social structures supporied by
considerable public investiment in arcas like
health care and transport. However, most
public funding for these structures and lor the
dense network of public universities and nation-
al rescarch organizations remaing at the national
level, As an illustration, the current European
Research Framework Program (FPG) accounts
for only a few pereent of Ewrope’s total rescarch
cxpenditure,

In recent years, smaller countries like Finland,
Swoeden, and Ircland have performed better than
their larger, southem neighbors in erms of
encouraging innovation-led growth through pol-
icics of market reform and effective public-
private collabortion (and Finland and Sweden
are well ahead of the Barcelona target for R&D),
but these cconomics are now running close 1o
their full capacity. The challenge is 1o find ap-
proaches that benefit the whole EUL improving
and gaining more leverage from all the capa-
bilities. available within and bevond Europe.

Responding 10 discussions about innovation-
led growth among heads of state in late 2003, a
group led by former Finmish Prime Minister
Esko Aho has recently reported (/1) on how this
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might be achieved. The report recommended a
combination of approaches, which reflect the
trends described in the first part of this review,
The group called for simultancous, synchronous
efforts in three arcas:

I} To provide an imnovation-friecndly market
for businesses, requinng actions on regulation,
standards, public procurement, and IP; fostering
a more pro-innovation culture; and creating de-
mand focused on large-scale strategic actions,

2) To increase nesources for excellemt sci-
ence, industrial R&D, and the science-industry
nexus: o improve R&D productivity; and 1o
shift the use of the so-called “siructurl funds™
(used 1o underpin economic development in
poorer regions) wward R&D.

3) To achieve far greater mobility of people
across sectors, of linancial resources and knowl-
edge. and in the structures and clusters that
lrame innovation,

The repont calls for a pact for rescarch and
innovation from political. business, and social
leaders 1o drive the agenda forward. Iis recoms-
mendations are strongly  market-oriented  in
philosophy. Arcas mentioned as possibilities
for large-scale strategic actions include health,
pharmaceuticals, energy, environment, transpor
and logistics, security, and digital content, where
opportunitics 2o bevond the capacity of indi-
vidual economic actors. Although more re-
sources for R&D and innovation are seen as a
necessity, the 3% tareet for R&D becomes an
indicator of success rather than an objective in
its own right.

The response to these recommendations is
cumently being worked out and will become
evident in the months ahead. Some conclusions
can already be drawn from the wide range of
programs that are already under way al Europe-
an and national levels o establish conditions lor
ercater compelitiveness through  research and
imnovation. There is growing understanding off
the use of direct tax and fiscal measures, and the
Duich approach of relating tax crediis 10 R&D
emplovment through social charges is proving
attractive. The revision of rules for State Aid
(12} is intended to bring these rather arcane
rules more in line with the requirements for
mnovation=led growth and effective use of
public R&D grants. One more push may be
sulficient to achieve a uniform single patent
regime in Europe, even though this has defied
all anempis at a solution for 40 vears,

Ambitions for the European Framework Pro-
emm are perhaps the casiest o state. A sub-
stantially larger budget, €3005 billion (S66.3
billion) from 2007 1o 2013 (13). has been agreed
for the new program (FP7). whercas clearer
emphasis is placed on excellence and wility,
lts success depends on oblaining the best pro-
posals and improving panicipation by both in-
dustrial and public rescarch. An important
innovation in FPT is support for the new Eure-
pean Rescarch Council, charged with fostering
the best “lrontier research™ (a term intended 1o

highlight that the traditional distinction between
basic and applicd rescarch is no longer ap-
propriate). A first prionty for ERC’s Scientilic
Council 15 the development of independent ca-
recrs for excellent rescarchers establishing their
first rescarch 1cam.

Improving Links Between Science

and Industry

The quality of connections among companics
and with universitics and other public rescarch
organizations is an increasingly important
factor that supports open models of innovation
and is as important (or perhaps more impor-
tant) in the long term as the number of
university spin-offs and simple technology -
censing agreements. Although there 15 a long
tradition of mformal joint supervision of Ph.D.
projects in some European countries, the well-
known dilficultics presented by industry-
academic collaboration are becoming more
apparent as these activitics take on more
strategic importance. [ s necessary 1o improve
management of 1P by public rescarch orga-
nizations; 1o ake steps 1o align interests, moliva-
tion, and culure; to address ownership of results
and exclusivity: o improve project management:
1o compensate indirect costs: to deal with vo-
latility of relationships: and to ensure equitable
share of returns in cise of success, These im-
provements require new professional skills and
mind-sets, so that collabortive activities can
enhance, not dilute, the distinct missions of
public and prvate-secior research.

One way Torward is through the develop-
ment of standard model agreements and codes
of practice for collaborative R&D, steps recenily
taken, for example, by the UK. (/4) and lrish
governments (/5). The 2005 launch of the Re-
sponsible Parnering initiative in Europe (/6)
marked renewed effons w support changes in
attitude and approaches 1o collaboration at the
grass-roois level. lis recommendations are
very similar 1o those reached by a similar
initiative launched by the U.S, Government-
University-Industry  Round Table (GUIRR)
(/7). Both initiatives cmphasize the need w0
establish conditions that loster stable, long-tenm
collaboration and trust. This requires developing
a better understanding at sewmior levels within
public and private-sector organizations ol man-
aging open innovation, then recruiting and de-
veloping the new skills needed o handle
collaborations effectively, establishing quality
of collaboration as a key performance metric.

It is also imporant o raise standards within
public research itsell. This will almost cenmainly
entail giving these institutions greater autonomy
1o st direction and 10 concentrate on strengths
and, thereby, 1o attrct the best talent 1o come to,
and remam in, Europe. In several countries,
universitics remain subject 1© extensive national
regulatory fameworks and have linle control
over their resources and priontics. There are
close 1o 2000 universitics in the EU, and most

conduct rescarch and offer postgraduate degrees
across a broad curriculum. By contrast, lewer
than 250 LLS, wwversitics award postgraduate
degrees and fewer than 100 are recognized as
rescarch-intensive,

Educational curriculum reform is under way
in more than 40 European countrics through
what is known as the Bologna process. This
aims o cstablish casily recognizable and com-
pamble degrees based around a two-cycle
system of studies, stanting with a bachelor’s de-
gree and moving on to the master’s level. A
third cyele aims o ensure that doctoral studies
remain relevant o changing carcer pattems,

Technology Platforms and Shared Strategic
Research Agendas

Technology roadmaps have been used for more
than a decade as a tool for providing frame-
works for discussion between diflerent business
functions and for a more conscious integrmtion of
all aspects of technology into business strategy.
The roadmaps enable decisions to be aken more
quickly and 10 be implemented with greater
confidence. They can also be shared within an
industry sector and so lead 1o the adoption of
common development platforms and strategic
rescarch agendas,

These approaches are being extended, thereby
involving more stakcholders in the cary stages
and subsequent implementation of major re-
search programs. As one example, the Nether-
lands Genomics Initiative (NG (/8), involving
many Dutch companies and university depart-
ments, 5 coming oward the end of is first,
€300 million ($393.7 million), phase of a
program 1o build an inlemationally leading pe-
nomics infrastructure that will stimulate excel-
lem research and generate a continuous flow of
new economic activity, while remaining firmly
linked to the concems and interests of Dutch
societv. NG is set o enter its next phase, when
it will seck 10 couple national resources more
closely with intemational strengths while also
concentrating on delivering economic benefits
to the Netherlands.

European Technology  Platforms (/9) ke
the approach a step further. Some 29 of these
industry-led initatives provide frameworks for
all stakcholders o define rescarch and develop-
ment priovitics, tme frames, and action plans on
ssues where growth, competitivencss, and sus-
tainability objectives require major medivm- o
long-term rescarch and technological advances.
A number of platforms ane now ready 1o begin
implementation. Some funds for work that has a
high degree of industnal relevance may come
from the Framework Program, although this is
not guaranteed, The challenge for the platforms
is 1o fully mobilize resources and public auhor-
mics at national and regional levels, as well as
from the private sector, In some cases, the scope
of an objective and the scale of resources may
lead 1o the sctting up of long-term Europcan
public-private partnerships, in what are being
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termed Joim Technology Initistives (JTIs). The
intention is that JT1s will combine private-sector
mvestment and national and Ewropean public
funding, including grants from the Framework
Program and loan finance from the European
Investment Bank.

An example comes in the ficld of health
carc, Among ways to respond o the trends in
the health-care industry described carlier in this
review are o oblain more effective methods Tor
carly safety evaluation, o provide better wols for
integrated and predictive management of enor-
mous volumes of data, o improve education
and training in the use of these techniques, and
to reduce barriers o carrying out clinical trials in
Europe. These require efforts that go beyond
the capabiliics and remit of an individual com-
pany or public bady. The Innovative Medicines
Imitiative {20) began by developing a simiegic
rescarch agenda by consultation among all stake-
holders. The agenda proposes the establishment
ol a public-private partnership 1o be operational
in 2007, wath investments around €440 million
(8577.4 million) per year.

Conclusions

The challenge for European governments,
companics, and public research institutes is (o
use the opportunitics oflered by open innovation
o develop strengths and 1o build greater criti-
cal mass within Europe to suppon sustainable
markets rom new science. A main lesson from
the past is that primarly top-down, cenirally
planned approaches are rarely effective. There is
stll much to gain from removing existing barmers
to innovation, but policy-makers must now leam
how 10 channel the significant resources and
skills available within both public and privae
sectors 1o betier address markel opporiunitics.
The goal will be 1o encourage innovation in ways
that address the desire for strong social svsiems in
Europe withowt either compromising the global
competitivencss of European companics or
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reverting 1o old styles ol “picking technologi-
cal winners.” A twolold approach s likely 1o
cmerge, ammed al encouraging a more market-
orated view of innovation while using dircet
measures o support more effective industrial and
public-sector R&D, The appropriate balance
between these clements remains an open gues-
tion, the answer 1o which is likely 10 be de-
termined by how responsibilitics are shared
between nation states and the European Com-
mission as the Union continues 1o develop,
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Brilliant Whiteness in Ultrathin

Beetle Scales

Pete Vukusic,»* Benny Hallam,? Joe Noyes®

he colored appearances of animak are in-

varably controlled by pigmentation, highly

periodic ulmstucture, o a combination of
boih ({, 7). Whiteness, however, is less com-
mon and is generted by neither of these meth-
ods, because 1t requires scatiering
processes appropnaie for all vis-
ible wavelengths, We repont the
identification of whiteness result-
ing from a three-dimensional (3D)
photonie solid m the scales of
COyphochilis spp. bectles. Ther
scales are clorackerized by their
exceptional  whiteness,  their per-
ceived brighiness, and their op-
tical brlliance, but they are only
5 pm thick. This thickness is ol
least two orders of magnitude
thinner than common synthetic
systems designed for equivalent-
quality whiteness.

Archetvpal  brilliant whileness
that is not augmenied by Nuores-
cence, such as whiteness  from
snow or milk, s the resull of mul-
trwavelength scattenng ansing from
aperiodic and multiphy onented mterlaoes betwoen
low-absorbance modia of appropnately  diffenem
refiactive mndex (3). The whiteness of Cyplochifies
spp. originaies from elongated lat whiie scales thai
imbricate s body, head, and legs (Fig. 1A).
These scales are about 5 pm thick, 250 pm long,
and 100 pm wide. Their interiors are composed of
a random network of inierconnecting  cuticular
filaments with diasmeters of about 250 nm (Fig.
1B and fig. S51).

Two-dimensional fast Fourier transforms
(FFTs) of electron microscope images of the
scales’ merior (Fig. 1C) confinmed an absence
of welldelined penodicity,. Wave vector space
maps produced by this ransform | Supporting
Online Matenal (SOM ) text] were fee from any
single spatial component of refractive index
variation (g, S2A), Expenmentally this was
confinmed by recording the diffraction pattem
associated with light incident on individual scales.
By mounting specilic white scales on separate
needle tips and directing low-imtensity  focused
laser light exclusively through the center of each
scale, we imagad the reflection and ransmission
ditfracuion pattems on spherical sereens (fg,
52B). The resulting dilfraction pattems closely
maiched the FFT maps of the scales” interior
(fig. S2C) and confirmed the cuticular Glament
network as the origin of the whiteness., The

Fig. 1. (A} Optical image showing the
arrangement of white scales imbricating
an elytron of a Cyphochilus beetle, (B)
Scanning electron micrograph showing
the fractured edge of one of the white
scales shown in (A). (C) Transmission
electron micrograph of the section shown
in (B). Scale bars indicate 1.0 mm (A) and
3.0 um [(B) and (C)].

intrascale cuticle volume occupancy is about
70%. This appears 1o optimize scatlering in-
tensity by maximizing the scattering center
number density while avoiding substantial un-
favorable optical crowding (4), Optical crowd-

ing occurs when the rmdiation fields associated
with individual scatiering centers overlap. It
causes the svsiem 1o adopt chamcteristics of
fewer and larger scattering centers when the
distance between individual scatterers becomes
too small, The relatively high void fraction in
this Cyypriochilus beetle's scales appears 1o be a
vital part of the system's ability 1o scatter light.
It 15 this, as well as the system’s aperiodicity
and index contrast of about (L.56. that create
such intense optical whiteness for very limited
thickness,

The quality of the beetle’s whileness and
brightness was quantified according to Interna-
tional Organization for Standardization national
standards (SOM text). lis whiteness and bright-
ness values (5) were measured 1o be 60 and 63,
respectively, quantiatively indicating remark-
able multiwavelength scatter for systems that are
only 3 pm thick. In synihetic systems where
whiteness is desirable, far more substantal
structure is necessary. For example, conven-
tional white uncoated wood-free papers (com-
prising mndom networks of bleached cellulose
fibers) can be upward of 23 times thicker than
these beetle scales but retum only an 8%
superior brightness, Carbonate or kaolin crystal
inclusions and optical brightening agents (bluc
Muorescing dyes) are added 1o paper coating

formulations to enhance scattering contrast and
o improve the percewved appearance of white.
However, individual 1solated S-pm-thick cale-
um carbonate coating layers have a brightness
of only 40 1o 50, with such poor opacity that its
whiteness value is meaningless. Similarly, the
whiteness of human tecth is dominated by
multiwavelength scattering from packed hy-
droxyapatite crvstals in up 1o ~2 mm of tooth
enamel. Although they are generally consid-
ered 1o be white, their best natural whiteness
and brightness are relatively low; typical human
milk tecth exhibit a whiteness under 40 and a
brightness of about 53, reflecting relatively low
index contmst and high absorp-
tion at blue wavelengths.

For proportionally msignilicant
supplementary thickness, the addi-
tion of these scales” form of plho-
tonie solid would songly enhance
the desiable quality of whitencss
in these and many other systems.
Additionally, it offers a permcable,
fexible, and fauli-tolerant ultra-
thin laver with which to back large-
arca white light-emitting  devioes
(OLEDs) and control their emission
dicction.

The phenotypic color of this
Cyploschilie, eredited for eryplism
among while fungus, arlses from
an aperiodic fomm of structure that
might appear 1o contmst strongly
with the highly periodic structure
in namow-band colored  weevil
seales (6). However, they do share several im-
porant features: a cuticular filament network
with typical filament diameter of the order from
2000 to 250 nm, a scale thickness of about 5 pim.
and similar extrusion from single  epidenmal
cells inmto the sealed parcels that comprise cach
scale. The form of the photonic solid in these
white bectle scales confinms that the transition
from high-contrast saturated color (SOM 1ext) o
optically brilliant whiteness is largely a matter off
structural order.
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Electric Field-Induced Modification of
Magnetism in Thin-Film Ferromagnets

Martin Weisheit,?* Sebastian Fihler,™” Alain Marty,? Yves Souche,?

Christiane Poinsignon,* Dominique Givord®

A large electric field at the surface of a ferromagnetic metal is expected to appreciably change its
electron density. In particular, the metal’s intrinsic magnetic properties, which are commonly
regarded as fixed material constants, will be affected. This requires, however, that the surface has a
strong influence on the material's properties, as is the case with ultrathin films. We demonstrated that
the magnetocrystalline anisotropy of ordered iron-platinum (FePt) and iron-palladium (FePd)
intermetallic compounds can be reversibly modified by an applied electric field when immersed in an
electrolyte. A voltage change of =0.6 volts on 2-nanometer-thick films altered the coercivity by
—4.5 and +1% in FePt and FePd, respectively. The modification of the magnetic parameters was
attributed to a change in the number of unpaired d electrons in response to the applied electric field.
Our device structure is general and should be applicable for characterization of other thin-film

magnetic systems.

pin electronics has recently emerzed as a

field of science and technology in which

the electron’s spin is directly exploited.
Giamt magnetoresistance and tunnel magneto-
resistance sensors, used in read heads of hard
disks, are hoth cxamples of the application of
spinclectronic devices. In contmast, there are
very few active (e non-sensor) systems that
exploit spin electronies. Such systems are
operated through clectncal current  actuation,
which requires much larger energy consump-
tion than elecine lield (£) acwation used n
usual electrome circunts and/or electromechamcal
systems. £ actuation of magnetic propertics
has been demonstried in the semiconducting
{Ir.Mn)As sysicm, in which the Curie emperature
Fe was varied by 1 K under a voliage of 125V,
corresponding 1o an electric field of approximane-
ly 1.6 % 10° Vim (/. 2). However. the possible
applications of this phenomenon are limited & a
result of the low T of magnetic semiconductors
(== room temperature). The recent renewed in-
terest in muliferroic materials in which piczo-
clectricity and fermomagnetism may coexist is
also driven by the same objective of practical
application (3, 4). Inthis case, the deformation of
the material’s structure under £ wesults in the
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modification of the magnetic properties and vice
versie Again, this effect is limited to low tem-
peratures in single-phase multiferoics,

Because the T values of the 3d metals—Fe,
Co, and Ni—and of some of their alloys are
above room temperture, the possible use of an
electrie ficld to modity and control the intrinsic
magnelic propenics |e.g., magnelization or
magnctocrystalline  amsotropy (Ky)] of such
metallic systems is attmctive. However, as a
result of screening by the E-mduced surface

charge, the field does not penetrate the bulk of

the matenal and is confined to a depth on the
order ol atomic dimensions. It may be expecied
that substantial E-induced effects may be found
in nanosystems where the surface-to-volume
ratio is high, with a large £ obtained by the ap-
plication of a high vohage at both sides of m
insulating layer (e.g.. a thin diclectric deposited
on the surface of the metal). However, the
preparation of thin and homogencous diclectne
layers free of pinholes is challenging. The im-
mersion of metal panticles in an cectrolyvie was
suggested as an clegant approach to overcome

this problem (5). In a liquid clectrolyte, an n-

sulating 1omc layver—the clectrolytic double
layer—tomms naturally in fromt of a conducting
surface, and most of the potential drop between
the clectrodes oceurs across this laver (6), Sub-
sequently, it was shown (7) that a macroscopic
strain of 0.15% is created in Pt nanopanticles
under a voltage difference of 0.6 V. and this was
attributed 1w the modification in metal bonding
resulting from the E-induced change in the sur-
face electron density at the Fermi level Eg

In metallic systems that show itinerant elec-
tron magnetism, the material’s intrinsic magnetic
properics are primarly determined by unpaired o
clectrons with energies close o B 11 is expeciad
that these propertices will be alfeced by changing
the electron density at By under £ We selected
Llg-ordered FePt and FePd ultrathin films,
because these compounds combine high T
(750 Ky, saturation magnetiation (1.4 T, and
Ky (6.6 M in FePtand 1.8 M) in FePd)
values and exhibit high coercivity. In addition,
these compounds are chemically stable.

Epitaxial films of FePt and FePd (2 and 4 nm
thick) were grown by means of Pt and Pd bulfer
layers, respectively, on MaO(D01 ) substrates (8).
The superstructure lines as seen by x-ray
diffeaction indicate that the alloy crvstallizes in
the Ll phase, with the Fe and Pt {or Fe and Pd)
atoms being highly ordered on their two
respective crystallographic sites. All films exhibit
the magnetic casy axis perpendicular 1o the

layer plane with anisotropy liclds in excess of

8 and 2.5 T, as expected for the twemragonal Ll
FePt and FePd compounds, respectively (&)
The effect of £ on the alloy magnetic prop-
ortics was observed al oom  temperature by
measurcments of the magnitude of the signal and
coercive field (He) via the polar Kemr effect. For
these measurements, the elecirolyie  propylene
carbonate (PC) was chosen 10 prevemt hydrogen
formation and its ditfusion into the film when a
negative potential was applied o the sample.
Traces of water in the electrolvie were removed by
introducing small Na pieces, which at the same
time provided the Na™ ions necessary for the

Fig. 1. Schematic of
the electrolytic cell con-

taining the FePt or FePd
film within an applied
magnetic field H. The

—

H

potential profile £ due
to the applied potential
U is indicated by the red
line. The potential drop
at the Pt electrode side
is much lower {as com-
pared to that of the sam-
ple surface) as a result of
the Pt electrode’s large

Double layer

surface area.

Carbonate
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Fig. 2. Magnetization switching of
the 2-nm-thick FePt film for differ-
ent U values between the film and
the Pt counter electrode. ug, the
permeability of vacuum.
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Fig. 3. (A) Change of the film coercivity for FePt
and FePd with external voltage at given thicknesses
and (B} change of the Kerr rotation for the 2-nm-
thick FePt film with regard to {w.r.t.) the value at
—400 mV. Error bars indicate the statistical varia-
tion (o) of the measurements.

formation of the clectrolvtic double laver at the
sample surface. A large sheet of et PUwas usod
as the counter clectrode (Fig. 1)

The He vanation as a function of the applicd

voliage U was denved from the measurements of

the casy-axis hyvsteresis loops (Fig. 2). A shamp
switching of the magnetization occurs al fHe. To
avoid possible dissolution of Fe tfrom the alloy,
we maintained the sample potential at or lower
than <400 m¥. The potential was also resicted
o values above -1 V in order 1o avoid other
elecirochemical reactions at the film surface.
Small but detectable irreversible film degradation
occumed above 400 mV and below -1 V., Figure
3 shows the coercivity change 8Hc (relative to the
value at 400 mV) versus U for FePr and FelPd,
A change of voltage AL = 600 mV results in a
aH e by —4.5% for FePrand +1% for FePd films
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with a thickness of 2 nm. The 4-nm-thick films
show a lower variation of 1% for FePt and no
varation {(within experimental resolution) for
FePd. The observed change i A as a function
of U was csentially reversible, and the Kemr
signal variation with magnetic field was the same
upon increasing £ as upon decreasing it. Both
results imply that the observed effect is intrinsic
and not due to film contamination or degradation
that would be associated with the occurrence of
imeversible phenomena (8). Note that Mg is
stronger than a lincar response in all cascs.

In addinon o the effect of £ on the coer-
civity, an increase in the Kerr rotation by 3% is
observed upon changing UV from 400010 — 1000
mV for the 2-nm-thick FePt film. Within ex-
penmental accuracy, no such effect was found
in the ather samples.

The results reveal that the magnetic propenics
of ftincrant electron magnetic systems can be
changed i a conrolled way under £, Duning the
messuremients, the film microstructure is expected
to remain essentially unaliered (1o the extent that
the very slow imeversible film degradation can be
neglected), and, o lirst-order approximation, the
coercivity can be assumed o be directly propor-
tional 1o the Ky from which it orginaics. The
observed 6 values were evaluated with respect
i Ky energics (MAE) derived from electronic
structure calculations (9). A capacitance value
C per surface arca A of O/Ad = 30 pF-'c:m:‘ Wis
uscd, because this 1s a typical value for a clean
metal surface in an clecrolyie such as PC that
is characterized by a large diclectric constant & =
o6 (£, Under a voltage U that acts almost ex-
clusively at the FePYPC interface because of the
30 times larger surface arca of the Pr counter
electrode as compared to the sample surface, a
charge CU accumulates in the whole film vol-
ume Ad, where o is the film thickness. Consid-
ering that the volume of the Llg FePt or FePd
primitive cell is Py ae2 = 0,027 nm®, where
a 15 03835 nm oand ¢ s 0371 nm, the charge
variation per umit cell becomes

U
g =—Va

e (1}

In panticular, for I/ = 600 mV and o = 2 nm,
this amounts o 0015 clectrons per unit cell. From
clectronic structure calculations (%), a decrcase ol
the MAE by 2000 per clectron is predicted for
FePr and an incrcase of the MAE by 700 por
clectron is predicted for FePd, This result cor-
responds o expected changes of - 3% and +1%
for 2-nm-thick FePt and FePd, respectively. The
induced excess charge in such metallic lms is
concentrated close 1o the surface and not dis-
tributed homogencously, However, 1o first-order
approximation, the anisoropy variation depends
solely on the total film excess charge. This is a
direct consequence of the linearity of all oper-
ations {i.e., 11 does not make a dilference
whether an anisotropy distribution is caleulated
first and then averaged over the whole film or
whether the clectron distribution s averaged
nght away ),

The sign and magnitude of Mg that was
measured agree well with the caleulations for both
alloys. It 1s gquite notable that thes simple coneept
5 suflicient o explain the expenmental results,
Considering that we are dealing with ultrathin
filins, surface anisotropy should be included in the
companson between the experiment and caleula-
tion. However, neither experimental nor calculated
data are available on the surface anisotropy of
FePL As a very qualitative argument, it may be
argued that surlace anisotropy in FePt is not
expected 1o be dominant to the same extent as it
is in cubic systems where surface symmelry
breaking is the only source for the occurrence of
a second-order anisotropy tenm. It has been
shown (/1) that there 1s only a weak thickness
dependence of the nucleation ficld in FePt down
to 2 nm, which suppors this assumption.

The fact that the voltage dependence of the
coercivity is stronger than a linear response can
be anributed w0 a change in the thickness of the
electrolytic double layer with LU When the change
is increased at the sample surface, the double
layer is compressed and, in wm, C and £ acting
on ithe sample are increased.

Because the Kerr angle is another intrinsic
material property, its variation (detected in
FePt only) upon the application ol a voltage is
another proof of the influence of £ on the
magnetic propertics. However, in the absence
of any calculated data, it 15 not possible 1o dis-
cuss the imponance of the observed effect any
further.

Our resulis have shown that the magnetic
propertics of thin-film feromagnetic sysiems
can be varied in a controlled way by an ap-
plied clectne Geld, It must be stressed that the
majority ol modern magnetic materials belong
1o this category of materials. Beyond this prool’
of principle, this approach could offer an alter-
native and atmetive generic actuation mechanism
for clectronic and electromechanical svstems,
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Ultralow Thermal Conductivity in
Disordered, Layered WSe, Crystals

Catalin Chiritescu,” David G. Cahill,™ Ngoc Nguyen,® David Johnson,”
Arun Bodapati,® Pawel Keblinski,* Paul Zschack®

The cross-plane thermal conductivity of thin films of WSe, grown from alternating W and 5e layers
i5 as small as 0.05 watts per meter per degree kelvin at room temperature, 30 times smaller
than the c-axis thermal conductivity of single-crystal W5e5 and a factor of 6 smaller than the
predicted minimum thermal conductivity for this material. We attribute the ultralow thermal
conductivity of these disordered, layered crystals to the localization of lattice vibrations induced
by the random stacking of two-dimensional crystalline WSe, sheets. Disordering of the layered
structure by ion bombardment increases the thermal conductivity.

aterials with the lowest thenmal con-
ductivity are typically found among
clectrically insulating amorphous solids

and glasses. In these materials, heat conduction is
adequately predicted by a simple phenomeno-
logical model, the minimum thermal conductiv-
ity, in which heat conduction is described by a
random walk of vibrtional energy on the time
and length scales of atomic vibrations and inter-
atemie spacings (). More sophistieated theones
of heat conduction in disordered materials sup-
port this deseription: A majority of the vibra-
tional modes [termed “diffusons™ by Allen and
Feldman (23] carry heat in this manner, and only
a small fraction of the vibrational modes prop-
agate as waves or are localized and therefore
unable to contribuie 1o heat conduction. Recently,
we (3) and others (4) have shown that the min-
imum thermal conductivity can be circumvented
in multilayer thin films of metals and oxides,
When the spacing between the interfaces is only
a few nanometers, the thermal resistance of the
mterfaces reduces the thermal conductivity far
below the thermal conductivity of the homoge-
neous amomphous exide.

Here, we demonstrated by both experiment
and compater simulation an aliernative route for
achieving uliralow thenmal conductivity in a
dense solid. The thermal conductivity of dis-
ordered thin films of the layered crystal WSe,
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can be as small as 0.05 Wm™' K™, a factor of 6
smaller than the predicted minimum  themmal
conductivity and, to the best of our knowledge,
the lowest thenmal conductivity ever observed in
a fully dense solid. Disruption of the lavered
structure and the ervstallinity of the WSe, shoets
by ion imadiation actually produces a marked
increase in the thermal conductivity of the thin
lilm. Thus, the lowest thermal conductivities

are not found in the fully amorphous form of

WSes: rather, uliralow themmal conductivity is
achieved by controlling both order and disorder,
and hence the thermal pathways, in this miso-
tropic material.

We synihesized WSe; thin films by the mo-
dulated elemental reactants method (5, 6). Se-
quential bilayers of W and Se were deposited in
an ultrahigh vacuum chamber onto unheated
Si (100) waters with a stoichiometry of’ 1:2 and
then annealed for 1 hour at clevated temper-
atures in Ns atmosphere to form the desired
layered structures (6). The microstructure of the
fllms was stable at wom emperature. In the
WSes structure, a hexagonal plane of W atoms 1s
bonded 10 two Se layers by strong covalent=ionic
bonds, and each two-dimensional (20) WSes
sheet is bonded 1o adjacent sheets by weaker van
der Waals forees (7, ¥). We purchased a single
crystal of WS¢, from Nanoscience Instraments 1o
provide a bascline for comparisons. Thermal
conductivity was measured by time-domain ther-
moreflectance (TDTR) (6, #-£2). In our imple-
meniation of TDTR, we determine the thermal
conductivity by companng the ume dependence
of the ratio of the in-phase 1, and ou-of-phase
Vow signals from the mdio-frequency  lock-in
amplificr to caleulations made with the use of' a
thermal model ({/). The thermal model has
several parameters, but the thermal conduetiv-

ity of the WS¢, sample is the only important
unknown.

We used synchrotron x-ray dilliaction 1o char-
acterize the microstructure of a tvpical WSes
film (Fig. 1), Data for (0 0 L) refllections (6)
showed that the lavering of the 2D WSe; sheets
was very precise; the surface nomal to cach
sheet (hexagonal ¢ axis) was well aligned with
the surface nomal of the substrate, and the spac-
ing between the centers of WSes sheets was
highly uniform at (.66 nm. These highly extured
films had completely random crvstalline onenta-
tion in the a-b plane. We examined the crys-
talline structure of the film by scanning the
diffraction intensity through reciprocal space
where the (1 0 3) reflection intersected the Ewald
sphere. The relatively narow line width (0.06 in
reciprocal lattice units) in the direction parallel
to the surface, [h 0 3], zave a lmeral coberence
length of 23 nm (Fig. 1C). Scans through the
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Fig. 1. X-ray diffraction data for a 32.5-nm-thick
Wse, film collected at the 33-bending magnet
beamline of the Advanced Photon Source with the
use of 18.5-keV photons. After deposition, the WSes
film was annealed for 1 hour at 450°C in a N,
atmosphere, (A} False-color depiction of the x-ray
diffraction intensities collected by the area detector
in the vicinity of the (1 0 3) and (1 0 5) reflections.
The vertical direction is normal to the sample surface
and the horizontal direction is in the plane of the
sample. (B} Scan of the x-ray diffraction intensities
along the surface normal. The scan direction is
shown as the vertical red line in (A). (C) Scan of the
x-ray diffraction in the in-plane direction. The scan
direction is shown as the horizontal red line in (A).
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intersection of (1 0 L) reflections with the
Ewald sphere probed the coherence of the
crystal structure along the direction nommal to
the WS¢z sheets. The large line widths (Fig.
1B} indicated that erystallographic ordering
in the stacking of the WSe; sheets was limited
to <2 nm.

We next compared the thermal conductivity
ol anncaled WS¢y films 1o the conductivity of a
single crvstal of WS¢, and the predicted min-
imum thermal conductivity (Fig. 23 The thermal
conductivity of single-crvstal WSe; was approx-
imately proportional to UT (the reciprocal of
absolute temperalre), as expected for a di-
elecine or semiconductor in which heat trans-
port s dominated by phonons with mean-free
paths limited by anharmonicity. Calculations of
the minimum thermal conductivity require
know ledgze of the number density of atoms and
the speed of sound (). We used picosecond
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Fig. 2. Summary of measured thermal conductiv-
ities of WSe, films as a function of the measure-
ment temperature. Each curve is labeled by the
film thickness. Data for a bulk single crystal are
included for comparison. Error bars are the
uncertainties propagated from the various exper-
imental parameters used to analyze the data (6).
The jon-irradiated sample (irrad) was subjected to
a 1-MeV Kr* ion dose of 3 x 10" cm™2. The
dashed line marked Amin is the calculated
minimum thermal conductivity for WSe; films in
the cross-plane direction.

acoustics to measure the longitudinal speed of
sound in the cross-plane direction of nominal 3640-
nm-thick films and found that v, = 1.6 nm ps !
(13, 14). This measurement is in good agreement
with an independent measurcment of the same
film (1. = 1.7 nm ps ") with the use of pico-
sccond imerferometry (15) and an index of
refmction at the laser wavelength of 800 nm
ol n=4.13. I we use the average of these val-
ues, v, = 165 nmps ', and a mass density of
p =92 gcm , we oblain an elastic constant
{33 = 25 GPa, which is approximately a factor of
2 smaller than Cya for single crystals of NhSez
and TaSe; measured by neutron scattering (/16)
and single-cryvstal WSe: measured by picosecond
imterferometry, The transverse speed of sound vy
15 not accessible 1w the standard methods of
picosccond acoustics; instead, we estimated vp =
1.15 based on our measurement of v and the
ratiey O/ Cyy previously measured for NhSe,
and TaSe, (16).

The lowest thenmal conductivity, A, measured
at 300 K is A = 0.048 W m™' K™ for a 62-nm-
thick WS¢, film, 30 times smaller than the cross-
plane thennal conductivity of a single-crystal
sample of WSes (Fig. 2) and a factor of 6 smaller
than the predicied minimum thermal conductiv-
ity. This degree of deviation from the predicted
minimum themmal conductivity in a homoge-
neous material is unprecedented (7). Notably,
the conductivity of the 62-nm-thick Nllm is
smaller than the conductivity of a thinner film
(24 nm) or a thicker flm (343 nm). The reasons
lor these differences are not understood in detail,
but we speculate that vanations in the degree of
crystallographic ordening along the thickness of
the films are playing an important role.

The data shown in Figs. | and 2 lead vs 10
conclude that the ultmlow thermal conductiv-
ities are produced by random stacking of well-
cryvstallized WSe; sheets. To test this idea, we
usad imadiation by energetic heavy jons o dis-
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Fig. 3. Thermal conductivity versus irradiation
dose for WSez films 26 nm thick. Samples were
irradiated with 1-MeV Kr* ions to the dose indicated
on the x axis of the plot. Error bars are the uncer-
tainties propagated from the various experimental
parameters used to analyze the data ().

ripd the ervstalline order in the thin film samples
{Fig. 3). Because our TDTR measurements re-
quire knowledge of the thenmal conductivity of
the substrate, bare silicon substrates were ir-
radiated with the same range ol ion luences and
mczsured by TDTR (6 ) At the highest ion dose,
3 % 10" ions em™, we observed a factor of 5
increase in the thermal conductivity of the WSe,
film. This increase in thermal conductivity with
ion beam damage s also unprecedented. We
infermed from these experiments that ion-induced
damage inroduces disorder that reduces local-
ization of vibrational energy and enhances the
transler of vibrational energy in the material,

To gain further insight and confidence in our
expenimental results, we performed molecular
dyvmamics (MD) simulations on model structures.
For simplicity and computational cificiency, the
atomic interactions in our model compound are
deseribed by 6-12 Lennard-Jones potentials:

(?) 12 (?)5

where £ is the energy scale and & is the length
scale. Two sets of e and o parameters were used:
For interactions within a single WSe; sheel. £

0.91 ¢Vand ¢ = 2.31 A, and for the interaction
between layers, £ = 0.08 eVand 6 = 3.4 A. These
parameters achieved a good it o WSes crystal
structure and the Cyy (200 GPa) and Cs (30 GPa)
clastic constants. For computation efficicncy, a
cutofl of 5.4 A was used, with both energy and
forces shifted such that they were zero at the

Uir) = 4e (1)
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Fig. 4. (A) Atomic positions in a model WSe;,
structure showing stacking disorder, The positions
of the heat sink and source separated by 8 nm are
indicated. (B) The steady-state temperature pro-
file obtained from the nonequilibrium, heat source—
sink method. The solid line depicts a linear fit to the
central region between the heat source and sink.
The dashed line is an analogous fit but for the
structure with doubled size along the z direction
with the corresponding separation between the heat
source and sink of 16 nm.
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cutoll (/8). The cross-sectional area of the sim-
ulation cell is 153 = 13.3 AL Along the (001) di-
rection, two stzcs were sclected: 160 and 320 A,
Penodic boundary conditions were used For all
dircctions, Newton’s equations of motions were
solved by the fifth-order prediclor comector algo-
rithm (/8) with an MD time step, Ar= 1.8 = 10795,

The simulation cell for the thermal transpon
measurcment is depicied in Fig. 4, To caleulate
the thermal conductivity, the we first equilibrated
the structure ai 7= 300 K for 100,000 MD time

steps, Nexd, the global thermostat was wmed off

and thenmal energy was added to one WSe; sheet
and removed from a second sheet, which was
located a a distance from the first sheet equal o
ong-hall’ of the size of the simulation cell along
the (001 direction (/9 20) Awmic velocities
were scaled such that heat was added or sub-
tracted at a constant rate, 107 ¢V per MD time
step (24 We monitored the temperature profile
by averaging the kinetic encrgy of atoms in each
WSy sheel Because of the small energy barmier
for shearing of the WSe, structure and the small
cross-scctional arca of the simulation eell, our
model structures exhibited themmally excited local
shearing events leading 1o disorder in the stacking
of the WSe; sheets (Fig. 4).

Adter 5 1o 20 million MD steps (depending on
the system sizeh, a steady-state wemperature dis-
tribution was cstablished (Fig. 4). The temper-
ature gradient, and thus the thermal conductivity,
of 16- and 32-nm-long simulation cells were es-
sentially the same within the statistical standand

deviation of 10%. A = 0.06 W m ™' K™, Given
the approximate form of the potentials used in
our computational work, the agreement between
the measurcd and calculated thermal conductryv-
itics was better than we expected. Neventheless,
the low themmal conductivity of the model strue-
ture suggests that the uliralow thermal conduce-
tivity in disordencd, lavered arystals is a general
phenomenon and not restricted 10 WS,

Our WS¢y films are poor clecirical conduc-

tors in the cross-plane direction; however, if

semiconductors with similar structural features
and good electrical mobility can be idemified,
disordered layerad crvstals may ofler a promising
route to improved matenials for thenmoclecinc
CTICTEY COMVETSIOoN.
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Organic Glasses with Exceptional
Thermodynamic and Kinetic Stability

Stephen F. swallen, Kenneth L. Kearns,* Marie K. Mapes.l Yong Seol I\Eim,.1
Robert ]. McMahon,® M. D. Ediger,™* Tian Wu,” Lian Yu,® Sushil Satija’

Vapor deposition has been used to create glassy materials with extraordinary thermodynamic and
kinetic stability and high density. For glasses prepared from indomethacin or 1,3-bis-(1-naphthyl}-5-
{2-naphthyllbenzene, stability is optimized when deposition occurs on substrates at a temperature of
50 K below the conventional glass transition temperature, We attribute the substantial improvement in
thermodynamic and kinetic properties to enhanced mobility within a few nanometers of the glass
surface during deposition. This technique provides an efficient means of producing glassy materials that
are low on the energy landscape and could affect technologies such as amorphous pharmaceuticals.

lassy materials combine the disordered
structure of a liguid with the mechanical
propenics of a solid. Amomphous sys-
tems can be described in terms of a potemial
energy  landscape, with thermodynamics and
kinetics controlled by the minima and barriers
on the landscape, respectively (7-3) Many im-
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poriant issucs could be addressed il liquids or
glasses with very low energies could be created
(2, 4-6). For example, it might be possible 10
definitively understand the Kauamann entropy
crisis, an arca of intense recent interest (f, 7- /1),
Kauwsamann observed that if the entropy of many
supercooled liquids is extrapolated 1o low tem-
perature, the amomphous state is predicted 1o have
a lower entropy than that of the highly ordercd
crystal well above absolule zero (3, 6),

Cilasses are usually preparcd by cooling a
liquid, but accessing low energy states by this
route is impractically slow (4, 12). I a liquid
avoids crvstallization as it is cooled, molecular

maotion eventually becomes too slow w allow the
molecules w0 find equilibrivm configumtions.
This transition 1o a noneguilibrium state defines
the glass wansition temperature 7, Glasses are
“stuck™ in local minima on the potential energy
landscape (2. 3). Because glasses are thermody-
namically unstable, lower energies in the land-
scape are eventually achieved through molecular
reamrangements. However, this process is so slow
that it is generally impossible to reach states deep
in the landscape by this route.

We have discovered that vapor deposition can
byvpass these kinetic restrictions and  produce
glassy materials that have extraordinary en-
crectic and kinctie stability and unusually high
densities. We demonstrate this for two mo-
lecular glass formers: 1,3-bis( 1-naphthyl)-5+2-
naphthylbenzene (TNB) (T = 347 K) and
indomethacin (IMC) (7 = 315 K). For these
systems, the most stable glsses are obtained when
vapor s deposited onto a substrate controlled
near Ty — 30 K. We argue that surface mobility
during the deposition process is the mechanism
of stable glass formation,

Differential scanning calorimetry (DSC)
was used 0 examine the Kinetics and thermo-
dyvnamics of vapor-deposited samples creaed
by heatng crystalline TNB or IMC in a vacu-
um. Figure 1A shows DSC data for TNB vapor-
deposited (bluc) onto a substrate held at 296 K.

19 JANUARY 2007

353




REPORTS

354

A

S
40F Tne 1

~ 35} I

|

g :.'n.u'w |}I

3 28} Al

) |

20} X
16} -, ]
'lu.. i i i i i i i i
340 345 350 355 G0 3IBS ITO TS 380

Tamparatura (K)

Fig. 1. (A) Heat capacity, C;, of TNE samples: vapor-
deposited directly into a D5C pan at 296 K at a rate

B

=

=

£

=

i
| sk | ]
L a ! i i
285 300 315 330 345 360 375

Temperature (K)

of =5 nm/s (blue); ordinary glass produced by cooling

the liquid at 40 K/min (black); ordinary glass annealed at 296 K for 174 days (violet), 328 K for 9 days
{gold), and 328 K for 15 days (green). (Inset} Structure of TNB. (B} Enthalpy of TNB and IMC samples.
Heat capacities of the samples shown in (A} are integrated to obtain the curves shown for TNB. Similar

experimental conditions were used for IMC (15).

1.4530 4

1018 4

1.8
100 T T T T ]
Fi 300 ne pFi] m a0
T (K)

Fig. 2. Density of vapor-deposited TNB films
{pyp) normalized to the density of the ordinary
glass {p,), with both measured at room temper-
ature, Experimental density ratios (flled squares)
were calculated from x-ray reflectivity measure-
ments on 100- to 300-nm films by measuring film
thickness before and after annealing above Ty
(15). The solid line indicates the expected density
if the samples were prepared in thermal equilib-
rium with Ty = Tyeposn-

This scan was continued bevond the melting
point, after which the sample was cooled into the
glass and then scanned again to vield the black

curve, This latter curve represents the belavior of

an ordinary glass of TNB, with 7, = 347 K, as
defined by the onset wmperature; 1t is consistent
with previously reported results for TNB (13-15),

Remarkably, the vapor-deposited sample
has a substantially higher onset temperature
of 363 K. This resull indicates that the vapor-
deposited material s Kinctically much more
stable, because higher temperatures are requined
1o dislodge the molecules from their glassy con-
figurations. For comparison, we isothermally an-
nealed the ordinary glass for 6 months at 296 K
and up to 15 davs at 328 K (cquilibrium was
reached at 328 K) Vapor-deposited samples
created in only a few hours have much greater
kinctic stability than ordinary glasses aged for
many days or months below Ty

To quantify the thermodynamic stability of
the vapor-deposited materials, we caleulate the
fictive temperature (7). as defined below. Lower
Ty values indicate a lower position in the enengy
landscape. The enthalpy for TNB and IMC sam-
ples, obtained by integrating the heat capacity Cp,
is ploned in Fig, 1B, The imersection between
these data and the extrapolated supercooled
liquid enthalpy (red curve) defines Ty for cach
sample. For both TNB and IMC, samples pre-
pared by vapor deposition have considerably
lower enthalpies and Ty values. On the basis of
aging expenments on TNB, we estinuie that it
wold require at least 40 vears of annealing an
ordinary glass 1o match Ty lor the vapor-deposited
sample shown in Fig. | (/2). The similary of
the results for TNB and IMC suggests that vapor
deposition can generally produce highly stable
glasses.

The thermodynamic stability of these films
can also be quantified in comparison with the
Kawamann temperature (Fi). the temperature at
which the extrapolated entropy of the super-
cooled liquid equals that of the crysial (4, 5). We
define a figure of ment:

(1)

For fragile glassformers such as TNB and IMC,
Ok 15 a measure of position on the cnerzy
landscape, with a value ol 1 (Ty= Ti) indicating
the lowest possible position on the landscape. For
TNB, Magill estimated Ty = 270 K (/4). Vapor
deposition of TNB at T, - 30 K created films
with 8, = 00.43; by this measure, we have pro-
ceeded 43% 1oward the bottom of the energy
landscape for amorphous configurations. In com-
panison, annealing the ordinary glass @ 296 K
(B = 0.09) or 328 K (B = 0.22) is relaively
ineffective. Similar results were observed for
IMC deposited at T — 50 K, with 8 = 0.23 10
0.44, depending on deposition e, These re-

sults can be put into context by comparison
with Kovac’s seminal aging experiments on
pelyvivinylacetate), where 2 months of anncal-
ing achicved By < (L17 ([/6),

fapor deposition can also create unusually
dense glasses. The rtio of the density of vapor-
deposited TNB (pypd to that of the ordinary glass
(P preparcd by cooling from the liquid) in-
creases as the deposition wemperature is lowered
wward Ty — 50 K (Fig. 2). Also shown as the
solid line is a prediction of the density il vapor
deposition produced an equilibrium supercooled
liquid at the deposition temperatare (/.2). For this
rmnge of deposition temperaturcs, our samples
nearly achieve this upper bound for the density, 1T
we define a fictive temperature based on density,
deposition at 29 K produces Tp= 300 K, shight-
Iy lower than the fictive temperature based on
the enthalpy (/5).

We have used neutron reflectivity to charae-
tenze diftusion i glasses of TNB. The lugh spa-
tial resolution and large contrast in the scallering
length of neutrons for hydrogen and deutenum
nuclei make this an excellent technique for quan-
tifying molecular motion. As schematically shown
in the insct of Fig. 3, 300-nm films were prepared
by alternately vapor-depositing 30-nm-thick lay-
ers of protio TNB (h-TNB) and deuterio TNB
(d-TNB) (/7). The specular reflectivity R was
mcasured as a function of beam angle relative o
the sample surface. This value. multiplied by q“
for clarity, is plotted as a function of the wave
vector ¢, Reflectivity curves for samples vapor-
deposited m different wemperaures display dil-
fraction peaks: as expected for our symmetric
mulilayer samples, only odd diffraction orders
are present. For samples deposited at low tem-
perature, dilfraction can be observed up 1o the
13th order, indicating very sharp h-TNB/d-TNB
interfaces (/3).

Time series of neutron reflectivity curves
were obtained for two vapor-deposited samples
during annealing a1 342 K for samples deposied
at 330 K (Fig. 4A) or 296 K (Fig. 4B). During 8
hours of anncaling, all diffraction peaks (except
the first-order peak) for sample A decaved o
#ero, indicating that substantial interfacial broad-
cning had occwred because of interdiffusion of
h-TNB/d-TNB. During the 16 hours of anncal-
ing at 342 K for sample B, no detectable inter-
diffusion occumed, even on the single-nanometer
lengih scale. We emphasize that the only differ-
ence between these two samples was the temper-
ature ot which the substrate was held during
deposition.

Figure 4A illustrates the behavior of an or-
dinary glass anncaled near 7: as shown clse-
where (/7), interdiffusion in this sample is
charmcteristic of the equilibrivm liguid. In con-
trast, the sample deposited near 7, - 50 K (Fig.
4B} is kinetically much more stable, in qualitative
agrcement with the high onsct empersture shown
for the vapor-deposited sample in Fig, 1A, We
can quantily the magnitude of this stability i
terms of the equilibrivm structural relaxation time

19 JANUARY 2007 VOL 315 SCIENCE www.sciencemag.org




Fig. 3. Neutron reflectivity versus
wave vector q for multilayer TNBE
films vapor-deposited at the specified
temperatures. The peak intensities
are determined by the sharpness of
the h-TNBW-TNB interfaces, which
vary from 1.5 to 9 nm (full width at
half maximum of the concentration
profile derivative). The diffraction
order of each peak is given by the
numbers at the bottom. The inset
illustrates the structure of the vapor-
deposited sample (15).

-
o
.
[+ 4

0.04 )
qlA’)

0.06

Fig. 4. Neutron reflectivity data for TNE multi-
layer films continuously annealed at 342 K. The
substrate temperature during vapor deposition
was (A) 330 K and (B) 296 K. The decay of the
harmonic peaks in (A) occurred over & hours
and is caused by bulk molecular diffusion (17},
No detectible diffusion occurred in (B} over 16
hours (15).

Tg. known 1o be 250 s at 342 K (f8). The
induction time for the sample deposited at 7y - SOK
exceads 200 1. Consistent with this result, we
have observed in preliminary expenments that
ervstal growth raes in stable, vapor-deposited
TNB glasses are slower than in ordinary glasses,
although the former may contain crystal nuclei,
The reflectivity curves in Fig, 3 provide in-
sight into the mechanism that allows vapor dep-
osiion w0 create unusually stable glasses, The
average h-TNBA-TNB interface widths of the
as-deposited samples were extracted from fits w0
the raw data (/7) and ranged from 9 nm for the
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sample deposited at 339 K to L5 nm for dep-
osition at 242 K. For all samples deposited at
296 K or above, the interfacial width excecds
the surace roughness (~1.5 nm) as determined
by x-ray and neutron reflectivity and the broad-
ening estimated for bulk diffusion during the
deposition process (/7). Deposition al 242 K
(Tg — 100 K) produced interfacial widths that
are consistent with the surface roughness.

Because the h-TNB/A-TNB interface widths
for deposition temperatures above 242 K cannot
be explained by surface roughness or bulk dif-
lusion, we temtatively attribute them 1o enhanced
mobility within a few nanometers of the surface
of a TNB glass. Such mobility would explain
both the broad interfaces observed in the as-
deposited samples and the unusually stable glasses
formed by vapor deposition. At the deposition
rates used in our experiments (0.1 o 5 nmis),
TNB molecules would be a part of the mobile
surface layer for ~1 s before they are buried and
become pan of the bulk glass. 1Fmolecules atthe
surfrce can substantially rearrange in 1 5 they
can find configurations that are near equilibrivm
conligurations ai the temperature of the subsimic,
even il the substrate is well below 7.

This rapid configuration sampling a the sur-
face would, ina laver-by<layer Fashion, produce a
bulk glass that is low in the encrgy landscape
with unusupally high density and kinetic stabil-
ity. It would also produce the broad interfaces
observed for deposition o emperatures of 296 K
and above. Enhanced surface dynamics sim-
ilar to those in our proposed mechanism have
been recenily reporied. By measuring voliage
changes induced by the motions of implanted
ions, Cowin and co-workers deduced a marked

decrease of the viscosity for the top 3 nm of

thin films of supercooled 3-methyipentane (79).

REPORTS

ples vapor-deposited at 2% K have interface
widths of 2.5 nm, clearly in excess of the width
associated with surlace roughness. We annbute
the additional | nm ol imerface width o surface
mobility and, given a deposition rte of 0.1 nm's,
the molecules are within the mobile surface
layer for 10 5. Combining this length and time
yields an estimate for the surface diffusion co-
efficient of 5 = 107"% em®/sce. For bulk TNB,
this diffusion coeflicient is found near Ty, where
the structural relaxation time 1, is a few seconds
(47, 18). Thus, surface molecules plausibly re-
main mobile for several structural relaxation
times belore becoming buried, arguably long
enough 1o find near-cquilibrium configurations
at 206 K,

Civen the widespread vse of vapor-deposition
techniques, it is swprising that unusually stable
glasses have not been reported previously, In fact,
it is commonly reported that vapor-deposition
creates bow-density glasses with low kinetic and
thermodynamice stabaliy (24-26). As compared
with many reported depositions of metallic and
organic matenals, we have used lower deposition
rates and'or substrate temperatures that are nearer
o Ty, We observie the creation of highly stable
glasses only for substrate temperatuncs Tyep Ty in
the vicinity of 0.85, Additionally, we observe that
increasing the deposition rate can considerably
decrease the stability of the glasses formed. These
observations are all consistent with our pro-
posed mechanism: Faster deposition does not
allow as much time for equilibration at the sur-
face and, at low enough temperture, surface
molecules will rearmnge o slowly w0 equili-
brate. Indeed, the metallic glass commumty has
known lor decades that fast, low-temperaure
deposition is required 1o prepare high-energy
glasses that quench thermody namically unsiable
mixtures (27)

We speculate that unusually stable glasses
can be prepared for many sysiems that can be
vapor-deposited, il surface mobility is enhanced
and ihe subsimic emperature is appropriaiely

controlled. We anticipaie that the availability of

low-energy glasses prepared by vapor deposition
and less general routes (28 will allow new

nsights into glass formation and the nature of

the lower regions of the energy landscape. Sta-
ble glasses could also affect wechnologies such
as amorphous pharmaceuticals, where stabil-
ity agzainst crystallization 1s required Lo retain
the enhanced bioavailability of amorphous
preparation.
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Unexpected Stability of Al;Hg:

A Borane Analog?

X. Li, A. Grubisic,! 5. T. Stokes,! ). Cordes,’? G, F. Gantefdr, K. H. Bowen,'*
B. Kiran,® M. Willis,® P. Jena,? R. Burgert,* H. Schnickel®

Whereas boron has many hydrides, aluminum has been thought to exhibit relatively few. A
combined anion photoelectron and density functional theory computational study of the Al;H,
anion and its corresponding neutral, AlyH;, showed that AlyH; can be understood in terms of the
Wade-Mingos rules for electron counting, suggesting that it may be a borane analog. The data
support an AlyH, structure with a distorted tetrahedral aluminum atom framework, four terminal
Al-H bonds, and two sets of counter-positioned Al-H-Al bridging bonds. The large gap between
the highest occupied and the lowest unoccupied molecular orbitals found for AlgHg, together with
its exceptionally high heat of combustion, further suggests that AlsHg may be an important

energetic material if it can be prepared in bulk.

ven though alumimum and boron are sis-
Elur clements in the penodic table, alumi-
num forms only a few hydrdes, whercas
boron has many, known as the boranes. The
known hydride chemisiry of aluminum is limited
o Allly and Alsllg, scen in crvogenic matrices
(f, 2) and pedhaps the gas phase (F); alane,
(Al ). @ polymeric solid: Allly and its alkali
metal salts, the alanates, such as LiAlHy (4);
Al H formed in beams (3, 6): and dissociative
chemisorption products of Dy + Al inleractions
in beams (7). Boron hydrides, in contrast, exhibit
a broad diversity of stoichiometries, such as
Hzl If.. H.|I I|u. H-_d l. I‘];,l Im. and I‘Iml I]q, (&-I1).
Giiven the electronic similanty between aluminum
and boron, the lack of a comparable aluminum
hydride chemmistry is puezling, Are analogous alu-
minum hydrides simply unstable under all circume-
stances, or might there be pathways by which
they can be formed and environments in which
they are stable?
We explored these questions by rapidly va-
porizing aluminum metal in the presence ol an
abundant, albeit momentary, concentration of

'Departments of Chemistry and Materials Science, Johns
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of Physics, University of Konstanz, 78457 Konstanz, Germany.
*Depantment of Physics, Virginia Commonwealth University,
Richmond, VA 23284, USA. “Institute of Inorganic Chemistry,
Liniversity of Karlsruhe (TH), 76128 Karlsruhe, Germany.
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hvdrogen atoms and the cooling environmment of
a fast helium gas expansion. These conditions
were provided by a pulsed are discharge source
(PACTS) (5, 12). The value of the PACIS source
for stwdving aluminum cluster anion and hydro-
gen interactions was first realized by Ganefor
and co-workers, who used it in photoelectron
studies of HAlLs and similarly sized alumi-
num cluster anions, cach with up 10 two hy-
drogen atoms atiached (5). In our study, such
a source provided a doorway into a much wider
world of aluminum hydride cluster anions. In
a PACIS source, a discharge is struck between
an anode and a grounded, metallic sample
cathode as helium gas from a pulsed valve flows
through the discharge region (Fig. 1. When
an extender tube 15 added 10 this amangement,
addinonal gases can be added downstream. In

. electrode
quartz

Fig. 1. Schematic diagram of a PACIS source,

our study, the sample electrode was alunu-
num, and hvdrogen gas was back-filled before
cach discharge event Upon imination of the
pulsed discharge, a plasma containing hydro-
gen atoms (the latter formed by the dissociation
of Hab expanded down the extender tube, cool-
ing, clustering, and reacting along the way.
The resultng amons were then subjected o
extraction and mass analysis by a ime-of-1light
mass specirometer. Their mass spectra revealed
that between 1 and 10 hydrogen atoms had
been attached 1o cach aluminum cluster anion
stze. A typical experiment in which aluminum
cluster anions, Al (v = 3 1w 20), were gen-
erated thus revealed roughly 200 previously
unobserved aluminum hydride anions. A por-
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Fig. 2. (A) Mass spectrum showing the wide variety
of Al Hy  anions that are formed with the PACIS
source. Insets show magnified views of selected
portions of the mass spectrum, revealing individual
AloHy spedes, (B) A portion of the mass spectrum
showing only the Al H,," series.
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tion of such a mass spectrum is presented in
Fig. 2A.

Although we have resulls on many of these
specics, we chose o introduce this new family of
aluminum hydrides by focusing on AlgHg and
two similardy sized hydrides, Figure 2B, which
highlights the AlgH,, portion of the aluminum
hydride anion mass spectrum, shows that AlgHg
is a4 magic number species—i.c., a reproducibly
intense mass peak relative 1o its neighbors, Most
olien, when a peak in a mass spectrum shows this
behavior, the species represented by that peak is
unusually stable, However, in the case of the
anion, Algtls, we saw no plausible reason for
such special stabiliny,

The explanation for its enhanced intensity lics
in the photoclectron spectrum of AlHg . Anion
photoclectron spectroscopy was conducted by
crossing a mass-selected anion beam with a lixed-
frequency photon beam and analyzing the encrgy
of the resultam photodetached clectrons. The
enerpetics are governed by the encrgy-consarving
relationship, dv = EBE + EKE, where Iy is the
photon energy, EBE is the clectron binding
energy, and ERE is the electron kinetic energy.
Algtly anions were generated in a PACIS source
as described above and mass-selected by a time-
of-light mass spectrometer. Their excess elee-
trons were photodetached by 4.66-¢V photons

from the fourth harmonic of a neodymium-doped
vitrium aluminum gamet (NA:YAG) laser and
then detected by a magnetic bottle clectron encrgy
analyzer (/3).

The photoelectron spectium of AlgHg (Fig.
3A ) displays two main featurcs, a largely singular
peak at EBE = 14 and two or more closcly
spaccd peaks at higher EBE valucs, All of these
peaks arise as a result of photodetachment tran-
sitions from the ground clectronic state ol the
AlgHg anion o the ground and excited electronic
states of its comesponding neutral, AlgHs Be-
cause the peak at lower EBE is due 1o the ground
(anion)-1o- ground (neutral) electronic transition,
it provides a measurement of the adiabatic elee-

tron affinity (£4,) of neutral AlgHg. The EA, of

AlgHg was determuned w0 be 125 + 015 ¢V
{where the ermor s the standard deviation). Adso,
the vertical detachment energy (FOE), which is
the EBE value of the maxima in the lower-EBE
peak, was found to be 1.35 = 0.05 ¢V, It nep-
resents the maximum Frmek-Condon overlap
between the anion and its corresponding neu-
tral at the structure of the anion. OF more inter-
esl, however, is the energy splitting between the
lower peak and the first featune among the higher-
EBE set of peaks. Within Koopimans™ approx-
imation, this value is the highest occupied
molecular orbital-lowest unoccupicd molecu-
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lar orbital (HOMO-LUMO) gap of the anion’s
coresponding neutral—i.e., the HOMO-LUMO
gap tor AlgHg. Thus, the HOMO-LUMO gap of
neutral AlgHeg 15 1.9 ¢V This very large HOMO-
LUMO gap implics unusual stability. The HOMO-
LUMO gap of Cgq. for instance, s ~1.7 ¢V (J4).
The high stability of neutral AlyHg sugzests that
it is particularly abundant, leading to enhanced
AlgHy ™ anion formation. Thus, the high stabality
of neutral AlyHg appears 10 be the reason {or the
magic number prominence of anionic Alytls in
the mass spectrum. The high HOMO-LUMO gap
of Algls is put into further context by examining
the photoclectron spectra of the specics imme-
diately adjacent in size, AlHs and ALy, Their
photoclectron spectra are presented in Fig. 3, B and
C, respectively. They each display much smaller
HOMO-LUMO gaps than does AlHg (-0.4 and
-0 eV, respectively), showing that AlH, is indead
unusually stable in companson with aluminum
hydrides of spmilar stoichiometnes.

Having found neutral AlH, 1o be a particulary
stable species, we conducted electronic struc-
ture calculations 1o determine its structune and
the nature of its bonding. These were done at
the Density Functional Theory - Generalized Gra-
dient Approximation level of theory using a
PerdewWangd1  exchange-corelation  functional
with triple zeta valence polanzation basis sets
(13, 16). Geomatrics were optimized  without
symmetry constraints. Figure 4 presents the low-
st energy structure of AL H, found by means of
those calculations. The next higher-eneray struc-
tures of Al Hg and ALH, were 0.33 and 1.07 ¢V,
respectively, above their respective lowest-cneroy
structures. In the lowest-cnenzy structure of AlgH,.
the aluminum atom framework is a distoned
tetrahedron with a terminal hydrogen atom
bonded w each aluminum atom and with cach
of two hydrogen atoms forming  counierposi-
tioned bridging bonds across two aluminum
atoms. Thus, there are four terminal hydrogen
atoms (four Al-H bonds) and two bridging hy-
drogen atoms. The slight distortion of the
aluminum framework’s tetrahedral svmmetry is
dug 1o the presence of the two sets of bridging
bonds, These same calculations also gave en-
crgctic results that are in excellent agreement
with those determined from the photoclectron
spoctrum of AlHg . In particular, the caleulations

Fig. 3. The photoelectron spectra of (A) AlsHs ™, (B} AlsHs ™, and (C) AlgH;™, all recorded with 4.66-eV  Fig. 4. The calculated structure of neutral

photons.
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AlgHg, shown to be a distorted tetrahedron.
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predicied a FOE value of 148 ¢V oand an £4,
value of 1.36 ¢V, The HOMO-LUMO gap was
caleulated using tme-dependent density function-
al theory and was tound o be 1.85 ¢V,

Because the structural features seen in Fig, 4
are reminiscent of those in hornes, it is natural 1o
compare the structures of AlLLH, and By,
Although BgHg has not been observed experi-
mentally, caloulations have predicted that its
structure is the same as that of AlgHl (7). More-
over, ByllRy derivatives of Byllg have been
synthesized, and they too display the same struc-
ture as that of AlyHg (/5). Thus, the similarity of
the calculated structure of neutral AlgHg to that of
bormnes led us o investigate whether the Wade-
Mingos rules, onginally established o relate
borane geometries to their electronic structures,
might also be applicable to the aluminum hy-
dride specics we observed. The best known fonm
of the Wade-Mingos rules (F6, J9-24) applics 1o
closo-boranes of stoichiometry, B,H,>, which
contain (2n + 1) valence electron pairs. OF these,
n pairs are required by the B-H temminal bonds,
leaving n + 1 electron pairs for cage bonding, The
Wade-Mingos (n + 1) rule states that a borane
with i + 1 electron pairs for boron cage bonding
will have a structure based on an n-vertex poly-
hedron, such as BgHg, which is an octahedron,
In addition 1o the bomnes, Wade-Mingos mules
have been successful in relating electronic strue-
ture to geometric structure in numerous other
classes of cluster compounds,

In explonng the application of Wade-Mingos
rules to AlgH,, we teated it as Al,H,Y, analo-
pous to B,H,2 ", although formally AlgH,, should
be written as Al + 2H 1o account for all of
the nuclei as well as the clectrons. Treating AlyHy
as AlHg™ is justified because the two bridging
hydrogen atoms donate their two electrons 1o the
aluminum skeletal cage. Thus, rom an ¢leciron-
counting perspective, AlyHy can be viewed as
Al + 2¢” or AL In the case of ALHL,
there are 18 valence elecirons. Eight of these are
invalved in forming four Al-H terminal bonds,
leaving 100 electrons or five pairs for cage bond-
ing. Because o + 1 = 5, 0 is equal to 4. which
implies a tetrahedral structure. A strict appli-
cation of Wade-Mingos concepts o the n = 4
casc, however, would instead predicta Jabn=Teller
distoried wetrmhedral cage, given that the occupiod
molecular orbitals i tetmhedral symmetry are
both dezenerie and parially filled. Nevertheless,
this symmetry-borme resiriction is moot in the case
of Allls because the presence of two bridging
hydrogen atoms decreases its svmmetry o Dy,
Specifically, the two scts of bridging bonds are
cach three-center, iwo-clectron bonds in which
the AlRAl linkage in each Al-H-Al bridge bond is
vinual-—i.e. the bridged hydrogen is an imegral
pan of the closo-AlH, cage. Thus, with only
minor caveats, the predicted structure s consist-
ent with our caleulated structure in Fig. 4, and
although the Wade-Mingos rules were not de-
veloped for this particular case, they fit it
relatively well. Thus, despite the dilferences

between the hydride chemistrics of boron and
aluminum, AlyHg displays substantial bonding
and structural similarities o the boranes and thus
15 amalogous o them. There are also other mter-
esting touchstones. For example, the bonding in
AlgHg would be considered by some 1o be an
example of three-dimensional aromaticity (23,
several other tetmhedml Aly structures have boen
observed among inorganic clusters in the sollid
state (26, 27), and before now, Al;zR > (where
R is a -butyl group) was the only example of an
aluminum cluster anion reported to adhere w the
Wade-Mingos rules (28),

Furthermore, it now becomes clear why
neither AlgHs nor AlyH; exhibit notable HOMO-
LUMO gaps (Fig. 3, B and ). Both AlHs and
AlgHs have odd numbers of valence clectrons
(17 and 19, respectively), and the Wade-Mingos
rules deal only with even numbers of clectrons
e, with electron pairs. Thus, the large HOMO-
LUMO gap of ALH; and the small HOMO-
LUMO gaps of AlHs and AlgH; are consistent
with the Wade-Mingos rules.

Algtls is an impressive high-enengy density
molecule or cluster that may have application in
propulsion. We calculated the heat of combustion
ol Al Hg 1o the products, ALO; and water, 1o be
438 kealimol, -2.6 times greater than that of
methane, Moreover, given the thenmodynamic
driving foree required o go all the way 1o alu-
ming and water, it is unlikely that the combustion
products of AL H, will stop at some intermediate
species as boranes are known 10 do. Furthermore,
the large HOMO-LUMO gap lor AlgHg implics
that it may be relatively stable and perhaps can be
synthesized in bulk guantities. I so, AlyHg and
relaed species could be importam energetic
matenals.
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Divalent Metal Nanoparticles

Gretchen A. DeVries, Markus Brunnbauer, Ying Hu, Alicia M. Jackson, Brenda Long,
Brian T. Neltner, Oktay Uzun, Benjamin H. Wunsch, Francesco Stellacci*

Manoparticles can be used as the building blocks for materials such as supracrystals or ionic
liquids. However, they lack the ability to bond along specific directions as atoms and molecules do.
We report a simple method to place target molecules specifically at two diametrically opposed
positions in the molecular coating of metal nanoparticles. The approach is based on the
functionalization of the polar singularities that must form when a curved surface is coated with
ordered monolayers, such as a phase-separated mixture of ligands. The molecules placed at these
polar defects have been used as chemical handles to form nanoparticle chains that in turn can

generate self-standing films,

anoparticles that consist of crystals of
Nlum to thousands of atoms have been
used as “antificial atons™ 10 form supra-
crystals that mimic ionic solids (/) or o form the

mnoscale equivalem of ionic liguids (2). Breaking
the interaction symmeiry in these isotropic and
almost spherical matenals s a major challenge.
is increasingly evident that nanopantickes would
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become a much more powerful research wol if i
were possible 1o place a known small number of
molecules i ther hgand shell to enable dince-
tional assembly, for example. This would enlanze
the scope of potential applications, because
anisotropic assemblics have distinctive propertics
that cannt be found or produced in isotropic as-
semblics (3, ). Indecd, a lange rescarch effort wo
dircet the assembly of nanopanticles (NPs), based
primarily on biomolecules (5-9) or other wm-
plating agents (/7). has been hindered by a lack
of control over the number of receptors that
interact with the templating agent. Approaches
based solely on stoichiometry tend 1o require
dilute aqueous solutions, resulting i limited
throughput (7, 12} Recently, creative methods
to introduce single valency in NPs have been
developed, mostly through solid-state reactions
(£3- 1), We present an approach to functionalize
monolayer protected metal NPs at two diametn-
cally opposed pomts that exist as a consequence
ol the topological nature (17, 18) of the particles.
Specifically, we have made NPs that act as
divalent building blocks (“antificial monomers™),
and can be reacted with complementary divalent
molecules 1o fonn chains that can then produce
sell-standing films.

Monolaver protected metal NPs are supra-
molecular assemblics consisting of a metallic
core coated with a selfcassembled monolaver
(SAM) composed of one or more types of thiol-
terminated molecules (ligands). It is known that
molecules in SAMs on Nat gold surfaces form a
two-dimensional (2D) erystal in which every
molecule conforms to the same tilt angle and
direction relative w the surface normal (79, 20) in
order o maximize the van der Waals inleractions
with its nearest neighbors. Landman and co-
workers (2/) addressed the question of the
morphology of the ligand shell SAM on the

Department of Materials Science and Engineering, Massa-
chusetts Institute of Technology, Cambridge, MA 02139,
USA,

*To whom correspondence should be addressed. E-mail:
frstellagmit edu
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faceted surface of a gold NP They found that
ligand molecules conlorm to one single ult angle
relative 1o a common particle diameter rather
than assuming their equilibrium tiltangle on cach
crystallographic facet, which would generate a
large number of line defects along facet edges.
That is, the vectorial projection of the tilied lig-
and molecules propagates around the particle.
This needs to be reconciled with the fact thaton a
topological sphere a 2D ervstal cannot exist
unless two separate point defects are present
22, 23). This is commonly known as the “hairy
ball theorem™ that states that it is not possible 10
“align hairs” onto a sphere without generating
two singulanities (such as the whirl on the back of
our heads), Recently, we have shown (18, 24)
that mixtures of thiolated molecules, which on
flat gold surlaces separate into mndomly distrib-
uted domains (25), form ordered  aliemating
phases (npples) when assembled on surfaces
with a positive Gaussian curvature, such as the
core of an NP (Fig. LA} These types of domains
will profoundly demarcate the two diametrically
opposed singularities at the panticle poles, where
the Angs collapse ino points (Fig. 1B). We
conjecture that, in the case ol a sell-assembled
ligand shell, the polar singularitics manifiest
themselves as defect points, that is, sites at which
the ligands must assume a noncquilibrium il
angle. Ligands at the poles, being not optimally
stabilized by intermolecular interactions with
their neighbors, should be the first molecules w
be replaced in place-exchange reactions (SOM
Text S1)

Gold NPs coated with a binary mixiure of
l-nonanethiol (NT) and d-methylbenzencthiol
(MBT) were synthesized and characterized by
scanning wnneling microscopy (STM). Ordered
rings similar in nawre and spacing o the ones
observed previously (/8) were found. These mol-
ccules were chosen Tor multiple reasons: They
have a strong driving force for phase separation
and a large STM conwast, and are terminaied
with unrcactive methyl groups. Transmission
clectron microscopy (TEM) was used to deter-
mine the size distribution and the molecular

Fig. 1. From rippled particles to
NP chains. Idealized drawing of (A)
a side view and (B) a top view of a
rippled particle showing the two
polar defects that must exist to
allow the alternation of concentric
rings. {(C} Schematic depiction of
the chain formation reaction.
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weight of the NPs. To place-exchange a the polar
defeets, the particles were dissolved ina solution
comaining 40 molar equivalents (relative to the
moles of patticles) of 11-mercaptoundecanoic
acid (MU A )activated by N-hvdroxysuccinimide.
Adier stirming for 30 min, the reaction was mp-
idly quenched by filration over a Sephadex
column or by inducing precipitation with de-
ionized water. A two-phase “polymenzation™
reaction inspired by the well-known procedure
to synthesize nylon was then performed by com-
bining an organic (1oluene) phase containing the
MUA functionalized particles with a water phase
containing divalent 1.6-diaminohexane (DAH)
{Fig. 1C).

Within a few minutes, a precipitate begins (o
form at the water-toluene interface (fig. 51k after
a few hours, the reaction reaches equilibrium.
The precipitate can be re-dissolved in tetrahy-
drofuran { THF ) and dropped onto a TEM grid or,
conversely, collected dircetly on a TEM gnd and
rnsed with THE TEM images in both cases
show a large population of lincar chains of NPs,
ranging from 3 to 20 NPs in length (Fig. 2). The
low fraction of branched chains and the absence
ol 3D aggregates in the images strongly supports
the idea of selective functionalization at the two
opposed polar defects and suggests that polar
singularitics react even faster than other defects in
the ligand shell,

Many control expenments were performed o
observe the formation (or lack thereol) of a pre-
cipitate and the presence or absence of chains in
TEM images of both the precipitate and the wl-
uene phase (g, 52) Mixed-ligand rippled NPs
showed precipitate only when pole-functionalized
with MUA, cither activated or not activated. NPs
containing carboxylic acid groups everywhere in
the ligand shell formed, as expected, only large
3D aggregates resulting from nondirectional
interparticle bonding. In general, precipitate was
not observed when DAH was not present in the
water phase or when the particles lacked car-
boxylic acid terminated ligands, proving that the
precipitate is a product of an amide-coupling

reaction leading to an amide bond (in the case of

activation) or tooa salt, A statistical analvsis was

o b

Fig. 2. TEM images of chains that compose the
precipitate obtained when MUA pole-functionalized
rippled NPs are reacted with DAH in a two-phase
reaction. Scale bars 200 nm, inset 50 nm.
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Fig. 3. Variation in interparticle A
distance with linker molecule. (A)

Distribution of internanoparticle distances

Distribution of interparticle distances
in chains with DAH linkers (blue) and
EGDA linkers (red). The average
interparticle distance for DAH was
2.2 nm = 0.4 nm; for EGDA, it was
4.2 nm + 0.9 nm. Nate that the
measured distributions barely over-
lap. Insets show TEM images of rep-
resentative chains of each type.
Scale bars, 20 nm. (B) Schematics
illustrating {left) the potential ge-

Frequency

mDAH lnker
o EGDA hinker

o

"

ometry of NPs that could result in 0 EI.
the measured interparticle distances

being smaller than the length of the

linker and (right) the conformation- B

al freedom of EGDA that could re-

sultin the observed wide distribution

of interparticle distances for this type

of chain.

performed on chains and controls resulting from
one-phase syntheses (26). After analyzing more
than 40 samples with a twotal population exceed-
ing 30,000 particles, itwas found that the average
fraction of particles in chains was 20% (8D =
&%), whereas in all control experiments only 3 1o
3% of the NPs were found in chainlike structures,
The one-phase synthesis had a lower vield than
the mterfacial two-phase reaction.

To further prove that the chains observed
in our TEM images were due o molecular
linking of our panticles, the synthesis was per-
formed with one of two divalent linking mole-
cules of different lengths: DA and €10'-Bis(2
aminoethy Doctadecacthylene glycol (EGDA).
We then measured the average interparticle sep-
aration along the chain (defined as the distlance
between the two nearcst points or facets). As-
suming an all-trans conformation for the molec-
ular linkers (i.c., two MUA molecules covalenily
bonded to cither DAH or EGDA), the expected
interpanticle distance would be 3.6 and 9.6 nm,
respectively. Analysis of TEM images showed an
average micrparticle separition of 2.2 nm (5D =
.4 nm) for DAH and of 4.2 nm ({SD = 0.9 nm)
for EGDA (Fig. 3A), proving that the observed
chains are kept wogether by the molecular linkers,
The larger spread in the EGDA distnbution was
expecied because of its greater conformational
freedom (Fig. 3B) Evidence that chains are
present in solution (as opposed 10 being caused
by solvent drying) was also obtained through
light-scattering experiments, We found an in-
crease in scattering intensity for THF solutions of
chains as compared with soluwtions of identical
oplical density containing only the starting par-
ticles (fig. S3), proving the presence of aggre-
gates in solution. Morcover, NPs of two dilferent
stzes (average diameter 10 and 20 nim, respective-
Iy ) were pole-functionalized with 16-mercapto-1-

10 20 30 40 50 60 70 80

Interpanicle distance (nm)

Potental knkor posdtion Potental EGDA linker conlormaltion
Manisior s bt
IMerpartcie Intorparticie
et detance

hexadecylamine and reacted with sebacoyl
chlonde (a divalent molecule) to form chains
of random composition (fig. S4). When the
same particles were cast on a TEM grd without
previous pole functionalization or without react-
ing with sebacoyl chloride, primarily isolaed
particles were obtained. To prove the dynamic
nature of the chains, we exposed them to a large
exeess of NT for 3 days and observed only
isolated particles in TEM images (fig. 55). Poles
provide a disunctive way 1o place NPs on a
surface with their dpples paralle] w the subsirate
plane. STM images of samples prepared in this
way lack the striations present when the sample is
prepared such that the ripples are perpendicular
to the substrate plane (fig. S6).

Place-exchange reactions have been thor-
oughly stuwdiecd by Muorray and co-workers
(27-29). They found that molecules exchange
first an defects in the ligand shell or at comers and
edges of the core crvstal, Using nuclear magnetic
resonance, they calculated the initial mie of the
ligand-exchange reaction: For l-octancthiol
coated NPs they found a second-order reaction
rate constant of 3 1072 M7 57" (27), In our sys-
tem, the place-gxchange reaction reaches oqui-
librivm qat least for pole functionalization) afier
10 min (30). Given that the number of NPs that
contain at least one MUA molecule in their
ligand shells can be experimentally evaluated (by
making the conservative assumpltion that every
MUA-Tunctionalized panicle will react 1o form
an insoluble chain), the second-order rate con-
stant was found to be 1.67 M~ 57", about two
orders of magnitude larger than that observed
for homoligand NPs (27), Applying the fastest
second-order rate constamt published (27), the
number of MUA molecules that would have
reacted at defects other than the poles under our
reaction conditions is only | MUA molecule

per 100 NPs, [t should be pointed out that (1) we
assume that every chain precipitates but observe
few dimers i TEM images of the precipitate,
henee they must sull be soluble; and () we
assume that only one MUA molecule is located
at each pole. Faster rates of reaction would be
obtained 1 any of these assumplions were re-
moved. These Kinetic experiments show that
defiects at the molecularly defined polar singu-
larities of mixed ligand NPs are thermodynami-
cally distinet from those at crystallographically
defined vertices of the core erystal. Most ex-
periments were performed with particles with
an average diameter of ~ 4 nim; as the size of the
particles changes, 1 is reasonable o expect tha
the rate of polar reactions will vary, The polar
simgularitics will exist only In a cenan siee
mnge: On surfice hemispheres with a radius
larger than 20 nm. ripples do not form (/&) and
a similar behavior s expected on NP5, Inves-
ngatons are under way 1o determune the lower
st2e lint; we have observed nipples and chamms
in NPs as small as 3 nm in diameter,

Enough NP chains at the water-toluene in-
terface have been produced to form a continuous
film as large as 1 em® (fig. $7). Our preliminary
conclusion is that these lilms (whose thickness
can reach 60 pm) must be composed ol multiple
interwoven chains, Whereas the chains desenbed
here are soluble in dichloromethane (DOM), the
films when placed in DCM quickly lose any
unreacted particles but maintain their structural
integrity and then take weceks o dissolve, The
van der Waals imteractions between the ligand
shells of the particles together with the interchain
moaphology provide enough mechanical strength
tomake these purely NP films sel Ssanding. Con-
trol experiments show that, in situations where
chains are not formed, one of two extreme cases
happen. When the entire ligand shell can react
with diamine (e.g., there is carboxylic acid in the
ligand shell), coarse powders that are insoluble
in any solvent are formed. When the ligand shell
cannot react with diamines, semicontinuous
films form. but only alier the wluene has com-
pletely evaporated; these maicrials can at times
be self-standing but always readily dissolve in
organic solvents,
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Global-Scale Similarities in
Nitrogen Release Patterns During
Long-Term Decomposition
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Stephen C. Hart,” Becky Fasth®

Litter decomposition provides the primary source of mineral nitrogen (N} for biological activity
in most terrestrial ecosystems. A 10-year decomposition experiment in 21 sites from seven biomes
found that net N release from leaf litter is dominantly driven by the initial tissue N concentration
and mass remaining regardless of climate, edaphic conditions, or biota. Arid grasslands exposed to
high ultraviolet radiation were an exception, where net N release was insensitive to initial N. Roots
released N linearly with decomposition and exhibited little net N immobilization. We suggest that
fundamental constraints on decomposer physiologies lead to predictable global-scale patterns

in net N release during decomposition.

itter decomposition converts the products

I of photosynthesis 10 inorganic compo-
nenis and siable soil organic matier. De-
composition releases more carbon (C) annually

than fossil fuel combustion (/. 2), and it rep-
resents the pimary source of nutnients for planis,
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and both nuirients and energy  for microbes,
over biological time scales (3, 4). This is par-
ticularly true for the supply of nitrogen (N},
which lacks a notable geologic input and is
commonly a limiting element to plant growih
(5). Internal recveling of N from litter decom-
position thus provides a key resource for eco-
system productivity.

Litter decomposition 15 a lengthy process
generally requiring vears o decades for come
pletion, and considerable N remains in liver
afier the initial decomposition phase (6-8). The
vast majority  of decomposition  studies have
been conducted over short time penods (<5
years), and at local scales using site-specific lit-
ters (9-47), making cross-site comparisons dif
ficult. The lack of long-term broad-scale studics
on liter decomposition and nutrient  release
inhibits our ability w0 accurately predict eco-
system O balance and mesponse 1o environ-
mental change at regional and global scales. The
Long-Term Inersite Decomposition Experiment
(LIDET) was a |O-year effort cncompassing
most of the world's biomes designed 10 deter-

minge long-term controls on decomposition and
nutrient immobilization or meraliztion. The
study used several leal and oot litters that dif-
fered in chemical quality, with a core set of five
to six leal litters and three root liters that were
decomposed at all sites (/2). This data set is
unique in that it encompasses the global array
of climatic conditions (Table 1), includes a
wide range of soil types and associated soil
microbial community compositions, and was
carried out over an unprecedented time span.
Our goal was 1o use the LIDET core litter data
set (1) from upland terrestrial sites 1o deter-
mine which combination of climate, initial
litter chemistry, and site-speeific chamectenstics
(¢.g., those denved from edaphie conditions and
decomposer biota) best predict long-term
paiterns in litter N dynamics during  decom-
position (/. [0, {2-14). The daa st included
seven biomes, cach with at least two replicate
sites (n = 21 sites). We used mean annual tem-
perature and precipitation.  actual evapotran-
spiration, and the climatic decomposition index
1CDI) as potential prediciors of decomposition
mies and N dvnamics (Table 1) The CDI incor-
porates seasonality in temperature and  mois-
ture and has been shown to be well correlated
with decomposition rates over | o 5 vears (/).
The core liters were chosen 10 cncompass a
wide range of C:N ratios, and concentrations
of N, lignin, and other secondary compounds
(Table 1, whle S2).

CDl was the best predictor of decom-
position raics globally {comelation coefTficient
= 0.68). Leal and root litter decomposition
were slowest in the cold, dry regions, such as
boreal forest and windm, and fstest in the
warm, moist tropical forests (Fig. 1) A notable
exception was the mpid leal liner decomposition
mte in arid-zone perennial grasslands despite a
CDI of 0011 (Fig, 1C); these ecosystems may
have been atfected by ultraviolet (UV) mdiation
(/5-17) in addition 1o climate,

Unlike pattems in mass loss, net N immo-
bilization and release in leal liner were strongly
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Table 1. Climate data for the seven biomes used in this study. The mean
time to the initiation of net N release (TNET) is given in years for each leaf
litter species and biome and was calculated using the best-fit equation to
determine the point of maximum net N immobilization (18). Mean

Mean
annual PPT
{mm)

Mean
annual
TMP (°C)

Biome

Climatic
decom position
index (CDI)

TRAE PIRE
0.38% N 0.58% N
TNET TNET

Mean AT
{mm)

precipitation (PPT), temperature (TMP), actual evapotranspiration (AET),
and the climatic decomposition index (37) are shown. TRAE, Triticum
aestivum; PIRE, Pinus resinosa; THPL, Thuja plicata; ACSA, Acer
saccharum; QUPR, Quercus prinus; DRGL, Drypetes glauca.

THPL
0.62% N
TNET

ACSA
0.80% N
TNET

QUPR
1.02% N
TNET

DRGL
1.98% N
TNET

130
9.8
—6.0
0.0
11.2
8.8
23.6

331
807
788
750
1840
1485
3210

Arid grassland
Humid grassland
Tundra

Boreal forest
Coniferous forest
Deciduous forest
Trapical forest

3.5 3
9.5 7.6
6.4 4
38 2.6
1.85 11
0.4 0.6

1490
1138

589

830
1058
1070
1429

0.11
0.30
0.09
0.12
0.27
0.32
0.78

3.9 1.75 1.6
6.4 2.6 1.6
4 2.6 1.3
2.2 1.4 0.7
0.9 0.8 0.33
0.35% 0.5 0.2

0.25
0.5
0.5
0.25
0.2
0.1

controlled by mimal tssue N concentrations
regardless of climate, other litter quality param-
elers, or site chamcteristics. A single, continuous
nonlinear regression denved from the data ex-
plamed 7746 of the vanability m net N immo-

bilization and release as a function of nitial leal’

litter N concentrations and mass remaining for
all forested biomes, humid grasslands, and
tundra ecosystems (Fig. 2) (/8) Pattems in nel
N immobilization and release were clearly
delineated imo four categorics based on the
initial leaf litter N concentrations (Table 1k high
N (L98% N, Dapetes glavea), imtermediate N
(1.02% N, Quercus prinus), low N [0.58 to
0800 N, Pinnes resinosa (decomposed at all bt
tour sites), Tl plicata, Acer sacclarum), and
very low W (0,39 N, Tritfcum aestiven). Litter
high in nitial N content had the best W 1o the
equation (v* = (0L91), although we could still
explam 47% ol the vanaton with the low-N
limer that had the pooresi fit. Leal litiers with
intermediate w0 high initial N concentrations
showed litke or no net N immobilization, de-
fined as the fmction of onginal &V =1 (Fig. 2, A
and B). Substantial net N release staned when
~40% of the mass was lost. The maximum
fraction of original N immobilized increased
as the initial X concentration decreased to low
and very low levels (Fig. 2. A o D). There
wias also a general pattern of increased vari-
ance of the fraction of N remaining as the
mitial N coment of the leal liter decreased. On
average, 170% of the imtal N was immobi-
lized (net) in the litter with very low initial N,

and net N release occurred only atier 607 of

the mass had been lost.

These data demonstrate that  fundamental
constrints on microbial physiology lead o pre-
dictable pattems in net N immobilization and
release during long-term  decomposition.  Pat-
tems in net N immobilization and release have
been shown 1o be related 10 the initial N con-
centration of specific leal liners (79, 20), but
these relations were thought to be dependemt
upon climate, other litter chemical chamctenstics
{7y, cdaphic conditions (27, 22), or microbial
community composition (23, 240 Theoretically
the C:N mtio should dominantly control net N

Leaves

Mass Remaining (%)

Roots

0 2 4 & 8
Time (y)
lmﬂ -Mr -Ear::gmun l}aﬂrﬁal xTundra

4 6 g8 10
Time (y)

=s=Humid Grasskand =s=And Grassland

Fig. 1. Average mass remaining as a function of time for LIDET core leaf (n = 5 to 6 species) and
root (n = 3 species) litters decomposed in 21 sites, (A) Leaf litter decomposed in forest and tundra
biomes; (B} root litter decomposed in forest and tundra biomes; (C) leafl litter decompesed in
humid and arid grasslands; (D) root litter decomposed in humid and arid grasslands. Each species
and litter type was decomposed in replicate bags and collected at multiple time points. Results
show that leaf and root litter decomposition rates generally increase as the CDI increases (Table 1).
In arid grasslands, leaf litter decomposed more rapidly than expected (based on the CDI), possibly

due to photodegradation.

release during liter decomposition  because
microbial decomposers should only release N
when their N requircments have been met. At
low C:N mtios (c.g., high N concentrations),
decomposers meet their N reguirements directly
from the litter. At higher initial C:N ratios, net
immobilization typically occurs as microbes
access N exogenous o the litier and convert it
to microbial biomass or exoenzymes [e.g., (23)].
Immobilization of exogenous N is presumably
controlled by N availability in the environment.
Pattiems in net N release and immobilization
should thus be dependent upon the relative C:N
ratios of the decomposer organisms and the sub-
strate, as well as N availability in the environ-
ment, Here we show that leal liter N dynamics
can be predicted at broad spatial and long
temporal scales based only on the initial liver

N concentration and the mass remaining during
decomposition.

Net N orelease staried when the avermee C:N
rtio of the leal litter was less than 40 (a ange
of 31 10 48). This is somewhat lower than in
a beyear decomposition study across Canada
(C:N = 55) (22). The Canadian siudy used a
narrower range of initial litter N and reported
no relation between initial N concentration and
rates of net N release. However, when net N
release and immobilization are examined per
unit of mass remaining, resulls were similar w
the LIDET study.

As with mass loss, there was one exception
to the pattem of net N release from the LIDET
study. In arid-zone perennial grasslands, leal
livters with low and very low initial N concen-
trations showed a lincar wend of net N release
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Fig. 2. Fraction of
original litter N remain-
ing as a function of
the leaf litter mass
remaining for tundra,
grassland, and forest

1.98% N

20
1.5

25T

REPORTS

1.98% N

1.0
0.5

biomes. (A) to (D) in-
clude all biomes except
arid grasslands; (E) to
(H) compare arid and
humid grasslands. Data
are divided into litter
high in initial N (A and

2.5
20
1.5
1.0
0.5

El, intermediate initial
N (B and F), low initial
N (C and G), and ex-
tremely low initial N (D
and H). The lines on
the graphs show the
best-fit model for de-

Fraction of Initial Nitrogen

1.02% N

25

Fraction of Initial Nitrogen

0.58 - 0.80% N

scribing the pattern of
fraction of original N as
a function of the initial
N concentration of
the litter (15). Model
results match the
observed data and

show that net N im-
mabilization, defined as
an absolute increase in
N concentration of the
litter, is highest for the
leaf litter with very low

®Boreal
forast farast

* Coniler *® Deciduous & Tropical
forest

Mass Remaining (%)

® Humid
grasslands

X Tundra
forest

Mass Remaining (%)

=" Humid Grasslands + Arid Grasslands

initial N concentration and decreases to minimal values for high initial N concentration of leaf litter. Leaf litter in arid grasslands was an exception showing no N

immobilization in the low and very low N litters.

with litthe or no net W immobilization (Fig. 2, E
and F). The pattern of net N release versus mass
remaining for and grsslands could be described
by an equation with no effect of initial litier N
concentration (/&) (Fig. 2. E o H}. This con-
trasts with the results from humid grasslands
that exhibited increasing net N immobilization
as the initial N concentration of the leal litter
decreased (Fig. 2, E w H). Leal livers de-
composed faster in humid grasslands than in
arid grasslands during the carly stages of de-
composition, bul decomposition increased more
rapidly in and grasslands after the hirst 3 w0 5
years o a level equivalent o that of deciduous
forests (Fig. 1), This was surpnsing given that
the CIM for and grasslands is <30¢% that of the
humid grassland and deciduous forest biomes,
The effect was not seen for oot tissues, which
were decomposed below ground and decayed
faster in humid grsslands than in and grass-
lands (Fig. 1D). The rapid increase in leal liver
decomposition during the later stages of decom-
position and the linear net N release regardless
of initial N concentration in arid grasslands may
be caused by photodegradation, And grasslands
typically have less than 100 g m ? of standing
live and dead plant tssucs, '|.‘+'|1L‘I‘I..'ﬁ.: humid
grasslands have more than 400 ¢ m™ above-
ground plant biomass that intercepts most of the

www.sciencemag.org  SCIENCE  VOL 315

solar radiation before it gets 1o the surface leaf

liter (26). Studies conducted durnng the carly
stages of decomposition (1 10 3 yvears) in arid
grasslands have produced contlicting resulis
regarding the effects of UV radiation on de-
composition processes (13, 27, 28). However,
recent studics suggest that where biotic decom-
position is not favored (such as high liner
lignin:N ratio and low moisture availability
typical of arid grasslands), the abiotic process
of photodegradation may predominate (/6).
This mechanism could explain the lack of a
strong correlation betwoen N concentration and
decomposition, as well as the absence of net N
immobilization o these sies,

Contrary o patterns of net N immobiliztion
and release with mass loss, the time required o
initiate net N release (TNET) was sensitive w
initial tissue chemistry and climate, The TNET
was inversely correlated with initial liner N and
CDI (r? = 0.77, P < 0.01) (Table 1). The relation
with CDI reflects the climatic controls on
decomposition rate, The humid tropical biome
had the lowest TNET values, ranging from (L5
vear for very low initial N livter to less than
0.1 wear for high initial N livter. In the wndra and
borcal forest biomes, it took more than 7 years
for net N release to occur in liter with very
low initial N, but only 0.5 year for not N

ction of Initial Nitrogen
o

ra
o =
= o

0.6
047
0z

0
100

Mass remaining (%)

Fig. 3. Fraction of original root litter N remaining
as a function of the litter mass remaining for
Drypetes glauca root litter (A}, and Andropogon
gerardi and Pinus elliottii root litter (B), decom-
posing at the LIDET sites. Met N immobilization was
minimal for decomposing root litter, with N being
released as soon as decomposition of root [itter
starts. The equation for the DRGL roots is y =
-0.0001x% + 0.0221x + 0.0192, r? = 0.90;
the relation for the PIEL and ANGE roots is y =
0.0087x + 0.1409, r? = 0.87.
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release from litter high in initial N, The TNET
was al lcast 30% faster for most leal litters de-
composed i temperate deciduous forests when
comparcd to coniferous forests and  humid
grasslands, all with similar CDIs (Table 1),
Within a given CDI level, other factors such as
cdaphic conditions or decomposer commun-
ities may contribute w0 the differences observed
(29, 30). At the highest leal” liter N concen-
trtions, all biomes expedenced net N release
during the fist year of decomposition,

Root litter N followed a lincar pattern with
mass remaining (Fig. 3) and could best be
deseribed by two equations. The first was for
D, glanca roots, which demonstrated a small
amount of net N immobilization carly in de-
composition for a range of sites, possibly due
to shghtly higher concentranons of nonpolar
extractives and slightly lower acid extractable
carbohydrates concentrations than the other
species (lable 82). The sccond cquation de-
seribed net N release for the pme and grass rools
that did not immobilize N during decompo-
sition. A comparison of litter ¥ dynamics during

decomposition of pine and grass roots with leal

liter of similar initial N concentration (Figs. 2
and 3) showed that N was released from roots
much more mpidly than from leal liner. Roots
released N as soon as liter decomposition was
mitiated (C:N ratio = 500, Microbial decom-
posers in the soil may have greater access 1o
moisiure, organic matter, and mineral N than
microbes mvolved in leal litter decomposition at
the soil surtace, which would facilitate net N
release during decomposition (3/). Similar
patterns in net N orelease inoroots have been
described for natve root litier decomposed in

situ in grasslands (32), temperaie broadleal

foresis (34), temperate conifer loresis (34), and
moisi and humid ropical foresis (35, 36),

Ouwr data show that the initial N concentra-
tion of leal litter is a dominant driver of net N
immobilization and release during  long-1enm
litter decomposition at a global scale. This
occurs regardless of climate, other liter chem-
ical propertics. edaphic conditions, or soil mi-
crobial communities. Our data also show that N
can be released carly in decomposition  from
high-quality litters in enviromuments that support
low decomposition rmtes. The tme required to
imtiate net N orelease was predicted from the
initial N ol the liter and the CDI across biomes,
but required more siie infonmation within a
given CDL Roots generally lost N lincarly with
mass loss during decomposition. Because N
release duning decay plays a fundamental role in
net ecosystem  production, improved under-
standing of the controls on net N release during
decomposition is likely 1o greatly improve our
ability 1o predict terrestrial C dyvnamics m global
and regional scales,
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Water Solubility in Aluminous
Orthopyroxene and the Origin of
Earth’s Asthenosphere

Katrin Mierdel, Hans Keppler,"** Joseph R. Smyth,? Falko Langenhorst®*

Plate tectonics is based on the concept of rigid lithosphere plates sliding on a mechanically weak
asthenosphere. Many models assume that the weakness of the asthenosphere is related to the
presence of small amounts of hydrous melts. However, the mechanism that may cause melting
in the asthenosphere is not well understood. We show that the asthenosphere coincides with a zone
where the water solubility in mantle minerals has a pronounced minimum. The minimum is due
to a sharp decrease of water solubility in aluminous orthopyroxene with depth, whereas the water
solubility in olivine continuously increases with pressure. Melting in the asthenosphere may
therefore be related not to volatile enrichment but to a minimum in water solubility, which causes

excess water to form a hydrous silicate melt.

arth’s asthenosphere is ofien assumed 10
roughly coincide with the low-velocity
zome, a layer of reduced scismic veloe-

itics and increased attenuation of scismic waves,
The low-velocity zone usually begins a a depth

of 60 o 80 km below the occans and ends around
2200 km (7). Below continental shiclds, the upper
boundary is depressad w0 130 km. The scismic
charmcteristics of the low-velocity zone could be
casily explained by the presence of a small fac-
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Table 1. Experimental results on water solubility in aluminum-saturated
enstatite. All experiments were carried out using an oxide-hydroxide mixture
as starting material, except as noted. Number of infrared measurements
refers to the numbers of different spots measured, usually on different
crystals. Water contents (in ppm by weight) were calculated from the infrared
data according to two different extinction coefficients, from Bell ef al. (13)
and from Paterson (28). Errors are one standard deviation. Water contents in
atoms H per 10* Si can be obtained by multiplying by a factor of 22.3. All
data reported here for a given pressure and temperature were included in
the calibration of the thermodynamic model of water solubility. Solid
phases detected refer to those phases that could be directly observed by
x-ray diffraction or Raman spectroscopy. However, all the samples must
have contained some aluminous phase, probably spinel or pyrope, as the

REPORTS

aluminum content of the orthopyroxene was always several weight %o lower
than the aluminum content of the starting material A fluid phase was
always present during the experiments, as all samples released considerable
amounts of water upon opening of the capsules. No evidence for melting
was seen, as the run products were usually loose powders without interstitial
glass. Some fluffy material and isolated glass beads probably represent
material precipitated from the fluid upon quenching. En, enstatite; Sp,
spinel; Ol olivine; Prp, pyrope; Crn, corundum; Ky, kyanite; 5r, sapphirine;
Prl, pyrophyllite. Al contents in enstatite were sometimes slightly in-
homogeneous. The numbers and standard deviations given were usually
derived from more than 100 individual analyses of different crystals in the
charge. The molar Mg/5i ratio in all samples is equal to 1 within the error of
the measurement.

% P Duration H_u nber Water contesit ippm) Solid phases Al; 03 content in
Sample  TCO  (ha)  (hours) ok detected tatite (weight %)
measurements Bell et al. (13) Paterson (28) elecle enstatite iweight %
Ené3 800 15 168 2 B420 = 750 6280 £ 235 En, Crn 9.2 £ 0.9%
En59/4 00 15 70 b 3710 £ 795 2810 £ 575 En, Ql, Sp, 5r 10.05 = 0.85
En59/1 900 15 168 5 8380 + 3030 6730 + 2280 En, Crn 8.99 £ 1.5
En59 00 15 168 14 8290 = 2650 6720 = 2210 En, Crn 11.9 £ 2.22
EndD 1000 15 120 & 3110 = 600 2440 = 465 En 8.28 £ 2.2
End7* 1100 15 120 5 2460 = 960 1860 = 780 En, OL, Sp 6.7 £ 1.33
End7/1 1100 15 120 4 1730 = 450 1340 = 325 En 8.77 +2.16
End7/2 1100 15 148 2 1590 + 185 1290 + 255 En, Sp, (OD 8.96 = 1.46
Endé 800 25 168 2 4670 = 655 3590 + 600 En, Ky 6.67 + 2.44
Ends Q00 25 168 4 6400 = 1330 5040 + 885 En 5.57 + 1.56
Eng4 1100 25 120 2 1420 = 115 1080 = 190 En, Ol 5.4 + 0.84
Eng7" 1000 35 120 2 1680 = 490 1140 % 340 En, Prp 1.73 £ 0.21
En87/2 1000 35 120 & 2370 = 450 1640 £ 435 En, Ol, Prp 1.21 £ 0.61
En70" 1100 35 168 1 1230 960 En, Ol, Prp 1.75 £ 0.65
En%01 1100 35 120 3 1500 £ 305 1150 + 280 En, OL, Prp, Prl 157 £0.25

*Synthesized from gels.

tion of partial melt as mtergranular Glm (/, 2).  Fig. 1. Polarized infrared L

Some water is required 1o penerate such a par-  spectra of two aluminum- '“'“:E% EI";:'::,

tial melt in the mantle, as mantle temperatures  saturated enstatite crystals Lol [ '

at the relevant depths are below the dry melting  synthesized at 1100°C and = i

point of peridotite but above the water-saturated 15 kbar. Water contents 8™ ) 1821 ppm (46%)

solidus (3. 4). Originally, it was believed that  (in ppm) correspond to the € | ||c-axis 1383 ppm (43%)

the top of the low-velocity zone comesponds o 2bsorbances measured paral- ~ ©

the stability limit of hydrous phascs such as lel to the three cystallo- § -

phlogopile or homblende (5, 6). However, this ~ 9raphic axes. Bulk water o

is unlikely because the solubility of water {3';“”'5&:'9 “but:'s‘mﬂ by 2 40 |Ib-axis :g;wmt:?z:;

{and of alkalis) in nominally anhydrous man- ;ersnlign :ﬂ;:ﬁﬁ dH:";; g i e

the mincrals (7-%) is so high that separte perc entag: of takal wator IIEME;
i . g, 5" + - 4 ppm

phc are not sabl n an upper mantlof pyroige SZeednexh ofthedese 0] " = o e |

: : : . directions of polarization. The o R R e o T A i

composition,

I the low-velocity zonc were due 1o partial
mehing, the existence of a lower boundary would
be even more difficult 1o undersiand, as the geo-
thenn remains above the water-saturated solidus
with increasing depth. Moreover, it is unclear
whether low degrees of partial melt in the mantle
would form an intergranular Glm (70, as dry
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spectra shown here and in
Fig. 2 were obtained from
the raw data by subtracting a

‘Wavenumber (cm )

linear baseline defined by the points at 3800 ¢cm™ and 2800 cm™™. The two weak features between
2800 cm™ and 3000 cm™ could be due to organic surface contamination. However, they persisted
after repolishing and they may therefore be intrinsic to the sample.

basalie mels do not wet mantle minerals and
therefore tend o form isolated pockets. Accord-
ingly, altlernative models have been proposed.
These models (/0. /1) are based on the obser-
vation that water dissolved in mantle minerals

such as olivine reduces both the strength of

the mineral and the scismic velocitics, The
boundary between lithosphere and  astheno-
sphere may then correspond 1o a boundary in
intracrystalline water content, with the astheno-

sphere being water-rich, whercas the occanic
lithosphere is depleted in water as a result ol the
melt extraction sl mid-ocean ridges. The pres-
ence of partial melt in the asthenosphere is not
required in these models. However, they canno
explain the existence ol a low-velocity zone

below contimental shields, as the mechamism of

magma production below  continents is very
different from that prevailing st mid-occan
nidges.
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All models of the low-velocity zone depend
on the presence of water and its solubility n
mantle minerals. The nain constiluents ol the
upper mantle are olivine and othopyroxene (en-
statite). The water solubility in both olivine and
Al-free onhopyroxene is quite comparble
and increases with pressure and temperature
(7-9, 12). However, aluminum is known 1o
grcatly enhance water solubility in orthopyrox-
ene, and at high Al contents, water in orthopy-
roxene may dominate the water budget in the
mantle. Throughout Earth’s upper mantle, olivine
and onhopyroxene usually coexist with small
amounts of an aluminous phase such as spinel or
gametl, Therefore, we expenimentally siudied the
solubility of water in aluminous MgSi05 ensta-
tite m equilibrium with spinel or gamet (e,
under conditions ol alummum saturation),

Experiments were carried out in an end-
loaded piston-cyvlinder apparatus, Mixtures of
Mg(OH )5, ANOH);, and 510; were scaled in
platinum-rhodium  (PlggsRhy g0 capsules 1o
gether with about 200 weight % of liquid water,
The stoichiometry of the starting mixture was
chosen to correspond to aluminous orthopyrox-
ene plus small amounts of olivine and spinel or
garnet. In some experiments, homogencous
mixtures of the staning chemicals were used,
In most experiments, however, allernating liyers
with low and high silica content were intro-
duced imo the capsule 1o reduce nucleation rates
so as 1o grow larger erysials. In addition, some
expeaments were camied out with amorphous
gels and liquid water as starting matenal. Ex-
periments were run at 15 1 35 kbar and 8007
to 11009 for a few days. Adier the expeniments,
the capsules were opened. Capsules that did
not release excess water afier the experiment were
discarded. Perfectly clear and inclusion-free
single crystals of orthopyroxene were picked
from the charges, optically oriented, and doubly
polished. Polarized infrared spectra (Fig, 1)
were measurcd with a Bruker [FS 125 Fouricr-
transfomm infrared spectrometer coupled with an
[Rscope 1 microscope (tungsten source, CaF,
beam splitier, namow-band mercury  cadmium
telluride detector, Al strip polarizer on KRS 5
substrate), Water contents were calculated from
the mirared dmta with the use of the extnction
cocilicients of Bell er af. (13), Chemical analy-
ses owere camied ot with a JEOL 8900 RL
clecton microprobe (15 KV, 13 nA, 120 5 count-
ing time per spot, focused beam).

The water contents in the aluminous pyrox-
enes are strikingly high, reaching values close o
1 weight %6 at low pressures and temperatures
(Table 1 and Fig. 2). Water solubilitics clearly
decrease with both pressure and  temperature,
opposite o the behavior observed for olivine
and Al-free enstatiie, The high water solubilitics
are comrelated with anomalously high Al con-
tents in the pyroxenes, which are much higher
than those predicted from existing themmody-
namic models and experimental  calibrations
(14-16). However, in previous studies, only a

few experiments were carmied out at the low
pressures and temperatures where we observe
high Al and water contents, and the water tu-
gacity was probably not carclully controlled n
all experiments, The high water contents ap-
pear o be intrinsic w0 the pyroxencs, The pres-
ence of foreign phases in the crystals is unlikely,
because the infrared bands are strongly po-
larized (Fig. 1) and measurements were taken
only on perfectly clear and optically inclusion-
free crystals, To rulke out any impuritics at the
submicroscopic level, we investigated several
orthopyroxene crvstals by transmission electron

microscopy. The structure of the pyroxeng crys-
tals (Fig. 3) is undisturbed without any foreign
phases or lincar and planar delects. The high
water contents are therefore defimtively due 1o
OH point defects in the structure,

Electron microprobe analyses suggest that
most of the water is dissolved by the coupled
substitution of A + H* for Si*" and by the
substitution of AP* + H* for 2 Mg®*, Both sub-
stitwlions appear o occur with roughly equal
abundance: that is, Al is distnbued abow
equally among tetmhedral and octahedral sites,
imespective of water content. Both substitution

Fig. 2. Polanzed infrared spectra -
(electrical field vector E parallel to — 2 15 kbar
the crystallographic ¢ axis) and total _E_ 1925 ppm (n=11)
water contents of aluminum-saturated -
enstatite at 800° to 1100°C and 15 to ] Mﬁ]
35 kbar. Numbers are average water xo| 1000°C
contents derived from the bulk water 1
contents of all samples synthesized at 21 500 °C M"‘m
a given pressure and temperature; n is . m.
the number of measurements. Bulk 1 8420 ppm (n=Z)
water contents were calculated as o] W00°C
explained in Fig. 1. The water content 3504
of the sample synthesized at 25 kbar 2 i 25 kbar
and 800°C, where only two crystals .E. 1100 "C 1420 ppm (n=2)
could be measured, is probably some- ] i
what below the real water solubility -
under these conditions.
150 i 8400 ppm (n=4)
g . i
S04 4670 ppm (n=2)
04 m
120
:é- 100 35 kbar
= s s 1365 ppm (n=4)
80
Lo
o] 2025 ppm (n=8)
1000°C
0
adon 300 3600 3400 300 3000 2800 2000 2400

Fig. 3. Representative high-resolution
transmission electron microscopy image
taken along the [010] direction and
corresponding selected area electron
diffraction pattern (inset; a* and ¢* axes
are shown) of an aluminum-saturated
enstatite with 0.75 weight % water. The
sample was synthesized at 15 kbar and
900°C. No evidence for foreign phases
or planar defects can be detected in this
image.

Wavenumber (cm')
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mechanisms imply a molar 1:1 mtio between Al
and H. This is consistent with the observation
that the “excess” of alumimum in the othopy-
roxenes relative o existing calibrations (/4-76)
roughly equals the water content, if both AlaO4
and H0 are expressed in molar fractions. The
substintion  mechamism was confimmed by a
single-crystal x-ray diltmetion structure refine-
ment of one aluminous pyroxene containing
7500 ppm (by weight) of water, The struciure
refinement yielded 5% vacancics on one of the
Mg sites [M2 (/7). consistent with H™ substitu-
ing for Mg® and a significantly enlarged poly-
hedral volume of one of the Si sites [Si2 (17)]
of 1.6575 A”, consistent with a substitution of
AP+ H for Si*', Stucturally, the decrease in
H and Al contents with increasing pressure re-
sults from the pressure destabilization of tet-
rahedral Al

The svstematic vanations in water content
with pressure and temperature observed in this
study (Fig. 2) suggest that the water contents
represent true equilibrium solubility, This is
also supported by the observation that nins
with dilferent starting materials {(oxide mixire
and gels) yield similar results. To describe the
water solubility in orthopyroxene coexisting
with olivine and an aluminous phase as a func-
tion of pressure, temperature, and water fugac-
ity, we calibrated a model that desenbes the
water solubility in aluminous enstatite as the
sum of the water solubility in Al-free enstatite
and the water solubility coupled o aluminum,
The water solubility in Al-free enstatiie was
previously calibrated (8, %) and can be ex-
pressed as

. AH b=
Cwater = A M0 EXp T
Ajreidp
cxl"(T) (1)

Fig. 4. Water solubility (in ppm by
weight) in upper-mantle minerals as a
function of depth for a typical con- 0

B0 1000

where A4 = 0.01354 ppm/bar, fio is water fu-
gacity |calculated using the equation of state
of (I9)], AH™ = 4563 Jmol, Ap*elid -
12,1 em/mol, R is the gas constant, ™ s pres-
sune, and T is absolute wmperature, The addi-
tional water solubility duc w Al can then be
described by
I har

. 12 AH
A=A no)” exp (-—-E?-,M—-)

AyMp
cxp(R—‘;,') (2)

Mote, however, that in Eq. 2 water fugacity
enters as a squarc-root term ([Y) because the
coupled substitution with Al vields isolated OH
groups, unlike the OH pairs that result from the
substitution of 2 H' for Mg™" in pure enstatite
(&, 9 A least-squares it of all expenmental
data o Eq. 2 vielded AM = 0.042 ppm.hzlru's,
AHM = 79685 Jmol, and AVEHE= 113
cem”/mol. The total water solubility in orthopy-
roxene coexisting with olivine and either spinel
or pyrope can now be caleulated at any pres-
sure and temperature by adding the results (rom
Eqs. 1 and 2. This s consistent with observa-
tions from previous studies that the water
solubility coupled to Al and the water solubility
in Al-free enstatite are due w different and
independent defects, with the bulk water
solubility being the sum of the individual defect
solubilitics (&, 20). Only pressure and temper-
ature are required to caleulate the equilibrium
water content in the Al-saturated onhopyrox-
ene. This is because according 1o the phase
rule, in a four-component system (MgO-AlO;-
S5105-H50) the coexistence of four phases
(orthopyroxene, olivine, aluminous phase, and
Muid) only leaves two degrees ol freedom.
Therclore, if pressure and wmperature ane given,

all compositional variables in the system are
determined.
Temperature (*C) Water solubility (ppm H,0)

500 1000 1500 2000 2500 O

REPORTS

Bulk mantle water solubility has a pro-
nounced minimum (Fig. 4) between 150 and
200 km depth, comeiding with the location of
the seismic low-velocity zone (shaded) below
continental shields. The minimum is due o the
sharp decrcase of water solubility in aluminous
orthopyroxene with emperture and also with
pressure, whercas water solubility o olivine
comtinuously increases with pressure and tem-
perture (7, 120 As shown in Fig, 4, a1 a bulk
water content of about 800 ppm, the mantle in
the low-velocity zone would be oversaturaed
with water (i.c.. the water activity would equal 1).
However, as the geotherm ot this depth is lo-
cated above the water-saturted pendotite soli-
dus (3, 4) of about 1OKFC, a hydrous melt will
form in the presence of sufficient amounts of
water. Because the temperature of the geotherm
is far above the water-saturated solidus under
these conditions, a water activity around 0.1 s
probably suflicient o induce melting (24). This
water activity would imply that a few hundred
ppm ol water are suflicient 1o generate a small
fraction of hydrous mell in the asthenosphere.
Such water contents are to be expected in the
upper mantle (22-24), I the same caleulation is
carfied out for a hotter oceanic geotherm (Fig. 4,
rght panel), the upper boundary of the zone of
minimum water solubility is lified to a depth of
only 60 o 80 km, consistent with the position
of the low-velocity zone below oceans. Moreover,
this behavior also provides a straightforward
cxplanation for the scismic observation that the
top of the low-velocity z2one is very shamp and
well defined, wheress the lower boundary is more
diffuse and difficult o locate (2, 25). As the water
solubility in manile minerals shamply  increases
with decreasing depth, the fraction of pantial melt
in cquilibrium with these minerals will also
sharply decrease at the asthenosphere-lithosphere
boundary. On the other hand, wward the lower
boundary of the wsthenosphere, the decrease in

Water solubility (ppm H,0)

500 1000 1500 2000 2500 3000

tinental shield and oceanic geotherm

(26). The typical position of the low- an
velocity zone (LVZ) below continental

shields and below oceans is shaded in o
gray. Water solubility in olivine is ac- T
cording to Kohlstedt ef al. (7). Water é
solubility in aluminum-saturated en- ; =4
statite was calculated from Egs. 1 and

2. Recently (27), it was suggested g 80
that the infrared extinction coefficient

of water in olivine may be consider- 100
ably smaller than previously thought,

If this new calibration were applied, 120 -
the water solubility in olivine would

increase by a factor of about 2.5. This 140

would somewhat sharpen the mini-
mum in the bulk water solubility

curves shown above and move them to higher water contents. It would not, however, change the general shape of the curves or the position of the
inferred boundaries of the asthenosphere. The effect of using different experimental data for water solubility in olivine as well as the effect of changing the
ratio of orthopyroxene to olivine is further discussed in (21).
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melt fraction will be more gradual, reflecting the
gradual increase of water solubility in olivine and
orthopyroxene,

Our results therelore suppont the concept that
the low-velocity #one may be related to partial
meling (f, 2, #). However, even in the absence
of melting, the partitioning of water between
olivine and orthopyroxene would strongly depend
on depth, The high water solubilitics in aluminous
orthopyroxene atl low pressure and temperature
will effectively “dry ow™ olivine, and this may
also contribute to a stiffening of the lithosphere,
In any case, however, our results imply that the
existence of an asthenosphere —and therefore of
plate tectonics as we know it is possible only in
a planet with a water-bearing mantle,
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A Semi-Empirical Approach to
Projecting Future Sea-Level Rise

Stefan Rahmstorf

A semi-empirical relation is presented that connects global sea-level rise to global mean surface
temperature. It is proposed that, for time scales relevant to anthropogenic warming, the rate of
sea-level rise is roughly proportional to the magnitude of warming above the temperatures of the
pre—=Industrial Age. This holds to good approximation for temperature and sea-level changes
during the 20th century, with a proportionality constant of 3.4 millimetersiyear per “C. When
applied to future warming scenarios of the Intergovernmental Panel on Climate Change, this
relationship results in a projected sea-level rise in 2100 of 0.5 to 1.4 meters above the 1990 level.

nderstanding global sca-level changes is

l I:I ditTicult physical problem, because
complex mechanisms with different time

scales play a role (), mcluding thermal expan-
sion of water due to the uptake and penetration of
heat into the oceans, input of water into the ocean
from glaciers and ice sheets, and changed water
storage on land. lee sheets have the largest
podential effect, because their complete melting
wotld result in a global sca-level rise ol abowt
T0m. Yet their dynamics are poorly undersiood,
and the key processes that control the response
of e Mow o a warmming climate are not included
in current ice sheet models [for example,
meltwater lubrication of the ice sheet bed (2) or
increased ice stream Mow afier the removal of
buttressing ice shelves (3)]. Large uncertaintics
exist even in the projection of thermal expan-
sion, and estimates of the total volume of ice in
mountain glaciers and ice caps that are remote
{rom the continental ice sheets are uncertain by a
factor of two (4). Finally, there are as vet no

Potsdam Institute for Climate Impact Research, 14473
Potsdam, Germany. E-mail: rahmstorf@ ozean-klima.de

published physically based projections of ice
loss from glaciers and ice caps fringing Green-
land and Antarctica.

For this reason, our capability for calculating
future sea-level changes in response to a given
surface warming scenario with present physics-
based models is very limited, and models are not
able o fully reproduce the sca-level nse of recent
decades. Rales of sca-level nse caleulated with
climate and ice sheet models are generally lower
than observed rates. Since 1940, observed sea
level has followed the uppermost uncenainty
limit of the Intergovernmental Panel on Climate
Change (IPCC) Third Asscssment Report ( TAR),
which was constructed by assuming the highest
cmission scenario combined with the highest
climate sensitivity and adding an ad hoc amount
of sea-level dse for “ice sheet uncertaimy™ (/).

While process-based physical models of sea-
level rise are nod vel mature, semi-cmpincal
models can provide a prgmatic aliemative 1o
estimate the sea-level response. This is also the
approach taken for predicting tides along coasts
{for cxample, the well-known tide tables), where
the driver (udal forees) s known, but the caleula-

tion of the sea-level response from lirst principles
is so complex that semi-cmpirical relationships
perform better. Likewise, with cument and future
sea-leved rise, the driver is known [global wanming
(1], but the computation of the link between the
driver and the response from (st principles
remains elusive. Here, we will explore a semi-
empineal method for cstimating sea-level nse
As a driver, we will use the global average
near-surface air temperature, which is the stn-
dard disgnostic used o deseribe global warm-
ing. Figure 1 shows a schematic response o a
step-function  increase in temperature, alier
climate and sea level parameters wene al equi-
librivm. We expect sea level o nise as the occan
takes up heat and ice stans (o melt, wil
(asympiotically) a new equilibrium sea level is
reached. Paleoclimatic data suggest that changes
in the final equilibium level may be very large:
Sea level at the Last Glacial Maximum, about
200000 years ago, was 120 m lower than the
current level, whereas global mean temperature
was 47 10 7°C lower (3, 6). Three million years
agzo, during the Pliocene, the avemge climate
wis gbout 29 to 3°C warmer and sea level was

T R e e e

Temparalure \T
-
-
H -
4 .
Sea Level < f “ adjsiment tmescals
\ centuries o millennia

!
initial iredar regsme
whiare dH/dt = AT
Fig. 1. Schematic of the response of sea level
to a temperature change. The solid line and the
dashed line indicate two examples with differ-
ent amplitude of temperature change.
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25 to 35 m higher ( 7) than today s values. These
data suggest changes in sca level on the order of
10 o 30 m per “C.
The mtial rate of nse 15 expected o be
proportional o the temperatune increasc
dHf i = a (T — Tyl (L)
where M is the global mean sca level, £ is time,
a is the proportionality constant, T is the global
mean temperature, and Ty is the previous
equilibrium emperature value, The equilibration
time scale is expected o be on the order of
millennia. Even il the exact shape of the time
evolution Ay s not known, we can approxi-
mate it by assuming a lincar increase in the carly
phase: the long time scales ol the relevani
processes give us hope that this linear approx-
imation may be valid for a fow centurics. As
long as this approximation holds, the sca-level
rise above the previous equilibrium state can be
computed as

'S
H{r) = u!‘[ T(Y) - To) df (2)
Fil

where 7 is the time variable.

We test this relationship with observed data
sets of global sea level (8) and temperature
[combined land and ocean lemperatures ob-
tained from NASA ()] for the penod 1880
20001, which i the ume of overdap for both
series. A highly significant comrelation of global
temperature and the rate of sea-level rise is
found (r = 088, P = 1.6 = 107 (Fig. 2) with a
slope of @ = 3.4 mmvyear per °C. If we divide
the magnitude of equilibium sea-level changes
that wre suggesied by paleoclimatic data (5-7)
by this mic of rise, we obtain a time scale of
J000 w90 years, which supponts the long
equilibration time scale of sca-level changes,

The bascline emperature T at which sea-
level nise is #ero, is 0.5°C below the mean tem-

35
Ea' .--f-’
E L.
:2-5‘ t ’r
i gLt
g 1t ;.ﬁ -
@
B 3 r-’
iﬂ.& e s®
1]
-0.5 1] 05

Warmning above 1951-1580 maan

Fig. 2. Correlation of temperature and the rate of
sea-level rise for the period 1881-2001. The dashed
line indicates the linear fit. Both temperature and
sea-level curves were smoothed by computing
nonlinear trend lines, with an embedding period of
15 years (14). The rate of sea-level change is the
time derivative of this smoothed sea-level curve,
which is shown in Fig. 3. Data were binned in 5-year
averages to illustrate this correlation.
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perature of the periogd 19511980, This nesult is
consistent with proxy estimates ol temperaturcs in
the centunies preceding the modem warming (10},
confirming that temperature and sea level were
not far from equilibrium before this modem
warming began. This is consistent with the time
scale cstimated above and the relatively stable
climate of the Holocene (the past 10,000 years).

In Fig. 3, we compare the time evolution of
global mean temperature, converted o a
“hindcast”™ mte of sea-level nse according 10
Eq. 1, with the observed rate of sea-level rise,
This companson shows a close comespondence
of the two rates over the 20th century, Like
global wemperature evolution, the rate ol sca-
level rise increases in two major phases: belore
1940 and agam afier about 1980, It is this figure
that most clearly demonstrates the validity of
Eq. 1. Accordingly, the sca level that was com-
puted by imegrating global temperature with the
use of Eg. 2 15 m excellemt agreement with the
observed sea level (Fig. 3) with differences
always well below 1 em.

W can explore the consequences of this semi-
empirical relationship for future sea levels (Fig. 4),
using the range of 21st cenlury temperature
scenarios of the IPCC (1) as input into Eq. 2.
These scenarios, which span a mange of temper-
atre increase from 1.4° 10 5.8°C between 1990
and 2100, lead to a best estimate of sca-level rise
of 35 to 125 cm over this period. By including the
statistical error of the it shown in Fig, 2 (one SD),

Rate of Change (mmiyr)
o - [ =
o Al o L) o 0 on [

= L =]

Sea Lovel (cm)
&

L
[

1630 1900 1820 1940 1960 1960 2000
Year

Fig. 3. (Top) Rate of sea-level rise obtained from
tide gauge observations (red line, smoothed as
described in the Fig. 2 legend) and computed
from global mean temperature from Eq. 1 (dark
blue line). The light blue band indicates the
statistical error (one SD) of the simple linear
prediction (15). (Bottom) Sea level relative to
1990 obtained from observations (red line,
smoothed as described in the Fig. 2 legend} and
computed from global mean temperature from
Eg. 2 (blue linel. The red squares mark the
unsmoothed, annual sea-level data.
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the range is extended from 50 w 140 cm. These
numbers are significantly higher than the model-

based estimates of the [PCC for the same sct ol

temperature scenanos, which gave a range from
2110 70 emidor [rom 9 10 88 cm, ifthe ad hoe term
lor iee sheet uncertainty is included), These semi-
cmpirical scenarios smoothly join with the
observed wend in 1990 and are in good agrecment
with it during the period of overlap,

We checked that this analvsis is robust within a
wide range ol embedding periods (ie., smoothing)
of the observational time series. The slope Found
in Fig. 2 varies between 3.2 and 3.5 mm/year
per “C for any embedding period between 2 and
17 years, causing only minor vanations in the
projecied sea level. For short embedding pe-
nods (around 5 years), the mte of sca-level rise
iFiz. 3, top) closely nesembles that shown i (8)
with large shor-term Nuctuations, For embedding
dimensions longer than 17 years, the slope starts to
dechine, because the acecleration of sca-level nse
since 1980 (Fig. 3) is then progressively lost by
excessive smoothing. For very long embedding
pedods (30 vears), the rate of sea-level rise
becomes rather lat such as that shown in (/7).

The linear approximation (Eq. 1) is only a

simplistic lirst-order approxination 1o a pumber of

complex processes with different time scales. The
statistical ermor included in Fig, 4 docs not include
any systematic crror that arises i the linear rela-
tionship breaks down during the forecast period.
We can test for this systematic error using cli-
mate madels, if only for the thermal expansion
component of sea<level nse that these models
capture. For this test, we used the CLIMBER-3a
climatec model (12), which uses a simplified
amosphere model coupled 1o a three-dimensional
eeneral circulation ocean model with free surface
{i.e., that vertically adjusis). We used a model ex-

periment initialized from an equilibrium state of

the coupled system in the year 1750 and, with
historic radiative forcing, forced changes umtil the
wear 2000, Afier 2000, the model was forced with
the IPCC ALFI scenanio. The global mean iemper-
alure increases by 0.8°C in the 20th century and
b 3.00C froam 1990 10 2100 in this experiment.
Temperature and sca-level nise data from this
model for the time perod  TRR0-20000 were teated
like the observational data in the analysis presented
above, and graphs comesponding o Figs, 2 and 3
look similar o those denved from the observation-
al dama i figs. S1 and 82). The slope found is only
L6 mumv'vear per °C (i.c., hallof the observed slope)
because only the themmal expansion component
is modeled. Using the semi-empirical relation as
fitted to the period T880-2000, we predicted the
sea level for the 2151 cemury (fig. S3) Up io the
year 2075, this predicted sea level remains within
5 cm of the acwal (modeled) sea level. By the
year 2100, the predicted level 1s 31 cm whereas

the actual (modeled) level is 39 cm above that of

1990 (1.c.. the semi-cmpincal formula overpre-
dicts sea level by 12 emy).

For the continental ice component of sca-level
rse, we do not have good models o test how the
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Fig. 4. Past sea level and sea-level 140
projections from 1990 to 2100 based

on global mean temperature pro- 1

jections of the IPCC TAR. The gray 3 100 | ]

uncertainty range spans the range = N

of temperature rise of 1.4° to 5.8° g‘ | Y

C, having been combined with the & 6o} e

best statistical fit shown in Fig. 2. g e

The dashed gray lines show the AN o7

added uncertainty due to the sta- 3 s0b >

tistical error of the fit of Fig. 2. -

Colored dashed lines are the indi- 0 _/

vidual scenarios as shown in (1); ey . 5 ; i

the light blue line is the ALFI 1900 1950 . 2000 2050 2100
ear

scenario, and the yellow line s the
B1 scenario.

lincar approximation performs, although the
approximation is requently used by glaciologisis
(“degree-days scheme™). Given the dynamical
response of jee sheets observed in recent decades
and therr growing coninbution (o overall sea-level
rise, this approximation may not be robust. The ice
sheets may respond more strongly 1o emperature
in the 21st century than would be suggested by a
lincar fit to the 20th century data, if’ time-lagged
positive feedbacks come into play (for example,
bed lubrication, loss ol butiressing ice shelves, and
ocean warming @ the grounding line of ice
streams). On the other hand, many small mountain
glaciers may disappear within this century and
cease 1o contbule to sea-level rise. I is therelore
difficull to say whether the lincar assumplion

overall leads o an over or underestimation of

future sea level. Occam’s meor suggests that it s
prudent o accept the linear assumption as

ssonable, although it should be kept in mind
that a large uncertainty exists, which is not fully
captured in the range shown in Fig. 4.

Regarding the lowest plausible limit to sea-
level rise, a possible assumption may be that the
rate shown in Fig. 3 stops increasing within a fow
vears (although it is difficult 1o see a physical

reason for this) and settles at a constant value of

3.5 mm/year. This implics a sca-level rise of 38
cm from 1990 10 2100, Any lower value would
require that the rate of sea-level rise drops despite
rising temperature, reversing the relationship
found in Fig. 2,

Although a full physical understanding of

sca-level risc is lacking, the uncertainty in future
sei-level rise s probably larger than previously
estimated. A rise of over | m by 2100 for strong
waming seenaros cannot be ruled out, because
all that such a rise would require is that the lincar
relation of the mite of sea-level nse and temper-
ature, which was found 1o be valid in the 20th
cenury, remans vald i the 21 st eentury. On the
other hand, very low sea-level rise values as
reported in the IPCC TAR now appear rather
implausible in the light of the observational data.

The possibility of a faster sca-level nse needs
te be considered when planning  adaptation
mcasures, such as coastal detenses, or mitigation
measures designed to keep lture sea-level rise
within cenain limits [for example, the 1-m long-
term limit proposcd by the German Advisory
Council on Global Change (13)].
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Nonequilibrium Mechanics of Active
Cytoskeletal Networks

Daisuke Mizuno,* Catherine Tardin,* C. F. Schmidt,* F. C. MacKintosh*

Cells both actively generate and sensitively react to forces through their mechanical framework, the
cytoskeleton, which is a nonequilibrium composite material including polymers and motor proteins.
We measured the dynamics and mechanical properties of a simple three-component model system
consisting of myosin Il, actin filaments, and cross-linkers. In this system, stresses arising from
motor activity controlled the cytoskeletal network mechanics, increasing stiffness by a factor of
nearly 100 and qualitatively changing the viscoelastic response of the network in an adenosine
triphosphate—dependent manner. We present a quantitative theoretical model connecting the
large-scale properties of this active gel to molecular force generation,

echanics directly control many Runc-
tions of cells, including the generation
ol forces, motion, and the scnsing of

extemal forees (/). The evtoskeleton is a network
of semillexible lmear protein polymers (actin
filaments, microtubules, and intermediate fila-
ments) that s responsible for most of the me-
chanical functions ol cells. It differs from

common polymer materials in both the com-
plexity of composition and the fact that the system
is not at thermodvnamic equilibrium, Chemical
nonequilibrium  drives mechanoenaymes (motor
proteins) that are the foree generators in cells. The
cytoskeleton is thus an active matenal that can
adapt its mechanics and perform mechanical asks
such as cell locomotion or cell division,

Here, we show how nonequilibium motor
activity controls the mechanical propertics of a
simple three-component in vitro model cvio-
skeletal network. The nonequilibrium ongin of
this active control mechanism can be seen di-
rectly in the violation of a fundamental theorem
of statistical physics, the Nuctuation-dissipation
(FD) theorem, which links thermal luctuations
of systems 1o their response o extemal forees.
The FD theorem is a generalization of Einstein’s
description of Brownian motion (7). Although i
is valid only in equilibrivm, its possible exten-
sion 1o oul-of-cquilibrium sysiems such as gran-
ular materials and living cells has been debated
(3-5) Pror studies in cells have suggested
violations of the FD theorem (3), but this has
not been directly observed. We show that an in
vitro model svstem consisting of a cross-linked
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actin network with embedded force-generating
myosin [T motors strongly violates the FD theo-
rem and that it docs so because of the con-
tractiliy of the acto-myosin system.

Actin and myosin are Key components in
muscle contraction and cell motility (4, 7). My-
osin motor domains, or heads, bind to actn
filaments (F-actin) and generate force via the
hydrolysis of adenosine triphosphate (ATP), re-
sulting in motion along the polar actin Glaments,
At low salt concentrations, myosin 1 can form
multimeric bipolar structures in vitro (Fig. 1A)
(4). These “minifilaments™ can link different
actin filaments and move these filaments relative
to cach other (9). In the absence off ATP, these
motor coamplexes statically  cross-link F-actin
and generate bundles that can be scen m a light
mictoscope (Fig. 1B). In the presence ol ATP,
minifilaments generate contrmactile forces  that
can resull in actin aggregation and phase sep-
aration (Fig. 1C), a phenomenon known as
superprecipitation (1), To stabilize the net-
works and delay the onset of superprecipitation,
we used F-actin cross-linked by biotin and
neutravidin.,

We measured the mechanical properties of

these networks by active microthenlogy (AMR)
(14130 in which micrometer-sized embedded
probe particles are manipulated by a sinusoidal-
Iy oscillated optical trap, genemting a force Fat
frequency oo The response funclion al) is
obained from the measured probe paricle
displacement i e):

alm) = ulwm)/F (1)
For a simple mcompressible and homogencous
clastic medium, this response function is related
o the shear modulus & or stilfoess of the
medium via a generalization of the Stokes rela-
tion (/31 7)o = VionGa), where ¢ is the probe
particle radius. For materials with dissipation,
the displacement & and force £ are not in phase,
which results in a complex response function. In
this case, the shear modulus is & = G + iG7
where 7 is the clastic modulus and G is
the viscous modulus. For cross-linked actin
(1 mg/ml) gels, we found a predominantly clas-
e response in which G 1s much larger than &7
in the range of frequencics below 100 He. The
measured moduli are consistent both with ¢x-
periments on similar actin gels (/&) and with
theoretical predictions for actin networks with
an average distance of about 2 o 3 pm he-
tween cross-links (/.3, /9).

To characteria: motor-generated activity, we
used passive microrheology (PMR), which
consists of recording the spontancous displace-
ment (lucations of a probe panicle withow
applied forces (/3-76), In an equilibrium
system, only thermal forces act on the probe,
and the power spectral density

Clan) _[{u:.ﬁm-:(]-]} explior) et (2)
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of the displacement Nuctuations wir) is dircctly
related to the mechanical response of the
material by the FD theorem,

a(w) = T
kg

Ceglen) (equilibrium only) (3)

where « (m) 1s the imaginary part of the
response function, kg is the Boltzmann con-
stant, and T is absolute wemperature. Because
we can independently measure the lelt side of
Eq. 3 with AMR and the right side with PMR,
we can scarch for signawres of motor activity
in the form of violations of the FII theorem.,
As a control, we fist venfied the FD
theorem as expressad in Eg. 3 for an equilibrium
sample by directly comparing () measured
with AMR and oCim) 2kaT measured  with
PMR. For cross-linked actin without myvosin,
the agreement with Eq. 3 is shown in Fig. 2A
Active processes ercate addinonal fluctua-
tions and are expected to make the nght side of

A B

REPORTS

Eq. 3 larger than the left side, thus violating the
FI) theorem. Indirect evidence tor this has been
reported mocells (3) We started with experi-
ments at 3.5 mM ATP, where motors are ex-
pected 1o be active. Interestingly, we saw no
diflerence between AMR and PMR results for
up to 3 hours (Fig. 2A0) At longer times, how-
ever, a clear difference developed in the form
of strongly enhanced Muctuations at frequen-
cies below 10 He (Fig. 2B). The appearance of
these nonequilibrivm Nuctuations afier a time lag
can be explained by a switching of the myosin
minililaments from a nonprocessive mode, which
cannod generate forces between actin Nlaments,
to a processive ension-generating mode, Such a
trnsition 15 expected because the mtio of at-
tached o unanached tme (duty ratio) of myosin
mereases with decrcasing ATP concentration,
when motor release mduced by ATP binding
becomes the rate-lomiting step in the chemical
cyele (20, Consistent with this, the lag ume
inercased with increasing initial ATP concentr-

Cc

Fig. 1. (A) Schematic of a bipolar myosin filament interacting with two actin filaments. Polarity
of actin is indicated by the +/- signs (myosin moves toward the plus end). (B} Differential in-
terference contrast microscopy image of bundled actin filaments at high salt concentration ([KCl] =
150 mM, actin concentration 1 mg/ml, myosin concentration 170 nM, no cross-links). As ATP
depletes, thick acto-myosin bundles form without phase separation. (€) At low salt concentration
([KCL] = 50 mM), active myosin filaments result in contraction of the actin network to form dense
acto-myosin aggregates (superprecipitation). Scale bars, § um.

>
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— w2 T
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Fig. 2. Mechanical response of cross-linked nonactive and active gels (actin and myosin
concentrations as in Fig. 1). (A} The imaginary part of the response function ¢ measured by AMR
(circles) and the normalized power spectrum mCli)2keT measured by PMR (lines). Open circles and
the dashed line denote cross-linked actin without myosin; solid circles and the solid line denote
networks with myosin 2.5 hours after sample preparation. For up to 5 hours, ¢ and oCloli2kg!
with and without myosin show good agreement, indicating that myosin activity did not yet produce
observable nonequilibrium fluctuations. (B} The same as (A) but 6.8 hours after sample preparation
{with myosin). Below 10 Hz, nonequilibrium fluctuations are observable as an enhancement of
ool 2kgT relative to « ™',
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tion. We alo performed experiments at low
ATP concentrations  stabilized with an ATP
regencrating system (/3). At ATP concentra-
tions below ~60 uM, we observed stable active
Nuctuations in the gels lasting for several hours,

Along with the nonequilibrium Muctuations,
we saw a stromg stiffening of the networks due
motor activity, This is apparant in the reduced
response or compliance of the network {Fig, 3A).
The shear modulus can be caleulated using the
generalized Stokes formula (J4-17) (Fig. 3B).
Here, the network stiffness increases by a factor
of almost 100 depending on the ATP concen-
tration, The sullening of the network is related
to the well-known strain stiffening response of
actin gels under external stress (I8, 19, 27 The
contractile activity of motors results m mternal
tensile stresses in the actin lilaments, which make
the network more rigid. Unlike stifTening due 1w
amsotropic shear siress, however, we expect that
stresses induced by the motors are sotropic, which
should lead to more pronounced stillening because
filaments of all orientations can participate.

The hypothesis that the observed stiffening
is due o isotropically tensed filaments can be
tested quantitatively by an examination of the
frequency dependence of the stiffening. For
relaxed actin gels, the stiffness of the networks
increases with Ih‘?ucnc:.- in the formm of a power
law as G = (i)' " (15, 22. 23). Given the in-
verse relationship between response and salfl-
ness, this is consistent with the behavior of our
model system either in the absence of motors or
at high ATP concentrations (Figs. 2A and 3A).
With the onset of nonequilibrium activity, how-
ever, the power law changed woward a slope off
Yo, which is consistent with the prediction for
lilamenis under ension (24). The full frequency
dependence (green curve in Fig. 3A) is derived
in ({2}, This frequency dependence also rules oul
another possible explanation for the observed
stiffening of the network, namely an increased
cross-linking of actin by inactive myosin, Cross-
links alone will not change the @ W frequency
dependence (22, 25) Thus, the increased stiff-
ness seen in Fig. 3B is most likely the result of
motor-induced tension in the network strands.

Given the presence of both cross-links and
myosin minifilaments in our system, we expect
that the myosins generate contractile tension
in actin filaments between cross-link points
(Fig. 4A). We lind rates on the order of a frac-
tion of a micrometer per sccond in the move-
ment of probe particles (Fig. 4B), consisieni
with typical ries of myosin motility. This slow
buildup of strain implies quasi-static clastic de-
formations that include network compression,
Increased filament density would imply a local
reduction of the solvenvbufler, just as squeczing
a sponge expels liquid, Given the stochastic
binding kinctics of the myvosing, the minifila-
ments evenually let go, which results in a fast
relaxation of the network st (Fig. 4B). The
rate at which the network can relax is determined
by the dissipation duc to the inflow of solvent

A 4o . o 25h B

— i myosn  —— ATP TmM
% . g'g:‘umm - fTﬁnﬁ-w o
- . AR
i - m"m i .___._.‘-’/‘
E 10’ -0.75 3
= g -
8 o
2 I
10’ R
L L 1 1 L 1
w W W W 1w 1" w 1w w 1w 1
Frequency (Hz) Frequency (Hz)

Fig. 3. Effect of filament tension on the response of the active networks (actin and myosin concentrations as
in Fig. 1). (A) Spectra oCleol 2ksT measured with PMR at 2.5 hours (open red drcles) and 9.3 hours (open
blue drcles) and o~ measured with AMR at 9.3 houwrs (solid blue circles) after sample preparation (initial
[ATP] = 3.5 mM). In the presence of nonequilibrium activity, the response function is reduced, indicating a
stiffer sample, which can be fully accounted for by prestresstension of filaments. Theoretical predictions (13)
are shown for a network with filament tension of 0.1 pN, cross-link distance [, = 2.6 um (green curve), and
no tension with the same [, (black curve). Independently known parameters: friction coefficient £ = 0.00377
Pa-s, persistence length [, = 17 » 107 m, probe radius a = 2.5 um. (B) Shear modulus G () at controlled
[ATP]: green line, 1 mM ATP, same as control (black line, no myosin). Lower [ATP] stabilized below ~60 uM
by creatine phosphokinase (CPK): ochre line, [CPK] = 0.5 mg/ml; blue line, 50 pg/ml; red line, 5 pg/ml.
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Fig. 4. (A} Schematic illustration of tension development in actin filaments (red). Myosin
minifilaments (gray) cause network contraction between cross-links (blue). (B) Typical contractile
event reflected in the motion of a probe particle. (C) Correlated motion of particle pairs (diameter
1.1 um; scale bar, 5 um} can be measured by video microscopy (13, 16). In equilibrium, cross-
correlations must be positive (16, 17, 27); nonequilibrium forces can lead to positive (blue arrows),
negative (red arrows), or no correlations (white arrows). (D) Histogram of particle pairs showing
positive (blue) and negative (red) correlations dependent on distance. The frequency (vertical axis)
was normalized by distance to compensate for the increasing probability of finding a second bead
at a given distance. Inset: representative cross-correlation spectra [particle pairs A and B in (C)]
with positive (blue} and negative (red) correlations. Negative correlations are observed only at low
frequencies, where nonequilibrium behavior is apparent in Fig. 2B.
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(like the swelling of a sponge). Time scales for
this process are expected to be on the order of
:],{.l".f_,“r2 G (45, 17, where § (~0.3 um) 15 the
miesh siee of the network and # s a typical length
scale of deformation, I we take the cross-linking
distance as r (=3 pm), this gives a relaxation time
of =01 s which 1s consistent with the observed
relaxation in Fig. 4B and the appearmance ol motor
activity in Fig. 2B,

To funher wst the hypothesis that the non-
equilibrivm  effects we observe are due to
contractile/'compressive gel deformations, we also
examined the comelated motions of pairs of
particles within the network (Fig, 4, C and D},
The observed anticorrelations in particular are not
expected in equilibrnium, but they are consistent
with the contractile forces sketched in Fig, 4A

Thus, actin, myosin, and cross-links are sul-
licient to capture essential and gencral features
of contractibty and mechanical adaptation in
eyloskeletal networks, These observations sug-
gesl mechamisms by which eells could rapadly
modulate their stiffness by Oexing their intemal
“muscles” without changing the density, polym-
erization, or bundling stawe of F-actin. Cells can
actively adapt their elasticity to the mechanics of
the extracellular matrix (26) or to an extemally
applied force (1), and motors could be the cause
for that. From a materials perspective, this in
vitro model system exhibits an active state of
matter that adjusts its own mechanical stiffness

via intemal forecs. This work can be a starting
point for exploring both model systems and
cells in quantitative detail, with the aim of un-
covenng the physical pnnciples undedying the
active regulation of the complex mechanical
functions of cclls,

References and Notes
1 P A Janmey, D A Weitz, Trends Biochem. 5o, 29, 364
(2004},
2. A Einstein, Amn. Phys. 17, 549 (1905).
3. AW C Law, B . Holfman, A Davies, |. C. Crocker,
T. C. Lubensky, Phys. Rev. Lett 91, 198101 (2003).
4. L Le Goff, F. Amblard, E. M. Furst, Phys. Rev. Leit B8,
018101 (2002),
5. G. D'Anna, P. Mayor, A, Barrat, V. Loreto, F. Nari, Natwre
424, 909 (2003).
6. D. Bray, Cell Movemenis: From Melecules to Motility
{Garland, New York, ed. 2, 20010
7. G Laewsky, D. A Knecht, J. Cell Sci, 116, 3761
(2003).
8. E. Reisler, C. Smith, G. Seegan, J. Mol Biol. 143, 129
{1980},
9. D. Humphrey, C. Duggan, O, Saha, 0. Smith, ]. Kas,
Nature 416, 413 (2002).
10. T. Hayashi, K. Maruyama, ). Biochem. (Takya) 78, 1031
{19751,
L A Hough, H D. Ou-Yang, Phys. Rev. E &5, 021906
{2002).
12. D. Mizuno, ¥. Kimura, R, Hayakawa, Phys, Rew, Lert, 87,
0BB104 (2000
13. See supporting material on Science Onling,
14, T.G. Mason, D. A, Weitz, Phys. Rev, letr. 74, 1250 (1995).
15. F. Gittes, B. Schouwrr, P. D. Olmsted, F. {. MacKintosh,
C. F. Schimidt, Phys. Rev. Lett 79, 3286 (1997).

16. ). €. Crocker &t al,, Phys. Rev, Lett. 85, 888 (2000),

REPORTS

17. A ] Levine, T. . Lubensky, Phys Rev. Ler, 85, 1774
(2000).

18. M. L Gardel ef al., Science 304, 1300 (2004).

19. F. C. Mackintesh, | Kas, P. A Janmey, Phys. Rev. Letl. 75,
4425 (1995),

20. C. Veigel et al, Nature 398, 530 (1999).

21. C Storm, J. . Pastore, F. C. MacKintosh, 7. €. Lubensky,
P. A Janmey, Nature 435, 191 {2005).

22. F. Gittes, F. C. MacKintosh, Phys. Rev. £ 58, R1241
(199E).

23. D. €. Morse, Mocromolecules 31, 7044 (1998).

24, A Caspi, M. Elbaurn, B Granek, A Lachish, D. Zbaida,
Phys. Rev. Lett, 80, 1106 {19%8),

25. G. H. Koenderink, M. Atakhorrami, F. €. MacKiniosh,

C. F. Schrvidt, Phys. Rev. Lett 96, 138307 (2006).

26, D, E. Discher, P, Janmey, Y. L. Wang, Scence 310, 1139
{2005},

£7. M. Buchanan, M. Atakhorrami, |. F. Palierne,

C. F. Schmidt, Mocromolecules 38, 8840 (2005).

28. We thank M. Atakhorrami, G, H. Keendenink, D. Pine, and
D, AL Weitz for helphul discussions, and K. Vermeulen for
sample preparation. Supported by the Deutsche
Forschungsgemeinschaft Research Center for Molecular
Physiclogy of the Brain {C.F.5.). This work s pari of the
research program of the Stichting voor Fundamenteel
Onderzoek der Materie (FOM), which is funded by the
Mederlandse Organisatie vosd Wetenschappelifk
Onderzoek (NWO).

Supporting Online Material

waw_sCiencemag. anglegifcontentfulli315/5810/370/DC 1
Materials and Methods

SOM Text

Movies 51 to 54

References

28 August 2006; accepted 5 December 2006
10,11265cience, 1134404

An Inward-Facing Conformation of a
Putative Metal-Chelate-Type

ABC Transporter

H. W. Pinkett,” A. T. Lee,” P. Lum,™ K. P. Locher,” D. C. Rees't

The crystal structure of a putative metal-chelate—type adenosine triphosphate (ATP)=binding
cassette (ABC) transporter encoded by genes HI1470 and HI1471 of Heemophilus influenzae has
been solved at 2.4 angstrom resolution. The permeation pathway exhibits an inward-facing
conformation, in contrast to the outward-facing state previously observed for the homologous
vitamin Bq; importer BtuCD. Although the structures of both HI1470/1 and BtwCD have been
solved in nucleotide-free states, the pairs of ABC subunits in these two structures differ by a
translational shift in the plane of the membrane that coincides with a repositioning of the
membrane-spanning subunits. The differences observed between these ABC transporters involve
relatively modest rearrangements and may serve as structural models for inward- and outward-
facing conformations relevant to the alternating access mechanism of substrate translocation,

ransporters catalvze the thermody-

I namically unfavomble ranslocation of
substrates against a transmembrane con-
centration gradient through the coupling 10 a
second, energetically favorable process. One of
the most widespread familics of transporters,
the adenosine riphosphate (ATP) binding cassette
(ABC) family (J-4), uses the binding and hy-
drolysis of ATP 1o power substrate translocation,
ABC transporers are minimally composed of
tour domains, with two tmnsmembrane domains

www.sciencemag.org  SCIENCE  VOL 315

(TMDs) and two ABCs or nuclestide-binding
domains (NBDs) located in the cytoplasm. Al-
though diverse with respeat 1o physiological
function and TMD architecture, ABC rans-
porters are characterized by two highly conserved
NBDs that comtain critical sequence motifs for
ATP binding and hydrolysis, including the P loop
presem in many nucleotide-binding proteins
and the ABC signature or C-loop maotif’ | Leu-
Ser-Gly-Gly-Gln (LSGGO)] that s specilic o
ABC trmansporters. These similantics suggest a

common mechanism by which ABC tmusponiers
orchestrte a sequence of nucleotide- and substrate-
dependent conformational changes that translo-
cate the substrate across the membrane through
intcrconversion ol outward- and inward-facing
conformations; this tvpe of “alicmating access™
model has been generlly found to provide a
productive framewaork for the mechanistic char-
acterization of trmnsporters (5). For prokaryolic
ABC transponers functioning as imporiers, sub-
sirmic translocation is also dependent on high-
allinity  periplasmic-binding proteins (6) tha

deliver the ligand to the outward-facing state of

the cognate transporer.

The HII4TOVT transporter from Haemopiilns
influenzae belongs w the family of binding
prodein-dependent bacterial ABC mansporters that
mediate the uptake of metal-chelale specics,
including heme and vitamin By (7). Because iron
is ofien an essential nuirient, members of this
family are widely distributed throughout bacte-
ria, including pathogenic organisms such as
. influenzae (X). The molecular architecture for
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this family of ABC transporters was established
by the structure of BuuCD, the By imporner from
Eschervichia coli (91 The tansporter encoded by
genes HUE70 and HIFST of B inffuenzae (1)
exhibits 24 and 33% sequence identity 1o the
ABC subunit BuD and the membranc-spanning
subunit Bru, respectively, and was identified as
a promising candidate for structural study during
the original screen of homologs explored in the
BuCD analysis (9. Alter overexpression and
purification in decylmalioside ol a histidine-
tagged construct, the crvstal stucture of the
intact, nucleotide-free HIT4TO/ transporter
was phased by isomomhous and multiwave-
length anomalous diffraction methods and ne-
fined at 2.4 A resolution (1),

The overall molecular organization of
HIT4TO (Frg. 1A) resembles that observed pre-
viously for BuCD (9, with the functional unit
consisting of two copies cach of the HII471
membrane-spanning subunits and of the HIT470
ABC subunits (Fig. 1, B and C). The oot mean
square deviations (RMSDs) in Ca positions be-
tween structurally equivalent residues in the
individual subunits of HIT1470/1 and BuCD are
~1.5 A the comresponding RMSD after super-
position of equivalent residues in all four sub-
units of these transporters is 2.4 A. Each pair
of HI1470 or HI1471 subunits in HI147001 s
closcly related (RMSDs ~1 A by a rotational
operation that is close 1o an exact wo-lold axis
{rotation angle ~180.5%) passing through the
center of the transporer. By means of the pro-
gram HOLE (/2), an evaluation of the penme-
ation pathway that surrounds this axis reveals
an important difference related 1o the detailed
arrangement of subunits between HIT4T001 and
BwCD (Fig. 2): Although both ransporters main-
tain a tapered pathway through the membrane-
spanning subunits, the pathways open o opposite
sides of the membrane, such that HI1470/T and
BwCD adopt inward- and outward-facing con-
formations, respectively.

Each subunit of the membrane-spanning
HIT471 comtains 10 transmembrane helices (Fig,
1B). packed in a similar fashion to that ob-
served for BiuC with the N and C termini lo-
cated in the cytoplasm (9). Two noteworthy
aspects of the rather intricate wopology of the
helical arrangement are the positioning of the
helix TM2 through the center of the subunit
{which places TM2 in proximity o most of the
other membrane-spanning  helices) and  the
similarities in helix packing between the N-
and C-terminal halves of HIN471, although
with opposite polaritics through the membrane.
This similarity in packing is panicularly ¢v-
ident for the sets of helices (TM2 10 TM3 and
TM7 1o TMI10) that are approximaiely related
by atwo-Told axis in the plane of the membrane
(Fig. 3A). Internal symmetry of this type is
rather frequently observed in channcls and
transporiers ([3). For HI1471 and BruC, this
internal symmetry extends 1o the construction of
the permeation pathway surrounding the molec-

ular two-fold axis (Fig. 3B). Interactions between
transmembrane subunits are dominated by

T™3 and TMS lining the permeation pathway.
Notably, the regular helical structures of TM3

contacts between helices TMS and TMLO and
the extramembrane helix Sa, with residues from

and TMS are mamtained only to about the center
of the TMD and extend in a nonhelical, irregular

A

Fig. 1. (A) The ABC transporter HI1470/1 consists of four subunits: two membrane-spanning
HI1471 subunits {cyan and blue) and two nucleotide-binding HI1470 subunits (green and pink).
The molecular rotation axis is vertical, with the cytoplasmic-facing surface of the transporter toward
the bottom. The locations of the N and C termini for one subunit each of HI1470 and HI1471 are
indicated. (B} A view of HI1470/1 rotated 90° from that of (&), looking down the molecular two-
fold axis toward the membrane-spanning subunits from the periplasmic surface. (C) A view of the
HI1470 ABC subunits from the same direction as in (B), looking down the molecular twe-fold axis
toward the face of the NBDs interacting with the membrane-spanning subunits. The Walker A or
P-loop motif (residues 40 to 46) is colored red, the Walker B motif (residues 148 to 154) is
colored yellow, and the ABC signature motif (residues 129 to 133) is colored orange. The Walker
A or P-loop motif is found at the N-terminal end of helix h1 that is surrounded by the two [§ sheets of
the catalytic core domain. Ribbon diagrams in this report were prepared and rendered with the
program PyMOL (32).

Fig. 2. Visualization of the
permeation pathways of
HIL470/1 and BtuCD with
the program HOLE (12).
(A) The permeation path-
way generated by the two
HI1471 subunits is narrow
at the periplasmic surface
and open to the cytoplasm,
which are located toward
the top and bottom of the
figure, respectively. (B) In
contrast, the pathway for
BtuC is closed at the cyto-
plasm and open to the
periplasm. The HOLE rep-
resentation of the pore
surface is shown in a mul-
ticolored form that was displayed and rendered with the program VMD (33). Red, green, and blue
surfaces designate regions of the permeation pathway with effective radii <0.6, 0.6 to 1.15, and =1.154,
respectively. The calculated diameters at the widest part of the pathways illustrated for HI1470/1 and
BwCD are ~11 and 9 A, respectively. The permeation pathway in BtuCD is of sufficient size to
accommodate a corrin ring but not the entire By, molecule (9); the ligand for HI1470¢1 has not been
identified.
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fashion through the remainder of the membrane
(%), Extended polypeptide chain conformations
have been previously noted along the permeation
pathways of other transponers (14 148).

HI470 (Fig. 1C) exhibits the characteristic
fold that was first observed for the ABC subunit
HisP (/9) and subsequently observed for other
members of this family, ABC subunits arc or-
ganized into two domains: a highly conscrved
catalytic core domain comaining the P loop and
a structurally more diverse o-helical domain
with the ABC signature motif, LSGOAQ. The
catalvtic core domain consists of two i sheets
(a predominantly parallel [ sheet containing the
P loop and a smaller, antiparallel [ sheet) tha

o

together surmound an o helix (hl) extending
away from the P loop. Although there are con-
served clements of the a-helical domain between
different ABC transporiers, this region in general
is mone vadable among members of the ABC
family (20, and the relative onentation of the
helical and catalytic domains 1s sensitive to the
nucleotide state ( 27). As with BuCD and the drug
exporter Sav866 (22), the region of the NBD
that interacts with the TMD primarily involves
the Q) loop in the a-helical domain, The O loop
contains a conserved glutamine (Gln™ in HI1470)
that participates in the binding of nucleotide 10
the NBIY; the corresponding residue in BuD
(GIn™) was observed 10 interact with cyclotetra-

T™M3

Fig. 3. (A} Comparison of the homologous membrane-spanning subunits HI1471 and BtuC, after
superposition of TM2 in subunit A (to the left) of each structure, as viewed down the molecular two-fold
axis from the periplasm. With the exceptions of TM3 to TMS, the helices in the A subunits of HI1471
{cyan) and BtuC (purple) superimpose closely. In contrast, interconversion of the B subunits (to the right)
between these two structures (blue and red, respectively) requires an ~9° twist (indicated by the curved
arrow) about an axis oriented in the direction shown to the right, which passes through the helical domain
of the ABC subunit. (B) Stereoview of a superposition of helices TM3, T\4, TMS, TM8, TM10, and 5a in
subunit A of HI1471 (cyan) and BtuC (purple), as viewed from within the permeation pathway with the
molecular two-fold axis vertical. The internal symmetry—relating helices TM3 and TM8 and TMS and TM10,
as well as the irregular structures of TM3 and TMB3, may be observed. The extramembrane helix 5a helps
restrict the permeation pathway on the periplasmic side of HI1470/1.
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vanadate that occupies the nucleotide-binding
site. The () loop has been observed to be confor-
mationally variable, and changes in this region
have been proposed to be involved in the cou-
pling of nucleotide hydrolysis to the conforma-
tional state of the TMDs (23).

Although the overall architecture of the mact
HI470 ] transporter resembles that of BuCD,
more detailed comparisons highlight differences in
tetiary and quaternary  armngements  between
structures that may be Tunctionally relevant.
Relative 1o a structurally conserved core of seven
helices (TMI, TM2, and TM6 10 TM10) that is
maintained between the TMDs of HIT471 and
Buw( (Fig. 3A), three helices (TM3, TM4, and
TMS) differ significantly between the two stnuc-
tures (Fig, 3, A and B). These differences are
evident in a comparison of HIT470 and BuC
subunits based on superposition of the central
TM2 helix iFig. 3A). Among the more substan-
tial rearmangements between the two structures 1s
a 207 shift in the helix axis of TMS5 (Fig. 3B).
Because TMS participates in the subunit-subunit
interface surmounding the molecular two-fold axis,
these tertiary structure changes are coupled 1o

quatemary changes in the relative positions of

the TMDs, as evidenced by the alteration in the
crossing angle between belices TMS and TMID
from - 1437 in BuCD to - 1637 in HIT470/1, When
the conserved seven-helical core is used to super-
impose one B subuanit and one HITT4T1 subunit,
a twist of ~9° about an axis that is approximately
pormal o the molecular two-fold axis is roquirad 1o
superimpose the patner TMD subunits (Fig. 3A).
The combmation of the repositioning of helices
TM3 o TMS with the overall twist motion across
the subunit-subunit interface between TMDs has
substantial consequences for the permeation: path-

way. In HI&4701, the change in orientation of

TMS3 simultancously closes access 1o the periplasm
while opening the pathway 1o the cytoplasm: in
contrast, cyloplasmic access 1o the permeation
pathway is closed in BiuCD by residues in the
loop between TM4 and TMS. An imporiant ad-
ditional contribution to the perplasmic restiction
in HIT47001 is provided by the extramembrane
helical element 5a immediately following TMS,

The ABC subunits of both HIN470/] and
BuuCD pack together such that the P loop of one
subunit opposcs the signature motif of the other,
in a manner originally proposed from modeling
studies (24) and subscquently observed for
Rads0 (23). The closed state with the most ex-
iensive interface between ABC subunits s
associated with the ATP-bound form and has
been structurally charcterized in isolated ABC
subunits (26-28) and in the imact ABC trans-
porter Sav 1866 (22). Relative 10 this closed
state, the dimers of HI470 and BuD that are
present in the corresponding structures of the
nucleotide-free ransporters cach exhibit more
open conformations, because the catalviic do-
mains have opened up by rotations of 20° 10 257
relative 1o the closed dimer of Malk, the ABC
subunit of the maltose transporter (27). The
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HI1470 dimer armangement most closely resem-
bles the “semi-open™ (27) or post-ATP hydrol-
ysis, adenosine diphosphate-bound (2¥) forms
of the MalK dimer, with RMSDs of 2.7 A be-
tween these structures for the conserved struc-
tural clemems of the catalytic domains in the
dimer, as compared 1o 4.3 A with the closed
state of MalK. The similarity of the BuD dimer
o the semi-open staie of MalK has been pre-
viously noted (27), although the distinctions
between BwD and the semi-open and closed
states of Malk (RMSDs of 2.3 and 2.9 A)are not
as clear for Bl as for HIT470, Direct compar-
isons of the BwD and HI470 dimers funher
indicate that the later has a more open conforma-
tion than the former. For example, the distance
between the P loop and signature sequence on

Fig. 4. Relationships between dimeric ABC
structures. (A) Stereaview of the dimers of HI1470
(green), BtuD (blue; POB 1L7V), and the ATP-bound
state of MalK (orange; PDB 1Q12) based on a
superposition of residues in the catalytic core
domains of both subunits. At the bottom, one
subunit from each structure is indicated by the
appropriately colored Cu trace, whereas the trace of
the second subunit from HI1470 i indicated in gray
at the top. The spheres identify the P-loop and ABC
sequence motifs. The closely overlapping spheres
labeled with the letter “P" in each image indicate
the positions of Gly*?, Gly*®, and Gly*! used to mark
the P loops of HI1470, BtuD, and Malk, respectively;
the other spheres designate the lacations of Gly**,
Gly*#, and Gly*® denoting the ABC signature motif
of these same structures. Fig. 1C highlights these
same elements in the HI1470 dimer (rotated ~60°
about an axis normal to the page). Although the
intersubunit spacings between the P loops within all
three dimers are similar (~35 A; black line), the
separations between signature motifs within each
dimer are 16, 16, and 24 A in MalK {orange), BtuD
{teal), and HIL470 (green), respectively. The spacings
between the P loop and signature motif in different
subunits are 11, 14, and 16 A in MalK, BtuD, and
HI1470, respectively. The rotation axes relating the
catalytic domains of corresponding BtuD and
HI1470 subunits pass near the P loops of these
structures and are illustrated as black lines tilted
~13" from the normal to the viewing direction. The
locations of these axes are reflected in the similar
distances between P loops in the three dimeric ABC
structures, whereas separations involving the signa-
ture motifs vary more widely because these regions
are farther from the rotation axes, (B) Comparison of
the ABC dimers of HI1470/1 {(green), BuD (blue),
and ATP-bound Malk (orange) as viewed from the
membrane in the same orientation as in {A). The
subunits are superimposed onto the conserved
regions of the catalytic core domain of one subunit
(chain O of HI1470 (top subunit). The P loops and hl
helices are depicted as ribbons, the signature se-

quence and associated helix are depicted asa Cuo trace, and the main chain atoms
in the Q loop are depicted as thick bonds. Although these elements overlap in the
top (superimposed) subunits, substantial variation is evident in the lower subunit,
particularly the translational shift along the dimer interface between the Q loops
and signature motifs of the intact HI1470 and BtuD (blue arrow). In comparison,
these elements in Malk are rotated about a hinge axis in a tweezers-type motion

different subunits is greater in the HIT4T0 dimer
than in BuD, as is the separation between the
signature sequences on different subunits in these
twor structures (Fig. 4A ) Although there are im-
portant differences, this comparative analysis sug-
gests that, despite the absence of nucleotides,
the arrangement of ABC subunits obscrved in
BwCD more closely resembles the closed con-
formation than docs HIT470/1,

Although a detailed mechanistic description
will clearly require biochemical and structural
characterization of multiple states of an ABC
transporter system {including bound nucleo-
tides, substrate, and binding protein), the ob-

servation that the permeation pathwavs of

HIT4T] and BiC’D are onented in opposite
dircetions can help wdenufy structwral elements

underlying this trnsition. The conformational
transformations relating HIT47001 and BuCD,
although mamtainmg the overall two-lold mo-
lecular symmetry, do not exsclusively mvolve
Agid body movements of individual subumits
(Fig. 3A). Sull, the rigid body descrniption pro-
vides a uselul reference framework (or this anal-
ysis; for example, when the entire HIT470/1 and
BuuC'D rmnsporters are superimposcd so that the
two-lokd axes coincide, the transformation that is
calculmed for the catalytic core domain of in-
dividual ABC subunits between the two stnuc-
tures comesponds o a rotation of 107 about an
axis tilied 137 from the molecular two-fold axis.
The rotation axis comesponding w0 this trmns-
formation passes near the P loop (Fig. 4A), with
the consequence that the structural adjustments

outward

BtuCD

inward

(27} to close up the interface relative to BtuD (yellow arrow). (C) A schematic
representation illustrating how rotations about local axes in each subunit, parallel
to the molecular two-fold axis of the dimer, aeate a translational shift along the
dimer interface. These rotations can consequently be coupled to a twisting motion
of the assodated membrane-spanning subunits to interconvert inward- and
outward-facing conformations.
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are relatively modest in the catalytic core domain
bretween structures but increase with increasing
distance from this region, as 15 particulady cvi-
dent for the ABC signature sequence. When the
catalytic domains of one NBD in the intact
HII4TO/ ] transponter and one NBD in the imact
BiuC'D wansporter ane superimposed, the relative
positions of the partner NBDs observed in these
structures are shilied by a ranslation or screw
component ol =45 A along an axis parallel 1o the
interface between NBDs (Fig. 4B); this trans-
lational component repositions the two NBDs in
a direction pempendicular to that generated by the
tweezers-lype motion observed between differem
nucleotide states of MalK (27), which also corre-
sponds o the hinge motion between Bl and
the closed form of Malk. Nowably, the direction
of this tmpslational shift comeides with the
dircction of the twist motion observed between
the TMDs of HI4TO/] and BuuCD (Fig. 3A)
This serew component anses [rom the coupling
of the local rotation axes relating  mdividual
NBDs in different structures 1o the molecular
two-fold rotation, which generates a displace-
ment along the subunit-subunit interface as the
separation between NBDs varies (Fig. 4C). The
linkage between NBD positioning and the twist
between TMDs suppons a coupling mechanism
connecting the penmeation pathway and nucleo-
tide state of the transporter, where the ABCs can
remiain juxtaposed during the trnspon cyele.
The structures of HI1470/1 and BuCD dem-
onstrte that inward- and outward-facing con-
formations of an importar-type ABC transporter
may be accommodated with relatively linle
change m overall architecture. Because nenther
HIA70/ nor BuCD were crysiallized in the
presence of nucleotide, binding protein, or ligand,
the encrgetic basis ol the differential stabi-
lization of alternate conformations is not ob-

vious: one possibility is that the substitution of

the native bilaver with detergent has shilted the
cquilibrium between inward- and ouward-facing
conformations. A comparable phenomenon has
recently been discussed for the conformation
of the voltage sensor in polassium channels
{31}, Lattice contacts overdapping the molecular

two-fold axis of HII470 and the periphery of

BuuD could also play a role in stabilizing the
observed conformations of the ABCs. Conse-

quently, despiie the differences in stuctures of

HIT4700 1] and BuCD, it is not possible to establish
the comespondence between nucleotide state and
transporter conformation with certainty; how-
ever, the closer juxtaposition of ABC subunils in
BwCD relative to HIT4TOV] suggests that the
outward-facing conformation of the mansporter
comresponds 1o the closed (ATP) stae of the
NBDs, as suggested by Chen and Davidson (27)
and as observed for SavIB66 by Dawson and
Locher (22). A notable aspect of the switch
translocation pathways  between  inward- and
outward-facing conformation is the packing
reamangement of helices TM3 1w TMS with

respect 1o the remainder of the TMD. In view of
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the internal duplication evident in the helix
packing amangements of HIT4TH T and BiuCD,
as well as other channels and transporters (13,
this suggests the possibality that the imtemal
symmaetry s inherent in the mechanistic ransi-
tion between inward- and omward-facing con-
formations. The roles of binding protein, ligand,
and panticularly nuclestide binding and hydroly-
sis in driving these conformational trnsitions
remain crucial mechanistic issucs.
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Antibody Class Switching Mediated
by Yeast Endonuclease—Generated

DNA Breaks

Ali A. Zarrin,* Catherine Del Vecchio,* Eva Tseng,* Megan Gleason,?

Payam Zarin," Ming Tian,? Frederick W. Alt™*

Antibody class switching in activated B cells uses class switch recombination (CSR), which joins
activation-induced cytidine deaminase (AlD}—dependent double-strand breaks (DSBs) within two
large immunoglobulin heavy chain (IgH) locus switch (S} regions that lie up to 200 kilobases apart.
To test postulated roles of 5 regions and AID in CSR, we generated mutant B cells in which
donor 5u and accepter Sy1 regions were replaced with yeast I-5cel endonuclease sites. We found
that site-specific I-Scel DSBs mediate recombinational IgH locus class switching from IgM to

lgGy without 5 regions or AID. We propose that CSR evolved to exploit a general DNA repair
process that promotes joining of widely separated DSBs within a chromosome,

uring an immune response, activated B
Dt:cll:- switch lrom production of immu-
noglobulin M (lgM) antibodics 10 an-
tibody classes (IgG, IgE or IgA) that have
different immunological functions (/). In mice,
immunoglobulin heavy chain {IgH) constant

region exons (termed Cyy genes) lic within a
chromosomal region that spans 200 kb (Fig.
1A) IgH class switching occurs by a process,
termed class swich recombination (CSRE), m
which the IgM Cpp (Cp) gene is replaced with a
downstream Oy gene. CSR oceurs  between
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large (I- 0 12-kb), repetitive switch (S) region
sequences that lic upstrcam of given Cyy genes
(Fig. 1A} Gene-targeted deletion of S regions
{241 or thar replacement with non-5 region
sequences (4, 3) greatly diminishes CSR, indi-
cating that 5 regions are specialiecd targets for
CSR events. CSR requines  activation-induced
evtidine deaminase (AID) (6), which deami-
nates cvtosine residucs in DNAC(7), and trnscrip-
tion through 5 regions as a means of AlD aceess
(1. 7). Certain DNA repair pathways have been
coopled 10 process deaminated cviidines in S
regions into DNA double-strand breaks (DSBs)
(4), which are CSR intermediates (¥ /1),
Joining of a DSB within the donor Cu S region
(Su) o a DSB within a downstream S region
completes CSR (/).

During CSE. AID introduces multiple DSBs
into S regions, with some being joined between
two S regions 1o elfeet CSR and others being
rejoincd or joimed to other DSBs within the
same S region to generate internal S region de-
letions (12). DSB response proteins, including
ATM, 53BP1. and H2AX, are necessary for nor-
mal joining of CSR DSBs, potentially because
they facilitate end joining (/3) and/or contribute
to brnging two different 5 regions together in a
process relemed 1o as synapsis (f4, 13). S re-
2ions might function in synapsis by generating
unusual structures or binding svnapsis (actors
(fa), In the VD) recombination process that
assembles Ig vanable-region V, D, and J sep-
ments o generate antibody diversity, synapsis is
camed out by the RAG endonuclease that cleaves
the segments (/). By analogy, AlD also might
function in 5 region synapsis, perhaps via inter-
actions of § region-bound AID molecules and
unknown cotbctors (7). Allematively, S regions
may simply serve as targets for AlD-generated
DSBs and have no requisite downsiream fune-
tions. The latier possibility leaves unanswered the
question of how DSBs in donor Spand acceptor
downsiream S regions are synapsed.

To elucidate CSR synapsis mechanisms, we
asked whether recombinational 1gH class swiich-
ing in B cells could be established withou S
regions or AID. Specifically, we asked whether
sitespecific DSBs could replace Sy, or both Su
and Syl, in mediating class switching 1o lgGl,
To generate the DSBs, we selected the veast
1-Scel endonuclease (/8), which recognizes an
1 8-basc pair (bp) target that is mre in the mam-
malian genome (%) and which generates DSBs
with staggered ends (Fig. 1A) (/&) We used
gene targeting o generate the ASy1/1-Scel® al-
lele by replacing the 12-kb endogenous Syl on
the v* allele of an ';rl'.-'}rl"' F1 cmbryonic stem

'Howard Hughes Medical Institute, Children's Hospital,
CBR Institute for Biomedical Research, and Department of
Genetics, Harvard University Medical School, Boston, MA
02115, USA, 2[II'am:oalrtrrlletrll of Molecular Genetics and
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78712, USA,
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(ES) cell line with a cassctte that contained two
I-Scel sites in mverted orientation flanking S04
bp of sequence (g intron) that has no mberent
CSE activity (Fig. 1, A and B, and fig. S1) (5).
We used this strategy to mimic the intemal S
region deletion versus long-range CSR events
that occur during normal CSR. Thus, the two
[-Scel sites Manking the inert spacer allow us
to estimate the frequency with which DSBs are

joined at short range (500 bp) relative 1o the

frequency at which they are joined over long
range (100 kb) 1o Sp DSBs. For replacement
of both Sp and Syl. we started with ES cells
harboring a ASy1/1-Scel® allele, deleted the
4.6-kb Sy region (3), and then replaced Spwith
two [-Seel sites in inverted orientation (Fig. 1, A
and B). The resuling allele, in which both Sy
and Syl were replaced with [-Scel sies, was
tenmed ASpASy l/1-Scel® (Fig. 1B and fig. S1).
We also sclected ES cells homozygous for
the ASpASy UI-Scel® allele (fig. S1B )L We used
targeted ES cells o generate normal spleme B

cells via RAG-2-delicient blastocyst comple-
mentation (26).

To asscss ellects of the Syl replacement, we
assayed [l scerction in activated mutam B
cells. In nomal B cells, 1gGy secrction only oc-
curs via CSR events that place Cyl in the posi-
tion of Cp. Splenocyies from wild-type F1 ES
cells or FI ES cells harboring the ASy 1/1-Scel”
allele were cultured with CD40 amibodies (anti-
CD40) plus imerdeukin= (IL-4) and scparately
with bactenal lipopolysachride (LPS) plus 1L,
which induces transcription from a promoter
upstream of Syl and, as a result, induces CSR
between Spoand Syl (7). After stimulation, tar-
geted and wild-type alleles were similarly tran-
scribed (fig. S2). We used a specific antibody 1o
mcasure seereted lgGy® as an index of switching
on targeted IgH" alleles. With either activation
protocol, secretion of 12G* by the ASy1/1-Scel®
or ASpASy1/1-8cel FI B cells afier 6 days of
activation was reduced, on average, more than
[00-Told, 1o nearly background gquantities

A TAGGGATAACAGGGTAATaAttATTACCCTGTTIATCCCTA
ATCCCTATIGTCCCATTALtaaTAATGGGACAATAGGGAT

1

200 kb

w

=

TAGGGATAACAGGGTAAT-0.5 kb npac-x-lnhét:ﬂnﬂnrcmn
ATCCCTATTGTCCCATTA-0.5 kb spacer-TAATGGGACAATAGGGAT

B e_______._.__—-muh-—_____________a

Su Sl
— sk ST
Sp IScel-spacar-1Scel
—m- A/ f (@05K @ ASYl/Scel
IScel-IScel (40 bp) ISGflpﬂ-ISoﬂ
L) 7F (@050 @] ASuaSTISCal
“
L 5

Fig. 1. Gene targeting strateqy and recombination breakpoints, (A) Genomic organization of the
mouse IgH constant region locus. Black rectangles denote Cy exons, and ovals denote S regions. 5u and
Sy1 are about 100 kb apart. The Sy1* (12 kb) was first targeted by homologous recombination and
replaced with outlined I-5cel cassette to generate ASyLl/i-Scel® (fig. 51). Subsequently the 4.6-kb Su®
was replaced with two I-5cel sites by using a targeting vector described previously (3). The two inserted
I-Scel sites in the Syl region are in inverted orientation flanking 500 bp of intron from the Xpf gene.
The I-Scel sites in the Su region are in inverted orientation separated by a 4-bp spacer (AATT). The
staggered cleavage site of I-Scel is depicted by red and blue colors. The location of the V(D] exon at
the 5" end of the IgH constant region locus is indicated. The locations of intronic (1) promoters for p and
+1 from which germline transcription initiates are designated as open rectangular boxes, (B} Schematic
summary of I-5cel replacements. The Sy and 5y1 regions are depicted with red and yellow ovals,
respectively. The |-5cel cassettes are drawn as black solid circles in a rectangular box. Small solid
triangles represent the location of DNA junctions between Su and ASy1/1-Scel® or between ASu/l-Scel®
and ASyL1-Scel’. Sequences of these junctions are shown in figs. 58 and 59.
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(Fig. 2, A and B). However, infection of ac-
tivated ASyY1/1-Scel® or ASpASYl/1-5cel® B
cells with a retrovirus (pMX-1-Scely that
expresses 1-Seel stimulated 1eGy" sceerction by
S0-fold or more 1o quantitics that, on averge,
were about 10 o 20% of those of wild type (Fig,
2. A and By As a conrol, pMX-1-Scel nfcction
of wild-type B cells had no obvious ellect on
126Gy switching (Fig. 2, A and B). Amounts of
retroviml infection in different  experiments
ranged from 20 w0 707 of the cells (fig. 53).
Theretore, many cells in assayed populations
were not exposed 1o pMMX-1-Scel, which means
that the relative efficiency of [-Scel-dependent
switching to IgGy on the twrgated alleles of
pMX-I-Scel-infected B cells, as compared with
bona fide CSR 1w 120y on wild-type alleles, was
even higher than observed.

We conlirmed the surpnsingly high amounts
of 1gG," switching in the pMX-[-Scel-infected
mutant B cells by several independent methods,
mcludmg B cell hybndoma analvses (g, 54),

Now cviometry (fig. 53). and enzyme-linked
immune spot { ELISpot) assays. ELISpot allows
quantitative asscssment of the frequency ol anti-
body scereting cells at the single el level. For
these experiments, B cells homoevgous for the
ASpASYLI-Scel® allele were stimulated with
LPS and IL-4 or ant-CD40 and [L-4 for 4 days
with or without pMX-1-5cel infection. Although
we observed no lgGy switching in uninfected
ASpASyII-Scel® homozygous B cells. nearly
10% of pMX-1-Scel-infected cells switched 10
leGy (Fig. 2C and fig. 85). In conwol exper-
iments, about 40% of similarly stimulkaed wild-
tvpe cells switched w0 1gGy (fig. S5), Thus,
switching on S region mutant alleles approached
20 of wild-type quantitics, with the highest
amounts appeanng o comrespond with the highest
amounts of retroviral mfection, Lasthy, ASuASyl/
[-Scel® homoeygous B cells stimulated only with
LPS showed a similar amount of 120, switching
[about 7% (Fig. 2C md fig. 55)] &= when
stimulated with LPS and IL-4 or anu-CD40 and

A T 8 a-CD40/L4 c LPS LPS/4

« * = 0% o
2 100 l% ' . . . z
g g 3
2 N : 8
L] ™ %
4] 10 . - ]

1 i} 3

pMX-IScel - + - B = +

10000 =

3 1000
]
bt % g
» "
| —

pMX-1Scel - 4+ - 4+ - 4

T%

',"?\ ’ *1?&
.‘-.-/J

-
i'ul“ :‘

196j-nue

pMX-1Scel

H-fue

Fig. 2. CSR in wild-type or targeted B cells. (A and B} Enzyme-linked immunosorbent assay (ELISA),
Wild-type (F1), ASyL/I-5cel”, or ASpASyL1-Scel” B cells were cultured in the presence of anti-CD40
and IL-4 (A) or LPS and IL-4 (B) and assayed for secretion of 1gG,”. The amount of 1gG,” secreted in
the presence of pMX—I-Scel or in its absence (uninfected or pMX vector alone) is shown. Each solid
circle represents the measurements for one mouse. Error bars represent standard deviation of the
mean {open triangles) of two or three independent experiments, each done with cells from a
different mouse. (€) ELISpot assays ELISpot measured the frequency of lgGy-producing cells in
populations of homozygous ASuASy1/-5cel® B cells stimulated with LPS, LPS and IL-4. The cells
were infected with pMX vector alone or pMX—1-5cel and after 4 days plated at different dilutions. The
ratic of lgGy-producing B cells to the total number of B cells was determined by staining the cells
after 12 to 18 hours with antibodies against IgGy or x/. Noninfected homozygous mutant cells or
homozygous mutant cells infected with pMX vector showed negligible switching to 1gG,. A table
summarizing the ELISpot assays on three to four different chimeras using different stimulation

conditions is depicted in fig. 55.
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IL-4. This result is noteworthy because LPS
stimulation of nommal B cells docs not induce
transcription through the Syl region and, come-
spondmgly, does not substantially  up-regulate
lgGy switching (fig. S5) (/)

To test whether the 1-Scel-dependent switch-
ing to lgGy in mutant cells required ALD, we
gencrated  lgM™-producing  hybrdomas  lrom
ASpASyI-Scel® B cddls. As for hybridomas
from wild-type B cells, the mutam B cell hy-
bridomas did not express detectable AID (Fig.
3A) In addition, Northern blots failed 10 reveal
germlineg Cyl tmnscripts in these hvbridomas
(fig. S6). We infected ASpASy11-Scel® hybri-
domas with pMX-1-Scel and performed ELISpo
alter 6 days. In these experiments, on average,
7% of the ASpASy1-Scel® hybridomas cells
switched o gy production (Fig. 3. B and €,
and fig. 57}, indicating that 1-Scel- mediated class
swilching to lg(s; can be induced in the absence
of AID and in the absence of readily detectable
Cyl locus mansenpls.

We used polymermse chain reaction (PCR)
to characterize recombination junctions [rom
individual ASyl/1-Scel® [gG, -producing hy-
bridomas and found Sy sequences lused, at var-
ious sites within Sy, o one or the other [-Scel
site (Fig. 1B and fig. S8, A and B), which along
with the 1-Scel dependence of these junctions
confimmed that [1-Seel was responsible for gen-
erating  downstream acceplor DSBs. Further
analyses of several junctions that used the 5°

[-Scel site revealed that half had alerations of

the retained 3 1-Scel site (fig. S8C), consistent
with [-5cel cutting these sites with high efli-
caency (79, 21 All Sp-1-Scel junctions ana-
Iyzed had a high frequency of mutations (3.5 =
107 per base pair) within the Sp sequence just
upsircam ol the junction, as cxpecied for in-
volvement of AID in the generation of donor Sp
D5Bs (22). In commsi, analyzed junctions had
only a background frequency of mutations (|
107 per bp) in the 300-bp Xpf intron directly
downstream of the 5* 1-Scel site, consistent with
downsircam DSBs being generated by [-Scel
ifig. S5, A 1o O). These results show that AlD-
induced DSBs in Spocan be joined 10 DSBs
generated by other processes, in this case 1-Seel,
supporting the notion that such joining could
be involved In gencmting oncogenic trans-
locanons, Lastly, we also analyveed recombina-
tion junctions {rom [-Scel-infecied ASpASyl
I-5cel® B cell or hybridoma populations, and all
fell within or in close proximity to I-Scel sies
{Fiz. IB and figs. 59 and S11). confirming
that I-Scel-dependent switching on ASpASy1

I-Seel® alleles involved cutting and joining of

I-5cel sequences.,

We sought 1w approximate the impact of

distance on ability of two separate 1-Scel
mediated breaks 10 be joined. To do this, we
assessed the frequency of shon-range 1-Scel
dependent deletions resulting from joining DSBs

at the two 1-Scel sites that lank the 300-bp XPF

intron cassette of ASuASy11-Scel® B cell hy-
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Fig. 3. Frequency of class switch-
ing in Ig*-producing hybridomas
derived from ASuASy1/1-Scel®
B cells. (A) Western blot analy-
ses of AID expression in two
lgW-producing hybridomas de-
rived from the ASpASy1A-Scel®
heterozygous B cells. Extracts
from activated splenic B cells,
noninfected pMX—I-Scel—infected
hybridomas, or pMX—I-5cel—
infected hybridomas (two inde-
pendent experiments) were probed
with antibodies against AID,
Anti-5002 (Mn superoxide dis-
mutase) was used as a loading
control. {B) ELISpot assay done
after & days after infection of
IgM*-producing hybridoma-46
with pMX—I-Scel. Hybridoma
cells were infected with pMX
vector or pM¥—-5¢cel, plated at
different densities, and probed
with antibodies against w2, lgh,
or lgG, (additional results are
in fig. 57). (C) The results ob-

tained from three independent experiments with hybridoma 46 cells uninfected, infected with control

A
LpMX-iScel| - [- |- [+ [+ - [+ [+
activated| b 46 | Hyb-122
B
pMX-1Scel =4 +
i
anti-igG1 anti-lgG1 anti-igM
(neg. control)
c .
[ Class switching %
Un-infected | pMX-vector | pMX-1Scel _
Exp-1 0 ND 7
Exp-2 0 0 6
Exp-3 0 0 8

pMX vector, or infected with pMX—1-5cel. ND, not determined.

A 5-10%
K- \ e,

(VO H 00— 10046 ——— 0050 |

ASpASY1/IScel
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L
i i + O Normal
IgH locus

——("-L___“}I

General Synapsis Mechanism

l ; (Repair)

Intra-S Region
Recombination

Fig. 4. A general mechanism may mediate high-frequency long-range chromosomal joins and C5R.
(A) A schematic of joining events on the ASuASyLl-Scel allele. The two sets of I-Scel sites that
replace Su and Syl are indicated as solid circles in open boxes with splits in the dots representing
potential D5Bs. Short-range (500-bp) deletions between the two 1-Scel sites that replace 5v1 in
ASuASyLI-Scel IgM*-producing hybridomas (indicated by double arrow connecting DSBs) after
infection with pMX—I-Scel was estimated to occur in 45 to 60% of the cells (fig. 510). Long-range
deletions leading to class switching in the same infected hybridoma populations was estimated to
occur in 5 to 10% of the cells (Fig. 3, B and C, and fig. 57). (B} A model for synapsis of AID-
generated DSBs between two S regions during CSR that relies on a general DNA synapsis
mechanism that leads to a high relative frequency of long-range (up to 200 kb) versus short-range

Class Switch
Recombination

| -

joining or rejoining of DSBs within a chromosome.

bridomas. For this purpose. lgM*-expressing
ASuASy 1/ 1-Scel® hybridomas were infected with
pMN-I-Scel retrovirus and, afier 5 days, sub-
cloned by senal dilution; shon-range deletons
were asscsed by Southem bloting and PCR.
Adier pMX-[-Scel inlection, about 45 w 60%
of ASpuASy1/1-5cel® hybridoma subclones
contained shon-range delenions within the
ASyU1-Scel® cassetie, with most breakpoints
occurring at or near the two [-Scel siles (Fig, 4A
and figs. S10 and 511). This result confirms
that I-Scel cuts efficiently, because both -5cel
sites had 1o be cut simultancously to form short-
mnge joins. Assuming that all insened [-Scel
sites are similarly cut, these findings also
indicate that long-range joins of [-Scel DSBs
at the locaton of Spow [-Scel DSBs 100 kb
downstream at Syl [which occurred in 5 to 1094
of these hybndoma clones (Fig. 3C and figs.
S10 and S11)] occur at about 10 10 2004 of the
frequency of shor-range joins between the I-
Scel DSBs Manking the 500-bp spacer.

We find that AID-initiated DSBs within Sp-
or [-Scel-mediated breaks at the site of Sp
frequently locate and join 1o [-Seel-generated
DSBs 100 kKb downstream at the nommal Syl
site. Frequencies of resultant [-Sce-1-mediated
switching to IgGy were at least 5 o 0% of
bona fide 1gGy switching modiated by full-
length Spoand Syl. In activated B cells, CSR
lrequency 1o IgGy is proportional to length of
the repetitive Syl sequence (230, In this regard,
I-Scel sites inserted in place of Sp and Syl
mediate switching 1o 120Gy at about the frequen-
cy of an allele comaming a full-length (4.6-kb)
Sp and a l-kb Syl (23). This frequency of
switching approaches that of normal CSE 1o
some other lgG isotvpes, which ranges from 20
to 307 that of 1gGy (3). Morcover. the frequency
of long-range joins between two [-Seel DSBs in
the lgH locus is three o four orders of magnitude
greater than that for joining 1-Scel DSBs on
different chromosomes (19, 27). Therefore, our
studics reveal an wnanticipaied process that
leads 1o frequent joining of widely separated
lgH locus DSBs. Although we do not rule out
rodes for AID or normal S regions in enhancing
joining of AlD-initiated DSBs, we conclude
that substantial IgH class switching resulting
from joining two widely separated [-Scel DSBs
requires neither AID nor S regions,

What processes promote synapsis of widely
separated gl locus DSBs? One candidate is B
cell-specific higher-order Ighl locus struciural
features, perhaps related o germline Cyy tran-
scription, that could influence interactions of
DSBs in certain locations (/, 7). However, we
find similar amounts of 1-Scel-dependem switch-
ing w0 IgGy in LPS-activated B cells and [gM-
prodducing hybridomas that have not up-regulaed
transcription of or USR 10 the Cyl locus, This
finding indicates that svnapsis of I-5cel DSBs
docs not require the processes that direat CSR o
a particular Cyy gene and suggests a potential
role for more general mechanisms. In veast and
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mammalian cells, widely separated DSBs can be
brought together before repair (24, 25). In this
regard, activated DSB response proteins, such as
Y-H2AX, torm foct that spread over chromatim
regions up to a megabase Manking DSBs (26),
and these protcins have been implicated in 8
region synapsis (/4). Therefore, an attractive
possibility is that simultancous DSBs withinthe
several-hundred-kb Cyy portion of the IgH locus
might generate overdapping domains of acti-
vated DSB response factors that promote
synapsis and long-range joining, potentially as
a by-product of a general mechanizm that evolved
to prevent translocations ( /3). Such a mechanism
might also comnbute o the propensity of cortain
chromosomal regions o underzo deletions (27).

In our model system, retrovirlly introduced
I-Seel frequently  generates multiple DSBs
within the IzH locus in activated B cells, which
results either in rejoining of a DSB at a given
I-Scel sine, shon-range deletions from joming
DSBs at two prosaimal [-Seel sites (eg., mserted
in place of Syl or long-range deletions from
Joining a DSB at an [-Seel site that replaced Sy
with a DSB at an [-Secel site that replaced Syl
(Fig. 4A). This pattern is reminiscent of the fate
of the multiple AlD-induced DSBs in S regions
(42, 2830 (Fiz. 4B). Morcover, long-range
deletions occurrad at an apparent frequency that
was roughly 10w 20% that of shon-range de-
letions (Fig. 4A). Although 1-Scel- and AID-
generated breaks are not necessarily equivalent,
these lindings suggest an unanticipated aspeet of
the IgH CSR synapsis and joining mechanism.,

Specifically, we propose that the CSR evolved o
ensure that the number of AlD-dependent DSBs
mtroduced into two paricipating S regions dur-
g the course of a given B cell's acuvation (3 o
4 days) is sulliciently high to vield physiological
cellular amounts of CSR on the basis of a general
mechanism that promotes an unexpectedly high
relative proportion of long-rimge joining versus
shor-range joining or rejoining cvents (Fig. 48),
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Farmland Biodiversity and
the Footprint of Agriculture

S. ). Butler,™ ]. A. Vickery,” K. Norris?

Sustainable development requires the reconciliation of demands for biodiversity conservation
and increased agricultural production. Assessing the impact of novel farming practices on
biodiversity and ecosystem services is fundamental to this process. Using farmland birds as a model
system, we present a generic risk assessment framework that accurately predicts each species’
current conservation status and population growth rate associated with past changes in agriculture.
We demonstrate its value by assessing the potential impact on biodiversity of two controversial
land uses, genetically modified herbicide-tolerant crops and agri-environment schemes. This
framework can be used to guide policy and land management decisions and to assess progress

toward sustainability targets.

indiversity and ccosvstem function are
mextricably linked, The case for bio-
diversity conservation can be argued on

cconomic, socioculiuml, and acsthetic grounds
(1-3). Although biodiversity loss has occurmed
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across all temestrial ccosvstems, many of s

drivers are associated wath the imensification of

agriculure (4, 3). Agrnculumal production is set
to double again by 2050 (6), Unless the foot-
print of agriculture is carcfully managed through
sustainable development, both agriculiural sys-
tems and remaining natural ecosystems  will
suffer further degradation, increasing the pro-
portion of the world’s species threatened with
extinction and further limiting the ccosystem
services they are capable of providing (7, §).
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Managing the environmental effects of agri-
culwre requires an assessment of biodiversity
risks and benefits tor all new agriculiural prac-
tices (4, 9. An appreciation of the ecological
mechanisms that affect extinction risk is funda-
mental 1o the development of risk assessment
protocols, One key lactor appers 10 be the degree
of specializaion shown by a species (0, 1.
Specialists have namower miche requiraments and
are disproportionately affected by reduced niche
avatlabiliy: the corollary 1s that gencralist species
are likely to be more resiliemt 1o environmental
perturbation (/2),

We have developed a trait-based risk assess-
ment framework capable of predicting the im-
pact of environmental change on biodiversity
and ecosystem services. We used farmland birds
as a model system 1o which o apply this frame-
work. In the United Kingdom, binds have al-
ready been adopied as a locus for biodiversity
conservation, with an mdex of wild bird popu-
lation wends included as one of the govem-
ment’s 15 headline indicators of sustainable
development. This indicator, presented as the
overall proportional change since 1970, can be
partitioned by habitat to reveal underlying rends
(13). The farmland bird index (FBI) component
shows that farmland bird populations have al-
most halved since 1970, and it is widely ac-
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cepted that these declines have been diven by
agncultural imensification (14, 15). The UK gov-
cmment has sct a public service agreement (PSA)
target to reverse this long-term decline in famm-
land bird populations by 2020,

Our framework draws on a matrix of spe-
cies” ceological requirements covering compo-
nents of diet, foraging habitat, and nesting
habitar, The framework assumes that an agricul-
tural change will affect a species i it leads 10 a
change in food abundance and'or a change in
nesting success. Food abundance can be al-
tered by changes in Toraging habitat availability
and'or changes in food abundance in existing
foraging habitms, Nesting success can be aliered
by changes in nesting habitat availability and/or
changes in nest suceess i existng nesting hab-
itats, Risk score caleulation has its basis i the
assumption that species with broader niches will
be less vulnerable 1o the effects of agnculural
change than species with narrower niches.
Niche breadth is reflected inoa species’ nsk
score by caleulating and summing the propor-
tion of diet, foraging habitat, and nesting habitat
components used by the species that are aftfected
by an agricultural change. Higher scores are at-
tributed 1o species demonstrating a greater pro-
portion of alfected requirements (f6),

To validate our framework, we assessed
the environmental effects of six key compo-
nents of agricultural intensification in the United
Kingdom over the past 4 decades: the switch
from spring to autumn sowing, increased agro-
chemical inputs, loss of noncropped habitats
{1.e.. land not used for growing crops), increased
land drainage, the switch from hay 1o silage, and
the increased intensity of grassland management
(44, 15). We determined from the available lit-
crature whether these components had led 1o a

reduction i the abundance or availability of

cach diet, foraging habiia, and nesting habitai
component included in our matrix of ecological
requircmens. By using this matrix, we iden-

tified every species likely to have bheen ad-
versely affected by any such reduction and
calculated a nisk score ftor cach species. When
summed across all six changes, the overall risk
score for cach species reflects the degree 1o
which agricultural imensification has alfected
the species’ coological requirements (/6).

Each of these agriculuml changes has oc-
curred at a national scale, and any detimental
environmental effects are likely 1o have cused
population-scale  responses in vulnerable spe-
cies, We predicted that the risk score for cach
species should be significamly melated w0 its
conservation status and population growth rate
over the period of recem agricultural change,
The conservation status of UK birds is listed as
red (most threatened ), amber, and green (least
threatened) and is assigned according 1o a mnge
of enteria covering breeding range and popula-
tion trends (7 7). We found that nsk score was
significantly related o the probability of being
listed i these conservation stalus  calegoncs
(Fig. 1A) (mean score + | SE for species on the
red list was 6.6 + 08; for the amber list, 4.9 +
0.8: and for the green list, 2.2 + 0.4; ordinal
logistic regression, 3° = 254, P < 0.001). We
also found that the risk score was signilicantly
related o the annual rate of population growth
(Fig. 1B} (/6) Higher risk assessment scores
were associated with specics with negative pop-
ulation growth rates and therelore experiencing
population decline [F{1, 49) = 11.3, 7= 0.002].
The predicted FBI, based on population changes
from 1970-2001 and calculated by using a
boostrapping procedure on population growth
rates generated from jack-kmife analyses (76), is
0.539 (0.42 10 0.85 are 95% conlidence limits),
compared 1o the actwal FBI of 0.54.

Our risk-scoring system  assumes  equal

weighting for cach source of nsk in terms of

its relation o conservation status and population
growth and assumes that different risk sources
have an additive effcct. To critically assess these

Fig. 1. Relationships A X ¥ ]
between total risk score 0B
and (A) conservation sta- S 107 1u§'
tus category and (B) an- £ 0.8 202
nual population growth © gl WE
rate. (A} Probability of 2 ] 3
conservation status cate @ 08

gory classification de- & 1

rived from parameter g 0.5

estimates of the ordinal 0.44

logistic regression mod- § 0.3

el (16). Colors represent 'g 0.2

UK conservation status 3= "‘x._\____________
categories (17). Below a £ 2; ]

risk scare of 4 (to the 20 ’ r ' y ¥ '
left of line X), the prob- ~~  © R 0 .8 8 10 12 14

ability of being green-

listed is highest, Between risk scores of 4 and 6.9 (between lines X and Y),
the probability of being amber-listed is highest. Above a risk score of 6.9
(to the right of line Y), the probability of being red-listed is highest, Bar
charts show the distribution of actual spedes status within these risk score
boundaries. Cross-tabulation of predicted versus actual classification shows

Score from risk assessment framawork

o
Eltm

assumptions, we constructed a series of more-
complex altemative models that decomposed
the todal risk score inlo varous component parts,
allowing the weighting of different sources of
sk o vary, We also created a set of models that
assumed multiplicative rather than additive ef-
feets (tables 56 and 57). This analysis showed
that our assumptions were rcasonable: The
most parsimonious models of conservation
status and population growth mte only included
ial risk score. However, two alternative mod-
els for predicting population growith rates, one
specifying additive elfects of Ask score decom-
posed into dict-related and nest-related compo-
nents and the other specifving  multiplicative
cffects of these two vanmables, also received
support,

Parameler estimates from these regression
mixdels can be used 1o predict the likely impact
of new agricultural practices on famland bird
populations. We demonstrate this process by
applying our nsk msessment fmmework to two
controversial land uses, genectically modified
herbicide-tolerant (GMHT) crops and agri-
environment schemes, which have generated
debate over their possible contributions to sus-
tainable development and their impacts on
biodiversity (/8- 22). Species scores from these
risk assessments were combined with their scores
from the validation process, which charactenze
responses (o current landscape conditions, o
predict population growth rates and conserva-
tion status in the resultant landscapes (76).

The Farm Scale Evaluation project inves-
tigated the effects of GMHT crop management
on UK farmland wildlife. Its resulis suggesied
that inroduction of GMHT sugar beet and
oilseed mpe is likely w cause a long-term reduc-
tion in above-ground invercbrales and weeds in
the cropped arca of felds (23). Thirty-nine
fanmland bird species have cecological require-
ments that make them susceptible 1o such
changes. Each of these species would therefore

I ! 1 ]
25 50 7.5 10.0
Score from risk assessment framework

strong symmetry (Somer's d = 050, £ < 0.001). (B) Annual population
growth rate declines with inaeasing score from risk assessment of recent
agricultural intensification (16). Data for species included in FBI are shown in
blue. Solid black line shows fitted model for all spedies (y = 0.0079 — 0.0037x,
r? = 0.19); dashed lines show 95% confidence limits.
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be expecied 10 experience reduced population
growth mtes ollowing nationwide GMHT crop
ntreduction. However, we predict that just one
specics, meadow pipit (Anties pratensis), would
be reclassified w a less-favorable conservation
staus as a consequence (changing from amber-
red-listed ). Overall, & appears that replacing equiy-
alent conventional crops in the current agriculiural
landscape with GMHT crops would only have a
limited effect on the FBI (Table | and Fig. 2).

Agri-environment schemes are designed to
mitigate the detrimental impacts of agriculiure
and increase the value of the landscape 10 bio-
diversity, Clearly these schemes will be most
eftective if they target the main drivers of bio-
diversity decline. Our validation resulls suggest
these key drivers have been the loss of [ood and
nesting habitats m the cropped arcas ol the ag-
ricultural landscape (table S8).

An example scheme, entry-level stewardship
(ELS), was lunched in England in 2005, offer-
ing a range of management options for all fam-
ing types. Over 13,000 agreements. covering 1.5
million hectares, have already been implemented,
with payments totalling £47 million in the first

year (24). However, analyses of option objec-
tives and initial uptake rates (16, 235, 26) show
that the main emphasis of curent agrecments is
on hedgerow and margin management  rather
than improving the environmental value of the
croppad arca (table S8), This dispanty between
the causes of farmland bird population decline
and the uptake of mitigation measures, rather
than scheme design per se. suggests that the
ELS may not deliver its biodiversity objectives,
Even il all causes of decline associated with
margin and hedgerow habitats in the current
agriculwral landscape are countered by manage-
ment agreements under ELS, our analyses sug-
gest that the FBI will continue 1o decling, driven
by the detmmental conditions persisting in the
cropped arca (Table 1 and Fig. 2). More im-
portantly, the three models predict that the
percentage of FBI specics with annual popula-
tion growith mies of zero or above will lie
between only 37%% and 53% [8/19, 10/19, and
719 of FBI speeies (table 59)). Furthermore,
several red-list species, such as skylark (Adanda
arvensis) and corn bunting (Miliaria calandra),
which rely solely on the cropped arca of fields,

Table 1. Predicted FBI in 2020 derived from risk scores associated with continued current man-
agement, the introduction of GMHT crops in 2005, or the introduction of the ELS scheme in 2005.
Mean predicted FBI values and 95% confidence limits {in parentheses) were generated from three
alternative models of population growth rate (18). Predicted FBI for 2001 generated from the three
alternative models are also shown. For comparison, the FBl in 2001 calculated from actual

population growth rates was 0.54.

Predicted FBI in 2020

Predicted FBI
Model struclure s Current _GMHI crops ELS introduced
management introduced in in 2005
continued 2005 b
. 0.59 0.42 0.40 0.47
(0.42-0.85) {0.26~0.65) (0.25-0.62) {0.31-0.71)
Diet-related risk plus 0.59 0.42 0.41 0.47
nest-related risk (0.38-0.86) {0.27-0.62) (0.26-0.62) (0.30-0.70)
D‘E:"“Tt:“:?:d"bﬂ 0.62 0.47 0.45 0.52
RLEE By (0.41-0.94) (0.30-0.71) (0.28-0.67) (0.34-0.77)

nest-related risk

Fig. 2. Predicted proportional
changes in the populations of the
19 FBI species between 1970 and
2020 under three land manage-
ment scenarios (16). Line colors
represent current UK consenvation
status categories (17). Popula-
tion growth rates estimated from
parameter estimates were de-
rived from the model of total risk
score used to illustrate predicted

o =
[=] L]
L 4

I

=
]
i

Predicled population change batween 1870 and 2020
o
=1

0.4+
responses.
0.24
0.0 r . ]
GMHT crops  Current management AE scheme
inroduced continued introduced
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are likely to continue declining at their currem
rate (Fig. 2). Unless greater emphasis is placed
on improving the value of the cropped arca for
bodiversity, progress toward reversing the long-
term declines i farmland birds is liable 10 fall
shon of the UK govemment’s PSA tangel,

This wait-based approach could have a broad
rnge of applications in agricultural ccosystems
and beyond, For example, it could be used 10
assess the risk of agriculluml changes 1w pol-
linating insect populations and therelore pollina-
tion services, The necessary data for developing

an ecological requirements matnix for many of

these species, particularly in the United King-
dom and Westem Europe, are readily attainable
(27). Pollinator diversity is essential or sustaining
this highly valued service, estimated to be worth
S14 ha ' year ' (28), but agricultural inten-
sification has reduced both the diversity and the
abundance of native insoct pollinators (27). By
asscssmng the mmpact on key ccological re-
quircments, our framework could be used 1o
predict the nesponse of pollinating inseat popula-
tions to any proposed change and therefore
lacilitate the effective management of pollination
services in the agriculwiral landscape. Our frame-
work provides a robust basis for asscssing risk.
and its application to GMHT crops and agri-
cnvironmental management has imponant imipli-
cations for policy- and decision-makers. We
believe our framework can also contribute greatly
tor the economic evaluation of proposed agriculiur-
al changes that alter the functioning of cocosysiem
services through their impact on biodiversity.
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Control of Drosophila Gastrulation by
Apical Localization of Adherens
Junctions and RhoGEF2

Verena Kalsch,»* Thomas Seher,? Gregorio ]. Fernandez-Ballester,?

Luis Serrano,’t Maria Leptin't

A hallmark of epithelial invagination is the constriction of cells on their apical sides. During
Drosophila gastrulation, apical constrictions under the control of the transcription factor Twist
lead to the invagination of the mesoderm. Twist-controlled G protein signaling is involved in
mediating the invagination but is not sufficient to account for the full activity of Twist, We
identified a Twist target, the transmembrane protein T48, which acts in conjunction with G protein
signaling to orchestrate shape changes. Together with G protein signaling, T48 recruits adherens
junctions and the cytoskeletal requlator RhoGEF2 to the sites of apical constriction, ensuring

rapid and intense changes in cell shape.

pical constriction of cells can contribute
to the invagination of epithelia, such as
during gastrulation or organogenesis, and

the closure of wounds. In the Dvosopfiila embryvo,

apical constrictions occur along the ventral side of

the blastoderm epithelium, leading 1o the fommna-

tion ol the ventral Turrow and the nvagination of

the mesodenm (7). Proleins necessary  for the
mechanics of these cell shape changes melude the
Rho guanosine 5 -tnphosphate-exchange factor
RhoGEF2 (2, 3) and a heterotnmeric G protein,
Whereas RhoGEF2 is essential for fumow fonma-
tion, disruption of the heterotrimeric G prodein,
such as by loss of its o subunit Concertina (Cia),
lcads o a delay but no lasting defects in meso-
derm morphogenesis (4, 5% These matemally
supplicd proteins must be activated under the
control of the zygotic genome in the cmbayo,
Twist is the zyvgotic trnscriptional activator
that 15 essential for the cell shape changes that
produce the ventral fumrow. One of its tangets s
the wanscriptional repressor Snail, which is also
cssential for mesodermal morphogencsis (6).

Yinstitute of Genetics, University of Cologne, Ziilpicher
Strasse 47, 50674 Cologne, Germany. ZInstituto de Bi-
ologia Molecular y Celular, Universidad Miguel Hernandez,
Edificio Tarregaitan, Avenida de la Universidad, 03202
Elche, Spain, J'Eumpean Molecular Biology Laboratory,
Meyerhofstrasse 1, 69012 Heidelberg, Germany,

*Present address: Section of Cell and Developmental
Biology, Division of Biological Sciences and Center for
Molecular Genetics, University of California, 5an Diego, La
Jolla, CA 92093, USA,

tPresent address: Centre de Regulacid Gendmica, 08003
Barcelona, Spain.

1To whom comespondence should be addressed. E-mail:
mleptin@uni-koeln,de

19 JAMUARY 2007

However, the cell biological events responsible
for the cell shape changes must ultimately be
regulated by targets that are nol ranscription
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factors. OF the known Twist targets, only one,
Jolded gastrnidation ( fog), is involved in mediat-
ing shape changes. Mutants in fog, which codes
for a secrcted peptide (7, &), show the same
defects as embryvos lacking Cra, Fog is therefore
thought to act in the same pathway as Cia, which
we refer to as Fog/Cra signaling,

Foe/Cra signaling s thought wo cause changes
in the actin cytoskelelon in conjunction with
RhoGEF2, Recruitment of myosin from basal o
apical in constricting ventral cells is partly
dependent on Fog/Cra and absolutely dependent
on RhoGEF2 (8, 9). Furthermore, the mamma-
lian homologs of RhoGEF2 and Cla interact
(/1. Finally, binding of Dvosephila RhoGEF2 1o
microtubules by means of EBI is distupted by
activated Cra (/7). Given that myosin recruitment
and apical constiction are reduced but not
abolished in the absence of FogCa (X), there
must be other factors regulated by Twist tha
explain its effects on apical constriction.

In a screen Ffor genes that mediate the 2vgot-
ic control of gastrulation (/23 we found the re-

A B
i
- n bk @

DIf3RICC1.2

Fig. 1. Characterization of T48. (A
and B) Wild-type and age-matched
Dfi3R)CC1.2 (T487) embryos stained
for Twist (brown) and Even-skipped

{blue). For statistical evaluation, see
figs. 52 and 53. () T48 RNA ex-
pression at blastoderm stage. (D to
F) T48HA localization. (D) Surface
view of stage 5 embryo; staining is
at the cellular interfaces. [(E) and
(F}] Optical sections through the
blastoderm epithelium, apical 15 up.
T48 is at the apical cell membranes,
overlapping phospho-tyrosine (PTyr)
staining, but not Bazocka (Baz).
Scale bars, 10 pm. (G} Coim-
munoprecipitates of >*S-labeled

G Baz St Dig GEF2 Scrbh  beads  input 748 and Crb with glutathione 5-

35, T4l - — transferase fusions of PDZ do-

a8 mains (17). Coomassie-stained
5-T4Binerasroz — 5

8O Gt 505—polyacrylamide gel electropho-

Y wira — resis bands of the PDZ-construct

— - - - input shown below. (H to M) Co-

STaehA localization of PDZ domains with

T48HA

L

T48HA. 52 cells transfected with
GFP-tagged RhoGEF2-PDZ [(H) to
] or Scribbled-PDZ [(K) to (W]
alone or in combination with T48HA
of T48HA smm.- (See figs. 54 and 55
for statistical and graphic evaluation.)

-
T4BHA Jyrren
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gion uncovered by the chromosomal deficicncy
INI3RITE 10 be necessary for the proper For-
mation of the ventral fumow (lig. 51 Phenotypic
analysis and molecular mapping of a set of over-
lapping deficiencics (table S1) identified the gene
T48 as being responsible for the deleats seen in
IYi3R)TE |supporting online material (SOM)
text and Fig. 1, A and B]. T48 s expressed in the
mesoderm (Fig. 1C) under control of Twist
(13, 14). It codes for a predicted protein with a
signal peptide and a potential wransmembrane
domain. When an internally hemagglutinin-
tagged T48 protein (T48HA) was expressad in

embryos, i1 localized at the peripherics of

blastoderm cells, consistent with a close associ-
ation with or insertion into the plasma membrane
i(Fig. 1D). Optical cross-sections showed  that
T48HA 15 targeted 1o the apical membrane {Fig.
I, E and F).

No other structural motils are recognizable in
the protein. However, the C-termimal amino acid
lle-Thr-Thr-Glu-Leu (-ITTEL) con-
forms to the class | consensus Tor pepides that
interact with PDZ domains. T48 has no obvious
human ortholog but shows some similarity o the
intracellular pan of Frasl (/35), which also has a
PDZ-binding motif. To lind candidates for PDZ
domains that might intcract with T48, we ana-

suuenoe

Ivzed the putative PDZ-binding soquence with an
algorithm designed to determine the PDZE
domains that show the optimal it for any given
pepuide (Ja. I7L OF the predicted imteractors
(table 52), RhoGEF2 was particularly inleresting
in view of its rele in ventral furrow formation

(2, 3). Funhermore, the mammalian onholog of

RholiEF2 has been shown to bind 1o Plexin-Bl
by means of'a PDZ-binding motif{—Val-Thr-Asp-
Leu) very similar to that of T48 {/4),

We tested whether the C terminus of T48 is
indeed able 1o interact with RhoGEF2, A *S-
labeled C-terminal peptide of T48 preferentially
coprecipitated with the PDZ domain of RholGEF2
rather than those of other PDZ donsin- comaining
proteins, incontrast to Crumbs, which was used as
a control and which preferentially coprecipitated
with PDY domams from its physiological mter-
action pariner Stardust, as well as Barooka (Fig,
1G) In Schnader 52 cells, a green Huorescent
protemn (GFP)-tagged RhoGEF2 PDE domain or
lull-length RhoGEF2 was localized in the evio-
plasm or formed intmeellular aggresates (Fig. 1H)
when expressed alone, but localized o the plasma
membrane when coexpressed with T48 (Fig. 11
and figs. 54 and 55). In both assays, the intermc-

tion required the presence of the -ITTEL motf

and was not seen with other PDZ domains (Fig. 1,

Fig. 2. Redistribution of |
RhoGEF2 and Armadillo.
Sections of wild-type [(A)
to (U)] and 748" embryos
[(M) to (Q)] stained for
RhoGEF2 and Armadillo
as indicated. (A to C and
F) Stage 5 wild-type
embryos; RhoGEF2 and
Armadillo are lost from
the basal end in ventral
cells (arrowhead). (D, E,
and @) Late stage 5:
Disappearance of sub-
apical Armadillo in ven-
tral cells and first signs of
apical localization of
RhoGEFZ in cells with
still-rounded surfaces
larrowheads in (E} and
(G}). [(F) and (G)] Details
of embryos shown in (B)
and (C) and in (D) and

(E), respectively [marked
by brackets in (B} and
(D). (H to L Stage 6:
Strong apical localization
of RhoGEF2 and Arma-
dillo in constricting cells.
(1) Detail of (H) and (1)
Nonoverlapping localiza-
tion of Armadillo (con-

0 v

| —__ Widtype — ]
_Armadillo + AhoGE _'|_ Armadilio Il____RhoGEF2 |
o=t il r :
:E fa s c
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centrated at cell junctions) and RhoGEF2 (apical surface). [(K) and ()] Adherens junctions are apical
throughout the mesoderm, including nonconstricting cells (arrowhead). (M to Q) Stage 6 748~ mutant
embryos (17} show reduced apical localization of RhoGEF2 [IN) and (Q}]. Armadillo relocalization and
apical flattening occur [(0), arrowhead], but apical constriction is delayed. Black-and-white fluorescence

images were color-inverted in Photoshop.
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J 1o M), Thus, T48 interacts with RhoGEF2 by
means of its PDZ-binding mouf and 15 able 1o
cnnch RhoGEF2 1o the plasma membrane.

To understand the function of T48 durng
gastrulanon, we studied the subcellular localiza-
tion of RhoGEF2 and its dependence on T48 in
the developing embryo, Before gastrulation, the
apical surtaces of the blastoderm epithelivm arc
dome shaped and the developing adherens
Junctions are located subapically. RhoGEF2 is
associated with the basally located [urow canals,
whereas Amadillo is found just below this site
and a1 a subapical position of the lateral cell
membranes (Fig. 2, Aw C)(f9, 20,

Adter cellularization was completed, these
distributions changed specifically in ventral cells
(Fig. 2, B w E). Even before morphological
changes occurred, RhoGEF2 and Ammadillo dis-
appearcd from the basal ends (Fig. 2, A to C and
F). Subsequently, Armadillo disappeared from its
subapical site and accumulated apically (8) (Fig.
2, D and G) A weak association of RholGEF2
with the apical plasma membrne wis secn at this
stage (Fig. 2, E and G).

As cells began to flatten apically, high levels
of both RhoGEF2 and Ammadillo accunmuilated
apically (8, 200 (Fig. 2. H to L). Although they
concentrated in the same region of the cell,
Armadille was restricted w0 the cell junctions,
whereas RhoGEF2 was often more enriched
between these sites (Fig. 2J). Notably, movement
of the adherens junctions occurred not only in
constricting cells but also in the more lateral
mesodermal cells that Matened and  became
stretched on their apical sides (Fig. 2K).

To examine whether these processes depend
on T48, we stamed stage-selected 748 mutam
cembryos (/7). Loss of RhoGEF2 and Ammadillo
from the basal side was unaffected in these

Armadilo BhoGEF2
-
oy
LR B Sl E-T
- 1 o
9 Sl 4
I S | y
’ &
i [+ - D s
L r._'.*f_- Paigres o *’i—.ﬁ J
'-'I' h-'l-' -
» y
e
LY Ty u ;\-\1 - e 2
N =
§}"«.n+"‘“ ! h'..g,- _.‘_;:H—'J'i;

Fig. 3. Effect of Cta, Twist, and 5nail on RhoGEF2
and Armadillo. Sections of stage & mutant embryos.
(A and B) Embryos derived from homozygous
concertina™° mothers. (C and D) Homozygous
148~ embryos derived from homozygous concerting
mutant mothers. See fig. 56 for a more extensive
documentation of the cfa,; 748 mutant phenotype.
{E and F) Homozygous twist ™! mutant embryos.
iG and H} Homozygous snail mutant embryos
(Dff2LTET16GWI1). Fluorescent pictures were
inverted.
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embrvos (Fig, 2. M and N), &5 was the apical
concentration of Amadillo, The cells flattened
apically (Fig. 20 and lengthened, but the absenee
of constnetions resulted n a thick placode mther
than an indentation (Fig. 2, P and Q). Localization
of RhoGEF2 10 the apical membrane was slightly
delayed and possibly reduced (Fig. 2, N and Q).
T4% therefore contributes 1o but is not essential
for the recruitment of RhoGEF2 1o the apical
membrane. This is consistent with the observation
that frrow formation is not completely abolished,
but only delayed or weakened. We therefore
examined other mechanisms that might paricipate
in RhoGEF2 localimtion,

As in the case of T48, mutations in the Fog
Cla pathway delay but do not abolish apical
constniction and  fumow  formmanon (4, 7). We
therefore considered whether Fog/Cra signaling
might cooperaie with T48 1o recruit RhoGEF2, In
embryos lacking Cta, the reerutment of RhoGEF2
was weakened (Fig. 3B). Combining mutations in
el and T4 resulied i much more notable eflects
(Fig. 3D). These cta, 748 embryos failed 10 make
a furrow: the lack of apical constrictions was
mimrored by a lailure to accumulate RhoGEF2
apically (Fig. 3 and fig. 56). Thus. T48 and
Fog/Cla signaling act in parallel to concentrate
RhoGEF2 apically.

We also observed severe defects in the be-

havior of the adherens junctions in the double-
mutant embryos. Amadillo siaining disappeared
fromm its tight subapical localization but did not
reaccumulate apically (Fig, 3C and fig. 56). Thus,
mowvernent of the junctions is not simply mediated
by a tensile force from the constrnicling actin
an independent step ol at least

cyloskeleton

partial disassembly must occur. We spoculated
that this might be controlled by Snail, which
regulates the disassembly of cell junctions in

vertebrates. We found that the disassembly of

Armadillo from the subapical position was indecd
blocked insraid (but not in mdss) mutant embryos
(Fig. 3, E and G). Thus, Snail acts in parallel 1o
Twist to dircet the disassembly of subapical
Junctions, a process to which cumently unknown
Twist tangets may also contribute (SOM text),

Having observed that T48 and Fog/Cia
activation are required for the apical localization
of RhoGEF2 and Amadillo, we tested whether
T48, like Fog/Cia signaling, was able o gger
their relocalization in other cells, Ubiquitous
expression of T48 in the embryo led o 2
concentration of RhoGEF2 at the apical mem-
branes of lateral cclls {compare Fig. 4. A and B:
fig. 57). Amadillo localization in ectodermal
cells was no longer resineted 1o a distinet
subapical domamn but extended to the apical end
of the lateral membranes i many cells. When
T48 was coexpressed with activated Cra, this
effeet was slightly enhanced, and some embryos
showed momphological defects (fig. S7).

With T48, we found a missing factor in the
control cascade from transcriptional regulation by
Twist to the cell biological mediators of furrow
morphogenesis (Fig. 4, C and D). Two Twist
targets, Fog and T48, appear 1o act in scpamie
pathways that converge on RhoGEF2, which in-
tegrates the signal to activate myosin and modify
the actin cytoskeleton (8, 93, Our model shows the
matemally supplicd RhoGEF2 as largely anached
1o microtubules by means of EB1 (7). The onsat
of Twist expression has two effects. Fog s

- '-..
™ [T
-
: ) e s
Twist
&
Snail Y l’:
' 2|
299 2 maternal \
X7 Fog Tap ||mat “
microtubules ?T’?
L / / ~ EB1 " Zygotic
- apical reassembly - gum'lqur::lfa TWi Twist
disassembly of of junctions + activated Concerting + Fog
punctions - constriction M postulated Fog-receptor Y T48

Fig. 4. Induced relocalization of RhoGEF2 and

Armadillo, and a model for the control of furrow

formation. (A and B} Details of sections of the wild-type (A) and T48-overexpressing (B) embryos shown
in fig. 57. (C) Model for T48 and Fog/Cta function during gastrulation. (D) Genetic hierarchy of the genes
acting downstream of Twist in regulating adherens junctions and cytoskeletal rearrangements.

synthesized, which miggers the activation of Cra.
This in wm releases RhoGEF2 from the micro-
tubules that, by analogy 1o s vertehrate homaologs,
ey bind to Cia through s RGS domam (0),
allowing some myosin activation and constriction,
In parallcl, T4 is synmthesiead and trgeted to the
apical membrine, where it acls © concentrale
RhoGEF2 through its PDZ-binding motif. In
the absence of Fog-mediated displacement of
RhoGEF2 from EBI, T48 can probably still re-
cruit suflicient freely diffusible RhoGEF2 1o allow
slow constriction. Only when both mechanisms
fail are the downstream events of constriction and
Junction reassembly abolished completely,

The wtilization of Gol2/13 protcins and a
microsbule-bound RhoGEF have also been ne-
ported in vertebrate gastrulation (24, 22). The ab-
senee of an obvious homolog of T48 in vencbrates
mught suggest that this element ol the control mech-
anism ks unigque 1o Drosophile gastrulation. How-
ever, the PDZ-bindimg motifin Plexin-B1 s similar
o that of T4X and acts dunng neunmal growth
cone remodeling by reeruiting PDZ-RhoGEF
(I8). Therelore, this mechanism of controlling
cell shape may operate in a varety ol systems.
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High-Throughput Identification of
Catalytic Redox-Active

Cysteine Residues

Dmitri E. Fomenko,” Weibing Xing,? Blakely M. Adair,? David ]. Thomas,? Vadim N. Gladyshev*

Cysteine (Cys) residues often play critical roles in proteins; however, identification of their specific
functions has been limited to case-by-case experimental approaches. We developed a procedure for
high-throughput identification of catalytic redox-active Cys in proteins by searching for sporadic
selenocysteine-Cys pairs in sequence databases. This method is independent of protein family,
structure, and taxon. We used it to selectively detect the majority of known proteins with redox-
active Cys and to make additional predictions, one of which was verified. Rapid accumulation of
sequence information from genomic and metagenomic projects should allow detection of many
additional oxidoreductase families as well as identification of redox-active Cys in these proteins.

elative to other amino acids in proteins,
Rc}-slcinu {Cys) residues are often con-
served and functionally important. Cys
residucs entical o protein function are frequent-
Iy used at enzyme active sites: they may bind
metals such as iron, zinc, and copper: and they
may be subjected to postiranslational modifica-
tions that regulate proicin function or targel
proteins o a particular cellular location, A Cys
pair may o a disulfide bond that stabilizes
protein structure (), and numerous additional
roles of Cys have been desenbed.
However, the presence ol Cys in a protein
soquence per se does not mean that this residue
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has a eritical function, nor does it establish what
that function might be. Analyses of Cys con-
servation may help adentify catalytic Cys, but
only for proteins with already known funetion
(2-4). Cys is chemically similar o seleno-
cysteine (Sec), a rare but widely distributed
amino acid encoded by UGA and known as the
215t amino acid in the genetic code (5-9). In
functionally characterized sclenoprotein fami-
lics, Sec is located in enevme active sites and
serves various redox functions. In addition, most
selenoproteins have close homologs in which Sec
1s replaced by Cys.

Selenoproteins are found in all three do-
mains of life, but a given organism contains a
relatively small number of these proteins. A
core of about 20 sclenoproteins s widespread:
however, many organisms also evolved rare or
lincage-specilic selenoproteins. For example,
methionine-S-sulfoxide reductase (MsrA) oc-
curs as a selenoprotein in green algae and a
Cys—containing form in most other species (9),
whercas the Cys-containing methionine-R-
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*'WGS
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Fig. 1. High-throughout prediction of redox-active cysteine residues. (A)
Scheme illustrating the method used for prediction of redox-active Cys
residues by homology to sporadic selenoproteins [(12);
selenocysteine]. MsrB is used as an example that illustrates the Cys-Sec
pairs. (B} Model of evolution of proteins containing catalytic redox-
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sulfoxide reductase (MsrB) evolved into a
sclenoprotein in ventcbrates (/). Although Sce
oceurs only in several MarA and MsrB scquences,

it aligns with the catalytic Cys i other members of

these protein familics. Only the catalytic Cys
aligns with Sec, whereas other Cys residues, such
as the conserved Cys that serve as resolving
residucs or coondinate zing, do not have Sec pairs.
Thus, identification of rare Scc-containing forms
of MsrA and MsrB indicates the thiol-based
redox [unction of these proteins, Morcover, it
pinpoints the location of catalytic Cys in these
protein families. Similady, the occurrence of rare
Sec-comaming forms of other protein familics

comaining conserved Cyvs may be indicative of

redox functions of these families,

We used this property of homologous Cys-
See pamrs o develop a procedure for large-scale
identification of catalytic redox-active Cys in
proteins, To dentily Cys-Sec pairs, we analyeed,
with thlastn (#7), all Cys-comainmg prolcins n
National Center for Biotechnology  Information
(NCBI) databases against NCBI nueleotide
sequences to identify pairs of homologous protein
sequences, in which one sequence was a Cys-
containing protein and the other was a candidate
selenoprotein derived from a nucleotide sequence
translated in all six open reading frames (ORFs)
{Le., Cvs ina protein sequence aligned to TGA in
atmanslated nucleotide sequence ) Fig. 1A). Using
this procedure, we screenad major nucleotide
sequence daabases, including completed  ge-
nomes as well as environmental, whole-genome
shotgun (WGS), and exproessed sequence tag (EST)
sequences. Independently, blastp (17) searches
weere carried out 1o identilfy Cys-containing homo-
logs of a manually compiled st ol previously
identified selenoproteins. The wo data sets were
then combined and clustered into protein familics,
and a nonredundant set of Cys proicins in which
cach proicin contained a predicted catalvtic redox-
active Cyvs was developed.
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active Cys. Redox-active Cys residues are conserved during evolution. In
some organisms, these proteins may evolve into selenoproteins such
that Sec replaces the catalytic Cys. Detection of such Cys-5ec pairs could
reveal redox function for the entire protein family {or subfamily} and
indicate location of the redox-active Cys.
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The set of proteins containing predicted
redox-active Cys had 10,412 unique sequences,
which were organized into 40 protein fanilics
and superfamihies (Table | and table S1). Each
sequence had a conserved Cys that comesponded
to Sec in at least one homolog found inany of the
analyzed sequence databases. The [unctional
diversity of the identified proteins execeded the
40 families, as some proteins with distinet
functions belonged 10 the same family. For
example, thioredoxins, protein disulfide isom-
erases, DshA, DshC, and DsbG were present in
one cluster, although cach of these proteins has a
distingt function. The 10,412 Cys-containing
sequences accounted for ~0.3% of the mitial sat
of tested protems and represented all completely
sequenced genomes. The number of prowems
found m a pamicular genome generally comelated
with the size of the proteome, although archaca
had fewer such proteins than other organisms
(hgs. 51 and 52).

We divided proteins represented by Cys-
Sec pairs into functionally characterized pro-
teins and proteins of unknown function. Most
functionally characterized proteins detected in
our search were those that used redox-active
Cys in the active site for thiol-based redox catal-
yais, including the well-known oxidoreductases

A

60088B60 Environmental seguence .’
segquence W

60053099 Environmental

60009579 Environmental seguance
50874889 D. paychrophila
46134501 A. variabilis
23115027 D. hafnisnse

15488645 N. musculus

47220314 T. nigroviridis
21228345 N. mazaei

B

thioredoxin (fig. 53). glutaredoxin (fig. S4). per-
oxiredoxin (fig. S5), and glutathione peroxidase
(lig. 560 Many contaimed a CxxC motif (two Cys
separated by two residues) ormonts denved from
it Jeg, CxxS in arsenate reductase (g, 57),
TxxC in peroxiredoxin, and CxxT in glutathione
peroxidase] (/23 A common propenty of the
detected proteins was the use ol a conserved
nucleophilic redox-active Cys residuc. During
catalysis, this Cys changes redox state to a
disullide (¢.g., in thioredoxin, glmaredoxin, and
AhpD) or a sulfenic acid inlermediate (e.g.. in
glutathione peroxidase, peroxiredoxing MsrA,

and MsrB). These observations suggesied that
the remaining Cys-containing proteins detected
in the scarch may also be redox proteins that use
redox-actve Cys residues.

Conserved Cys residues are frequently
uscd to coordinate metal ions (most often zing,
iron, and copper). However, such Cys were not
present in our data set. Likewise, the data sat
had no proteins in which catalvtic Cys residues
carried out nonredox functions or were in-
volved in posttranslational modifications or
structural disullides. Further analysis (table S1)
revealed that the idemtilied proteins represented

Table 1. Proteins identified in the searches for Cys-Sec pairs in homolegous sequences. Each cell shows
numbers of detected redox-active Cys—containing sequences (left) and numbers of Sec-containing
sequences that support predictions of redox-active Cys residues (right). See also table 51.

Proteins Bacterial Cys-Sec Archaeal Cys-Sec Eukaryotic Cys-Sec
SEqUENCes sequUences sequences
Functionally characterized
proteins containing catalytic 6222/363 257/21 1514/194
redox-active Cys
Prateins with predicted redox
function and catalytic 2045/254 59/9 315/360
redox-active Cys
Total B267/619 316430 1829/554

Cys 157
|

Cys 207 (Sec)

_I AdoMet -dependent methyltransferase

Cc

Fig. 2. Arsenic methyltrans-
ferases. (A) Amino add sequence
alignment of arsenic methyltrans-
ferases (12). The alignment is
limited to the region that cor-
responds to the active site and its
flanking sequences. GenBank ac-
cession numbers of sequences
and organisms from which these
sequences are derived are shown at
the left. Predicted Sec are shaded in
red, the corresponding catalytic Cys
in blue, and the resolving Cys in 20
green; conserved residues are in
gray. (B) Domain structure of
mouse AS3MT. The methyl-
transferase domain contains a
resolving Cys, whereas the redox-

3 Total As

active Cys-Sec is located downstream of this domain. (C) Activity of mouse
AS3MT and its Cys™®" — Ser and Cys®®” — Ser mutants. AS3MT catalyzes
AdoMet-dependent methylation of inorganic arsenicals (iAs) to its methyl-

™
'

DMiAs

| B

ated forms. MAs, monomethylated arsenicals; DMAs, dimethylated ar-
senicals; TMAs, trimeth

lylated arsenicals. (D) Structural model of mouse
AS3MT. Cys®® and Cys'>

are shown as ball-and-stick models.
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essentially all known familics of oxidoreduc-
tases that carry out thiol-based catalysis. For
example, both proten mihies that reduce
methionine sulfoxides (MsrA and MsrB) were
detected, as were all known thiol peroxidase
families. The data are consistent with the idea
that the presence of Sec in a protein family,
even if represented by only one or a few scleno-
protein sequences, can indicate a redox function
for the entire protein family and the location of
redox-active Cys in proteins in this family, Sever-
al detected proteins had muliple conserved
Cys. For example, thioredoxin, glutaredoxin,
and AhpDd comained conserved Cvs in the
form of CxxC motifs, whereas peroxiredoxin,
MsrA, and MsrB had conserved Cys that were
separated by variable distances. However, only
those Cys that carried out catalytic functions
{e.g.. attacking nucleophiles) were dentified
by the Cvs-Sec pairs, whereas Cys that served
supporting functions (e.g., resolving Cys) were
not detected. We lurther discuss several pro-
tein familics predicted to use catalvtie redox-
active Cys,

A Cys-Sec pair represented by five Sec-
containing sequences and numerous Cys-
containing homologs revealed a redox-active
Cys in S-adenosylmethionine {AdoMet)
dependent methyliransferases (Fig, 2A). Howey-
er, only somme members of this superfamily had
Cys in this position. We constructed a phy-
logenetic tree and found that the methyltrans-
ferases containing the predicted redox-active Cys
clustered and were present in both prokaryotes
and eukaryotes. Thus, a protein fumily within a
superamily of AdoMet-dependent methylirans-
ferases comained a catalyie redox-active Cys,
Analysis of gene neighborhoods of bacterial
methyliransferase genes revealed a functional
link 10 arsenic detoxification.

In the detected methyliransferases, the pre-
dicted redox-active Cvs was located in a C-
terminal portion of the protein downsiream of
the common methyliransferase domain (Fig.
2B). In addition. these enzymes had a second
conserved Cys residue. The common mamima-
lian homolog of the detected methylirans ferascs
is known as arsenic (3 oxidation state) methyl-
transferase (ASIMT) (13, 14). The production
of methylated arscnicals in reactions catalyzed
by ASIMT requines a reductant (15). Earlier
studies with recombinant rat ASIMT found that
the replacement of Cys"*® with Ser led to a loss
of catalytic activity (/6). However, the Cys-Sec
pair predicted that a different Cys donates the
reducing equivalents to arsenic during the
methylation reaction. We cloned the mouse
ASIMT homolog and prepared Cys'>7 — Ser
(comesponding to rat Cys"™*) and L'yhm — Ser
mutants, Both proteins were completely inac-
tive, whereas the wild-type form efficiently con-
verted inorganic arsenicals to monomethylated,
dimethylated, and trimethylated forms (Fig, 20),
These data ventied the function of the predicted
redox-active Cys in arsenic methylation. We

www.sciencemag.org  SCIENCE  WOL 315

modeled the structure of mouse ASIMT (Fig.
20). In the model, the active-site Cys was
surlace-exposed and protein twopology  sup-
ported the formation of an intramolecular di-
sulfide during the catalytic cyele.

Predicted redos-active Cys were also found
in other protein familics, such as HesB-like (g,
§8), whose homologs paticipate in the bio-
synthesis of iron-sulfur proteins (/7). DaE (fig.
§9), a small soluble protein first identified as pan
ol the bactenal dstABEFHCMEK gene cluster
(I8 a sublamily of glutathione-S-irnsierases
(I (fig. S10% four familics within the super-
family of rhodanese-like sulfurtransferases (20
(hg S11; MoceB (fig. 512}, which is thouglt 10
regenerate a thiocarboxylate group at the ©
terminus of MoaD in the molybdopterin synthase
complex (21} heterodisulfide reductases (22)
ihig. 513 % and other proteins (figs. S14 w0 S19),

We examined the sequences that flank Cys-
Sec pars and found that a second Cys 15 olien
present in the vicinity of the redox-active Cys
(fig. S20). In particular. a CxxC motil was
abundant in the data set. Either the fist or second
Cys in this motil could serve as a redox-active

residue. In addition, an increased frequency of

glvcine residues was found both upstream and
downstream of the redox-active Cys. By contrast,
negatively charged residucs were extremely rare
around the redox-active Cys and were absent in
positions ~3, +1, and 42 relative to the Cys,
Analysis of secondary structures, cither for the
entire set of proteins or for non - thioredoxin-fold
proteins (because thioredoxin-fold was the
dominant fold in the data set), revealed a high
frequency of B strands upstream and o helices
downstream of the redox-active Cys. The Cys
itsell was most ofien present in loops (fig. S21).
This distribution held for both thioredoxin-fold
and non- thioredoxin-fold proteins.

It is remarkable that the searches for Cys-
Sec pairs in homologous sequences could so
scloctively idemify proteing with catalytic redox-
active residues and filier oul not only nonfunc-
tional Cys but also conserved Cys that do not serve
a catalvtic redox function. Although this procedure
selected only (L5% of the initial sequences, it
identificd the majonty of known familics that use
catalytic redox-active Cys. Our scarch stmtegy was
not Jimnted o onganisms that contamned sclenopro-
teins. Moreover, it was sullicient 1o identify a
single selenoprotein sequence (even iF it was
present as a hypothetical sequence from an
unknown source, such as a metagenomics project)

to predict a redox function for the entire family of

proteins homologous to this selenoprotein. Arsenic

methylmnsferase provides a good illustration of

this idea. s Sec-containing sequences were
detected in environmemal soil soquences from a
Minnesota famm (23), vet pradictions of occurmence
and location of redox-active Cys could be made
for the enmtire prodein family, which occurs in
organisms [hom bacteria to mammals,

Our view on the evolution of Cys-Sec pairs is
illustrated in Fig. 1B, In this model. most

REPORTS

selenoproteins evolve from their redox-active
Cys-contaiming homologs, To be selected during
cvolution, Sce must provide substantial advan-
Lages, as its use also results in disadvantages (slow
Sec insertion, dependence on selenium, sensitivity
to oxidation reactivity, and side reactions of Scc)
(111 Thus, the Cys-to-Sec changes ocour only in
situations in which the catalytic propertics of Sec
are maximized, as is the case in redox proteins,

The major advantages of our nkthod are its

simplicity and strong predictive power. Redox-
active Cys appears 10 be unique in that it could be
so selectively identified, whereas other Cys (such
as those involved in nonredox catalysis, struciural
disulfides, postranslational modifications, and
metal binding ) could be filtered out. The set of
predicted redox proteins desenbed here should
form the basis for further expenmental venfica-
tion. Increased availability of sequences, particu-
larly from completed genomes and environmental
projects, should funther inercase the predictive
power of our method and lead to the identification
of additional redox-active Cys,
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Balanced Inhibition and Excitation
Drive Spike Activity in Spinal
Half-Centers

Rune W. Berg,' Aidas Alaburda,” Jern Hounsgaard™*

Many limb movements are composed of alternating flexions and extensions. However, the
underlying spinal network mechanisms remain poorly defined. Here, we show that the intensity of
synaptic excitation and inhibition in limb motoneurons varies in phase rather than out of phase
during rhythmic scratchlike network activity in the turtle. Inhibition and excitation peak with the
total neuron conductance during the depolarizing waves of scratch episodes. Furthermore, spike
activity is driven by depolarizing synaptic transients rather than pacemaker properties. These
findings show that balanced excitation and inhibition and irreqular firing are fundamental motifs
in certain spinal network functions.

he prevailing hall=center model for dyythm-

I generaling molor circuils in the spinal
cord proposes thal excilalory interneu-

rons in cach hall-center dave agonist motoneu-

rons and intemeurons, which in tum inhibit
motoneurons and interneurons in the antagonist

Fig. 1. Inhibition and exci-
tation covary in motoneu-
rans during scratching. (A
Hip flexor nerve activity
and (B) intracellular record-
ing from a motoneuron dur-
ing scratch episode. (C) The B
smoothed traces of three
consecutive trials at three
different levels of constant
holding current (from top: c
+1.0, 0.0, and —=1.0 nAl

-1 mV

-60 mV -

(D) The mean total conduct- =71 mV
ance (Gg) in blue was esti-
mated from the records in Q) -B5 mV

as the dope of the current-
voltage plot at different times,
as illustrated in (E). & and
G, were extracted from the
equation (blue box) and fom D
Ohm's law (13), as shown in
(E) for the two time points
marked in (D) with a crcle
and a triangle, respectively.
(F) Relation between normal-
ized increase in inhibitory
and excitatory conductance
(AG, and AG) during scratch
episodes in (D). (G to 1) Pop-
ulation data of coherence
between inhibition and exc-
tation. Blue arrows represent
single trials, and red arrows
the trial average, for a single
cell (G), weighted average for
all cells (H), and weighted
average for cells in which
voltage-sensitive conductances
were reduced by QX314 and
Cs* in recording electrodes (1).

390

half-center (/-5). This reciprocal arangement
predicts half-=center neurons W be exented and
mhibited in allermation durng dyythmie network
activity. Temporally segregated excitation and
inhibition would permit spinal motor networks
o operale al low intensity of synaplic activity

{lig. S1) Low conductance would facilitate the
contribution of the nnnsic response propentics
ol postsynaptic neurons o cell and network dy-
namics (6% We tested  these predictions
dircctly by intracellular recordings from moto-
neurons during scrchlike network activity in
an isolated carapace spinal cond prepamtion
from adult turtles.

Stercotypical episodes of scratchlike network
activity can be evoked by mechanical sensory
stimulation in the isolated carapace spinal cord
preparation from adult wnles (10-12). To probe
the neuronal organization of functional network
activity, we first examined the origin of the
pericdic high-conductance state reponted in
motoncurons during scratch episodes (/20 The
penodic nerve activity recorded m parallel from
the ipsilateral hap exor nerve (Fig. 1TA) served
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Institute, University of Copenhagen DK 2200 Copenhagen
N, Denmark. 2l}-.‘.'|:l.artm\°.n't of Biochemistry and Biophysics,
Faculty of Matural Scences, Vilnius University, Ciurlionio
£1/27, 03101 Vilnius, Lithuania.

*To whom correspondence should be addressed. E-mail:
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as reference for optimal temporal alignment of
scratch episodes (/30 The membrane potential
Vi was recorded mtracellularly from motoncu-
rons (Fig. 1B) at different levels of holding cur-
rent dunng successive scratch episodes (shown
smoothed in Fig. 1), With the simplifying
assumptions proposcd by Borg-Graham e al.
(14}, the average wial conductance () and
the undedying average excitatory and inhibitory
conductances (G, and Gy) were estimated from
smoothened, aligned records as illustrated in
Fig. 1E [see (/3-16)]. In the cell illustrated and
in all cells examined (i = 16), not only Gigea but
also G and O peaked with each depolanzing
wave during scratch episodes (Fig, 1, C and D),
The increases in nomalized inhibitory  and
excitatory conductanees were closely comelated
(R = 0R6, P << 0.05) (Fig. 1F). Polar plots of
the vectorial expression of the coherence be-
tween G oand Gy dunng eyelic depolanzations
clustered near a (F phase lag for successive
episodes (Fig. 1G tor the cell in Fig. 1. A 10 D,
and Fig. 1H for all 157 cpisodes in 16 cells).
Nonsynaptic K™ conductance reeruited  during
depolarizing waves would contribute 1o the in-
creased G (16, 17). This was not a major [actor,
however, because high-conductance states and
the coherence between G and G remained in
13 additional motoncurons in which spiking
was climinated and K* conductance was re-
duced by using recording electrodes containing
QX314 and CsCl (Fig. 1l and fig. 52). The ne-
maining explination is that there is strong
imhibitory synaptic activity during the depolariz-
ing phase of the serich.

To investigate this possibility, local inhibi-
tion was reduced pharmacologically (Fig. 2).
Both amplitude and duration of the depolariz-
ing waves increased when inhibitory  synaplic
input o the recorded motoneuron was reduced

by addition of the glvcine neceptor blocker
strvehnine (0.1 mM) 10 the superfusate (Fig. 2)
(nn = 5). This shows that the depolarizing waves
during scratching are limited by ongoing synap-
tic inhibition,

Balanced increase in excitation and  inhibi-
tion perturbs the regular firing mediated by in-
trinsic response propertics (18, 19), We therefore
investigated the relative role of synaptic and in-
trinsic conductances on the fidng pattern during
depolarizing waves of scraching, First, the reg-
ular firing in motoneurons, induced by a sieady
depolarizing cumrent in the absence of network
activity (purple in Fig. 3A), is largely deter-
mincd by the intrinsic response propentics. Suc-
cessive action potentials (APs) are connected by
the smooth voltage trajectory produced by spike
after-hyperpolarizations (20). In contrast, {iring
is highly irregular during the depolanzing waves
ol scraich episodes (Fig. 3A, blue tmce; co-
efficient of vanaton range, 0.43 10 1.2, n = 6),
and the membrane potential undergoes rapad
fuctuations between spikes (blue trace in Fig.
3A: see also Fig, 4 and g, 83) Spike-triggened
averaging revealed that APs during irregular
firing are preceded by a briel’ depolarizing wan-
sient arising from a flat average voltage tmjec-
tory (Fig. 3B, blue; n = 7 see also fig. 83) in
contrast to the smoothly depolanizing pacemaker
potential during regular firing (purple). Thus,
irregular firing is induced by depolarizing
svnaptic transients in the high-conductance state
during network activity. A possible source of
these transients i1s a high incidence of uncorme-
lated excitmory and mhibitory synaptic evenis
(19, 21). We tested the sensitivity of irmegular
firing during scratch cpisodes (o successive
reductions in synaptic inhibition and synaptic
excitation (Fig. 3. C to E). During scratch in
control conditions (Fig. 3C), irregular linng (lefi

A B
! = Control
= Strychnine
_“ |'|'|'||I’ ‘4".' - A
60 mV _.f;‘*-.-.”"--._' N,
=40 mV [y
Ll
lil [ ‘L I'. "‘L
=40 m\y/ 4 . . [ s =50 m\y ”"":Ji"»# “Hmﬂw
-60 mV AR - Nl A f - Y —_—
1 s8C 1 sec

Fig. 2. Depolarizing waves enhanced by local reduction in inhibition. (A) Depolarizing waves in
motoneuron (blue) enhanced by reduced inhibition during superfusion with strychnine (red). (B) Single

wave highlighted.
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and middle) was revealed by the lack ol cor-
relation between the mh interspike interval (IS1)
plotted against the (n + Dth 1S] (right) (8 < 0.2,
n = 0) (22). Reduced local mhibition (0.1 mM
strychnine) rendered firing ks imegular (Fig.
3D, Finally, regular firing with highly correlated
1515 was induced by a combined local reduction
of inhibition and excitation (0.1 mM strychnine
and 25 M 6-cyano-T-nitroquinoxaline-2,3-
dione) (Fig. 3E, bottom) [spiking during the
low-amplitude depolarizing waves aided by
1.0 nA depolarizing holding curremt (R = 0.56,
p <= 0L05)]. These conditions also reduced the
amplitude of the mpid svnaptic Nuctuations in
membrang potential 1© a minimum, We assume
that the remaining low-amplitude depolanzing
waves reflect the atienuated synaptic projections
from network newrons located far enough below
the cut surface 1o be unaffected by the receptor
antagonists,

Our conclusion, that motoncurons are driv-
en by a balanced increase in excitatory and
inhibitory synaptic activity, is supponted by
previous theoretical and experimental findings
in other systems. The balanced state hampers
regular firng by increasing conductance and pro-
motes iregular firing by increasing uctuations in
membrane potential (24, 23-25). In twnle mo-
toncurons, regular firing driven by intrinsic ne-
sponse propertics is severely obstructed by a
conductance increase of the magnitude observed
during the depolarizing waves of scraich epi-
sodes (127, At the same time, however, the 2- 1o
S-fold increase in conductance that brings the
membrane potential near threshold for action
potentials 1s associated with a paralle] increase
in the amplitude and frequency of voliage fluc-
wations and a more than 20-fold increase in in-
tegrated power spectrum in the 25- 80-Hz band
(Fig. 4) (26). The broad spectral content asso-
ciated with the rhythmic activity is fully in line
with predictions for a state of intense and bal-
anced inhibitory and excitatory synaplic activity
(6, 19, 21, 24) and orders of magnitude higher
than expected for channel noise (27). The par-
allel increase in conductance and uctuations
in membrane potential during depolarizing waves,
obscrved in all experiments analyveed (v = 5),
is incompatible with high-conductance states me-
diated by a slow intrinsic conductance change,

The spinal network studied here shares sev-
cral propertics with the balanced state in mathe-
matical models of large-scale random networks
of inhibitory and excitatory neurons (28, 29). Al-
though the overall motor nerve activity showed
linke vanation in successive scratch episodes, the
pattem of impulse activity in individual moto-

neurons did (fig. 55) (n = 10). The raster plots of

the spikes generated in a motoncuron during
seven consecutive trals showed no relation
between number and uming of APs dunng de-
polarizing waves within the same tnal or be-
tween successive mmals (Fano fictor = 1) (sce
fig. 55). This suggests that the scrach network
in the spinal cord produces stereotypical mo-
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Fig. 3. Regular firing by intrinsic A
properties at rest, irreqular firing by

Stim on

synaptic transients during network
activity. (A) Regular firing in moto- R—
neuron at rest (purple) replaced by — ACSS: Mok
irregular firing during network activ-
ity (blue) induced at the onset of
mechanical stimulus {vertical arrow).
(B} Spikes triggered by pacemaker ””“""'I
potential at rest and by depolarizing
transient during network activity. ) ) J | . |I| |II rl ] .
Spike triggered averaged spikes with r K : (\ i ‘m-.-* ,". ol Nl W My — g
~50 ms ISIs at rest (n = 50, purple) o r [ [ H" N ""rr i ’
and during network activity (n = 30, ;
blue). (C to E) Increasingly regular OO NeC. 20 msoe
firing (left) and correlated ISls (right) —
during scratch in control (C), reduced
inhibition {0, and reduced inhibition Control
and excitation (E}. Aligned recordings c @ B
from hip flexor nerve (black) and ' [ | Ew '
motoneuron (blue) during scratch B & it 1, _l_ . T A0 e iy
episodes (left). Highlighted depolar- A, B, B CITT T - @ | U
izing wave (middle). Relation be- somw | Ly ' . ' =
tween successive ISIs [fn + 1)th * ' . .
versus mth 1SI] during depolarizing Strychnine .
waves (right). D ‘ ' w 80
' i . ||| |"r||'|_| E w .
T, I rr 5 40 s
- - . i I Irirvni _3 T
B0 MY .I _ h I I I u_'J: 20 -$f"-'.
' Strychnine + CNQX + Bias :
E i W B
. | 111 || 111 ]/ ,E, 80 o
| , 340 W
| | | | | i ¥
40 my- ' 10 m\ll MLIRRRANE l W 20 ‘l‘
— - e
| G 20 40 80 @
1 sac 00 maer ISI,, [ms]
Fig. 4. The intensity of synaptic fluctuations — Memibane potential {-2.5 nA)
covaries with conductance and depolarizing SRS SOAR CanHucEm
waves during scratching. (Upper trace) Sample o i it
intracellular recording obtained with —2.5 nA
holding current. (Middle trace) Gy, obtained as
in Fig. 1C. (Lower trace) The integrated 25- to 25 mv
80-Hz band power spectrum of the subthreshold
membrane potential.
- 110 mV- /™ M\ 50 nS

tor episodes in a nondeterministic way with-
oul repeating the spike patierns of individual
neurens, This is in agreement with the chaotic
nature of the balanced state in mathematically

modeled networks in which the activity of

individual neurons is stochastic and highly
sensitive o inital conditions (29, Adopting a
half~center model with balanced inhibition
and excitation may help us to understand the
robusiness of the spinal sertch generator, its
sensitivity 1o external input, and its ability 1o
scll organize in response 10 transicnt sensory

n-——f

stimuli. The high-conductance state, how-
ever, sacrifices the emporal dynamics offered
by models based on weakly coupled neurons
with oscillmory inrinsic properties (6, 7). It
remains o be seen whether high-conductance
states occur throughout the scratch network or
only in the motoneurons and large inemeu-
rons (12},

Our study suggests that balanced states
of inhibitory and excitatory synaplic activ-
ity did not ¢volve with higher brain [unction
(14, 19, 23, 24, 310 but were already presemt

/ NN

2 my?

with functional motor networks in the spinal
cord. The straightforward functional comelate
and absence of anesthetics and other drugs
makes our experimental model appealing in
the search for computational advantages that
balanced inhibition and excitation may pro-
vide in large-scale neural networks in general.
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The Default Network and
Stimulus-Independent Thought

Malia F. Mason,™*$§ Michael I. Norton,? John D. Van Horn,*t Daniel M. Wegner,’

Scott T. Grafton,*t C. Neil Macrae®

Despite evidence pointing to a ubiguitous tendency of human minds to wander, little is known
about the neural operations that support this core component of human cognition. Using both
thought sampling and brain imaging, the current investigation demonstrated that mind-wandering
is associated with activity in a default network of cortical regions that are active when the brain is
“at rest.” In addition, individuals’ reports of the tendency of their minds to wander were correlated

with activity in this network.

hat does the mind do in the absence
ol external demands for thougin? s it
essentially blank, springing into ac-

tion only when some task requires attention?
Evervday experience challenges this accoum
ol mental life. In the absence of a task that re-
quires deliberative processing, the mind gencr-
ally tends to wander, Nitting from one thought 1o
the next with uidity and case (/. 2). Given the
ubiquitous nature of this phenomenon (3), it has
boen suggested that mind-wandering constitules
a psychological baseline from which people de-
part when attention is required clsewhere and to
which they return when tasks no longer require
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conscious supervision (4, 3. But how does the
brain spomancously produce the images, voices,
thoughts, and feelings that constitute stimulus-
independent thought (SIT)?

We investigated whether the default
network—brain regions that remain active
during rest periods in functional imaging
experiments (6)—is implicated in mind-
wandering (7). The detault network is minimally
disruptad during passive sensory processing and
attenuates when people engage in tasks with
high central exceutive demand (¥, 93, which
matches precisely the moments when the mind
15 most and least likely to wander (2, 4, 3). We
thus trmined individuals W become proficient on
tasks (/1) so that their minds could wander when
they performied practiced versus novel task se-
quences (A1), Although previous rescarch has
compared brain activity during rest 1o that during
engagement in a task (/2), the present investiga-
tion assesses directly both the production of SIT
and activity in the default network during tasks
that allow for varving degrees of mind-wandenng,

Despite its regular occurrence, not all minds
wander to the same degree; individuals exhibit
stable differences in their propensity w0 produce
SIT (4. 33 If regions of the default network un-
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derpin the mind's wandering, then the magnitude
of neural actvity i these regions should track
with people’s proclivity to gencrate SIT. Speeil-
ically, individuals who repont frequent mind-

wandering should exhibit greater recruitment off

the default network when performing tasks tha
are associated with a high ncidence of SIT.

pracliced

Fig. 1. Graphs depict regions of the default
network exhibiting significantly greater activity
during practiced blocks (red) relative to novel
blocks (blue) at a threshold of P < 0.001, number
of voxels (k) = 10. Mean activity was computed for
each participant by averaging the signal in
regions within 10 mm of the peak, across the
duration of the entire block. Graphs depict the
mean signal change across all participants. (A}
Left (L) mPFC (BA 9; =6, 54, 22); (B) Bilateral (B.)
cingulate (BA 24; 0, -7, 36); (C) Right (R.) insula
145, —26, 4); and (D) L. posterior cingulate (BA
23/31; =9, =39, 27). Activity is plotted on the
average high-resolution anatomical image and
displayed in neurological convention (left hemi-
sphere is depicted on the left).
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To investigate the relation between delault
network activity and mind-wandenng, we first
catablished high-incidence mind-wandering pe-
riodds by trammg partcipants on blocks of verbal
and visuospatial workimg-memory tasks (days
| 10 4), then venificd that these frequent mind-
wandering periods were associated with in-
creased default network recruitment as seen with
[unctional magnetic resonance maging (IMRI)
on day 3. Finally, we related paticipants” pat-
teming of default network activity o their sell-
reponed propensity o generate SITs (/3),

On day 4, the propontion of sampled
[|JU|,|£','_]LL» ;'r:ll‘li'..;:ip\;ll'n:\ classificd as SIT wvaried
by block type (baseline, practiced, or novel),
Fi(2,34)=81.49, P=001. Participams reported
a greater proportion of SIT dunng the bascline
blocks (mean = 0.93; 5D
both practiced blocks (mean = 0,32, SD = 0,204,
1 7y=922, <001, and novel blocks (mean
0,22, SD = 0.18), f17) = 10,96, P =< 0.01. Par-
ticipants reported a siznilicantly greater propor-

(.16) than dunng

tion of SIT during the practiced blocks than
211 P <005,
despite the Tact that the tasks were identical.

during the novel blocks, 617}

Thus, periods ol reduced cenmtral executive
demand were associated with a greater incidence
of mind-wandering.

On day 5, we performed functional imaging,
We first functionally defined the default network
by comparing the BOLD response associated
with baseline (ie., fixation) o the response
associated with task periods (e, novel and
practiced work ng-memory tasks). This compar-
=00 revealed significantly greater recrutment at
rest in a distributed network ol regions that in-
cluded aspects ol the postenor cimgulate and the
precuncus | Brodmann areas (BAs) 23 and 31,

Fig. 2. Graphs depict regions that exhibited a
significant positive relation, n(14) = 0.50, P <
0.05, between the frequency of mind-
wandering and the change in BOLD signal
observed when people performed practiced
relative to novel blocks. Participants’ BOLD
difference scores (practiced — novel) are
plotted against their standardized IPI day-
dreaming score. BOLD signal values for the
two blocks were computed for each participant
by averaging the signal in regions within 10
mm of the peak, from 4 TRs (10 5) until 10 TRs
(22.5 s} after the block onset. (A} B. mPFC (BA
10; =6, 51, =9; k = 25). (B) B. precuneus and
p. cingulate (BA 31, 7; -3, 45, 37; k= 72).
(C) R. cingulate (BA 31; 7, =21, 51; k = 73).
(D) L. insula (BA 13; —36, —16, 17; k = 10). (E}
R. insula (BA 13; 47, 0, 4; k = 13). Activity is
plotted on the average high-resolution ama-
tomical image and displayed in neurological
convention (left hemisphere is depicted on the
left).
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the posterior lateral cortices (BAs 40 and 39),
the insular cortices, the cingulate (BA 24), and
aspects of both ventral and dorsal medial pre-
fromtal corex (mPFC) [BAs 6, premotor and
supplementary motor cortex: 8, meluding trontal
eye licld; 9, domsolateral prefrontal cortex; and
10, frontopolar arca (most rostral part of supenor
and middle fromal gyri)] (8, 9) [1able 51 (/3)].
Ter determine whether a relation exists be-
tween the default network and mind-wanderning,
we investigated how BOLD activity within this
functionally defined network changed as a
function of block type, by comparing activity
when |'lill'lil,'iF'h;I!|1h pcl'!;::ril]-cd F'r:‘.h;]in,ﬂ {L.c.. hiy_h-
incidence SIT penods) blocks 1o activity during
novel (e, low-incidence SIT periods) blocks
(/3. Default network recruntment was greater

dunng high-imcidence SIT perniods. Regions of

the default network that exhibited greater activity

duning these penods includaed bilateral aspects of

the mPFC (BAs 6, 8.9, and 10} bilateral su-
penior frontal gyn (SFG: BAs 8 and 9); the

antenor cimgulate (BA 10} bilateral aspects of

the posterior cingulate (BAs 29 and 30) and
precuncus (BAs 7 and 31} the lelt angular gyrus
(BA 393 bilateral aspects of the insula (BA 13);
the lefi superior temporal (BA 221, the right
superior temporal (BA 41) and the left middle
temporal gyn (BA 19)(Fig, 1 and table 82) ( £3).
No single default network region exhibited
greater activity during low-incidence SIT pe-
riods. These findings are consistent with the
hypothesis that the tonie activity observed in the
default network dunng conscious resting states is
associated with mind-wandering.

[T recruitment of the default network dur-
ing tasks with low processing demands reflects
mind-wandering (rather than some other psy-
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chological process), changes in delault network
BOLD activity during practiced relative o novel
blocks should be related to individuals™ minds
propensity o wander. Voxel-wise correlations
were conducted on pamicipants” standardeed
score on the daydream frequency scale of the
Imaginal Processes Inventory (1P (/4) and
their practiced relative 1o novel contrast images
|threshold at A 14) = 0,540, £ < 0.05] (able 53).
Results revealed a significamt positive nelation
between the requency of mind-wandering and
the change mn BOLD signal observed when
participams performed "practiced” relative
"novel” blocks in several regions, including the
nght SFG (BA 8 12, 48, 36), the mPFC,
bilatcrally (BA 10;
of the cingulate (BA 31; 7,

6, 51, -9), bilmeral aspects

21, 51} and nagh-
borng precuncus (BA 31/7: 3, 45, 37), and the
left (BA 13; 36, 16, 17) and rnght insula (BA
13; 47, 0, 4y (Fig. 2} No region of the default
network exhibied a significant negative comela-
ton with daydream frequency scores at this
threshold.

We proposed that mind-wanderng consti-
tutes a psychological baseline that emerges
when the brain is otherwise unoccupied, sup-
ported by activity in a defaull network of cortical
regions, Results demonstrated that reductions in
processing demands, that is, performing prac-
ticed versus novel sequences of otherwise iden-
tical tasks, were accompanied by increases in
both the generation of SIT and activity in the
default network. Furthenmore, the magnitude of
BOLD increases that participants exhibited as
they were able to generate increasing levels of
SIT was positively correlated with their sell-
reponed daydreaming  propensiies. Other re-
search provides funther evidence for default

z (IP1)
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network involvement in the production of SIT,
First, damage to parts of the network (e.g..
mPFCY s associated with "mental emptiness”
and an absence of spomancous specch and
thought (15). Sceond, aging is associated with
the development of plaques in defaull network
regions and a corresponding  reduction in SIT
(16, I7). Taken together, these findings provide
converging evidence for the role of the default
network in mind-wandering,

OF course, mind-wandering is not the only
cognitive process that ensues when tasks cease
o require comscious supervision, Reductions in
task difficulty are also likely accompanicd by
qualitative changes in attention and, perhaps, the
mplementation of gencral “housckeeping™
functions (/8) It is likely that activity in the

default network s associated with a mnge of

cognitive functions. For example, although we
mterprel results from our corrdlational analyses
as evidence that cortical regions in the default

network play a general role in the production of

SIT. it is possible that some of these regions
mediate the meta-awareness of SIT (f9), such as
the insular cortices, which subserve interocep-

tion and self~awareness (20, 21), and regions of

the mPFC, which are involved in self~referential
mental activity (22, 23). In light of behavioral
evidence suggesting that people ane frequently
unzaware that ther mind is wandering (/9 24), it
may be the case that the daydream frequency
scale (J4) wsed in the current investigation
assesses people’s awareness ol their mind's
wandering rather than their propensity to engage
in 5IT.

The purpose of the current inguiry was 1o ex-
plore how and when the mind generates SIT. A
more iniractable question, however, is why these
thoughts emerge at all. What is the functional
significance of a system that wanders from its
cument goals (23)7 One possibility is that SIT
cnables individuals to mamtain an optimal level
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of arousal, thercby facilitating performance on
mundane tasks (4). A sccond possibility is that
SIT—as a kind of spontancous mental time
travel—lends a sense of coherence 10 one’s past,
present, and future expericnces (26-29), Finally,
the mind may gencrate SIT not 1o allain some
extinsic goal (cg., staying alert) but simply
because it evolved a general ability 1o divide
atiention and o manage concurrent mental tasks,
Although the thoughts the mind produces when
wandering are at times usetul, such instances do
not prove that the mind wanders because these
thoughts are adaptive; on the contrary the mind
may wander simply because it can.
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X-Ray Diffraction System

The SmartLab NANO-Extreme is an advanced automated x-ray diffraction sys-
tem designed for nanomaterials research, Combining a horizontal sample
mount with unique patented Cross Beam Optic technology, and equipped
with proprietary software, the instrument offers nanomaterials researchers
the full range of x-ray diffraction measurements in one automated instru-
ment. The NANO-Extreme provides flexibility and performance for applica-
tions including powder diffraction for bulk nanomaterial identification,
glancing incidence diffraction for the analysis of deposited structures, small
angle x-ray scattering for determination of general morphology and particle
size distributions in both liguids and solids, and in-plane diffraction for sur-
face orientation and analysis of ultra-thin layers.

Rigaku For information 281-362-2300 www.Rigaku.com

Macrophage Transfection Reagent

A powerlul polyethylenimine-derived transfec-
tion reagent optimized for the delivery of DNA to
primary macrophages and macrophage-derived
cells is available. Compatible with serum and
antibiotics, jetPEl-Macrophage DNA transfection
reagent is extremely easy to use and requires no
media changes or washes. Protein expression is
determined 24 to 72 hours post-transfection.
Polyplus-transfection For information 760-481-
4918 www.polyplus-transfection.com

Glycoprotein Enrichment

The ClinProt MB-LAC LCA (lectin affinity chro-
matograph—ILens culinaris agglutinin) glyco-
protein kit is based on magnetic beads. The
LCA magnetic beads complement the portfolio
of ClinProt glycobeads, which are functional-
ized with either concanavalin A, wheat germ
agglutinin, or boronic acid. The combination of
optimized beads enables protein scientists to
follow intelligent enrichment strategies for gly-
cosylated peptides and proteins prior to mass
spectometric analysis.

Bruker Daltonics For information 978-667-9580
www.bdal.com

Solvent Removal

The Auto-Defrost and Drain is a new option to
improve the efficiency and drying effectiveness
of the Genevac HT-4X, HT-8, HT-12, and HT-24
centrifugal evaporation systems. The option
enables the evaporators to automatically drain
the condenser of volatile solvents between
stages in a method, and at the end of a method
to fully defrost and drain the system with no user
intervention. In this way, volatile solvents that
boil off first and are collected in the condenser
can be simply removed. To then remove solvents
that boil at higher temperatures, evaporators

with the option can quickly lower the pressures
required without the traditional problem of
volatile solvent boiling out of the condenser and
spoiling the vacuum. The option avoids the cur-
rent praclice of manually draining the condenser
after the volatile solvents have been removed.
The option enables applications reguiring the
removal of mixed solvents with differing boiling
points, such as lyophilization or evaporation of
high-performance liquid chromatography frac-
tions, to be carried out automatically.

Genevac For information 845-267-2211

WIWW.g enevac.co.uk

Fume Hoods

The DWS Downflow Workstations are fume hoods
that provide protection for operators using haz-
ardous substances, The workslations provide a
small bench-mounted unit with unrestricted
access for operations that are difficult to perform
in a conventional fume hood. They feature high-
guality pre-filters and carbon filters with effi-
ciencies better than 99.6%, a unigue downflow
air pattern, no ducting or installation costs, a
stainless steel working tray, and alarms that
manitor filter, airflow, and filter lifetime.

Air Science USA For information 800-306-0656
WIWW.air-science.com

Dynamic Light Scattering Instrument
The Model 802 Dynamic Light Scattering (DLS)
instrument contains innovations to overcome
the limitations of traditional light scattering
instruments in terms of sensitivity and resolu-
tion. An option for the new generalion system,
Dual Attenuation Technology (DAT), is a unique
technigue that controls the level of light enter-
ing the sample as well as controlling scattered
light going to the detector. This enables
researchers to work at the optimum conditions

for the laser and detector irrespective of sample
type. The system automatically adjusts to opti-
mum settings sample by sample, from 100%:
transmission for maximum sensitivity down to
0.0001% transmission for concentrated sam-
ples. Other innovations include a 544-channel
correlator for improved resolution and distribu-
tion accuracy. In addition to operating at up to
90° C, the new instrument incorporates digital
sensors that provide automatic environmental
control as well as real-time humidity and dew
point information. Model 802 DLS is designed
for laboratories that need a complete under-
standing of how their protein, biopolymer, or
nanoparticulate material behaves in solution,
Viscotek Europe For information

+44 1344 467180 vww.viscotek.com

For more information visit Product-lnfo,
Science's new online product index
at http:/science.labvelocity.com

From the pages of Product-Info, you can:

* Quickly find and request free
information on products and services
found in the pages of Science.

= Ask vendors to contact you with more
information.

= Link directly to vendors' Web sites.

Newly offered instrumentation, apparatus, and laboratory
materials of interest to researchers in all disciplines in academic,
industrial, and government organizations are featured in this
space. Emphasis is given fo purpose, chief characleristics, and
availability of products and materials. Endorsement by Science
of ARAS of any products or materials mentioned is not implied.
Addstional infarmation may be abtained from the manufacturer
or supplier by visiting www.science. abvelocity.com on the Web,
where you can request that the information be sent to you by
e-mail, fax, mail, or telephone.
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POSITIONS OPEN

HUMAN MOLECULAR GENETICS
FACULTY POSITIONS
Human Molecular Genetics Program
Children's Memorial Research Center (CMBC)
and Morthwestern University, Chicago, [linois

The Human Molecular Genetics Program ag Chil-
dren’s Memaonal Besearch Center is cxpanding and
sccks applications for new faculty positions, Fescarch
in all arcas of human genetics induding the regulation
of gene cxpression will be considered, Applicants must
have an interest in translanonal research. Candidares
with quality Ipu~‘-:d.-u.;u:tn:rml CXPEriEnee, 3 "iliil':rl-j[ publi-
cation record, and potential to attract nationally com-
setitive rescarch funds are encouraged to apply. New
aboratory space, state-of-the-art equipment and gen-
crous startup packages are available, Successtul appli-
cants will be eligible for tenure-track faculty positions
in the Deparment of Pediarrics, Feinberg Medical
School, Northwestern Ulniversity,

For further details of the program sce website:
hetp: / Swaww.childrensmre.org human_molecular
penetics.

Please send applications Aletters of interest in-
cluding full curriculum vitag, an outline of rescarch
mterests, the names and contact detals of three
references, and PDF files of three recent publications
t: Chris Pomeroy, Program Assistant, Human
Molecular Genetics Program, Children’s Memo-
rial Research Center, 2430 M. Halsted Street
{211), Chicago, IL 60614-4314 U.S.A. E-mail:
e-pomeroy@northwestern.edu. Review of applica-
tons will start immediately and continue unnl the
positions are filled.

An Egual Opportunity/ Affinnative Action Employer. Him-
en and wrimority anvdidates wre strongly encoumiged fo apply,

ASSISTANT OR ASSOCIATE PROFESSOR
INFECTIOUS DISEASES FACULTY
POSITION

The Epidemiology Research Unit of the Division
of Infectious Discases, Department of Medicine,
University of Pittsburgh, is recruiting rescarch faculty
with expertise in bacterial genomics or molecular
pathogenesis of bactenal infections to complement
cxisting programs in cpidemiology and maolecular
epidemiology of drug-resistant, vaccine-preventable,
foodborne, or nosocomial bacrerial discases. Expe-
rence in whole genomic sequencing and analvsis
desirable. Laboratory space, salary support, and
startup funds are available. Candidares should have a
doctoral degree (M.D. and for Ph.D.) and at least
three vears of postdocroral experience with a demon-
strated record of recent rescarch accomplishments
and sufficient evidence to establish an ndependent,
funded rescarch program. Academic rank will be
commensurate with experience. Interested candidares
should send their curriculum vitae, statement of re-
scarch interests, and the names of three references to:
Lee H. Harrison, M.D., University of Pittsburgh,
521 Parran Hall, 130 DeSoto Street, Pirsburgh,
PA 15261; e-mail: lharriso@edc. pitt.edu.

The “MJI!?FI‘P?' |r.l. I"Fuahtwh i e .'!rnrnldrr'lﬂ‘ Aetionr/
Eqgual Opportumiry Englayer.

GENOME SCIENCE
Vanderbilt University School of Medicne

Vanderbalt University School of Mediane has es-
tablished translational and personalized medicine as
mstiuiional rescarch prionitics and secks new faculty
cxpert in genome scicnces that can be applicd o
these areas. This will include investgators with a
record of rescarch accomplishment in arcas such as
comparative genomics, technology development, or
computational genomics. New laboratory space will
be available for the successtul candidate to establish a
rescarch program that complements existing strengths
at the School; candidates with expertise in pharma-
cogenomics are especially encouraged. Faculty will
be appointed at the level of ASSISTANT, ASSO-
CIATE, or FULL PROFESSOR. Scnd letters of
interest with curriculum vitae to: Dan M. Roden,
Assistant Vice Chancellor for Personalized Med-
icine, 12858 MEB4, Vanderbilt University Med-
ical Center, Nashvnllu.‘]“l 37232-0575. Vanderhilt
i an Ligeeal Opporturity /A fimmative Action. Employer,

BASIC SCIENTISTS
Duke University Eve Center
A Service of Duke University Health System

The Department of Ophthalmology, Duke Univer
sty School of Medicine (DUSM), secks applicanons
for one or two Beulty posinons at ASSOCIATE or
FULL PROFESSOR levels to join our dynamically
growing group at the new Albert Eve Rescarch
Instture (website: hrrp:/ /www.dukeeye.org/
rescarch,/). We are looking for mid-carcer inves-
tigators with an ourstanding record of accomplish-
ment in eve rescarch and an established funding
record. Within this broad scope, rescarch areas in-
cluding but not limited to the following are of spe-
cial interest: ocular electrophysiology, application
of modern imaging technigques 1o studving cell bi-
alogy, and nevroprotective mechanisms in the retina

ganglion cdl.

Applicants should send cormiculum vigae, names of

four references, and a brief letter of carcer and pro-
grammatic interests to; David L. Epstein, M.D.,
Chairman, ¢/o Wendy Morris, Duke University
Eye Center, PO, Box 3802, Durham, NC 27710,
or by e-mail: morri019@me duke.edu. Duke 1hi-
versity is an Afimmative Acion, Eqeal Opportinity Enpleyer,

MEDICAL ONCOLOGIST WITH EXPERTISE
IN NOVEL COMPOUNDS WITH
ANTI-CANCER ACTIVITY
ASSISTANT /FASSOCIATE PROFESSOR
Department of Medicine
Division of Hematology, Oncology, and
Transplantation

The Division of Hematology, ﬂrn,nlny. and Trans-
plantation ar the University of Minnesota Medical
School secks a Physaician Scientist, tenure track, with
a career interest in dinical medical oncology and
laboratory-based drug discovery, This indwidual will
cstablish an independently funded laboratory fo-
cused on the discovery and scale up of novel com-
pounds with :mrl wmor activity, This individual will
also engage in clinical ourpatient and inparient
medical oncology activity including participation in
phase 1-11 cancer clinical wrials. The successful can-
didare will have an M.D. and will be Board-certified
or digible in internal medicine and medical oncology.
I'IL,.:"ihL will also have a demonstrable track record
in laboratory-based anti-cancer drug discovery. In
particular, this individual should have a l‘l:ld:q..mumi
in development of peptide- based small molecule
therapy. Academic appointment will be at the As-
sstant or Associate Professor level (tenure-track
tenured §, and compensation will be commensurate

with expencnce, Applicants should submit a letter of

intent, description of their research background, cur-
rent curriculum vitae, and names of three individ-
wals who will serve as professional references. PMlease
apply online ar website: hiep:/ Awww.employment.
umn.edu (requisition 145672 for tenure-track Assist-
ant Professor, or 145673 tor wnured Associawe Pro-
fizssor) and address cover letter to:
Philip McGlave, M.ID.
Director of Division of Hematology, Oncology, and
Transplantation
University of Minnesota Medical School
E-mail: megla001@umn.edu

The University L_\'l Misnrezott 13 v Bl Chyportenrity Eins

Pleyer and Educatar,

POSTDOCTORAL POSITIONS available o
study antigen presentation and to develop novel im-
murlmhu.r.lpu and vaccines agauinst tumors. Expen-
cnee in pene transfer and immunology, especially
dendntic cells biology, mouse models, and Ady vee-
tor is preferred. Send curniculum vitae and three ref-
cremees o De, Xoe F, Huang (e-mail: xhuang@bem.
edu), Center for Cell and Gene Therapy, Baylor
College of Medicine, Houston, TX 770310,

Baylor College af Medicine is an Equal Opportumity/
Affinmative Action/ Equal Access Employer.
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TtHE NATIONAL INSTITUTES OF HEALTH

@ Health Scientist Administrator
Mational Institute of Dental and Craniofacial Research (NIDCR)

The Mational Institute of Dental and Craniofacial Research (NIDCR), National Institutes of Health (NIH), Department of Health & Human Services
{DHHS) is secking applicants for a supervisory Health Scientist Administrator position in the Center for Integrative Biology and Infectious Discases
(CIBID). The position advertised is for the Chief of the Translational Genomics Rescarch Branch. The Branch coordinates the development and
implementation of the NIDCR extramural basic and translational genomics research program related to NIDCR-relevant human and microbial genetics
and genomics. To this end, areas of basic and applied research in the NIDCR mission include: infectious diseases such as dental cares and periodontal
diseases, microbiology, molecular and cellular neuroscience, developmental biology, mineralized tissue and salivary gland physiology, immunology and
immunotherapy, epithelial cell regulation and transformation, as well as biomaterials, biomimetics and tissue engineering, and behavior, health promotion
and environment. In addition, there are cross-cutting programs involving clinical trials and comprehensive centers of discovery,

The incumbent will direct and oversee the administration of a portfolio of research projects emploving translational genetics and genomics research
strategies targeted to NIDCR-relevant discases and will stimulate interest in and provide advice to the extramural community regarding the respective
rescarch portfolio. In addition, the incumbent will participate in funding decisions, policy development, as well as implementation and coordination with
other programs both within and outside of the NIDCR.

The salary range for this position is 5107,521 to $139,774 per annum, commensurate with qualifications and professional experience. A full benefits
package is available, which includes retirement, Thrift Savings Plan participation, health, life and long-term care insurance.

Applications will be accepted through February 15, 2007. For qualifications required. evaluation criteria, and application instructions, view the vacancy
announcements at:_hitp:/jobsearch.usajobs.opm.govia9nih.asp . Refer to announcement # NIDCR-07-162498-DE or NIDCR-07-162738-MP. Please

contact Elan Ey at 301-594-2320 or evel@mail.nih.gov if vou have questions.

TENURE TRACK POSITION
LABORATORY OF CELLULAR AND MOLECULAR BIOLOGY

The Laboratory of Cellular and Molecular Biology (LCMB), Center for Cancer
Research, of the National Cancer Institute, National Institutes of Health (hitpa/f
cercancer.gov/labs/lab asp?labid=64) has a long tradition of excellence in the
investigation of signal transduction pathways involved in both normal cellular
function and malignant transformation. The Laboratory now invites applications
fora tenure track investigator to develop an independent basic research program
in cellular and molecular biology with emphasis on understanding basic signal
transduction processes. Arcas of potential interest include but are not restricted
to the role of signaling pathways in stem cell biology, inflammation and cancer,
or malignam transformation. The applicant should hold a Ph.D, M.D., or
M.D., Ph.I}. degrees. Salary is commensurate with education and experience.
This position is supporied by the intramural Center for Cancer Research of
the National Cancer Institute, A two-page statement of research interests and
goals should be submitted in addition to three letters of recommendation and
a curmiculum vitae by March 9, 2007 to: Mrs. Erin M. Breedlove, Executive
Secretary, Laboratory of Cellular and Molecular Biology, CCR, NCI, Building
37, Room 2066, Bethesda, MD 20892-4236; phone: 301-496-9683, Fax; 301-
496-8479, email: breedloveei mailnih.gov. Candidates must be U.S. citizens
or permanent residents. NIH Tenure track imvestigators with educational debts
may be eligible for the NIH Loan Repayment Program. The NCI 1s an Equal
Opportunity Employer,

K
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Fellow in Translational Chemistry and Genomics

The Oncogenomics Section of the Pediatric Oncology Branch,
at the Center for Cancer Rescarch, National Cancer Institute,
National Institutes of Health. has a Rescarch Fellow position in
Chemistry available immediately. The NCIin collaboration with
the University of Maryland College Park, and NASA Goddard
Space Flight Center, have recently launched an interdisciplinary
NanoBioSensor Initiative to develop electronic sensors to detect
nucleic acids, biomolecules and chemicals. The candidate should
hold a Ph.DD. and have experience in oligonucelotide chemisiry
and synthesis as well as considerable interest in molecular
and cellular biology. The position involves 50% service and
50% research components. The successful applicant would be
expected to interact with biologists, physicists and engineers
and thus, excellent oral and written communications skills are
required. Comrespondence, names of references and CV should
be sent to:

Dr. Javed Khan, Advanced Technology Center. National
Cancer Institute, Room 134E, 8717 Grovemont Circle,
Bethesda, MD 20892, Tel: 301-435-2937 or via email at
khanjavia mail.nih.zov.

THE NIH 1S DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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Tenure-Track and Tenured Investigator Positions %
in Systems Immunology and Infectious Disease Modeling %

The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural Research (DIR) 15 seeking several outstanding individuals for 1ts new
Program in Systems Immunology and Infections Disease Modeling (PSIIM).

Modemn technology allows the analysis of inmune responses and host-pathogen interactions at multiple levels—Ifrom imtracellular signaling networks, to individual
cell behavior, to the funchioning of a tissue, organ, or even whole organism. The challenge 15 not only to collect large amounts of data, but also (o organize it ina
manner that enhanees our understanding of how the immune sysiem operates or how pathogens affect their hosts. To do this, we need to develop detailed guantita-
tive models that can be wsed to predict the behavior of a complex biological system. These models can help to explain the mechanisms underlying physiological
and pathological responses to infection or vaccination, which can then be exploited to design better therapices or vaccines.

Achieving this goal requires an interdisciplinary effort and to this end the PSIIM will be organized as an integrated team of scientists and support staff with expertise
in computational biology. bioinformatics, proteomics, cell biology, immunotogy, and infectious diseases, rather than as a group of independent laboratories. These
teams will have access o the latest technology for genc-expression profiling, high-content screening of RN A libraries for the discovery of pathway components,
imaging tools, cores for the genetic manipulation of animals and for proteomic analysis, and a substantial computer infrastructure, BSL-3 facilitics for working with
high priority pathogens will also be available,

Although the PSHM has been established within NIAID and has an immune systemdinfectious disease focus, we expect it 1o foster the growth of systems biology
efforts at other NIH Institutes, primarily through the development of new soltware toals for complex systems modeling and methods for high-throughput screening.
Thus, PSIIM team members are expected to interact extensively with other NIH scientists and with extramural groups in the LS. and abroad who share our interest
in a systems approach o biology.

The PSIIM is now recruiting for tenure-track or tenure level team leader appointments in three Key areas:

Computational Biology: The incumbent will lead a group focused on the development and improvement of software tools for multiscale modeling and simula-
tion that can be used by the PSHM as well as by biologists interested in subjects other than immunity or infectious diseases. The ideal candidate will have a strong
back ground in mathematics, physics, and computer programming, and a clear desire and ability to interact with and suppon the efforts of biologists. A demonstrated
ability to generate computer sofiware tools for biological modeling will be a strong plus.

Molecular/Cell Biology: The incumbent will lead a group involved in the design, implementation, and interpretation of sereening efforts to identify and deter-
mine the interactions among the components in signaling networks that could then be modeled vsing the software generated by the computational biology team or
obtained from other sources. Discovery tools such as gene ammays, high-content image-based sereens using RNAi methods, various protein-protein hybrid sereening
methodologies, and optical imaging are expected to be key ¢lements in the efforts of this group. A strong background in basic cell biology and molecular biology
with experience in analysis of protein-protein interactions, signaling, and'or gene regulation is required. Expertise in lanze-scale screening is highly desirable,

Infectious Discases: The incumbent will be responsible for developing novel approaches 10 systems-wide analysis of the interaction of infectious agems and their
hosts. These may include the use of gene-expression signatures, the production of gene-modified animals, the development of methods for in vivo testing of the
predictions of models, and the use of sophisticated imaging and other tools for probing the interaction of pathogens and host eells in vitro. A strong background in
viral and'or bacterial infectious diseases and cell and molecular biology are necessary: training in the immunology of infectious discases and substantial bioinfor-
matics experience are highly desirable.

These positions and the research activities they conduct are fully funded by the intramural research program of MIH, Each team leader s expected to build a working
group consisting of postdoctoral fellows, staff scientists, technicians, and students. The team leaders will work with the program director to help set the goals for the
PSUM and to determing how best to reach these goals as an integrated group, To ensure appropriate career trajectonies for those joining the PSIIM team, the NIH
has modified its tenure decision policies 1o encourage and account for contributions made in such a team science setting. Apphicants should be secking a difficult
challenge in which creativity, technical expertise, and a strong desire to achieve in a team environment are critical for success.

Interested candidates may contact Dr. Ronald Germain, Program Director, PSIIM, DIR, NIALD at 301-496-1904 or rgermaing niaid.nih.gov for additional
information about these positions,

To apply, submit your curriculum vita, bibliography, and detailed statement of how you can contribute to the success of the PSIIM program to Felicia Braunstein
at braunstein i@ niaid.nih.gov. In addition, three letters of reference must be sent direetly from the referee to Dr. Robert Hohman, Chair, NIAID Search Come-
mittee, ¢fo Ms, Felicia Braunstein, DIR Committee Management Team Lead, 10 Center Drive, MSC 1356, Building 10, Room 4A31, Bethesda, Maryviand
20892-1356. Completed applications MUST be received by February 16, 2007 for computational biology, and March 16, 2007 for Molecular/'Cell Biology as
well as for infectious discases. Please refer to ad #012 for computational biology, #013 for molecular/cell biology, and 8014 for infectious diseases on all cor-
respondence.  Further information on these positions and guidance on submitting yvour application are available at http:/healt hresearch.niaid.nih.pov. For mone
information about the NIAID systems biology program, please visit http:/fwww.nih.govicatalyst/2006/06,.09.01 /page 1. html
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THE UNIVERSITY OF HONG KONG
Centenary Recruitment Plan

Founded in 1911, The University of Hong Kong is committed to the highest intemational standards of excellence in teaching and research, and has
been at the international forefront of academic scholarship for many years, Of a number of recent indicators of the University's performance, one is its
ranking at 33 among the top 200 universities in the world by the UK's Times Higher Education Supplement. The University has a comprehensive
range of study programmes and research disciplines, with 20,000 undergraduate and postgraduate students from 50 countries, and a complement
of 1,200 academic members of staff, many of whom are internationally renowned.

As the University approaches its 100th anniversary, a major human resource expansion plan has been launched

to provide 200 new academic positions. The purpose of this Centenary Hmmmmw i .

our research competitivenass and to faciitate the introduction and delivery of a

undergraduate curnculum from 2012,

Building on Hang Kong's international status and its mission to serve China, the Llri'@_mnr*
offers an intellectually-stimulating and culturally-rich academic environment, with amadiva
remuneration packages. The University is now seeking stong candidates in the folbwhn

ten faculties:

* Architecture * Engincering e

. Ans * Law <\

* Business and Economics * Medicine W

* Dentistry * Science An artist's impression of g
* Education * Social Sciences the C,n;f.m‘ff‘“?ﬂﬂ '-{F’ Y

More detalls can be viewed at https:/www.hku.hk/apptunit/. Further announcements about
these positions will be made shortly. Enquiries can be addressed 1o the respective Faculty Dean or

Department Head.

\iﬂ"

o "‘1.

URBAN ENVIRONMENT
FACULTY POSITION

YALE UNIVERSITY
School of Forestry & Environmental Studies

Yale University's School of Forestry and Environmental Studies (FES)
seeks 1o fill a junior- or senmior-level faculty position focused on the
urban environiment. We seek an individual who takes a quantitative
systems approach o urban arcas, particularly with a spatial geographi-
cal focus. We are particularly interested in an individual concemed with
the interface between manmade and environmental systems. Research
topics of imterest include, but are not limited w, urban land wse and
land cover; urban moedeling, and wban development as they relate 1w
the environment. Interest and experience in international urban systems
is desimable. The successful candidate will have an camed doctorate
and an active research program that complements those of existing
faculty in FES. She or he will demonstrate capacity for excellence in
teaching at the graduate level, and will advise Master’s and Doctoral
students. Teaching might include courses that address the environmen-
tal aspects of urban land use planning, GIS modeling, transponation
analysis and plannmg. and mternational wrban development. We prefer
a candidate with formal training in a relevant discipline such as geop-
raphy, urban studies. or allied felds. Understanding of key underlving
covironmental sciences such as ecology or Earth science is desirable,
Applicants should send a c.v.. a statement of rescarch and teaching inter-
ests, two reprints or other professional publications, and a list of three
references W Assistant Dean Jane Coppock, Urban Environment
Search Committee, School of Forestry and Environmental Studics,
Yale University, 205 Prospeet St., New Haven, CT 06511, USA. The
deadline for applications is March 2, 2007.

Yale University is an Afftrmative Action/Equeal Qpportmity Employer
Men and women of diverse racialiethmic backgrownds and cultires
are encouraged to apply. Women and minovity candidates, as well as
cardidates from developing conntries, are particilarly wrged 1o apply.

DIVISION OF PRIMARY ORAL HEALTH CARE
(Oral Microbioclogy and Biofilms)

The School of Dentistry at the University of Southern California invites
applications and nominations from qualified candidates for atenure-track
of tenuned position within the Division of Primary Oeal Health Care, at
the level of Assistant, Associate or Full Professor, in the arca of oral
microhiology and biofilms,

Success ful applicants should have a PhD and/or DDS degree. Preference
will be given to candidates who have a proven record of publication and
rescarch support in the sudy ol oral pathogens, an interest in the structure
and function of microbial biofilm communities in the oral environment,
and a proven record in implementation of cutting-edge techniques 1o the
study of oral and medical pathogenic biofilms.

Involvement with cross-discipline imeractions with Medicine, Engi-
neering. Cell science and Bivinformatics is expected. Candidates with
expencnce working in large interactive multidiscipl inary team environ-
ments are encouraged o apply.

Interested applicants should send a cover letter, complete curmculum
vitae, selected recent publications, statement of current and fulure
research plans, and at least three letters of recommendation to: Dean
Harold Slavkin, USC School of Dentistry, 925 W, 34th Street, DEN
203, Los Angeles, CA 90089-0641,

Review of applications will begin immediately and will continue until
the position 15 filled.

The University of Southerm California values diversity
and s committed to Egual Gppartnioe in Emplovment,




'RESEARCH OPPORTUNITIES

VIRGINIA BIOINFORMATICS INSTITUTE

Assistant, Associate and Full Professorships
at the Virginia Bioinformatics Institute: Labora-
tory-Centered and Computationally-Centered

State-of-the-art facilities. TheVirginia Bicinformatics Institute
(VBI) atVirginia Tech has faculty openings for assistant, associ-
ate and full professorship levels. VBI is a world-class research
institute in the life sciences, integrating theory, medeling, simu-
lation and wet laboratories in a transdisciplinary, team research
model. Areas of strength among the |8 research groups at
VBI include infectious diseases, ranging from the molecular
to the population scale, systems biology approaches to study
stress response in several organisms, modeling and simulation
of biological networks, functional genomics, metabolomics,
proteomics and bioinformatics/computational/synthetic biol-
ogy. Successful candidates at all levels are expected to have
an established research program and a strong track record of
substantial extramural research funding.

About VBI. Established in 2000 by the Commonwealth of Vir-
ginia, the Institute is a part of Virginia Tech (VT) and has its
own | 30,000 sq ft research facility with state-of-the-art core
laboratory and computational facilities as well as new facilities
in the Washington, D.C. area (in Alexandria, VA). VBI strongly
emphasizes team science and organizes research outside of
boundaries of academic disciplines. Research programs rep-
resented at VBl assemble to meet the specific needs of those
programs; it is a flexible environment that rewards the notion
of a problem-solving capability on the move. Extensive nation-
al and international collaborations complement the expertise
of the faculty, including strong interactions with several bio-
medical research centers. Faculty entrepreneurial activities
are strongly encouraged and the university provides support
for the establishment of commercial ventures.

VBI's facility in Alexandria is an integral part of Virginia Tech's
expansion into that region. Faculty members whose programs
will not require proximity to their own laboratory facilities
will have the option of basing their primary research efforts
there while still accessing VBI's state-of-the-art wet laborato-
ry facilities in Blacksburg.VBI strongly encourages candidates
requiring wet-laboratory facilities to apply. Exceptional new
faculty may also have the option of joint affiliations with oth-
er departments at Virginia Tech and two prominent medical
schools on the East Coast Reference posting 061384,

Along with a strong research environment, the Institute ac-
tively participates in “Genetics, Bioinformatics, and Computa-
tional Biology” (GBCB), an interdepartmental Ph.D. program
that emphasizes both computational and experimental sci-
ences, and which attracts outstanding students from diverse
disciplinary backgrounds.

~

F{Jther Research Opportunities at VBI:

* Genetical Genomics Analyst, posting 060988

* Micro- and Molecular Biologist, posting 061418

* Postdoctoral Associate: Nucleotide Metabolism Mod-
eler, posting 061331

* Systems Administrator (multiple openings), posting
060434

* Training, Education and Qutreach Program Manager,
posting 061188

* Whole Genome Sequencer, posting 061332

¥

For more Information:

To apply, visit www.jobs.vt.edu and search by posting number.
To learn more about VBI and our research, please visit us at www.vbi.vt.edu

Vel

To learn more about the Interdisciplinary PhD program in Genetics, Bioinformatics, and wm.rg]!IHaTECh
i ; il ; 1 nvent the Fulure

Computational Biology (GBCB), visit http://www.grads.vt.edu/academics/programs/gbcb/index.

html
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® FACULTY POSITIONS

PROGRAM IN @
DEVELOPMENTAL ..F.,,!'._I_.E
NEUROSCIENCE ~ °fMoieme

CHILD HEALTH INSTITUTE OF
NEW JERSEY

The newly established Child Health Institute of New Jersey
(CHINJ) at the Robert Wood Johnson Medical School
(RWJMS) is launching a major research initiative in vertebrate
developmental biclogy to gain fundamental insights into
congenital malformations and developmental disabilities. As
part of this effort, CHINJ is seeking outstanding individuals
with emerging or established research programs in
Developmental Neuroscience (o join a core group of
investigators studying the basic principles of nervous system
development. We are particularly interasted in neuroscientists
who use mouse models 1o elucidate mechanisms relevant (o
developmental disorders of the nervous system at the
molecular, cellular, physiclogical, or systems level,

GQualiied candigates must have a Ph.D., M.D. or eguivalent
graduate degree and outstanding academic credentials. We
particularly encourage applications at the rank of assistant
professor, but appointments at the associate and full professor
levels will also be considered. Successful recruits will receive
compelitive start-up packages commensurale with pnor
training and experience, and will have faculty appointments at
RWIMS with full access to graduate fraining programs and
resources. Facully in the Program in Developmental
Newroscience at the CHIMNJ will join a strong and growing
community of Neuroscientisis at RWIMS and Rutgers
University (RU). They will alse have the oppertunily of
interacting with colleagues at the neighboring Cancer Institute
of Mew Jersey and soon-to-be-built Stem Cell Institute of MNew
Jersey. Successful candidates will be expected to develop
strong. externally funded research programs, and participate
in collaborative projects with other Departments and Institutes
at RBWJMS and RL.

For more information wisit our website at
http:ifwww2 . umdnj.edu/chinjweb/. Interested applicants
should send their CV, a briel descriptionn of their research
interests (including past achievements and future plans), and
arrange fo have three letters of recommendation sent VIA
email, addressed to: Francesco Ramirez, Ph.D. Chair, GHINJ
Search Committee, UMDMJ-RWIMS CHIN), 89 French Street,
Mew Brunswick, NJ 08901, neurodev@umdnj.edu. Completed
applications should be received by April 15, 2007.
Appointments are expected to begin in September 2007.
The University of Medicine & Dentistry of New Jersey is an
equal opportunityfaffirmative action employer.

UMDN]

}r\,'! ROBERT WOOD JOHNSON
3 }‘ MEDICAL SCHOOL

University of Medicine & Dentistry of Mew Jersey

Endowed Chair in Pediatric Research
Scott & White Health System
Texas A&M System Health Science Center College of Medicine

The Children's Hospital sl Scott & Whibe and The Texas ABM System Heallh Science
Center College of Medicine are seeking a nadonally recognized research scendst as the firsd
holder of the Jesephine Ballard Endowed Chair in pediainc research. Applicants should be
accomplshed investigators (Ph.Du, MD. or M.D/PhD.) a1 the associate of professor kevel with
currenl. federal grants and a proven krack record in base, direcal, andior ranstabional research.
The successiul canddate will join an expanding facully within a large academnic heathcans
system. The chair holder will play a criical role in direcing and expanding research ackvitlies in
pedialric disease, in dose collaboration with invesigators in local, national and intemational
expits in cell bology, genomics and proke omics

The Children's Hospital 21 Scott & White serves a large dinical base throughout Central Texas.
Thene are cutstanding dinical practice and laboratory faclities on campus that perform siate of
the arl molecular and callular biclogy lechniques, fiow cylomelny, proleomics and genomics as
well as biostalrstical support services. Animal [sboraiory fadlibes include areas b perform
medical and surgical procedures. Laboratory space and an appropriate star-up package for the
chair holder will be provided. The Scolt & While Heaftheare system ks one of the largest mulli-
specially integrated delivery systems in the nation, Scolt & White is the primary dinical and
hospital ieaching campus for he Colege of Medicine. Academic appointments al the assoiate
and professor level through he College of Medicne are commensurate with qualificalions and
EXpeTience.

Interesied candidales should send a copy of their cumculum vitae, lefier addrmessing their
qualifications and a kst of 3 individuals who can prowide references i Don P. Wilson, M.D,
Chair, Search Commitiee for Josephine Ballard Centennial Chair in Pediatric Research;
Chairman, Department of Pediatrics, 2401 Soulh 31st Street, Temple, Texas TES0B, 254-
T24-4363, fax 254-T24-1938, email: dwilson@lswmailsw.ong.

Seolt & Whils is an equal cpporiuniy employer,  For more fbrmation
regardivg Scolf & While and The Texs ASM Sysiem Healh Soence Coanler

Tha I Cofiege of Medione, please g onio: www. famu edy and wiw Sw org
Chiidren’s
Hﬂﬂpl'tﬂl HEALTH SCIENCE CENTER

ol BEOTT & WHITE Colsce orF Mencoee

ﬂ Hldm R
City University
of Hong Kong

The University invites applications for the following posts. Candidates with
applied research achievements will receive very positive consideration.
Relevant experienca in business and industry will be a definite asset.

Professor/Associate Professor/Assistant Prolessor
Department of Physics and Materials Science [Ref. A/484/49]

Applications are invited from outstanding candidates for Assistant Professor
and higher positions. The University endeavours to be internationally
recognized as a leading university inthe Asia-Pacific region. The Department
of Physics and Materials Science was formed in 1933 as the first of its kind
in Hong Kaong, and already excels in several fields,

Tha Department seaks strong candidalas in emarging fields that strangthen
and expand its existing areas of focus, Particularly strong candidates are
welcome in any field.

Requirements: A PhD in a closely related discipline with a promiging
research record and a strong teaching abiity. The successful candidates
are expecied to develop new rasearch directions and coursas.

Salary and Conditions of Service

Salary offered will be highly compelitive and commensurate with
qualifications and experience. Appointment will be on a fixed-lerm gratuity-
bearing contract. Fringe benalits include annual leave, madical and dental
schames, and housing benalfits where applicable.

Application and Information
Information concerning the posts and the University is available at
hittpe//www.cityu .edu.hk or from the Human Resources Offica, City University

of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong [Fax : (852) 2788
1154 or (852) 2788 8334/email : hrojob@cityu edu.hk]. Additional infarmation
about the Department is available at hitp.hwww.ap cityu.ady hk/, Please
sand an application letter enchosing i) a cumrent CV with evidence of teaching
ability in English; i) a concise (up to 1 page) statement of research inlerasis
and teaching philosophy; iil) namas and addresses of four referees to the
Human Resources Office. Applications will be considered until positions
are filled. Please quote the reference of the post in the application and on
the envalope. The University resarves tha right to consider late applications
and nominations, and ta fill or not to fill the positions.




9

JOHANN WOLPGA Fbﬁﬂﬂh LLINY

UNIVERSITAT
Johann Wolfgang Goethe University at Frankfurt FRANKFURT AM MAIN

Cluster of Excellence “Macromolecular Complexes®

The newly founded Cluster of Excellence “Macromolecular Complexes® at Frankfun University is seeking to appoint outstanding scientists
in the following subject areas:

Pl: Associate Professor (W2) in Mitochondrial Biology

The successiul candidate should have a strong research profile in mitochondrial cell biology and/or pathobiochemistry and should be
willing to collaborate with other groups within the cluster to elucidate the molecular details of the protein networks and macromolecular
complexes of mitochondria. The candidate's research group will be located on the Medical Campus of Frankfurt University.

P2: Full Professor (W3) in Molecular Membrane Biology

‘We are looking for an outstanding individual to develop a strong research program on the structure and function of transport complexes,
membrane-associated macromolecular assemblies and/or organelle biogenesis. The group will be integrated into the Department of
Biochemistry, Chemistry and Pharmacy.

P3: Associate Professor (W2) in Large Synaptic Complexes

The successful candidate will develop a competitive research programme in molecular neurobiology to elucidate the temporal and spatial
sequence of transient protein-protein interactions and their functional implications at the synapse. The new research group will be in
the Department of Biosciences at the Biocentre on the Riedberg campus.

P4: Associate Professor (W2) in Quantitative Biology of Signalosomes

The successful candidate is expected to develop a competitive research program in the field of signalling complexes, covering quantitative
aspects of macromolecular assemblies, structure and function analyses of signalosomes, post-translational modifications and/or their
recognition by specific domains, with special emphasis on the integration of quantitative biology with bisinformatics or systems biology.
The new research group will be located at the Biocentre or on the Medical Campus.

P5: Assistant Professor (W2) in Research on Nuclear Complexes

The successiul candidate should develop a strong research programme on epigenetic processes, and should complement ongoing research
on the biology and pathology of leukemias and lymphomas. We expect a strong background in molecular biology, cell biology and/or
biochemistry. The new group will be integrated into the Department of Biochemistry, Chemistry and Pharmacy.

P6: Assistant Professor (W2) in X-ray Crystallography of RNA-protein Complexes

The research of the new professor should focus on RNA and RNA-protein structure determination by X-ray crystallography. Relevant
postdoctoral research experience and a proven track record as a research group leader are expected. The new group will be housed in
the Institute of Organic Chemistry and Chemical Biology.

P7: Associate Professor (W2) in Chemical Biology and Medicinal Chemis

We are seeking to appoint a highly qualified junior scientist with a strong research profile in target- and diversity-oriented synthesis
strategies and/or synthesis of small biomolecules and investigations into the chemical and biological mechanisms of miRNA and rRNA,
TLE signalling and/or lipidomics. The research group will be at the interface of the Institutes of Organic Chemistry and Chemical Biology,
and of Pharmaceutical Chemistry.

P8: Full Professor (W3) in Electron Cryo-Microscopy of Large Macromolecular Comglexes

The scientific interests of the new professor should reinforce and complement ongoing research in the Cluster of Excellence into the
structure and molecular mechanisms of membrane proteins, ransport machineries, RNA-protein complexes, or related areas. The candidate’s
research group will be located in the University Physics Depantment, adjacent to the Max Planck Institute of Biophysics, and will have
access to excellent faclities and infrastructure,

P9: Full Professor (W3) in Advanced Light Microscopy

We are seeking an outstanding individual with a strong research interest in applying advanced light microscopy to cellular neurosdence.
Studies on single particle movement, organelle trafficking, assembly of macromolecular complexes, development of methods with increased
resolution or in fluorescence microscopy will all be considered. The candidate’s research group will be integrated into the Deparnument of
Biosciences.

P10: Assistant Professor (W2) in Mass Spectrometry

‘We seek to establish a junior research group headed by an Assistant Professor devoted to the analysis of multiprotein complexes by mass
spectrometry and proteomics. The group will be housed by the Institute of Pharmaceutical Chemistry at the Biocentre and will have full
AC0ess 1o its instrumentation.

P11: Associate Professor (W2) in Single Molecule Spectroscopy
The suceessful candidate will have a strong track record in single molecule spectroscopy, and should have an interest in developing new
methods and applying them to macromolecular systems in biology. The research group will be in the Institute of Physical Chemistry.

P12: Associate Professor (W2) in Developmental Biology
‘We are looking for an outstanding junior scientist with a research focus in developmental genetics and cell biology of higher eukaryotic
model organisms. The research efforis should complement the eukaryotic model systems (8. cerevisiae, C. elegans and mouse) that are
already established in the Cluster and target the functional analysis of macromolecular complexes. The group will be integrated into the
Department of Biosciences.

L B

The Cluster of Excellence comprises leading research groups in the Departments of Biosciences, Biochemistry, Chemistry and Pharmacy,
Physics, the Max Planck Institute of Biophysics and the Frankfurt Institute of Advanced Studies (FIAS) on the new Ricdberg Scence
Campus, and the Department of Medicine, the Max Planck Institute of Brain Research and the Georg Speyer Haus on the Niederrad
Medical Campus of Frankfurt University. Excellent, state-of-the-art core fadilities, including imaging, proteomics, genomics, and bioinformatics
will be available to all groups in the Cluster.

Start-up funds as well as substantial resources for personnel and running costs are available to all new groups from the Cluster and from
Frankfurn University. Participation in new or existing DFG-funded Collaborative Research Centres (SFBs) in Frankfurt is expected. Successful
candidates will be required to teach at both Bachelor's and Master's degree level.

The designated salary for the position is W2 (tenure track; initially for 5 years) or W3 (tenured) on the German university scale. For details,
see httpo/ fwwwouni-frankfurt. defaktoelles/ausschreibung/ professurendnichtfb.himl, The Goethe University Frankfur is committed to
equal opportunity in science and a lively campus community.

Applications including a curriculum vitae, pdf.files of 5 key publications, statements of research achievements (one page) and future plans
{3 pages), and the names and addresses of 5 academic referees should be sent via Email by February 10, 2007 to:

Director, Cluster of Excellence Macromolecular Complexes
Goethe University Frankfurt
E-mail office@biochem2.de

g0
]
7
LV
;
[}
P




]
:
3

E Morgridge Institute for Research

Executive Director
The Morgridge Institute for Research
At the University of Wisconsin-Madison
The Morgridge Institute for Research at the University of Wisconsin secks nomianations and applications
for the position of Executive Dircctor. The Morgridge Institute for Rescarch (MIR) is a new private, not-
for-profit research institute whose core nission 1s to bring together scientists from a range of disciplines to
advance the study of human biology and biomedical science. The work will be conducted in collaboration
with various centers on campus, as well as with industry partners and others to translate new knowledge
amd discoveries into real-world applications. The Morgndge Institute for Research seeks an outstanding
scientist and accomphshed research leader to assume the position of Executive Director: he'she will play
a significant role in erystallizing the vision and strategy for the Institute.

The Executive Director will be the Chief Excoutive Officer, with overall responsibility for the scientific and

financial success of the institute. He'she will ereate an organization that has the agility, character and stafl

to ensure the Institute has an organizational strecture and culture that will foster successful interdisciplinary
work. The Executive Director also has responsibility for guiding the mstitutional advancement program to
build the MIR endowment and, where appropriate, [und ongoing research and operations, Technology transfer
activities, government granis, private philanthropy, and the establishment of alliances and partnerships with
ventune firms and pharmaceutical companies will be part of the institutional advancement iniliatives,
The successful candidate for this position will have an established record of achievement in building and
leading scientific enterprises in the public and/or private sector. He'she must be a high-cnergy leader with
finely tuned political, team building and organizational developmental skills, and must be eager to mentor
the nexi generabion of scientisis.

The Executive Director will have an advanced degree in biology, medicine, enginecring, genetics,
bisinformatics or related scientific field. He/she will have engaged in scientific work with o priorily on
interdisciplinary collaboration. Credibility in the scientific and academic community to establish MIR as
a highly soughi-afier scholarly opporiunity will alse be imporiant. The successiul candidate will also have
a commitmend (o cducation as well as research; evidence of success in establishing collaborations with
industry; a deep appreciation of and respect for academic values and culture, and an understanding of the
eritical role that basic and translational research serves in sustaining and broadening the intellectual rigor

¢
\‘} Woods Hole Oceanoqraphic Imﬁturtmn

Marine Microbial

Biogeochemistry
Assistant/Associate Scientists

The Departments of Biology and Maring
Chemistry & Geochemistry with the Woods
Hole Oceanographic Inditution invite applica-
tions for one or more lenume-rack positions o
the Assistant or Associate Scientist level m the
arca of marine microbial hogeochemistry,
physiology. or genomics. We seck investigators
using biogeochemical or molecular biological
techniques (e.g. isotopic tracers, molecular
]'lrﬂhl.‘h. whisle ECTIOTE -ilﬂu'll}'!iﬂh. IMICTOHUTILY S OF
protecmics) o mvestigate  biogeochemical
transformations, clemental cycles, physiology,
ecology. and the forces acting on the selection
of manne prokaryoles (Bacteria and Archaea).
Areas of interest nelude, but e not limated w,
planktomic  phototrophs  and  heterotrophs,
vent'seep and deep biosphere microbes,
The successful -.||1p|i¢,'1nt.l. are expected 1o have
a strong interest 1n collaborative research, seck
funding to establish a prodisctive research pro-
gram, hold a Ph.D. and contribute (o graduate
teaching in the MITAWHOI Joint Program in
Biological or Chemical Ocemmography.
For a full job description log on o
hupefjobs.whoiedu and follow the steps w
apply. Candidate should submit a current
CV, Research Statement, and names
of potential references along
with their on line application.

of an clite rescarch university.

Momnations and applications should be sent to: Nicholas Brill, Brill Neumann Associates, Inc., 312

Stuart Street, Boston, MA 02116; morgridge(a brillncumann.com.

The Morgridge fnstitnte for Research is an Equal Opportunity Employer:

T ;
F To be considered. complete
} application materials should
1 be received by February 2007,

Women and Minorities are encouraged to apply.
M/F/DNV/ECE

Chair - Department nf;”ufecufm‘
Biology and Microbiology

TUFTS UNIVERSITY SCHOOL OF MEDICINE

Tufts University School of Medicine imvites applications for Professor and
Chair of the Department of Molecular Biology and Microbiology. The condi
date should have a Ph.D.or an MD. and be an internationally recognized sci-
entist in microbi with an outstanding and wel-funded research program.
The candidate should also have a trock record of institutional service and
participation in the mentorship of junior foculty.

Tufts University School of Medicine has a distinguished recond of troining
some of the leadmg plysicians and scentsts m the ULS. The Department of
Maolecular Biology and Microbiclogy has a particularly outstanding and distin-
guished history of excellence in research and training. The faculty is well fund-
ed by both federal and private sources of support, imchiding Gates Foundation
awards at well as Howard Hughes Medical Institute Investigatorships. The
Department occupies the 4th floor of the recently buit joharis Family Center
for Biomedical and Mutrition Research as well a5 adjeining buidings of the
MEY Research Complex. A notable strength of the Department is the aimos-
phere of cooperation and collegiality that prevails ot o levels. A variety of
available core facilities in the Medical School serve to greatly enhance the
research environment. The Molecular Microbiology Graduate Progrom based
in the Department is vigorous and 5 funded by two training grants, This Chair
position provides an exciting opportunity to lead and further build an already
distinguished depariment
Please send a curriculum vitoe, statement of research funding, and the names
of ot least three references by March %, 2007 o
Henry H. Weortis M.D., Chair, Melecular Biology and Microbiology

Search Committee clo Mary Broderick, Medical Deans Office,

Sackler 8, Tufts University School of Medicine,
136 Harrison Avenue, Boston, MA 02111

Tl Urwerty Schoal of hecliciss i o ASEL empiloyer and ooty sasicr aoncientes from diierse bodk proundh.

FACULTY POSITION
Reproductive Biology & Development

BAKER INSTITUTE FOR ANIMAL HEALTH

Located in fthaca, N.Y. Cornell University is a bold, inmovarive, inclusive and
dvimamic teaching end research amiversity where staff, faculty, and students alike
are challenged to make an enduring contribmtion te e betterment of huwmeanity,

The Baker Institute for Ammal Health & Cornell University seeks omstanding
concidates for a enure-track fculty position. Preferred candidates must have
a Ph.D, andior DV.M., or equivalent, and will use cutting-edge experimental
approaches to mvestigate important guestions in reproductive biology and
development, The Institute has a distmguished recond of discovery in areas
benefiting both companion animal and human health. It supports an
interdisciplinary research environment with studies in rodent, small animal,
and laree animal sysiems, ranging fom immunology and infectious diseases W
the inheritance of complex traits. In this search, priority will be given 1o
scientists who complement or strengthen current Instilute research, with
particular mierest in candidates with active programs in germ cell £ stem cell
biology, fetal / placental development, epigenetics, or genomics. The recruited
faculty will jon an approprisie depariment in the College of Veterinary
Medicine and will have opportunaties (o panticipate in the University's camipus-
wide Life Sciences Inttiative and the Center for Venebrate Genonucs.
Swecessful candidates will be expected 1o have, or 1o develop, extrumurally
funded research programs and o contribute o professional (DYM) and
graduate education. The Institute offers competitive start-up packages and new
laboratory [acilities n a supportive, mieractive research environment. The
position is offered o the Assistam Professor level, with revision appropriate to
the successiul applicant’s qualifications,

For more information, go to: hitp:/bakerinstitute.vet.cormellLedu/.
Appliconts should submit a cover letter, curmiculum vitae, statement of research
plans, and contact information for three references together in a single PDF fike

10 bakersearch® cornell.edu.
Review of applications will begin on February 15,
2007 and will continue until the position is filled.

Cornell University

Cornell University is an Affirmative Action,
Egual Opporaunity Emplover and Edwcator,

hitpefehronicle.com/ jobs/profiles 237 7.hitm




The European

Commission

t

The European Commission, Directorate General Joint Research Centre (JRC), is seeking to recruit (m/f).

DIRECTOR

INSTITUTE FOR PROTECTION AND SECURITY OF THE CITIZEN IN ISPRA
(JRC.G - IPSC) (CcOM/2007/10039)

DIRECTOR

INSTITUTE FOR ENERGY IN PETTEN (JRC.F - IE) (COM/2007/10040)
Official Journal n” C7 A - 12 January 2007

eu.in

http://europa

We are the Joint Research Centre. Our mission is to provide customer-driven scientific and
technical support for the conception, development, implementation and monitoring of EU policies.
JRC comprises 7 research institutes spread across 5 sites in Europe. We have a staff of 2,650 and
an operating budget of € 300M per annum. Our core competence areas are food, chemical
products and health, environment and sustainability, nuclear safety and security, and horizontal
activities such as reference materials and measurements, techno-economic foresight, public
security and anti-fraud.

We propose:

= A post of Director of the Institute for the Protection and Security of the Citizen
(JRC.G - IPSC - ISPRA) (COM./2007/10039)

The mission of the Institute is to provide research-based, systems-oriented support to EU policies
s0 as to protect the citizens against economic and technological risks. It has some 430 staff and
a budget of ca. € 45M. The Director will in addition be expected to provide strategic orientation
for and coordination of activities across the whole of the JRC related to internal/external security,
anti-fraud and development aid research and services.

« A post of Director of the Institute for Energy (JRC.F - IE - PETTEN)
(COM/2007/10040)

The Institute provides scientific and technical support to community policies related to energy.
It has a staff of about 200 and a yearly budget of ca. € 30 M. The Director will in addition be
expected to provide strategic orientation for and coordination of energy-related research and
services across Lthe whole of the JRC.

The Directors are responsible for the overall management of their Institute and have delegated
financial and recruitment responsibilities for the complete budget and staff of their Institute.
They are members of the JRC senior management team and contribute to the overall
development and implementation of the JRC mission.

Applicants must: » be a national of one of the European Union Member States; » hold a university
degree that gives access to undertake doctoral studies; » have at least 15 years’ postgraduate
professional experience at a level to which the qualifications referred to above given admission;

at least 5 years of that professional experience must have been gained at senior management level,
* have a thorough knowledge of one of the EU official languages and an adequate knowledge of
another of these languages. Candidates should note that the selection procedures will be carried
out in English, French and German only.

The Directors will be selecled and appointed by the Commission according to ils selection and
recruilment procedures. Salaries and conditions of employment are those laid down in the Staff
Regulations for AD 14 grade officials of the European Communilies. The Commission applies an
equal opportunities policy. Full job descriplion, selection criteria and applicalion defails can be
found al http:fec.europa.eu/dgs/personnel administration/working senior mgt _en.htm.
The link lo the on-line application is; http:fflec.europa.eu/dgs/personnel
administration/seniormanagementvacancies/index_en.html,

ff you encounler technical problems, please send an e-mail to:
ADMIN-MANAGEMENT-ONLINE@ec. europa.eu.

The closing date for registration is 12 February 2007.
On-line registration will not be possible after 12.00 noon Brussels time.
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Smithsonian
Dean of Academic FTOQFHI'I‘IB

The Smithsonian Tropical Research Institute (STRI) invites applications fora
new position, Dean of Academic Programs, STRI, a bureau of the Smithson-
ian Institution, and & world leader in tropical rescarch, maintains a series of
research facilities to support maring and terrestrial rescarch in the Republic of
Panama, Each vear our scientists, superb ficld and laboratory facilitics, and the
unique geography of the [sthmus of Panama attract hundreds of students and
fellows at the undergraduate, pre- and post-doctoral levels from more than 40
nations. Fellows are supported by a combination of STRI, university, national
and international fellowships. STRI also maintains formal arrangements with
universities in the US and Canada that use STRI facilitics 10 present semesters
abroad, as well as a university-based graduaie program offering advanced
degrees in tropical science,

STRI's Dean of Academic Programs will provide leadership, oversight and
evaluation of academic programs, as well as develop new initintives and
strategic alliances that provide of T campus educational opportunities at STRI.
The position will be based at the Institute’s headquarters in the Republic of
Panama,

The successful applicant will likely have the following qualifications: a Ph.D.
degree, a research background in an area of STRI expertise (see www.stri.org),
experience in administeation at the college or university level, and demon-
strated ability to work in an international context,

Applications should be submitted electronically to the Director of STRL ¢fo
Ms, Luz Latorraca, Office of Human Resources, o latorralia si.edu, Please
mclude a complete curnculum vitae with a summary of research, teaching
and adnimistrative experience, a stalement of interest in the present position,
and the names and contact information of three potential references. We will
accepl applications until the position is filled, and review of applications will
begin in March 2007,

STRI is an Eguad Opporfenine Emplover and appointments
can be mode regaraless of nationalin

Uniformed Services University
of the Health Sciences

Chair of Department of Pharmacology

The Uniformed Services University seeks applications for the position
of Chair of the Department of Pharmacology. a tenured position within
the F. Edward Herbert School of Medicine in Bethesda, Maryland. Can-
didates, who must be LS, citizens or permanent residents, should have
an outstanding record ofaccomplishments, including an imtemational ly
recognized rescarch program in pharmacology or a related discipline,
and leadership skills 10 oversee the research programs and faculty in
the departiment and to direct the pharmacology teaching in the School
of Medicine. Current depaniment sirengths include neuropharmacology
and moelecular mechanisms of signal transduction. Salary and benefits
will be based on Federal pay ranges for semior scientists, Further imfor-
mation on the position may be obtained from the Search Committee;
the department web site can be found at http://www.usuhs.mil/pha.
MNominations of qualified persons are welcomed.

REQUIREMENTS: Sclected candidates will be subject oo favorable
security background investigation for employment.

Applications should be sent to:
David 5 Krante, Ph.Ih
Chair, Pharmacology Search Commitice
Department of Medical and Clinical Psvehology
Uniformed Services University of the Health Sciences
4301 Jones Bridge Road
Bethesda MD 208144799
dskrantzi@usuhsmil

The University is an Equal Opporamite Enplover connmitied
fo exeellence through diversiny.

YyAdUTMB

The University of Texas Medical Branch
Breast Cancer Research
Faculty Position

A tenure-track faculty position 18 curréntly avmlable g the assistant
professor level in the research area of molecular and cellular iology of
breast cancer at the Sealv Center for Cancer Cell Biology and Center for
Interdisciplinary Research in Women's Health at UTMB. Preference will
be given to candidates interested in working in a highly collaborative,
interdisciplinary environment with mterests in breast cancer etiology,
progression or treatment. We are partiicularly imterested i recruting
candidates with scientific backegrounds in inflammatory mechanisms of
cancer, stromal interactions with cancers, novel animal models of cancer,
or discovery of novel chemotherapeutic agents.

The recruited candidate will be provided with a generous start-up pack-
age, competitive compensation and benefits, modem laboratory space
within the center, and access o state-of-the-an core facilities. The faculty
member will be expected o establish and maintain independent, extemally
funded rescarch programs. Diversity is one of UTMB's core values, and
we look for diversity in our applicamt pools, including ethnie, culwral,
gender and research interests. Applicants should have at least two years,
but no more than five years, of post-dectoral or equivalent experience
and a strong publication record. Please send an electronic curmiculum
vitae, statement of research interests and goals, and the names of three
references 1o

Ahbey B, Berenson, ML,
Route 0587
The University of Texas Medical Branch
Galveston, Texas
or email: abberens@ utmb.cdu

LUTME is an Egual Oppertunity Affirmative Action (nstitution
thar provdiy values diversine. Candiclases of all backerovmds
e l'n’ﬂl:'ﬂ-l'l']"ﬁ'.l{l.‘ﬁl fea Hf.l'ﬂ'.l.l{l'.

AIST

ADVANCED INSTITUIR OF
SCIENCE AND TECHXOLOOT

R1L)
JAPAN ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY (JAIST)

Invites applications for a professorship (or associate professership depending
on experience) for training in English Technical Communication. This
position is not for research. The appointment starts after April 1, 2007,

JAIST is a national graduate umiversity that has Schools of Knowledge
Science, Information Science, and Matenals Science. Before graduation
the students are required o have abilities w read, write, and orally presemt
technical papers in English. JAIST is located near the city of Kanazawa,
which 15 known as “Little kyoto,” rich with tradittional Japanese art and
culture.

* Area of specialty: Education in English Technical Communication

« Job deseription: Teaching of technical English classes; Tutoring
in technical paper writing, Correcting sciemific papers; Planning of
curmiculum for English Technical Communication

« Qualifications: A successful candidate should have a Pho DL or M. 5. in
Science or Engincering, and should have demonstrated ability to write
technical papers. We are looking for teachers with enthusiasm for training
graduate students,

* The applicant should submit the following information: Resume,
Publication list, Summary of previeus experience in education and
research (up to 1000 words), Future plans as an educator (up to 1000
words), Mames of three professional references including e-mail
addresses

* Deadline: Application must be received by March 20, 2007.

Please send your application to: Prof. Takuya Honda, JAIST, 1-1 Asahidai,

MNomi, Ishikavwa, 923-1292, JAPAN; Tel:+81-T61-51-1750; Fax: +81-T6l-

51-1149; t-hondaf jaist.acjp. For inguines contact Ms, Michi Kashida

at +81=T61-51-1937; michi-ki@ jaist.ac.jp. Institute website is at http:

fwww, jaistac.jplindex-e.html,




VICE PRESIDENT FOR RESEARCH
University of North Texas

Founded in 1890, the University of North Texas at Denton 15 the
largest and most comprehensive student-centered public rescarch
university in the Dallas'Fort Worth metr oplex. As the state’s fourth
largest university and one of the fstest growing in the country, UNT
services more than 33,500 students offering 93 bachelor, 111 master
and 50 doctoral degrees.

DUTIES AND RESPONSIBILITIES: The Vice President for
Research reports directly to the Universaty President, This position
provides leadership for the development and implementation of a
campus-wide strategic and operational plan for research, sponsored
projects and activities across all academic disciplines for the purpose
of secuning mcreased levels of external suppont from federal, state, and
private sources; oversees all policies, procedures and suppon services
dedicated to research and technology transfer and all research regula-
tory requirements; works closely with researchers to develop research
and sponsored program activity in support of UNT s research mission;
is responsible for promoting interdisciplinary and inter-institutional
collaboration and enhancing relationships with sponsonng agencies;
and represents UNT s rescarch, scholarship, and creative activity with
appropriate state and federal offices,

This position alse carnes the management and contmued develop-
ment responsibilities of the recently acquired 550,000 sq. 1., 200
acre Research Park which houses the College of Engincering and the
newly created interdisciplinary Center for Advanced Research and
Technology (CART).

QUALIFICATIONS: Qualified candidates should possess the fol-
lowing:

* Eamed doctorate or terminal degree

+ An extensive research record within an academic or related

setting
« Service on state and federal review committees, advisory boards,
or policy and planning commtiees

* Proven record of increasing institutional research funding

« Addemonstrated record of effective leadership in rescarch adminis-
tration with increasingly responsible positions in higher education,
corporate or non-profit organizational environments
Working knowledge of major functional arcas, especially federal
funding agencies. technology transfer, intellectual property issues,
and compliance
Understanding of national trends affecting academic rescarch and
the ability to develop a strategic research plan for elevating the
national and international research prominence of UNT
Successful expenence in policy and procedural development in
all facets of research and research administration.
Anunderstanding of higher education and the academic environ-
ment, both at the undergraduate and graduate levels with experi-
ence in the establishment and development of comprehensive
training programs supporting rescarch
A demonstrated commitment (o diversity and the ability o work
with diverse constituencies
Proven interpersonal skills o interact and lead people at all levels
of the organization
Excellem wrimen and oral communication skills

APPLICATION AND NOMINATION PROCEDURE: Interested
applicants should submit a resume; a letter of application that highlights
qualifications for the position and management philosophy of a rescarch
enterprse; and the names, addresses, ielephone numbers and e-mail
addresses of five professional references. Review of applications will
begin January 16, 2007, and will continue until the position is filled.
Mominations and applications should be directed 1o

Valerie Green

University of North Texas
POy Box 311000
Denton, TX 76203

https:/jobs.untedn

References will be comtacted only after permission from the applicant
is obtained. For information on UNT, please consult the web site al
www.unl.edu,

Fhe University of North Tevas is an ADAAfirmanive Action/
Egguad Opportnite Emplover

- Life

[even better]

er to improve life

il your hung

The Applied Biosystems postdoctoral fellowship
program offers candidates the chance to gain
skills that would be difficult to acquire in other
I while at the same time encouraging
ent their work at ope entific
1d publish in peer-reviewed journals,

{Lumpnﬂn ilary and benefits -ﬂ'IH be offered.

Genetic Analysis, Molecular and Cell Biology,
Foster City, CA

Contribute to a research program involving novel applications of
next generation, ultra-high-throughput, sequencing technologies.
The list of potential topics includes analyses of the utility of ultra-
high-throughput sequencing in whole-genome resequencing,
digital gene expression, digital karyotyping, rare biomarker
detection, de novo assembly and whole-genome methylation
analysis.

Qualifications Required

Ph.D. in computational biology, statistics, computer science,
genetics, or a related field. The candidate should have experience
with developing novel bicinformatics algorithms, preferably in
the areas of sequence alignment and assembly andior pattern
classification, and experience with statistical modeling and
simulation.

Protein Engineering, Advanced Research and
Technology,

Foster City, CA

Work on novel technologies to engineer protein-based fluorescent
biosensors. Projects will focus on protein molecular evolution and
design, library construction, high-throughput screening, as well
as biochemical charactenzation of fluorescent biosensors.
Qualifications Required

The successiul candidate will have a Ph.D. degree with
backgrounds in molecular biology, protein design and

directed evolution. Experience with protein purification and
characterization and real-time PCR is desirable.

Research and Development, Protein and Small
Molecules,

Framingham, MA

Design, synthesize and develop chemistries targeted towards
metabolite classes for high-throughput metabolite profiling and
guantization using mass spectrometry.

Qualifications Required

Ph.D. in organic or bio-organic chemistry with extensive
knowledge of chemical transformations and bioconjugation.
Knowledge of mass spectrometry with a biclogy background is
highly desirable.

For mora information about these epportunities, please

visit our website at www. appliedbiosystems.com.

If interested, send your resume in confidence to
barrink18appliedbiosystems.com with Postdoc Genetic
Analysis, Protein Engineering or Protein and Small Molecule in
the subject heading.

Qur diverse life science contributions are a proud reflection of the
diversity of our workforce.

@ O Applied
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S A Department of Biochemistry

. Im o and Molecular Biology

& b ' Tenure Track Faculty Positions

trt""' tLh'l"-d&

The Department of Biochemistry and Molecular Biology atthe University
of Maryland School of Medicine, chaired by Richard L. Eckert, Ph.D.,
is initiating a major expansion {(http://medschool.umary land.edu/

Assistant, Associate and Full Professor levels, The department has
significant strengths in muscle biology, cell signaling, cancer biology.,
structural biclogy and imaging. and a highly successful graduate train-
ing program. The imitial expansion will mnclude positions in surface
epithelial binlogy with a focus on investigators utilizing biochemical,
cellular and animal model approaches to understand protein and cell
function in normal, discased and cancerous tissue, Successful candi-
dates are expected to establish and maintain active research programs,
and participate in department teaching and service opportunitics. The
Medical School and the Department are highly ranked with respect to
MNIH funding. The Department provides excellent laboratory facilities,
competitive salaries and stanup packages. and access o numerous core
facilities. Applicants should hold a Ph.D). or M.D.. have substantial
research experience, and a strong desire to participate in an interactive,
multidisciplinary research environment.

Interested applicants are invited to submit a letter of interest and cur-
riculum vitae by e-mail and have three letters of reference sent by
e=mail to biochem@ umaryland.edu. Mail applications can be sent
1 Biochemistry Scarch Committee, Department of Biochemistry,
University of Maryvland, School of Medicine, 108 N. Greene Strect,
Baltimore, MIy 21201,

The University of Marvland, Baltimorne is an
Equal Oppavieinity, Affirmative Action Enplover:

Cleveland State

“z8 University

iy

» Temporary Post-Doctoral Fellow (BGES)

A wemporary Post-docioral Fellow position s available immediately in the
H:il:'l!-t@ig‘.l!. E-rl;L:|||:|t_',i.{.?|| & Environmental Scicnces Ih‘]'r.u ment at Cleveland
State University to conduct laboratory rescarch on RNA procesing, Develop,
optimize and implement specialized technigues in molecular and cellular
biology. Establish tumor cell lines a5 experimental model systems for
cancer rescarch. Participare in preparing publications and grant proposals,
Mentor and rrain graduare and undergraduate students in laboratory
studies. Interaet professionally with all internal and external customers

using strong interpersonal skills,

Minimum qualifications are a Ph.[) in Molecular and Cellular Biology,
Biochemistry, or related field. Skilled in molecular and edlular biology and
in malecular claning techniques. Experience in mammalian eell culture.
Preferred qualifications are knowledge of nuclear pre-mBNA splicing,
micraRMNA, and cancer genctics. Strong skills in mammalian cell culmre,

Send curriculum vime along with three names and contact information of
references to . Girish Shukla, Chair, Search Comminee, Cleveland Stare
University, 2121 Euclid Avenue, 51 219, Cleveland, OH 44115, Position

open until filled. Salary commensurare with experience.

CSU s an AAEOE institution committed 1o non-discrimination in

employment and education. M/F/D/V encouraged.

UNIVERSITY OF KENTUCKY
Department of Microbiology,
Immunoclegy and Molecular Genetics

Two Positions at the
Assistant/Associate Professor Level

The Department of Microbiology, Immunology and Molecular Genetics,
College of Medicine, University of Kentucky. seeks two tenure track
IMMUNOQLOGISTS/MICROBIOLOGISTS at the Assistant or Associate
Professor level, We are interested in faculty whose research bridges the dis-
ciplines of immunology, microbiology and’or molecular genetics/genomics

bioinformatics. Examples of research include immunoregulation, genetics of
the wnmune system, molecular immunology, autoimmunity, host response
to microbial pathogens, genetic basis of resistance to microbial infection,
innate defenses against infection, viral immunology, immunoparasito logy,
and vaccines. Applicants should have a Ph.Dx. and‘or ML.D., or equivalent
degree, and postdoctoral experience. Successful candidates are expected to
develop/maintain an innovative, externally funded research program as well
as participate in graduate and medical student teaching. This is an excellent
opportunity to join a department with strong predoctoral and postdoctoral
tramming programs, and research programs inmicrobial pathogenesis, eukary -
otic molecular biology, molecular and cellular immunology, and molecular
virology. Excellent start-up funds, state-funded salary commensurate with
experience and modemn research facilities wall be provided,

Applications should include curriculum vitag, representative reprints, a sum-
mary of past experience, a statement regard ing research interests and future
plans, as well as three letters of recommendation. All material should be sent
1o Chair, Faculty Search Committee, Department of Microbiology and
Immunology and Molecular Genetics, MS409, Medical Center, Univer-
sity of Kentucky, Lexington, K'Y 40536-0298; Telephone: 800-462-5157;
FAX: 859-257-8994; Kfreslo pop.ukyv.edu.
The University af Kentucky s an Equal Opportunitv Affirmative Action
Emplover and has an affirmarive dhaty fo reasonably accommodate
atherwise gualified individuals with a disability:

Biological

Nanostructures
Statt Scientist

| Muolecular

The Molecular Foundry is a national user facility
for the design, synthesis, and characterization
of materials with nanometer dimensions
[httpz/ /foundry.lbl.gov]. This  position
is located within the Foundrys Biological
Manostructures  Facility, which  provides
instruments and technigues for users pursuing
integration of biological components into
functional nanoscale materials and mimicry
of biological architectures. Leam more at
hittps/ ffoundry.lbLgov,/ facilities/ bionano. htm.

The successful candidate will design and l=ad
a vigorous individeal research program at the
interface of biomaterials and nanoscience.
He/she will also provide scientific support and
collaborate on research projects brought to
the Molecular Foundny by its users,

Apply at http://jobs.ibl.gov/LENLCareers/
details.asp?jid=20026&p=1. Please submit
a single attachment including your CV, one or
more research proposals that invalve aspects
of nanoscience and biology, list of references,
and cover letter, Reference “Science Magazine”
a5 YOUr SOurce,

Jar LBML is an AA/EED employer committed to the
Foundry. development of a safe and diverse workforce,




UNIVERSITYOF
BIRMINGHAM

Professors (Two posts)
Experimental Cold Atom Physics

Im a major joint venture, the Schools of Physics and Astronomy at the
Universities of Birmingham and Nottingham are recruiting six new permanent
academics in experimental cold atom physics to set up the Midlands Uliracold
Atom Research Centre. This is a new interdisciplinary Centre of Excellence for
research at the interface between cold atom, condensed matter, and optical
physics. The first stage is to appoint two Professors to lead the Birmingham
and Nottingham sides of the group. The Professors will strongly influence the
subsequent appaintment of the four Lecturers (two at each partner University)
and lead the development of the Centre.

Funded by an EFSRC/HEFCE Science and Innovation Award, the Centre will
build on, and integrate with, our large established programmes in condensed
matter physics, nanoscience, and cold atom/condersed matter theory - thus
producing a step change in the UK's capacity for research innovation across
these fields.

Scientists are required with a proven track record for internationally-leading
research in areas of experimental cold atom physics induding, but not Emited
to, atom chips, atom-surface interactions, optical lattices, single atom
detection, atom interferometry, Fermi gases and Bose-Einstein condensates,
few-body cold quantum systems. The complementary foci wil be on optical
lattices or pure condensates in Birmingham and chip-based cold atom systems
in Nottingham.

Im addition to a substantial start-up package for equipment, laboratory
refurbishment. postdoctoral and technical support. PhD studentships, travel,
and an internatienal Visitor Programme, the successful candidates will be

The University of

Nottingham

supported by state-of-the-art nanofabrication and tera-scale supercomputing
facilities and benefit from a substantially reduced teaching load for the first
five years.

Salary will be within the Professorial range, minimum £49,116 pa.

The successful candidates will be expected to be in post by no later than

1 October 2007,

Informal enguiries may be addressed to Professor P H Beton, Head of School,
The University of Nottingham, tel: 0115 951 5129, Email:

Peter, Beton@Nottingham,aguk, Professor J M F Gunn, Head of School,
University of Birmingham, tel: 0121 414 4565, Email: j.m.f.qunn@ bham.ac. ulk
or Professar T M Fromhold, The University of Nottingham, tek 0115951 5192,
Email: Mark.Fromhold@Nottingham.ac.uk

Further information about the Schools is available at:

hitp:/ Swww. nattingham.ac.uk,/physics/ and http://www.ph.bham.ac.uk/
For more details of each post and/or to apply on-line please access:

The University of Nottingham

http://jobs.nottingham.ac.uk/ http:/ Mwwew. punit. bham.ac .uk,/
1227 vacancies,

Please quote ref, JK/227 Please quote ref. G38129
Human Resources Department Human Resources

University of Birmingham

King's Meadow Campus Edgbaston
Lenton Lane Birmingham
Maottingham NG7 2NR B152TT

Tel: 0115 951 3262 Tek 0121 414 2931
Fax: 0115 951 5205 Fao: 0121 414 4802

Closing date: 5 March 2007, These posts are open until filled - review of
applications from 5 March 2007. Interview date: late March 2007,

The Alfred P. Sloan Foundation
President and CEO

The Alfred P. Sloan Foundation, a philanthropic nonprofit institution, was established in 1934 by Alfred Pritchard Sloan, Jr.,
then President and Chief Executive Officer of the General Motors Corporation. Headquartered in New York City, total assets
of the Sloan Foundation have a market value of approximately $1.7 billion,

The Foundation’s programs and interesis fall mto four major areas: Science and Technology: Standard of Living and Economig
Performance; Education and Careers in Science and Technology: and Selected Natuonal Issues, For additional mformation,
please visit www.sloan.org,

The President of the Sloan Foundation serves as the CEO of the organization: is responsible for its overall leadership and direc-
tion; and provides oversight of Sloan’s programs, operations and investments, The President serves as an ex-officio member of
the Board of Trustees and works in collaboration with Sloan’s Program Directors and Board to drive, establish, maintain and
monitor a broad range of grant initiatives that support and further the organization’s mission.

The successful candidate will bring a demonstrated record of accomplishment to the role of President and CEO of the Sloan
Foundation. Ideally, this should include significant accomplishment, distinction and leadership in one or more of the Foundation’s
stated areas of interest: science, technology, idustry research and effectiveness. economics or engmeering: demonsirated
capacity for intellectual depth combined with a proclivity toward action and accomplishment; and a hybnid — an individual with
significant accomplishment in academe, research, business or science combined with an understanding of the research intensive
university environment,

The Search Committee requests that all inquiries. nominations and applications with a letter of introduction be submitted o
Sloan’s consultants at sloani spencerstuart.com.

The Alfred P Sloan Foundation is an Equal Opporturitey Emplover:
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MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

Institute for Biotechnol at the Martin-
Luther-University Halle- nberg

Independent junior research group leader fellowship
4 post-doctoral research fellowships

4 PhD-fellowships

The Institute for Biotechnology at the Martin-Luther University Halle-
Wittenberg has been awarded funding for a junior research group in confext
of the “InnoProfile” program by the German ministry of research and
education (BMBF ). The research group will focus on the development of
nesw methods for the generation of ardificial binding proteins for phammaceutical
and industrial applications (see Hey et al., Trends Biotechnol. 23, 514-522
(2005)). This includes the development of phage display and ribosomal
display methods as well as the design and evaluation of highly slable
scaffold proteins. The junior research group will operate in close contact
with the protein technology group (Rainer Rudolph), with local biotech
companies as well as local collaborative research centers (see
hitpzifwww. exzellenznetzwerk-biowissenschaften.uni-halle.de).

The candidates should have documentad experience (group leader, postdoc)
or interests in the generation of artificial binding proteins using phage
display, ribosomal display, or other display technologies. Furthermore,
compatence in molecular biology as well as protein chemistry and blophysics
is expected

The Institute offers high end infrastructure for the production of recombinarnt
proteins and their biophysical charactenzation (X-ray, NMR, fluorescence,
CD, DSC, ITC and dedicated aquipment for the analysis of protein-protein
interactions).

Appaointments will be made al the level of E 15 (group leader), of up to E
14 (postdoctoral fellows) for a peried up to October 2011. Applicants with
a proven publication record in quality journals should send their CV,
publication list and reprints of the three most important publications to
stating registration number D 19/2006 Abteilung 3 - Personalamt der
Martin-Luther-Universitit Halle-Wittenberg, D-06093 Halle (Saale).
The Martin-Luther-University Halle-Wittenberg is an affirmative action
employer. Female scientists are specifically encouraged to apply for this
position. Suitably qualified disabled candidates will the treated preferentially.
Closing date for applications 05.02.2007

FACULTY POSITION IN APPLIED PHYSICS

The Applied Physics Program at Caltech
invites applications for one tenure track position
as assistant professor. We are seeking highly
qualified candidates who are committed to a
career in research and teaching. Exceptionally
well-qualified candidates may be considered at the
associate or full professor level. In addition to
applicants from traditional areas including device
and/or materials physics we are interested in
applicants with interdisciplinary backgrounds
spanning these and other areas such as biology
and chemistry.

Interested applicants should submit an electronic application by
visiting http:f/www.eas.caltech.edu/searchfaph. You will be
asked to upload the following pdf documents: CV, research
statement, three publications, and the names and contact
information for three references.

The term of the initial appointment is normally four years, and
appointment is contingent upon completion of all the require-
ments for a Ph.D.

CALIFORNIA INSTITUTE OF TECHNOLOGY
Division of Engineering and Applied Science
Caltech ix an Equal-Opportunitpd firmative- Action Employer
Women, minarifies, veterony, ond divabled persons are encowraged o appdy

Faculty-Level Positions

Roswell Park Cancer Institute

Under the leadership of a newly appointed department chair, Roswell
Park Cancer Institute is committed to the expansion of its Immunology
program. The Department of Immunology invites applications for posi-
tions equivalent to the Associate Professor (Associate Member) level.
Candidates must have a strong Immunology background with special
interest in Tumor Immunology, to complement and broaden the expertise
of existing faculty in the department and strengthen the mission of the
Institute as an NCI designated Comprehensive Cancer Center.

Selection will be based on excellence in research, current peer-reviewed
funding and potential to maintain an outstanding independent research
program. The new recruits will have the opportunity to contribute to
the graduate education program at the Institute and to administrative
responsibilities of the department. We encourage applicants who desire
an environment that fosters interaction with a diverse group of scientists
and clinicians both within the Institute and the State University of New
York at Buffalo,

Laboratory space in a newly opened 300,000 sq ft. Buffalo Life Sci-
ences Complex provides a highly multidisciplinary environment, access
to state-of-the-art core facilities, and the opportunity to interact with
both research scientists and research-oriented clinicians from several
departments.

Applicants should send their CV, description of research accomplish-
ments and future research objectives and the names and addresses of

three references to: Dr. Yasmin Thanavala, Search Committee Chair,
Department of Immunology, Roswell Park Cancer Institute, Elm &

Carlton Streets, Buffalo, NY 14263, ROSWELL
BEPARK

RPCI is an Equal Opporiunity and Affirmative
Action Employer.

Molecular Therapeutics of Cancer
Tenure Track Faculty Position
Dartmouth Medical School
Morris Cotton Cancer Center, New Hampshire

Dartmouth’s Morris Cotton Cancer Center invites candidate applications for
atenune track faculty position to join our expanding Molecular Therapeutics
Program. This Program comprises leading basic science, translational,
and clinical researchers focused on the development of novel therapeutic
strategies for cancer.

We are seeking an individual with a strong record of academic productivity
and the potential to establish or bring an ndependent program focused
on the development of novel, targeted therapeutic agents for cancer.
Preference for this position will be given to investigators with laboratory-
based research programs that are at the preclimical or early clinical stage
of development.

In addition to an appointment in the Cancer Center, the recruited faculty
member will receive primary appointment in an appropriate basic science
department of Dartmouth Medical School, and will have teaching, clinical,
and administrative opportunities and responsibilities that reflect their
mterests and institutional needs, Applicants with PhD, MD, or MD/PhD
degrees will be considered for appointment at the assistant, associate, or
full professor level,

Submissions should include a letter of mtent. a curmiculum vitae, names and
contact information for three references, and a brief description of prior
research accomplishments and future goals. Application materials may
mailed to: Christopher H. Lowrey, MD, Chair, Molecular Therapeufics
Search Committee, c/o Ms. Brenda Berube, Norris Cotton Cancer
Center, HB 7920, One Medical Center Drive, Lebanon, NH, 03756, OR
E-mailed to: Brenda, K. T.Berubeia Dartmouth.cdu (Note in subject Hine:
Muol Tx #12979A). Review of applications will commence on Fehruary
1, 2007 and will continue until the position is filled.

Dartmonth Medical School is an A ffirmative Action/Equal Oppartunin
Emplover and encourages wonmen and minorite candicates fo appi
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ASSOCIATE DIRECTOR OF
RESEARCH RESOURCES
SOUTHWEST NATIONAL PRIMATE
RESEARCH CENTER

The Southwest National Primate Research
Center (SNPRC) which is located a1 the South-
west Foundation for Biomedical Research
(SFBR ) invites applications and nominations for
the position of Associate Director of Research
Resources. The SNPRC makes available to the
nation’s rescarchers a varety of unique primate
resources, including the world’s largest caplive
baboon population, pedigreed nonhuman primate
populations, and the largest chimpanzee popu-
lation a1 a National Primate Research Center.
Based at one of the nation’s leading non-profit
independent research institutes, the SNPRC has
specialized capabilities in genetics, virology, and
immunology, which are applied to investigations
of common discases, infectious diseases, prenaial
and postnatal growth and development, maternal
nutrition, vaccines and anti-virals, biodefense
and behavior, ABSLY and ABSL4 facilities are
available on site.

The Associate Director of Research Resources of
the SNPRC is a key member of the Center s sci-
entific administrative siaff with primary respon-
sibility for the rescarch activitics of the SNPRC,
The Associate Director will be expected 1o foster
collaborative research involving scientists based
atthe Center and al other institutions, administer
requests to access Center resources, coordinate
research activities and resources within the
Center, manage the Center’s training program,
administer research-related commitiees, prepare
erant applications and progress repons, and over-
see preparation of the Center's newsletter and
other promotional literature. At least 50% of the
Associate Director’s effort will be devoted to
these and other administrative activities, while
any remaining effort will be devoled 1o research.
The Associate Director of Research reports to the
Director of the SNPRC.

Applicants should be independent, highly moti-
vated selFstarters who are interested i being pan
of the strong administrative team that suppors
the mnovative mvestigators and research pro-
grams that are characteristic of the SNPRC.
Qualified applicants must have a doctoral degree
(e.g. Ph.D., DVM., M.D., etc) and at least 10
years of relevamt professional experience in
research or administeation al 8 major university
or nonprofit institution. The successful apph-
cani will have demonstrated ability to function
independently, excellent judgment, outstanding
managenal and organizational capabilities,
strong interpersonal skills, and the ability 1o
work well with scientists in developing research
programs and structuring resecarch support,
Located in beautiful San Antonio, Texas, the
SNPRC offers atiractive salary and benefiis
packages, Interested individuals should send a
letter of interest, resume, and names and contact
information for ot least three references 1o Dr.
John L. VandeBerg, Director of the SNPRC,
/o Director of Human Resources, Southwest
Foundation for Biomedical Research, P.O.
Box 760549, San Antonio, TX TEI45-0549,
Additional information about the SNPRC can be
found at www.snpre.org, Additional information
about SFBR can be found at www.sfbrorg. Goto
www.slhrorgpages’employment_posting.php
for addimonal information about this position and
application procedures,

ETH

Eidgenossische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

Assistant Professor of Bioanalytical Chemistry

ETH Zurich invites applications for a faculty position on the assistant professor level
in Bioanalytical Chemistry. Candidates with a Ph. D. and (preferably) postdoctoral
research experience, prepared to build a strong program in areas such as bio-separa-
tions, mass spectrometry of biological systems, or biosensors (non-exclusive list), are
encouraged to apply. Synergies with groups in the Departments of Chemistry and
Biology, the Functional Genomics Center Zurich, and the SystemsX initiative in Sys-
temns Biology will be given particular consideration.

The successful candidate will be based organizationally in the Laboratory of Organic
Chemistry / Department of Chemistry and Applied Biosciences, is expected to teach
at all levels in Analytical Chemistry, and to obtain competitively awarded, third-party
funding for internationally recognized research with undergraduate, graduate, and
postdoctoral students. Courses at Master level may be taught in English.

Assistant professorships have been established to promote the careers of younger sci-
entists. The initial appointment is for four years with the possibility of renewal for an
additional two-year period.

Please submit your application together with a curriculum vitae and a list of publi-
cations to the President of ETH Zurich, Raemistrasse 101, CH-8ogz Zurich, no later
than March 15, 2z007. With a view toward increasing the number of female profes-
sors, ETH Zurich specifically encourages female candidates to apply.

B MUSC

ENIVIRSITY DF MEDICAL UNIVERSITY
% OF SOUTH CAROLINA

CHEMICAL BIOLOGY / MEDICINAL CHEMISTRY / PHARMACOLOGY

ENDOWED CHAIR
SOUTH CAROLINA CENTERS OF ECONOMIC EXCELLENCE

The University of South Carolina (USC) in Columbia, 5C, and the Medical University of South
Carolina (MUSC) in Charleston, SC. are jointly secking applications and nominations for an endowed
chair. Individuals with demonstirated expertise in the arcas of Chemical Biology, Medicinal Chem-
istry or Pharmacology, particularly relaung to cancer, are encouraged to apply. The successful
candidate will be an established scientist who has a strong reputation in research, has a productive
record of publication and extramural funding, and is qualified for a wenured appoiniment at the level
of Full Professor. The chair and associated laboratory spaces will be located at USC, with a joint

appointment at MUSC. The chair holder will play a key role in the growth and development of

research and drug discovery i the Swate of South Caroling. He/she will be expected to participate in
professional and graduate education, and to maintain a nationally recognized, extramurally funded
research program,

USC has undergone expansion of its biomedical research capabilities and has strong focus in cancer,
spearheaded by the Center for Colon Cancer Research. MUSC has several Centers of Economic
Excellence, including the Center for Drug Discovery, and is likewise experiencing rapid growth in
its research environment. State-of-the-an core research facilities exist a both imstitions, fostering
a variely of collaborative research elfonts and interactions.

Interested candidates should submit cumculum vitae, statements of research interests and accom-
plishments, and the names of three references to; D Sondra Berger, Department of Pharma-
ceutical and Biomedical Sciences, University of South Carolina, Columbia, SC 29208 (email:
bergeria cop.sc.edu). Mominations are also welcome. Review of applications will begin on March
L. 2007 and will continue until the position 15 filled.

The University of South Caroling arrd the Medical University of South Ceavolina are
Affirmative Action/Eguwal Oppoviinity Emplavers.
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Max-Planck-Institut
[iir Meteorologie
Max Planck Institute for Meteorology

The Institute with its three Departments (The Atmosphere in the Earth System, The Land in
the Earth System, The Ocean in the Earth System]is committed to basic research on clima-
te and Earth system science (hitpy/www.mpimetmpg.de). The Institute has an opening for the

position of .
Director and Head

of the Department The Atmosphere in the Earth Systemto succeed Professor Guy Brasseur.
The position is equivalent to a tenured full professorship at a German university. Thare are
no teaching obligations; however, the Institute participates in various teaching activities at
the University of Hamburg and jointly with the University of Hamburg runs a Ph.D. program,
tha International Max Planck Research School on Earth System Modealling.

In this context, the Max Planck Institute for Meteorology organizes a symposium
Atmospheric Processes in Earth System Dynamics

in Hamburg on 23-24 April, 2007,

The Max Planck Society is an equal opportunity employer and specifically welcomes appli-
cations of female scientists. The Max Planck Society is committed to employing more han-
dicapped individuals and especially encourages them to apply.

Scientists interasted in this position and in participating in the symposium are requested to
submit the title and abstract of a possible presentation, a summary of their research plans,
a CV, and the list of publications before 28 February, 2007, 1o

Max Planck Institute lor “:'Il'nl'ﬂlll?-n
Prof. Dr. Martin Claussen z
Bundesstrasse 53

20146 Hamburg, Germany
martin.claussen@zmaw.de

Participants in the symposium will be notified before 31 March, 2007,

MAL-PLANCE-GESELLICHAFT

RUTGERS

THE STATE UNIVERSITY
OF MEW JIERSEY

DIRECTOR, INSTITUTE OF MARINE AND COASTAL SCIENCES

Rutgers. The State University of New Jersey, seeks an imagnative and distinguished scentist with strong leadership skills: for
the position of Director of the Institute of Marine and Coastal Sciences IMCS).

The Director will develop a vision and strategic plan for the Institute that will not only advance its curnent leadership role
in marine and coastal sciences worldwide, but will also enhance the international prominence of the entire spectrum of allied
fields at Rutpers, incleding earth, ocean, atmospheric, and environmental sciences. The Director will promote an incegrated
program of research, education, and service in the Institute.

Rutgers, Mew jersey's comprehensive public research university and member of the Association of American Universities
{AALY), is one of the nation’s aldest and largest institwtons of higher education. IMCS is 3 mult-disciplinary research institue
with distinguished faculty from a variety of departments, a substantial professional seaff and 3 demonstrated record of
acquiring competitive exxernal funding, It has a strong academic reputation and fosters one of the top-ranked marine science
programs in the country. Present research strengths include ocean ecology/evolution. biogeochemistry, ocean observatories,
acean modeling, and dimate change. The Institute maineaing a faciliey in New Brunswick, close to Mew York City and New
Jersey's natural areas, and supports several field stations dong the coast and in the Pine Barrens. Rutgers’ vision for this
colbborative, multi-disciplinary program includes a strong commitment of significant new resources. including additional
Boulty and a new building.

The salary range for this senior tenured faculty position is competitive, commensurate with experience and qualifications.
Candidates are expected to provide evidence of exceptional scholarly accomplishments in research and teaching,
administrative achievement, and demonstrated beadership ability at the lo-cal, rational, and international level. Mominations are
welcome. To ensure lull consideration, a nomination or 3 leter of interest and current vitae should be sent to the address
below by March 15, 2007 Review of nominations and applications will begin immediately and will continue until the positon
s filled All correspondence will be held in confidence.

Professor Fred Roberts, Chalr, IMCS Search Committee
dlo Diane Carlino
Institute of Marine and Coastal Sciences
71 Dudley Road, Mew Brunswick, M) 08901
E-mall; imesdirectorf@acsop rutgersedu Phone: 731-932-6555, 2511

For mare infermation, go to httpuimarine.rutgers.edu. An Affirmative ActionEqual Opportunity Employer
|
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Department of Health and Human Services
MNational Institutes of Health
Mational Institute of Environmental Health Sciences
Research Triangle Park, North Carolina

Editor-in-Chief

The National Institute of Environmental Health Sciences is commencing
a search for the next Editor-in-Chicf of Envirenmental Heafth Perspec-
tives (EHP). EHP s a peer-reviewed momhly science joumnal, publish-
ing a wide range of topics related 1o the impact of the environment on
health and discase. The journal has an impact factor of 5.34 and ranks
first among 132 environmental science joumals and among 90 public,
environmental, and occupational health journals. The jounal is intemna-
tional in scope and is distributed in 190 countries. The Editorial Search
Committee seeks to identify an active scientist in a field related to the
environmental health sciences and with previous editonal expenence.
The ohjective is to identify the next Editor-in-Chief by March 1, 2007,
This individual will then begin working with the Interim Editor and EHFP
stafl to complete the transition by July 1, 2007,

Letters ofinterest and plans for EHP, along with curniculum vitae, should
be submitted by Febroary 1, 2007 either electronically or by mail to:
William J. Martin 11, M.I.

National Institute of Environmental Health Scienees
PO Box 12233, Mail Drop B2-07
Research Triangle Park, NC 27709
E-mail: Hovd 3 nichs.nih.gov
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UNIVERSITY OF KENTUCKY

Tenure Track Faculty Positions
in Toxicology

The Graduate Center for Toxicology (www.meuky.edu/
toxicology/}, a basic science department in the College of Medi-
cine, University of Kentucky, invites applications from candidates
for up o 4 faculty positions at the level of Assistant or Associale
Professor. Expentise is sought in arcas that complement and exiend
current foct in DNA repair and mutagenesis, oxidative siress and
cancer, and multidrug resistance transporers. Arcas of special
interest include oxidative stress-mediated DNA damage, redox-
mediated mechanisms, cell signaling, and the role of (nuclear)
receplors in regulating gene expression. The UK Medical Center
is a vibrant campus with annual extramural funding excecding
5200M; the College of Medicine is ranked 31% in NIH funding
among public universities, and offers highly interactive, state of
the art core facilities. Generous start-up funds, compelitive salary
and modem laboratory space are available.

Applications, including a complete curriculum vitae, names of 3
references and a 3 page summary of accomplishments and future
directions, should be sent 1o; University of Kentucky, GCT
Search Committee, /o Ms Lida Simpson, Graduate Center for
Toxicology, 306 HSRB, 1095 VA Dr, Lexington, KY 40536-0305;
Helavi@ uky.edu. Review of applications will begin immediately
and continue until the positions are filled.

The University of Kenticky is an Equal Opportinity Emplover.
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2] UNIVERSITY
of TORONTO

University of Toronto
Terrence Donnelly Centre for Cellular and
Biomolecular Research

The Terrence Donnelly Centre for Cellular and Biomolecular
Research (Donnelly CCER) at the University of Toronto invites
applications to fill five Principal Investigator positions.
Appointments will be at the rank of Assistant Professor in the
tenure-stream, in a host Department that best suits the
recruit’s field of interest. Exceptional candidates with more
seniorty will also be considered.

The Donnelly CCBR is a new, interdisciplinary research centre
&t the University of Toronto [hitp:/itdecbr.med.utoronto.cal].
When fully eccupied, the Donnelly CCBR will housea 35
principal investigators working on funclional genomics,
proteomics and bicinformatics, chemical genetics and
genomics, stem cell and systems biclogy, bicengineering,
regenerative medicine and molecular imaging. The Donnefly
CCBR is located in the heart of Toronlo's research district,
which is one of the largest and most active biomedical
research communities in North America. The research
philcscphy of the Donnelly CCBR is to make use of open
concept laboratory space to foster unconventional interactions
among disciplines.

The areas we seek to augment with our new positions include:

1. chemical genetics (high throughput screening of
compounds and other bioactive reagents for
biclogical analysis)

2. high throughput cell biclogy (large-scale RNA-
based screens in mammalian cell systems,
genome-wide screening approaches in model
organisms)

3. enabling technologies (imaging of cellular
processes, automation, microfluidics)

4.  syslems biology (mathematical modeling of
dynamic biclogical processes, including signal
transduction pathways, developmental biclogy,
gene regulatory networks; metabolomics; functional
genomics; computational and quantitative biology)

Candidates must have a Ph.D. degree or equivalent,
postdoctoral experience, and an established record of
research accomplishment in a cognate scientific discipline.
The successful candidate will be expected to mount an
original, competitive, and independently funded research
program, and to have a commitment to undergraduate and
graduate education in a relevant academic department at the
University of Toronto.

Latiers of applcation should include B stale ment of
curmeni and long-term research inberests logether with a
curmicudum vilee and should be sent as a single electronc

FOF fie o cobe ol crants &8, in confidence io:
Y

- Professor Brenda Andrews, Chair, Search Commitiee,
(@ | Terrence Tertence Donnally Cerre for Celular and Blomolecular
\..-- Donnelly Rssarch, University of Toronto, Rm. 230 — 160 Collage

@\ Centre for Streal, Tororlo, Ontario, Canada, M55 3E1.

Colllar & Applcants should ala artangs fof three kters of
é"\ Blomolecular  opeircs ke b sort s bitrovically b B a4 ol
L Research acdress. Apphcations and roforss lthers will be accapted
uniil March 1, 2007 o until the: posithons ane filed.

Py
of Toronto
lo_ The Unhevelly of Toronio s strongly commilied io

Y diversily within ils communily and sspecially walcomes
woman, Aborignal parsons, persons with dreabilites,
mambars of sexual minoily groups and olhars wiho may
contribude i fwther diversifcadion of ideas, AU qualfied
candidales an encolviged o apply; howsver,
Canadians and pormanen! residents will be given priorily,
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MNanoscale Biosciences
and Engineering
Tenure-Track Faculty Position

The University of Maryland Biotechnology Insti-

centen Fon Bos TS TERS RESEARCH  tute (UMBI) and Univ ersity of Maryland College
Park (UMCP) invite applications for a tenure track position at the level of
Assistant Professor. UMBI and UMCP have imhated a new multi-chseiplinary
program that brings together Biosciences and Engineering Faculty from the
Center for Biosystems Research (CBR; htgpe/www.umbi.md.edu'~chr)
and the Fischell Depariment of Bioengineering {UMCP-BioE, hitpe/ivwww.

bioe.umd.edu) to address emerging topics in nanotechnology. This position

will be located in UMBI-CBR with a joint appointment in UMCP-BioE, The
successful apphcant will benefit from existing strengths in biomo lecular and
metabolic engineering. pathobiology and genome sciences at UMBI-CBR
and biomaterials BioMEMS. cellular and tissue engineenng, biomechanics
and drug delivery at UMCP-BioE.
A Ph.D. in the general area of nanobiotéc hnology 15 required. The successful
applicant will have demonstrated exceptional accomplishments and promise
in o research and teaching area that integrates nanescale engineenng with
biological sciences. Examples include but are not limited to the imerfacing
of nanodevices with biomolecules for detection, development of nano-bio-
malecules for use in imaging and drug delivery in living systems, the use
of biological systems or components for the harvesting of solar or chemical
enenzy, and the engineering of self-assembling bio-composite materials with
novel nanostructures and functions.
The investigator is expected to build a competitively funded research group
within the setting of an interdisciplinary research institute located on a large
umiversity campus in the Washington, D.C./Baltimore metropolitan area. For
full consideration, submit a letter of application, curriculum vitae, a descrip-
tion of research and teaching interest, copies of pertinent reprints and three
letters of reference by February 23, 2007 to:
Faculty Search Commitiee — Position # 300893
chrsrehiz umbi.umd.edu
LIMBI iz committed o Affirmarive Action and Equal Opportunite Employvmen
As reguired by the 1986 Imimigration Act, applicasts should be propared to
preseni accepiabie documentation showing their identities, their U5, citizen-
ship or alfer status, and their authorization fo work in the United States

UCIrvine

Assistant/Associate Professor
Microbiology and Molecular Genetics

The Department of Microbiology and Molecular Geneties at the Univer-
sity of Califormia, Irvine is secking applicants for a faculty position at the
Assistam or Associate Professor level, depending upon qualifications,
We seek applicants with PhoD., MU, or MLDUPhUD, degrees, significant
postdoctoral experience. and an established record of accomplishment
in rescarch demonstrated by excellent peer-reviewed publications. A
strong commutment to the development of a vigorous and mnovative
independent rescarch program suppored with extramural funds, the
rigorous training of graduate students and instruction of graduate and
medical students is essential. We are especially interested in two broad
arcas of research focus: (1) gene expression studies in systems rang-
ing from prokarvotes through mammals, moluding transenphonal
and/or post-transeriptional regulation; small RNA biology, or molecular
genetics/'genomics: and (2) molecular biology of infectious discases,
in¢luding molecular genetics of bacterial, viral, fungal or parasitic infec-
tions: molecular and cell biclogy of host-pathogen interactions and host
response o infection

Please send curriculum vitae, summary of research imerests, and names
of three references to: D, Bert L. Semler, Faculty Search Committee
Chair, Department of Microbiology and Molcenlar Genetics, School
of Medicine, University of California, I'rvine, CA 92697-4025.

Umiversity of Califormia, frvine has an active career pariner
pragram and an NSF ADVANCE Program for Gender Eguity and
i an Egual Copportimity Emplover committed to excelfence throngh
diversine AN geualified camdidates, incladimg women and minorities
are encowraged fo apply
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Career Fair Career Fair

(in partnership with

z
:
:
:
g

AAAS Annual Meeting) Attending the career fair?
Maximize your experience by

Science Careers and UCSF are co-hosting a first leaming how to market

career fair in conjunction with the upcoming yourself at our free seminar.

AAAS Annual Meeting. Come meet recruiters
face to face and explore career opportunities
for all levels of scientists.

Tuesday, 13 February 2007
& pm —reception to follow
UCSF Mission Bay Campus
For information on exhibiting, contact

Darrell Bryant at (202) 326-6533. More information on these events at
Thursday, 15 February 2007 www.sciencecareers.org/ucsf
1:00 pm— 4:30 pm

UCSF Mission Bay Campus

Science(Careers.org
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Robertson Auditorium
San Francisco, CA

' Executive Director, National Phenology Network, The LS,
é USGS Geological Survey is looking for an Ecologist o serve as Executive

Director for the USA-National Phenology Network (NPN). The
W h at’s sclence for s changing world NI’ is an emerging and exciting partnership between academic

communitics, federal agencies, and the general public 1o monitor
and understand the mfluence of scasonal cveles on the Nation's resowrces. The NPN wall provide
yo u r n ext phenological information at local to continemal scales that can be used 1o (1) understand the role
of the timing of life cvcle events in the biosphere and (2) guide a wide range of practical decisions
made routinely by individual citizens, industry, government, and the Nation as a whole. USGS and
c a re e r the University of Arczona (UA) have agreed o provide base support for the NPN in the form of a
? Mational Coordinating Office baged at the UA in Tueson, AZ. The Executive Director will have an
m Ove apporunity for adjunct faculty status. The Executive Director will interact closely with the NPN
- Board of Directors, which includes scientists from different agencies and universities representing

related disciplines and panicipating networks.

Through the leadership of the Executive Director, the USA-NPN will respond to the needs of the
USGS and other agencies within the US Govermment, while serving as a nucleus for research and

¢ Job Postings

* an AlErtS ;:|_|:'.|]'r|i|_';.'|lim'|:~. i." the hr:::sd.e.r scientific :..llld Ll!i&‘.'rl.‘l.'lll'l1'!.1llll!il.i.ﬂ'.\i. 'L"r't'l:u::li duties :i:l11:|llld1.." su'r:uri_ng funding
for network implementation, extending phenological observations across existing environmental
- REEU“‘IE!CV ml:lu'urksl 1I1rtrug!: nu‘gfﬂi:l‘li_ﬂn and illlil.‘ ragency agreements, d':rm_:ling data m'.umgq:lm.'nl.lmu! coor-
dinating integration of spatial, analytical and climate data to achieve the wall-to-wall objectives of

Database this continental network.
s Career Ad"u’iL'E Requirements include U.S. citizenship, a Ph.D. in the Natural Sciences; experience in management

and/or scientific leadership of regional to national monitoring and research projects; expericnce in
multi-agency coordination and public outreach; proven record of gramsmanship and peer-reviewed
publications; desired techmcal knowledge and expencence in spatial analysis, mcluding remote sensing,
data mamagement and network development, and forecasting models based on ecological'environ-
mental observations; and experience in managing personnel.

from Next Wave
o (Career Forum

The position is a GS-14 or 15 (salary range 587,533 - 51 33, 850) depending on qualifications. USGS
Get hElp from the experts. 15 an Equal Opporunity Emplover. To apply. please visit www,usajobs.opm.gov ( Announcement
Number: WR-2007-0160). Applications will be accepted through February 9, 2007, For informa-
tuon about the apphication process, please contact Cathy Shahan 650 329 4109, cshahan (@ usgs.gov.
For information about the job, please contact Robert Szaro, Chiel Scientist for Biology, USGS
al (703) 648-4060 or rszarofusgs.eov, For specific questions about the NPN and the National
= Coordinating Office. please contact Julio Betancourt, Semor Scientist, USGS o (520) 670-6821
www.sclencecareers.org ext. 107, jlbetaneim usgs.gov.
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POSITIONS OPEN

S
NEUROBIOLOGY FACULTY POSITIONS
University of Maryland School of Medicine
Baltimore, Maryland

The Department of Anatomy and Newrobiology
(website: hitp:/ /nevrobiology. umaryland. edu ) is
recruiting established investgarors with acove, funded
rescarch programs in neuroscience, We are interested
in candidates who use muludisaplinary approaches
to understand the function or plasticity of the ner-
vous svstem. OF particular interest are candidares
that complement existing strengths in the Depart-
ment, including motivated behavior and addiction,
sensory, systems, molecular and devdopmental neuro-
o [ L

The Department contains new, state-of-the-art
labaratories and core facilities. We offer an outstand-
ing intellectual and collaborative environment with
highly competitive salary and recruitment packages.
All Department faculty are members of the Gradu-
are Program in Life Sciences and the interdisci-
plinary Program in Neuroscience (website: hetp: £/
neuroscence.umaryland.edu )

Applications received posted by March 15, 2007,
will receive strongest consideration. Candidares
should submit the following as PDF files to e-mail:
facsearch@umaryland.edu: (1) detiled curmiculum
vitag, (2) statement of rescarch interests and goals,
and {3) names and contact infoermation for three o
five references. Applications should be addressed 1o
the attention of: Drs, Steven D, Munger, I'h.DD,
and Patricio O Donnell, Co-Chairs, Faculty Search
Committee.

NEUROIMAGING FACULTY
Department of Neurosciences
College of Medicine
Medical University of South Carolina, Charleston

The Department of Neuroseiences at the Medieal
University of South Carolina (MUSC) invites appli-
cations for a tenure-track faculty position in the
general arca of human brain imaging. This position
offers a competitive and gencrous startup package
and provides a unique opportunity to use the basic
and clinical imaging resources at MUSC o grow an
area of advanced interdisciplinary rescarch based on
human brain imaging. The faculty member (AS-
SISTANT, ASSOCIATE, OR FULL PROFES-
SOR) will dosely collaborare with basic and clinical
neuwroscientists, other MUSC rescarchers from the
Center for Advanced Imaging Research (CAIR) and
imaging, rescarchers through the statewide Brain
Imaging Center of Excellence. The position requires
an M.D. and for Ph.I},, a record of extramural grant
funding i the arca of human bram imaging, and a
demonstrated ability to work with an interdisciplinany
rescarch team. Depending on the candidaie’s inferests
amnd qualifications, the successful candidate may also
assume the position of CAIR Director and for ocoupy
an endowed Chair,

Review of applications will begin on February 1,
2007, and cominue untl the position is filled. Appli-
cants must apply online at website: hitp:/fwaw,
musc.edu/hrm Scareers Mfaculty.htm  (position,”
requisition number 041747 ). Your online apphcation
for this posiion should ako indude cumiculum vitae,
the names and contact mformanon of at lease three
referenoes, and a cover letter expressing vour qual-
ifications and statement of research interests addressed
to: Mark 5. George, M.D., Chair, Neuroscience
Imaging Search Committee, Deparmment of Neu-
rosciences, Medical University of South Carolina,
173 Ashley Avenue, BSB 403, Charleston, SC
29425,

Nominations of qualificd individuals are also wel-
come., The nomanee’s curmculum vitae should be sent
via comail to: Mark George, M.D., Chair Neuro-
science Imaging Search Committee, ¢/o Cheri
Kubalak at e-mail: kubalakc@®@musc.edu.

Adtion Emplayer
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POSITIONS OPEN

PROFESSOR AND CHIEF, ANATOMIC
PATHOLOGY
University of California, Irvine
Department of Pathology and Laboratory
Medicine

The University of California (UC), Irvine,
Department of Pathology and Laboratory Med-
iane, websive: hips /S Swww.ncihs.uci.edu/
som/pathology invites applicants for the po-
sition of Chict of the Division of Anatomic
Iathology.

The successtul applicant will be an accom-
plished, Amencan Board of Pathology-centified
Surgical Mathologist and for Cytopathologist
who must hold or be cligble for a medical
license in the state of California. Applicants
should possess demonstrared leadership skills
for guiding an academic anaromic pathology
group thar corrently indudes eleven faculy op-
crating in a generalistspecialist hybrd model.
Ir is anticipated thar this appointment will be
at the FULL PROFESSOR level. Appoint-
ment will be in the professonal track (e,
Tenured; Professor of Clinical Pathology; or
Clinical Professor ) that best matches the qual-
ifications of the successful candidate,

The appointee will join a statc-of-the-art
Department with diverse diagnostic services,
teaching and basic/clinical rescarch activities,
LC Irvine Medical Cenrer is a tertiary hospiral
and the only academic medical center in Orange
County. The Department provides diagnostic
services to UC Irvine Health Svstem paricns,
including those of the UC Irvine Children's
Haospital and the Chao Family Cancer Center
(an NCI designated comprehensive cancer
center ), and also provides referral semices to
mare than 70 regional hespitals. The Depart-
ment hosts an Accreditanion Counal for Grad-
uate Medical Education-aceredited residency
training program in anatomic and clinical
pathology, with established fellowships in
surgical pathology and eviopathology. The
Department encourages scholady develop-
ment of physicians-in-training.

Candidates are imared to submic their curric-
ulum virae and names of four references to;
Anatomic Pathology Chief Search Committee
¢/o Julienne Jose (e-mail: joscim@uci.edu)
Department of Pathology and Laboratory

Medicine
D440 Med Sci 1
University of California, Irvine
Irvine, CA 92697-4800

The i-rmmar?' 1_lf' flrf_r.i'.lrrll.i. Innie, M dn amie
ameer ey progrem amd ane NSF ADVANCE Pro-
Aminn .,lir.r Crevnder ﬁf.lui" and B an I','.Igl.lf HH-.umrm;-
Employer commurted fo exalence throsgh diveoiry.

POSTDOCTORAL FELLOW IN VASCULAR
DEVELOPMENT AND FUNCTION
University of Cincinnati
Department of Molecular Genetics,
Biochemistry, and Microbiology

A Posrdoctoral position is available in the area of
vascular development and function. A major focus in
our laboratory centers around the transcription fac-
tor KLF2 which is involved in the function of mul-
tiple tissucs including the vascular syvstem. This
transcription factor is induced by shear stress and
appears to protect against lesion formanon, We have
developed both standard and conditonal knockours
for studving the role of KLEF2, The training cnviron-
ment within the Department is outstanding with 24
faculty, 45 graduate students, and approximarely
equal number of postdoctonal fellows, Interested can-
didates should send ther resume too Jary B Lingrel,
Ph.D., Professor and Chair, at the Department of
Muolecular Genetics, Biochemistry and Microbi-
ology, University of Cindnnati College of Med-
icine, 231 Albert Sabin Way, Cincinnat, OH
45267-0524 or e-mail; jerry lingrel@uc.edu,

MILLER

SCHOOL OF MEIDICINE

UNIVERSITY OF MLAMI

FACULTY POSITION
Molecular and Cellular Pharmacology

The Deparmment of Maolecular and Cellular Phar-
macology ar the University of Miami Miller School
of Medicine 18 secking applications for a tenure-track
FACULTY POSITION (rank open). Candidates
must have a Ph.D. and for M.D. degree and have an
established record of research excellence. Applicants
from all arcas of molecular fcellular biclogy and
biomedical rescarch are welcome, The new faculoy
member will complement existing rescarch effors in
the Department. Rank and salary will be commen-
surate with experience. Generous laboratory space
and startup funds are available.

Applicants should send electronie and hard copics
of their curriculum vitae, statement of rescarch
interests and direction, and contact information for
three references, to e-mail: elalor@med. miami.edu
(c-copies) and to: Dr. James D, Potter, Search Com-
mittee Chair, Department of Molecular and Cel-
lular Pharmacology, University of Miami Miller
School of Medicine, IO, Box 016189, Miami, FL
33101.

An Egqual Cpportunity! Affirnative Adion Employer

FACULTY POSITIONS AT THE
UNIVERSITY OF VIRGINIA

A newly established Center for Molecular Design,
emphasizing the idenufication and usage of new chem-
ical tools, together with the Department of Pharma-
cology, scck to fill two faculty positions (open rank ).
Individuals conducting research in the broad arcas
of chemical biology and drug discovery of nuclear
receptors or other drug targets are encouraged to
apply. Ph.D. required in pharmacology, chemistry,
biochemistry, or related discipline, The successful
applicant will be provided with an anractive starmup
package, including laboratory space within Phar-
macology (website: htrp://www, healthsystem,
virginia.edu/internet /pharmacology /) and aceess
to core facilities. To apply send currbculum vitae, re-
search plan wath names and addresses of at least three
references (including, c-mail address and telephone
number) to: Pharmacology Search Committee, De-
partment of Pharmacology, University of Vir-
ginia, P.O. Box B00735, Charlottesville, VA
22908-0735 (e-mail: pharmsearch@virginia.
edu). Review of applications will begin January 15,
2007, however, the position will remain open unril
filled. The Uiversity of Vigieia i an Epeal Opportuniny/
Afftrmative Action Employer.

ASSISTANT PROFESSOR OF BIOLOGY, VIS-
ITING TWO-YEAR MOSITION, Lawrence Uni-
versity, an undergraduare liberal arms college, secks
applicants for a full-time, two-vear Visiting Assistant
Professor in biology to begin Seprember 2007, Teach-
ing responsibilites include general zoology and up-
per level courses which might include vertebrare
morphology, developmental biology, genetics, evo-
lutionary biology, or an appropnate course in the
candidate s arca of cxpertise. Most courses have both
lecture and laboratory components; teaching load
is one hboratory course per term (three terms per
vear), The successful candidare will have access to
a well-equipped laboratory space and funding for
rescarch involving undergraduare biology  majors,
Lawrence offers a compertitive salary and benefits.
Application deadline is February 15, 2007, To apply,
send curnculum witae, statements of teaching pha-
losophy and rescarch interests, undergraduate and
graduate transcnpts, and three letters of reference
to: Brad Rence, Chair, Biology Department,
Lawrence University, Appleton, WI 54912, E-mail:
rencebi lawrence. edu. .'i_l!'ﬁrrjrd e Aetionn / Egual Oyppor-

tinnty Enypeloyer,
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Call for Research Proposals

"Ajinomoto Amino Acid Research Program"

Amino acids serve multiple roles in the biological system. Ajinomoto Co., Inc., which is the
leading company on the production and uses of amino acids worldwide, is interested in
supporting innovative research focusing on the biological aspects of amino acids, such as
nutritional, physiolosical and/or pharmacological functions and properties.

Research proposals are invited for the following support categories:
® Exploratory Research Grants : Maximum of $100,000 per year, up to 2 years

®Young Investigator Research Grants : Maximum of $100,000 per year, up to 2 years

Investigators who are within S5years as independent investigators by the deadline of full applications are eligible for
young investigator category.

Applicants must submit a pre-application to be received no later than 15th March 2007;
full applications must be received no later than 1st August 2007.

For more details and instructions:
http : //www.3arp.ajinomoto.com ®

3arp@ajinomoto.com

e N

Ajinomoto Co., Inc. is pleased to announce
the recipients of the 3ARP grant 2006.

Ajinomoto Co., Inc. appreciate the interest and participation of a large number of
scientists. We received over 150 high-quality proposals from around the world for this
program in 2006. After extensive review and deliberation, the following 6 proposals were
selected for funding.

Exploratory Category

Tao Pan, Ph.D. (The University of Chicago)
Amino Acids as Sensors and Regulators of Global Metabolic State

Pengxiang She, Ph.D. (Pennsylvania State University)
Mechanisms by Which Mice Lacking BCAA Catabolism Improve Glucose Homeostasis

Robert A. Harris, Ph.D. (Indiana University)
Exploratory Study on the Metabolic and Neurological Defects Induced by Chronically Reduced BCAA Levels.

Focused Category

Charles C. Horn, Ph.D. (Monell Chemical Senses Center)
Mechanisms for Detection of Amino Acids by Sensory Merve Fibers of the Gut

Teresa A. Davis, Ph.D. (Baylor College of Medicine)
Parenteral and Enteral Leucine as a Nutrient Signal to Stimulate Protein Synthesis in Neonates

Scot R. Kimball, Ph.D. (Pennsylvania State University)
Leucine-Induced Assembly of an Activated Subcellular mTOR Signaling Complex

. J/
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ASSISTANT /ASSOCIATE PROFESSOR
Nevrophysiology /MNeuropharmacology
The University of Montana

Applications are invited for a tenure-track faculty
position at the ASSISTANT or ASSOCIATE
PROFESSOR level in the Department of Bio-
medical and Pharmaceatical Sciences to strengthen
rescarch and gradvate education in central nervous
svstem (CNS) phasiology and pharmacology as part
of an NIH-funded Center for Biomedical Research
Excellence (COBRE) in Structural and Functional
Mewroscicnoe (CSFN)L Rescarch stremgths in the
Center incude CNS protcin structure/funciion,
synthetic che mistry, neurotransmitter transport, mem-
branc protein biophysics and opucs, and neuro-
pathology. Succcsstul candidates will be expected 1o
establish a vigorous externally funded rescarch pro-
gram in the arca of CNS physiology and for pharma-
cology, supervise graduare stude nts, and be commined
to teaching excellence at the graduate and under-
graduate levels. Applicants must have a docoral de-
gree and relevant postdoctoral research expericnce. A
competitive startup package 1s available. Applications
received by April 15, 2007, will receive full consider-
aton; review will continue until the position is filled.
Maore deriled information about rescarch in the
CSFN may be obtained from website: hirpe/Swww,
umt.edu csin.

The Skaggs School of Pharmacy, which will com-
plete a new 60,000 squarc-feet rescarch facility in
2007, 15 ranked sixth in NIH-funded rescarch amongst
L5, schools of phamacy and is part of the University
of Montana campus in Missoula. This cosmopolitan
Rocky Mountain community of 70,000 has been
singled out in narional publications for its high quality
of life. Abundant recreational opportunitics in sur-
rounding state and national forests including Yel-
lowstone and Glacier Natonal Parks complement a
thriving intellectual armosphere,

Applicants should send a letter of application in-
cluding curriculum vitae, a statement of rescarch
plans and teaching interests, and contact information
tor three references to: Michael Kavanaugh, Ph.Dr,,
Chair, Center for Structural and Functional Neu-
roscience Search, Department of Biomedical and
Pharmaceutical Sciences, The University of Mon-
tana, Missoula, MT 59812-1552,

The University of Montana is the redpient of an
NSF ADVANCE award focused on increasing the
presence of women in science. Epul Opportinity/
Affirmative Action Employer,

BIOMEDICAL IMAGING FACULTY CLUS-
TER. The University of Wiscorsin, Milwaukee (LIWM ),
IvItes :lpp]m:ltmm for TENURED or TENURE-
TRACK FACULTY positions at open rank as part
of an interdisaphnary cluster in biomedical imagmg,.
L'WM expects to hire four to six Biomedical Imag-
ing Faculty within two vears, Applicants with exper-
tise in all arcas of biomedical imaging are welcome;
medical image analvsis, molecular, emerging, and hy-
bried imaging techniqucs are of paricular intercst, Can-
didares must have completed a Ph.D. and for M.D.
degree in an appropriate fickd of study, and will be
expected to establish an independent, extramurally
funded rescarch program. For scnior candidates, a
strong track record of saentific pubbcation and ex-
tramural funding is expected. Successtul candidares
will join '|.ppmpn:lt;. science and enginecring de-
partments; joint appointments are feasible, Candi-
dates should submit curriculum vitae, a bect rescarch
plan, and names of at keast three references cleatron-
wcally o e-mail: bio-medimaging@uwm.edu or mail
hard copics to: Chair, Biomedical Imaging Search
Committee, University of Wisconsin-Milwaukee,
Department of Physics, P.0O. Box 413, Milwaukee,
WI 53201. Apphcanion reviews will begin on Feb-
ruary 15, 2007, and continue until all positions are
filled. U'WM offers competitive salary and starup pack-
ages, commensurate with cxperience. Further in-
formation about UWM may be found at websites
http:/ Sowwwouwmeedu. UTFM i an Egqual Oyponti-

ity Affimative Aofen Employer.
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USDA a5 Agscutura

'Mi w.ars.usda. gov

RESEARCH LEADER
INTERDISCIPLINARY: SUPERVISORY

RESEARCH PLANT PATHOLOGIST/PLANT
PHYSIOLOGIST /GENETICIST (GS5-14/15)
Salary Range of 887,533 to $133.,850

The Grain Legume Genetics and Physiology Re-
search Unir, Pullman, Washingron, is secking a per-
manent full-time Research Leader. The suecessful
candidate will prowide sdentific leadership and oper-
ational management for the research unit and conduct
personal research on physiology, pathology, and Sfor
genetics and breeding of coal scason food legumes
contributing to the development of improved germ-
plasm and culoivars, For details and appheation direc-
tons, see announcement number ARS-X7W-0077 at
website:  hitp:/ Swww.afm.ars.usda.gov /divisions,/
hrd findex.heml. To have a printed copy mailed, call
telephone: 509-335-8663. LS. anzendup is re-
queired. Announcement eloses March 5, 2007. Appli-
cations must be received by the dosing date of the
announcement., USDA/A gl Research Senvice i5 am
Equal Opportumity Employer aond Provider.

BIOINFORMATICS CORE DIRECTOR
POSITION
Available at the University of Vermont
Department of Biology

Available now: faculty-level appoinmment as a
RESEARCH ASSISTANT PROFESSOR in bio-
informaties at the University of Vermont through
the Vermont Genetis Network (VGN) (website:
http:/ Sovww ovmeedo S ~vgn /) VOGN s an NIH-
funded state program for building biomedical re-
scarch infrastructure. The successtul candidare will
oversee and participare in the data analysis of the
Bioinformarics Core, which assists faculty from across
the state with microarray, genomics, and proteomic
mass spectrometry data analysis, The Director wall
work with UVM and baccalaureate institution faculty,
a staff systems analyst, proteomics and microarray
facility managers, and an cducational progam co-
ordinator, who assists undergraduates with micro-
array, bininformatics, and protcomics cxpeniments,

Reguirements include a Ph.IY, in bioinformarics,
proteomics, molecular biology, or a relared field
with background and interest in genomics and
Profeomics.

Candidares should apply online ar website:
http:/ Svww.uvmjobs.com under requisition num-
ber 031737 and include a cover letter highlighring
key qualifications and interests, curriculum vitac, and
a list of three references.

The Universiny of Femnont i an Affianarive Adion /Eaual
l.i'jriwrllurllr Er.lrpfu;.'n. The !I]Mr!mrllr 15 evnnrHed fa dire
ereateig fculty divensiry avd welconnes appliciions from woien

JJI{’ r"lqi{'l'!qlﬂ'_lfﬂfl]{ |'f|IJ"l|'_ r.l'l.II_ |I||r\n|l {Illl“lnr! Ilcf'l'||l"|_1 .mJ

Srom people witle disabilinies

FOSTDOCTORAL POSITION. A DPostdoe-
toral position funded by the National Institutes of
Health is available, to study the roles of insuhn, ni-
tric oxdde, and protan tvrosine phosphatases in regu-
lation of vascular smooth muscle cell signaling and
neointima formation in vascular injury. Cur projects
address important basic science questions and also
have relevanoe o clinical problems, Experience in
molecular biology and /or rat and mouse surgery is
essential. Comperitive salary is offered.

PMlease send curriculum vitae and the names of
three references to: Dr. Aviv Hassid, Department
of Physiology, University of Tennessee, 894 Union
Avenue, Memphis TN 38163, E-mail: ahassid@
tennessee.edu, fax: 901-448-T126. The Umiversity of
Tenmessee @5 an Equal Enployment Opportimity CAffimative
Aaion /Tide VT/Tile EX/ Sections 3047404 £ADIZA Tgef-
tutions i the provigion of i education and enpplapmient pro-
gramg dind sentoes.

POSITIONS OPEN

ASSISTANT FASSOCIATE /FULL PROFESSOR
Baruch College,/City University of Mew York

The Department of Narural Sciences ar Baruch
College /Citv University of New York secks a sci-
entist { rank and science discipline open) with a global
perspective o develop courses in emvironmental sus-
tainability that will broaden the education of stu-
dents in the arts and saenees, business law, and publc
affars. Arcas of expertise might mclude global chmate,
WALCT FESOUIGes, Crosysiem Management, cnviromnmen-
tal threats to human health, clean technologices, alter-
native energy, integrated pest management, and green
architecture. The candidate must also establish a vig-
orons rescarch program and mentor undergraduates.

Salary: competioive and commensurate with qual-
ifications and upq.mnu.

Doctorate in an appropriate discipline ra.qmru{
Candidares should offer evidence of excellence in
undergraduare teaching and rescarch; strong leader-
ship skills. Expenience obtaining funding trom governs-
ment and private sources a plus. Practical expenence
in the United States and abroad highly desirable.

Please send curriculum vitae and three letters of
rccommendation, by February 28, 2007, to:

Professor John H. Wahlert, Chair
Department of Natural Sciences
Baruch College/City University of New York
One Bernard Baruch Way, Box A-0506
Mew York, NY 10010

An Affimnative Action/Equal Olpporunity (.
Dhisabifitacs Act Emplayer.

Americans with

FOSTDOCTORAL FELLOWSHIP AT
WELLESLEY COLLEGE

Wellesley College imvites applications for a two-year
POSTDOCTORAL RESEARCH/TEACHING
FELLOWSHIP, sponsorcd by a prant from the
Howard Ilug]ks "IrIL'dJLJJ Instimte Undergraduate Bi-
ological Sdcnces Educanon Program. The Fellow will
work with an interdisciplinary team of faculty mem-
bers (biology and computer science ) and our under-
gradute students on a project applying bininformatics
rechniques toward understanding gene regulation in
bacteria. Bacreriology expericnee is expected. Teach-
ing (25 percent of nme) will be either in molecular
biclogy or bicinformatics. Applications, including cur-
riculum vitae, statement of rescarch interests and expe-
ricnce, and three letters of recommendation should
be sent to: Brian Tjaden, Computer Science De-
partment, Wellesley College, Wellesley, MA 02481,
or ¢-mail: btjaden@wellesley.edu prior to April 1,
2007,

Wellegley Caollege £ ane Eguad  Oppodtaneiry!/ Affinnative
.'l.'rlmlr .f.':nim.lrl'ﬂu.m’ Ill_rﬂ'ruuwr i ﬂ:'il:;ll'..l].'rr Thie (.‘ul’ﬁpjr I#
conunitted te pwreasing the diversity of the colloge armnnimity
dind the curricribion. Candidates who believe they will contabute
for thhaat gl are enoonraged fo apply.

ASSISTANT PROFESSOR IN
BIOLOGICAL ENGINEERING
Purdue University

The suceessful candidate will establish a renowned
rescarch program focusing on integration of biolog:
ical sciences into engincering, A full job announce-
ment and application requirements are available at
website: http:/ /www.purduc.edu/ABE/. Re-
view of applications will begin February 16, 2007,
For questions, e-mail: bicengr@purduc.edu,

FARAN LABORATORIES 5.A., complering 50
vears of innovarions in the pharmaceurical industry is
announcing a grant for funding in the arca of pros-
tate cancer prevention using natural products. Ir is
anticipated thar a twe-vear grant will be awarded for
a maximum amount of $100,000, of which no more
than 10 percent can be used fior indirect costs. The
sccond vear of funding will be based upon successful
completion of measurable goals in the first year of
study, For more details visit website: http://www.,
faran.gr.
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It's a new day
" ® IN MIRNA detection

) When you can do it
; in one day.

A

Announcing USB's new miRtect-IT™ miRNA Labeling and Detection Kit.

; E’f;zégﬂltgﬁt;u“ This highly sensitive, novel method is fast and easy, allowing you to
;“* L .{ug] achieve direct labeling and quantitative measurement of miRNAS in less
B S e e R than one day. So don't waste another 3 days using the old Northern
T Start to Finish Blot method— go 1o our website today to learn more.
| 6hs miRtect-IT”miRNA Labeling and Detection Kit

4 * Based on splinted-ligation technology — A bridge oligo hybridizes

to a specific miRNA and a labeled detection oligo
» miRNA becomes directly labeled by ligation, then visualized
Benefits
» Speed - capture and label miBNA in just over 2 hours
» Sensitivily - detect miBNA in as little as 50 ng or less of total BNA
 Quantitative Results - accurate miRNA measurement in 6 hours

miRtect-Im™

3 days

Northern Blot

For more information on miRtect-IT"™
call 800.321.9322 or visit www.usbweb.com/mirtect-it
In Europe: +49(0)76 33-933 40 0 or visit www.usbweb.de/mirtect-it
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