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Our next generation of high fidelity Pfu-based fusion
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Real Time PCR Made Real Easy

(Green

SYBR® Premix Ex Taqg™

SYBR® Premix Ex Tag™ (Perfect Real Time)
delivers exceptional real time PCR results
quickly and easily.

» Easy-to-Use: convenient premix formula.

* Less Optimization: great for first
screens.

« Versatile: use on any real-time
PCR instrument.

* Low C Values: high
sensitivity with detection of as
few as 10 copies.

* Precise Quantification: 2-fold difference

can be :
accurately i = L]
detected. f J/

« Fast: works |- il
with high - It
speed qPCR _,,,/
instruments.

Accurate detection of 2-fold difference, using
SYBR® Premix Ex Tag™ with an Applied
Biosystems 7500 Real Time System,

Also Available in a Premix for
TaqglMan® Probe Detection
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Excellent Amplification Curves Generated using SYBR®
Premix Ex Taqg"™ with Several gPCR Instruments.
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GE Healthcare illustra”

Get attached to illustra
for faster nucleic acid
sample prep.

Mew illustra™ nucleic acid sample prep kits from GE Healthcare give you optimal
yield and purity. What's more, they do this in as little as half the time it tokes
the best competing products. Whether you're purifying nucleic acids in plasmid,
blood, tissue, cells or bacteria, you'll find that superior results and outstonding
reproducibility come easily with illustra mini and midi kits.

With more than 20 years' experience in nucleic acid research, we're bringing
science to life ond helping tronsform healthcare. We call it Life Science Re-imaogined.

www.gelifesciences.com/illustra

Speed is crucial to the sundew plant’s success.
It reacts rapidly, bending its tentacles to bind its prey.
Some species can do thisin just tenths of a second.
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Eliminate manual processing steps @
Continue to use trusted QIAGEN spin-column kits

Free up your time with affordable, automated sample preparation <=
Purify DNA, RNA, or proteins from up to 12 samples per run

Standardize your results and increase your productivity
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Science

SCIENCE EXPRESS

WWWL. SCIENCEXPress.org

MOLECULAR BIOLOGY

Telomeric Repeat-Containing RNA and RNA Surveillance Factors

at Mammalian Chromosome Ends

C. M. Azzalin, P, Reichenback, L. Khoriguli, E. Giuloita, J. Lingner

In mammals, RNA s transcribed from repetitive DNA at the ends of chromosomes and,

along with other regulatory proteins, is incorporated locally into silenced chromatin.
10.1126/5cience, 1147 182

BIOCHEMISTRY

Nanomechanical Basis of Selective Gating by the Nuclear Pore Complex
R. Y. H. Lim, B. Fahrenkrog, ]. Kdser, K. Schwarz-Herion, ]. Deng, U. Aebi
Regulators of nuclear permeability reversibly collapse parts of nudear pore proteins,
a process that may underlie contral of nuclear transpart in cells,

ECOLOGY

BREVIA: Video Cameras on Wild Birds

C. Rutz, L. A Bluff, A A 5. Weir, A. Kacelnik

Mintaturized video cameras harnessed to wild New Caledonian crows show that they

often use twigs as tools in their natural habitat.
10.1126/5cience. 1146788

CELL BIOLOGY

Ordered Phosphorylation Governs Oscillation of a Three-Protein
Circadian Clock

M. | Rust, ]. 5. Marksen, W. 5. Lone, D. 5. Fisher, E. K. O"Sheo

The cycling of three protein components comprising the drcadian clock in
cyanobacteria is driven by a pattern of sequential phosphorylation that can
be described mathematically.

10.1126/5cience. 1145980 10.1126/5cience. 1148596
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devised by Complicite, reviewed by L. Whiteley
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5pace Race V. Hardesty and G. Eilsman - Editorial p. 1)
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Learning from 10 Years of Climate Outlook Forums 49
in Africa
A. G. Patt, L. Ogallo, M. Hellmuth
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TECHNICAL COMMENT ABSTRACTS

NEUROSCIENCE

Comment on “Top-Down Versus Bottom-Up Control 44
of Attention in the Prefrontal and Posterior

Parietal Cortices™

J' D. Schall, M. Pum G F Hhadman

Wil texd @t WWW SCTENOE MO, orgrgh tentfull’3 18584744 b

Response to Comment on Tup—ann Versus Bottom-Up
Control of Attention in the Prefrontal and Posterior
Parietal Cortices”

E. K. Miller and T. j Buschman

of F W SC e ncemag. ongd gicontent il 318584 7044
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BREVIA

PLANT SCIENCE

Odor-Mediated Push-Pull Pollination in Cycads 70
l. Terry, G. H. Walter, C. Moore, R. Roemer, C. Hull

To ensure pollination of female plants, male Australian cycads
periodically heat up, volatilizing a toxic chemical that repels
resident beetle pollinators.

RESEARCH ARTICLE

MEDICINE

& Neuroligin-3 Mutation Implicated in Autism 71
Increases Inhibitory Synaptic Transmission in Mice

K. Tabuchi et al.

A mouse model reveals that a mutation that changes the balance of
excitatory and inhibitory synapses affeds learmng 5k1ll5, a finding
that may help understand autism. == Perip;

CONTENTS continued >>

www.sciencemag.org SCIENCE VOL 318 5 OCTOBER 2007

CONTENTS I



writs = 1

Helziwe Ledteiast

0 LESS,

VI@RE

Demand more from your plasmid purification method—and get more with PureLink™ HiPure kits from Invitrogen
. Purelink ™ HiPure plasmid purification kits provide significantly higher yields, more effective lysate filtration, and higher final
] concentrations—all at a substantially lower cost. These kits also produce low-endotaxin DNA (see figure) o no matter the application,
I I II I" I you can count on getting the plasmid you need. Every time. Just another way that Invitrogen is giving you real solutions to the problems
Derseasas Tevsennns | you face every day. Get your FREE PureLink™ HiPure Plasmid Midiprep and Maxiprep Starter Kits at www.invitrogen.com/napsample.
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REPORTS

MATERIALS SCIENCE

Polymer Gate Dielectric Surface Viscoelasticity 76
Modulates Pentacene Transistor Performance

C. Kim, A Facchetti, T. |. Marks

The electrical properties of an arganic semiconductor depend an
whether it is formed above or below its glass-transition temperalure,
offering a means to improve thin-film transistors.

MATERIALS SCIENCE

Ultrastrong and 5tiff Layered Polymer Nanocomposites 50
F. Podsiadip et al.

Depasition of altemating nanoscale layers of clay particles and a polymer
yields a transparent compasite that is as stiff and strong as steel.

GEOQPHYSICS

Major Australian-Antarctic Plate Reorganization 83
at Hawaiian-Emperor Bend Time

. M. Whittaker et al.

Subduction of a spreading ridge and development of the
Marianas-Tonga subduction zone may have initiated a major

change in Pacific plate motion S0 million years ago.

ATMOSPFHERIC SCIENCE

Absence of Cooling in New Zealand and the 86
Adjacent Ocean During the Younger Dryas Chronozone

LT Barrows, 5. J. Lehman, L K. Fifield, P. De Deckker

Dating of a New Zealand moraine and nearby ocean core data show
that a major cool period after the end of the Last Ice Age affected only
the Northern Hemisphere.

ATMOSPHERIC SCIEMCE

Toward Direct Measurement of Atmospheric Nucleation 2%
M. Kvimala et al.

A ubiquitous pool of neutral, nanometer-sized particle clusters
dominates the process of aerosol formation over boreal forests.

PALEONTOLOGY

A Cretaceous Scleractinian Coral with a Calcitic Skeleton 92
1. Stolarski, A. Meibom, R. Przeniosto, M. Mazur

Maodern reef-building corals deposit aragonite, but a fossil
reef-builder formed calcite, suggesting that it arose from

the extinct, calcite-depositing horn corals,

EVOLUTION

Sex Chromosome-Linked Species Recognition and 95
Evolution of Reproductive Isolation in Flycatchers

5 A Scether etal.

Female hybrids of two flycatcher species choose mates of their fathers’

species because recognition traits reside on the patemnally inherted sex

chromesome, maintaining speciation. - Perspective p. 54
ECOLOGY

Microbial Population Structures in the 97
Deep Marine Biosphere

J. A. Huber et al.

Rapid sequencing of microbial populations shows differences in
archaeal diversity between two deep sea vents, but fails 1o provide
a full inventory of the bacterial papulation.

GENETICS
Genetic Effects of Captive Breeding Cause a Rapid, 100

Cumulative Fitness Decline in the Wild

H. Araki, B. Cooper, M. 5. Blouin

Steelhead trout beed in captivity and then released reproduced
poorly in comparison to wild fish; these rapid negative effects
may prevent use of captive fish for repopulation.

MNEURODSCIENCE

Glia Promote Local Synaptogenesis Through 103
UNC-6 (Netrin) Signaling in C. elegans

D. A, Coldn-Ramos, M, A Margeta, K. Shen

Glial cells can orchestrate neuron-ta-neuron connections by allracting
processes from the postsynaptic cell and tiggering synapse farmation
in the presynaptic cell.

BEHAVIOR

Chimpanzees Are Rational Maximizers in an 107
Ultimatum Game

K. Jensen, J. Call, M. Tomasello

In a game of fairness, chimpanzees act only to maximize their

own benefits, whereas human toddlers also value social norms

like cooperation and parity.

MOLECULAR BIOLOGY

Widespread Role for the Flowering-Time Regulators 109
FCA and FPA in RNA-Mediated Chromatin Silencing

I. Bdurle, L. Smith, D, €. Baulcombe, C. Dean

Two proteins known Lo participate in flowering are also required

for chromatin silencing at various genetic loc early in Arobidopsis
development.

PLANT SCIENCE

Methyl Salicylate Is a Critical Mobile Signal for 113
Plant Systemic Acquired Resistance

S.-W Park, E. Kaimoyo, D. Kumar, 5. Mosher, D. F. Klessig

In response to viral infection, tobacco plants locally produce methyl
salicylate, which then spreads and renders the whole plant more

resistant Lo subsequent infections. == News story p. 31
IMMUNOLOGY
In Situ Imaging of the Endogenous CO8 T Cell 114

Response to Infection

K. M. Khonna et al,

Imaging of the spleen during bacterial infection reveals where
immune cell peroursors divide and are activated by antigens,
and how they migrate through channels to the blood.
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Every day, scientists are reducing the time
required to produce results. Fast, reliable nucleic
acid purification is often one of the key tools driving
productivity. Promega vacuum-based protocols
simplify and speed purification. For a limited time,
get a vacuum pump with select Promega products, all
backed by the Promega Pure Satisfaction Guarantee.

For details, and to qualify for a FREE SAMPLE,
visit www.promega. com/vacuum.

Q2007 Promega Coparaion

60

Minutes

i@
—

L |

Pramaga

Pureyweid™
Maxipran

Nucleic acid purification
supports scientist’s productivity

g/

>

Leading
Brand

5B¥TE




CREDIT: [SCIEN'CE CAREERS) AGRICULTURAL PESEARCH SERVICE

Mentoring at U.5. agencies.

SCIENCECAREERS

\'IWW.SEHIEH[E‘LETE'EIS.UFQ CAREER RESOURCES FOR SCIENTISTS

US: Making Mentoring Mandatory

B. Benderly

A new law makes mentoring matter at NSF, while NIH's view of
mentoring remaing fuzzy.

EUROPE: Studying the Self Scientifically

E. Pain

Fh.D. student Bigna Lenggenhager has a unigue area of research
and has already published her work in a top journal.

US: Education Research—A New (Tenure) Track for Scientists
5 Webb

Physics has carved out a place for science-education researchers on
traditicnal sdence faculties.

GRANTSNET: October 2007 Funding News

N LN

WWW.SCIencemag.org

SCIENCENOW

HHH.SEiEI'ICE'I'II]W.ﬂIg DALY NEWS COVERAGE

Once More Into the Fray
Meerkats sprint toward danger and leam in the process.

Solving the Antidepressant Paradox
Variations in two genes help explain why some people
who take the drugs become more suicidal.

Dust Bowl Writ Large?
Modern conservation could head off global seil crisis.

SCIENCEPODCAST

Download the S October Science
Podcast to hear about tool use by
wild crows, the downsides of captive
fish breeding, labs and scientific
meetings going green, and more,
WL sciencemag org/about/podcast di

Grantshet Staff . - <

Learn about the latest in research funding, schalarships, fellowships, '

and internships., }-
SPFECIAL SECTION

Cell Signaling

SCIENCE'SSTKE
wmv.slke.nrg SIGNALTRANSDUCTION ENOWLEDGE ENVIRONMENT

EDITORIAL GUIDE: Cell Signaling—Details, Details, Details
N. R Gough, E. M. Adler, J. F Foley

Mew pathways and updates to the Database of Cell Signaling
highlight how cells respond to stimuli and changing environmental
conditions.

Separate individval or institutional subscriptions to these products may be required for full-text occess.
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LightCycler® 480
Real-Time PCR System

Looking for more versatility
in real-time PCR?

We have what you need to accomplish more... now and in the future.
Choose the LightCycler® 480 System (96- and 384-well format) -

and get the power and flexibility to meet changing research needs.

B Gene Detection: Benefit from an advanced optical system and enhanced
multiplexing capabilities to perform multitarget analysis.

® Gene Quantification: Utilize sophisticated software and unique
algorithms to generate highly accurate gene quantification data.

m Genotyping: Achieve reliable genotyping results based on superior

post-PCR melting curve analysis.

® Gene Scanning: Employ the innovative high-resolution melting
@ method to scan genes for unknown variations,

Be prepared for the evolving demands of real-time PCR.
Learn more about our cutting-edge technologies that provide versatility

without compromise — visit wwwulightcycler480.com today!

For general laboratory use. Not for use in diagnostic procedurcs
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Intimate Contact

Composite materials commonly consist of strong
ar stiff particles or fibers surrounded by a matrix
material. Often the best properties are observed
when the contact between the reinforcing mate-
rials and the matrix are maximized, but in many
cases, poor distribution and adhesion of the
reinforcing material limit dispersion. Podsiadlo
et al. (p. B0) used a layer-by-layer deposition
technique to distribute clay platelets into a
polymer matrix, and obtain nearly the idealized
properties for a series of thin, transparent films.
The nanometer-scale clay platelets formed
ordered sheets that allow very strong hydrogen
bonding with the polymer matrix, which
ensured efficient load transfer between the
polymer and clay.

The Importance
of Neutrality

g Atmospheric aerosol particles, which have diam-
eters between 3 and 10 nanometers {(nm), are
formed continually in all parts of the tropo-
sphere. These particles play key rales in dimate
because they can absorb or reflect sunlight and
affect cloud formation and atmaospheric chemi-
cal reactions. However, how and in what quanti-
ties aerosols farm are poorly understoad, largely
because of the difficulty in observing the smaller
particles from which they grow. Kulmala et al.
{p. 89, published online 30 August) investigated
the distribution of particles smaller than 3 nm in
diameter and found that an abundant pool of
neutral clusters is present at almost all times.
These clusters dominate the process of atmo-

:
:
:
5
:

(TOR TO BOTTOM: JARDSLAW STOLARSKLE CHOONGE

CREDITS

EDITED BY STELLA HURTLEY AND PHIL 5ZUROMI

Rethinking Coral Composition

Modern coral reefs are built primarily by scleractinian
corals, which arose in the Triassic after the Permian
extinction. Today, all of these corals form skeletons of
aragonite, and this composition has been thought to be
typical of fossil scleractinians as well. Stolarski et al.
(p. 92) now have identified a Cretaceous scleractinian
coral with a primary calcite skeleton. The fine preserva-
tion of internal structures and the Mg and Sr chemistry
show that the calcite is primary, not diagenetic. This
result tightens the evolutionary connection between
these corals and rugose corals, which formed calcite
skeletons but were eliminated in the Permian extinction.
These results suggest that corals may be able to alter their
biochemistry in response to changes in seawater chemistry.

spheric aerosol formation, at least over boreal
forests. These findings dispel the suggestion that
aerosol production is driven mainly by processes
involving ion clusters,

Check the Substrate

Before You Grow

Organic thin-film transistors (TFTs) can be fab-
ricated by depositing an

organic semiconductor
layer on a polymeric
insulator such as
polystyrene (PS)
or polymethyl-
methacrylate
that coats the
gate electrode,
Kim et al.

{p. 76} shaw
that these thin
insulating layers
have glass transition
temperatures, T , well below

that of the corresponding bulk material and in
the range of temperatures normally used for
deposition of the semiconductar layer. Pen-
tacene layers grown at temperatures below the
surface-depressed T, exhibited much higher
carrier mobilities and grain sizes than those
layers grown at higher temperatures, where the
material is rubbery and has greater palymer
chain motion. Surface treatments that cross-
link the chains of the insulating layer, such as
oxygen-plasma treatment of P5 films, increased
the surface T, and restored higher mobility.

Missing Jigsaw Piece
The Pacific tectonic plate apparently underwent
a shift about 50 million years ago, as evidenced
in the changing of the track of the Hawaiian-
Emperor chain of seamounts. Why this happened
has not been clear. Whittaker et al. (p. 83) show
that additional plate movement between Aus-
tralia and Antarctica around this time can be
gleaned from magnetic and satellite gravity
data, which would indicate that a major plate
rearganization occurred between 50 and 53
million years ago. Revised Pacific Ocean=floor
reconstructions suggest that subduction of the
lzanagi spreading ridge and subsequent
Marianas/Tonga-Kermadec subduction
initiation may have been the ultimate
causes of these events.

Learning, Autism, and
the Synapse

A small number of individuals with autism har-
bor mutations in genes encoding neuroligins
and neurexins, cell adhesion proteins that facili-
tate neuronal communication across synapses.
Tabuchi et al. (p. 71, published online 6 Sep-
tember; see the Perspective by Crawley) studied
the functional consequences of one of these
mutations, an R451C substitution in neuroligin-
3, by introducing the mutant protein inta mice.
The mice displayed enhanced spatial learning
skills but impaired social interactions, and these
behavioral changes were accompanied by a
selective increase in inhibitory synaptic trans-
mission. Thus, alterations in the balance of exci-

Continuved on page 15
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Continved from page 13

tatory and inhibitory synapses can affect learning and such alterations may be a contributing factor in
the pathogenesis of autism.

Neuronal Roadmap

As the neural system develops, a distinctive network of intermneuron connections is created. Coldn-
Ramos et al. {p. 103) now find that, in the nematode worm Caenorhabditis elegans, the supporting
glial cells provide the requisite road map for making these connections, Particular glial cells express
netrin, a signaling molecule, which tells the postsynaptic neuron where to find its connection and
tells the presynaptic neuron where to build the substructures required for the connection. Lacalization
of the netrin expression in the glial cells serves to focus the neuronal synapse-building capacity in the
right spot,

Captive Breeding Reduces Reproductive Fitness

Captive breeding programs to prevent extinction are now in place for restoring many endangered wald
populations and species, although the impact of such programs remains largely untested. Araki et al.
(p. 100) evaluated the reproductive suc-
cess of captive-bred fish when they breed
in natural environments. Captive-reared
individuals with captive-reared parents
have half the reproductive success of
captive-reared fish with wild parents. The
rate of fitness decline can be ~40% per
. captive-reared generation, which suggests
. that breeding programs need further eval-
uation of their impact when used to
restore declining wild populations.

Fair's Fair...or Not

The experimental benchmark for demonstrating that humans have developed a sense of faimess is
their behavior when playing the ultimatum game. If the division of spoils proposed by the first player
is not generous enough {roughly 40 to 50% of the total), the second player will usually refuse to
accept the proposal (giving up any hope of a gain), which has the consequence of depriving the first
player of any payout as well. Jensen et al. {p. 107) have now implemented a trimmed-down version
of the ultimatum game in chimpanzees. When in the role of player 2, our nearest relatives, unlike
human subjects, will accept any number of raisins, and, perhaps as a consequence, chimps show little
propensity to make fair offers.

Plant Protector Identified

Plants that survive an initial pathogen attack often develop enhanced resistance to subsequent
infections. For example, prior infection of tobacco plants by tobacco mosaic virus (TMV) exhibit
enhanced resistance elsewhere in the plant to subsequent challenge by TMV or other pathogens,
which is termed systemic acquired resistance (SAR). The development of SAR requires the move-
ment of a signal made in the primary infected tissue through the phloem to the distal systemic
tissue. Park et al. iE, 113; see the news story by Leslie) show that the mobile signal for SAR is a
biologically inactive form of salicylic acid, methyl salicylate (MeS4), a key hormone for activat-
ing host defenses to many plant pathogens.

Anatomy of an Immune Response

Intravital imaging techniques allow experimentally induced immune responses to be traced in real
time. Nevertheless, the techniques have often relied on the transfer of nonphysiological numbers of
artificially labeled immune cells into animals. Khanna et al. (p. 116) report the use of in situ confo-
cal microscopy of the spleen with a sufficient level of resolution to detect fine features of an immune
response o a bacterial infection. Endogenous primary and secondary (memory) T cell responses could
be compared, revealing unexpected relocalization within the spleen, as T cells underwent activation,
expansion, and then migration out to peripheral anatomical sites.
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Donald Kennedy is Editar-
in-Chief of Science.

Sputnik Nostalgia

HERE WE ARE, IN THE MIDDLE OF AN INTENSE STRUGGLE OVER HOW WE CAN IMPROVE
the education of young men and women about science. In the United States, we have the
America COMPETES legislation, with its emphasis on STEM, the rather dull acronym for
science, technology, engineering, and mathematics education. Some nations thought to be
better at STEM than the United States seem to be worrying too. My present job sometimes
leads people who are concerned about the quality of science education to ask me questions
like this: “What must happen to wake us up and get us really committed to this?”

Well, once upon a time, an event of that kind really did happen. On 4 October 1957, the
Soviet Union launched a 1 83-pound Earth-orbiting satellite named Sputnik, an event
whose anniversary is saluted from different national perspectives in this issue. Sputnik’s
appearance, and its annoying “beep-beep” as it passed
overhead, produced a striking reaction in the United States
that was only enhanced when the Project Vanguard
rocket—a much-advertised U.S. contribution to the Inter-
national Geophysical Year—blew up trying to launch a
satellite much smaller than Spuinik only months later.
Trumped first, then humiliated!

The response was one of those political improbabilities.
Congress promptly passed the National Defense Education Act,
as wellas legislation thatestablished the National Aeronautics
and Space Administration. The post of Science Adviser to the
President was created, though not in statute, and President
James Killian of the Massachusetts Institute of Technology came to occupy it. Almost immedi-
atcly, the Mational Science Foundation (NSF) budget for science education tripled. That soon
altered lives; one of them was mine, and | hope you will forgive a few personal reflections,

The physicists quickly got to work, the CHEMStudy curriculum came along, and new
opportunities for biologists appeared. Sputnik had scarcely fallen out of orbit (leaving a part
or two in Los Angeles) when | found myself on a trip to Fishs Eddy, New York, which hadn’t
scen many college professors. There, talking with a high-school biology teacher in a down-
town bar atter a day in various classrooms, | found him thinking about his job in much the
same way that [ thought about mine. NSF later sent me to Hamilton West High in Trenton,
Mew Jersey. showing me how tough it is to teach seven classes in a row.,

Soon organizations came together to build intellectual momentum behind the sense of
urgency. The Biological Sciences Curriculum Study (BSCS), founded the year after Spumik
and celebrating its 50th anniversary next year, brought together some thoughtful curriculum
planners and textbook writers. That resulted in series of texts focusing on cell biology, diver-
sity, and ecology (although its “three-colors™ approach of blue, vellow, and green, respectively,
produced an occasional jest). But the development of challenging curricula focusing on differ-
ent levels of organization and student interests turned out to be a science education milestone,

In the early to mid-1960s, Stanford became a destination for hundreds of high-school
teachers enrolling in in-service NSF summer programs. My colleague Paul Hurd in the
School of Education would ask me to offer a seminar course for 15 or 20 of these students. |
got to pick a topic that interested me and might perhaps be introduced into classes, should it
inspire teachers. A couple of times I taught animal navigation and orentation; the seminars
were fun and even interesting for some graduate students, one of whom later went with me
to teach an NSF summer institute in neurobiology at Carleton College.

Lively times—but 50 years later, what can be learned fiom the post-Sputnik attention to science
education? | think the schools improved through teacher training and curricular mnovation, largely
due to strong federal engagement, First lesson for today: Let'’s lose our national wariness about
letting the feds into K-12 education. The second lesson comes from perhaps the greatest reward of
the Sputnik experience: the establishment of'a real community of professional engagement among
committed people who taught science at different levels. In the current movement toward school
reform, revitalizing that sense of shared mission may be the most important policy goal of all.

= Donald Kennedy
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State of Reference

EDITED BY GILBERT CHIN AND JAKE YESTON

Students in elementary physics classes are introduced to the concept of frame of
reference—the spatial coordinate system used by an observer to describe
events—Ffor instance, in the context of the perceived motion of trees by a pas-
senger in a moving automobile. Adding in the dimension of time leads into non-
intuitive territory, as in the example of a traveling astronaut who returns to
Earth younger than her stay-at-home twin.

Building on previous work that demonstrated that internal physiclogical
states can influence one’s perception of physical quantities (such as thirsty peo-
ple being more likely to characterize objects as transparent; that is, resembling
water), Balcetis and Dunning show that internal psychological states are also
capable of altering our perception of the external world. They induced states of
high or low cognitive dissonance (a mismatch between thought and action} by asking or

1] \ telling two groups of students to walk across campus wearing various fruit- and vegetable-

MATERIALS SCIENCE
Thin and Fasl

Temperature changes in gas-phase chemical
processes such as combustion and explosions can
evolve on the submicrosecond time scale, but
commercial thermocouples (TCs) are limited to
millisecond respanse times. Thin-film TCs can
achieve submicrosecond responses, but extreme
film thinness (less than 100 nm) affects sensitiv-
ity through decreases in the thermopower. In
principle, TCs made from submi-
crometer-diameter wires (SMTCs)
would have a more favorable
change in thermal mass and

could be thicker (1.0 to 0.5 pum).
Bourg et ol. fabricated SMTCs by
first electrodepositing silver wires
1.0to 0.5 pwm in diameter onto half
af a stepped graphite surface. A mask cover-
ing the other half of the substrate was
removed, the silver wires were coated with a
self-assembled alkanethiol monolayer, and
nickel wires were deposited. The arrays were
then pressed into a cyanoacrylate adhesive, and
after hardening, the graphite was removed.
Scanning electron microscopy revealed a robust
weld at the silver/nickel interface. The success
rate for SMTCs ranged up to 80%, and these
junctions were functional after months of air

www.sciencemag.org SCIENCE VOL 318 5 OCTOBER 2007

exposure. In laser-heating tests, response times

varied from tenths of microsecands to several

microseconds, with outputs of 20 pVPC. — PD5S
Nano tett. 7, 10,102 Unl0719%0q (2007).

CELL BIDLOGY
Death Throes 1n Living Color

Mitochondria—the tiny double-membrane—
bounded organelles that provide healthy cells
with a ready supply of energy—also play a key
role in the triggering of programmed cell death
or apoptosis. Sun et al. have com-
bined light microscopy and
three-dimensional elec-
tron microscopic
tomography to record
in detail the structural
changes in mitochon-
dria in cells that have
been stimulated to
undergo apoptosis.
One of the first events
observed after
stimulation was a
rearrangement of sub-
mitochondrial morphology: The inner mitochon-
drial membrane changed from an organized
arrangement of folded membrane cristae into a
vesicular patchwork, which was accompanied by

Vesiculated recon-
structed mitochondria.

themed adornments. In order to render a freely chosen yet somewhat embarrassing task less
unpleasant to fulfill, the first set of students mentally shortened the distance they had to
cover by estimating it to be fully 40% less than the average estimate made by the second
group. Intriguingly, the route to ameliorating the state of dissonance appeared to be purely
perceptual, as the free-choice students did not shorten their time of exposure by walking
faster; in fact, they took about 10% longer. — G)C

Psychol. Sci. 18, 917 (2007).

the release of several mitochondrial proteins into
the cytosol. However, one key mitochondrial pro-
tein involved in the apoptosis pathway, cyto-
chrome ¢, was released efficiently independently
of and befare this remodeling. Swelling of the
mitochondria occurred after the collapse of the
membrane potential and was accompanied by a
dissolution of the intramitochandrial structure.
This generation of a composite time-course
overview of morphological changes within single
cells should help to dissect a variety of nonsyn-
chronous cellular events. — SMH

Nat. Cell Bial, 9, 1057 (2007,

ECOLOGY/EVOLUTION

ciation

Something Fishy in Spe

Adaptation to environmental conditions is
believed to drive population divergence and
hence demonstrates the predictability of evalu-
tionary change. By investigating the morphal-
ogy, genetic divergence, and mate choice of
Bahamas mosquitofish, which live in isolated
pools, Langerhans ef al. demonstrate parallel
speciation events among poals, in which the
presence or absence of a fish predator appears
to be driving speciation. In pools with strong
predation, mosguitofish have evolved a mor-
phology conducive to high-speed escape swim-
Continuved on page 21
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Continued from page 19

ming. Haplotype and allozyme analyses show
that these morphological changes in response to
predation have occurred multiple times. As these
fish prefer to mate with similar individuals, the
presence or absence of a predator drives specia-
tion through mate selection. Taken all together,
this set of results shows a direct link between
natural selection and specation: The traits under
divergent selection between environments are
the same traits used in mate chaoice, resulting in
reproductive isolation between populations
inhabiting different environments. — LMZ
Evolutron 61, 2056 (2007),

APPLIED PHYSICS

A BIgger rnoi Ct

In metallic nanostructures, surface plasmons, the
collective oscillations of free electrons, can
induce such phenomena as enhanced optical
transmission and
collimation of light
through a subwave-
length aperture.
Though the
structures are
patterned on
length scales of
100 nm, surface plas-
mans can interact aver much longer
distances. Henzie et al. cleverly combined a series
of standard lithographic techniques to make
larger photonic structures. Using interference
lithography, they patterned high-guality silicon
masters from which hundreds of photom asks
could be made for patterning over centimeter
length scales. Patterns of holes were created in
both 5i and Au films, either as infinite arrays or
as a set of islands or patches. The patterned Au

RAVAAAS

www.stke.org

EDITORS' CHOICE

arrays exhibited an order-of-magnitude enhance-
ment of optical transmission, a feature compara-
ble to the optical quality seen in nanchole films
produced by ion milling. When patches were not
too far apart, plasmon interactions between them
also led to much higher sensitivity in refractive
index sensing. — MSL

Nat. Nanotechnol, 2, 549 (2007).

ECOLOGY

| ||
i LS

One thousand years ago, the Emperor of China
ordered that locust abundance be recorded so
as o predict swarms, Although wetland man-
agement technigues reduced locust outbreaks
in the secand half of the 20th century, they
have recently become troublesome again in the
Yangtze and Yellow River basins, perhaps as a
consequence of global climate change. Locust
numbers peak during drought years and in
years after floods, reflecting differential effects
of moisture and warmth on different life oyde
stages. This discrepancy has made it difficult to
predict how the warmer and wetter conditions
that are projected to prevail in East Asia will
atfect locust numbers,

Stige ef al. combined the millennial time-
series data with recent temperature and precip-
itation reconstructions of historical weather and
discovered that locust abundance is highest
during periods with a high frequency of floods
and droughts. The records reveal that these
more variable climates actually tended to occur
during the coldest and wettest decades. 5o,
warmer conditions will not necessarily favar
locust breeding. — CA

Proc. Nall. Acad. S¢ci. U.5.4. 104,
10.1073/pnas0706813104 (2007).

<< Gut Sensations

Recent studies have helped to define the proteins that transform the
arrival of sugars on the tongue into a sensation of sweetness. Two stud-
ies suggest that the same pathway functions in the intestinal tract.
lang et al. found that the sugar-sensitive G protein=coupled receptor
(TIRZ/T1R2) and the G protein subunit gustducin could be detected in

enteroendocrine cells—specifically, the L cells, which secrete the
appetite-regulating glucagon-like peptide (GLP-1) of the human duodenum. Application of
glucose to human L cells resulted in GLP-1 release, which was blocked by an antagonist of T1R3,
In mice, gustducin was also present in L cells, and delivering glucose directly into the duodenums
(to bypass the tongue) of normal mice and of gustducin-deficient mice showed that GLP-1
secretion was absent in the latter group of animals and that the temporal pattern of insulin
secretion was altered. Margolskee et al. connect glucose absorption to glucose sensing via the
T1R2/T1R3 pathway. Normal mice, unlike those deficient in gustducin or TIR3, showed an
increase in sodium-glucose cotransporter 1 (SGLT1) mRNA and protein and in glucose uptake
when fed a high-carbohydrate diet or a low-carb diet containing artificial sweeteners. — NRG
Proc. Natl. Acad. 5ci. U.5.A. 104, 1506%; 15075 (2007).
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Beetle Battles

Collecting stag beetles is a long-established hobby for Japanese boys. Bul things are now
getting out of hand: Thanks to an arcade game called Mushi insect) King, the beetles are
all over Japan, and one subspecies is becoming endangered in its native habitat in Turkey.

In Mushi King, players collect cards with the picture and vital statistics of one of
various beetle species. By inserting the card into the game machine, players
control their bug in virtual fights. The game has spurred interest in
exotic beetles, leading to imports of more than a million a year,
according to Koichi Goka, an entomologist at the National Institute
for Environmental Studies in Tsukuba. Prize bugs sell over the
Internet for 5400 or more,

This year's hottest beetle is Lucanus cervus akbesianus, a
rare subspecies found only in the Amanos Mountzins of southern
Turkey. The Amanos Environmental Protection Association has
warned that overharvesting is pushing this beetle toward extinction.

In Japan, meanwhile, Goka worries that the beetle battle might
move into the real world if the aliens escape and breed, with the big far-
eign bugs muscling out their weaker domestic rivals. "It is not an actual prob-
lem yet, but there is a big risk, " Goka says. But, he says, the Environment Ministry hesi-
tates to designate stag beetles as an invasive species because “the market has already
hecome too large to control.”

Hot bestle.
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an object, including a car. Even when the
animals were smaller than or not contrasted
as much as the objects,

the viewers spotted changes
in their position more
quickly and accurately
than they did changes in
inanimate targets.

The authars, in a paper
published online last week
in the Proceedings of the
National Academy of
Sciences, say animals are
detected faster not simply
because they are more interesting.
"Even dull animals like pigeons ...
recruit a surprising amount of atten-
tion—as do turtles resembling
rocks, " Tooby says.

Posthumous
Peer Review

Remembrances of deceased
members written since 1995 have
been available at the U.5. National Academy

of Sciences Biographical Memoirs Web site.
Now the site 1s adding more than 900 accounts
dating back to 1877. They aren't your typical
sketchy Web bios but are hefty appreciations of
the subject's wark and life, typically written
shortly after the person’s death by colleagues
or friends.

The former chief engineer at AT&T offers his
take on Alexander Graham Bell, for example,
and physics heawyweight Hans Bethe recalls
]. Robert Oppenheimer, who headed the
Manhattan Project. ==
www.nasonline.org/site/PageServer?
pagename=MEMOIRS_A

.giu ]
Fesi

WORLD OF WATER

Replicas of distinctive towers that rise from California’s
extremely salty Mono Lake will be featured at a major
exhibit on water at the American Museum of Natural
History in Mew York City. The massive pillars, of a type of
limestone called tufa, form underwater from an interaction
of calcium from freshwater springs with carbonates in the
lake water. Up to 10 meters high, they now poke out
because of water diversions.

The exhibit, called Water: H,0 = Life, is designed to
explore water from every angle, from its various cultural

Our Ancestral Brains

Evolutionary psychologists have come up with a
new piece of evidence that we are still operating
with our old hunter-gatherer brains: We notice
animals more than we notice objects.

Graduate student Joshua New, along with
John Tooby and Leda Cosmides, both of the
University of California, Santa Barbara,
thearized that human beings have evolved a
“tategory-specific” attention system that pays

especially close heed to other animals. To test
the idea, they showed volunteers scenes for a
fraction of a second and then the same scenes
with changes in the position of an animal or

and spiritual aspects to the shortage of clean water facing
most of the world's poor. It opens on 3 November and
leaves for a world tour next June.

www.sciencemag.org SCIENCE VOL318 5OCTOBER 2007

David Buss, an evolutionary psychologist at
the University of Texas, Austin, says the wark

bolsters the theory that humans
evolved "specialized psychological
mechanisms ... for solving dis-
tinct adaptive problems.” The
alternative view is that human
information-processing machin-
ery is "domain-general” and
did not evolve to
- process specific types
\ of information.

Viewers notice
changes in the
elephant (circled,
above) more often
than in the van
{below).
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NOMINATIONS
ARE NOW
BEING ACCEPTED

THE 2008 DR PAUL JANSSEN AWARD
FOR BIOMEDICAL RESEARCH

Deadline: December 1, 2007

2006 WINNER:
DR. CRAIG MELLO
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Please go to www.pauljanssenaward.com for more information and nomination form

2008 Selection Committee
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GEMS FROM THE PAST. Working wath artifacts ncluding
Egyptian mummics and Australian Aboriginal bark paint-
ings, conservation scientist Eric Hansen spent 20 years
at the Getty Conservation Institute in Los Angeles,
California, figuring out ways to preserve rare objects.
Mow Hansen has taken over preservation research at
another treasure vault: the LLS. Library of Congress. the
largest library in the world,

Hansen, a chemist and archaeologist, says one major
project will be to conserve magnetic tapes that are
degrading. *“You lose all information because you can’t
run it through a machine,” he says. Bolstered by a
planned doubling of the Ph.L). research staff to six,
Hansen will also be trying to pin down the shelf life of
CDs, DVDs, and recycled paper and find ways to
strengthen millions of books weakened by age. “The chal-
lenge here is the sheer amount in the collections,” he says.

MOVER
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THEY SAID IT

“It took me 8 years at Harvard to
figure out I'm not that stupid.”

—nthropologist Sven Haakanson, a member
of the Alutiiq community in Alaska and one of
24 winners of this year's MacArthur fellowships,
Haakanson, 40, directs the Alutiig Museum in
Kodiak and works to erase the culture’s self-
perception that native people are "worthless.” A
full list of the fellows, who will receive 5500,000
each, is at www.macfound.org.

MONEY MATTERS

STRIKING SILVER. An international mining
company has promised to pay 510 million for
a clean and cost-effective way to extract silver

Pioneers ==

NAMING RIGHTS. Shiva Balak Misra was a graduate student at
Memorial University in Newfoundland, Canada, when he discovered
the 565-million-year-old fossils of soft-bodied organisms shaped like
leaves and spindles. Misra published his findings in the Geological
Society of America Bulletin but returned to his native village in north

India in 1971 to build a school.

Now, 40 years after the discovery, the fossils bear his name.
Fractofusus misrai belongs to a class of fossils known as Ediacaran
life forms: creatures that emerged about 600 million years ago and
thrived until the dawn of the
Cambrian 540 million years
ago. “We needed a formal
nomenclature, and we didn't
want to forget the peaple
associated with past discover-

from its Veladero mine in Argentina, The
usual method uses a cyanide solution to leach
out the precious metal, But the mine's esti-
mated 180 million ounces of silver are
encrusted with silica in particles a few
micrometers in diameter, and the mineral has
resisted every trick tried by scientists at the
Barrick Gold Corp. in Toronto. The price of sil-
ver makes it too expensive to grind the ore
down to the size necessary to make traditional
leaching viable. "Our in-house metallurgists
can't figure it out,” says Barrick spokesperson
Vincent Borg. “The best way to solve [the
problem] is to reach out” to the scientific
community, he says.

Tibor Rozgonyi, a mining engineer at the
Colorado School of Mines in Golden, says
Barrick’s offer is “a good approach” because
it's likely to get many different heads thinking
about a difficult problem. In addition to the

naming initiative.

ies,” says Guy Narbonne, a paleontologist at
Queen's University in Kingston, who led the

Misra says he left research to realize his
dream of founding a school in Kunaura, the
village where he spent his childhood. “| had
to walk 10 kilometers to school until class
[grade] eight,” says Misra. Five years after
founding the school, however, he needed an
income and became a geology professor
at Kumaon University in Nainital, a
town in the foothills of the
Himalayas. His wife now manages
the school, which has 700
students in grades 1 to 10.

prize, the company has announced that it will
fund development and testing of promising
techniques. “We are definitely considering
[submitting] a proposal,” says Rozgonyi, who
has been working with colleagues an using
bacteria to extract ore.

FIGHTING DISEASE, A, Alfred Taubman, who
made a fortune developing real estate, has
given $22 million to the University of Michigan
Health System to help found a new institute
that will conduct basic research on human dis-
ease. A portion of the gift will go to five schol-
ars at the university's medical school, each of
whom will receive a research award of
$200,000 per year for 3 years. Taubman's pre-
vious gifts to his alma mater add up to more
than 538 million.

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

Plants'

alarm bell

Promising AIDS Vaccine’s Failure
Leaves Field Reeling

On Tuesday 18 September, AIDS vaccine
research suffered one of its most devastat-
ing setbacks,

That day, an interim safety analysis that no
one expected would reveal anything signifi-
cant showed that the vaccine
widely thought to have the best
shot at success had failed in a large
human trial. *We were all in shock
and devastated,” says Peggy
Johnston, who heads AIDS vac-
cine research at the National Insti-
tute of Allergy and Infectious Dis-
eases (NIAID) in Bethesda, Mary-
land which was one of three part-
ners conducting the multicountry
trial of the vaccine, made by the
pharmaceutical giant Merck.

Three days later, Merck,
NIAID, and an academic con-
sortium known as the HI'V Vac-
cine Trials Network (HVTN)
announced that the trial, dubbed
STEP. had been halted. Started in
December 2004, the trial involved
3000 HIV-negative men and women from
Morth and South America, the Caribbean,
and Australia who were at high risk of
becoming infected.

AIDS researchers around the world
were stunned by the trail’s results. “This
was the first AIDS vaccine clinical trial in
history where most people thought theyd at
least see something positive,” says John
Moore, an AIDS rescarcher at Weill

SCIENCE OPENS CHINA BUREAU

Science has opened a news bureau in Beijing to repart
on science and science policy developments in China.
The bureau is staffed by Asia News Editor Richard Stone,
who has been based in Bangkok, Thailand, for the past
2 years. Before that, Stone spent 4 years in Cambridge,
U.K, as Science's European News Editor and a year
teaching in Kazakhstan on a Fulbright fellowship. He

can be reached at rstone@aaas.org.
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Knocked out. Disappointing interim results abruptly ended a
Merck vaccine trial that used this recruiting poster.

Cornell Medical College in New York City,
“It's very dispiriting for the field,” says
Lawrence Corey, an AIDS researcher at the
University of Washington, Seattle, who
also heads HVTN. “It will take time to

unravel where this leaves us and how we
move forward.”

Researchers had pinned their hopes on
Merck’s vaccine because it uses a novel
strategy. Instead of trying to trigger antibod-
ies to HIV, as most other candidates do to
some degree, this one relies exclusively on
another arm of the immune system that
stimulates what are known as killer T cells.
HIV has so many mutant types that it's casy
for the virus to dodge antibodies.
Killer T cells, in contrast, appear
to work against a wide array of
variants, selectively targeting
and destroying cells that the
virus has managed to infect,
Although only antibodies can
actually prevent infections, the
hope was that a T-cell vaccine
might beat back HIV before it
could get a foothold, or at least
keep levels of the virus (the viral
load) in check.

A wish list for
European
astronomy

To trigger the T-cell response, the vac-
cine uses a modified adenovirus, or cold
virus, as a vector to shuttle three HIV
genes into the body. But many people have
strong immunity to that adenovirus, which
theoretically could cripple the vector and
render the vaccine ineffective. To asscss
the magnitude of this problem and increase

chances that the vaccine would work, half

of the people enrolled in the study had to
have low antibody levels against that aden-
ovirus. The interim analysis focused on
only those 1500 people, most of whom
were men who have sex with men.

In participants who received at least one

dose of the vaccine, 24 of

the 741 vaccinated people
became infected. com-
pared with 21 of the
762 participants who
recerved a dummy shot.
More discouraging
still, there was virtually
no difference in viral
loads between the two
groups, 1 was hopeful
we'd see some damp-
ening of viral replica-

Help us fight HIV.
ped healthy voiEteers whol
B 18-50 and HIV nega
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Call (415) 554-0068 boday

HIV VACCINE

TRLLE UWrT

tion,” says Norman
Letvin, an AIDS vac-
cine researcher at Harvard Medical School
in Boston, Massachusetts, whose earlier
monkey studies with the vaccine did show
such a decline.

Letvin and his colleagues vaccinated mon-
keys and then challenged them with a lab
virus, SHIV, which combines HIV with its
simian cousin SIV. But when another group
later tested the Merck vaccine against a more
potent SIV, it failed. To Ronald Desrosiers,
head of Harvards MNew England Primate
Research Center in Southborough, Massachu-
setts, that failure should have raised more
red flags. “Everything protects against
SHIVs,” says Desrosiers.

Anthony Fauci, NIAIDs director, wor-
ries that the Merck failure will give the
broader T-cell vaccine concept a bad rap.
*Clearly this indicates the failure of a prod-

uct. Whether or not it indicates the failure of

a concept, we don’t know at this point,”
Fauci says. NIAID rescarchers have devel-
oped another T-cell vaccine that has more
HIV genes and differs in several other key
features. A large-scale trial was slated to »

WWW.SCIencemag.org

CREDT: OOURTESY OF HWVTN



CREDITS|LEFT TO RIGHT): COPYRIGHT GEOEYE L. (NASDAQ:GECYY: DOPYRIGHT 2007 DIGITAL GLOBE

start this fall but has been delayed pending a
maore thorough analysis of the STEP results,
HYVTN has also put on the back burnerits plans
for a trial of the Merck vaceine in South Afnica.

Fauci worries, too, that the failure could
have reverberations throughout the pharma-

ceutical industry, which already is wary of

investing in AIDS vaccine research and devel-
opment. “There’s certainly a danger of indus-
try scratching its head and saying before we

HUMAN RIGHTS

put substantial resources in, we need more
sound scientific data.” says Fauc.

Merck, based in Whitehouse Station, New
Jersey, would not speculate about the future of
its AIDS vaccine program. “The best thing we
can contribute to the field overall is a thorough
analysis of the data.” says Mark Feinberg, the
company’s vice president of medical affairs.
Many intriguing questions remain, he notes,
such as what happened in the other 1500 par-

Special report:
Greening science

ticipants, what was the immune responses in
the “breakthrough™ infection cases, and are
there differences in heterosexual transmission
(50 far, only one woman out of the 1000 vol-
unteers became infected). “It’s not like we're
not interested in the questions anymore, but
its unclear where the next breakthrough wall
come from,” he says. “And that’s not just a
gquestion for Merck. 1t's a question for the
entire field” ~]JON COHEN

Myanmar’s Secret History Exposed in Satellite Images

When militiamen backed by Sudan’s govern-
ment attacked non-Arab villages in the coun-
try’s Darfur region in 2003, Sudanese offi-
cials dismissed international criticism and
called the reports of violence propaganda.
Earlier this year, Sudan’s demals lost all cred-
ibility when the world saw before-and-after
satellite images showing that scores of settle-
ments in the region had indeed been
destroyed. Observers say the images played
an important role in persuading the United
MNations Security Council to authorize a new
peacckeeping mission in Dartfur this summer.

Last week, AAAS (the publisher of
Seience) released similar satellite images of
Myanmar—also known as Burma—showing
that dozens of villages in the eastern part of the
country had been uprooted or rared to the
ground. The images, taken over the past year
by commercial high-resolution satellites,
strengthen field accounts of a military cam-
paign by Myanmar’s dictatorship against the
country’s ethnic minorities, which has claimed
thousands of lives and forced many more to
tlee to refugee camps in Thailand.

Human rights organizations hope the evi-
dence will help prod the international com-
munity into taking tougher measures against
Myanmar's government, which in recent days
has cracked down on pro-democracy protes-
tors in the capital city of Yangon. “We are fol-
lowing the example provided by the Darfur
images,” says Aung Din, policy director for
the U.S. Campaign for Burma in Washington,
D.C., one of AAASY partners on the project.
“We have two intentions: Convinecing the
mternational community to do more to stop
human rights abuses in Myanmar, and let-
ting the military junta know that we have

WWW.SCIencemag.org

satellites in the sky watching this territory.”
At 25 of the 31 locations in east Myanmar
that were examined in the study, researchers
tound visual evidence confirming evewitness
accounts of villages having been burned or
shifted and showing mihitary camps that have
been set up near minority settlements. In one

i - ey ol &

Wiped out. The village near Kewy Kee in east Myanmar photographed by a commercial satellite on 5 May 2004

denials™ issued by Myanmar’s government.

Satellite images helped in the same way
o counter Sudan’s demials, says Anela Blatter
of Amnesty International, which teamed up
with AAAS for a project called Eves on
Dartur. Blatter says that although Sudanese
officials have “downplayed the validity™ of

(left} has disappeared in an image taken on 23 February 2007.

set of photos, for example, blackened scars of
buildings appear in a village in Papun district
after attacks were reported on 22 April,
“Eighteen of the locations showed evidence
consistent with destroyed or damaged vil-
lages,” says AAAS's Lars Bromley, who
directed the project. “We found evidence of
expanded military camps in four other loca-
tions as well as multiple possibly relocated
villages, and we documented growth inone
refugee camp on the Thai border” Bromley
says the images help to “discredit the

the project, they have found it hard to reject
the evidence altogether.

Myanmar's government may prove to be
more unyielding. Last year, after AAAS
launched the project, Myanmar’s informa-
tion minister, Kyaw Hsan, predicted that
critics would use “fabricated satellite pho-
tos” to claim “that the [military] is dislodg-
ing villages by force and torturing the village
people.” This week, Myanmar had no com-
ment on the evidence.

~YUDHIJIT BHATTACHAR]EE
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PLANT BIOLOGY

Plants’ Cry For Help

A sick plant has something in common with
an athlete who slathers on stinky sports
balms. Both are counting on the salutary
effects of methyl salicylate, the pungent oil of
wintergreen. This compound turns outto bea
long-sought distress call that rouses plant
resistance against discase, researchers report
on page 113, “Finally, we've been able to
identify a signal that activates this plant-wide
defense,” says co-author and plant pathologist
Daniel Klessig of the Bovee Thompson [nsti-
tute for Plant Research in lthaca, New York.

Unlike animals, plants can’t mobilize a
cadre of targeted immune cells to fight infec-
tion. But that doesn’t mean that they just stand
there and take it. When a pathogen infects one
part of the plant, say a leaf, that tissue sounds
the alarm, and other parts beef up their
defenses, not only to that pathogen but also to
other potential attackers. Some evidence even
indicates that nearby plants can heed the alert.

For more than 50 years, scientists have
pursued the so-called mobile signal that
wends through the plant’s phloem, or food-
transporting tissue, and spreads the alarm. In
the 1990s, they thought they had nabbed this
molecular messenger: salicylic acid, a key
plant hormone and a close relative of the
main ingredient in aspirin. However, graft-
ing experiments proved them wrong: The
graft still exhibited systemic resistance even
if the infected part of the plant lacked the
supposed messenger.

Klessig and colleagues came upon what

CREDIT. COURTESY H. D, SHEW, REPRINTED BY PERMESION FROM COMPENDIUM OF TOBACCO DNSEASES, 1991, AMERICAN PHYTOPATHOLOGICAL SOCIETY 5T, PAUL, MINNESDTA

Silent scream. Tobacco
leaves scarred by the
tobacco mosaic virus

emit a signal that baosts

resistance in the rest of

the plant

At Long Last, Pathologists Hear

seems to be a real messenger while chasing
the receptor for salicylic acid. The team’s
experiments eliminated one candidate recep-
tor, the enzyme SABP2, However, they dis-
covered that SABP2 transforms methyl sali-
cylate into salicylic acid and that the enzyme
is necessary for systemic resistance, suggest-
ing that methy! salicylate might be the signal,

To determine whether methyl salicylate
ndeed delivers a warning from the site of an
infection to the rest of the plant, the team per-
formed grafting experiments on tobacco
plants and then exposed the graft recipient. or
rootstock, to tobacco mosaic virus, Systemic
resistance still occurred when the graft was
missing an enzyme that makes methyl salicy-
late, but not ifthis protein was absent from the
rootstock, indicating a need for methy! salicy-
late only where the mfection occurred.

Theresearchers engineered plants to make
an overactive form of SABP2 that uses up
methyl salicylate. When they used those
plants as rootstock, no systemic resistance
developed after the rootstock was infected.
But if the graft alone manufactured this
unstoppable enzyme, resistance appeared,
again arguing for the need for methyl salicy-
late at the infection site.

The scientists also used RMNAI to banish
SABP2 from the graft or the rootstock.
After infection of the rootstock, the graft
developed resistance only if it could make
SABP2. It didn’t matter whether the root-
stock could produce the enzyme. [

IENCE

Boycott: Blocked

The British University and College Union (UCU)
last week dropped efforts to boycott exchanges
with lsraeli researchers, terminating debate on
the issue after lawyers advised that UCU risked
violating British antidiscrimination laws. Con-
ceived as a protest of Israeli policies toward
Palestinians, the current proposal was circulated
in May, following two similar attempts in Britain
in 2005 and 2006. Opponents of the idea
included the British and Israeli governments,
scientists, and AAAS, the publisher of Science.
“We are really happy,” says chemist Yoram
Cohen of Tel Aviv University in lsrael, adding
that collaborations have continued despite
the talk of barriers. He adds, "Some of the
biggest criticisms of Israeli policy come fram
Israeli academia.” -BEN]AMIN LESTER

OFE

Budget: Boosted

The acting chief of the National Institute of
Environmental Health Sciences (NIEHS)
assured Congress last week that he will partly
reverse $11.1 million in funding cuts made by
his controversial predecessor, David Schwartz,
Acting director Samuel Wilson said at a House
hearing that he will restore cuts, including
5966,000 slashed from the 53.1 million
budget of the institute’s journal, Enviranmental
Health Perspectives. Schwartz, who has come
under fire for ethics issues and for shifting
MIEHSs focus from disease prevention to clini-
cal research, is on temporary leave as director
as he awaits a high-level review of the insti-
tute’s management.  ~JOCELYN KAISER

Regulation: Required?
At an international meeting in Washington,
D.C,, last week, the Bush Administration
emphasized voluntary measures to tackle climate
change—a hands-off approach that has been
widely used by the Environmental Protection
Agency (EPA) to deal with environmental prob-
lems. But clear examples of success are rare,
according to a report released last week by the
EPA's inspector general. The report finds that
EPA lacks a system for determining whether its
54 voluntary programs—uwhich cover every-
thing from reducing air pollution to creating
safer detergents—are improving the emviron-
ment. EPA assodate administrator Brian
Mannix agreed that stronger management is
needed but noted that White House officials
already review voluntary programs. That's not
good enough oversight, says William Pizer of
Resources for the Future, calling the inspector
general’s report “damning eriticism.”

-ERIK STOKSTAD
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Owerall, the experiments indicate that the
infected tissue requires the ability to make
methyl salicylate. whereas the target tissue
needs to be able to break it down. “1'd say we
were quite confident that methyl salicylate 1sa
signal [for resistance].” says Klessig.

“It's a pretty persuasive series of experi-
ments,” says molecular plant pathologist

Terrence Delancy of the University of

Vermont, Burlington.

Raising the alarm probably involves two
steps, Klessig says. The tissue under attack
tirst produces methyl salicvlate and releases it

PALEOANTHROPOLOGY

into the phloem for distribution. When this
messenger arrives in target tissues, SABP2
converts it mto salicylic acid, which triggers
systemic resistance. The work is “an elegant
solution™ to the question of how to reconcile
earlier evidence implicating salicylic acid in
systemic resistance, says plant pathologist
Luis Mur of the University of Wales in
Aberystwyth, UL K.,

Agriculture could benefit from the discov-
ery, says Klessig. Fine-tuning methyl salicy-
late levels—either through genetic engineer-
ing or selective breeding—might fortify crop

defenses and reduce the amount of pesticides
farmers need to apply.

However., the methyl salicylate pathway
may not be the whole story. Some data sug-
gest that the signal is a lipid—methyl salicy-
late 1s not—and that a ipid called jasmonic
acid might serve as an mdependent signal or
as a partner. “The key question 15, are we
looking at a parallel system?” Mur asks.
Klessig doesn't have an answer, at least not
yet. “It’s quite possible, even likely,” he notes,
“that there are multiple signals.”

-MITCH LESLIE

Nariokotome Boy to Go on the Road Despite Protests

When Ethiopian officials
announced plans last year
to send the famous human
ancestor “Lucy” to the
Houston MuseumofNatural
Science in Texas, many
palecanthropologists were
furious at the risk to an
irreplaceable specimen.
The late F. Clark Howell of
the Umiversity of Califor-
nia, Berkeley, predicted
that Lucy's journey would
“start an avalanche”
of exhibits of original
hominid fossils. Last week,
Howell's remark began to
scem prescient: Officials
at the National Museums
of Kenya announced
government approval for
their plans to send
Mariokotome Boy, the
partial skeleton of a
1 2-year-old, to The Field
Museum inChicago, lllinois,

The 1.5 million-year-
old fossil, the most com-
plete skeleton of Homo
ereciis found continues to
be a source of scientific
data, and many researchers
arc angry at the news, A
traveling exhibit is “prosti-
tution”™ of the fossils,
charges Kenyan paleoanthro-
pologist Richard Leakey, whose team discov-
ercd the skeleton in 1984,

Mo formal agreement has been signed, and
Field Museum officials say the announcement
in Mairobi last week took them by surprise, as
they are still in negotiations and have yet to
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Chicago-bound. This rare
skeleton of Homo erectus may
travel from Kenya to Chicago,
Ilingis.

raise funds for the exhibit.
But the proposal under dis-
cussion meludes exhibiting
Mariokotome Boy and its
retinue of fossils from
Kenya for |8 months, per-
haps as carly as 2009, “The
Field Muscum is indeed
currently at an initial stage
of discussions ... with the
aim of organizing a travel-
ing exhibit in the US A"
says Robert D, Martin,
curator of biological anthro-
pology at The Field Museum.
He says The Field has great
experience in caring for
fragile fossils and will
strive to make sure that
profits benefit Kenyan sci-
ence. The Field is also con-
sidering exhibiting Lucy,
who 15 now drawing 2000
people each weekend day
in Houston.

With regard to the Lucy
exhibit, many researchers
argued that original tossils
are too fragile to be packed
up and sent around the

world. Several muscums
declined to exhibit Lucy because of the risk of
damage and because there was no compelling
scientific reason to take her out of Ethiopia
(Science, 27 October 2006, p. 374).

The Nariokotome Bov announcement,
made by Mational Museums of Kenya Direc-

tor General Idle Omar Farah, is drawing sim-
ilar reactions. Says co-discoverer Alan
Walker of Pennsylvania State University in
University Park: “Like many others, | don’t
approve. It took about a century after [find-
ing] the first bones of H. erectus for us to
find a partial skeleton, and it would be a dis-
aster if we lost it

The Lucy exhibit and any display of
Nariokotome Boy outside their homelands
also violate a 1999 mternational agreement
that original hominid fossils should not be
transported from their country of origin
without compelling scientific reasons.
Many African rescarchers oppose sending
fossils overscas because such exhibits do
little to spark investment in African scien-
tific infrasiructure, savs paleoanthropologist
Frederick Kyalo Manthi of the National
Museums of Kenya. Meave Leakey, also of
the National Museums of Kenya, adds that
“the timing is unfortunate since the speci-
mens will be seen overseas just at the time
that they are planned to be put on exhibit for
the first time in Kenya.”

Field Museum Provost Neil Shubin says he
and Martin are working to make sure the fos-
sils would be available for study. They also
would create an exhibit in Nairobi and have
payments go to the National Museums of
Kenya, which, according to Farah, is seeking a
total endowment of $3.5 mullion.

Some rescarchers do support traveling
exhibits if done right. Lucy and Nariokotome
Boy are the “patrimony for all of humankind™
and should occasionally travel for study and
short exhibits, says paleoanthropologist lan
Tattersall of the American Museum of Natural
History in New York City, So far, however, nei-
ther the American Museum nor the Smithson-
ian Institution in Washington, D.C ., has signed
on for either exhibit. ANN GIBBONS
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CLIMATE CHANGE

Is Battered Arctic Sea lce
Down For the Count?

A few years ago, researchers modeling the
fate of Arctic sea ice under global warming
saw a good chance that the ice could disap-
pear, in summertime at least, by the end of
the 21st century. Then talk swung to sum-
mer ice not making it past mid-century.
Now. after watching Arctic sea ice shrink
back last month to a startling record-low
area, scientists are worried that 2050 may
be overoptimistic,

“This year has been such a quantum leap
downward it has surprised many scientists,”
says polar researcher John Walsh of the
University of Alaska, Fairbanks. “This ice is
more vulnerable than we thought” And that
vulnerability seems to be growing from year
to year, mspiring concern that Arctic ice could
be in an abrupt, irreversible decline. “Maybe
we are reachmg the tipping point,” says Walsh.

Theres no doubt that 2007 was a special
summer melt season. The ice area remain-
ing in September—the year’s low point
had been shrinking since satellite monitor-
ing began in 1979. Some years it recovered
a bit, others it declined further, but overall it
shrank 8.6% per decade. In 2005, it hit a
record low of 5.6 million square kilometers,
down 20% from 1979, But last month, “we
completely blew 2005 out of the water,”
says sca ice specialist Mark Serreze of the
University of Colorado, Boulder. Ice arca
plummeted to 4.13 million square kilo-
meters, down 43% from 1979, That's a loss
equivalent to more than two Alaskas. The
new low is more than one Alaska below the
trend line. Mothing else like that appears in

the satellite record or, for that matter, in
monitoring from ships and planes during the
rest of the 20th century, says Walsh.

An immediate cause of the record-breaking
year 15 clear enough. As Serreze explains, an
unusually strong high-pressure center sat over
the central Arctic Ocean while a strong low
hovered over Siberia. This weather pattern
allowed more solar heat through the clear
skies beneath the high-pressure center and
pumped warm air up from the south between
the high and the low.

The vicissitudes of weather may have
enhanced ice loss this year, but theres more
going on than that, scientists are realizing. For
one thing. their models underestimate how
tast summer ice has been disappearing in the
warming Arctic. “It's very alarming the way
things are changing so fast,” says polar
oceanographer D. Andrew Rothrock of the
University of Washington (UW), Seattle.
“We've thought we have the important
physics in the models, but ... it seems our
maodels aren’t very good in the Arctic.”

Rescarchers say the models probably
lack some realistic feedbacks, natural
processes that can amplify a climatic
nudge—whether natural or humanmade—
into a shove, And that shove could send the
ice past a tipping point. *“You get a kick in the
right direction,” says Serrexe, “and it sends
the ice over the edge™ and into a meltdown
from which it cannot recover.

Last December. researchers reported find-
ing that at least one climate model includes
teedbacks that can accelerate sea ice into a »

Annual Sea Jce Minimum
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Bad sign. Arctic seaice (gauged here using NASA's measurement technigues) has been declining, but 2007's

1995 2000

unfavorable weather drove the increasingly vulnerable ice to a new record Low.
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Inthe Navy

The University of Hawaii (UH) is moving
ahead with plans to build a Navy-affiliated
research laboratory near one the system's
10 campuses. Approval by the university's
Board of Regents last week followed more than
4 years of controversy over the Applied
Research Laboratory (ARL), which is expected
to bring in as much as 510 million per year
for 3 to 5 years in research funds from the
Navy and other agendes, including NASA and
the National Institutes of Health. The ARL will
be the fifth such University Affiliated Research
Center: other hosts include sites at Johns
Hopkins and Pennsylvania State universities.
But finalizing the Hawaii deal amidst
opposition by community, student, and faculty
graups wasn't easy; in 2005, anti-ARL protes-
tors took over the university president’s office
for & days. Pressure from opponents led the
university to specify in the contract that no
classified research would occur during the first
3 years of operation. UH vice president for
research James Gaines says the lab will raise
the school's profile. Critics, however, accuse
UH of disregarding what UH, Manoa, plant
scientist Hector Valenzuela calls “general over-
whelming opposition.” The center, he says, "is
against what the university is all about.”
~BENJAMIN LESTER

Leszek is More

Leszek Barysiewicz is the new chief executive of
Britain's Medical Research Council (MRC).
Borysiewicz, an immunologist who helped
develop vaccines against cervical cancer, was
most recently deputy rector at Imperial College
London. He takes over as MRC is attempling to
respond to a government report last year that
called for more emphasis on research with
clinical and commercial applications. But
Borysiewicz says that does not mean short-
changing basic research. “We're not going to
improve our translational science without
keeping the basic research strong,” he says.

Mearwhile, he will oversee the controversial
relocation of the National Institute for Medical
Research (NIMR) from the London suburb of
Mill Hill into the city. NIMR researchers fought
the original plans, saying the proposed site was
too small (Scence, 18 February 2005, p. 1028).
But now MRC has joined forces with the Well-
come Trust/Cancer Research UK. and University
College London to bid for a site near the British
Library that would eventually house 1500 scien-
tists. The government, which is selling the prop-
erty, should announce a decision on the sale in
the coming weeks.

=GRETCHEN VOGEL

www.sciencemag.org SCIENCE VOL318 5 OCTOBER 2007

33



I NEWS OF THE WEEK

tipping point. Modeler Marika
Holland of the MNational Center for
Atmospheric Research (NCAR ) in
Boulder. Colorado. and colleagues
wrote in Geophysical Research
Letters (GRL) that when NCAR's
Community Chimate System
Model, version 3-—which has one
of the most sophisticated ice com-
ponents available—is run under a
strengthening greenhouse, sca ice
loss can suddenly accelerate, in
one case cutting ice area by two-
thirds in a decade and wiping out
September ice by 2040.

Such accelerations were
driven by two feedbacks in the model. In one,
thinner ice one year made ice melt more eas-
ily the next year, In another, when white,
highly reflective ice melted. the darker, more
absorptive open water that replaced it
absorbed more solar energy. The added heat
could help melt more ice and keep new ice
thinner that year—and even the next, if the
heat lingered through the winter.

Holland and her colleagues “showed
that in models. these abrupt changes can
occur,” says Walsh. Now, “this is the first
time we may have seen it” in the real world.

[

A plus. The record-breaking
i loss of sea ice this summer °
opened the Northwest Passage.
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In an in-press GRL paper, polar researcher
Donald Perovich of the U.5. Army Cold
Regions Research and Engineering Labo-
ratory in Hanover. New Hampshire, and
colleagues report estimates of increasing
solar heating of the Arctic Ocean. They
found that a large area of Arctic waters
north of the Bering Strait had been absorb-
ing increasing amounts of solar heat since
1979 as summer ice retreated, suggesting
that the ice-reflectivity feedback has been
operating there.

And in a paper appearing in GRL this

week, Son Nghiem of the Jet
Propulsion Laboratory in Pasa-
dena, California, and colleagues
report a continuing decline in
the thicker. older ice that tends
to persist from year to year.
Much of the decline in perenmal
ice, they found, was due to
winds blowing it out of the Arc-
tic Ocean. But thinning from
added heat had made it casier
tor the wind to blow the ice out.
That would add a dynamical
feedback to the thermal feed-
back ofice reflectivity.
Researchers suspect that
these and other feedbacks are eroding sea
ice's ability to resist the warming of recent
decades, “Might we lose summer sea ice
by 20307 asks Serreze. “That is not unrea-
sonable.” MNext September could tell
whether natural variability just made for
one bad year in the Arctic or whether it is
pushing the ice over the edge. Meteorolo-
gist Ignatius Rigor of UW is worried.
Given the beating the ice has taken of late,
he says, “the chances of another extreme
next year are pretty high.”
-RICHARD A. KERR
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European Science by the Numbers

The first round of peer-reviewed grants from the Eurapean
Research Council (ERC) is out, and the agency’s analysis of
applicants and finalists paints a revealing picture of Europe’s
scientific landscape. Nearly 9000 applications flooded in this
spring (Science, 4 May, p. 672); review panels narrowed these
down to just 559 finalists. The ERC will select about 250 young
scientists from the list by January 2008 and award each of
them roughly €1 million ($1.4 million). This week, the ERC
released new figures about where the applicants come from
and where they hope to work. ltalians far outpaced all other
nationalities, submitting more than 1700 applications—a
sign, says ERC Vice President Helga Nowotny, of the dire lack
of suppaort for young researchers there. ltalians were fairly suc-
cessful, too: 70 made it to the final round, although just fewer
than 50 plan to work in Italy. The U.K. has the best "brain-
gain” statistics: More than 100 of the finalists work in the ULK.
but just 42 are British. The big surprise, Nowotny notes, is
Poland. Just three Polish researchers are finalists, and none
plans to work in Poland. Michal Kleiber, president of the Palish
Academy of Scences and a member of the ERC scientific coun-
cil, sees the results as disappointing; he thinks they reflect the
salary caps in Poland that spur top applicants to work else-
where. He also notes that although Poland has 8% of the
E.U. population, its science budget accounts for less than
1% of overall E.U. research spending. More details are avail-
able at: http:/lerc. europa.eu/pdi/er c-sig-statistics-stage1-
=GRETCHEN VO:GEL
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ASTRONOMY

NEWS OF THE WEEK I

Europeans Lay Down Their Wish List for Next 2 Decades

European astronomers are in a buoyant mood.
They have what 1s widely acknowledged to
be the world’s number one optical instru-
ment—the Very Large Telescope (VLT) in
Chile—and several other ambitious projects
under construction or on the drawing board.
And last week, following a consultation
process that for the first time brought
together European rescarchers from all
branches of astronomy, a new umbrella body
called Astronet laid out the continent’s goals
for the next decade or two. “It describes the
sort of science we want to do and the sort of
tools we will need.” says Johannes Andersen,
director of the Nordic Optical Telescope at
La Palma in the Canary Islands and chair of
the Astronet board.

Astronet’s Science Vision poses four basic
questions, including “Do we understand the
extremes of the universe?” (which takes in
dark matter, dark energy, regions of strong
gravity and the source of high-energy cosmic
rays) and “How do we fit in?” (covering the
heliosphere, Earth-sun interactions, minor
bodies. and planetary atmospheres). Along
the way, the vision dips into galaxy formation
and evolution and how dust clouds form into
stars and planets. The document also suggests
a list of instruments needed to meet each
question’s science goals (see figure, below).
More than two dozen of these instruments are
still at the planning stage, and the report says
building them all would cost “several billion
euros” over the next 2 decades. But the
report’s authors readily acknowledge that this
is a wish list. A construction schedule “wasn't
the job of the Science Vision.” says Astronet
program coordinator Jean-Marie Hameury
of the French research agency CNRS. “We

Do we understand the
extremes of the universe?

Questions

L] ..F

Proposed
ground-base
facilities
Very long baseline sub-mm
interferometer

K-ray survey satellite
Wide-field imaging telescope
CMB polarization satellite

Large x-ray observatory

= Cherenkov Telescope Array (CTA)

Laser Interferometer Space Antenna

won't be able to do it all. Hard choices will
have to be made.”

Those hard choices will fall to a Roadmap
working group, which over the next year will
hammer out realistic schedules and cost esti-
mates under the watchful eye of Astronet’s
tunding-agency sponsors. *“We will be push-
ing the bounds, making the case where appro-
priate for increased astronomy spending in
Europe,” says the working group’s head,
astrophysicist Michael Bode of Liverpool
John Moores University in the UK.

European astronomy has in the past beena
frapmented community. Optical astronomers
wiork together through the European Southem
Observatory: the European Space Agency
handles most space missions: and national
research agencies fund those bodies as well as
their own astronomy programs. Europeans
watched emviously as their Amenican counter-
parts laid out plans in a series of decadal
reviews drawn up by the U.5. National
Research Council. Andersen says that plans for
a similar European effort were discussed a
decade ago. but it was not until 2005 that a
group of national funding agencies for astron-
omy grew impatient, set up Astronet, and told
astronomers to get organized. “Funding agen-
cies want a comprehensive long-term plan so
they can act rationally,” says Andersen.

There are several key differences
between the European and American plan-
ning efforts, Andersen says. First, Astronet
was instigated by funding agencies (now
numbering 17) rather than by the research
community. The agencies will be involved
in framing the Roadmap document, so
they "will have signed up to it in princi-

that “there are no guarantees.”

The Astronet process also differs from
the decadals in that first a panel, consulting
with the whole community, works out the
scientific prioritics, and then a new panel
has to whittle those aspirations down to a
realistic program in the Roadmap. The
Science Vision—coordinated by Tim
de Zecuw, director of ESO since last
month—involved a draft report, extensive
consultation via a Web site, and a meeting in
Poitiers, France, last January attended by
228 scientists from 31 countries, “This has
never been done before in Europe,” says
Bode. “Some were very skeptical, but it
worked very well. People learned to think
more strategically.” The Roadmap will fol-
low a similar trajectory culminating in a
symposium in Liverpool next June. And
tinally. whereas the decadals prioritize proj-
ects and list construction costs, the
Roadmap will go into much more detail and
will also cover operating costs, schedules,
management, research and development,
and industry involvement. “The Roadmap is
going to bite all those bullets. That's why it’s
going to be so tough,” says Andersen,

With U.S. astronomers facing a flat
budget and possible facility closures to pay
for new projects (Science, 10 November
2006, p. 904), Britain’s Astronomer Royal
Martin Rees of the University of Cam-
bridge, UK., who has not been directly
involved in Astronet, thinks Europe has rea-
son to be optimistic. “The VLT is a symbol
of what Europe can do when it works
together,” he says. “It's important that
Europe thinks big and long term.”

ple.” says Bode, although Andersen adds ~DANIEL CLERY
How do galaxies form What is the origin and evolution How do we fit in?
and evolve? of stars and planets?
Extremely Large Telescope (ELT)
Square Kilometer Array (SKA) Solar radio spectral imaging
High-precision radial velodty monitors | Large-aperture solar telescope
| Network of ground-based radars
Gamma-ray burst satellites Next generation UV and x-ray satellites ' High-latitude solar encounter satellite
Xeray spectrometry satellite  High-res IR intedferometer in space : Medium-aperture UV satellite
Large UV space telescope High-precision photometry satellite | Magnetospheric satellite fleet
Large IR spectroscopy satellite | | Plasma interchange sensors
| Missions to minor bodies
! Missions to Jovian and Saturnian systems
| Mars sample return mission

Stargazing. The Astronet Science Vision describes what European astronomers want to find out and what tools they need for the job.
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Greening the Meetjng

Scientific travel pours huge amounts of greenhouse gases into the atmosphere.
Some societies are changing the way they run their annual meetings—and a
few scientists are proposing even more drastic changes

EVERY DECEMBER, GEOSCIENTISTS DESCEND
on San Francisco tor the Fall Meeting of the
American Geophysical Union (AGLU), In
2002, the 9500 participants traveled an aver-
age of 7971 kilometers to get there and back.
That means their share of the carbon dioxide
emitted by the planes they flew on totals
about 11,000 metric tons—roughly the same
as 2250 Honda Civics during a year’s worth
of normal driving.

Flying is a carbon-intensive activity. Sci-
entists may not rack up as many frequent-fher
miles as international business travelers, but
one thing every field has m common 15 the big
annual meeting and numerous smaller work-
shops and conferences. Add up the CO, emit-
ted in traveling to all those gatherings, and it
amounts to a sizable contribution to global
warming. Scientists have been instrumental
in raising public consciousness about air
travel and CO, emissions. Now they are
beginning to examine the consequences of
their own jetting around the globe.,

Several scientific orzanizations are trying
to reduce the carbon footprint of their gather-
ings. The approaches include tinkering, such
asreducing the use of plastic cups and reusing

S5OCTOBER 2007 VOL 318 SCIENCE

tote bags, and offering attendees the chance to
pay to compensate for the carbon emissions
their travel generates, More radical ideas
include shrinking or eliminating some meet-
ings. A few virtual meetings have taken off,
but they sacrifice networking and brainstorm-
ing. Until there’s a quick, convenient, and carbon-
neutral way to travel, self-restraint may be the
solution, says David Reay, a climate scientist
atthe University of Edinburgh, UK.

A growing problem
Scientific conferences are a booming busi-
ness. Conference Service Mandl, a scientific
conference service provider, lists nearly
4000 upcoming events over the next 2 years
or 50 in its online directory. They range from
tiny, highly focused Gordon Research Confer-
ences (GRO) to the B00-pound gonilla of the
conference world: the annual meeting of the
Society for Neuroscience. (AAAS, publisher
of Science, runs an annual general scientific
meeting that drew 8000 attendees in 2007,)
Conferences are also growing in size,
Since 1971, Neuroscience attendance has
burgeoned from less than 1500 toa 2005 peak
of nearly 35,000

a small city’s worth of

rescarchers, flving in from all over the planet.
AGL's Fall Mecting has added 6000 partici-
pants over the past 5 years, an increasc of
more than 60%. And since 1995, the number
of Gordon conferences in the United States
and overseas has jumped from 130 to 180,
with a surge in combined attendance of 40%.
Inshart, even as the globe warms, more scien-
tists than ever are on the move.

The Ecological Society of America (ESA)
has taken a hard look at the environmental
impact of its annual meeting. In response, it
slimmed down the program book, began
using soy-based inks, and now distnbutes its
advernser kit only electromcally. The society
also arranges with hotels to change linen less
frequently and has removed Styrofoam from
the meeting entirely. Some of the changes
make more of a difference than others, but
“every little bit helps.” says Michelle Horton,
ameeting organizer at ESA,

Other organizations are moving in similar
directions, albeit more slowly, AGU paid little
attention to the environmental impact of its
meeting until recently, according to a
spokesperson, but at its next meeting in
December the organizers intend to try

WWW.SCIEN cemag.org
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Offsets: Worth the Price of Emission?

With society's environmental conscience outpacing its willingness to cut down on carbon-
intensive travel, carbon offsetting is coming to the fore as a way for concerned citizens and organ-
izations to reduce their contributions to global warming. The most popular approaches are planting
trees to sequester carbon from the atmosphere or paying energy companies to pump renewable
energy onto the grid. A new crop of companies has sprung up to cater to the need.

It's a simple idea that's fraught with problems. For instance, the Society for Conservation
Biology (5CB) offsets members” emissions from travel to the annual meeting by hiring locals to
replant goat-decimated World Heritage Area habitat in South Africa’s Baviaanskloof (Baboon Valley).
According to offset committee chair Paul Beier, the project provides real, verifiable carbon reduc-
tions, However, trees die, so organizations that use offset schemes like SCB's must commit to
maintaining their investment and replanting in case of fire or disease. Offsets based on renewable
energy technology only work if every dollar spent on an offset actually translates into an increase
in the number of green kilowatts a provider pumps onto the grid—tricky to verify if the offset
provider is half a world away.

Issues like these have led governments and nongovernmental organizations around the warld
to introdu ce offset-certification schemes to give consumers confidence that their money won't be
wasted. Technical matters aside, however, some, like British environmentalist George Monbiot,
argue that the very concept of offsets—allowing people to feel better about causing carbon emis-
sions—saps the will to conserve or consume less, -B.L

CREDIT: K. KRALSESCIENCE

webcasting some conference sessions to
make itcasier for people to tune in from home,
as well as asking shuttle-bus dnvers to turn oft
their engines while waiting to load.

These measures only address the confer-
ence itself, of course, rather than the larger
impact of people traveling to it. According to
the Society for Conservation Biology (SCB),
95% of the society’s entire emissions comes
tfrom jet fuel used in getting members to the
annual meeting. Everything else—running
the executive offices for an entire year, for
instance—pales in comparison. So SCB, as
well as ESA, has begun offering carbon off-
sets to 1ts members to compensate for the
emissions related to their air travel, Check a
box on either orgamzation’s meeting registra-
tion form, and they’ll tack a maximum of
$20 on to the admission fee, putting it toward
projects that help offset carbon. However, oft-
setting is still new, and some environmental-
ists think the practice is so plagued by flaws
that it is little more than feel-good green-
washing (see sidebar),

Even within ESA, the idea has been slow to
catch on. Last vear, only six ESA members
ponied up extra cash to offset their trip, meeting

organizers say. At this vear’s conference, held in
August in San Jose, California, greater aware-
ness pushed that number up to 500-—a huge
merease but still less than 15% of the meeting’s
3600 registrants, Members of SCB seem to feel
more strongly; in the program’s debut in July,
97% of the 1600 attendecs at the meeting held
in Port Elizabeth, South Africa. checked the
offset box on their registration form.

Make the meeting count
Another option would be to hold annual meet-
ings less frequently. But that can be a tough
sell. When SCB's Board of Governors voted
on this idea in South
Africa, some members

TRAVEL TIPS

ing flights and more emissions. “Nearly
everyvone flew through Johannesburg,” he
says, 50 “in the future, we should hold any
meeting m southern Afnca in Jo'burg.”

The importance of location is also evident
from the unpublished analysis of the 2002
AGU and ESA meetings by David Scott and
Lawrence Plug, both of Dalhousie Univer-
sity in Halifax, Canada. They found that ESA
could have reduced its meeting’s emissions
more than 13% by changing the venue from
Tucson, Arizona, to the more ceniral spot of
Omaha, Nebraska,

Edward Hall, a geographer at the University
of Dundee, UK., sug-
gests a more radical

considered the meet-
ing's exchange of
ideas too important to
forgo. “We tied eight
to eight.” says Paul
Beiler. a conservation
biologist at Northern
Anzona Umversity m
Flagstaft and chair of
the SCB carbon-offset
committee. So the
issuc was tabled until
the next meeting. In
any casc, Beier thinks
his socicty should

or take a train.

restrict meetings to
major cities because
holding them in sce-
nic outlying arcas
such as Port Elizabeth

1. Skip meetings when you can.

2. When you can't, combine trips to get the
most out of your air miles,

3. Avoid conferences in far-flung lands.

4, For conferences close to home, carpool

5. Choose a hotel close to the conference
to avoid commuting.

6. Ask conference organizers to team with
local hotels to reduce linen changes and
other waste for conference attendees.

7. Avoid using disposables such as plastic
tableware and Styrofoam cups.

8. Dan't collect brochures that will
\ only get thrown out.

approach: Limit atten-
dance. especially by
international travel-
ers. Earlier this year,
Hall published a break-
down of the environ-
mental impact of the
2006 annual meeting
of the Royal Geo-
graphical Society in
Area, the society’s
Jjournal. He found that
more than 95% of the
810 metric tons of
carbon emitted dunng

4 million kilometers

of conference
travel resulted
from forcign atten-
dees flying into
the UK.

means more connect-
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That idea might have trouble
geiting off the ground. Case in
point 15 a small conference con-
cerning, ironically. greenhouse
gases. The organizers of the con-
terence—the groups Chemical
Rescarch Applied to World
Meeds and the International
Conference on Carbon Dioxide
Utilization (1CCDU}—had some
discretionary funds at their dis-
posal, and several of the 151 del-
cgates suggested carbon offsets
for travel to the conference in
Ontario. Instead, the organizers
decided to offer travel scholar-
ships to delegates from develop-
ing countries, which will be less
equipped to cope with warming.
“We felt it was very important
for them to attend.” says Philip
Jessop, an ICCDU member and
chemist at Queen’s University in
Kingston, Canada.

Virtually there

Researchers don't necessarily
have to attend a meeting in per-
son to get something out of it.
Wirtual conferences are a grow-
ing trend: they have recently
been held on topics including nanoscale
structures, animal discases, amphibian
conservation, and climate change.

One of the largest such events is the Virtual
Conterence on Genomics and Bioinformatics
(VCGB), In 2001, a Peruvian geneticist
named Willy Valdivia-Granda, then associ-
ated with North Dakota State University in
Fargo, founded the conference to enable

Face to face. Virtual meetings, like this one at the Access Grid site in Arlington,
Virginia, save on travel—at the expense of hallway brainstorming.

Poster child. The Society for Neuroscience hosts the largest sc
but all such gatherings consume copious jet fuel and other resources,

y '
b 3
x !

)

researchers from poorer nations to attend
scientific conferences in developed coun-
trics, The most recent conference, held in
2005, included 3000 people in more than
50 countries. Valdivia-Granda, now of
Orion Integrated Biosciences in New York,
recalls a particularly jam-packed venue in
India. “They had so many people participat-
ing that they had to show the conference in
city hall,” he says.
AttendeestoVOGB
gather at local nodes
linked together using
Access Grid, a virmal
collaboration system
developed at Argonne
MNational Laboratory
in Illinois. A simple
node typically con-
sists of a laptop with a
webcam, says project
lead Thomas Uram of
Argonne, but a top-
of-the-line installa-
tion might feature a
dedicated conference
room sporting several
computers linked to
large flat-panel dis-
plays with motorized

R

ientific meeting,

webcams, microphones, and
sophisticated echo-cancellation
equipment. All that can cost as
much as $20,000—much more
than the cost of getting to a
conference.

The system creates a perma-
nent virtual meeting space on
the Internet, which can house
collaborators’ data and files,
that allows participants to talk
things over via video, audio, and
chat. Although the original pur-
pose was to facilitate collabora-
tion between small groups of
rescarchers, Access Grid also
works for an international mul-
ticast on the scale of VCGB.

In addition to broadening its
audience, VCGB has had an envi-
ronmental payoff. According to
an analysis by climate scientist
Reay, the 2001 conference pre-
vented the release of 900 metric
tons of CO,. The savings have
increased with subsequent years”
growing attiendance.

Lower tech virtual formats
avold some of the costs and tech-
nical savvy required to set up a
conference using Access Gnid,
but they have the same basic shortcomings:
They lack impromptu conversations and net-
working between sessions. “1'm nervous of
virtual conferences,” says plant biologist
Gregory Copenhaver of the University of
North Carolina, Chapel Hill. Although he
has never participated in a conference like
VCGB, he says he worries that “you lose
that sense of catching someone ina hallway™
and sitting down for a chat.

Reay agrees. "l can't see a future where we
don’t have conferences,” he says. “A lot of the
best scientific ideas 've been privy to have
come over a glass of wine at a conference din-
ner or a bar later on.” The problem 15 magni-
fied at small, focused meetings like the Gordon
conferences, whose main focusis on that kind
of direct personal interaction. According to a
GRC organizer, linking in an attendee
remotely has been tried: It “failed miserably.”

At their best, conferences put minds in
close proximity and can foster the kind of
environment that leads to new ideas. Some-
times, they just rehash information that is
already published or easily accessible
online. Researchers concerned with the
environmental impact they make should
pose a question before they register, says
Reay. “Ask yourself, ‘Do | really need to go
to this meeting?" ™ -BENJAMIN LESTER
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SUSTAINABILITY

This Man Wants to Green Your Lab

Allen Doyle and his team spread the gospel of sustainability from lab to lab, but it's
no easy task in the competitive world of research

SANTA BARBARA, CALIFORNIA—LFor the price
of a few pizzas, Allen Doyle saved his sci-
ence building $16,000 in electricity costs this
yvear—and kept more than 6 metric tons of
carbon from entering the atmosphere. The
six-story structure where Doyle manages a
soil ecology lab at the University of Califor-
nia, Santa Barbara (UCSB), houses 55 fume
hoods, each of which burns through as much
energy as three averaged-sized U.S. homes.,
“1 offered pizza to anyone who would let us
shut off their [unused] hoods for 6 months or
more,” he says. *1 was hoping for three
hoods: we got nine.”

Doyle hates to see anything wasted. The
typical lab consumes four to five times as
much energy as an equivalent-sized office or
classroom, to say nothing of the huge amount
of plastic, paper, and hazardous chemicals
researchers go through. Yet in Doyle's experi-
ence, scientists are blasé about reducing their
environmental footprint while at work.
“There's a bit of a ‘Don’t ask, don’t tell’ cul-
ture out there,” he says. Many researchers
chastise the government for not doing more
for sustainability, says Doyle, “but we're
ignoring the same issues in our own labs”

In the sprng of 2006, Doyle co-founded a
program called Laboratory Assessments for
Research Sustainability (LARS)* with cam-
pus sustainability coordinator Katie Maynard.
Assisted by a team of interns, Doyle goes
from lab to lab on campus, identifying trouble
spots, offering advice, and throwing in cook-
ies and coffee when necessary. “'We're just

1. Close hood sashes and disable \

unused hoods.
2. Defrost freezers regularly.
3. Turn off equipment at night.
4, Borrow and lend used equipment.

5. Share surplus chemicals and
use environmentally friendly reagents.

6. Request removal of unused
light bulbs from ceiling fixtures.

Q. Print double-sided.

* hittp:/ww. sustainability. ucsh.e dwLARS/

NEWSFOCUS I

looking for simple answers that may have a
significant impact on campus,” he says.

What makes Doyle’s program stand out
from other sustainability efforts around the
country is its student-driven approach, says
Dale Sartorof the ULS. government-—sponsored
Labs21 Program, which aims to improve the
sustainability of research laboratories (sce
p-40). Already, LARS has helped shut down
unused vacuum systems and other utilities,
saving departments thousands of dollars in
electricity. And by helping researchers trade
surplus materials, Doyle has cut down on
industrial waste.

Still, the grassroots effort has its limits.
Doyle says his team has been stymied by
scientists more concerned with cost and
competition than conservation. But he
remains optimistic that his program is a
model for what scientists with a green
streak across the country can do to help
their labs go easier on the environment.

Campus crusader

Tag along with Doyle for a day, and youcan't
help but catch a bit of his sustainability fever.
The lanky 49-year-old credits his environ-
mental passion to *Jacques Cousteau, Marlin
Perkins, and the brook across the street,”
After earning a master’s degree in chemical
oceanography from the University of Alaska,
Fairbanks, Doyle came to UCSB almost a
decade ago. Since then, he has somewhat
obsessively turned the lab he manages into a
shrine to conservation. Old wooden shelves
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Sor shuging the lights off? Do vou

overflow with opaque plastic
tubes, each sporting numerous
black marks indicating the num-
ber of times they have been
reused. And almost every scrap
of paper in the room has been
printed on at least twice: readouts
from a spectrophotometer bleed
through to a lab inventory list.

In June, Doyle was spreading
the gospel to a neuroscience lab
run by Kenneth Kosik. Doyle
sees opportunities for conserva-
tion around every comner; some-
times he gets so fired up, he can’t
get his suggestions out fast
enough. As third-year graduate
student Fernando Santiago shows
the team around Kosik's lab, two
of Doyle’s undergraduate volun-
teers pepper Santiago with ques-
tions. fs there a labwide policy

recvele unused chemicals? How
does evervone conmiuie?

Inside the tissue-culture
room, two large hoods glow
aquamarine with UV light.
Doyle immediately zooms in on
a glass vacuum trap that isn’t
working efficiently. By simply
repositioning it, he tells Santiago,
the lab could avoid clogging the
building’s vacuum system and cut down on
wasted energy. “It made a lot of sense and
hadn’t occurred to me.” Santiago says later.

Elsewhere in the lab, Doyle's team offers
more obvious suggestions, Turn vour com-
pueters off ar night. The average computer uses
at least 100 watts. [fthe members of the Kosik
lab powered down its four desktop computers
when they left for the night, the lab could

you'll find no such guides.

Paul Mathew hopes to change that. The staff scientist at Lawrence

Waste stream. Plastic tubes and old electronics can become huge sustainability
problems for biomedical labs.

keep a maximum of 700 kilograms of carbon
out of the atmosphere cach year. Defrost vour

[freezers regularly, The frost insulates the coils

and makes the compressor work harder to
pull heat away. Make vourself aware of the
electricians on campus. Sometimes a simple
tweak can helpa piece of equipment run more
efficiently or save a gadget that would other-
wise end up as industrial waste.

Other issues don't lend them-
selves to simple solutions. For
example. Santiago guesses his
lab goes through somewhere
between 20 and 40 kilograms
of plastic a month—in the form
of pipette tips, polypropylene
tubes, and tissue culture plates
(not to mention the packaging).
“Plastic use is a huge issue in
biomedical labs,” says Doyle.
But when he suggests that the
Kosik lab switch to glass, Santi-
ago looks skeptical. Reusing
glass opens the lab up to the risk
of contamination. “If we lost

this, it would be a big punch to
the stomach,” Santiago says.
“MNobody wants to take that kind
of blow to their science in the
name of sustainability.” Plus,
hiring a dishwasher would cost
57 to 38 an hour.

Doyle admits that the issue is
not clear-cut. Washing glass has
its own environmental impact in
terms of water use—especially
in southern California. Still, he
doesn’t give up easily. “1 could
reuse your plastic for my work,”
he says, explaining that because
his lab studies dirt, it doesn’t
have major contamination issues. “I could
live downstream of you.” Santiago agrecs,
and a new sustainability relationship is born.

Not easy being green

Even with the best intentions, Doyle’s pro-
gram is struggling to grow beyond its pilot
phase. LARS currently operates on about
540,000 and is largely statfed by interns,

Energy-Efficient Freezers for Everyone

If you live in the United States, it's easy to
spot the most energy-efficient appliances at
your local home electronics store. Thanks to
a joint program of the Environmental Pro-
tection Agency (EPA) and the Department
of Energy, mare than 50 types of prod-
ucts—from computer monitors to air
conditioners—sport an “Energy Star”
label if they are among the most energy-efficient

items in their line. But leaf through a catalog of Llab equipment, and

far energy-efficdent equipment,” he says, "and the best way to do thisis to
have labels.” Starting in 2008, researchers should have their wish—at
least as far as fridges and freezers are concerned.

That still leaves out a host of other lab gadgets, including ovens and
centrifuges. The short-term prospects for getting Energy Star labels on
these products are dim, says Mathew, because they represent a niche
market. So he and colleagues at Labs21,” a federal green-labs program,
have been calling manufacturers and plugging in watt meters to obtain
energy-use figures for as much lab equipment as they can. Those data
should start appearing on the Labs21 Web site in about a year, meaning

scientists will saon be able to tell which water bath is likely to send their

Berkeley National Laboratory has been working with EPA for more than a

year to put Energy Star labels on lab appliances.

energy bills off the deep end.

=D.G.

"Peaple are clamoring  * www.abs2 Leentury.gov
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who call themselves the Laboratory
Research and Technical Staff (LabRATS).
Doyle and his helpers scrounge most of the
money from receptive departments and
grants from foundations. The university
won't commuit hard funding until more labs
are eager for assessments,

That’s been a big challenge. In its first
year, Doyle and his crew only visited labs
they were friendly with, racking up 11 assess-
ments. But in early January, the program
started cold-calling professors, and the
reception was far more chilly. Out of 27 invi-
tations, only four labs have said ves.

Why the cold shoulders? “People don’t
want to take time away from their projects,”
says LARS co-founder Maynard, even if it's
only for a couple of hours. And researchers
just don't give conservation a high priority,
adds UCSB paleobotanist and campus sus-
tainability crusader Bruce Tiffney: “Scien-
tists think about being green in their personal
lives, but when it comes to work, they start
thinking about publications and promo-
fions.” To that end, they typically don’t want
to risk using recycled reagents or tweaking
delicate equipment just to save a few watts,

The lack of tangible incentives is also a
roadblock, says Doyle. Sustmnable lab prac-
tices often save money, especially when
energy is involved, he says, but labs don't see
those savings because the university pays the
bills. UCSB campus energy manager Jim
Dewey agrees. “Researchers aren't going to
make compromises just to save the campus
money,” he says. And it making a change
costs the lab itself cash, forget it
“Resecarchers are not held responsible for
meeting carbon goals.” Dewey says. “They're
held responsible for meeting their budget.”

Labs in hot fields—especially those run
by young professors—also worry about
competition. Doyle recommends that
researchers turn off their water baths at night
to save energy. But heating those baths back
up in the morning can take precious time.
“The pressures on productivity are huge,” he
says. “If vou ask a lab to do something that
will slow them down. it won't work out.”

Spreading the word

Despite faculty resistance, Doyle's program
has begun to win converts on campus. After
the LabRATS wvisited a soil science lab inthe
fall of 2006, the rescarchers began pestering
the recycling office about recyeling pipettes,
paper, and electronics, “Apparently, we got
them thinking, and they started calling every
other day,” says Maynard. In other instances,
lab members have become LabRATS them-
selves and have helped spread the word to

NEWSFOCUS I

Do-It-Yourself Recycling

What if your lab went through enough plastic
pipette tip boxes a month to fill a small back-
yard pool, and your university didn’t recycle
any of it? Such was the case in the Johns Hopkins
University laboratory of Bert Vogelstein as it
plowed hot and heavy into the cancer genome
project in early 2006. "The sheer volume of
what we were wasting was annaying to me,”
says postdoc Devin Dressman.

50 Dressman took matters into his own
hands, He hauled the plastic boxes to a local
recycling pickup site and made reusable
cardboard receptacles back in the lab. “Most
people were really into it,” Dressman says of
his labmates.

Eventually, Dressman convinced his building
manager that the program made financial
sense, Johns Hopkins pays about 66 cents a kilo-
gram to destroy biohazard trash, he notes, so
the campus reduces those costs by recycling the
harmless pipette boxes. The entire medical cam-
pus is now recycling the boxes, and efforts are
under way to get the rest of the university
involved. “It's a win-win situation for everybody,
and it’s self-sustaining,” says Dressman. Best of
all, he na longer has to schlep plastic across
town himself. "My goal was to take myself out of
the picture,” Dressman says. “I'm not here to do
recycling, I'm here to do research.” -D.G.

other labs. “Once you tune people in, some
people getreally turned on.” says Doyle.

Owver the next year, Doyle hopes to
reach even more scientists. One goal is to
incorporate “eco-training” into the safety
course that all faculty members and stu-
dents must complete before working in a
lab. Another project involves creating a
Web site for surplus equipment to make it
easier for scientists around campus to find
and trade used equipment.

Still, Doyle says that to make more than
an incremental impact, he’ll need to get the
university involved. If UCSB were to man-
date a similar program in every depart-
ment—what Doyle describes as going from
retail to wholesale—he predicts it could save
the campus hundreds of thousands of dollars
in utility bills and equipment purchases, So
far, university officials have shown no sign
of wanting to set any requirements, With
enough faculty support, however, they just
might. A positive sign is that LARS just got
permission from the dean of the Division of
Mathematical, Life, and Physical Sciences
to asscss all eight labs in the department’s
new marine science building,

Dovle thinks his approach could work at

Tip top. Devin Dressman sits on a throne of
recyclable pipette tip boxes.

other institutions, too, at least on a similarly
small scale. “The challenge is finding a
blend of dedicated staft and students to
make the communications happen and to
look for the conservation opportunities,”
says Doyle, “but our experience is that there
are strong personalities and dedicated con-
servationists on most campuses.” They just
need the right tools, says Doyle, and he is
planning on publishing his survey questions
and other techniques on the Web,

For now. however, Dovle is focused on
the task at hand. A couple of hours after vis-
iting the Kosik lab, the LabRATS finish an
assessment of an ecology lab run by Bradley
Cardinale. The lab runs out of a World War 1
Army barracks, and Doyle jokingly refers to
it as a recycled building. Cardinale’s lab has
done a good job optimizing its equipment to
save energy, but Doyle suggests decommis-
sioning a few unused overhead lights and
unclogging a cold-room compressor. Cardinale
seems eager to comply. “l think it’s going to
be a very successful program, and it makes a
lot of sense for academics to get involved”
he says, “If we don’t take leadership for sus-
tainability, who will?”

-DAVID GRIMM
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Pseudoscience in Bosnia
IN THE NEWSMAKERS ITEM "DIGGING FOR

A World with Corals: What Will It Take?

IF THE ARTICLE "A WORLD WITHOUT CORALS?" (NEWS FOCUS, R. STONE, 4 MAY, P. 678) LEFTYOU
reaching for a stiff drink, you are not alone. The measures required to limit climate change can
seem an eternity away to coastal communities left to deal with the consequences. Yet, since the

[997-98 mass bleaching

an unforgiving global event that destroved 16% of the world’s coral

reefs—practiioners and scientists have worked to identify meaningtul actions that can promote
reef survival in the face of climate change.

We believe it 1s more useful to ask, “What would it take to have a world with corals?” In this

respect, the community responsible for the sustamable management of reefs has recently pro-
duced a series of consensus viewpoints (/-3). The emerging agenda stresses the need for a two-

pronged approach: (i) global actions to reduce climate
change and (1) local actions to support ccosystem
resilience,

The challenge ofachieving international action on cli-
mate should not overshadow the sigmticance of local
interventions. Growing evidence suggests that local man-
agement will assist coral reefs through the perod where
we, as a global society, struggle to stabilize Earth's atmo-
sphere, Strategics as broad as retaining herbivores (4), pro-
tecting naturally resilient areas (e.g., the sidebar “Palau
combats coral bleaching.” C. Pala, 4 May, p. 680), and
maintaining conditions for coral recruitment { §) appear to
be effective for shoring up the resilience of reefs in prepa-
ration for the next 100 years of stress.

Although the current greenhouse trajectory is disas-
trous for coral reefs and the millions of people who depend
on them for survival, we should not be lulled into accept-
ing a world without corals. Only by imagining a world
with corals will we build the resolve to solve the chal-
lenges ahead. We must avoid the “game over” syndrome
and marshall the financial, political, and techmical
resources to stabilize the climate and implement effective
reef management with unprecedented urgency.

HEIDI SCHUTTENBERG'* AND OVE HOEGH-GULDBERG™?

5chool of Earth and Environmental Sciences, James Cook University, Townsville, QLD 4811, Australia. *World Bank Coral
Reef Targeted Research Program (www.gefcoral.org). *Centre for Marine Studies, The University of Queensland, St. Ludia,

QLD 407 &, Australia,

pride” (27 July, p. 435), Bosnian Prime Minister
Nedzad Brankovice is quoted as asking, “Why
don’t we recopnize something that is visible to
the naked cye " Ananswer to his question is that
Semir Osmanagic and his colleagues have so
far failed to publish, in a peer-reviewed journal,
a credible case that the ruins of a monument-
constructing “supercivilization™ are anything
other than a haphazard collection of jointed
bedrock, Leisegang banding, sole marks, con-
cretions, and other geologic features mixed in
with some unrelated medieval, Roman. and
other artitacts and ruins ({ ).

For example, Osmanagic and his col-
leagues claim that giant, meter-scale, “stone
balls™ found near Zavidovici, Bosma and
Herzegovina, are man-made artifacts related
to a Bosnian “supercivilization.” Examination
of petrographic thin sections of recently
obtained samples of the Zavidovici “stone
balls™ and the bedrock that originally enclosed
them found that they consist of litharenite (2).
Typical thin sections of the “stone balls”
exhibit pervasive carbonate cement, including
poikilotopic calcite spar. The calcite cement
has often replaced framework grains. The
bedrock, either from which these objects came
or in which they are still partially encased. con-
sists oflitharenite almost identical in composi-
tion to these spherical to subspherical boul-
ders. Local bedrock differs from these objects
in that it typically lacks the strongly developed
carbonate cement. Their carbonate cements,
their subspherical shape, and their having been
embedded in local bedrock demonstrate that
they are naturally formed, calcite-cemented
cannonball concretions, which have been
described from Egypt, Kansas, New Zealand,
and the southwestern United States {3-6).

However, no matter how obviously natural
the various features that compnse pseudoar-
chacological sites are to conventional geologists

References : , : and archaeologists, dismissing them as “pseu-
1 “Coral E_eel's'.md 1_:l|nmte (h.]ng_ae. A Statement from the Th!rd International Tropical Marine Ecosystem Management doscience” is not ::mmg]l. Instead. we need to
Sympesium,” available at www.iimems.org/Coral_Reels_Climate_Change. pd. : . 5 i
2. WCRI resolution on coral reels and climate change, available at wewicriforum, org/librangReso_CC_Tokyo 0407, pdl, explain to the public—using empirical data and
3, H. Schuttenberg ef al,, “Building resilience into coral reel management: Key findings and recommendations,” summary pre-  logical arguments published in either popular
pared far the Fun1m‘ente prnu:edinqs..ul thelul..ema!inlml. Triupical. Marine Et,:s',.'s‘lem Management Symposium 2006, articles, field ruidebooks, Web pages, or other
Corumel, Mexico; see Supporting Online Material al www sciencemag crgdcgi‘contentful 3 18/5 847 14 Z/DCL. . = i i .
media—how natural features are either being

4. T.P Hughes ef oL, Cuwrr. Bisl 17, 350 (2007). ! o ;
. T.McClanahan, N. Polunin, T. Done, Corsery. Ecol. 6, 18 (Dec. 2002); available at www.consecolorghvoléiss2ian18. misidentified or misrepresented as cultural
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Bird

artifacts, The wide interest generated by Bosnian
“pyramids,” the “Phoenician Furnace and For-
tress” of Oklahoma, and other pseudoarchaco-
logical sites offers an opportunity to educate a
curious public about the orpgin and significance
ofthe geologic features such as systematic joint-
ing. Leisegang banding, ripple marks, sole
marks, and concretions that comprise them.
PAUL V. HEINRICH

Louisiana Geological Survey, Louisiana State Liniversity,
Baton Rouge, LA 70803, USA
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Effect of Poor Census Data
on Population Maps

THE REVIEW “LARGE-SCALE SPATIAL-TRANSMISSION
models of infectious disease™ (8. Riley, |
June, p. 1298) states that “[flor humans, an
accurate estimate of population density is
available for the entire Earth, up to a resolu-
tion of 1 arc sec.” The differing modeling
approaches and input data used in the many
global human population surfaces (/-3 mean
that the estimated spatial distribution of popu-
lations and consistency both within and
between products varies markedly.

The spatial resolution of mput census datais
critical to the mapping accuracy (4). For many
couniries, contemporary census data collected
ata high admmistrative unit level exist to facil-
itate “accurate,” reahistic-looking population
mapping (¢.g, fig. S1A)(5). For the majority of
low-mncome countries, however, such data do
not exist. This is especially true for much of
Africa, where census data used for the produc-
tion of global products are often overa decade
old and at a resolution just below national level;
a simple glance at the blocky and unrealistic-
looking population distributions mapped for
many African countries sugpests that accuracy

Rheology and

biopt 55

vanes substantially (e.g., fig. S1B).

The lack of high-resolution data across
much of the low-income regions of the world
is likely to represent a significant limit to
extending the reliable application of large-
scale spatial transmission models of infec-
tious diseases.

ANDREW ]. TATEM

Spatial Ecology and Epidemiology Group, Tinbergen
Building, Department of Zoology, University of Oxford,
South Parks Road, Oxford, OX1 3PS, UK.
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Response
TATEM RAISES A POTENTIALLY IMPORTANT ISSUE.
The accuracy of estimates of population density
varics according to the quality of available sup-
porting census data. However, curnent estimates
for areas with poor census data may be suffi-
ciently accurate to be used by studies based on
large-scale spatial-transmission models,
Consider the potential transmission dynam-
ics of reemergent smallpox. The main hypothe-
sis supported in (/) is that, for the United
Kingdom, spatial disc vaccination around known
cases at either 15 or 50 km would not be an effi-
cient addition to contact tracing, isolation, and
vaccination. For the Central African Republic
(CAR), results from a similar study would
depend on the underlving assumptions of the
human population model. Specifically, visual
comparison of output from the global popula-
tion model (2) for the CAR and northemn
Demoeratic Republic of Congo (immediately
south of the CAR) suggests that heterogeneity
between major roads in the CAR is underesti-
mated. The sensitivity of predictions of disc
vaccination efficacy for the CA R would have to
be tested against this frailty, just as they would
have to be tested against other key assumptions
such as travel behavior and pathogen transmis-
sibility. The post-hoc adjustment of global
population data required for these sensitivity
analyses would present particular technical

challenges. However, given the much lower
population densities in the CAR compared
with the United Kingdom, if accurate travel
data were available. it is entirely possible thata
large-scale spatial-transmission model could
be used with current global human population
estimates to generate robust evidence in sup-
port of disc vaccination, perhaps with disc
sizes greater than 50 km.,

Another example where current population
density estimates for Africa may be useful isin
the analysis of the effects of sexual behavior
change on the incidence of HIY in Uganda and
Zimbabwe at different imes (3). Did behavior
changes affect the evolution of the regional
mcidence pattermn over time, or is HIV incidence
locally self-sustaining? If similar sustained
behavior changes occur in other countries, can
we predict spatial patterns of endemicity
and/or eventual eradication of sexually trans-
mitted infections? How usetul could spatial
targeting of resources across the region be in
minimizing overall incidence? | do not sug-
gest for a moment that large-scale spatal-
transmission models can provide rapid defini-
tive answers to these broad questions. However,
using current population density estimates to
construct large-scale models with these ques-
tions in mind might be a good starting point
from which more specific relevant hypotheses
could be generated.

STEVEN RILEY
Department of Community Medicine and School of Public
Health, Faculty of Medicine, University of Hong Kong, Hong

Kong, Special Administrative Region, People’s Republic of
China, E-mail: steven.riley @hku.hk
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Light-Splitting Method
Not New

THE NEWS OF THE WEEK ARTICLE “LIGHT-
splitting trick squeezes more electricity out of
Sun’s rays” (E. Kintisch, 3 August, p. 583)
conveys the erroneous impression that a spec-
tral splitting solar concentrator using a
dichroic mirror is a novel, unproven method
to achieve high efficiency. Although the
group at the University of Delaware deserves
commendation for setting an efficiency
record, the approach is not new, In 1978,
a group at Varian, working under a U.S.
Department of Energy/Sandia contract,
demonstrated an identical system using sili-

www.sciencemag.org SCIENCE VOL318 5 OCTOBER 2007

43



I LETTERS

44

con and AlGaAs cells (/). The 28.5% module
efficiency sct a record at the time, which has
been surpassed with the advent of stacked
multijunction cells. Today, textbooks on pho-
tovoltaics describe such systems (2).

PETER BORDEN

Applied Materals, 118 Seville Way, Peter, CA 94402-2833,
UsA. E-mail: peter_borden@amal.com
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CORRECTIONS AND CLARIFICATIONS

Reports: “Intra- and intermolecular band dispersion in an organic orystal” by G. Koller ef al. (20 July, p. 3510, The legend
for Fig. 1 should have included the following information: The illustrative STM image of Fig. 1B was obtained at the
Institute of Physics, Freie Universitat Berlin, in collaboration with L Grill,

Reports: “Food web—specific biemagnification of persistent organic pollutants” by B. C. Kelly ef al. (13 July, p. 238). In
Table 1, molecular weights were incomectly reported for six chemicals. The corrected molecular weights (in parentheses)
for the fallowing compounds are; trifluralin (335); 1,2,4,5 TeCBz (216); PCB 180 (395); PBDE 47 (484); PBOE 99 (565);
and PBOE 209 (9600

TECHNICAL COMMENT ABSTRACTS

Comment on “Top-Down Versus Bottom-Up Control of Attention in the
Prefrontal and Posterior Parietal Cortices”

Jeffrey D. Schall, Martin Paré, Geoff . Woodman

Buschman and Miller (Reparts, 30 March 2007, p. 1860) described the activity of ensembles of neurons in parietal and
frontal cortex of monkeys performing visual search for targets that were easy or hard Lo distinguish from distractors.
However, their conclusions are called into question by discrepancies between their results and publications from ather
laboratories measuring the same neural process.

Full text at weaw.scienc emag.org/cgicontentful 3185847440

Response to Comment on “Top-Down Versus Bottom-Up Control of Attention
in the Prefrontal and Posterior Parietal Cortices”

Earl K. Miller and Timothy ]. Buschman

We reported latendies for Larget selection based on the earliest neurons to show effects, which Schall ef al. mistakenly
compare tolatencies based on population averages. We show that there are actually no discrepandies across stu dies and
also discuss the relative merits of single-electrode versus multiple-electrode approaches,

Full text at weww.scienc emag.orgfcgic ontentful 31858474 4¢

Searching for some

fresh ideas about

science education?

Find answers in Science's Education Forum.

The Science Education Forum is a dynamic source
of information and new ideas on every aspect of

science education, as well as the science and policy
of education. The forum is published in the |ast

issue of every month and online, in collaboration
with the Howard Hughes Medical Institute.

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

1
L
2
A
DV :
3
0
A
? o
o
? R
Across:
2. Toimpart knowledge
&, The scence of matter
5. A method for trying or assessing
Down:
1. Place equipped to conduct scientific experiments
3. Variety: multiformity
1530 4 M Snuap ‘i Apsiasp Cf yaead 7 hacitioge) 1

What's your perspective?

Do vou have ideas or research you'd like to share
in the Science Education Forum? We're now looking
for thoughtful, concise submissions (around 2,000
waords) far 2007.

To submit your paper, go to:
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Biomarker
Discovery
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LIVE

on June 20,
2007

Discovery of Antibody
Biomarkers for Cancer
and Autoimmune
Disease

Participating Experts:
Eng M. Tan, M.D.
Scripps Research Institute
Michael Snyder, Ph.D.
Yale University

Paul Predki, Ph.D.
Invitrogen Corporation

Moderator:
Sean Sanders, Ph.D.

Commercial Editor, Scierce

Join our panel of experts to:

= |eam about the promise of
autoantibodies as biomarkers
for cancer and autoimmune
disease.

= Obtaininsight into how to
advance your biomarker
discovery research using
proteomics approaches.

# Hearabout successful
application of protein arrays
to biomarker discovery in
ovarian cancer.

To view on demand, go to

www.sciencemag.org/
webinar
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ENVIRONMENT AND HEALTH

On Sickness and Surroundings

Peder Anker

nvironmental health and

justice have moved to the

center stage of ecological
concern. The current debate first
flared with the dramatic events at
Love Canal near Niagara Falls,
Mew York, That polluted land-
scape became the scene of a social
call to action against lethal living
conditions that culminated in the
1980 evacuation of the Love
Canal community, Phil Brown's
Toxic Exposwres documents the
social movements that subse-
quently arose to improve people’s
environmental health in many
other locations. Asthmahasbeena
core Issue for this movement, and
Gregg Mitman's excellent study
Breathing Space explores old and
recent efforts to find relief for suf-
terers within allergenic landscapes.

The environmental health and justice
movements brought new academic perspec-
tives that address issues related to risk percep-
tion, landscape history, and the dynamics of'a
democratic society. They generally focus on
the social and ecological complexity of envi-
ronmental health problems, and they tend to
conclude that one should seck interdiscipli-
nary answers and solutions. Instead of equat-
g an illness with the effect of a precise cause,
as medicine tends to do, Mitman (a historian
of science and medicine at the University of
Wisconsin, Madison) recommends paying
greater attention to the social and ecological
relationships of diseases, Brown (a sociologist
at Brown University) also emphasizes social
and ecological complexity in dealing with
toXIC exposUres.

The call for complex analysis tends to
backfire when polluters answerwith the same
appeal to the complexity of their social or
financial situations. Both authors readily
admit this and recognize the importance of
finding simple solutions to urgent problems.
A quick medical or technical fix to toxic pol-
lution is more helptul to those people
exposed than ten sociological or historical
studies. Yet swift scientific solutions lead to a

The reviewer is at the Forum for University History,
University of Oslo, Post Office Box 1008 Blindern,
MNO-0315 Oslo, Norway. E-mail: peder.anker @ifu. uio.no
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state in which one 1s deal-
ing only with the symp-
toms and not the under-
lying causes. As Mitman
points out: “We take a pill
or a puff, feel better, and
comveniently ignore how
that chemical moving in-
side our bodies connects us
to a larger political econ-
omy and ecology of aller-
gic disease.” Itis in locating
these background issues that
sociologists or historians of
science may be of help tothe
scientific community,
Brown's sociological
study shows the importance
of laypeople’s identifica-
tion of toxic exposure and
challenges to established
medical perspectives. He analyezes three very
different cases to demonstrate this: social
movements addressing breast cancer, asthma,
and Gulf War illness. In all three arcas, he
demonstrates, grassroots activity and mobi-
lization played key roles in generating new
scientific knowledge, finding solutions, and
helping victims, Dealing with these toxic
exposures required crossing specialist, social,

and economic barners. He explains why it is
more likely that social. scientific, and policy-
related answers to toxic exposures will be
found when questions arise from those who
have been exposed. Brown'’s argument 1s par-
ticularly convincing in his analysis of breast
cancer, where he documents the importance
of a social (as opposed to individual) call to
action, the value of laypeople raising scien-
tific questions, and the force of ground-level
political mobilization among women,

In his analysis of asthma, Brown claims
that “attention to the new asthma epidemic
comes from empowered laypeople who are
concermed about environmental triggers of the
disease.” This claim needs some qualification
in view of Mitman's study, which shows that
the asthmatic and allergic epidemic is an old
phenomenon dating back to financially “em-
powered laypeople™ with a different social and
political setting than those Brown discusses.
They both hold though, that the call to action
did not start in the scientific laboratory, but
instead among the victims. Indeed, the think-
ing of the environmental health movement
Brown describes looms large behind Mit-
man’s historical analysis.

A combination of scholarly and engaging
history, Breathing Space offers an allunng
account of how allergies shape people and the
environment, Mitman’s historical rescarch,
archive work, and methodology are rigorous.
His account is also witty (as in telling about
the well-to-do’s use of allergy as a convenient
justification for going on vacation: | laughed
out loud twice) and moving (as when address-

Mr. A. Wiper Weeps on a train. The hood sheltered him from the dust and smoke of the milway. Hay fever
could be addressed humorously by those with the money to afford the holiday cure.
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ing the racial bias and environmental injustice
toward the urban poor).

Mitman takes the reader through six more
or less independent stories describing how
allergies came to shape people and spaces in
the United States. He starts with the hohiday
resorts of the 1870s in which the leisure class
searching for escape from hay fever created a
substantial tourist economy in mountain envi-
ronments. At the time, allergy was understood
as a functional nervous disease best cured
through travel to landscapes and hotels of
letsure, Mitman turns this social history of
allergy into an enwvironmental history, arguing
that the upper-class escape reshaped holiday
landscapes into anything but allergy-safe
places. Allergenic plants such as rasweed fol-
lowed the infrastructure of large hotels (e.g.,
trains, roads, vegetable gardens, and tree cut-
tings ). Mitman shows how botanical research
into the life and spread of the giant ragweed
{Ambrosia trifida) led to medical investiga-
tions ofits allergenic powers. From these stud-
ies came new understanding of the impor-
tance of its pollen. followed by a social “war
againstragweed” in the form of massive clear-
ings and subsequent “vaccine” of nature in the
torm ot herbicides.

Inspired by environmental justice method-
ology, Mitman develops a novel way of ana-
Iyzing the urban history and ecology of ghetto
cultures in New Orleans and New York City in
the 1960s and 1970s. Instead of pinpointing
one cause of asthma, the cockroach—which
incvitably led to a narrow focus on its eradica-
tion—Mitman untangles a web of environ-
mental, racial, social, and economic factors
to explain the causes of allergies among the
poor. Equally interesting is his history of air-
conditioning and other attempts to engineer
pollen- and dust-free indoor environments as
refuges from allergic diseases. In these pages,
Mitman argues that the one-size-fits-all tech-
nological fix of air-conditioning could not
provide an asthma-safe zone inside buildings.

Meither could the billion-dollar pharma-
ceutical industry, to which Mitman devotes
the last part of his book. Taking medicine
aganst allergies, he argues, 15 an escape from
place. In addition to addressing medical treat-
ments of the body, the book offers a plea for
addressing land use, the urban matrix, and
building construction as well as the social and
cconomic inequalities that in combination
create an environment triggenng allergic reac-
tions, “Allergy is not a thing but a relation,”
Mitman stresses, and consequently one needs
to take a broad social and ecological approach,

In reading these books, | was struck by
their Amerocentric focus. Brown discusses
the ULS. “environmental health movement.”

and in telling about “our lives and landscapes™
Mitman only includes Americans. As the
forces at work-—plants, insects. animals, peo-
ple. pollution, money, companies. politics,
social movements, science—move around on
a global scale, there 15 an urgent need to dis-
cuss emvironmental health concerns on the
same international level.

Brown and Mitman show that environ-
mental health advocacy groups have shaped
not only the political and social dynamics of
rescarch but also the ways in which land-
scapes and society evolve. Their focus on the
broad circumstances of scientific develop-
ments is both timely and important, Tavie
Exposures and Breathing Space demonstrate
that dreams about solving environmental
problems through one medical or technologi-
cal fix come at the expense of understanding
the underying social and ecological complex-
ity of a problem.

10,1126 science. 1145071

THEATER: MATHEMATICS

Variations on a

Theorem
Louise Whiteley

math lesson in southern India, circa

1900. The teacher is explaining what

happens when you divide a number
by itself—if you have ten
fruits, and divide them between
ten people, ecach gets one,
Likewise witha thousand fruits
and a thousand people. and for
any other number vou might
care to mention. Srinivasa
Ramanujan, a young boy al-
ready displaying unusual talent
and a fondness tor asking diffi-
cult questions, challenges:
“But 15 zero divided by zero
also one? If no fruits are divided
among no one, will each still
get one?” ().

Ramanujan had put his fin-
ger on something that has trou-
bled scholars as long as symbols have been
used to stand for numbers: does zero really
belong on the number line? How can some-
thing be nothing? Brilliant but unorthodox, he
struggled to conform to the academic system

The reviewer is at the Gatshy Computational Neursdcience
Unit, University College London, Alexandra House, 17
Queen Square, London WCIN 3AR, UKL E-mail: louisew@

gatsby.ucl.ac.uk
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Conceived and directed by
Simon McBurney, devised
by Complicite
Co-produced by Complicite,
barbicanbited7, Wiener

Festwochen, Holland
Festival, Ruhrfestspiele, in
association with Theatre

Royal Plymouth. Barhican
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BOOKSETAL

Srinivasa Ramanujan (Shane Shambhu) and
G. H. Hardy (David Annen).

in India and to attract the attention of the
British establishment. Finally, in 1913, a let-
ter from Ramanujan arrived in the tweedy
lap of Cambridge mathematician G. H.
Hardy, who recognized his genius and excit-
edly issued an invitation.

As a Brahmin, Ramanujan’s religious
beliefs forbade him leaving India, but even-
tually lms mother received a vision that
allowed him to follow his ambition to
England, just as thousands of years before
the concept of zero had traveled from East to
West. A Disappearing Number, a play from
Complicite and director Simon McBurney,
tells the story of the famous collaboration
that resulted—and of Ramanujan’s ulti-
mately tragic attempt to find
mntellecal fulfilment in cold
wartime Cambridae,

The production follows
Hardy and Ramanujan—along
with an array of present-day
characters including math lee-
turer Ruth, her husband Al, an
Indian call center worker, and
a particle physicist—in their
struggles with loss. perma-
nence, and identity and on
Journeys to and from India.
The multiple narratives are
knitted together through the
use of repetition, overlap, and
some ingenious staging. Pro-

jected scenes are used to evoke different

places and times, and ordinary objects such
as chairs are used to link them—serving as
cars, trains, and airplanes; as dance part-
ners; and even as the subject of musings on
the essential nature of reality.

Al and Ruth’s relationship is used to help
the audience follow the math. We attend
Fouth's lectures along with Al and follow his
attempis to understand the ideas she is so pas-
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sionate about. One night, after Ruth has been
trying to explain the infinite convergent series
[+ 1/2'+ /22 + 1/ + /2% /24 .. =2, Al
suddenly exclaims that he understands: “In
the end. it adds up to two!" No. says Ruth frus-
tratedly from under the bedcovers. there 15 no
*“in the end”; the series adds up to two only in
mtimty. Later, alluding to her longed-for preg-
nancy, Ruth quips that the series might in fact
add up to three, making the audience
complicit in a mathematician’s joke.

As is de rigueur for any film or play
about mathematics, numbers are every-
where: in flight times, telephone num-
bers, turbulence, and the ripples on
water. But the production also focuses
on the links between the human themes
it explores and the meanings of mathe-
matical concepts integral to Ramanujan’s
work, such as infinity, nothingness,
convergence, and partiion. Mathematic-
ians might complain that there is too
much semantic slip here. For example, con-
necting the concept of infinity to the charac-
ters” desire to “leave something behind™ doesn't
really encompass the mysterious boundlessness
that Al struggled to understand. But for the
most part the two genuinely illuminate each
other, both enriching the narrative and bnng-
g the math alive.

Hardy believed that pure mathematics was
a creative endeavor: as a poet makes patterns
out of words, a mathematician makes patterns
out of ideas (2, But in mathematics as well as
in the arts, the process of pattern-making can
be contentious. Ramanujan is famous for
reaching his theorems through amazing leaps
of intuition, which were baffling to Hardy,
raised as he was on a striet diet of logical
proofs. A scene in which Ramanujan scrawls
off theorems at breakneck speed. while Nitin
Sawhney's mathematically infused tabla music
and Kathak dance unfolds around him, per-
tectly illustrated this and reflected the mixture
of imaginative leaps and thorough research
that characterizes Complicite’s recent work.

It has been said that Hardy immediately
recognized that Ramanujan’s theorems must
be true. because they were beautiful. A
Disappearing Number may not enable us to
look at an equation and see that it is beautiful.
However, through our encounters with char-
acters who can, we get some intriguing, and
moving, glimpses of what this might mean,
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SPACE EXPLORATION

How a Race Was Won

g are now in the grips of a 21st-
century space race, as many na-
tions set their sights again on the

Moon and then Mars, But 50 years after the
launch of the Sputnik satellite, the first man-
made object to orbit
Earth, what might we
leamn from that achieve-
ment and the subse-
quent competition
to dominate space it
triggered? Why, after
the early Soviet lead,
was it the Americans
who first walked on
the Moon?

In Epic Rivalry,
Von Hardesty and Gene
Eisman (respectively, a curator and a re-
searcher at the Smithsonian Institution’s
MNational Air and Space Museum) weave
together histonical details
of the events that led to
Sputnik’s launch in 1957
and its subsequent 1m-
pact on the human psy-
che. Following World
War I, German missile
technology was upgraded
in parallel projects led in
the United States by
immigrant Wernher von
Braun and in the USSR
by Sergei Korolev. Both
visionary engineers had
the same goal: to fire
a ballistic missile into
space orbit during the
Intemational Geophysical
Year, 1957, With Sputnik’s
successful launch, Koro-
levs team won the compeftition, perhaps
because of his boldness in building a
more powerful rocket capable of lofting
large payloads.

Spumik’s orbit not only captured the pub-
lic’s imagination—people around the world
marveled at it streaking across the night
skics—but also mstilled fear. The Americans
in particular saw its global reach as a distinct
threat. They responded by rapidly expanding
their own space program. Although the
Soviets” Luna 9 was the first craft to make a
soft landing on the Moon, their program
slipped into disarray—particularly after
Korolevs untimely death in carly 1966—and
was eventually overtaken.

Hardesty and Eisman emphasize the dif-
ferent political approaches of the two coun-
tries. The communist Soviet Union could
muster an effective work force. which tri-
umphed under Korolevs inspirational leader-
ship. But perhaps, they argue. its workers
lacked the personal drive of the more mdivid-
ualistic Amenicans. Moreover, the entire Soviet
project was shrouded in military secrecy.
even located in a secret spaceport, Baikonur.
Cosmonauts didn’t grumble but gamely
scaled themselves in their orbiting tin cans
“like Spam,” parachuting out individually as
their capsules crashed to Earth in the Siberian
snow, The more autonomous American astro-
nauts demanded manual controls so they
could wrestle the capsule down safely into the
sea. The characters of the crews, mostly
drawn from military test pilots, are striking
for their bravery. All were extreme risk takers,
astonishingly willing to gamble their own
lives simply for the excitement and challenge
of flying in space.

Today, the authors point out, such nsks are
deemed less acceptable, and space explo-

First out of the gate. The Soviets launched Sputnik 1 on 4 October 1957,

ration has become an international collabo-
rative exercise. The American style of carry-
ing out space travel fully in the public glare
has meant that appetites for failure are small,
and accidental losses weigh heavily. The
competitive aspects are, however, still alive
in the private sector, with cash prizes driving
the development of space technology and
private space travel being a real possibility.
The roles of national leaders in setting direc-
tions are also still relevant, as is pride. With
more players at the table, let us see where the
next space race will take us.

~]Joanne Baker
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SUSTAINABILITY

Learning from 10 Years of Climate
Outlook Forums in Africa

Anthony G. Patt,'? Laban Ogallo,® Molly Hellmuth*

representatives from gow-

ernment munistrics, non-
governmental organizations, and
businesses held the first regional
Climate Outlook Forum (COF),
in Kadoma, Zimbabwe. Their
goal was to negotiate a seasonal
climate forecast, providing an
indication of rainfall 3 to 6 mon-
ths in advance, that would be
useful in climate-sensitive sec-
tors. such as agriculture, food
security, health, and water-
resource management. We de-
scribe examples of the uneven
progress toward this goal dur-
ing the 10 years since then and
suggest lessons that apply to
current efforts to promote sus-
tainable development, climate-
change adaptation, and disaster
risk reduction n Africa,

By the 19%0s, scientists had
developed models to predict
El Nifio—Southern Oscillation
(ENSO), a multiannual cyele
in the tropical Pacific Ocean
(1), and had identified climate
anomalies in Africa associated
with its different phases (2).
During an El Nifio. for exam-
ple. much of southern Africa
often experiences low seasonal
rainfall and poor crop yields
(3). Although models could
not predict particular weather
events more than about 10 days
in advance, they could forecast
likely seasonal conditions.

It was still unclear to the COF organizers
(Note 51 in Supporting Online Material),
however, whether people would trust the fore-
cast and use it to improve decisions (4). The

In 1997, meteorologists and

Unternational Institute for Applied Systems Analysic
Laxenburg 2361, Austria. ?Department of Geography and
Environment Boston University, Boston, MA, USA.
fintergovernmental Authorty on Development Climate
Prediction and Applications Centre, Nairobi, Kenya;
“International Research Institute for Climate and Society,
Columbia University, New York, NY, USA,

*futhor for correspondence. E-mail: pati@iiasa.ac.at

Rainfall Forecast

for Southern African Mainland
December 1997-March 1998

Percent
likelihood

As new projects and programs are proposed to
promote climate adaptation and disaster risk
reduction in Africa, it is important to learn
from the successes and failures of the Climate
Outlook Forums.

suit by holding COFs in Feb-
ruary and May of 1998, respec-
tively. Since then, COFs have
taken place annually or bi-
annually in three African reg-
ions, as well as in regions out-
side of Africa.

Unfortunately. the first ef-
forts to apply forecasts were not
encouraging. In mid-1997, El
Nifo conditions had led to a
forecast of likely dry conditions
over most of southern Africa.
The response in Zimbabwe was
that banks restricted credit, and
farmers reduced their planting.
When near-normal rains actu-
ally fell in much of the country,
national-level harvests suffered
because of the anticipatory

Al | :
DO/ Hoitha action (35), and people accused
Mear narmal S . . .
the COF organizers of having
Below normal .
misled them (6),
; Lack of trust in the forecast
3 > Maost likely conditions created its own problems. War

i ; -
ﬁb = — dry

The seasonal forecast: Climatologists categorize the total guantity of seasonal rain-
fall as above normal, near normal, and below normal, defined for each measurement
station such that historical measurements fall within each category, or tercile, with
equal frequency. Based on how ENSO and other external factors affect different geo-
graphical zones, forecasters can depict the likelihood of rainfall falling within each
tercile for the coming season, as well as the most likely outcome within each zone. The
gray zones indicate areas where the eflect of external factors is slight, and hence the
probabilities remain at one-third for each tercile. This type of forecast provides poten-
tially valuable information for a large geographical area, but can be difficult to use for
many management decisions. Users need access to local historical data to know what
range of actual rainfall each tercile represents, and then to incorporate this infor-
mation into a probabilistic decision-making framework.

COF addressed the issue of trustworthiness
by negotiating a single consensus forecast
for the entire region (see figure, above),
which would have the backing of the regional
Drought Monitoring Centre (DMC) in Harare
and the participating countries’ national
meteorological and hydrological services
(NMHSs). They addressed the issue of fore-
cast use by holding roundtable and panel dis-
cussions with potential forecast users. The
COF generated enthusiasm among those who
attended and East and West Afnca followed

depleted Ethiopian food stocks
in the late 1990s, and people
feared that a drought could trig-
ger famine. Sea surface tem-
peratures in 1999 led to a fore-
cast of likely dry conditions.
But humanitarian organiza-
tions were unwilling to commit
resources on the basis of proba-
bilistic predictions, and relief
efforts only began after the
rains had failed, costing several
months” time (7).

The use of forecasts has
been a learning process, and
the positive examples that emerged include
the following five. As in 1999, the 2002
forecast in Ethiopia predicted a high likeli-
hood of drought, suggesting the need
for food relief. In contrast to 1999, an
emergency management team began meet-
ing shortly after the COF to identify spe-
cific actions (), and donors were willing
to begin making commitments before the
situation had grown critical (Note 82),

In a pilot project in Mali operating since
1982, agricultural extension officers helped

wet
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farmers to base their decisions on forecasts
of weather 10 days ahead (Note S3).
Seasonal forecasts were also used. once
they became available in 1998, A 2004 sur-
vey found income gains of 10 to 80% when
participating farmers were compared with
a control sample (8). A pilot project in
Zimbabwe (2000-05) also showed gains
from forecast use (Note 54). In collabora-
tion with the agricultural extension service,
the first author of this article held preseason
climate workshops each year in four vil-
lages, inviting a random sample of subsis-
tence farmers to participate. Postseason
interviews revealed that farmers who made
specific decisions on the basis of the fore-
cast benefited, with gains in yields averag-
ing 9% (¥).

In 2001, Metéo France began to provide
seasonal catchment forecasts for the Man-
antali Dam in West Africa, working with
the dam authority to develop a manage-
ment model for seasonal commitments in
power generation and agriculture (Note
85). In the preoperational phase of the
project, use of a model based on the fore-
cast, rather than historical records, im-
proved dam management considerably,
and forecasts are now being used for actual
dam operations (1)

Starting in the 1990s, the World Health
Organization (WHO) began exploring the
potential for climate information to guide
malaria prevention and control efforts. A
series of studies showed how malaria trans-
mission rates are related to climatic condi-
tions ({1, 12). The International Rescarch
Institute for Climate and Society (IRI),
WHO, and DMC-Harare launched the
Southern African Malaria Outlook Forum
{(MALOF) in 2004 (Note S6). The strategies
developed at the MALOF influenced deci-
sions and appear to have led to marked
reductions in mortality and morbidity the
following year (§).

Experience suggests three necessary
conditions for forecasts to be useful. First,
forecasts must provide information that is
specific to particular users’ needs, going
beyond tercile probabilities (/ 3). To predict
crop yields, for example, one has to com-
bine the forecast with indicators such as
soil moisture (/4). Scasonal forecasts
could be uscful for planning power gencra-
tion in East Africa (/3, 16), but there is no
formal operational use of forecasts because
the information currently available is not
catchment-specific. One factor explaining
the successful response to the forecasted
tood insecurity for Ethiopia in 2002 was
the development, shortly afier the COE of

scenarios and specific action plans,

The second condition is institutional:
Forecasters need to work in parmership
with potential users to develop and inter-
pret forecasts (7 7). The MALOF provides
a good example. Public health organiza-
tions and forecasters organize each year’s
meeting. This has resulted in greater atten-
tion to historical climate and real-time
weather data, which are often more rele-
vant for malaria control efforts than the
prescason forecast. The COFs, in contrast,
have adapted less to user needs. Agri-
cultural and food security planners have
repeatedly identified the need for addi-
tional information, such as anomalies in
the dates of rainfall onset or cessation. But
such users have participated little in plan-
ning the agendas and forecasting activities
for subsequent COFs, and attention has
remained focused on predicting seasonal
rainfall totals.

Inclusive communication is the third
condition, because probabilistic forecasts of
climatic anomalies are so hard to understand
(18). A study of farmers in South Africa
found that most people misinterpreted
many of the basic forecast terms (/9). In
Zimbabwe, farmers who had participated in
preseason forecast workshops were five
times as likely to have changed decisions
because of the forecasts as those who had
learned the forecast from the media (9).
Radio may be the most efficient communi-
cation medium in Africa, but organized
listening groups, like the workshops in
Mali and Zimbabwe, improve comprehen-
sion (2. Communication also needs to
cover the forecast’s reliability. A survey of
South African water managers found that
few understood or trusted the forecasts’
reliability enough to use as the basis for
decision-making (21).

Improving the capacity for forecast use
may be an effective way for Africa to prepare
for chimate change (22), and several organi-
zations engaged in development, disaster
risk reduction, and climate-change adapta-
tion in Africa are now launching programs
that will incorporate climate forecasts into
their activities. The largest of these, a part-
nership between the African Union, the
United Nations Economic Commission for
Africa, the African Development Bank,
the United Kingdom Department for Inter-
national Development, and the Global
Climate Observing System, intends to spend
up to 5200 million over the next 12 years to
spread out the use of climate information
to help achieve the UN. Millennium
Development Goals.

The success of these new programs will
depend on developing user-specific fore-
casts and interactive commumication, but the
emerging enthusiasm among development
and humanitarian organizations creates the
appropniate institutional conditions for
parmerships with forecasters. Whether what
follows i1s additional sector-specific meet-
ings, like the MALOF, or shared responsi-
bility for the multisector COFs, it may now
be possible to extend the limited benefits of
scasonal climate forecasts to reach many
more people.
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Sputnik and the Soviets

Roald Sagdeev

¥ launching a modest spherical
B capsule called Sputnik on 4 October

1957, the Soviets had no ambitions at
all to shock the world. It was simply another
routing test for the first intercontinental ballis-
tic missile, known as R-7 [([), p. 195]. Five
preceding attempts failed to bring conclusive
results, and the Kremlin desperately needed
success. After the first explosions of Ameri-
can atomic bombs in the summer of 1945, the
Soviet leadership under Stalin was paranoid
over the perceived vulnerability of the USSR
to nuclear attack. The United States not only
had nuclear weapons and heavy bombers; its
bases encircled the Soviet Union from loca-
tions in Europe, Turkey, and Japan. Yet the
geostrategic configuration of the USSR did
not favor a symmeirical approach with
bombers. Rockets seemed the best asymmet-
ric response to close the window of vulnera-
bility. The Soviet nuclear bomb had already
been tested m late 1949, and Andrer Sakharov’s
team was actively engaged m developing the
ultimate weapon, the hydrogen bomb. If only
the delivery vehicle had been available.

That dream gained momentum with one of
the lessons Stalin took from the Second World
War: Even the imperfect V-2 rockets the
CGiermans kept lobbing at the Brinsh became
weapons of terror. With the Red Army entering
East Germany, a large team of Soviet rocket
engineers and technicians—including future
heroes of the Space Age Serpei Korolev and
Valentin Glushko—descended in 1945 on
Peenemiinde, the birthplace of the V-2. In the
bombed-out runs, the Soviets picked up every
remaining piece of hardware and documenta-
tion (7). The Soviets, along with the remaining
Crerman rocket scientists and engineers. had to
act like archaeologists to reconstruct Wernher
von Braun's secrets, [t took 18 months torepro-
duce the entire rocket design and finally suc-
cessfully launch one. Then, in 1947, the Soviets
shipped everything (including the key German
personnel ) to Russia, where a modified V-2 was
produced and assembled. Both Korolev and
Glushko were promoted to lead a much larger
cffort to develop a rocket program, This was
quite a change for people who, until less than 3
vears before, had been prisoners of the KGB's
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The launch of Sputnik startled the world but
did not lead to a healthy Soviet space program.

Shocking satellite. Postcard from 1958 commemorating the launches of Sputnik-1 and Sputnik-2. Although
reported as a routine matter in the Soviet press, the launch of Sputnik-1 shocked the world,

sharaga, a gulag where the inmates worked as
intellectual serfs on defense projects.

The design of R-7 was initated in 1953
make a delivery vehicle for Soviet hydrogen
bombs, At that time Sakharov and his col-
leagues did not vet know how heavy the war-
head was going to be. The figure given to the
rocket team was soon discovered to bea huge
overestimate, and so the original R-7, later
modified and renamed a few times, is still kept
as an indispensable workhorse of the Soviet
{now Russian) space program. Under the name
“Soyuz" this rocket serves when needed as the
lifeline for the International Space Station.

The work on R-7. the biggest liquid-pro-
pellant rocket of the 1950s. was under way
when Korolev, urged by the leaders of the
Soviet scientific community, persuaded the
government to let him build and launch the
first human-made object ever to orbit Earth.
In May 1956, the Kremlin, in response to
that request and in conjunction with the Inter-
national Geophysical Year (1GY) of 19571958,
adopted Korolev’s plan as part of the R-7 pro-
gram. This intent was confirmed in an official
statement in September 1956 [(3), p. 4].

Although the Sovict press had announced
the news about the launch of Sputnik-1 in a
rather routine and businesslike fashion. the

world was surprised and shocked. 1 had just
started work at a classified location, which
later became the Kurchatov Institute of Atomic
Energy, We had no idea about the coming
launch, and our reaction was surprisc mixed
with a feeling of pride (2).

Khrushchev quickly discovered that this
was a new political propaganda vehicle and
demanded another immediate spectacle for
the eve of the 40th anniversary of the Great
October Revolution (see the figure). The
launch of Sputnik-2 was scheduled for 3
November 1957, This left no time to prepare
even a modest scientific payload dedicated to
the IGY program. As the veteran of Soviet
rocketry Boris Chertok would later remark,
the result was a death sentence for a poor dog
named Laika, sentas akamikaze passenger on
that lavmch [(/). p. 198].

Sputnik-1 did not carry scientific instru-
ments, and there would have been no practical
scientific output had it not been for the indirect
data onthe gradual evolution of Sputnik’s orbit
due to atmospheric drag force. This phenome-
non enabled researchers to reconstruct the
atmospheric density at the satellite’s altitude.
With that, the whole of Earth's outer atmo-
sphere became an object of scientific research.
The USSR Academy of Sciences immediately

www.sciencemag.org SCIENCE VOL318 5 OCTOBER 2007

31



PERSPECTIVES

52

started lobbying the government and the space
mdusiry for the opportunity to develop scien-
tific instrumentation to be launched into
space. Korolev firmly promised that a third
Sputnik would be dedicated to scientific
experiments. This came not a moment too
soon: Despite imitial setbacks, the American
program was rapidly acquiring momentum,
Scientific competition in space, on top of the
mulitary rocket race, was imminent.

In the spring of 1958, Korolev ran the last
briefing before the final green light for the
launch of Sputnik-3. [t carried the first impres-
sive collection of scientific instruments, cach
of which was reported to be functioning nor-
mally. However, trouble was discovered in a
tape recorder, whose function was to gather
and store the science data, The scientists were
alarmed and wanted to postpone the launch. To
their great disappointment, Korolev ordered
that the countdown begin—and the tape
recorder did not work in orbit. Consequently,
the science data came only from the area of
direct radio contact with the satellite. And
within this area the cosmic ray detectors sig-
naled extreme levels of enhanced radiation.

Did it embrace the whole planet at altitudes
above the armosphere? With the lack of data,
there was no way to tell. A few weeks later in
[958, a cosmic ray detector was launched to
scan every bit of the satellite’s orbit. but it was
an Amencan launch (4). It brought one of the
most interesting developments of the early
space era: the discovery of radiation belts, now
named after James A. Van Allen.

A few years later, in conversation with
one of the Sputnik-3 scientists, Korolev made
a confession. On  that unfortumate day,
Khrushchev reached him on the phone at the
Baikonur launch site. He said that the ltalian
Communist Party leaders had urged him to do
something spectacular before the Italian parlia-
mentary elections the next day. The priorities
were thus established. Science was not simply a
poor relative of the military-industrial com-
plex, but a hostage to high-level politics too,

After Sputnik, the two superpowers in
the Cold War embarked on very different
approaches. The Soviet Union, by virtue of its
closed system. did not establish a space pro-
gram that was independent of the military.
There was no legislation even remotely similar

to the United States™ 1958 Space Act, which
instituted NASA as a civilian agency. The Soviet
mulitary owned and operated every launch site
aswell as the network of ground control centers.
Planning and oversight for all aerospace pro-
grams was performed by departments and min-
isties of the Commumist Partys Centrml
Commuttee. Everything in the country’s every-
day life beyond defense contracts was given sec-
ondary priority. In certain arcas of military tech-
nology, and with an almost unbearable burden
on the Soviet economy, sometimes this ap-
proach did bring impressive results. But as we
know, this modus vivendi finally proved unsus-
tainable, and not only in space programs,
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Science and Sputnik

John C. Mather

child of the atomic age, | was

born a year and a day after
liroshima, but | grew up in

the seclusion of the Rutgers Agri-
cultural Experiment Station, a mile
from the Appalachian Trail. Science
seemed exciting and a little dangerous,
but not the force that would guide the fate of
nations. Then in October 1957, Sputnik was
launched. and America went into a frenzy. In
1958 Congress created NASA, in 1960 the
(nonexistent} missile gap with the Soviet
Union helped elect John Kennedy as presi-
dent, in 1961 Kennedy endorsed NASA'S
Apollo program to go to the Moon before the
decade was out, in 1962 there were Soviet
missiles in Cuba, and a year later Kennedy
was assassinated. The Apollo program was
one side of an arms race that led to the col-
lapse of the Soviet Union without nuclear war,
The events surrounding Sputnik stimulated
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Next generation. The James Webb Space
Telescope, scheduled for launch in 2013.
It will have a &.5-m hexagonal primary
mirror with 18 beryllium segments that
deploy after launch, and will occupy an
orbit 1.5 million km from Earth,

a rich era in satellite-based
astronomy. In 1970, at the
University of California, Berk-
eley. | embarked on a thesis
project with Paul Richards
to measure the spectrum of
the Big Bang s cosmic micro-
wave background radiation
discovered only 5 years be-
fore. Then in 1974, soon
after | left Berkeley, NASA
announced an opportunity
to propose new satellite instruments, Pat
Thaddeus, my postdoctoral advisor, told me to
call Rainer Weiss, David Wilkinson, and
Michacl Hauser, and we put together a pro-
posal to measure the cosmic microwave back-
ground spectrum and anisotropy (i.c., spatial
fluctuations). and to find the cosmic infrared
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Sputnik led to an energetic U5, space program
and new discoveries about the cosmos.

background from the first galaxies. In 1976,

NASA chose members of our team and
two other teams (from Berkeley and Jet
Propulsion Laboratory) to define the Cosmic
Background Explorer (COBE) mission (/)
and assigned Goddard Space Flight Center to
provide engineering.
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Infrared astronomy experienced a boom
during this time, thanks to Nancy Boggess
of NASA. and we owe her credit for four
major projects: the Infrared Astronomical
Observatory, COBE, the Spitzer Space
Telescope. and the Stratospheric Obser-
vatory for Infrared Astronomy (SOFIA). To
make a long story (2, 3) short, the COBE
spacecraft was launched in 1989, proved
that the background radiation has a black-
body spectrum within 50 parts per million
(ppm) and is therefore the remnant of the
hot Big Bang, that it has anisotropies at
10 ppm presumably due to the quantum
mechanics of the Big Bang, and that there is
a cosmic infrared background radiation
field twice as bright as expected. The
COBE project opened the field of precision
cosmology, which now offers new questions
like: What is dark matter? What is dark
energy? Was the evolution of the universe
after the Big Bang simple or complex? The
details may be detectable through their
influence on the polarization of the back-
ground radiation. but the questions about
dark matter and dark energy require differ-
ent approaches ().

After COBE, | worried that NASA might
never again do anything so exciting, but in
October 1995 Edward Weiler at NASA Head-
quarters asked me to work on the Next
Generation Space Telescope, to follow the
Hubble Space Telescope. This project is now
named the James Webb Space Telescope
{IWST), after the second NASA administra-
tor, who persuaded Kennedy to start the
Apollo program, and built up space science
capabilities within NASA and universities.
The JWST has reached technological matu-
rity and is on its way to launch in 201 3 (see the
figure). The telescope will carry out infrared
observations, from (L6 to 29 pm, that even the
mighty Hubble could not undertake. Most of
this wavelength range cannot be observed
from the ground, and the JWST will be far
more sensitive than the Hubble and Spitzer
telescopes that preceded it. The European
Space Agency and Canadian Space Agency
are contributing major components (3).

With the JWST, future observers might
study the first objects to form after the Big
Bang, the formation of galaxies like the Milky
Way, the formation of stars and planets, and
the development of planctary systems capable
of supporting life. The JWST is built with
unclassified technology, but without the
national investment in detectors and space
optics for military and surveillance purposes,
the JWST could not be built. Swords are
sometimes beaten into plowshares.

What does the future hold for science, and

the world? One doesn’t have to be a rocket
scientist to know that science, engineering,
and management are all required for the
challenges of energy supply. environmental
quality, and public health. Management of
catastrophic events, from bridge collapse to
wars, from volecanoes and earthquakes to
tsunamis, storms, droughts, plagues, and
killer rocks from the sky. is not out of range
of human capability. If we can put a man
on the Moon, why can’t we do these other
things? Technologically, we can, of course.
Although there is no simple process for
achieving worldwide consensus and taking
worldwide action, nothing concentrates the
mind like clear and impending doom.
Perhaps climate change and energy supply
will be the Sputnik for the next generation.
As to the long-term outcome, ['m cau-

PERSPECTIVES I

tiously optimistic. Kennedy challenged the
United States to go to the Moon, not because
it was easy. but because it was hard and the
nation responded. NASA’s mission contin-
ues to expand the human sphere, both by
observation and by travel, and I can imagine
no discovery more tundamental than life on
other planets, here in the solar system, or
around some other star,
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Sputnik and Satellite Astronomy

Giovanni F. Bignami

After Sputnik, European researchers emphasized basic research over politics and made important

discoveries in space-based astronomy.

ew sounds have turned out to be more
Fintcruatinnal than the “bip...bip" of

the Sputnik satellite (/). Sputnik didn’t
speak Russian or English when it was launch-
ed in October 1957, vet it was clearly under-
standable and immediately popular. However,
from the prestigious radio telescope at Jodrell
Bank in the United Kingdom to amateur radio
buffs in Turin, Italy, Sputnik’s signals were
regarded at least in Europe. as a tribute more
to science than to politics.

A generation of leading European physi-
cists at the time, including Henk van de
Hulst in the Netherlands, Giuseppe “Beppo™
Occhialini in Italy, and Reimar Lust in Ger-
many, immediately understood the science
potential of space. Occhialini, for example,
teamed up with an illustrious immigrant to the
United States, Bruno Rossi, to start a space
research program in Italy and Europe. the
European Space Research Organization (ESRO),
which later became the European Space
Agency (ESA). Before Sputnik, the European
school of physics had already been thinking
about a unified particle physics laboratory
(soon to become CERN) and now they
turned their attention to space.

The author is at the kstituto Universitano di Studi Superiori,
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NASA was coming together in the United
States atabout the same time. There was, how-
ever, a fundamental difference. NASA had
been created from the start to counter not only
Sputnik but also Laika the dog (1957) and
Gagarin the man (1961). Europe was not
under the same kind of pressure and could
afford the luxury of creating ESRO in 1962,
entirely dedicated to science. The European
space science program lives on today as the
sole mandatory part of ESA (created in 1975)
and is a direct legacy of the reaction to Sputnik
ofthose physicist “founding fathers.”

When space astronomy started in the
19605, the first goal was to search for high-
energy photons invisible on the ground
because they were being absorbed by our
atmosphere. These x-rays carry information
about truly fundamental processes in celestial
objects, including the life and death cycles of
stars. Enrico Fermi's Italian school of physics
deserves credit for helping invent the tech-
nology for building telescopes to gather high-
energy photons in space. Three graduates of
this school, Rossi at MIT, and Giuseppe
Vaiana and Riccardo Giacconi at Harvard led
groups that conceived and constructed x-ray
detectors and telescopes later flown in space
by NASA.

Astronomy with x-rays thus joined radio
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astronony and moved us into an era of
observing the invisible. Out of propor-
tion withits modest budget. ESA’s many
missions have contributed to discoveries
that poured inover the decades as detec-
tors covering the full wavelength spec-
trum were launched from different con-
tinents. X-rays, for example, helped us
understand the mechanisms of the solar
corona, Stars, young and old, sometimes
shine much brighter in x-rays than in the
optical spectrum, and x-ray detectors
provided a new look at their evolution
and death, X-rays have shown us how
stars collapse when they die and leave
behind cores of a new state of matter,
such as neutron stars, More important,
x-rays from space gave the first evidence
for black holes, objects so dense that not
even light can escape them. Giacconi
shared a Nobel prize for physics in 2002 for
these and other discoveries.

CGiamma-ray astronomy, another science
of the invisible, has shown us objects emit-
ting radiation that, on Earth, 1s produced only
by radioactivity and particle accelerators.
ESA’s first mission, COS-B (1975). for
example, showed the reality of “gamma-ray
stars,” that i1s, neutron stars that are only visi-
ble in gamma-rays (7).

Gamma-rays were also the protagonists of
a unique success story in space science.
During the Cold War, gamma detectors were
launched to ferret out covert nuclear tests. Sure
enough, the Vela spy satellites (a “secret”™ code
name from the Spanish “velar,” to monitor)
launched by the United States detected suspi-

Other worlds. The proposed Darwin mission is a group of four satel-
lites that will search for Earth-like planets and analyze their atmo-
spheres for chemical signatures of life.

cious bursts of gamma-rays. However, they
came from the sky and not from the USSR ( 3),
as was first disclosed at a 1973 conference
where Soviet scientists admitted observing
something similar. Gamma-ray bursts repre-
sented one of the top astronomical enigmas for
a quarter of a century until the Italian/Dutch
satellite BeppoSax (4), launched 10 years ago,
showed that the bursts onginated from enor-
mous explosions in galaxies at cosmological
distances, when galaxies wene being bomn into
a young Universe.

No one had observed stars being bom
before the development of satellite-based
infrared astronomy, which vielded the first
images of star “nurseries.” These are “warm™
(by interstellar standards, actually —200°C)

dust cocoons, collapsing to form tens
of new baby stars. Space infrared tele-
scopes, such as ESA's Infrared Space
Observatory (), have also shown that
water is abundant wherever stars are con-
ceved and. in general, that water1s every-
where in the sky. Water, we have learmed,
15 the second most abundant molecule,
after hydrogen, in the Universe. Think of
it when you go swimming: You are float-
ing in molecules that had probably been
around for some time before raining on
the newly formed Earth,

Where should we look in the next
half-century? Europe has set for itselfa
long-term “Cosmic Vision™ (6) to carry
space science to 2025, Alas, we have
discovered, like everyone else has, that
choosing is hard. We want to study grav-
itational waves and we want to under-
stand dark energy: we want to travel to Mars
and we want to explore Jupiter. We need large
interferometric telescopes in space to discover
new planets {see the figure) and we need large
orbiting collectors to catch more photons. To
make a “concord out of this discord™ is the
challenge being faced by the new generation
of European researchers.
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Feathers, Females, and Fathers

Michael G. Ritchie

Ifred Wallace, Darwin’s contempo-

rary and rival, argued that when

species hybridize. natural sclection
tavors individuals who are more fussy about
whom they mate with, which therefore
increases female discrimination of males
from difterent species (/). Modern evolution-
ary genetics has questioned the importance of
the “Wallace effect” (also known as “rein-
forcement™) because genetic recombination
between female discrimination and male trait
genes would scramble combinations of loci
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that favor speciation. Several solutions to this
have been proposed. including close genetic
linkage of such loci. A simpler possibility is
sexual imprinting, which causes a female to
prefer males that resemble her father. A study
of flycatchers by Swther et al. on page 95 of
this issue (2) has taken advantage of natural
hybradization that occurs between species of
this bird, and demonstrates that female pref-
erence for father-like males is due to sex link-
age of genes for female preferences rather
than to sexual imprinting. The linkage of
eenes that influence speciation to sex chro-
mosomes may wrn out to be a common influ-
ence on the origin of species.

Sex linkage of genes involved in adaptation
and speciation extends to birds, explaining why
females prefer males of their own species.

The evolutionary biologist 1. Felsenstein
{3) famously argued that because of genetic
recombination, there might be fewer species
of animals than we expect. In other words, if
sexual species hybndize, recombination jum-
bles up their genes such that independent sets
of loci coding for hybnd unfitness, male sex-
ual traits, and female preferences are unlikely
to crystallize out info new species. Exceptions
may occur if the gencs are all tightly geneti-
cally linked on one chromosome, Felsenstein
also recognized that a “single-allele™ solution
could facilitate speciation, In this case, allelic
replacement at one locus simultaneously
causes selective mating between individuals
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that are genetically related or have similar
characteristics (known as assortative mating ),
but it was difficult to imagine the mechanism
tor this. Sexual imprinting is one possibility
(4. 5) it a gene makes a temale prefer males
that are like her father, then the same allele
could increase assortative mating between
populations. It has been proposed that sexual
imprinting may be involved in rapid specia-
tion in the face of gene flow in birds (6) and
fish, including the dramatic radiations of
African cichlids (7).

Unlike most animals, female birds are the
heterogametic sex. having the equivalent of a
human'Y chromosome, called the W chromo-
some (so females are ZW, males 27), Col-
lared and pied flycatchers meet and occasion-
ally hybridize along a contact zone in central
and northern Europe, Hybrd females are ster-
ile but hybrid males are fertile, an example of
“Haldane’s rule” in that the heterogametic sex
{having two different sex chromosomes)
shows greater dysfunction. It also indicates
that fertility dystunction probably involves
genes on the sex chromosomes. In these
hyvbrid zones of contact, male sexual plumage
differences are accentuated and hybridization
levels reduced, providing evidence that the
Wallace effect has occurred (§). What ac-
counts for this? Female sexual imprinting on
paternal traits such as plumage differences, or

Father-like traits preferred. A male collared flycatcher feeds its chicks.
Collared and pied flycatchers occasionally hybridize in central and northern
Europe. Females develop a sexual preference for males of their own species
as a result of sex-linked genes, not sexual imprinting.

genetic linkage between preference and
trait loci?

Only up to 5% of mating pairs of flycatch-
ers in the hybrid zone are between species, but
Swether et al. realized that the resulting oftf-
spring offered an excellent opportunity to test
the mechanism underlying the inhenitance of
mate preferences. If preference genes are auto-
somal, hybrid females should have mtermedi-
ate preferences, but if the preferences depend
on the father. then hybnd females should pre-
fer males that are like their father. This was
unambiguously the case: Only 4 of 31 hybrid
females mated with a male other than their
paternal type (and hybrid males mated ran-
domly). This pattern is consistent with Z link-
age of mate preference loci (females receive
their single Z chromosome from their father,
whereas males get a copy from each parent),
but it is also consistent with paternal sexual
imprinting in females. Very neatly, Sether ef
al. disentangled Z linkage and imprinting by
examining the choice of females that had been
cross-fostered. Offspring sometimes result
from extra-pair copulations (females mating
with males of another species, or heterospe-
cific males), leading to females that are reared
by heterospecific males. The authors also
successtully cross-fostered some chicks be-
tween parents of either species. As adults,
these females mated with males of their own
species even if they had
been reared by heterospe-
cific males, ruling out sex-
ual imprinting. Although
sample sizes were under-
standably low (Sather er
al. must have been particu-
larly anxious when await-
ing the return of migratory
females the season after
the cross-fostering). the
results strongly support £
linkage. There are perhaps
alternative explanations
(such as genomic imprint-
ing. in which gene expres-
sionis influenced by which
parent the allele comes
tfrom), but they seem much
less likely.

It has been argued that
sexual imprinting is a wide-
spread phenomenon that
can increase speciation
rates (6, ¥), particularly by
reinforcement ({0, How-
ever, some models give
only ambiguous support
forthis(f{. {2), and another
empirical study failed to
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demonstrate any role in speciation (J).
Genetic linkage may be more straightforward
{(13). Previous studies of flycatchers implied
that the Z chromosome also carries loci that
influence male plumage and hybrid unfitness
(14); therefore, all these loci will have
reduced genetic recombination, facilitating
the Wallace effect. Linkage may be a more
common factor to promote this than “single-
allele” solutions. One potential case of a
single-allele system has recently been de-
scribed in the fruit fly Drosophila melano-
gaster (153), but the locus is unidentified and
very tight linkage cannot be unambiguously
discounted, A senies of hybridization studies
in a variety of organisms suggest that chro-
mosomal rearrangements such as inversions
may be another means of reducing genetic
recombination between favored gene ar-
rangements ( /6). The fact that traits involved
in sexual isolation (male traits and female
preferences) are sex-limited may mean that
sex linkage of loci is favored, as gene
expression must be influenced by the sex
chromosomes. Lepidoptera. the other major
animal group in which females are hetero-
gametic, are particularly likely to show sex
linkage of genes involved in adaptation and
speciation (/7). so it is very interesting that
Saether ef al. suggest that this phenomenon
extends to birds.

More studics with the experimental inge-
nuity of Sather er al. will be required to test
whether this is a general phenomenon, but an
intriguing hypothesis is that female hetero-
gamety and strong sex linkage might mean
that the Wallace effect is more common in
birds and butterflies than in other groups.
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Testing Hypotheses About Autism

Jacqueline N. Crawley

he Beatles™ insight, that something in

I the way you move attracts me like no
other, aptly describes how neurons
connect witheach other. Specific forms of cell
adhesion molecules expressed in neuronal
processes—a neurexin in axons and a neuroli-
gin in dendrites—attract and bind in mid-
synaptic space with exquisite sclectivity (1, 2).
The resulting synaptic connections regulate
excitatory and inhibitory transmission of
information in neural circuits (see the figure).
On page 71 of this issue, Tabuchi er al. (3)
report that mice with a mutation in neuroligin-
3 display increased activity of inhibitory
synapses in the brain. This specific mutation

— Dendrite
containing
Synaptic cleft — neuraligin
e

Axon containing neuregn

Cell adhesion and awtism. The cell adhesion mole-
cules neuroligin and neurexin bind together and initiate
synaptic connections between neurons. Alterations in

this association may be linked to autism.

was identified previously in the genomes of
two brothers with autism (4), raising interest
in the role of neurexin-neuroligin complexes
in autism spectrum disorders.

The search is on for genes that underlie
autism, a neurodevelopmental disorder of
unknown cause that is diagnosed by abnormal
social interactions, impaired communication,
and repetitive behavior (5). Concordance for
autism spectrum disorders reaches =90% for
identical twins, compared to-<10% for fraternal
twins and siblings (6, 7). indicating a strong
genetic component. Like the mutation studied
by Tabuchi ef al. —R451C, in which arginine at
position 451 in neuroligin-3 is substituted with
cysteine—many genetic polymorphisms have
been associated with autism, but cach was
found in only a few individuals, and seldom
replicated across studies (6, 7). No ubiquitous
single-gene mutation linked to the disorder has

The author isinthe Intramural Research Program, National
Institute of Mental Health, Bethesda, MD 20892-3 730,
USA, E-mail: crawley) @intra. nimh.nih.gov

yet been detected. Because multiple genes,
cach accounting for a small percentage of the
variance, typify many neuropsychiatrc disor-
ders (&), focus is now shifting to alternate
genetic strategies to reveal the genetic basis for
autism (7). The true significance of so many
unreplicated candidate genes for autism re-
mains a fascinating conundrum. A logical
working hypothesis is that many factors can
disrupt developing brain patlways necessary
for sociability, interactive communication, and
flexible exccutive function (¥).

Targeted mutations in mice offer a rational
strategy to systematically test hypotheses
about each candidate gene for autism. If the

Synapse fnrmatmn \

Neurutran smitter release

:" Postsynaptic density
D,ﬁ}* proteins stabilize the
synapse; postsynaplic

e o
== o

Synaptic vesicle recruitme nI.

_,,f:' o Gﬁ;t

———— Neurexrn 1

mutation results in a phenotype analogous to
the symptoms of autism, then that gene may
play a entical role. Because no biochemical or
neuroanatomical markers for autism are
known, the mouse phenotype is defined by
behavioral critena relevant to the three diag-
nostic symptoms of autism.

Why is it hard to develop good mouse mod-
els of autism, and why are model animals
essential? The challenge 1s to design mouse
behavioral tasks with sufficient analogies to
the three diagnostic symptoms. Fortunately,
mice are a social species, with high levels of
social interaction. Behavioral neuroscientists
are generating useful assays for autism-hike
social and communication deficits, and for
motor stercotypies, repetitive behaviors, and
perseverative habits (/0-19). A caveat is the
apparent circular logic in modeling symptoms
(face validity) without knowing causes (con-
struct validity ). In fact, perfecting animal mod-
els as mechanistic hypotheses emerge, while
investigating proposed genetic, biochemical,
and environmental factors in model organ-

receplors recruited.

b
Heumhg:n
° %F
'ﬁ

A challenging, but potentially fruitful approach
to evaluate proposed candidate genes for
autism is to study analogous behaviors in
mouse models.

15ms, is @ common iterative process at early
stages of understanding a human disease.
Altered neuronal connectivity and larger brain
volume at carly ages in autism (20) suggest
exploring genes that control programmed cell
death anddor dendritic pruning in rodent mod-
els. Poor attentional disengagement at very
young ages, detected in the Baby Siblings proj-
ect (2/1), may implicate inhibitory neurophysi-
ological mechanisms similar to those de-
scribed by the Sudhof team (3). Ultimately,
robust mouse models provide translational
tools for developing effective treatments.
Neuroligin-3 R451C mice displayed deficits
in some, but not all, of the social tasks assessed

by the authors, and not on the conventional
parameters. These mice also showed faster
acquisition and reversal in some components of
a spatial learning and memory task. a finding
counterintuitive to the resistance to change in
routine that is a hallmark of autism. The authors
are in good company. Mice with mutations in
various candidate genes for autism, and pro-
posed mbred stram models, display behavioral
abnormalifies relevant to only one or two diag-
nostic symptoms of autism, and some show
confounding physical dystfunctions (//-17).
Currently, only one strain, BTBR, appears to
model all three symptoms without confounding
abnormalities (148, 19).

Faster learning of the Morris water maze
by R451C mice is remarkable. The R451C
mutation increased the frequency of in-
hibitory synaptic events in mouse brain struc-
tures without changing the total number of
inhibitory synapses. It is intriguing to specu-
late how more inhibitory neurotransmission
during early development could improve cog-
nitive performance. As the authors state, cases
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of savant abilities are associated with autism,
but exceedingly rarely. and not in the two
brothers with the R451C polymorphism (4).
Cognitive researchers may wantto explore the
appealing notion that alterations in neurexin-
neuroligin complexes shift the balance of
excitatory and inhibitory synapses to enhance
learning and memory.
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BIOPHYSICS

Going with the Flow

Ronald G. Larson

he field of rheology—the
Tstwjy of the deformation

and flow of polvmers,
colloids. or emulsions—Ilong
had to content itself with macro-
scopic expeniments, because the
microstructures that produce the
rheological response were be-
yond the reach of experimental
tools. But now, new tools bor-
rowed from biophysics allow
these microscopic substructures
to be probed directly, as illustrated by a recent
use of optical tweezers to study the dynamics
of entangled polymers (/). Another recent
study exemplifies borrowing in the reverse
direction: the use of a microrheological tool to
study the actin filament network of a cell (7).
These examples are just a small sampling of a
growing synergy between rheology and bio-
physics that is yvielding deeper understanding
of'the dynamics of biopolymers such as DNA
and actin filaments and of conventional syn-
thetic polymers such as polyethylene.

Since the mid-1990s. long double-stranded
DMNA molecules have been widely used to
study the flow properties of polymers (3. 4).
Stained by intercalating dyes. double-stranded
DNA molecules were visualized as they
deformed, tumbled, stretched, and relaxed asa
result of flow, yielding a thorough basis for
understanding the flow behavior of dilute
polymers (5-8).

However, dilute polymer solutions, in
which the polymer molecules do not overlap,
are rare in practical applications. Far more

The author is in the Department of Chemical Engineering,
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Microsphere

Tube-shaped confining field

important are the higher-concentration re-
gimes in which polymer molecules overlap
and entangle with each other, as occurs, for
example, when molten polyethylene is blown
into plastic film or when silk solutions are
spun by spiders into a thread.

Sinee the seminal work of de Gennes (9)
and Doi and Edwards (10), theories for the
rheology of densely entangled polymers have
relied on the tube model. In this model, each
polymer molecule is confined by entangle-
ments with its neighboring molecules to
a tubelike region that roughly follows
the contorted random-walk contour of
the polymer molecule. Polymer motion
is preferentially directed along this tube
rather than perpendicular to it, with
dramatic consequences for polymer
dynamics and rheology. The tube model
has remained largely phenomenologi-

Motor-driven fluctuations. In {12), actin fil-
aments (red) were pulled by ATP-powered
myosin motors (gray) in the direction of the
arrows. The resulting tensile forces are marked
with (+); confractile forces are marked with
(-}, The cross-links (blue) link the mobile actin
chains into a soft-solid network.

A growing synergy between rheology and
biophysics is yielding insights into the flow
properties of palymers and biomolecules.

An insider view of entanglement. In (9}, a probe
DNA molecule was held stretched by two optically
trapped microspheres in a solution of other DNA
molecules, The confining tube potential (orange
region) was explored by displacing the spheres per-
pendicular to the probe chain and measuring the
resulting forces.

cal, with the properties of the confining tube
determined only indirectly through observa-
tion of polymer motion and rheological prop-
erties. However, this may now be changing.
In a recent study, Robertson and Smith (/)
attached small beads, which served as handles
for optical traps, to both ends of a smgle long
probe DNA molecule, which they mixed with
adensely entangling solution of other, similar,
DNA molecules (see the first figure). By
stretching the probe molecule to nearly full
extension using the traps and allowing sur-
rounding molecules to relax, they created a
straightened version of the tube. When both
optical traps were displaced by the same
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amount perpendicular to the tube axis, the
probe molecule was pressed into the entan-
gling chains forming the “wall” of the tube
(see the first figure).

By monitoring the slight deflections of the
bead handles from the centers of their optical
traps, the authors measured the forces exerted
on the beads and hence on the probe molecule.
The results indicate that the tube diameter
slowly grows with time, as suggested by
recent molecular dynamics simulations (/7).
Discoveries such as this are leading to a more
refined understanding of entanglement inter-
actions and should stimulate development of
quantitative theories of entangled polymer
dynamics and rheology:,

While rheology has benefited from meth-
ods and tools borrowed from biophysical
studies, microrheology tools developed for
miniaturized rheological studies are used
increasingly in biophysics. In conventional
theology. millimeter- or centimeter-size plates,
cylinders, and other geometries are used to
apply deformations and measure stress. In
passive microrheology, these are replaced by
thermal agitation, which spontaneously gen-
erates stress locally. with nanometer-scale
deformation monitored by dynamic light scat-
tering (/2) or by laser interferometry (2). In
active microrheology, optical traps are used to
apply oscillatory forces onto probe particles,
whose displacements then allow the fre-

quency -dependent viscoelasticity ofthe micno-
meter-scale environment to be probed (7).

Originally applied to colloids. polymer
solutions, and emulsions (/2), versions of
microrheology thatuse optical or atomic force
microscopy are becoming prime tools for ana-
lyzing rheological behavior at the cellular and
subcellular level in biology { 13). For example,
Mizuno et al. (2) recently used both active and
passive microrheology to study networks
of actin filaments interacting with myosin
motors (see the second figure ). At thermody-
namic equilibrium, the frequency-dependent
responses of active and passive methods were
the same. However, in the presence of an
energy source [in this case, adenosine 5'-
triphosphate (ATP)], the active and passive
methods vielded very different results at low
frequency because of large nonequilibrium
fluctuations driven by ATP hydrolysis. The
motor-driven fluctuations also stffened the
actin network by a factor of 100. This finding
may be of biological importance, because
such networks form the “'skeleton™ of the cell,
whose stiffness can be modulated through
myosin motor activity, as demonsirated for a
range of cells including stem cells ( /4).

Tools closely related to microrheology are
likely to be used mncreasingly to manipulate
single molecules of DNA and of the proteins
that wrap, cleave, repair, unwind, copy, and
transcribe the DNA (135, 16). Likewise, new

tools developed for studies of biopolymers and
colloidal forces n the cell are likely to be appli-
cable to a wide range of nonbiclogical fluids.
Thus, the fruitful exchange of experimental
and theoretical methods between the fields of
biophysics and rheology is likely to continue.
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There's Room in the Middle

Anthany K. Cheetham and C. N. R. Rao

ondensed matter researchers have
‘ traditionally focused either on in-

organic materials or on organic and
bio-materials. Much less effort has been
devoted to hybrid materials that contain both
inorganic and organic components. This has
changed in the past decade with the discovery
of crystalline hybrid materials—called metal-
organic frameworks or MOFs—that contain
cavities and channels akin to those found in
zeolites. Other recent discoveries include
hybrid framework structures that are dense
rather than porous, and systems that are more
similar to classical inorganic matenals.
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Hoskins and Robson were among the first
to combine molecular inorganic and organic
building blocks to create open networks, The
resulting topologies were often analogous to
known morganic structures such as diamond
(/). Many other highly porous MOFs have
since been synthesized (2. 3). The properties
of porous hybrid frameworks often resemble
those of classical zeolites; for example, they
can absorb gases and allow shape-selective
catalysis. However, hybrid frameworks offera
wider range of structures and properties. For
example, they can display chirally selective
heterogeneous catalysis (4). Their electronic
properties have also attracted attention (5).

Yet, apart from porous hybrid frame-
works, the field has other opportunities
to offer, Two aspects of the enormous struc-
tural diversity of hybrid framework materials
deserve greater emphasis.

Dense inorganic-organic hybrid materials offer
opportunities for creating unusual properties
or combinations of properties.

First, an increasing number of hybrids are
being discovered in which the inorganic struc-
tural elements form an infinite array in one,
two, or three directions (see the figure, top
panel) (%), (In contrast, in MOFs, 1solated
metal 1ons or clusters are connected via
organic hinkers.) Infinite morganic conmectiv-
ity—for example. metal-oxygen-metal—pro-
vides the structural basis for many key physi-
cal properties of inorganic materials, such as
ferromagnetism, metallic conductivity, and
even superconductivity. These properties are
thus likely to be found in hybrids of the kind
shown in the top panel of the figure. Further-
more, they may be found in combination with
other properties that result from the presence
of the organic components,

Second, given that the overwhelming
majority of functional inorganic materials
adopt dense structures, greater atiention
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should also be paid to dense hybrids. Dense
hybrid systems can be much more thermally
stable than their porous or molecular analogs,
especially when they do not contain water and
are thus not prone to dehydration. For exam-
ple, the dense alkaline earth tartrate (see the
tigure, bottom panel) is stable to ~400°C in mr
(10), sutticiently robust for most applications.

Hybrids with dense or extended inor-
ganic framework structures can exhibit a
wide range of physical properties. The first
example is iron(111) gallate (see the figure,
top pancl). Its structure comprises parallel
chains of corner-sharing FeO, octahedra,
which are cross-linked by the gallate linkers,
There is no significant porosity, but the
extended inorganic connectivity along the
chains of octahedra leads to antiferromag-
netic coupling, with an ordering temperature
of 43 K in the cobalt analog of this phase. In
the iron(11l) phase, there is strong charge
transfer from the gallate ion to iron, leading
to a deep blue color, This unusual material
has been used since Roman times as a dye
and pigment in cosmetics and printing, but
only recently have the onigins of its proper-
ties been understood (8, ¥).

Examples of magnetically ordered hy-
brids are now quite common among both
MOFs and extended inorganic systems, but
most of these materials order at very low
temperatures. Jain et al., however, recently
described a nickel tetracyanocthylene hy-
brid and related compounds that order ferro-
magnetically well above room temperature
(11). The perovskite-like hybrid material
[(CH,),NH,]Ni(HCOQ), (sce the figure,
middle panel) orders ferromagnetically at
about 36 K, with magnetic exchange inter-
actions that are mediated by formate bridges
(12). There are also examples of ferroelec-
tric hybrid framework compounds, includ-
ing a three-dimensional cadmium coordina-
tion polymer, based on a chiral proline lig-
and, that exhibits a saturated spontaneous
polanzation higher than that n the classical
terroelectric, Rochelle’s salt (potassium
sodium tartrate) (/3).

Hybrids with interesting optical proper-
ties are also beginming to attract attention,
especially rare earth— and alkaline earth
contaiming photoluminescent materials that
might be used as phosphors or sensors.
Mow that the synthetic procedures for
forming anhydrous framework materials
are better understood as a result of system-
atic studies as a function of temperature
and composition (6), there is amuch higher
probability that phases with sufficient sta-
bility to be used as commercial phosphors
{that is. up to 200°C in air) might be found.

Magnesium c-tartrate

Examples of dense hybrid inorganic-organic
framework structures. (Top) In iron{lll} gallate,
parallel chains of corner-sharing FeQ, octahedra
{in light blue} are cross-linked by organic ligands.
The deep blue material has been used as a dye
since Roman times, (Middle) This hybrid analog of
the ubiguitous perovskite structure orders ferro-
magnetically. Ni0_ octahedra are shown in dark
blue. (Bottom) The dense hybrid magnesium p-tar-
trate is stable in air to 400°C. MO, octahedra are
shown in blue.

PERSPECTIVES

Furthermore, in the case where the anhy-
drous materials are homochiral, as in some
alkaline earth tartrates (see the figure, bottom
panel) (/0), it may be possible to achieve
polarized light conversion.

In contrast to the magnetic and optical
properties of hybrnids, metallic and semi-
conducting behavior has been elusive, pos-
sibly because it has proven relatively difti-
cult to introduce mixed valence into these
systems. However, high conductivity (50
Sem ! at 300 K, greater than that of most
conducting polymers) has been observed in
a Cu(l) coordination polymer containing an
electron-accepting  tetraazanaphthacene
ligand (/4), similar to some organic mole-
cules found in conducting polymers. It may
thus be possible to exploit the redox behav-
ior of not only the metal ions but also the
organic ligands,

Several aspects ofhybrid framework mate-
rials have not yet been explored. Their
mechanical properties could be of great util-
ity, potentially offering hardness in some
directions and sofiness in others. There has
also been very little effort toward making
nanoparticles of hybnds, although these could
exhibit umique properties, as has been found
for certain inorganic nanoparticles.

It may also be possible to make hybrids
with properties that are rare in purely
organic or inorganic systems. Future tar-
gets in this direction should include multi-
ferroic behavior, such as the combination
of ferroelectricity and ferromagnetism,
This might be feasible, for example, in
the hybrid perovskites described above,
To adapt a famous quotation by Richard
Feynman, there can be no doubt that “there
is plenty of room in the middle.”
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INTRODUCTION

An Insider’s

[iew

THE COVER OF THIS SPECIAL ISSUE DEPICTS AVANTAGE POINT NEAR THE
surface of the cell as molecules carrying cellular signals veer down from the mem-
brane and through the eytoplasm. some diving deep to the nucleus below. The image
is apropos of the unusual and inspining point of view of the field of cell signaling
provided by an eclectic selection of topics chosen to reflect the nature of current sig-
naling research and the viewpoints of authorities who have recently contributed
detailed descriptions of cell regulatory pathways to the Database of Cell Signaling at
Science’s STKE (see www.sciencemag. org/sciext/cellsignaling07/). These path-
ways descnibe mechanisms that underlie leading causes of life-threatening diseases
{such as heart disease and cancer), control excessive stimulation of the immune sys-
tem (like that in patients suffering from arthritis), and regulate development and a
range of environmental responses in plants.

Oxygen is necessary for life as we know it, but either too much or too little oxy-
gen can lead to trouble. Semenza (p. 62) describes how cells sense hypoxia through a
mechanism that leads to activation of the transcription factor HIF- 1t (hypoxia-
inducible factor 1a), which in turn regulates the expression of hundreds of genes.
Promoting such a signaling mechanism could provide a useful strategy to combat
diseases such as atherosclerosis, in which circulation and resultant oxygenation are
disrupted. Inhibition of HIF- lee-mediated acchimation of cancer cells might provide
a strategy for combating invasion and metastasis.

Hedgehog is an unusual proteinaceous signaling molecule with key roles in
developmental patterning. As Jacob and Lumexplain (p. 66), notall the components
of Hedgehog signaling are known. Nor do we fully understand why in mammalian
cells Hedgehop signaling components are localized at the primary cilium. However,
disruption of this pathway clearly leads to developmental defects in humans, and
excessive Hedgehog signaling contributes to certain cancers.

Hawkins and Stephens (p. 64) describe signaling through the ysubtype of phos-
pheinositide 3-kinases, which link G protein-coupled receptors to the generation of
phosphorylated lipid signaling molecules. The resistance of mice lacking functional
PI3Ky to inflammatory disease has focused efforts on exploiting PI3KYy inhibitors
to control diseases such as theumatoid arthnns. Other indicanons suggest roles for
this pathway in cardiovascular disease.

Miiller and Sheen (p. 68) describe how plants use a two-component signaling
mechanism, well known from prokaryotic organisms, to respond to cytokinin, a
hormone derived from adenine. Examples of cytokinin-regulated processes
include development and growth, stress tolerance, and leaf senescence, and the list
continues to grow.

The new Connections Maps in the Database of Cell Signaling provide expertly
curated information on these complex signaling mechanisms and may enable new
insights into the pathways and help decipher the clues they offer to advance new
therapics. A participating authority recently proclaimed, *1 am excited just thinking
about what might be possible ina few years”time.” We hope you will be, too, and that
you'll share your “wish list™ with us at sigtrans-feedback @highwire stanford .edu.

-L. BRYAN RAY, NANCY R. GOUGH, ELIZABETH M. ADLER, JOHN F. FOLEY
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PERSPECTIVE

Life with Oxygen

Gregg L. Semenza

The survival of all metazoan organisms is dependent on the regulation of 0z delivery and utilization to
maintain a balance between the generation of energy and production of potentially toxic oxidants.
Hypoxia-inducible factor 1 (HIF-1) s a transcription factor that functions as a master regulator of
oxygen homeostasis and has essential roles in metazoan development, physiology, and disease
pathogenesis. Remarkable progress has been made in delineating the molecular mechanisms whereby
changes in cellular oxygenation are transduced to the nucleus as changes in gene transcription through
the activity of HIF-1. Pharmacologic agents that activate or inhibit the hypoxia signal transduction
pathway may be useful therapies for ischemic and necplastic disorders, respectively, which are the

major causes of mortality in industrialized societies.

ife with oxygen began some 2.5 billion
I years ago with the evolution of organisms
capable of transducing solar energy into
the chemical energy of carbon bonds. In this
process of photosynthesis, carbon dioxide and
water are converted into glucose, with O- gener-
ated as a side product of the reaction. Photo-
synthetic organisms prospered and multiplied,
leading to a progressive increase in atmospheric
Oz concentrations. About 1.5 billion years ago
cukaryotic organisms appeared containing mito-
chondria, subcellular organelles inwhich glucose
is oxidized to carbon dioxide and water, thereby
completing the energy cvele. Reducing equiy-
alents are generated that pass through the mito-
chondnal respiratory complex, which results in
the formation of a proton gradient that is used to
drive the synthesis of adenosine 5-triphosphate
(ATP). A third landmark, the appearance of the
first metazoan organisms, was atained ~0.5 billion
years ago. Just as the evolution of cukarvoles was
dependent on the prior establishment of photo-
synthesis, metazoan evolution was dependent on
the highly efficient recovery of energy contained
within the chemical bonds of glucose through the
process of oxidative phosphorylation, which,
compared with glycolysis, produces 18 times as
much ATP per mole of glucose and thus provides
the energy necessary for developing and main-
taining complex multicellular organisms.

The utilization of O as a substrate for energy
production is not without risk. The electrons
transfermed through the mitochondrial respiratory
chain uliimately react with Oy o form H.O, a
process that is catalyvzed by cytochrome ¢ oxidase
{complex V)., However, a fraction of electrons
escape the respiratory chain and combine with O
prematurely, resulting in the generation of super-
oxide anion, which is converied o hydrogen
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peroxide by the action of superoxide dismutase.
The oxidation of lipids, nucleic acids, and pro-
teins by these reactive oxygen species (ROS) can
result in cellular dysfunction or death. Acute in-
creases o decreases in the cellular O, concenira-
tion (hyperoxia and hypoxia, respectively) result
in generation of excess ROS (/). This finding
implics that efficient respimtory chain function
occurs within a namow range of O, concenira-
tions (2). Hypoxia may also result in deficient
ATP production due to substrate limitation. All
eukaryotic organisms must maintain oxygen ho-
meosiasis, and this requirement is a critical or-
ganizing principle of metazoan evolution and
biology, as deseribed in detail below.

The transenption factor HIF-1 {hypoxia-
inducible factor 1) has an essential role in the
maintenance of oxyzen homeostasis in metazoan
organisms. Within any given cell type, HIF-
| controls the expression of hundreds of pencs
{2), and because the battery of target genes varies
considerably from one cell type o another, the
complete HIF-1 transcraptome is likely to include
thousands of genes. HIF-1 is a heterodimer com-
posed of an Os-regulated HIF-1o subunit and a
constitutively expressed HIF-1P subunit (2). HIF-
la is continuously synthesized and degraded un-
der normoxic conditions, whereas under hypoxic
conditions, HIF-1a degradation is inhibited, the
protein accumulates, dimenzes with HIF-1J,
binds to cis-acting hypoxia-response clements
in target genes, and recruits coactivaior proteing,
all of which leads to increased transcription (Fig.
1A} Animportant element of complexity derives
from the HIF-1a paralogue HIF-20, which is also
Oye-regulated, dimerizes with HIF-1§, and acti-
vales transcription of an overlapping but distinet
set of target genes (7). Another paralogue, HIF-3a,
appears to function as an inhibitor of HIF-1a (4),
Establishing the spedific mles of HIF-1a, HIF-2q,
and HIF-3a in oxygen homeostasis is a major
challenge of current research,

Os-dependent degradation of HIF-1a is trig-
gered by binding of the von Hippel-Lindau tumor-
suppressor protein (VHL), which interacts with

the protein Elongin C, thereby recruiting an E3
ubiguitin-protein ligase complex that wbig-
vitinates HIF-1a and targets it for degradation
by the 265 proteasome. VHL binding is depen-
dent on the hydrox ylation of proline residue 402
or 564, or of both residues, by the prolyl hy-
droxylase PHD2, which is a dioxygenasc that
uscs (b and a-ketoglutarate as substrates and gen-
erates OOy and succinate as by-products (5-8).
PHD and PHDA also hydroxylate HIF-Ta when
overexpressed, but their physiological functions
have not been established. PHD2 activity is re-
duced under hypoxic conditions either as a result
of substrate limitation {7) or as a result of inhi-
bition of the catalytic center [which contains Fe
{II})] by ROS generated at complex 1l of the
mitochondrial respiratory chain (7). ROS levels
increase in response o hyperoxia, but HIF-1a lev-
els do not, which suggests that the site of ROS
generation may be different in hyperoxic cells or
that ROS generation by complex 11 1s necessary,
but not sufficient, to induce HIF-la under hy-
posic conditions, FIH-1 (factor inhibiting HIF-1)
is another dioxygenase that hydroxylates as-
paragine residue 803 of HIF-la and, thereby,
blocks its interaction with the coactivator p300
{#). The half-life of HIF-1a is also regulated inan
Oz-independent manner by the competitive
binding of eilther heat shock protein HSP90,
which stabilizes the protein, or RACKI, which
interacts with Elongin C and, thercby, promotes
HIF-la ubiguitination and degradation that is
independent of PHD2 and VHL (/). A second
major Os-independent regulatory mechanism
is the stimulation of HIF-1« protein synthesis
by signal transduction via phosphatidvlinositol
3-kinase, protein kinase B (AKT), and mam-
malian target of rapamycein (1),

HIF-1 is present in the roundwonm Caeno-
riabdits elegans (7), which consists of fewer
than one thousand cells and is so small and sim-
ple that all cells obtain O by direct diffusion
from the atmosphere. However, O, becomes
limiting when the worms burmow into the soil in
search of nuirients. The resulting hypoxia in-
duces the HIF-1-mediated expression of genes
encoding glucose transporters and glycolytic en-
zymes, which catalyze the anacrobic production
of ATP dwough the fermentation of glucose to lac-
tic acid (Fig. 1B). In mammalian cells, HIF-1 also
regulates synthesis of mitochondrial acetyl co-
enzyme A (aceiyl CoA), subunit composition of
cytochrome ¢ oxidase, and mitochondnal bio-
genesis (2, 12) The evolution of larger and more
complex metazoans required the concomitant evo-
lution of anatomic structures and physiological
mechanisms designed o ensure the delivery of
optimal concentrations of O to every cell. In the
frunt fly Dyvosophila melanogaster, this is accom-
plished by tracheal wbules through which O, s
transporied to the interior of the organism. In
mammals, such as the laboratory mouse Mus
mtigscrlies, complex respiratory and circulatory
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{heart, blood, and vasculaiure) sysiems evolved o
deliver O 1o cach of the mnllions of cells that
compose the adult organism. The development of
these systems before binh and their use afier birth
are controlled by HIF-1. Thus, HIF-1 mediates
developmental and physiological pathways thai
either promote 0. delivery to cells or allow cells to
survive O, depnvation (Fig, 1),

In the case of Homo sapiens, the ability of the
species 1o prosper and multiply over the last
00001 billion years has been associated with an
increase in life span. Humans in industrialized

socictics are less likely to die of infection, preda-
tion, or starvation and more likely to die of car-
diovascular and neoplastic disorders in which
aging, dictary excess, and physical inactivity play
important etiological roles. Atherosclerotic ste-
nosis of large areries in the coronary and femoral
circulations results in myocandial and limb ische-
mia, respectively, conditions in which cells are
deprived o0, and glucose and accurmulate toxic
metabolites, The deprivation of O, in ischemic
cells induces adaptive homeostatic responscs in
young healthy experimental animals, such as the
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Fig. 1. Maolecular mechanisms of oxygen homeosta-
sis. (A) O,-dependent postiranslational modifications
of the HIF-la subunit by PHDZ and FIH-1 (not
shown) serve as molecular switches that regulate the
interaction of HIF-1a with VHL and p200, which, in
turn, determine the half-life and transcriptional
activity of HIF-1, respectively. Two additional proteins
form multivalent complexes that increase the
efficiency of these reactions: 05-% (a protein that
was originally identified in osteosarcomas) interadts
with HIF1a and PHDZ and promotes hydroxation,
whereas 55AT2 (a paralog of spermidine/spermidine
acetyltransferase-1) interacts with HIF-1a, VHL, and
Elongin C and promotes ubiguitination. Finally,
phamacological inhibitors of H5P90, such as 17-
allylaminogeldanamycin  (17-AAG), promote the
binding of HIF-lu to RACK1, which recruits the
Elongin C ubigquitin-ligase complex in an O;-
independent manner. Blue, red, and green armows
denote processes that ocour under hypoxic, normaxic,
or Dz-independent conditions, respectively. Addi-
tional factors regulating HIF-1 are described in the
STKE Connections Map (17). (B) Under hypoxic
conditions, HIF-1 induces the expression of genes
encoding the following proteins: (1) glucose trans-
porters GLUT1 and GLUT3, which increase intra-
cellular glucose uptake; (2) glycolytic enzymes,
which convert glucose into pyrivate; (3) lactate
dehydrogenase A, which converts pyruvate into
lactate; (4) pyruvate dehydrogenase (PDH) kinase
1, which phosphordates and inactivates PDH, the
enzyme that converts pyruvate into acetyl CoA for
entry into the mitochondrial tricarboxylic acid (TCA)
cycle, which generates reducing equivalents that
are passed on to the electron fransport chain (ETC);
and (5) cytochrome ¢ oxidase subunit COX4-2, which
replaces COX4-1 and, thereby, increases the effi-
ciency of mitochondrial respiration under hypoxic
conditions.

increased  production of vascular endothelial
growth factor and other angiogenic cylokines,
which promote tissue perfusion. These processes
appear to be blunied in humans as a result of
aging, atherosclerosis. cigaretie smoking, diabe-
tes, and hypertension (/3). A major challenge of
current research in this field is w undersiand the
mechanisms underlying the impaiment of O
homeostasis and to devise therapeutic strategics
to counteract them, In conirast, cancer cells co-
opl adaptive mechanisms mediated by HIF-1 to
promote their survival, proliferation, perfusion,
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and invasion of body tissues (14, 15), and clinical
trials of therapeutic strategics designed to block
these pathways are ongoing,

The last landmark on our timeline, a mere
0.0000002 billion years ago, is the discovery of
oxygen, which has been called the most impor-
tant discovery in the history of science (/46), Life,
after all, depends on it,
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PERSPECTIVE

PI3Ky Is a Key Regulator of
Inflammatory Responses and
Cardiovascular Homeostasis

Phillip T. Hawkins and Len R. Stephens

Class | phosphoinositide 3-kinase (PI3K) signaling pathways regulate several important cellular
functions, including cellular growth, division, survival, and movement. Class B PI3K (also known as
PI2Ky) links heterotrimeric GTP-binding protein—coupled receptors to these pathways. Activation of
class IB PIZK results in the rapid synthesis of phosphatidylinositol-3,4,5-trisphosphate [Ptdins(3,4,5)P,]
and its dephosphorgation product Ptdins(3,4)P; in the plasma membrane. These two lipid messengers
bind to pleckstrin homology domain—containing effectors that regulate a complex signaling web
downstream of receptor activation. Characteristic features of this pathway are the regulation of
protein kinases and the requlation of small quanasine triphosphatases that control cellular movement,
adhesion, contraction, and secretion. Most of the ligands that activate class |B PI3K are involved in
coordinating the body's response to injury and infection, and recent studies suggest that small
molecule inhibitors of this enzyme may represent a novel class of anti-inflammatory

therapeutic agents.

lass | PI3Ks are well-established signal
‘ transduction enzymes that drive exten-

sive signaling networks downstream of
cell surface receplor activation (/). Most of the
interest in these eneymes has focused on the
important roles of class 1A PI3Ks (PI3Ka, B,
and &) in coordinating cell growth, division,
and survival in response to activation of protein
tyrosine kinase-coupled growth factor recepiors.
In conirast, class |B PI3K (PI3Ky) allows fast-
acting, heterowrimeric G protein-coupled recep-
tors 1o access PI3K signaling networks. Most of
the ligands that have been established to activate
PI3Ky are involved in the regulation of multiple
cell types i the immune system and vascular
lining, and mice lacking the catalytic subunit of
PI3Ky arc generally healthy but remarkably
resistant 1o the development of several inflam-

The Babraham Institute, Cambridge CE22 3AT, UK. E-mail:
phillip. hawkins@bbsrcac.uk (P.T.H.); lenstephens@bbsrc,
ac.uk (LR.5)

matory pathologies in mouse models of human
inflammatory disease (2, 3).

PI3Ky was originally characterized as a het-
erodimer of plO1 regulatory and pl10y catalyiic
subunits (4, 5). A homolog of pl01, called p8d
or pﬂ?"m"w_ has recently been discovered that
also forms dimers with pliy, but the relative
tissue expression and relevance of pl0l versus
p84 1o the activation of PI3Ky in different cel-
lular contexis has yet o be established (6, 7).
PI3Ky is a lipid kinase that catalyzes the con-
version of phosphatidylinositol<, 5-bisphosphate
[PtdIns(4,5)P;] to phosphatidylinositol-3 4, 5-
tris phosphate [Ptdins(3,4,5)P:] in the inner leaf-
let of the plasma membrane. This lipid kinase
activity is stimulated by the combined actions of
plOl- or p8d-dependent interaction with Gy
subunits and pl 10y-dependent interaction with
guanosing trphosphate (GTP)-bound Ras (&),
Gty subunits are liberated dunng the direct in-
teraction of receptors with the G. family of
heterotrimeric GTP-binding proteins, but the

origin of GTP-bound Ras in this pathway has
vet to be established.

Pidins{3 4.5)P;, and itz dephosphorylation
product Pidlns(3 4)P,, are signaling lipids whose
increases in concentration coordinate the plasma
membrane localization and regulation of several
direct protein effectors. The magnitude and tim-
ing of these lipid signals is also controlled by
phosphatases that remove the 5- [such as Sre
homology 2 (SH2) domain-containing inositol
polyphosphate 5-phosphatase (SHIP) and other
inositol polyphosphate S-phosphatases), 3- (such
as PTEN), and 4- (such as inositol polyphosphate
A-phosphatases) monoesterified phosphates from
these lipids. As with other phosphoinositides [for
example, Ptdlns3P, Pidlns4P, PidIns(3,5)P,. and
PtdIns(4,5)P,], Pudins(3 4,5)P; and Pudins(3,4)P,
recognize their protein effectors by binding to
conserved families of small, lipid binding do-
mains. Pudlns(3,4,5P; and Pudlns(3,4)P, are
thought to bind predominantly to a subfamily of
pleckstrin homology (PH) domains, which bind
the headgroup of cither or both of these lipids
with high affinity and specificity (/). A char
acteristic feature of PI3K signaling pathways is
the large number of direct, PH domain
containing effectors and the complex signaling
networks in which they are involved, usually in
parinership with other signaling pathways that
are activated in parallel (Fig. 1). The relative
abundance of these effectors and their argets
defing the nature of the regulatory expenence
delivered in a particular cellular context; howev-
er. the activation of the serinefthreonine kinase
PEB (protcin kinase B, also known as Akit)
appears o be a universal response o activation of
this pathway and plays a key role in regulating
metabolic, secretory, and transcriptional re-
sponses [sce the canonical PI3K class IB pathway
in Science'’s STKE database (9)].

PI3ky is activaied by several chemokines
[for example, interleukin-8, macrophage inflam-
matory protein (MIP)-1a, MIP-2, MCP-1, Gro-,
and RANTES], pro-inflammatory lipids (for
example, PAF and LTBy), bactenal products
[for example, N-formyl-Met-Leu-Phe (IMLP)],
and other vaso-active stimuli [for example, Cha,
adenosine diphosphate (ADP), and angiotensin
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Il], acting predominantly through Gi-coupled
recepions (2, 3). Thus, this pathway is involved
in the regulation of several cell types that are
classically considered to be part of the innate and
adaptive immune system (neutrophils, macro-
phages, monocytes, endothelial cells, mast cells,
dendntic cells, and T cells) and also cell types
additionally involved in the repulation of blood
pressure (smooth muscle cells) and blood clot-
ting (platelets). Most of these cell act wgether in
coordinated responses 1o injury and infection
that involve multiple ligands, receptors, and in-
tracellular signaling cascades, Where sufficient
detail is known conceming the regulation of a
particular cell type, it invariably seems that ac-
tivation of PI3Ky by Gi-coupled receptors acis
cooperatively  with ligands working through
other receptor types. Ofien these other receplors
transduce their signals through protein tyrosine
kinases, which in twm activate class [A PI3Ks
(PI3Ka, PI3KR, and PI3KS) (/). Funher, sus-
tained activation of G;-coupled receptors ofien
stimulates Sre family protein tyrosine kinases and

subsequently activates class A PBKs in parallel
to PI3Ky. Thus, in many coniexis of cellular ac-
tivation, multiple class | PI3Ks are involved. Be-
cause a major class 1A PI3K in the hematopoictic
system is PI3KS, PI3Ky and PBKG are often
found working together to deliver physiologi-
cal regulation of a particular response. Despite
the apparent opportunity for redundancy that
these complex signaling systems represent, work
with pl10y knockout (KO) mice indicates that
PI3Ky plays a nonredundant role in several im-
portant physiological responses (2, 3), probably
because of its partial contribution to so many of
the relevant cell-activation pathways,

PI3Ky was discovered in neutrophils, and
initially its expression was thought 1o be re-
sticted 1o cells of the hematopoictic lincage;
hence, most of our knowledge of this enzyme
comes from the study of neutrophils and related
cell types [see the specific PI3K class [B path-
way in Sciencey STKE database (/). Activa-
tion of neutrophil PI3Ky by chemoattractants
present on the surface of inflamed endothelium

SPECIALSECTION

regulates the efficiency with which these cells
are captured and exit the vasculature. Activation
of PI3Ky also contributes to the efficiency with
which neutrophils chemotay toward higher con-
centrations of chemoatiractants released at sites
of infection and inflammation and also to the
efficiency with which they secrete proteascs, re-
active oxygen species (ROS), and other antimi-
crobial products at their final destination (usually
in response to high concentrations of end-point
chemoattiractants and priming cytokines). The
cooperation between chemoaltractants and cyto-
kines in the delivery of maximal ROS produc-
tion appears 1o involve the sequential activation
of PI3Ky and PI3KE, The molecular details of
how Ptdins(3,4,5)P; and Pidins(3,4)P. coordi-
nate the regulation of these neutrophil responses
are still incompletely understood, but it is clear
that there is a central role for the regulation of
small gunosine triphosphatases (GTPases) of the
Rac and Rho family and the Arf family and that
this is likely to be a general feature of this pathway
in different cell types. There also appears to be a

small role for PI3Ky in the devel-

opment of the inflamed endotheli-
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Other receptors VOFCRE @ reewernnsrne, the speed and sometimes extent to
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> : ik ¥ mice (7).
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Fig. 1. This schematic diagram places the class |B signaling pathway into perspective, with respect to the other
signaling pathways that usually operate in parallel to deliver physiological regulation in any particular context of
cellular regulation. Some examples of the various categories of signaling elements are shown to illustrate
different levels of signaling organization, but the lists are not meant to be exhaustive. Additional abbreviations
are as follows: ECM, extracellular matrix; FcRs, Fc receptors; TLRs, Toll-like receptors; GPCRs, G protein—coupled
receptors; GEFs, guanine nucleotide exchange factors; GAP, GTPase-activating protein; and NADPH, reduced

form of nicotinamide adenine dinucleotide phosphate.

cell types as well.

Although PI3Ky was initially
thought to be restricied 1o cells
of the hematopoictic lincage, it is
now clear that this isoform also
plays key roles in additional cell
tvpes. There is good evidence that
PI3Ky participates in angiotensin
[1 regulation of smooth muscle con-
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traction {/f), and there is a fascinating story
emerging on the role of PI3Ky in the regula-
tion of myocyte contractility (/2). In partic-
ular, a comparison between the differential
effects of pl10y deletion and a pl10y kinase
dead knockin mutation suggests that pl10y
contributes a nonlipid kinase or scaffolding
function to the reduction of cyclic adenosine
monophosphate (cAMP) conceniration in myo-
cyies, delivering decreased contractile force in
response to f-adrenergic stimulation. The mech-
anism for this effect may involve direct bind-
ing of PB3Ky to a cAMP phosphodiesterase
(PDE3B).

Because PI3Ky is tnvolved in the mecha-
nisms that direct several types of immune cells
to sites of inflammation in the joints, lungs, and
other organs, several laboratories have inves-
tigated the susceptibility of p1 10y KO mice to
various models of inflammatory disease, par-
ticularly those with an auloimmune compo-
nent. Descriptions of PI3Ky involvement in the
regulation of blood vessel contraction, clot for-
mation, and the heart are also starting to prompi
the analysis of these mice in models of cardio-
vascular discase (/3). This work is driven by

the knowledge that the adenosine triphosphate
binding site of the catalytic subunit of PI3Ks is
a druggable target, with PI3K isoform-selective
inhibitors in development in several pharma-
ceutical companics (2). The first PI3Ky-selective
inhibitors are now starting to appear, with ef-
ficacy so far in the treatment of mouse models
of rheumatoid arthritis (/4) and systemic
lupus (/5).

There is clearly still much to be discovered
about the regulation of PI3KYy individual re-
ceptors, the relative contributions of Gy sub-
units and Ras, the importance of pl0] versus
p84, and also the potential new scaffolding
functions for both regulatory and catalytic
subunits. There is also still more to learn about
how the lipid products of PI3Ky regulate com-
plex cellular responses in different cell types.
Perhaps of greatest general interest, however, is
Just how effective the first pl 10y-specific in-
hibitors will prove to be in clinical trials of
human inflammatory disease.
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FERSPECTIVE

Deconstructing the Hedgehog
Pathway in Development and Disease

Leni Jacob and Lawrence Lum*

The Hedgehog (Hh) family of secreted signaling proteins is a master regulator of cell fate
determination in metazoans, contributing to both pattern formation during embryonic development
and postembryonic tissue homeostasis. In a universally used mode of action, graded distribution
of Hh protein induces differential cell fate in a dose-dependent manner in cells that receive Hh.
Though much of this pathway has been elucidated from genetically based studies in model organisms,
such as Drosaphila and mice, the importance of Hh-mediated signaling in humans is clearly evident from
malformations and a broad range of cancers that arise when the pathway is corrupted,

he goal of this Perspective and the two

Connections Maps (/. 2) is to highlight

recent insights into the unconventional
methods by which Hh proteins normally func-
tion and how this pathway is implicated in path-
ological contexts such as cancer. Production of
active Hh protein begins with autocatalytic cleav-
age ofa precursor molecule o vield a cholesterol-
modified amino-tarminal signaling domain (HhIN).
Subsequent palmitoylation of HhN resulis in
a dually lipidated molecule that is restricied
to the cell membrane. Release of HhN from
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the cell membrane is mediated by Dispatched
(Disp/Displ, hereafier [isp), a | 2-transmembrang
protein that is structurally similar to the Hh
receptor, Patched (Pic/Pichl, hereafier Pic)
(Fig. 1A). Both proteins belong to the Resistance
Nodulation Division (RND) superfamily of
proteins that in prokaryotes function o transport
small molecules across membranes, Disp and Pic
likely act as small-molecule transporters, as their
activity in the Hh pathway is dependent on
residues imporiant o the function of RND
protein family members. In Ovosophila, HhN
released by Disp appears to be incorporated into
particles scaffolded by the lipid-transporting
lipophorin proteins (3). This previously unknown
role for lipoprotein complexes in Hh signaling
may represent a universal mechanism for

distributing other lipophilic signaling molecules
in animals, such as the Wnt proteins (3).

Initiation of the pathway response entails Hh
proteins binding to Pte, which in wren derepresses
the seven-transmembrane protein Smoothened
{Smo). This process may be transduced through a
small molecular intermediary because Pe sub-
stoichiometrically inhibits Smo (4). Several
candidate small molecules have emerged, includ-
ing cholesterol biosynthesis metabolites, such as
oxysterols, that promote Smo function when ex-
openously added to cultured cells (5). Considenng
that the potent Smo antagonist cyclopamine, a
naturally ocourring teratogen, is structurally sim-
ilar to sterols, there is growing evidence that Pic
gates interactions between Smo and specific
sterols (o regulate Smo function.

A number of receptors facilitate Hh bind-
ing to Pic ([, 2), including members of the cell
adhesion molecule-related/down-=regulated by
oncogenes (Cdo) family. Cdo and its Drosoph-
ila homolog Interference hog (lhog) asso-
ciate with Hh through a fibronectin type 11
{Fnlll) repeat (6, 7), a motif with potential for
binding sulfate jons (8). Indeed, dimenzation
of Thog and its conversion from a weak to a
high-affinity Hh-binding molecule can be
induced by heparin, a protein with sulfated
polysaccharide modifications. How [hog and
Cdo proteins promote Hh-mediated responses
in coordination with Pte and other Hh recep-
tors, particularly the heparan sulfate-modified
Dally-like protein (Dlp), which also contnb-
utes to the Hh response (), remains o be
addressed.
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Fig. 1. Hhsignaling in animals. (A) Hh production is highly conserved between
Drosophila and mammals (middle). Autocatalytic cleavage of the Hh precursor
protein yields a cholesterol-modified signaling peptide (HhN), which is further
palmitoylated by Skinny Hedgehog (Skil, then released from the cell by Disp
(Drosaphila) or Displ (mammals). In Drosopfila (left), the released lipophilic
HhN i incorporated into lipophorin complexes {not shown) and distributed to
other cells with the help of heparan sulfate proteoglycans (Dally and Dip; ako
not shown). The suppressive action of Ptc or Pichl on Smo is conserved in Hh-
responsive cells from Drosophila {left) and mammals (right). Members of the
CDO receptor family (not shown), including lhog, facilitate Hh binding and

Hh proteins !,-;; d

inhibition of Ptc or Ptchl, allowing activation of Smo. In Drosophila, Dip also
appears to facilitate Hh response. Smo-mediated regulation of G (Drosophila) or
Gli {(mammals) nuclear localization and proteolytic processing into a repressor
{CiR or GLiZR) depends on Cos2, Fu, and Sulfu) in Drosophila, and proteins that
function in the primary cilium in mammals. The mechanism by which Smo
inhibits the pathway suppressor Su(fu) in mammals is unknown. (B) Tumars with
aberant Hh pathway activity in Gorlin's syndrome, as well as their sporadic
counterparts, frequently harbor mutations in Pichl. Other tumors for which
molecular lesions have not been defined also exhibit aberrant Hh pathway
response. References for most of the tumors described here can be found in (15).

Ultimately, the concerted action of these re-
ceplors activates Smo by promoting Hh interac-
tion with Ptc. Smo activation is best understood
in Dwsophila (9). Inital phosphorylation of
cylosolic tail sequences in Smo  comesponds
with protein accumulation at the plasma mem-
brane, thus favorng interactions with a cylo-
plasmic regulatory complex scaffolded by the
kinesin-like molecule Costal-2 (Cos2). This com-
plex also contains the serinefthreonine kinase
Fused (Fu) and the iransciptional effector Cubiius
mterrupius (Ci) (Fig, 1A). The mechanism by
which Smo stimulates the ranscnptional activity
of Ci and inhibits proteolytic processing of Ci o a
repressor (CiR) through Cos2, Fu, and another
cytoplasmic regulator, Suppressor of Fu [Su( fu)],
was previowsly reviewed ().

The wltimate target of Smo action in mam-
mals is the Gli zine finger family of proteins
composed of three mammalian homologs of Ci
(Glil to GI3), with proteolytically processed Glid
(Gli3R) predominantly functioning as a transcrip-
tional repressor (Fig. 1A). Many swudies supponi
the hypothesis that Smo in Dmsophila and
mammals uses diffarent mechanisms of action to
activate Ci or Gli proteins, respectively (70). The
imability o identify mammalisn Cos2 and Fu
homologs also likely exemplifies differences in
Hh signaling between flies and mammals (2, 10).

Insight into the mammalian Hh pathway has
come from forward genetic screens in mice with
chemically induced mutations that have revealed
genes essential to newral tube formation, a Hh-
dependent process (11). Surprsingly, the major-
ity of these genes are involved in the formation
of the primary cilium, a microtubule-scaffolded
organelle found in most cells (2). Subsequent
studies revealed that components of the cilia,
such a5 intraflagellar transport proteins, partici-
pate not only in the activation of Gli proteins but
also in the processing of Ghi3 (/). In this ca
pacity, ciliary proteins appear to be the functional
equivalent of Cos2 (Fig 1A). Funhermore, almost
all the known mammalian Hh components,
including Pichl, Smo, Su(fu), and Gli proteins,
localize to primary cilia (£, 12). Pich] apparenily
inhibits the localiztion of Smo o cilia in a Hh-
dependent manner, suggesting that this compart-
ment is essential o Smo activation (2). Thoush
it is conceivable that the cilivm may simply rep-
resent an assembly point for pathway componenis,
its requirement for both Hh pathway activation
and suppression implicates a more direct role

More complete understanding of cilia and their
role in the Hh response awaits the identification of
the immediate downstream effector of Smo and its
subcellular localization. In Ovosophila, the kinase
Fu appears to contribute to most downstream

events controlled by Smo, including suppression
of Cos2 and Su(fu) (13, /4). The cantral mole of Fu
to Hh response in insects implies that a functional
equivalent of Fu remains to be found in mammals.
Whether o not a mammalian Fu exists, the mech-
anism of Smo action will likely have o account
for Hh-dependent regulation of Su(fu), which
appears to function as a major pathway suppres-
sor in both insects and mammals (Fig. 1A) (/5).

The role of the Hh pathway in umorgenesis
likely exemplifies its nearly universal participation
in cell fate decision-making (/6). Hh-related -
maors can be broadly categonzed based on whether
or not they present as part of Gorlin's (also called
basal cell nevus) syndrome. Patients with this
syndmome oftien harbor an inactivating mutation in
Pichl, which, independently of Hh ligand, pro-
moles a broad mange of wmors, most frequently
basal cell cacinoma (Fig. 1B). Conversly, the
oncogenic events that drive the Hh-dependent
abemant response often observed in nonGorlin's
tumors have not been defined, despite the greater
number of cancers that fall into this category (Fig.
IB). These tumors likely are sustained by Hh-
dependent cell-autonomous signaling in popula-
tions of cancer stem cells (/7), suggesting that
therapeutics that attack the Hh pathway may offer
specificity over sirategies that generally block
cell proliferation.
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The wealth of mechanistic insight into how the
Hh pathway functions has revealed both the so-
phistication of this signal transduction network and
the challenges that renain in the treatment of Hh-
related diseases. OF urgency is the development off
rational therapeutic approaches using knowledge
of the pathway to spedfically target the evenlts
underlying abermant pathway response. Success
in this endeavor will require an understanding of
how primary cilia, lipoproteins, and sterol bio-
synthesis contribute to Hh-related discases.
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PERSPECTIVE

Advances in Cytokinin Signaling

Bruno Miiller and Jen Sheen*

Cytokinins are essential plant hormones that control various processes in plants’ development and
response to external stimuli. The Arabidopsis cytokinin signal transduction pathway involves
hybrid histidine protein kinase sensors, phosphotransfer proteins, and regulators as transcription
activators and repressors in a phosphorelay system. Each step is executed by components encoded
by multigene families. Recent findings have revealed new functions, new feedback loops,

and connections to other signaling pathways.

he plant hormone cytokinin comprises a

I class of adenine-derived signaling mole-
cules involved i diverse processes trough-

out a plant's life, such as stem-cell control in
root and shoot; vascular differentiation: chloro-
plast biogenesis; root, shoot, and inflorescence
growth and branching: nutrient balance; leaf senes-
cence: stress tolerance: and seed development
{4-6). More than 50 wears ago, Skoog, Miller,
and collaborators purified the first cytokinin crys-
tal from autoclaved herring sperm DNA ex-
tracts and demonstrated its ability to strongly
stimulate proliferation in tobacco tissue cul-
ture (7). It then ook some 40 years o identify
the first genes involved in cytokinin signaling.
Kakimoto and colleagues pioneered in per-
forming large screens based on the effects of
cytokinin on cultured Arabidopsis tissues and
uncovered a role for histidine kinases (HKs) in
cytokinin sigmal transduction (&, ¥). HEs are
prevailing sensors in prokaryotes that initiate a
signaling system in which phosphoryl groups
are transferred between histidines and aspar-
tates (phosphorelay signaling system) to acti-
vate or inhibit cognaie downstream partners
called response regulators (RRs). Completion
of the Arabidepsis genome sequence facili-
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tated the identification of all potential com-
ponents of phosphorelay signaling: There are
eight transmembrane HKs, six lustidine phos-
photransfer proteins (HPTs), and more than 20
RRs(/J, 2, 10, []). Isolated leaf cells were sys-
tematically transfected with putative tagged
phosphorelay componenis to test how these
components affected the responsiveness of a
cytokinin reporter. This analysis resulied in a
model (Fig. 1) that distinguishes four major
steps of the eytokinin phosphorelay from the
plasma membrane o the nucleus: (i) cytokinin
sensing and initiation of signaling by receptor
HKs; (ii) phosphoryl group wransfer io HPTs
and their nuclear translocation; (iii) phospho-
transfer 1o nuclear B-type RRs, which acti-
vate wanscription; and (iv) negative feedback
through cytokinin-inducible A-type RRs, which
are products of the carly cytokinin target genes
(11). Identification of the orthologs for cytokinin
signaling components in other plant specics sug-
zests evolutionary conservation of this pathway.

Careful and extensive analyses of plants har-
boring loss-of<function mutations in signaling
components have corroborated the core logic
of the cell-based model. Mutant phenotypes
became apparent only afier muliple family
members were knocked out, which suggests
extensive functional redundancy at ecach sig-
naling step (2). However, individual compo-
nents scem to accomplish specific tasks as
well, as illustrated by the following findings.
Receptors exhibit differential affinities for dif-

ferent cytokinins (/. 5, [2). One out of three
wellcharactenized cytokinin receplors specif-
ically mediates a delay of senescence in Ara-
bidopsis leaves (2, 13). Plants mutated in some
RR gene pairs {out of the large RR family) display
subtle differences in phenotypes (2). In addition,
overexpressing different A- or B-type RR family
members results in plants with different pheno-
types (1, 2, 11). A comprehensive prolein inter-
action map for all potential components involved
in signaling shows distinet pattems of interaction
between protein family members (/). The mo-
lecular basis and biological importance of these
observations will need further studies.

To understand the pathway mechanian in more
detail, several questions need o be addressed.
Not all eight HEs found in the Arabidopsis ge-
nome encode cytokinin receptors. For example,
two HK s encode ethylene recepiors, one encodes
a putative osmosensor, and another one shows
constitutive HK activity when overexpressed
(14, 8 10). Their precise roles with respect to
cytokinin signaling remain unclear. B-type RRs
bind similar cis elements in vitro and induce
transcription (/). How are they involved in gen-
erating tissue- and cell-specific signaling outputs?
Do they interact with specific but unknown par-
ners? And what is the molecular mechanism by
which A-type RRs atienuate signaling?

Recent findings have added some twists o
the pathway. Aside from its kinase function, a
cytokinin receptor was found to exhibit phos-
phatase activity that removes phosphoryl groups
from interacting Arabidopsis histidine phospho-
transfer proteins (AHPs) when no cytokinin is
bound. Many prokaryote HKs have such phos-
phatase activity, and they are associated with
phosphorclay systems that need to be shut off
quickly. In Arabidopsis, the phosphatase activity
of this HK. may help to ensure that, in the ab-
sence of cytokinin, the pathway is quickly and
completely inactivated (/5). One of the six
Arabidopsis HPTs, AHPS, was identified as a
“pseudo-HPT™ because of a mutation n the
conserved histiding residue required o accept
the incoming phosphoryl group from the recep-
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(D) phospharelay, involving histidine-kinase receptors (HK), phosphotransfer prateins (HPT), a “pseudo—
HPT" with an asparagine (N) instead of the D, and A-type and B-type RRs. Each signaling step i
executed by a family of genes that largely act redundantly, as illustrated. Arabidopsis genes implicated
in signaling are listed as abbreviations (AHK, Arabidopsis histidine kinases; AHP, Arabidopsis histidine

phosphotransfer proteins; ARR, Arabidopsis response

requlator). Different effects of cytokinin sign.al:?

are indicated on the right. The chemical structure of three cytokinins is shown on top: trans-zeatin (tZ), M-
(A%-isopentenylladenine (iP), and 6-benzylamino purine (BA).

tors, AHP6 inhibits cytokinin signaling, prob-
ably by competing with other AHPs for mteraction
with activated receptors or RRs in Arabidopsis.
Cyitokinin signaling, in um, represses ranscription
of AHPS. Lack of AHPS function causes ectopic
cytokinin signaling, leading to patiemn defects in
vascular tissue (/6). Thus, the presence of AHPG
may limit the number of celk responding 1o cyio-
kinin and, thereby, may help sharpen and define
cell differentiation boundaries.

Plants not only use feedback loops to control
cytokinin signaling but selectively allow other
factors to influence pathway activity. WUSCHEL,
a homeodomain ranscription facior required for
shoot-stem cell function, dircctly atienuates tran-
scription of some A-type RR genes, which likely
increases cyiokinin signaling activity in the shoot-
stem cell pool and extends its size (/7). New
transcriptional regulators involved in mediating
cytokinin signaling other than the conserved
B4ype RRs have emerged Studies of a subset of
cyiokinin responsive faciors (CRFs) have revealed
their cytokinin-dependent nuclear translocation.
CRFs and B-type REs share some cytokinin targel
genes but do not control the most prominent
cytokinin-inducible A-type RR genes. The pheno-
types of o mutants appear to be complex with both
cytokinin-dependent and independent features (/8).

Is there a common denominator in the seem-
ingly diverse cviokinin responses? Ectopic cyito-
kinin causes cell proliferation and shoot growth
in tissue culture. The cell eyele regulator cyelin
33 seems to be an important mediator of this
effect. Consistently, cvtokinin receptor triple mu-
tanis (2} or B-type RR triple mutants (/%) have
retarded growth in roois and shoots. However,
plants with partially reduced endogenous cyio-
kinin signaling or concenirations display an in-
crease in the size of the root system (2, 6, 20). A
detatled analysis of cytokinin’s function in the
root supports a role of cyiokinin o promote
differentiation, which counteracis proliferation
{6, 20). One explanation for the opposite effects
depending on signaling activity might be that
planis with a strong reduction in cytokinin re-
ception and signaling have an impaired vascular
system that might limit the potential to grow, It
is also possible that different cytokinin thresh-
old levels are required for cell proliferation,
elongation, and differentiation (). In fully dif-
ferentiated leaves, cytokinin®s role in inhibit-
ing sencscence is unlikely to depend on cell
proliferation, Thus, the functions of cytokinin
seem to be more diverse and context-dependent
than previously anticipated. In accordance with
this view, data sets from different microamay

SPECIALSECTION

experiments aimed at identifving transcrip-
tional targets of cytokinin appear to vary con-
siderably except for their inclusion of the
common targets, A-type RR genes. The fuiure
challenge is o analyze cytokinin functions al
cellular resolution o understand how signaling
integrates with the context,

The genetic and molecular characterization
of cytokinin signaling began about 10 years ago,
and the core signaling circuitry has now been
established and venfied. However, most func-
tional studics have been based on whole-plant
responses o exogenously applied cytokinins.
Given the multiple roles and redundancy of the
pathway, tailored approaches will be required to
study the individual functions of cytokinin in
different tissues and cell ypes at varous de-
velopmental stages. For example, sensitive cylo-
kinin reporiers will facilitate in vivo analyses of
the cells that ransduce cytokinin signaling. To
circumvent redundancy and lethality of classical
genetic approaches. inducible transgenes ex-
pressing RNA interference constructs, or con-
stitutively active or dominant-negative signaling
components, can be used o manipulate the
pathway activity in a targeted manner. Under-
standing how cytokinin signaling integrates
with other interacting signals and elucidating
its complex biosynthesis pathways and little-
known transport systems will bring additional
exciting discoveries (). With the increased
availability of plant genome sequences and
functional analysis systems, it will be inter-
esting to compare the role of phosphorelay
signaling among different plant species exhib-
iting diverse architecture and life cycles and
various growth paticms,
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Odor-Mediated Push-Pull
Pollination in Cycads

Irene Terry,‘* Gimme H. Walter,? Chris Moore,” Robert Roemer,? Craig Hull®

yeads are dioccious gymnosperms, with
‘ male and female individuals, of Permian

origin. Cycads share obligate mutualisms
with specialist insect pollinators, almost univer-
sally beetles (/). The known exception involves
thrips of the genus Cyveadothrips (1. 2), which
participate in obligate pollination mutualisms
with endemic Auvstralian Macmzamia cyeads.
Cyeadotiips are in a basal thysanopteran family,
proposed as ansing by at least the Cretaceous
{3). Thrips are primarily found on male cones,
which provide food (pollen) for adults and larvae
(2, 4). During pollination, male and female
Macrmozamia lueida cones self-heat daily, up to
12°C above ambient temperatures between the
hiours of <1100 and 1500, when nearly a million-
fold increase in male volatile emissions occurs
[females reach —~one-fifth that amount (4)]. In
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concert, adult Cveadodirps chadwicki leave male
and fanale cones en masse (movie S1) (4), and
larvae move to the exterior of their male cone
habitat. Pollination is mediated by pollen-laden
thrips that enter female cones.

We tested thrips' clectrophysiological and be-
havioral responses to cone volatiles. A two-way
choice between male sporophyl] volatiles or air
in a Y-tube olfactomeler (5) demonstrated that
thrips are attracted (or necuiral) o sporophylls
early in the day, repelled at midday, and at-
tracted at later times (Fig. 1A). These phases
parallel field results: cones retain (moming, low
volatile emissions), repel (midday high emis-
stons), and later attract (low emissions) thrips ().

Electrophysiological tests (5) with volatiles
from cones and their specific chemical com-
ponents revealed that Cveadotirips respond to

c
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Fig. 1. Cycadothrips responses to M. lucida volatiles. (A) The % of insects going to sporophylls of
four mid-pollination-stage male cones (M1 to M4) versus controls (Y-tube tests). Lines are gquadratic
fits to data from separate cones; fit parameters are not statistically different (5). (B and C) Male
thrips physiologically respond [gas chromatography electroantennographic (EAG) detection, GC-
EAD] (B) to f-myrcene (peak 1) from male cone volatiles and (C) to (E)-f-ocimene (peak 3) and
allo-ocimene (peak 4) but nat to (Z)-f-ocimene (peak 2) from ocimene standard. (D) The % of
insects attracted to different concentrations of -myrcene standard versus controls (Y-tube tests),

three components (Fig. |, B and C); fl-myrcene
{=90% of 1otal emissions during thermogenesis)
and (£)-frocimene (2%), which change postther-
mogenesis (4, 5), and allo-ocimene (~2%) (5).
Y-tube tests at ccological concentrations of these
chemicals (5) showed that ocimenes atiract thrps
{fig. S1), whereas f-myrcene attracts thrips at low
concentrations. but repels them at higher levels
{Fig. 1D). When control and high-concentration
B-myrcene vessels (5) were switched after thrips
had entered the control armm, 77% moved direct-
ly into the new control amm. Most that remained
died within 10 min, suggesting that by leaving
cones thrips avoid toxie f-myrcene levels,

These cone volatile changes sufficiently
explain the diel thrips behavior observed in situ
{#), although temperature and light may modu-
late their effects. We characterize this as a
“push-pull™ pollination stralegy. Flowers are gen-
erally porrayed as only “pulling” pollinators via
visual or odor cues. Some orchids, though, chem-
ically repel pollinators after pollination (6). Driving
thrips from male cones increases pollen-laden
thrips atendance at female cones, which pre-
sumably attract by deceil because their volatile
components match those of males (4). Parallel
attraction to male cones allows thrips to accrue
pollen for the next day's cyele. This obligate
pollination mutualism stands out for its push-
pull behavior and because it involves an ancient
gymnosperm lineage and a basal thrps clade
{2). Floral scent may have originally evolved o
deter herbivores (7), and this system may
represent a conserved early intermediary in the
evolution of seed plant pollination.
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A Neuroligin-3 Mutation Implicated in
Autism Increases Inhibitory Synaptic
Transmission in Mice

Katsuhiko Tabuchi,*

Jacqueline Blundell,” Mark R. Etherton,”

Robert E. Hammer,?

Xinran Liu,* Craig M. Powell,** Thomas C. Siidhof"™®*

Autism spectrum disorders (ASDs) are characterized by impairments in social behaviors that are

sometimes coupled to specialized cognitive abilities. A
mutations in genes encoding neuroligins, which are pos
We introduced one of these mutations into mice: the Arg

small percentage of ASD patients carry
;,maphc cell-adhesion molecules.
1. Cys**! (R451C) substitution in

neuroligin-3. R451C mutant mice showed impaired social interactions but enhanced spatial
learning abilities. Unexpectedly, these behavioral changes were accompanied by an increase in
inhibitory synaptic transmission with no apparent effect on excitatory synapses. Deletion of
neuroligin-3, in contrast, did not cause such changes, indicating that the R451C substitution
represents a gain-of-function mutation. These data suggest that increased inhibitory synaptic
transmission may contribute to human ASDs and that the RA51C knockin mice may be a useful

madel for studying autism-related behaviors.

utism is a widespread cognitive dis-
order characterized by impaiments in
social interactions, including verbal com-
munication and social play, and can be accom-
panied by stereotyped pattems of behavior (7-3).
Autism is a heterogencous condition, prompling
the designation of ASDs. Individuals with ASDs
occasionally show enhanced cognitive abilities
[autistic savant syndrome (4)]. At the other end

of the spectrum, ASDs are ofien associated with
mental retardation, and the symploms of ASDs
are pant of several neurological diseases, such as
fragile X and Rett syndromes (5-7). Genetics
strongly contributes to ASDs (7, 2), and a small
nurmber of cases with idiopathic ASD are asso-
ciated with mutations in a single gene, including
genes aeoding neuroliging and their associated
profteins (&),

Fig. 1. Generation p Sontial
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Meuroligins are a family of postsynaptic cell-
adhesion molecules that are ligands {or receptors,
depending on the perspective) for neurexins,
another class of synaptic cell-adhesion molecules
(%, 1), Humans express five neuroliging, includ-
ing neuroligin-3, an X-chromosomal gene that
undergoes regular X inactivation, and neuroligin-
4 and -5, which are encoded by a pair of pseudo-
autosomal genes on the Xand Y chromosomes (/J).
Mice express close homologs to human neuroligin
1, -2, and -3 (¥) and a fourth isoform that appears
o be more distantly related o other neuroligins
{GenBank accession number EF602521) (M1
Neuroligin-1 and -2 are differentially localized
to excitatory or inhibitory synapses (12-/4), Over-
expression of neuroligins in transfected neurons
increases synapse numbers and the frequency
of spontancous synaptic events (J5-20). Consid-
ent with their localizations, overexpression of
neuroligin-l enhances only excitalory synaplic trans-
mission, whereas overexpression of newroligin-2
enhances only inhibitory synaptic transmission
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201}, Deletion of neuroligin-1 or -2 in mice causes
comesponding sclective decreases in excitatory or
inhibitory synaptic transmission, respectively, but
no significant synapse loss, whereas neuroligin-3
has not been examined ({1, 21).

Missense and nonsense mutations in neuroligin-
3 and -4 have been identified in a subset of hu-
man patients with ASDs (22-24), Onc of these
mutations, the Arg™'—=Cys*' (R451C) substi-
tution in neuroligin-3, alters a conserved residue
in the extracellular esterase-homology domain of
newroligin-2 (22). In wansfected neurons, the

R451C substitution causes partial retention of
neuroligin-3 m the endoplasmic reticulum but
does not abolish iL'a gbility to promote synapse
formation (20, 25, 26), In addition, an intemal
deletion in the gene encoding neurexin-1 that
interacts with neuroliging was connected to
ASDs (27), and three different nonsense multa-
tions in Shank3, an intracellular binding parner
for neuroligins, were also found in patients with

ASDs (28). Thus, in rare instances mutations n
three gene families that encode newroligins or
their interacting proteins are associated with
familial idiopathic ASDs,

An increase in inhibitory synapse markers
in R451C mutant mice. Autism is thought 1o
arise from functional changes in neural circuitry
and to be associated with an imbalance between
excitatory and inhibitory synaptic transmission,
but the mechanisms involved are unknown (29)
To investigate possible mechanisms, we intro-
duced the R451C substitution into the endoge-
nous neuroligin-3 gene in mice by gene targeting,
generating R451C knockin (KI) mice (fig. S1)
(2. Morcover, to test whether the R431C sub-
stitution represents a gain- or a loss-of-function
change, we also analyzed neuroligin-3 knockout
(KO} mice (fig. S1). Because the neuroligin-3
gene is X-chromosomal, we performed analyses
on male offspring derived from matings of a
heterozy gous female with a wild-type (W T) male

mouse, Neuroligin-3 R451C Kl and neuroligin-3
KO mice were viable and fertile and exhibited no
obvious abnormalitics or premature mortality
(fig. 52) (7).

We first analyzed the amounts of neuroligin-
3 and of other synaptic proteins in neuroligin-3
R451C KI and KO mice, The R451C substitu-
tion caused a decrease in newroligin-3 of ~90%
in forebrain as measured by quantitative immu-
noblotling with two different antibodies, whereas
the KO caused a complete loss of neuroligin-3
{Fig. 1}. In addition, we observed a small de-
crease innewroligin-1 in both the K1 and the KO
mice and a significant increase in the levels of
two markers for inhibitory synapses [the vesicu-
lar y-aminobutyric acid (GABA) transporter
VGAT and the postsynaptic protein gephyrin] in
the KI mice, whereas no increases in VGAT or
gephyrin levels were detected in the KO mice
{Fig. 1). No significant change in the levels of
other proteins examined were observed, in par-
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Fig. 2. The R451C substitution in neurcligin-3 increases the synaptic signal of
the vesicular GABA transporter VGAT but not the number of inhibitory synapses.
(A) Representative confocal immunofluorescence images of sections of the CA1
region of the hippocampus from bittermate WT and R451C Kl mice double-labeled
with antibodies to the vesicular glutamate transporter VGlutl (red, top) and the
vesicular GABA transporter VGAT {green, middle); the bottom row depicts the
merged image (for representative images from other brain areas or sections
stained with other antibedies, see figs. 56 to 58). Scale bars in bottom images
apply to all images in a column. (B to E) Quantitation of the density of synaptic
puncta that are above threshold by image analysis of confocal immuno-
fluorescence sections from the CA1 and CA3 region of the hippocampus [{B) to
(D] and from the somatosensory cortex (E) from WT and R451C Kl mice (top) or
neuroligin-3 KO mice (bottom). Quantitations are from sections stained with
antibodies to synaptophysin [(8), labels all synapses] or to VGAT and VGlut [(C) to
(El; label only inhibitory or excitatory synapses, respectively]. (F) Representative
electron micrographs from layer 2/3 of the somatosensary cortex of WT (left) and
RA51C KI (right} mice (black arrowheads, asymmetric synapses; white arrow-
heads, symmetric synapses). (G to J) Quantitation of the density of asymmetric
(excitatory) and symmetric (inhibitory) synapses (G), of the ratio of asymmetric to
Syraplophiyein symmetric (H) synapses, and of the width of a synapse [(I), as reflected in the PSD

length] and its synaptic vesicle numbers () in electron micrographs from three
pairs of fittermate WT and R451C Kl mice [data shown in (B) to (E) and (G) to (]} are means + SEMs; n = 3 littermate pairs; *P < 0.05; **F < 0.01; ***P < 0,005 by
Student’s t test]. PSD, postsynaptic density.
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ticular no change in the levels of the vesicular
glutamate transporter or other proteins character-
istic of excitatory synapses (Fig. 1 and figs. 53 and
541 (30 These data suggest that the neuroligin-3
R451C K1 and KO did not cause a global change
in the molecular composition of the brain, except
for a small increase in inhibitory markers in the
KI but not the KO mice,

The decreased concentrations of R451C mu-
tant neuroligin-3 could be due to a destabilization
of the mutant protein, Allematively, because the
construction of the R451C KI mice involved the
miroduction of loxP and frl recombination siles

A Spontanecus EPSCs

R451C

mw
A W ———

o the neuroligin-3 gene intron, it 15 possible that
the genetic manipulation may have impaired ex-
pression of neuraligin-3. To differentiate between
these two possibilities, we measured the messen-
ger RNA (mRNA) levels of neuroligin-3 in WT
and R451C KI mice by using quantitative reverse
transcription polymerase chain reaction (RT-PCR)
but detected no decrease of the newroligin-3
mRMNA in the mutant mice (fig. 85). These data
indicate that the R451C substilution destabilizes
neuroligin-3, consistent with the retention of
R451C mutant neuroligin-3 in the endoplasmic
reticulum observed in transfection studies (20, 25),
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Fig. 3. Neuroligin-3 R451C Kl but not neurcligin-3 KO mice exhibit increased spontaneous inhibitory
synaptic transmission. Recordings were performed in whole-cell patch-clamp mode in pyramidal
neurons in layer 2/3 of the somatosensory cortex in acute slices. Representative traces (A, €, and E) and
summary graphs of the amplitudes and frequency (B, D, and F) of spontaneous miniature excitatory
postsynaptic currents [mEPSCs; (A) and (B)] and inhibitory postsynaptic currents [mIPSCs; (C) and (D)]
from R451C K1 [{A) to (D)] or KO mice [(E) and (F)]. (G and H) Representative traces (G) and summary
graph for response to a locally applied GABA puff (S0 uM injected at 5 psi for 1 5) in layer 23 of the
somatosensory cortex. In (G), responses are also shown in the presence of 50 uM picrotoxin to
document their inhibitory nature (data shown are means + SEMs; n = 3 littermate pairs; total number
of cells recorded are indicated within bars; *P < 0.05; **P < 0.01; **P < 0,005 by Student's t test; all
electrophysiological parameters are listed in table 51).
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We next examined the R451C mutant brains
morphologically but failed to detect a major
change in brain architecture (fig. 56). We then
measured the intensity of synapse staining by
using antibodies o synaplic vesicle proteins. We
stained cryostat sections from the somatosensory
cortex and from the CAl and CA3Y regions of
the hippocampus with antibodies 1o synapiophy-
sin, a general marker of all synapses, and 1o the
vesicular glutamate transporier VGlut] and the
vesicular GABA transporter VGAT, markers of
excitatory and inhibitory synapses, respectively.
The staining pattems observed were chamcleristic
for the excitatory and inhibilory synapses in these
brain regions, bul the intensity for VGAT staining
appeared to be brighter in R451C K mice than in
control or in KO mice (Fig. 2A and figs. 57 and
S8). To test this, we used an image analysis that
estimates the number and size of puncia labeled
with the varous antibodies above a defined
threshold value applied to all images (Fig. 2, B
to E, and figs. 57 and S8). We observed a dra-
matic increase in the number of VGAT-positive
puncta in the R451C KI mice in all three brain
regions analyzed (50 to 809 increase). In con-
trast, the number of YGlutl- or synaptopliysin-
positive puncta above threshold was unchanged,
and the average size of the puncta was also not
altered for any of the three antibodies (Fig. 2, B
to E, and figs. 57 and 58) (30). Moreover, no
increase in the density of VGAT-positive puncta
was detected in the neuroligin-3 KO mice (Fig. 2,
B E)

The increased number of VGAT-positive
puncia above threshold in the R451C KI mice
could be due to an increase in inhibitory syn-
apse numbers or a shift in the distribution of
VGAT, such that more synapses contain a high
concentration of the transporter. To differentiate
between these two possibilities, we examined
the number and struciure of synapses in layer
273 of the somatosensory cortex by electron
microscopy  but detected no major change in
synapse number of structure (Fig. 2, F w 1)
Thus, the R451C substitution does not increase
synapse formation butl appears (o act at a siep
downstream of synapse formation to increase the
average VOAT signal per synapse. This conclu-
sion is also consistent with the fact that neuroligin
deletions in general have not been found to alter
synapse numbers but instead selectively impair
synaptic strength ({1, 21).

Inhibitory synaptic strength is increased
in neuroligin-3 R451C KI but not KD mice.
We measured synaptic function in the R451C
EI mice with whole-cell recordings in layer 23
of the somatosensory (barrel) conlex in acute
slices. Examination of spontancous synaptic
“mini” events (Fig. 3, A 1o D} uncovered no
significant change in the frequency or size of
excilalory events but detected a ~50% increase
in the frequency of spontancous inhibilory
events. No change in the amplitude of spontane-
ous inhibitory events was detected. To determine
whether the increased frequency of spontancous
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mhibitory synaptic events 1s due to the loss of
neuroligin-3 induced by the R451C substitution
{Fig. 1) or reflects a specific action of the mutani
protein, we measured the frequency and size of
spontancous inhibitory mini events in neuroligin-
3 KO mice (Fig. 3E). Newroligin-3 KO mice
exhibited no increase in the frequency of
spontancous inhibitory mini events (Fig, 3F).

The sclective increase of spontancous inhib-
itory events in R451C Kl mice agrees with the
increase in the levels of inhibitory synaptic pro-
teins (Fig. 1) and the number of inhibitory syn-
apses with VGAT signals above threshold (Fig.
2), suggesting that inhibitory synaptic transmis-
sion may be enhanced by the R451C substitution,
Consistent with this hypothesis, the amplitude
of the response to exogenous GABA puffed onto
neurors in layer 23 of the somatosensory corlex
significantly increased (Fig. 3, G and H).

We next investigated synaplic strength by
measuring input/output curves of evoked syn-
aptic responses. We detected no difference in
excilatory responses between WT and R451C

Fig. 4. Selective increase in inhibito- A

tude. Dotted horizontal lines represent

Kl mice but observed a significant ncrease n
inhibitory responses (~50%) (Fig. 4, A, B, D,
and E). Measurements in newroligin-3 KO mice,
by contrast, uncovered no change in inhibitory
responses but detected a small, although insig-
nificant, decrease in excitatory responses (Fig, 4,
Cand F, and fig. $9). This result confims the
finding made in the spontancous synaplic mea-
suremenis that the neuroligin-3 R451C KI but
not the KO causes a selective increase in in-
hibitory synaptic transmission. Consistent with
the postsynaptic localization of newroliging (12),
we found that the shor-term synaptic plasticity
properties of inhibitory synapses in neuroligin-3
R451C Kl or KO brains did not exhibit a major
change (figs. S10 o 512).

Neuroligin-3 R451C KI mice exhibit im-
paired social behaviors but enhanced spatial
leamning abilities. To determine whether the
changes in synaplic transmission in R451C Kl
mice produce behavioral impaimments, we first
tested the mice for global behavioral changes
and detected no changes in locomotor activity,

motor coordination, and anxiety-related be-
haviors in R451C K1 mice with a series of tests
[darkdight box, open field, novel home cage
activity, rotared, open field arena, and elevated
plus maze (fg. S13)].

We next investigated whether R451C Kl
mice display abnormmal social behaviors, R451C
K1 mice showed no change in the time of inter-
action with a novel inanimate object, However,
the KI mice exhibited a small but significamt
decrease in interaction with a novel caged adult
target mouse compared with interactions of WT
littermate controls, indicating a social interaction
deficit (Fig. 5, A and B). Smmlarly, in a test for
social versus inanimate preference, R451C Kl
mice spent significantly less time interacting with
a social target than did the WT littenmate controls
{Fig. 5C). In agreement with a selective effect on
social behavior, R451C Kl mice spent the same
amount of time interacting with an inanimate
target as controls during this task. However,
when placed into a neutral home cage with a
freely moving conspecific juvenile target mouse

o
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mutant and WT mice [data shown are
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means + SEMs; 7 = 4or 3 littermate pairs for EPSCs (Kl or KO) and 5 or 3 littermate pairs for IPSCs (Kl or KO); *P < 0.05; **P < 0.01 by ¢ test]. For representative
traces from the KO mice, see fig. 5%; for short-term plasticity measurements in KI and KO mice, see figs. 510 to 513.

Fig. 5. Impaired social interaction behaviors in neuroligin-3
RA51C KI mice. (A) Interacting time of individual WT and
R451C Kl mice exposed to a novel inanimate object in an
unfamiliar cage (5 min). (B) Interacting times of mice that are
exposed to an unfamiliar immobilized target mouse in a now-
familiar cage [S min; procedure immediately follows (A)]. (C)
Interacting times of mice that are exposed simultaneously to a
novel inanimate object and a novel, caged target mouse. (D)
Social learning measured by monitoring the times of direct
imteractions of WT and R451C K| mice with the same freely
(first interaction) and .

moving juvenile target mouse on day 1

day 4 (second interaction for social learning). All data shown
are means + S5EMs; n = 19 male littermate pairs;
statistically significant differences between WT and R451C Kl
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mice are specifically identified in the figure (*P < 0.05; **P <
0.01; ***P < 0.001 by ¢ test or two-way analysis of variance); a detailed statistical analysis for all parameters is provided in table 52 (30).
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for 2 min, R451C mutant and WT littermate
control mice interacted similarly with the target
mouse, presumably because in this test the targel
mouse initiates the interaction as much as the tesi
mouse, potentially masking social interaction
deficits of the test mouse (Fig. 5D). When re-
exposed o the same juvenile 3 days later, both
the control and the R451C Kl mice exhibited a
significant decrease in social interaction compared
with the initial interaction, demonstrating that the
miutant mice recognize the familiar juvenile mouse
and are capable of social leaming.

Individuals with ASDs exhibit impaired
social abilities but can display nomal or, rarely,
even enhanced cognitive abiliies (/-4). To ex-
amine whether the selective decrease in social
interactions in R451C Kl mice is associated
with a gain or a loss of other cognitive abilitics,
we tested spatial leaming and memory in R451C
K1 muce by using the Moms water maze. R451C
KI mice leamed o locale and mount a visible
platform as well as WT litermate control mice
did. indicating that basic neurological functions
required for swimming, vision, etc. were intact.
When the platform was hidden, the R451C Kl
mice exhibited a significantly enhanced ability 1o
locate the platform (Fig. 6A) and required fewer
days of training to leam the location of the plat-
form (Fig. 6B). During the probe trial 24 hours
after the seventh day of training, both WT and
R451C Kl mice displayed a significant prefer-
ence for the target versus the opposile quadrant,
but the R451C KI mice crossed the precise
former location ol the target platform almost
twice as often as their WT littlermate controls
(Fig. 6B and fig. S14).

Fig. 6. Newroligin-3 R451C Kl mice exhibit
enhanced spatial learning. (A) Momis water maze
analysis of spatial learning in R451C Kl and
littermate WT control mice during the initial 7 days
of training as measured by the distance traveled to
reach a submerged platform [n. s., not significant;
*P < 0.05; **P < 0.01; ***P < 0.001; in (&) and
(D), Genctype indicates main effect of genotype;
Day, main effect of day of training; and Interaction,
interaction between genotype and day.] (B) Num-
ber of days of initial trining required to reach the
submerged platform in an average of 10 s or les.
(C) Number of crossings over the previows location
of the target platform and over corresponding
locations in the other three quadrants measured on
day 8 after removal of the platform (probe trial.
(D) Reversal leaming experiment, in which on day
5 after the probe trial the platform was moved to
the opposite quadrant and the learning of the new
location of the platform by the mice was monitored.
Learning is measured as distance traveled before
mounting the newly localized target platform as a
function of days of raining. (E) Number of days of
reversal training required to reach the submerged
platform in an average of 10 s or less. (F) Probe
trial after reversal leaming uncovers a large

To ensure that the increase in number of
target location crossings in the R451C KI mice
during the probe trial was due to enhanced spa-
tial memory rather than perseveration, we re-
versed the location of the platform and retrained
the same cohort of mice (so-called reversal train-
ing). Again, R451C KI mice exhibited a signif-
icantly enhanced leaming curve during (Fig, 6D)
and required fewer days of raining 1o leam the
location of the platform (Fig. 6E). Twenty-four
hours after the final reversal wraining day, R451C
KI mice displayed enhanced spatial memory dur-
ing the probe tmal. RAS1C K1 mice showed a
significant preference for the new target quadmnt
and spent significantly more time in the tanget
quadrant than did WT litermate control mice (Fig,
6F). Similarly, R451C Kl mice crossed the new
tarpet location more often than control mice did
and exhibited a significant preference for the target
location over all other locations, unlike WT mice
(Fig. 6F and fig. 514), suggesting that they have an
increased ability for spatial leaming and memory,

Summary. The phenotype of neuroligin-3
R451C KI mice suggests that this mouse may
facilitate for a mechanistic analysis of the
pathogenesis of idiopathic ASDs and provide a
possible model system to search for more ef-
fective treatments for ASDs, We found that the
R451C substitution increases inhibitory synaptic
transmission without affecting excitatory synap-
tic transmission and simullaneously impairs so-
cial behaviors while selectively enhancing spatial
leaming abilities. These findings are surprising
because ASDs were thought o be associated
with a loss of inhibitory drive (24, 37}, although a
Rett syndrome mouse model also exhibits an
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merease in synaptic nhibitory drve (32) The
B451C substitution increases inhibitory synapse
markers, spontancous inhibitory event frequency,
and the size of inhibitory synaptic responses but
does not change short-term synaptic plasticity
of inhibitory synapses (Figs. | 1o 3 and figs. 57
and S8), suggesting that the mutation enhances
inhibitory synaptic tansmission without changing
the release probability of these synapses. Thus,
our results not only validate the hypothesis that
neuroliging act at synapses to specify synaptic
propertics (20, 33) but also indicate that inter-
fening with the function of a neuroligin alters
the excitatory/inhibitory balance in vivo. More-
over, if the mouse model nuimics the situation
in humans with ASDs, it may be possible to
ameliorate autism-related behavioral abnonmnal-
ities by using attenuation of inhibitory synaptic
transmission.

How does the R4A51C mutation increase in-
hibitory synaptic transmission? A factle explana-
tion would have been that the destabilization of
neuroligin-3 by the R451C substitution (25) and
the resulting loss of neuroligin-3 protein produces
a loss-of-function of neuroligin-3, which then
causes the phenotype. However, our analysis of
the newroligin-3 KO mice rules out this explana-
tion. Although only ~10% of the neuroligin-3
protein remains in the R451C KI mice, this re-
maining neuroligin-3 protein produces incressed
inhibitory synaptic ransmission, whereas the com-
plete neurligin-3 KO exarts no such effec. Thus,
the R451C substitution likely acts as a pain-of-
function mutation, a hypothesis that also explains
why no loss-of-function neuroligin-3 mutation wis
found in humans with ASDs, whereas several loss-
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increase in spatial learning abilities of the R451C KI mice [dashed lines in (C) and (F) are the mean overall numbers of platform crossings for WT mice].
Only statistically significant differences between WT and R451C Kl mice are identified. All data shown are means £ SEMs; n = 19 male littermate pairs; see

fig. 514 and table 52 for all statistical comparisons.
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of-fundion mutations were found in neumligin=d
in such individuals (22-24),

Our data strongly support the notion that a
change in the inhibitory/excitatory balance con-
tributes to the pathogenesis of ASDs. Such a
change may alter oscillatory rhythms in brain
(34, 35). Given the relatively focused nature of
behavioral abnommalities in the R451C KI mice
and in some humans with idiopathic ASDs, it is
likely that this change is not global but selec-
tively affects only a subset of the many classes of
inhibitory intemeurons in the forebrain [reviewed
in{36, 37)], a question that can now be addressed
with the R451C KI mice.
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Polymer Gate Dielectric Surface
Viscoelasticity Modulates Pentacene
Transistor Performance

Choongik Kim, Antonio Facchetti,* Tobin ). Marks*

Nanoscopically confined polymer films are known to exhibit substantially depressed glass transition
temperatures (7,'s) as compared to the corresponding bulk materials. We report here that
pentacene thin films grown on polymer gate dielectrics at temperatures well below their bulk 7,'s
exhibit distinctive and abrupt morphological and microstructural transitions and thin-film
transistor (TFT) performance discontinuities at well-defined growth temperatures. The changes
reflect the higher chain mobility of the dielectric in its rubbery state and are independent of
dielectric film thickness. Optimization of organic TFT performance must recognize this fundamental
buried interface viscoelasticity effect, which is detectable in the current-voltage response.

rganic thin-film transistors (OTFTs) have
altracted considerable attention as the
central components of “printed” clec-
tronics (/-3). Moreover, OTFT perfomance can
be substantially enhanced by manipulating the
semiconductor/dielectric interfacial properties
via optimizing the gate dicleciric (7). To this
end, polymer diclectrics are ideal because of their
diverse propenties, favorable film-forming char-

Department of Chemistry and the Materals Research
Center, Worthwestern University, 2145 Sheridan Road,
Evarston, IL 60208, USA

*Te whom correspondence should be addressed. E-mail:
a-facchetti @noniwesten.edu (LE) t-marks@nonhwedam.
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acteristics, and wnable surface chemisiory for the
conirol of device-critical interfacial rap siaie den-
sitics (5-40). However, whether polymer diclecine
chain dynamics affect organic semiconductor
growth and OTFT cument-voltage (/1) response
has remained unclear.

The glass transition temperature (1) of amor-
phous polymers provides a qualitative measure of
chain motion (/{-13). At temperatures below T,
polymers are in a glassy state with lide cooper-
ative chain motion, whereas above T, polymers
enter a rubbery state having substantial chain
motion. Relative to bulk materials, 7, is de-
pressed in ultrathin films (/4) and in nanoscale
pores (/5) The extent of T, depression depends on

the polymer film thickness and substrate/polymer
interactions, as characterized by ellipsometry (16),
dielectric relaxation spectroscopy (J7), Brillouin
scattering (/4), and fluorescence spectroscopy
{(/9). For extensively studied polystyrene (PS)
films on Si or Si0,; subsirates, the empirical
Eqg. 1 applies (/4, 20)
Tu(h) = Tyb) [1 - (A/)f) (1
where T,(h) is T, for a film of thickness h, T(b)
is the bulk polystyrene T, (both in degrees
kelvin), A is a characteristic length (3.2 nm), and
6 = 1.8, The experimenial results from which
empirical Eq. 1 was derived confer on 7,(h)
the meaning of an “average”™ T, across the
nanoscopic film that is swongly thickness-
dependent. For example, a 20-nme-thick PS film with
T} ~ 100°C exhibits a T, depression [AT,h,b) =
T b) — T.(h)] of ~14°C, but this effect vanishes
(AT (h,b) < 1°C) when h > 100 nm. Thus, for PS
films of thickness =100 nm, the polymer gale
diclectric viscoclastic properties should play litile
role in OTFT interfacial effects when T < T(b).
Felations similar to Eq. | are applicable to other
polymer classes, although parameters A and & dif-
fer and may depend on the substrate [for exam-
ple, for poly(meahylmethacrylale) (PMMA), A =
0.35 nm and & = 0.8 (21): for poly(r-butylstyrene)
(PTBS), A= 3.0 nm and § = 1.05 (22)]. We show
here that when glassy polymeric materials are used
as OTFT gate dielectrics, polymer viscoelastic
propentics strongly influence organic semiconduc-
tor film growth, microstructure, and OTFT &~V
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performance. This effect is independent of poly-
mer film thickness; the film need not be nano-
scopically confined, so this effect can be used to
probe the surface viscoelastic properties in buried
interfaces via the OTFT response.

The top-contact, bottom-gate OTFT structure
used in this study (Fig. 1) conssted of a thin pen-
tacene semiconducting layer grown on top of
the gate diclectric, together with an underlying
p-5i gate electrode and top Au charge-injecting
and -extracting source and drin electrodes.
Pentacene was selected as the model organic
semiconductor because of the large pentacene
TFT database and the importance of this semi-
conductor in organic electronics (23-24), The
dielectric was either a 300-nm-thick SiO; film
[dielectric ¢-Si0,, Ty(b) = 1175°C] or a polymer
(10 1o 800 am, top)/SiO; (300 nm, bottom) bi-
layer, with the polymer byer selected to span com-
monly used OTFT gate dielectnes having a mnge
of T(b)’s and surface chemical characteristics,
such as PS [diclectric PSI, 7,(b) = 103°C; di-
clectric PS2, Ty(b) = 94°C: diclectric PS3 T (b) =
83°C], PTBS [diclectric PTBS, T,(b) = 137°C],
and PMMA [diclectric PMMA, T(b) = 86°C]
(table S1). We used PS specimens of different
molecular weights, and hence different Tg{b}'s,
which should differentiate diclectric viscoclasticity
effects from local buried interfacial chemical ef-
fects. The relatively low T(b) values of the poly-
mers used in this study are due to relatively low
moleaular weights. The bilayer Si0w/polymer di-
electnie (Fig. 1) allowed vus to vary the polymer
surface in contact with the semiconductor and the
polymer film thickness amd still maintain gate
leakage current densities (fia) below levels that
affed OTFT response. For all bilayer dielectrics,
S < 107% Alem” ata gate field of ~ 3 MV/em,
as established in metalinsulator/semiconductor
capacitor structures, and is identical to that of the
control ¢S50y substrates (10); hence, the leakage
current densities at the maximnum OTFT gate

Fig. 1. Schematic rep-
resentation of the top-
contact, bottom-gate
OTFT structure and the
materials components
used in this study. In a
TFT device, the cumrent
between source and

Semiconductor

fields used here (-3 MViem) were dominated by
the bottom Si0. laver. Tapping-mode atomic
force microscopy (AFM) images of the bilayers
reveal that all of the dielectric films exhibit sim-
ilar topologics. chamckerized by ool mean square
mughnesses of ~0.3 nm.

Afer establishing the diclectne propertics,
pentacene films wene next vapor-deposiied on the
gate insulator substrates maintined at preset depo-
sition temperatures (Th's) and were then charac-
terized by tapping-mode AFM and wide-angle
seray diffraction (WAXRD) OTFTs were then
tabrcated at room temperature on the bilayer di-
cledrics and on the c-510, contwl, and response
parameters were extracted from /-1 data using
standard methodologies (27).

The saturation ficld-cffect mobility (u) and
other relevant OTFT performance data for the
present pentacene TFTs as a function of poly-
mer dielectric and Ty are summarized in table
SL LV transfer and output plots exhibit classical
lincar/saturation behavior in all cases (figs. 51
and 52). As also shown in Fig. 2A for PS2- and
¢-8i05-based devices, pentacene carrier mobility
depends on T, for the polymene gate insulator-
based devices. As expected, absolute p values
vary somewhat for different pentacene/dielectric
combinations because of differing  interfacial
chemical interactions and charge trap densities
(10, 28, 29). Hence, pentacene TFT maximum
carrier mobilities (1., ) vary from ~0.50 to 0.65
em’/Ve.s on hydrophobic PS1 and PS2 and
PTBS 1o ~020 to 0.30 em* Vs on polar/
hydrophilic PMMA and ¢-5i10,.

The dependence of OTFT response charac-
teristics on pentacene growth temperature is even
more marked when the nomalized camrier mobil-
ity (N, = Wi, ) is plotted versus T, (Fig. 2B).
This plot also compares N, to experimental T,(b)
values measured for the polymer insulators by
temperature-modulated differential scanning cal-
orimetry (DSC), Over a narow and well-defined

drain electrodes (/¢ is
minimal when no volt-
age (V) is applied be-
tween the source and
gate electrodes (the off
state). When a positive
or negative V; & ap
plied, electrons or holes,

respectively, are induced
in the semiconductor at

the interface with the insulator (dielectric) layer, and g, increases (the on state). In the transistor saturation regime,
lsp is given by lgy = WRLMGIV, — V)2, where p is the field-effect carrier mobility of the semiconductor, W the
channel width, L the channel length, C; the capacitance per unit of area of the dielectric layer, and V; the threshold

voltage. MW, polymer number-average molecular weight in kg/mal.

REPORTS I

T range, pentacene carrier mobility drops pre-
cipitously (by more than 10 times), and this tran-
sition is characteristic of the specific polymeric
gate diclectric. The N, transition temperatures ane
substantially below the corresponding polymer
bulk transition temperatures and are substantially
below the Ti(h)'s estimated for these polymers
from Eqg. 1. To quantity OTFT perfirmance sup-
pression caused by thermal and viscoelastic
propertics of the polymer dicleciric, we define
T,(s) as the temperature where N, = 0.5, or the
surface 7, From these results, as well as ad-
ditional experiments reported below, we infer that
T,(s) has broad importance and corelates with
surface viscoelastic propertics, This comrelation is
reasonable only if the measured Ty(s) is always
lower than T,(h) and is also independent of the
polymer film thickness.

In the plots of Fig. 2B, the Ty(s)s of the
PS-based samples [59°C for PS1, 51°C for PS2,
and <34°C for PS3] tmck the comesponding poly-
mer Ty(b)'s [103°C for PS1, 94°C for PS2, and
83°C for PS3). Thus, T,(b) - T.(s) [AT,(s,b)]
remains in a narrow range (~43" o 49°C) for
these PSs. That AT (s,b) is only marginally sen-
sitive 1o the absolute Ty(b) is expected consid-
ering that the chain microstructures of these PS
samples differ only in molecular weight. In con-
trast, AT (sb) absolute values for PMMA [7,jb) =
86°C] and PTBS [T,(b) = 137°C] are smaller
{11°C) and larger (61°C), respectively, than that
of PS1, PS2, and PS3. Previous studies have
shown that nanoscopic PMMA and FTBS films
exhibit smaller and greater 7, depressions, respec-
tively, versus PS (19, 27). Also, the AT (sb) values
are far larger than the comesponding AT, (bh)'s
derived from Eg. 1 for similar polymer thicknesses.
The PS film thickness used here (~25 nm) should
have AT (b,h) ~ 9°C, but the experimental OTFI-
derived AT (bs)'s are =40°C. That T, (s) s a
surface and not a filmbulk polymer property is
demonstrated in Fig. 2C, where the pentacene

None c¢-Si0s
P51 : MW =280 K
5,; PS2:MW=13K
PS3:MW=4K

PTBS: MW =32K

T3

5

3

PMMA : MW =15 K

2
= 3

PVP: MW =20 K
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carrier mobility is plotted versus Tp, for the PS1-
based OTFTs over a wide range of PS film thick-
ness (20 1o 800 nm). The mobility transition
occurs al the same Tys) of 39°C independent of
the dielectric polymer film thickness. Similar
results are observed for the other polymer di-
¢lectrics used here, supporting the broad gener-
ality of this effect (Fig. 2C).

The origin of the precipitous mobility drop
at I = T,(s) could in principle result from the
microstructural changes within the pentacene films.
Thus, we examined the pentacene filins by XRD
and AFM. Figure 3 shows 8 o 208 XRD scans
of 50-nm-thick pentacene films deposited at dif-
ferent Tps on the bilayver msulators and on ¢-Si0),.
All of the pentacene films exhibit the exclusive
presence of the thin-film phase, consistent with
the small film thicknesses (30), and the intensity
of the (001) Bragg reflection (20 = 5.74%) strongly
depends on T, Pentacene films (50 nm) deposited
al temperatures below Tl‘{:a} exhibit far more
intense reflections (by a factor of 10 to 100) as
compared to films grown at higher substrate tem-
peratures. The XRD data for 50-nm pentacene
films grown on ¢-5i0, exhibit negligible T, de-
pendence. These results indicate a dired comela-
tion between deposition temperature-dependent
discontinuities in pentacene film microstructure
and those in ficld-effect mobility. In contrast to
growth on inorganic ¢-5i0s, increasing polymer
chain segmental mobility at the free diclectric
surface with increasing T strongly disrupis the
growih of highly textured pentacene grains,

AFM images of pentacence films show sim-
ilar transitions near T,(s) in pentacene film grain
size distributions versus T, with the bilayer di-
clectric substraies behaving very differently from
¢-8i0)s. Detailed AFM data analysis for ~100
devices indicates that pentacene camier mobility
is substantially less affected by gram size vana-
tions and gate dielectric chemical chamactenstics
than previously thought; rather, there appear to
be two size regimes for mobility. Figure 4A
shows AFM images for S0-nmethick pentacene
films grown on PS1 and ¢-Si0s, as well as
peniacene average grain size versus Ty data for
representative dielectrics. Similar growth mor-
phologies as a function of Ty, are observed for
pentacene monolayers (~5 nm thick) on the same
insulators (fig. 53); hence, microstruciural dif-
ferences in the initial film growth stages arc
preserved in thicker films.

The plot in Fig. 4A shows that on the c-Si0:
control substrate, pentacene film grain size in-
creascs monotonically from 0.8 to ~-2.5 pm when
T is increased from 257 o 80°C, which is typi-
cal growth behavior for pentacene films (3/). In
marked contrast, for the films grown on PS1,
the grain size increases slightly from 1.2 wm al
Tm = 25°C to ~14 pym at Tp = 60°C, then
abrupily decreases to <0.5 pm for T, = 70°C,
Similar behavior is observed for PS2 [~13 um
(25°C) = ~03 pm (60°C) (fig. S4A)], PS3
[~0.7 pm (25°C) — ~0.2 um (30°C) (fig. $48)),
and polar PMMA [~1.8 um (25°C) — ~3.3 um

(60°C) — ~0.5 pm (80°C) (Fig, 4A)]. Pentacene
films on very high T(b) PTBS behave some-
what differently. For T, < T(s). exceptionally
large grains (=5.0 pm) are observed. However,
for Ty = Ty(s), the pentacene film growth mode
deviates from typical layer-by-layer and island
growth modes (32), with formation of large cir-
cular polycrystalline aggrepates separated by large
gaps (fig. S4C).

These morphology variations as a function
of T correlate with the diffraction-derived film
microstructural variations at T,(s) for the bilayer
insulators. For the ¢-8i0), substrales, increased T,
comrelaies with increased grain size caused by
increased diffusion of the pentacene molecules
on the surface (3, 33). However, the effect of
temperature on diffusion for the bilayer dielec-

trics differs greatly, because diffusion of the pen-
tacene molecules and grain size should both scale
with temperature, which is indeed observed when
T increases, but only for T < T(s). For T >
T,(s). the gmin size abruptly falls, probably be-
cause molecular diffusion is diswurbed because of
enhanced polymer dielednic surface roughness
and/or friction at higher temperatures (34, 35).
Rough gate dielectric surfaces are known to im-
pede lateral pentacene molecular diffusion, af-
fording smaller grain sizes versus growth on very
smooth substrates (36, 37), and in the present
case drastically suppress pentacene ordered mo-
lecular nucleation. Clearly, insulating polymer
viscoelastic dynamics at Ty, > T(s) disrupt the
growth of large textured grains, Furthermore, as
illustrated in Fig. 4B, this study reveals two grain
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Fig. 2. (A) Carrier field-effect mability u for pentacene OTFTs fabricated at different pentacene film Ty's
on polymer bilayer dielectric PS2 (24 nm) and on ¢-5i0;. (B) (Left) Normalized charge carrier mobility
Ny, = 4t e (1 (cmPVis) = 0.68 (PS1); 0.54 (PS2); 0.34 (PS3); 0.18 (PMMA); and 0.63 (PTBS)] at different
To's for pentacene OTFTs on various bilayer dielectrics. (Right) DSC scans for the polymers investigated
in this study. The polymer 7,(s) is defined as the temperature where N, = 0.5, and AT,(sb) = T,(b) = T,(s)
IT,,[sl = 59°C (P51); 51°C (PS2); =34°C (PS3): 75°C (PMMA): and 76°C (PTBS). (C) Carrier field-effect
mability of pentacene TFTs as a function of Ty, for different PS1, P53, and PMMA gate dielectric thicknesses.
Except for the D5SC plots, all the remaining lines are drawn as guides for the eye.
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size/mobility dependence regimes for pentacene,
When the pentacene grain size is above a critical
value, identificd here as ~0.8 pm, the carrier mo-
bility is large (>0.15 cm™/V+s) and independent of

the crystallite size (for cach diclectric type)
and depends marginally on dielectric chemical
structure. Below ~0.8 pm, pentacene carrier
mobility becomes very sensitive to the grain

Si0,
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P
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Fig. 3. XRD data (001 reflection of the thin-film phase) for 50-nm-thick pentacene films grown on P51,
PMMA, PTBS, and c-5i0; gate dielectrics at the indicated sulstrate temperatures (7). The lines are drawn
as guides for the eye. The scale bar indicates the & to 20 XRD scan angle ranges from 3.6° to 10.0°

Fig. 4. (A} AFM im-
ages (5.0 x 5.0 pm°) of
50-nm-thick pentacene
films grown on digledrics

"

i

PS1 {top) and c-5i0, PS1
(bottom) at different T,s E '
and the corresponding =2 i
average grain size ver- & 2 PMMA [ ]
sus Tp plots fer P51 : ' ]
(red), PMMA (blue), and 1 ' )
c-5i0; (black). (B) Mobil- (5 sio 1 i
ity versus average grain 0 2
size plot for pentacene
TFTs on all dielectrics,
The blue- and red-shaded
areas represent the low-
and high-@mier-mokbility ; ’ ! ; " ¥ Y
regions, respectively. (C) 25 50 s Etec:. 70 80
Mobility of pentacene D
TFTs before (left) and B c
after (right) O, plasma 10° [y e 100
treatment of the poly- TR R S = A
mer dielectric surface -a-."ﬂ % = PVP )
:.rn. = ?TCL 5 10—2 !. * Psi 5 10-1 ' .|
§109{ ikl PS1 -
‘5 * PS3 ‘E:
£107 e PMMA | £
8105 aprBs | 8102
= 5 = a PyYpP = ¥
e * si0, PS2 &’
T - - - - - . ' I
e 123 45 6 7 107 [ -
Grain size (um) Oz-Plasma

REPORTS I

size distribution, varying from 0.1 em™~/V+s to
~1077 em™ Vs

Finally, to demonstrate that the present large
pentacene microstructure-OTFT ~F correlations
result from polymer chain surface segmental
mobility, the 7i(s)’s of representative low-T,,(b)
polymers were increased via surface chemical
modification. Treatment of PS films with an O
plasma forms oxygenated species (mainly hy-
droxyl groups) penetrating only ~2 nm into the
film (34, 39). This process should convent the
surface properies of the PS-coated substrates to
those approaching polyvinylphenol (PVP), a poly-
mer with a far larger Tgl[h:l {~170°C) than PS.
We fabricated TFTs based on PSland PS2 (asa
control), on PS substrales treated with an O3
plasma (PS1/2-0XY), and on PVP-based bilayer
insulators (PYVP and PVP-0XY as a control), on
which pentacene films were then deposited at
T = T0°C (for details, see the supporting onling
malerial). The field-effect transistor mobilities
of P51/2-0XY-based devices for T > Tois)
using P51 and P52 increase dramatically despite
the low T,(b)'s of these polymers and approach
those of the PVP-based devices (Fig. 4C). This
result strongly supports the surface polymer
chain viscoclastic origin of the dranutic mo-
bility and microstructure varations observed
here. A practical implication is that the surfaces
of low-T (b)Y T,(s) polymer insulators (usually
more processable) can be modified after deposi-
tion to tolerste higher-temperature  fabrication
processes, readily affording higher-performance
OTFTs.

The present results illuminate new polymer
surface thermal and viscoelasticity phenomena
of general importance and demonsiraie their
crucial consequences for pentacene TFT re-
sponse when polymers are used as gaie diclec-
trics. First, there is an unprecedented and gencral
effect of the dielectric T, on the charge transport
propertics of overlying thin-film organic semi-
conduciors. General and abrupt mobility transi-
tions occur af well-defined pentacene film growth
temperaiures characieristic of each underlying
polymer diclectric. This temperature, associated
with a surface T, is substantially lower than the
bulk T, and is independent of film thickness.
Second, the transition from high to low penta-
cene TFT field-cffect mobility is closely come-
lated with large microstructural and morphological
alterations of pentacence film growth occurring
at the same surface T, Third, pentacene grain
size-TFT carrier mobility analysis reveals two
maobility states for pentacene TFTs, well sepa-
raied by a critical grain size (~0.8 pm). Fourth,
observing and quantifying surface 7} via ficld-
effect mobility measurements suggests a useful
new probe of polymer interfacial viscoclas-
tic propertics versus those in thin films and
the bulk, The observation of the effect of poly-
mer surface chain dynamics of organic tran-
sistor response should also contribute o the
more rational fabrication of advanced organic
electronics.
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Ultrastrong and Stiff Layered
Polymer Nanocomposites
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Bung Sup Shim,1

Jiadi Xu,* Himabindu Nan:hwﬂda. Benjamin G I'umphn, Joerg Lahann, L

Ayyalusamy Ramamoorthy,” Nicholas A. Kotov™®

Nanoscale building blocks are individually exceptionally strong because they are close to ideal,
defect-free materials. It is, however, difficult to retain the ideal properties in macroscale compesites.
Bottom-up assembly of a claylpolymer nanocomposite allowed for the preparation of a homogeneous,
optically transparent material with planar orientation of the alumasilicate nanosheets. The stiffness and
tensile strength of these multilayer compaosites are one order of magnitude greater than those of
analogous nanocomposites at a processing temperature that is much lower than those of ceramic or
polymer materials with similar characteristics. A high level of ordering of the nanoscale building blocks,
combined with dense covalent and hydregen bonding and stiffening of the polymer chains, leads to
highly effective load transfer between nanosheets and the polymer.

critical challenge in nanocomposite fab-
Aril::ﬂliﬂn is the ability to realize materials
that allow the transfer of the exceptional
mechanical properties (i.c., tensile strength, oy,

and Young's modulus, £) of the nanoscale ma-
terials 1o the macroscale propertics of the bulk
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materials. Nanoparticle-filled polymer composiies
based on these structural elements have mechan-
ical properties that fall far below the expected
theoretical and experimentally determined values
of the individual building blocks, except at low
volume fractions of the reinforcement (/%) The
deficiency in the propertics of the composite is
largely related o the difficulty of obtaining well-
dispersed large volume fractions of the reinfore-
ing nanomaterials and a lack of structural control,
The difficulty is also associated with realizing an
effective load transfer from the polymernic matrix
to the nanoscale components and the insufficient-
ly understood mechanical interactions of the two
constituents ai the nanoseale, We demonstrate that
it is possible to produce composites with proper-
ties that approach the theoretical maxima using
spatial and orientational control of clay platelets
in a polymer matrx at the nanoscale and retain-
ing this order at the macroscale,

Hybrid organic-inorganic nanocomposites of
polymer and clay nanoplatelets have received spe-
cial attention because of the very low cost of the
inorganic component, relatively simple prepara-
tion, and fairly predictable stiffening behavior when
introduced into polymers (9, 10). Montmorillonite
(MTM) clay {(~1-nm-thick-by-100- 1o 1000-nm
diameter sheets) has been extensively used for this
purpose because it 1s readily available and has ex-
ceplional mechanical properties. The in-plane mod-
ulus of elasticity has been estimated by Monie
Carlo simulations to be <270 GPa (4). Although
composites incorporating 50 volume % of MTM
should theoretically have siiffness values on the
order of 100 GPa, values achieved to date with
MTM platelets are at least one order of magni-
wde lower. This is because, in general, less than
~10 weight % (wit %) of the clay can be incor-
porated homogeneously as completely dispersed
silicates rather than intercalated structures into the
polymer because of the strong tendency of the
clay to aggregate and phasc separate. Further in-
creascs in the volume of the clay content have
either marginally increased or even reduced both
the strength and stiffaess (9, £7).

We approached preparation of the clay nano-
composite by using a bottom-up assembly pro-
cess called laver-by-layer (LBL) assembly (/2).
The LBL process is based on sequential adsorp-
tion of nanometer-thick monolayers of oppositely
charged compounds (such as polyelectrolytes,
charged nanoparticles, and biological macro-
molecules) to form a multilayered structure with
nanometer-level control over the architeciure. In
the past, we have used the LBL technique o pre-
pare nanocomposites from carbon nanotubes
(CNTs) that have oyrs ~ 220 MPa (73, 14). We
have also shown that the organization of LBL
composites has many analogies with the structure
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Fig. 1. Preparation of PVA/MTM nanocomposites. (A) Schematic representa-
tion of the internal architecture of the PYA/MTM nanocomposite (picture
shows & bilayers). (B) ATM phase image of a single PYA/MTM bilayer adsorbed
on top of a silicon wafer. (Inset) Close up of the main image showing
individual MTM platelets more clearly. Scale bar in inset, 400 nm. (C)

Fig. 2. Scanning electron microscopy charac-
terization of a 300-bilayer, free-standing PVA/
MTM nanocomposite. (A) Cross section of the
film. Arrows indicate the span of the cross sec-
tion. (B) Close-up of the cross section showing
the separation of layers. {C) Top-down view of
a fracture edge of the composite after tensile
testing. Dashed line indicates edge of the sam-
ple. (D) Top-down view of the composite’s sur-
face. The slight separation of the layers seen in
(A) and (B} is due to a shearing force resulting
from cutting the sample with a razor blade

during scanning electron microscopy sample
preparation.

of one of the toughest naiwral mineral-based ma-
terials, nacre ([5). In this respect, LBL assembly
of negatively charged nanosheets of hectorite or
MTM clays with a poly(diallyldimethylammo-
nium chloride) (PDDA) polycation led to the for-
mation of a material with &y ~100 MPa and a
tangent stiffness afier sirain st ffening of 11 GPa
(15, 16). Although fairly high, these values are
still below the theoretical limits for these mate-
rials, based on the mechanical properties of indi-
vidual nanotubes andfor clay sheets.

A iraditonal LBL process of sequentially
coating a surface with nanometer-thick layers of
polyivinyl alcohol) (PYA) and MTM by immersing
a glass substrate in dilute solutions of the compo-
nents was used in this study (/7-79). Ellipsometry
and ultraviolet'visible (LV/VIS) specimscopy (Fig.
1 and fig. S1) revealed linear and unifonm growih,

Characterization of the assembly with the use
of atomic force microscopy (AFM) (Fig. 1) and
scanning electron microscopy (Fig. 2) verified
dense coverage of the nanoplatelets and their
strictly planar orientation. The electron micros-
copy characterization provided thickness measure-
ments of 1.0 £ 0.1 uym (SEM) and 1.5 = 0.1 um
(SEM) for 200- and 300-bilayer films, respective-
Iy, indicating an average of ~5 nm of thickness per
bilayer (Fig. 2A). Nearly identical thickness was
obtained from ellipsometry for a 300-bilayer film
grown on a silicon wafer: 1,480 £ 0,004 um
(SEM). The cross section also revealed a well-
defined layered architecture.
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We note that PVA is uncharged, unlike
many other polymeric materials used in LBL.
Nevertheless, it produces a stronger composite
than do other polymers that undergo clectrosiaic
attraction to the clay sheets (19-271). The PVAS
MTM pair has two unigue propertics. The first is
the high efficiency of hydrogen bonding, Atomic
modeling revealed that the geometry of 510y tet-
rahedrons on the surface of the alumosilicates is
conducive to cooperative hydrogen bonding (the
Velero effect). The distances between the O atoms
of clay and H atoms of PVA are 2.75 and 2.65 A,
respectively, which makes hydrogen bonding ep-
itaxial (fig. 83). Second, a substantial part of the
efficient load transfer between the polymer and
the inorganic building block is attributed to the
cvclic cross-linking to Al substitution present on
the surface of MTM sheets and o Al atoms lo-
cated along the edges of the MTM platelets (22).
These Al atoms are casily accessible (Fiz. 3A) o
the macromolecules, unlike similar groups in the
middle of the sheets. An atom of Al two atoms
of O, and three atoms of C from PVA participat-
ing in this bond form a six-membered ring struc-
ture, which is known to be particularly stable
(Fig. 3A). Experimental data from Fourier trans-
form infrared (FTIR) spectroscopy, nuclear mag-
netic resonance (NMR), and x-ray photoelectron
scatlering (XPS) spectroscopy, point o the for-
mation of the Al-PVA covalent linkages. As such,
we see a characteristic shift in the XPS spectra of
Al from 74.4 to 749 ¢V (1 and 2 in Fig. 3B)

Wavelength (nm)

SUCHIGAN

—_

Compilation of UMAIS absorbance spectra collected after multiples of 25
bilayers of P¥AMTM composite deposited on both sides of a microscope glass
slide up to 200 bilayers. a.u., arbitrary units. (D) Free-standing, 300-bilayer
PVA/MTM composite film showing high flexibility and transparency. The lower
image was taken at an angle to show diffraction colors.

concomitantly, a change in the ratio of carbon
XPS peaks at 284.8 eV (-C-H,) and 286.2 eV
{~C-0-H) was observed (Fig. 3C). The forma-
tion of Al-PVA bonds can be further confirmed
by the appearance of the characteristic FTIR vi-
bration of AL-O-C (Fig. 3D, inset) at 848 cm '
{22} and the strong suppression of the C-O-H
band at 3290 em ™' (Fig. 3E), which correlate
well with the condensation of hydroxyls at Al
sites with those from PVA groups. The NMR
spectra of 27Al (fig. $4) remain the same as ex-
pected because the coordination environment of
Al (octahedral) did not change. The nanometer-
scale organization and the layered structure of the
composite provide the necessary conditions for the
formation of multiples of such eyelic linkages.
Films were treated with glutaraldehyde (GA)
after LBL assembly to further the bonding and
load transfer between the - OH groups and the clay
surface. GA is a highly efficient cross-linking
agent for PVA (23, 24) thai forms covalent acetal
bridges between -OH groups of the polymer
chains (fig. 55), as well as the hydroxyl groups
present on the MTM sheets and particulardy on
their edges. Solid-state NMR wechnigues revealed
dramatic changes in the spectra before and after
GA treatment (fig. 54). We can also see clear
evidence of a reaction between GA and clay from
WME (fig. $5) and FTIR spectra (fig. $6), which
indicates that this type of cross-linking further
increases connectivity between PVA and clay
sheets as well as the clay particles themselves.
Cross-linked free-standing films showed high
uniformity, strength, flexibility, and remarkable
transparcncy (Fig. 1D). UV/VIS speetra of the
300-bilayer free-standing films showed 80 1o 90%
transparency across the visible light spectrum,
whercas pure PYA showed 90 to 95% trans-
parency (fig. 87). Thermogravimetric analysis
showed that the same films were composed in
=70 wt % (=50 volume %o) of the MTM (fig. S8).
This can be explained by the nanoscale dimen-
sions of the inorganic phase and the nearly
perfect orientation and fine dispersion of the
nanoplaielets. UV/VIS spectroscopy also showed
Fabry-Perot patterns (25, 26), which are a further
indication of high uniformity in the film.
Evaluation of mechanical propertics by mi-
crotensile tests yielded remarkable results even
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Fig. 3. Characterization of PVA and MTM molecular inter-
actions. (A) Energy-optimized geometry of bonding between PVA
and MTM via Al substitution sites obtained by computer cal-
culations with the AM1 semi-empirical algorithm. (Right) Enlarged
portion of the sit-membered cycle formed between PVA and
MTM. AL, purple; O, red; H, light gray; 5i, dark gray; C, green. (B)
Al 2p orbital XPS spectra for (1) MTM, (2) PVA/MTM nano-
composite, and (3) PYAMTM nanocomposite with GA cross-
linking. A positive energy shift is indicative of the increased
oxidation state of the Al. (C) C 1s orbital XPS spectra for (1) PVA,
(2) PVAMTM composite, and (3) PVAMTM composite with GA
cross-linking. XP5 spectra were deconvoluted in component peaks
corresponding to the different oxidation states of C. The major
peaks at 284.8 and 286.2 eV comespond to —C—H; and —-C-0-H
carbons, respectively. (D) Comparisen of FTIR spectra for (1)
PVA/MTM compaosite and (2) MTM, (Inset) Close-up of the major
peaks. Arrow points to the characteristic vibration peak at
848 cm . (E) Comparison of FTIR spectra for pure (1) PVA and
{2) PUA/MTM composite. The spectrum of PYAMTM shows sup-
pression of the C—0—H vibrations because of covalent binding
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Table 1. Summary of mechanical properties for PVA and its nanocomposites.

The data are mean + 50. The tensile strengths reported were obtained using
both a commerdially available servohydraulic test system and a custom in-

REPORTS

house—built tensiometer (fig. 52). The moduli were obtained using the custom-

built tensiometer. N indicates the minimum number of experimental data
points that we wsed in the statistical calculations.

Sample type () Tensile strength Maodulus Ultimate strain
oy (MPa) E’ (GPa) £ (%)
PVA (5} 40+ 4 1.7 = 0.2 3I5+4
PVA with GA (5) 40 £ 10 2005 3313
PDDA (5) 124 0.2 + 0.03 48 £ 9
PDDA-MTM (*) 100 = 10 112 10 £ 2
PYAIMTM (5) 150 = 40 13x2 0.7 £0.2
PYAMTM with GA (5} 400 = 40 106 =11 0.33 £ 0.04

*Data are the previously published results by Tang er al, (25) for 1. 2-to-8.9—um—thick (50 to 200 bilayers) samples tested at relative humidity of 328,

We believe that the explanation of these resulls
lies in the effective stiffening of the PVA matrix
{due to constrained motion of the polymer chains)
because of its close proximity to and many inter-
actions with the MTM platelets. The evidence of
this reinforcement mechanism comes from differ-
ential scanning calorimetry (DSC) analysis (Fig.
3, C o F). which shows suppression of the ther-
mal motion of the PYA when it is constrained
between dispersed nanoplatelets. This effect should
result in a shift in glass transition temperature (7,,)
toward the higher values. However. the overall
suppression of motion makes the actual T, of the
polymer not very well defined for such systems,
as can be seen in the width of the comesponding
DSC peaks. A similar effect can be seen from a
comparison of polymer melting temperatures (7,,)
between pure PVYA (Fig. 4C) and PYA/MTM
(Fig. 4E). Whereas the T, in PVA is shamp and
very well defined, PVAMTM shows strong sup-
pression and broadening of the peak. An ad-
ditional consequence of such stiffening is that
traditional theories of composite mechanics using
the bulk properties of pure polymers are difficuli
to apply to composites with high contents of a
uniformly distributed inorpanic phase. Mechanical-
property enhancement in the GA cross-linked
PVA/MTM is a result of an increase in the like-
lihood that a polymer chain in the PVAMITM
with GA sysiem interacts strongly with two or
more clay plateleis, thereby improving the particle-
to=matrix-to-particle load-transfer process over
that in the PYA/MTM system.

In conclusion, reinforcement in polymer-
nanoplatelet systems such as PYA/MTM is the
result of several mechanisms operating at the
nanoscale. The degree of structural organization
{afforded by the LBL process) of the clay plate-
lets in the composite maximizes the number of
polymer™MTM interactions and constrains the
polymer-chain motion, which results in a highly
efficient load transfer between the polymer phase
and the stiff MTM platelets.
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Major Australian-Antarctic
Plate Reorganization at
Hawaiian-Emperor Bend Time

). M. Whittaker,'* R. D. Miiller,® G. Leitchenkov,® H. Stagg,® M. Sdrolias,*

€. Gaina,* A. Goncharov®

A marked bend in the Hawaiian-Emperor seamount chain supposedly resulted from a recent major
reorganization of the plate-mantle systemn there 50 million years ago. Athough alternative mantie-
driven and plate-=shifting hypotheses have been proposed, no contemporaneous circum-Pacific plate
events have been identified. We report reconstructions for Australia and Antarctica that reveal a major
plate reorganization between 50 and 53 million years ago. Revised Pacific Ocean sea-floor
reconstructions suggest that subduction of the Pacific-lzanagi spreading ridge and subsequent
MarianasTonga-Kermadec subduction initiation may have been the ultimate causes of these events.
Thus, these plate reconstructions solve long-standing continental fit problems and improve constraints
on the motion between East and West Antarctica and global plate circuit closure.

long-standing controversy in global tec-
Aimim concemns the ultimate driving forces
that episodically cause major plate tec-
tonic reorgani zations, Proponents of “top-down™

mechanisms [e.g., (1, 2)] argue that plates them-

selves drve instabilities of the plate-mantle
system, whereas others [e.g., ()] have argued
that major mantle overtums drive plate tectonic
punctuations. The most prominent manifestation
of this controversy is the Hawaiian-Emperor sea-
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mount chain bend (HEB) (4). Whereas there is
ample evidence from hotspot trails (5), paleo-
magnetism (4), geodynamic models (6), and
intraplate voleanism (7) o support a mantle flow
mechanism, there has been a lack of evidence for
a plate reorganization at the original age of 43
million years ago (Ma) (#) proposed for the HEB
{9). However, Wessel er al, (/) recognized that
the recent redating of bend initiation to ~50 Ma
(/1) correlates the HEB with major tectonic
evenis from around the Pacific, such as South
Pacific triple-junction reorganization at magnetic
anomaly chron 22-21 (49.7 to 47.9 Ma) (12),
Farallon-Pacific fracture zone bends at magnetic
anomaly chron 24-21 (53,3 1047.9 Ma) (/3), and
the dircction change and proposed halt of
Pacific-Kula plate spreading at magnetic anom-
aly chron 24-20/19 (53.3 to 43.8/41.5 Ma) (/4).
The southeast Indian Ocean is a region where
a plate event contenporancous with a major Pa-
cific plate reorganization might be expected, but
a historical paucity of magnetic anomaly data
close to the Australian and Antarctic mangins,
combined with slow initial spreading rates, has
resulted in poorly constrained plate fits before 50
Ma (75). Published reconstructions that assume a
north-south spreading dircction between Austra-
lia and Amtarctica resull in large overlaps be-
tween the South Tasman Rise and Cape Adare
(15}, and offsets in matching Australia-Antarctic
peological terranes (76). Magnetic anomaly iden-
tifications, related to India-Antarctica spreading
at 126 to 130 Ma (I 7), have been identified north
of the Bruce Rise, Antarctica (Fig. 1), which re-
sults in the tectonically problematic juxtaposition
of India-Antarctica-related magnetic anomalies
between Australia and Antarctica when the Nai-
uraliste Platean is reconstructed to the north of
the Bruce Rise (15). These problems indicate thai
Australia has been placed too far west with re-
spect to a fixed Antarctica and that it is incomect
that the Perth and Vincennes fracture zones are
conjugates (/5). Two Australian-Antarctic frac-
ture zong fabrics can be clearly identified from
gravity anomaly data (Fig. 1) a northwesi-
southeast fabric on ocean floor older than chron
34 (83 Ma) and a nonh-south fabric on occan
crust younger than chron 21 (47.9 Ma). The model
by Tikku and Cande (/75) implies that the change
in spreading direction resulting in these different
fabrics occurred before chron 34 (83 Ma). In-
sicad, we test the hypothesis that the Perth Frac-
ture Zone is conjugate 1o a fraciure zone, here
named the Perth South Fraciure Zone (Fig. 1),
resulting in reconstruction of the Bruce Rise to
the west of the Naturaliste Platcau. For our
revised model, we investigate whether gravity

EarthByte Group, School of Geosciences, University of
Sydney, Sydney 2006, Australia. “WNIl Okeangeologia
{Antarctic Branch), St Petersburg 190121, Russia. 'Geo-
science Australia, Canberra 2601, Australia. *Center for
Geodynamics, Morwegian Geological Survey, Trondheim
7491, Norway,

*Toe whom correspondence should be addressed: E-mail:
J.whittaker @geoso . usyd.edu.au
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Fig. 1. Low-pass filtered (downward continued to the sea floor) 2-min gravity anomaly grid (18, 28) for
(A) Southern Australia and (B) East Antarctica (inset shows locations). Overlaid are ship tracks (gray
lines), magnetic anomaly wiggles (black lines filled with white), gravity anomaly picks [squares, QZB
{Quiet Zone Boundary)], fracture zone picks (inverted triangles, FZ), and magnetic anomaly picks [stars,
this study; circles, Tikku and Cande (15)] used in this paper. Red lines in (B} are Geoscience Australia
and Russian shiptracks (see main text), and bold red i shiptrack GA-22825 (fig. 51). PRZ, Perth Fracture
Zone; PSFZ, Perth South Fracture Zone; and VFZ, Vincennes Fracture Zone.

Fig. 2. (A) Poles about
which Australia is re-
stored to Antarctia based
on calculated angles of
rotation (finite poles of
rotation) with 95% con-
fidence interval ellipses.
Red squares and red error
ellipses represent our
new rotation poles, in-
verted triangles are Tikku
and Cande’s (15) rotation
poles, and green circles
are Royer and Rollet's
(29) rotation poles. (B)
South Australian margin
and (C) East Antarctic
margin, downward con-
tinued gravity anomaly
with fit of tectonic flow-
lines resulting from our
new model. Tectonic flow-
lines are constructed for
stage rotations between
magnetic chrons shown
in Fig. 1.
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anomalies (/#) permit a change in spreading
direction at a younger time, resulting in a longer
period of obligue relative motion than previously
assumed.

New magnetic anomaly identifications made
with recently acquired high-quality magnetic da-
tain the Bruce Rise arca (907 10 115°E) and along
the Temre Adelie and Wilkes Land margins (1157
to 132°E) were integrated with carlier identifica-
tions (/5) (Fig. 1 and table 52). The motion of a

Fig. 3. Australia-Antarctica
reconstructions based on
our rotations atthree stage
boundaries: (A} 479 Ma,
chron 21; {B) 61 Ma, chron
27; and (C) 83 Ma, chron
34. All magnetic chron ages
are based on the time scale
of Cande and Kent (30).
Underlying image shows
downward continued grav-
ity anomalies. At 83 Ma,
the Maturaliste Plateau (NP)
is located to the east of the
Bruce Rise (BR], there is no
overlap between southeast
Australia and Antarctica,
and the Austraian/Antarctic
geological provinces align.
Dark gray arrows show di-
rection of motion of Aus-
traia and Antarctica for
stages chron 21 to chron
18, chron 27 to chron 21,
and chran 34 to chron 27
in (), (B), and (C), respec-
tively. Magnetic anomaly
identifications for Austra-
lia and Antarctica for each
reconstruction time are
shown as red circles and

black squares, respectively.

tectonic plate can be described by a rotation angle
about a virtual axis that passes through the center
of the Earth and intersects its surface (finiie pole
of rotation). We used the combined fracture zong
and magnetic anomaly identi fications (Fig. 1) 10
define a new set of plate boundaries and compute
well-constrained finite rotations and 95% uncer-
tainty intervals (Fig, 2 and tables 83 and S4) that
describe our new plale motion history for
Awstralia and East Antarctica.

Inverted triangles are fracture zone identifications for each chron older than the time of reconstruction.
Geological provinces are as follows: pink, Neoarchean basement [~2.5 billion years ago (Ga)l; green,
Paleoproterozoic basin (~1.69 Ga); light blue, metasediments (~2 Ga); and red, plutonic belt (~500 Ma)
(16, 31, 32). WL, Wilkesland; TA, Terra Adelie; PFZ, Perth Fracture Zone; P5FZ, Perth South Fracture Zone;

and VFZ, Vincennes Fracture Zone.
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Our new plate reconstructions resolve long-
standing continental and geological terrane fit
problems with Australia, relative to Antarctica,
positioned ~500 km cast of previous reconstric-
tions at 83 Ma (Fig. 3), and provide improved
constraints on the motion between East and West
Antarctica and global plate circuit closure,

When combined with geological evidence for
relative plate motion changes around the Pacific,
our reconstructions provide strong evidence fora
major plate reorganization, which we argue was
initiated by the subduction of the Lzanagi-Pacific
{I-P) ridge—a “top-down™ mechanism. Circum-
Pacific fracture zone bends document relative
plate motion changes precipitated by the 1-P ridge
subduction, whereas the prominent HEB formed
through a combination of altered Pacific plate
motion and the well-documented deceleration of
Pacific mantle (4, ).

We present a new plate reconstruction for the
western Pacific (Fig. 4) based on matching iso-
chrons and a set of simple assumptions (table
55). In our plate model. mid-ocean ridge sub-
duction beneath southern Japan occurs at 60 to
55 Ma, 20 million years later than proposed for
Kula-Pacific (/%) or Farallon-lzanagi (20) ridge
subduction, The difference arises because [-P
spreading ceases in previous models afler 110
Ma, whereas our model incorporates continued
spreading until the [-P ridge subducts beneath
eastem Asia at 60 o 55 Ma. Cessation of spread-
ing at the I-P ridge between 110 and 80 Ma is
unlikely because the lzanagl plate was under-
going rapid motion, driven by net slab-pull force,
from the north-northwest (27), immediately
before the proposed spreading cessation.

Metamormphism of the Ryoke Belt in southem
Japan has previously been atirbuted 1o Kula
Pacific ridge subduction at 85 Ma (7¥), but the
high-temperature/low-pressure Ryoke Belt can-
not be uniquely linked to a ndge subduction
event (22). Unreasonably high spreading rates of
35 to 40 em/year during the Cretaceous Mormal
Superchron between the Pacific and lzanagi
plates would be necessary to subduct the I-P
ridge at 85 Ma, which is more than double the
fastest cumrent spreading rate globally [~15 cm/

Fig. 4. Reconstructed oceanic crustal age grids at two time slices
(A} 55 Ma and (B) 45 Ma. Black arrows (in mmJyear) show western
Pacific (30°N, 150°E) plate motion over the stages 60 to 50 Ma and
50 to 40 Ma, respectively. (Inset) Vectors (in mm/year) (same 10-Ma
stages) show motion of the eastern Pacific (30°N, 240°E) (P) and
Farallon (F) plates relative to fixed African hotspots (AH) over the
period 60 to 50 Ma and 50 to 40 Ma. Eastern and western Pacific
directions and changes in plate motion are substantially different.
Geographical location of poles (latitude, longitude) about which
rotations (angle) describing Pacific plate motion relative to an
African hotspot reference frame are 55.0°N, -118.4°W, —7.90" and
594°N, —19.3°W, —552° at 60 ® 50 Ma and 50 to 40 Ma,
respectively. The resultant relative plate motions between the Pacific
and Farallon plates show that our model explains the shape of the
Pacific-Farallon fracture zone bend as well as the HEB. TK, Tonga-
Kermadec subduction zone; IBM, lzu-Bonin-Marianas subduction
zone. m.y., millions of years.
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year between the Pacific and Nazca plates (23)].
We propose that subparalle] subduction of the [-P
mid-ocean ridge beneath Japan at 60 to 55 Ma
resulted in nearly simultancous slab break-off
along the length of the Japanese wrench (2700
km), Geological observations from southern
Japan support subduction of the I-P ndge and
subsequent slab break-off at 60 to 55 Ma
Evidence includes cessation of a major accretion
phase in the Late Cretaceous (24), emplacement
of the Okitsu Melange due to subduction of hot,
buoyant material at 55 Ma (24), and cross-cutling
fault fabrics that indicate a counierclockwise
rotation in relative plate motions between Eurasia
and the [-P plate, which are also consistent with
paleothermal and paleopressure data, between 55
and 34 Ma (25).

Rapid subduction of the I-P ridge, over a vast
distance, triggered a chain reaction of tectonic
plate reorganizations, With complete subduction
of the 1-P ndge at 55 Ma, forces acting on the
Pacific changed from ridge-push to slab-pull,
which changed Pacific absolute plate motions
from norbwest 1o west (Fig. 4). The change in
Pacific plate motion caused cessation of Tasman
Sca spreading at ~52 Ma (26). Increased slab pull
north of Australia, due to a westerly progression
of the subducting Wharton Basin mid-ocean
ridge (Fig. 4), changed Australian absolute plate
motion from northwest to north. A combination
of Australian and Pacific plate motion changes
between 53 and 50 Ma initiated both the Tonga-
Kemadee (2) subduction system and the -
Bonm-Marianas subduction systems, which
initiated likely before 50 Ma, due to convergence
across a fracture zone caused by the Pacific plate
motion change (27). We suggest that the ob-
served slowdown of sub-Pacific mantle flow at
47 Ma () was due to progressive impediment of
lateral sub-Pacific mantle flow by the descending

slabs of the lmu-Bonin-Marianas and Tonga-
Kermmadec subduction zones.

The observed opposite bend geometries of
the Emperor-Hawaii seamount chain and the
Pacific-Farallon fracture zones can be explained
with combined absolute (relative to a fixed refer-
ence frame) and relative plate motions, Clock-
wise rotation of castemn Pacific absolute plate
motion, combined with stable Farallon plate mo-
tion (Fig. 4). results in a clockwise bend in
Pacific-Farallon fracture zones at 53 (o 49 Ma
(fa). In the westem Pacific, a counterclockwise
change in absolute plate motion, from northwest
to west due to Lranagi Ridge subduction (Fig, 4),
combined with a sub-Pacific mantle flow slow-
down, results in the HEB. This conceptual model
is testable via three-dimensional Fully dynamic
mantle flow simulations.
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As the climate warmed at the end of the last glacial period, a rapid reversal in temperature,

the Younger Dryas (YD) event, briefly returned much of the North Atlantic region to near full-
glacial conditions. The event was associated with climate reversals in many other areas of the
Northern Hemisphere and also with warming over and near Antarctica. However, the expression
of the YD in the mid- to low latitudes of the Southern Hemisphere (and the southwest Pacific
region in particular) is much more controversial. Here we show that the Waiho Loop advance of the
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time scale (4) mow place the event between
~1 2,900 and ~11,600 calendar years before the
present (cal yr B.F). Evidence for ieleconnecied
reversals of climate at this time occurs widely in
the Morthem Hemisphere (), whereas the trans-
fer of the Greenland climate stratigraphy to Ant-
arctic ice cores via measurcmenis of globally
well-mixed atmospheric CHy trapped within the
ice show clearly that a deglacial reversal of cli-
male warming in Antarctica [the Antarctic Cold
Reversal (ACR])] ended just as the Northem
Hemisphere YD began (6). The latter is con-
sistent with an antiphased relation of climate
between Greenland and Antarctica seen carlier
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in the glacial period (6, 7), most likely due to
altered interhemispheric heat transport by the
ocean and/or altemation of deep-water forma-
tion between hemispheres (8). What remains
both uncertain and very controversial is the
nature of the YD climaie signal, if any. in the
mid- to low latitudes of the Southem Hemi-
sphere (9-12).

The strongest case for cooling in the mid-
latitude Southem Hemisphere during the YD is
made on the basis of the Waiho Loop advance
of the Franz Josef Glacier on the west coast of
South Island, New Zealand (). Twenty-five pieces
of wood found buried beneath till at Canavans
Knob, 1.6 km behind the moraine and ranging
in age from ~12,800 1o ~13.400 cal yr B.P.
(10,750 10 11,520 "C yr B.P) (9) suggest that
the Waiho Loop formed immediately after this
period during the YD chronozone. Higher in the
Southem Alps, a mean "'Be exposure age of
11,720 + 320 years on boulders from the Lake
Misery moraines in Arthur’s Pass (/3) also ap-
pears to support the claim for a glacier advance
during the YD. These ages have prompted wide-
spread debate, both because other climate proxies
such as pollen do not indicate substantial YD
cooling (/0) and because marne records in the
southwest Pacific Ocean display very different
deglacial climate signals (12, 14, 15).

We chose a twofold approach to reassess the
status of the YD interval in the region. First, we
exposure dated the Waiho Loop moraine using
the cosmogenic isotopes '"Be and **CL This
method has an advantage over " dating in that
it dircctly dates the moraine itself. Two nuclides
provide intemal-age control because ecach nu-
clide is produced from different targets and is
analyzed and standardized independently. We col-
lected samples from 10 boulders spatially dis-
tributed along the moraine crest. In two cases
[WH-06 and WH-07 (Table 1)], we collected
samples from both ends of large boulders, and
in six cases it was possible to sample for both
'""Be and **CI from the same boulder. Samples
were prepared with the use of established meth-

ods (16). In total, we determined 24 ages, in-
cluding 6 independently prepared duplicates
for *C1.

The choice of production rates for caleu-
lating exposure age is critical because sy stematic
calibration ermors directly  propagate into  the
exposurc-age uncertainty, We chose production
rates calibrated with the retreat of ice at the con-
clusion of the YD in Scotland (/7). This tics the
exposure age of the Waiho Loop with a location
of known YD age, making a direct age com-
parison possible. Uncerainties in production-rate
scaling factors due Lo the geomagnetic field and
atmosphenc thickness are small because our sie
15 similar to the YD calibration sites in ierms of
age, latitude, and altilude,

Exposure-age results are presented in Table
1 and tables 51 to 54. There is a high degree of
coherence between the ages, and only one boul-
der age falls within the YD chronozone. Statistical
dispersion between the ages of duplicates, ages
derived from different isotopes analyzed from
the same sample, and ages of different samples
from the same boulder is similar to the disper-
sion between the ages of the boulders them-
selves. One exception is boulder WH-09, where
all three ages are significantly vounger than the
main grouping. This was the only boulder sam-
pled with smaller blocks resting on top of it,
perhaps indicating a former till cover. The ages
from the other ning boulders form a population
(" A = 2.55, where v is the number of degrees
of freedom) with a weighied mean age of
10,480 + 240 years (/5). Therefore, ice retreated
from the Waiho Loop moraine ~1100 years after
the end of the YD, meaning that it cannot be a
Y D-gssociated event. The moraing is ~2300 years
younger than the youngest wood recovered be-
neath Gl comelated with the moraine (%). Those
dates may record the inital advance of the Franz
Josef Glacier just before the YD and during the
ACR (~14.450 o 12,900 cal yr B.P), a possi-
bility raised carlier by Broecker (5) on the
basis of the older '*C dates at Canavans Knob. If
these dates record a full advance of ice to the

Table 1. Exposure ages for boulders on the Waiho Loop. Boulder ages are error-weighted means
with standard deviation of the ages. The second “**Cl age” column represents a duplicate analysis.

Ages are in thousands of years. ND, not done.

Sample 3¢l age 1 age pe age Boulder age
WH-01 11.43 + 0.60 10,70 = 0.91 11.29 = 0.90 11.23 = 0.39
WH-02 11.31 + 0.59 ND 10.39 = 1.01 11.08 = 0.65
WH-03 ND ND 10.75 + 0.85 10.75 = 0.85
WH-04 9.57 + 0.52 8.52 + 1.11 9.69 + 0.83 9.46 + 0.64
WH-05 ND ND 9.12 + 0.76 912 + 0.76
WH-06" 11.11 + 0.55 ND ND 9.24 £ 2.14¢%
WH-06" 8.09 £ 044 ND ND See abovet
WH-07" 8.58 £ 0.47 11.62 = 1.33 ND 2.40 £ 1.52%
WH-07" 10.23 =+ 0.58 ND ND See abovet
WH-08 8.28 + 0.47 8.90 + 0.83 6.87 + 1.03 8.22 + 1.04
WH-0% 5.16 + 0.30 5.03 + 0.55 5.32 + 0.50 5.17 + 0.15
WH-10 12.79 = 0.67 10.37 = 0.81 11.37 + 1.76 11.77 = 1.22

*Samples from either end of large boulders.
value is an average age for both WH-07 samples.

$The above value is an average age for both WH-06 samples.

$The above

REPORTS I

Waiho Loop, then the moramme must have
tormed over a perniod of ~2300 years, explaining
its large size.

To compare our exposure ages directly with
those from the putative YD moraines at Anthur’s
Pass (/3), we recalculated the latter using the
YD "Be production rate (/9). Four out of the
five samples form a population Ix:f'u = {).28)
with a weighted mean age of 13,420 + 630 years
{207, Therefore, ice retreated from the Lake Misery
moraines at the end of the ACR, ~1800 years
before the conclusion of the YD and ~3000 years
before the Waiho Loop moraine was abandoned
by ice, To validate our production-rate method-
ology, we recalculated the age of the Egesen
moraines in Julier Pass, Switzerland, that are
believed 1o have formed during the YD (/3).
The new weighted mean ages for the outer and
inner Egesen moraines are 13,020 + 670 and
11,410 + 440 years (versus the ongmally cal-
culated ages of 11,750 + 240 and 10,470 + 260
years ), indicating that the glacier occupied Julier
Pass during the YD. Consequently, our method
confinms the age of known YD moraines in the
Northem Hemisphere. Even if we applied other
commonly used ""Be production rates (21, 22),
these rates would decrease the age of the Waiho
Loop boulders and increase the mismatch with
the YD,

The second approach we used to detect pos-
sible cooling during the YD was o construct a
new high-resolution deep-sea record of sea sur-
face temperature (SST) 180 km west of the Waiho
Loop in the Tasman Sea. Core SO136-GC11 was
collected during a Sevme cruise on the Challenger
Plateau (43° 26.40°8, 167° 51.04'E, water depth
of 1556 m), north of the present-day Subtrop-
ical Front and in the same meteorological area
as the pglacier (23). We estimated SST using the
alkenone-unsaturation paleotemperature  tech-
nique [see supporting online material (SOM))
and the empirical temperature calibration from
sediments of Miiller er ol (24), which is statis-
tically identical to the laboratory-based calibra-
tion of Prahl er al. (25). Although the absolute
temperature  calculated from alkenone mea-
surcments depends on the choice of calibration,
the relative precision of individual measure-
ments is high (typically 0.5°C) and sufficient to
detect small relative changes in S5T. The age
model was constructed with the use of 13 ac-
celerator mass spectrometry (AMS) He dates on
the plankionic foraminifera Globorotalia inflata
back to 23,830 cal yr BP. (Fig. 1, table 85, and
SOM). Becawse of the proximity to outwash
from coastal glaciers, sedimentation rates peaked
at ~18400 and ~27,000 to 28,000 cal yr BP.,
during maximum glaciation (26). The alkenone-
sample interval during the YD chronozone is
200 to 300 years and as litle as ~20 years dur-
ing the last glacial maximum (LGM),

The SST reconstruction is shown in Fig, 1,
along with 8'*0 of the planktonic foraminif-
era Globigering bullvides from S0136-GCI1,
Greenland and Antarctic oxygen isotope records
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(7, 27), and a ncarby pollen record (28), The
timing of full-glacial cooling and subsequent
deglacial warming is very similar to that seen in
the South Island pollen record, consistent with a
strong influence of the adjacent ocean on the
local climate (29). Although not yet directly dated,
a rapidly fluctuating SST decline and planktonic
&'"0 increase (cooling) began ~29,000 cal yr
B.P. and reached near full-glacial temperatures
~-27,000 cal yr BP., consistent with an early
glacial cooling seen in the pollen series (24) and
the longer record of New Zealand glaciation (30).
Similar high-amplitude SST fluduations are seen
to the east of New Zealand and in the Southem
Ocean (29).

Despite the documented presence of high-
amplitude SST variability in the early (pre-LGM)
part of the record, the warming after the abrupt

increase in SST at ~19,000 cal yr B.P. is mono-
tonic. There is no discemible decrease in 55T
during the deglacial perod, only gradual wanming
that peaks at ~11,400 cal yr B.P. at the conclu-
sion of the YD. There are no short-term fluctua-
tions late in the Pleistocene that could potentially
be a YD cooling event, even allowing for gener-
ous cmors in the age model. Consistent with
warming in the SST series, the YD interval ap-
pears o be associated locally with a period of
maximum forest growth (increasing abundance
of podocarps and hardwoads, Fig. 1), not cooling,
The Holocene is charmclenzed by a continuous
55T decline to the present, seen also in the
tropical westem Pacific Ocean (3/). This is con-
sistent with late Holocene neoglaciation in New
Zealand, including in the valley behind the Waiho
Loop moraine (32).
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Fig. 1. (A) Greenland Ice Sheet Project 2 (GISP2) ice core 50 record (27). GIS, Greenland Interstadial.
(B) Antarctic European Project for lce Coring in Antarctica (EPICA) Dronning Maud Land (EDML) ice
core 5'%0 record (7) (solid line is a spline fit). AIM, Antarctic isotope maximum. (C) Alkenone-derived

SST record of 50136-GC11. (D) Planktonic oxygen

isotope record of $0136-GC11 (solid line is a three-

point running mean). Triangles show the position of *C dates. (E) Pollen abundance of podocarps and
hardwoods together with that of total trees and shrubs from Okarito Pakihi (28), located about 12 km
from the Waiho Loop. YD, Younger Dryas chronozone; WL, age of the Waiho Loop.
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The new and revised exposure apes pre-
sented here overtum evidence for glacier advance
in New Zealand during the YD chronozone,
previously considered 1o be the strongest basis
for cooling in the Southem Hemisphere at this
time (5). The possibility of glacier advance of
the Franz Josef Glacier during the ACR cannot
be ruled out, but we show that retreat from the
Waiho Loop occurred several millennia later,
Glacier retreat from the moraines al Arhur's
Pass occurred much earlier. The upwind SST
record indicating progressive warming during both
the ACR and the YD is not readily consistent
with regional forcing of coordinated glacier ad-
vance al cither time and probably points to more
local controls on glacier mass balance, especial-
ly for the Franz Josef Glacier (33). The absence
of ¥D cooling in New Zealand increasingly calls
into question its presence within the Southem
Hemisphere, especially in mid-latitudes where
there is little or no physical basis for climate
teleconnection with the North Atlantic region.

References and Notes

1. ). Mangerud, 5. T. Andersen, B. E. Berglund, ). | Donner,
Boreas 3, 109 (1974).

2. 5 0. Rasmussen of al, | Geophys Res 111, DO&102
(2008).

3. B. Becker, B, Kromer, Radiocarbon 28, 961 (1986,

. K. A Hughen, ]. R Southon, 5. ). Lehman, ]. T. Overpeck,
Science 290, 1951 (2000).

. W. 5. Broecker, Science 300, 1519 {2003).

. T. Blunier, E. |. Brook, Science 291, 109 (2001h.

. EPICA Community Members, Mature 444, 195 (2006).

. T. M. Marchitto, 5. ). Lehman, ]. D. Ortiz, ]. Flickiger,
A, wan Geen, Science 316, 1456 2007) published
pnline 10 May 2007 (10.1126/cience. 11386 79).

9. G. H. Dantan, C H. Hendy, Science 264, 1434

[19%4).

C. Singer, ). Shulmeisier, B. Mclea, Science 281, 812

(1998).

F. Lamy et al., Science 304, 1959 2004),

T. Correge ef al., Nature 428, 927 (2004).

5. Wy-Ochs, C. SchlGcer, P W, Kubik, G, H. Denton,

Geogr. Ann. Ser, A Phys. Geogr. B, 313 (1999)

K. Pahnke, ). P. Sachs, Polesceansgraphy 21, PA2003

(2008).

K. Pahnke, k. Zahn, H. Elderfield, M. Schulz, Science

301, 948 (2003).

T. T. Barrows, ). O. Stone, L K. Fifleld, R. G. Cresswell,

Cutar. Sci. Rew. 21, 15% (2002),

Materials and methods are available as supporting

material online,

The ¥'fv statistic = 1 suggests that there may be former

shielding on some of the younger boulders or earlier

pxposure on some of the older boulders, increasing the
overall scatter in the data. Eliminating some of the
younger ages would increase the age of the moraine but
would nat affect the conclusion that the moraine is
younger than 11,600 years,

J. 0. Stone, C. K. Ballantyne, L K. Fifield, Geology 26,

587 (1998).

The inclusion of the fifth younger age increases the

x".l'u statistic to 1.5 and does not change the conclusion

(weighted mean age for the moraine becomes 12,720 =

550 years).

K. Mishiizumi ef af., | Geegphys Res. 94, 17907

{1589,

. W. Kubik, 5. Ivy-Ochs, Mocl fnstrum. Methods

B223-B224, 618 (2004).

B. Anderson, W, Lawson, |. Owens, B. Goodsell,

1. Glaciel 52, 597 (2006},

P. ). Miiller, G. Kirst, G. Ruhland, I. von Storch,

A Rosell-Melé, Geoehim. Cosmochim. Acta 62, 1757

(19%3).

-

0 ~J O~ W

10,
1L
12,
13,
14.
15.
16,
17

18,

19.

20.

21

22,

23

24,

WWW.SCIencemag.org




25. F. G Prahl, L A Muehlhausen, D. L Zahnle, Geochim.
Cosmogfim. Actr 52, 2303 (1988).

26, R P. Suggate, P, C Almond, Qudt, 5ci. Rev, 24, 1923 (2003),

27, P. M, Grootes, M, Stuiver, ). W, C. White, 5. lohnsen,
). Jouzal, Nature 366, 552 (19%93).

28. M ). Vandergoes ef al., Nofure 436, 242 {200%5),

29. T. T. Barrows, 5. Juggins, P. De Deckker, E. Calvo,
L. Pelgero, Paleoceanography 22, PA2215 (2007).

30. 5 C Porter, Quat. Res S, 27 (1975).

31, L Stett et of., Nofuse 431, 56 (2004).

32, 5 C Porter, [ Quat, 5¢i 15, 393 (20000,

33. Moraines similar to the Waiho Loop are absent from
adjacent glacier-occupied valleys. Nonetheless, drcula-
tion patterns are closely linked to glacier advance and

retreat in New Zealand (34), so it is likely that persistent
seuthwesterly dirculation occurred at the time of the
depasition of the Waiho Loop.

34, P. D Tyson, A P, Sturman, B, B, Fitzharrs, 5. ). Masan,
1. F. Owens, it | Climatod, 17, 1499 (19971

35 We thank H. Scolt-Gagan, | Cali, and M. Gagan
{Rezearch School of Earth Sciences, Audtralian National
Univ) for helping to prepare the ocygen sotope data;
A, Crotwell [Instiute of Arctic and Alpine Research
{INSTAAR), Univ. of Coloradal lor helping 1o prepare
alkenane samples; J. Turnbull (NSTAAR Laboratory for
AMS Radiocarben Preparation and Research, Univ. of
Colorado) for the preparation of “*C samples for AMS;
]. Thiede, 5. Nees, and K. Swanson, who were instumental

REPORTS

in obtaining core S013&-GC11; and 5. Tims for helping
o coliect the AMS data. This work wes supported by
Mstralian Research Council grants [to T.T.B, (DPO557143)
and P.0.D.] and NSF grant OCE D081257 {to 5.].L),

Supporting Online Material
v, sciencemag orgfogicontent/full3 18/584 7/86/DC1

Matarials and Methods
Fig. 51

Tables 51 to 55
References

30 May 2007; accepted 30 August 2007
10,11 26/ckence. 1145873

Toward Direct Measurement of
Atmospheric Nucleation

Markku Kulmala,' llona Riipinen,® Mikke Sipild,* Hanna E. Manninen,’
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Atmospheric aerosol formation is known to ocour almost all over the world, and the importance of
these particles to climate and air quality has been recognized. Although almost all of the processes
driving aerosol formation take place below a particle diameter of 3 nanometers, observations cover
only larger particles. We introduce an instrumental setup to measure atmospheric concentrations of
both neutral and charged nanometer-sized clusters. By applying the instruments in the field, we
come to three important conclusions: (i) A pool of numerous neutral clusters in the sub—3
nanometer size range is continuously present; (i) the processes initiating atmospheric aerosol
formation start from particle sizes of ~1.5 nanometers; and (iii) neutral nucleation dominates over
the ion-induced mechanism, at least in boreal forest conditions.

ticles (diameter of 3 o 10 nm) by nuclea-

tion and subsequent growth has been
observed in a wide variety of low- and high-
altiude locations (). Onee the formed particles
grow further in size, they may participate in cloud
formation and influence the regional or even
global radiation balance and ultimately climate.
On more local scales, these particles may be
deleterious to human health and impair visibility,
Despite the growing list of locations where
frequent aerosol formation has been observed,
the overall magnitude of this source is still very
poorly understood compared with that of any
other major source genecrating particles into the
atmosphere.  There are at least two reasons for
this. First, atmospheric acrosol formation is
driven by processes taking place below a 3-nm
particle diameter, which is ouiside the mange of
most measuring devices in use, Second, the nu-

Fﬂnnnl.inn of new atmospheric acrosol par-
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cleation mechanism initiating acrosol formation
i5 likely to vary with location and atmosphenc
conditions. Proposed atmospheric nucleation
mechanisms include kinetic (or barrierless), bina-
ry, ternary, and ion-induced (or ion-mediated)
nucleation (/-3), some of which might further be
affected by meteorological processes such as
twrbulent fluctuations, atmospheric waves, and

mixing (4, 5). Most nucleation mechanisms have
been thought to involve gascous sulfuric acid,
even though nucleation taking place in associa-
tion with clouds and in coastal arcas could be
induced by water-insoluble (6) and iodine com-
pounds { 7), respectively.

Recently it was suggested that the formation
of new atmospheric acrosol particles is connected
with the existence of thermodynamically stable
I- to 2-nm clusters (4}, formed in the atmosphere
by some nucleation mechanism. From a physical
standpoint, two very different cluster types in the
sub-3 nim size range can be distinguished: charped
{air ions or ion clusters) and neutral species. The
existence of atmospheric ion clusters as small as
0.5 to | nm in diameter has been known for dec-
ades, and measurements with ion speotrometers,
such as the Air lon Spectrometer (AIS) and Ba-
lanced Scanning Mobility Analyzer (BSMA),
have demonstrated that such clusters are present
almost all the time (¥). The produdion rates of ion
clusters are, however, generally too low to explain
the observed acrosol-formation rates (/1)

In view of the insufficient numbers of ion
clusiers, the key to understanding atmospheric
acrosol formation is clearly the presence of neu-
tral clusters. Theoretical anpuments predict the
existence of such clusters (8, /1) and suggest that

Total concentration (NAIS)
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Fig. 1. Evolution of particle number size distribution measured with the NAIS on a particle
formation event day (23 April 2008) in Hyytidld, Finland.
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they should play an important role in acrosol for-
mation processes via their activation (12). Pro-
posed candidates for neutral clusters include
ammonium bisulfate clusters (1.2, [3) and clusters
fommed by fon-ion recombination (/4). The pres-
ence of neutral atmospheric clusters has not been
experimentally verfied so far, because the com-
mercially available instruments cannot reliably
detect neutral acrosol particles smaller than about
3 nm in diameter.

Here we provide experimental evidence for the
existence of neutral clusters in the atmosphere and
demonstrate that the processes initiating atmo-
spheric acrosol formation include clusters with stees
close to 2 nm in diameter. The investigation is based
on three very recently developed instrumenis: the
Meutral Cluster-Air lon Spectrometer (NAIS),
the UF-2pmto Condensation Panticle Counter
(UF-02proto CPC), and a Gramm nanoDMA and
Faraday Cup Electrometer preceded by a unipolar
charger (15, 16). Measured total (air ion plus neu-
tral) cluster concentrations are compared with cor-
responding air ion concentrations obtained from
BSMA and AIS measurements, a5 well as with clus-
ter concentrations calculated theoretically (16, 17).

The data collected in this work were mea-
sured in Hyytidld, southern Finland, during 10
weeks and during 3 wecks in Bimingham, UK,
in spring 2006 (/6). The most compelling evi-
dence for the existence of neutral clusters is given
by the NAIS measurements. Figure | shows the
evolution of the cluster size distribution, both
neutral and charped clusters, on one particle-
fommation event day in Hyvtidld, Similarly to ion
measurements (see also figs. 87 o 59), there
seems to be a cluster mode present all the time,
with a median size of ~1.5 to 1.8 nm and extend-
ing toslightly below 1 nm atthe lower end and o
~2.5 nm at the uvpper end. The total number
concentration of this cluster mode is on the order
of 1000 em™, Owing to continuowus scavenging
of the clusters by coagulation, the presence of a
confinuous cluster mode suggesis also continu-
ous nucleation. [fthe particles do not grow above
3 nm before they are scavenged, they cannot be
detected with tradiional acrosol sizing instru-
ments (such as Differential Mobility Particle
Sizer, DMPS: fig. 56). This is the case for our
example day before ~% am.

At~10 a.m. a fraction of the clusters activate,
i.c., stari growing to larger sizes. This can be
caused by a sudden lowering of the coagulation
sink and/or an increase of condensable vapor
concentrations, The particle formation is also
observable with DMPS (fig. S6),

The air ion and total cluster concentrations in
Hyvtidld, in the size range of 1.8 to 3.0 nm, are
shown in Fig. 2 for a period of 70 days. Typical
concentrations of airions were between about 10
and 100 em™ in the daytime and <10 em™ during
the night. The total cluster concentrations were
much higher, on the order of 1000 cm ™, There-
fore, there must have been a large number (~1000
to 10000 cm ) of neutral clusters present almost
all the time. The observed order of magniude can

be predicted by using simple balance equations
for neutral and charged particle concentrations
(/@), but only if a substantial neutral nucleation
rate is assumed. Consequently, ion-induced nucle-
ation, activation of ion clusters, or ion-ion recom-
bination cannot produce sufficient number of
neutral clusters, and thus the majority of nuclea-
tion {at least in Hyytifild) has to be neutral,

For a more detailed analysis, we selected two
acrosol formation event days in Hyvtild, during
which simultaneous data from the NAIS, UF-
Zproto CPCs, AIS, BSMA, and DMPS were
available. On the fisst day (23 Apnl), we ob-
served an acrosol formation event beiween about
09:00 and 15:00 (/4). The time evolution of the
total cluster concentration in the size range of 1.8
to 3.0 nm, as measured by the UF-02proto CPC

pair, followed closely that measured by the WAIS
{Fig. 3A) On the next day (24 Apnl) there was
less agreement between these two measurement
systems, vel both showed similar overall cluster
concentrations (Fig. 3B). Compared with the total
cluster numbers, which reached concentrations of
up to 1500 10 3000 cm™, the concentrations of air
ions in the same range were much lower, on the
order of 10 to 100 cm ™ (Fig. 3, C and D).
Figure 4 compares theoretically calculated
cluster concentrations with those measured by
the NAIS on 23 April during the active period of
3-nm particle formation. Outside the actual
particle formation and growth time frame, our
calculation procedure is not valid (/6), Excluding
the few short periods when momentary decreases
in particle formation rate drive down calculated

Fig. 2. Time series of cluster ia*
concentrations. Number concentra-
tions of 1.8 to 3-nm aerosal
particles and negative air ions w't
measured with the NAIS {blue) -
and AlS (black) between 13 March E
and 16 May 2006. 10
-]
E
|
5
o
10'}
10" Lt
70
A e T e S R,
* = JF {2 proto pair
AL L] Mmu
" 3500
B oo
3 250
E 1500 .

- 88

Concentration (em )

13 14 15
Time (R}

-' AlS im;’
NAIS (neg.)

Fig. 3. Cluster concentrations on 2 days with new particle formation. (A and B} Total custer-number
concentrations between 1.8 and 3.0 nm observed by the NAIS (blue and red) and UF-02prota CPC pair
{black) during 23 and 24 April 2006. (C and D) Negative (blue) and positive (red) air ion number
concentrations measured with the AIS and BSMA during 23 and 24 April 2006.
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cluster concentrations, a close agreement be-
tween caleulated and measured cluster concentra-
tions is seen. The data measured in Birmingham
{ /6y show also a strong diumal cycle in particles
of 1.8- to 3-nm diameter (fig. $10)

Thus, the three different approaches applied
here give total clusier concentrations that are
usually within a factor of 2 of cach other and
roughly two orders of magnitude larger than air
ion concentrations of similar size. These findings
demonstrate unambiguously that sub-3 nm neu-
tral clusters exist in the atmosphere and that they
dominate over comesponding charped clusters al
least down to LLE nm in size,

Hints about the exisience of neuiral clusters
can be found in the scientific literature. In their
laboratory measurements of prenucleation mo-
lecular clusters in a temary NHy/H,.S04,H.0
system, Hanson and Eisele (/8) observed large
amounts of neutral clusters, using a transverse
chemical 1ontzation apparatus. The composition
of their clusters might be comparable to that of
atmospheric clusters observed in the present
study. In another laboratory study, Kim er al
(19 analyzed homogeneous and ion-induced nu-
cleation in the ternary NH:/S0o/H20/air mix-
ture. They proposed homogeneous nucleation
of (NH4),504 molecules produced by the H,S0,-
NH; reaction as the main nucleation mechanism.

Regardless of the details of the nucleation mech-
anism, e.g., ammonium bisulfate clusters can be
considered proper candidates for neutral clusters
in the atmosphere. Our CPC is probably not the
only such instrument capable of observing the
neutril clusters: Gamero-Castaio and de la Mo
(26 proposed clusters as “impurities in the gas
phase.” However, their study focused on the
activation of ions and charged nanoclusters under
laboratory conditions,

Our observations can be used 1o test different
hypotheses related Lo atmospheric nucleation and
initial growth of nucleated clusters. For example,
we have calculaied the formation rmie of 1.8-nm
clusters in Hyytiild, denoted here as 5 (16). On
23 Apnl, the value of /> for all clusters together
was in the range of 1.5 1o 1.6 em™ s, as
caleulated from the NAIS data, and 1.1 em ™ s,
as caleulated from the UF-02proto CPC pair data.
For negative and positive ions, values of J,
caleulated from the AIS data were (0,02 and 0.04
em ™ s, respectively. On the basis of our ion-
DMPS method (27), no spprecisble ion-nucleation
was observed on this day. On 24 April, the values
of J> for total clusters and positive ions were
similar o those observed on the previous day,
whereas the average J> for negative ons was
roughly three times as high, These features are
reflected in the ratio between total cluster and air

10" - i Fig. 4. Comparison with theory.
Theary uncertainily Thearetically calculated total cluster

Theary concentrations (black) during the

®  MAIS negative aerosol formation event on 23 April,

a *  NAIS posilive along with the corresponding con-

Concentration [t:m'“’}

centrations measured by the NAIS
{blue and red). The shaded area
gives an uncertainty range for theo-
retically calculated values (18, 173,
obtained by assuming that the real
growth rate of 1.8- to 3.0-nm clus-
ters might be a factor of 2 lower or
higher than the growth rate estimated
from the BSMA data (2.1 nm/hour).
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Fig. 5. Neutral cluster fraction. The
neutral fraction of the total cluster
concentration (1.8 to 3.0 nm) dur-
ing 23 April 2006 (blue curve) and
24 April 2006 (red curve). During
the latter day, the formed particles
are negatively overcharged com-
pared to the steady-state charge
distribution based on observations
obtained with the ion-DMPS (21).
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ion concentrations in the 1.8- to 3-nm size range
{Fig. 5). On both days, the relative fractions of
neutral clusters tracked cach other, except during
the new particle formation from 12:00 to 15:00
on 24 Aprl. In this ime period, the fraction of
neutral clusters decreased from 0.97 w 093,
indicating a larger (but less than 10%) contribu-
tion of ton-induced nucleation to J5, The domi-
nance of neutral over ion-induced nucleation is
consistent with the findings of Eiscle ef af. (22) at
another continental location.

Cluster size distributions ( /6) measured by the
WAIS revealed that, similar to clusier ions, thene
appears (o be a large pool of neutral clusters in the
almosphere all the time, These clusiers have a
larger mean size than jon clusters, and their dis-
tribution has a tail extending slightly above 2 nm.
The presence of such a tail even in the absence of
3-nm aerosol formation, and the ~2-nm upper siae
of the continuous 1on cluster and neutral clusier
band, indicate strongly that dynamic processes
initiating atmospheric acrosol formation take place
at a particle diameter of <2 nm, not | nm as
previously thought I true, this finding is impor-
tant for al least two reasons. First, it suggests that
with the latest instrumental developments, we can
probe the stee range in which stmosphenc aensol
formation begins, Second, it makes atmospheric
acroso] formation much less sensitive to nucleat-
ing vapor concentrations than if the aerosol for-
mation were driven by traditional thermodynamic
nucleation. The second point is consistent with the
reported  interdependencies of the ammospheric
acrosol formation rate and gaseous sul unc acd
concentration (23, 24). The obtained values of .Jy
are in agreement with the nucleation mtes pre-
dicted by the recent cluster activation theory (12).
which further supports our experimental findings.

The observed nearly global occurrence of ai-
mospheric agrosol formation provides compel-
ling justification to include this phenomenon in
large-scale atmaspheric models, such as regional
air-gquality models and global climate models.
Attempis to realize this objective have already
been made (25-29). These pilol siudies have
demonstrated the need for more reliable nucleation
parametarizations than are currently available, The
instrumental developments described here, by ob-
serving newtral custers about a nanometer smaller
than previously measured, offer the opportunity o
test existing nucleation theories againg real at-
mospheric data. By conducting measurements
similar to those reported here in a fow carcfully
seleded locations, it should be possible to develop
simple vet sufficiently accurale nucleation param-
eterizations for large-scale modeling,
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A Cretaceous Scleractinian Coral
with a Calcitic Skeleton

Jarostaw Stolarski,™* Anders Meibom,” Radostaw Przeniosto,® Maciej Mazur®

It has been generally thought that scleractinian corals form purely aragonitic skeletons. We show
that a well-preserved fossil coral, Coelosmilia sp. from the Upper Cretaceous (about 70 million
years ago), has preserved skeletal structural features identical to those observed in present-day
scleractinians. However, the skeleton of Coelosmilia sp. is entirely calcitic. its fine-scale structure
and chemistry indicate that the calcte is primary and did not form from the diagenetic alteration
of aragonite. This result implies that corals, like other groups of marine, calcium carbonate—
producing organisms, can form skeletons of different carbonate polymaorphs.

clersctimian corals belong o the taxo-
S nomic class of anthozoans and are among

the most prolific biomineralizing orga-
nisms in nature (). Their calcium carbonate
skeletons form shallow- and deep-water reefs
and are prominent in the fossil record as far
back as 240 million years ago (Ma) (2). Living
scleractinians produce entirely araponitic skele-
tons (3, 4). An identification of calcite in calci-
fication centers of the shallow-water scleractinian
Mussa sp. (5) was nol confirmed by subsequent
analysis (6). Aragonite is metastable at ambient
temperatures and pressures and is susceptible o
diagenctic transformation o calcite, the stable
form of calcium carbonate under ambient condi-
tions, Most fossil scleractinians have therefore
been dissolved or transformed to caldte, presery-
ing only their macroscopic morphology. In these
cases, the original mineralogy can be inferred on
the basis of their Sr content and by analogy with
living scleractinians (7). Although some studics
have left open the possibility that the original
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mineralogy of some fossil Scleractinia was caleitic
(&-1), it has been generally accepted that the
aragonitic skeletal mineralogy of scleractinians

was highly conserved throughout their evolu-
tion { 17).

Here we show that a fossil scleractinian coral
formed a caleitic skeleton. We studied a suite of
fossil corals atinbuted to the caryophylliud genus
Coelosmilia, Our specimens are from the Upper
Cretaceous (Maastrichtian) deposits of Poland
(fig. S1) and are similar, but not identical, to the
fossils studied in (/2) in which the caleite in the
corals was inferred 1o have formed diagenct-
cally. We have now used a variety of micro-
analytical methods o show that the caleile is
instead primary. The overall skeletal architecture
of Coelosmilia is similar o that of modem deep-
sea corals, such as Desmopindlum (Fig. 1) and
Javania (fig. 52). Coelosmilia sp. has a conical
calice with septa mrranged into five full cyeles
formying a hexameral pattermn. Our specimens are
complete skeletons and well preserved. Extemnal

Fig. 1. Morphology of the modern aragonite Desmophylflum sp. and the Late Cretaceous calcitic
Coelosmilia sp. (A and B) Desmophyllum sp. Relatively smooth septa, a thick septothecal wall, and
a lack of pali are typical features of this solitary, azooxanthellate scleractinian coral. (€ to H)
Coelosmilia sp. resembles Desmoaphyllum sp. in all morphological aspects. Distal [{A), (C), (E), and
(G)] and lateral [(B), (D), (F), and (H)] views are shown. Scale bar, 10 mm.
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microarchitectural details, such as fine granula-
tions on seplal surfaces and, in some speci-
mens, desmocyte attachment scars are still visible
(fig. 52). In contrast, shells of gastropods, phrag-
mocones of cephalopods, and other scleractinian
coral species (13), which occur with Coelosmilia
sp. in the same deposits, are dissolved and pre-
served only as molds and casts,

The skeleton of the specimen Coelosmilia
sp., which we present in detail here, preserves
all the strucwural details intact throughout its
ontogeny (Fig. 2, A to C). The septal ultrastruc-
ture is characterized by a central line of well-
organized calcification centers and radiating fiber
bundles, construcied by the sequential addition of
micrometor-sized growth layers (74, [5). Longi-
tudinal sections through the mid-septal zone re-
veal discrete vertical rods, similar to trabeculag in

Fig. 2. Structural charac-
teristics of the Coelosmilio
sp. skeleton {left col-
umn) in direct compar-
ison with the skeleton of
Desmophylium sp. (right
column). (A and H) Optical
microscopy  transmitbed-
light images of a thin
section through a septum
perpendicular to the
growth direction. Black
arrows indicate successive
growth steps in the zone
of centers of calcification
(COC), which appear
darker than the surround-
ing fibrous skeleton. (B
and 1) Optical microsco-
py polarized transmitted-
light images of a thin
section through a septum
perpendicular to the
growth direction. The in-
dividual growth layers of
the fibrous skeleton are
clearly visible in both
corals as optical layering
(indicated by black ar-
rows). (C and J) Scanning
electron microscopy (SEM)
images of the polished
and etched surface of a
septum perpendicular to
the growth diredtion. Fiber
bundles with individual
growth layers are visible,
(D and K) Optical micros-
copy transmitted-light
images of a thin section
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modem Scleractinia (Fig. 2D). Individual halt-
moon-shaped growth segments in the thecal re-
gion comespond to the position of former growth
fiomts in the wall (Fig. 2E). In polarized light,
bundles of fibers show simultaneous and complete
light extinction, indicating a paralld amangement
of cnstallographic axes. All of these features are
identical 1o those of living scleractinians (14, 15),
The structural similarity between Coelosmilia sp.,
and modem Scleractinia is sirong, especially with
the azcoxanthellate members of the raditional
suborder Caryophylliina, here represented by
Desmoplnlien sp. (Fig. 2, H o L),
Synchrotron radiation diffraction studies
demonsirate that the Coelosmilia sp. skeleton is
composed of calcite, without any trace of amg-
onite (Fig. 3A and fig. S6). In comparison lo
synthetic and geological caleite reference mate-

through the midplane of a septum parallel to the growth direction and through the central axis of the

COC. Successive COCs are organized as rods, or trabeculae, in the direction of growth, as indicated by

white arrows. A slight undulating of the mid-septal zone trabecular centers make them appear and
disappear from the plane of the cut section. {E and L) SEM images of the polished and etched surface of a
cutthrough the thecal region parallel to the growth direction. Half-moon-shaped segments correspond to
the position of organic enriched growth fronts in the wall (F, G, M, and N) Atomic force microscopy
images of skeletal fibers in height mode [(F} and (M)] and deflection mode [{G) and (N)], showing
nanogranular structure, Scale bars in (A) to (E) and (H) to (L), 200 um; in (F), (G), (M), and (N), 200 nm.

REPORTS I

rals, the Coelosmilia sp. skeleton has broader
Bragg peaks, indicating smaller crystallite sizes
andior larger microstrain fluctuations in the
Codosmifia sp. calcite. The infered crystallite
grain siae is consistent with the size of individual
calcite domains observed by atomic force micros-
copy (Fig 2, F and G) and shows that, in analogy
with modem corals, the Coglosmilia sp. skeleton is
compascd of crystallites typically 30 to 100 nm in
lingar dimension (/5, [/6). Slight shifis in the
Coelosmilia sp. Bragg peaks relative o the
reference calcite spectrum are consistent with the
lattice parameter differences between biogenic and
synthetic Mg-containing calcite (17, 18) (fig. $7).

The irace element composition of the
Coelosmilia sp. skeleton is also consistent with
a calcitic mineralogy. The fibrous (bulk) part of the
skelaon has Mg/Ca and Se/Ca mtios averaging
about 15 and 0.7 mmolimol, respectively (Fig. 3B).
Typical Mg/Ca and S0/Ca concentrations of mod-
em amgoniic scleractmian corals are | 1o 5 and 7 1o
10 mmolmol, respedtively. High-spatial-resolution
(=200 nm) secondary fon mass spectrometry analy-
ses (19) show that the Mg/Ca and Se/Ca ratios
oscillate in the Coelosmilia sp. skeleton across
scales of a few micrometers, in a pattem similar
o those observed in modem scleractinians (260).

We nule out the possibility that the calcite
formed from the transformation of an originally
aragonitic skeleton. The diagenetic transformation
of aragonitic skeletons o calcile in fossil corals
invanably involves complete reorganiztion of the
skelatal ultrastructure, Duning diapenetic necrysial-
lization, growing calcite culs across septa and
walls, leaving behind an irregular mosaic of caleite
crystals, which eventually completely replaces the
original ultrastructural organization of the skele-
ton (7). In contrast, in the Coelosmilia sp. skel-
eton, all ultrastructural elements are preserved and
the crystals in the fiber bundles are well aligned, @
demonstrated by the simultancous and complete
extinction of polarized light,

Cathodoluminescence observations of the
fibrows part of the skeleton show no evidence
of the cloudiness that is typically associated with
reerystallization (fig. 83). The race element
chemistry also rules out a hypothetical aragonite-
to-calcite transformation in which the crystal
struciure simply “flips” from aragonite to calcite,
leaving all micrometer-scale features intact. Dur-
ing such a hypothetical transformation, the bulk
chemistry of the skeleton would not change, be-
cause mass transfer (the dissolution and re-
precipitation of carbonate) would not take place.
However, the Mg/Ca and Sr/Ca ratios of the skel-
eton are different from typical aragonitic ratios,
both by a factor of approximately 10, and the
oscillatory pattem is inconsistent with simple
equilibrium precipitation of carbonate from a
supersaturated solution. In modem scleractinians,
such trace element variations are driven by bio-
logical mechanisms invalved in the biomineraliza-
tion process (/9, 200, We therefore conclude that
Coelosmilia sp. is a scleractinian coral with a
primary calcitic skeleton,

www.sciencemag.org SCIENCE VOL 318 5 OCTOBER 2007

93



REPORTS

A 1 i : — E‘
{ ‘:'.-
20000 4 z | .

5 : :fnt'nl'-ll:'l.'-ﬂ'llj

'g 1 - Coenmmiba 5p. |
e = | B
Z 150004 £1 8 3
S £ | <o ¥ E
E E : iy W <
5 —— \-&“
Z 10000 560 565 570 575
g | |
= Ey'l'ﬂl'lﬂ‘tlﬂfﬂlﬂl'lﬂ] I M | L | T i i AT

5000 4
Coefosmilia sp. L’ d_| ‘ ‘ ﬂ 'IL_'- T ey ¥ "
0 5 10 15 20
2 theta [deq.]

Fig. 3. Crystal structure and chemical composition of the Coelosmilia sp.
calcitic skeleton. (A) High-resolution synchrotron radiation powder diffraction
patterns of Coelosmilia sp. skeleton (lower trace) and synthetic calcite (upper
trace). The most intense (104) Bragg peak is shown in the inset. The Bragg peaks

It has been suggested that hypercaleifying
organisms, including corals, are sensitive to the
Mg/Ca ratio of scawater, which has changed
through geologic history in response (o variations
in the plate tectonic cyele (2/1). According 1o this
madel, hypercaleifying aragonite-producing orga-
nisms (including corals) lourish during periods
in which secawater has a Mg/Ca ratio greater than
2, whereas hypercalcifying calcite-producing or-
ganisms flourish when the Mg/Ca ratio is less
than 2 (in the modem ocean Mg/Ca = 5.2). The
Coelosmilia sp. lived in the Late Cretacecous
when the inferred Mg/Ca ratio of seawater was
below 2, Our findings may thus appear to sup-
port the recently proposed idea that seawaler
composition can even change the skeletal min-
eralogy of scleractinians (22). However. other
aragonitic scleractinians lived at about the same
time as the Coelosmilia sp. specimens studied
here (/6. 23), and other studies have shown
that the chemical and isotopic composition of
scleractinian skeletons is under strong biological
comtrol (15, 19, 20, 24-26). Thercfore, it scems
more likely that the capability of scleractinians to
produce either aragonitic or calcitic skeletons is
geneiically determined. In any case, skeletal min-
cralogy can no longer be conadered a conservative
feature among scleractinians throughout their
evolution,

Sclemctinians first appear in the fossil record
in the Middle Triassic (~240 Ma), 12 1w 14
million years after the Permian mass extinction,
which exterminated an already weakened popu-
lation of Paleozoic rugosan (calcitic) corals. The
Permian mass extinction possibly resulied from
the synergistic effects of environmentally linked
slresses on marine organisms, perhaps including
hypercapnia: the direct physiological effects of
an increased  partial pressure of CO, (27). The
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scleractinians represent the first corals in the fos-
sil record after the extinetion (2). Increased at-
mospheric CO: levels may increase the acidity of
scawaler, leading to the decalcification of car-
bonate skeletons and the formation of naked
corals that can survive and resume caleification
when atmospheric CO, levels decrease again
{28). Ouwr result, although from a much younger
fossil, is consistent with the idea that scleractin-
ians derive from naked corals or anemonelike
ancestors, which survived the Permian mass
extinction (2%). When the scleractinians appeared
in the Triassic, they abruptly formed a taxonomi-
cally robust and diverse group (30), consistent
with having a substantial evolution and origin
in the Paleozoic before the Penmian mass ex-
tinction (3/). Previously, the notion ofa deeper
evolutionary origin and a potential link betwem
rugosans and some Mesozoic “scleractiniamophs™
[“aberrant scleractinians™ (/7)) was weakened
by the presumed difference in skeletal miner-
alogy, but as we have shown here, this is no
longer the casc,
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Sex Chromosome-Linked Species
Recognition and Evolution of
Reproductive Isolation in Flycatchers

Stein A. Sasther, ™+ Glenn-Peter Samstre,? Thomas Bnrge,z'i Chris 'I|'||\'1'h!!||',"'5 Nina Svedin,*
Gunilla Andersson,? Thor Veen,® Jon Haavie,®* Maria R. Servedio,” Stanislav Bures ?
Miroslav Krdl,® Mirten B. Hjernquist,* Lars Gustafsson,® Johan Trdff,'? Anna Quamstrom®

Interbreeding between species (hybridization) typically produces unfit offspring. Reduced
hybridization should therefore be favored by natural selection. However, this is difficult to
accomplish because hybridization also sets the stage for genetic recombination to dissociate
species-specific traits from the preferences for them. Here we show that this assocdiation is
maintained by physical linkage (on the same chromoseme) in two hybridizing Ficedula flycatchers.
By analyzing the mating patterns of female hybrids and cross-fostered offspring, we demonstrate
that species recognition is inherited on the Z chromosome, which is also the known location of
species-specific male plumage traits and genes causing low hybrid fitness. Limited recombination
on the Z chromosome maintains associations of Z-linked genes despite hybridization, suggesting
that the sex chromosomes may be a hotspot for adaptive speciation.

eproductive isolation is traditionally
R;iml.-cd as an incidental by-product of

renclic divergence during geographic
isolation. However, many diverged populations
come into contact before complete reproductive
isolation has evolved. In such cases, natural se-
lection against maladaptive interbreeding (hybrid-
ization) may complete speciation by reinforcing a
tendency o mate with one’s own kind (assorta-
tive mating) (/-3). This process, tenmed rein-
forcement, s of potentially great evolutionary
significance because it suggests that reproductive
isolation itself can be an adaptive response to
natural selection. However, the empincal suppont
for reinforcement is limited, and the conditions
under which it can theoretically occur are some-
times stnict (2, 4).

Selection for assortative mating favors the
buildup of genetic associations between compo-
nents of assortative mating (species-specific traits
and the preferences for these traits) and between
such pre-zygotic barriers and low hybrd fiiness
{post-zygotic bamiers). However, DNA recombi-
nation during hybridization breaks these associ-
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ations necessary for speciation (5). Using a
combination of field experiments, molecular
techniques, and long-term breeding data from
hybrid zones of wild birds in the Czech Republic
and Sweden, we tested this central problem of
reinforcement: How can the trais involved in
reproductive isolation remain associated in the
face of gene flow?

Two solutions to this problem have been
suggested. First, species recognition can oceur
through a “one-allele mechanism™: a single allele,
established in both incipient specics, can cause
assortative mating (2, 5, 6). For example, sexual
imprinting is a widespread phenomenon in birds
(7), whereby females learn the taits of their
fathers and later prefer similar males as mates. An
allele causing sexual impnnting would make
recombination imelevant, because it would result
in opposite mate preferences in the two species
(7). Second, recombination can be suppressed
through, for example, physical linkage of genes
(2, 5, f0-13). Recent theoretical studies have
highlighted the idea that sex linkage (placement
on a sex chromosome) of specics-recognition
genes may enhance reinforcement when, as is
often the case, genes causing low hybrid fitness

A Female hybrids B

Male hybrids

REPOI

are also sex-lmked (9, f3-15). We tested whether
species recognition is due to sex-linked prefer-
ences, sexual imprinting. or autosomally inher-
ited preferences in an avian system with evidence
for reinforcement (/6.

Where the breeding disiributions of pied fly-
catchers [Fieedula hvpolewca (pied)] and collared
flycatchers [F albicollis (collared)] overlap (sym-
patry), the populations mate assortatively with
respect to species (/7). However, some inter-
breeding occurs [2 to 5% of pairs (/7)], and the
resulting hybrids have reduced finess, female
hybrids being sterile (/7). Despite gene flow
through male hybnds (/£), both male plumage
and female maie preferences have diverged fur-
thest in sympatric arcas, presumably to facilitate
avoiding hybridization (16).

Genes causing hybrid incompatibility and
genes influencing the expression of diverged
male plumage traits are both located on the £ sex
chromosome in flycatchers (/&) Genes on the £
chromosome are in general likely to recombine
less than if they were on autosomes: for instance,
because sex chromosome recombination can oc-
cur only in the homogametic sex (supporting
online text). In fact, previous studies have failed
to detect any interspecific recombination between
the Z chromosomes of hybridizing flveatchers,
whereas autosomes recombine between the spe-
cies (/8). Ifgenes on the Z also determing species
recognition by females, recombination between
loei that are important for reinforcement would
be greatly reduced.

In birds, females inhert halt of their auto-
somal genes from either parent, but thetr single Z
chromosome solely from their father, We used
this fact to distinguish between whether specics
recognition is inherited on autosomes or is pa-
ternally determined (by Z linkage or leamed by
sexual imprinting on fathers), If maie preferences
are patemally determined, the mate choice of
female hybrids should vary according to the spe-
cies of their father, comesponding to that of pure
females of the paternal species. To detenming the
patemal and matemal specics of female hybrids,
as well as their status as Fy hybrds, we uvsed
species-specific genetic markers at the £ chiro-
mosome (patemally inherited) and in the mito-
chondrial genome (maternally inherited) (/9),

Fig. 1. Mating patterns of hybrid

flycatchers. Female hybrids (A)

Frequency

Collared
Paternal species

Piad

predominately mated with males
belonging to the same species as
their father regardless of whether
the father was a collared flycatcher
or a pied flycatcher (black, collared
partner; white, pied partner; gray,
hybrid partner). In contrast, in
male hybrids (B) no relationship
was present between paternal spe-
cies and the species of their mate.

Collared Pied
Paternal species
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We found that female hybrids having a piled
father predominately mated with a pied male,
whereas female hybrids having a collared father
predominately mated with a collared male (Fig.
1A). Only 4 out of 31 female hybrids mated with
a male of the matemal species. Thus, there was a
nonrandom association between the species of a
female hybrid's father and the species of her mate
[x3 = 12.37, exact P = 0.001, N = 31 hybrids;
excluding matings with male hybrids, Fisher's
exact test, P= 0,001, N = 29]. This pattern was
present in both Czech (P = 0,048, N = 9) and
Swedish (F=0.062, N=22) sympainc areas,

Male hybnds, on the other hand, inherit a £
chromosome from both parental species and are
unaffected by sexual imprinting because male
flycatchers do not discriminate against hetero-
specific pariners (20). As expected, there was no
association between the patemal species of male
hybrnds and the species of their mate (Fisher's
exact test, N =42 P =1, Fig. 1B). This implics
that the pattern observed in female hybrids isnot
simply some artefact of hybrids but is consistent
only with patemal inheritance (through Z link-

Fig. 2. Mating patterns
Focal

age or sexual imprinting) of species recognition;
this thercfore eliminates autosomal inheritance as
the mechanism behind species-assorative mating,

Fiycatchers provide an ideal system in which
to disentangle sexual imprinting from Z linkage,
because hybrdizing females often engage in exira-
pair copulations with conspecific males (/7),
resulting in purchred offspring being reared by
cuckolded heterospecific males. We used nulti-
generational breeding data to analyze the male
choices of such pure female flyeatchers that had
been reared by a male of the other species. If
assortative mating i due to sexual imprinting,
these females should prefer heterospecific males as
their mates, We also experimentally cross-fostered
offspring between nesis of the two spedes and
recorded the mate choice of cross-fostered famales
that retumed to breed. Under genetic inheritance
of species recognition, cross-fostered females
should mate as other fermales of their own spedes,
whereas under sexual imprnting, they should
muale as females of the foster father's specics (19,

In contrast to prevailing views on the devel-
opiment of sexual preferences in birds (7). Fig. 2

Expected pattarn

of female flycatchers

reared by heterospecific pattern

if imprinted

if ganatic

shows that females did not become sexually 1m-
printed on their social father, Instead, females
with a heterospecific foster father mated with
conspecific males 1o the same extent as other
females of theirown species did. This conclusion
applies to females of both species, using both
nmaturally (Fig. 2, A and B) and expenmentally
{Fig. 2, C and D) cross-fostered offspring and
regardless of whether expected mating patiems
were caleulated from all breeding pairs or from
recruits of known parents only. Although some of
the sample sizes are small because of the rardty of
these events, the evidmee 15 overwhelming that
species recognition docs not develop by sexual
imprinting in these birds. Instead, our results imply
that species-assortative mating has a genctic basis,

Assuming Mendelian inheritance, the differ
ent mate preference of the two kinds of female
hybrids is solely consistent with Z linkage. A
non-Mendelian epigenctic possibility 1s that the
preference genes are aulosomally inhented, but
only the patemal allele is expressed (matemal
genomic imprinting). However, such parent-of-
orgin effects have not been found in birds (27).

Expected pattern

Focal

pattern if imprinted if genetic

foster fathers compared
to expectations based
on sexual imprinting or
genetic inheritance of
species recognition. In
each panel, the first bar
shows the mating pat-

Matural
Cross-

loslarad

1.0+

0.8+

0.6

Frequency

0.4

tern of females reared
by heterospecific foster
fathers (focal pattemn;
black, collared fly-
catcher partner; white,
pied flycatcher partner;
gray, hybrid partner).
The upper panels (A
and B) show mating pat-
terns of females naturally

Collared

0.249

Pied Collared
Female species

Expected pattern

doad B3 : Focal
xed-sped
raised in mixed-spedes patiern

nests by cuckolded het-

if imprinted

if genetic

All
pairs

Malural
Cross-
astered

Recruils
only

Collared Pied
Female species

Pied

Eocal Expected pattemn

pattem

if imprinted if genetic

erospecific stepfathers
(natural cross-fostered),
and the lower panels (C
and D) show mating pat-
tems of females experi-
mentally transfemed to
heterospecific nests (ex-
perimental aross-fostered).
The left panels [(&) and
(C)] refer to collared
flycatchers, whereas the
right panels [(B) and (D)]
present pied flycatchers,
The expected mating
pattems (specific to the

Frequency

Collared

population in which the focal patterns were obtained) were constructed in
two ways, using either the mating pattern in the population (all pairs) or
using only the mating pattern of females bom in nests of known pure pairs
(recruits only). P values indicate the exact binomial two-tailed probability of
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focal mating pattern of females reared by hetero-

specific fathers (number of such females mating with conspecific males versus
other males) under the different expected proportions. N indicates number of
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Moreover, they are not expected to occur in birds
according to one predominant theory of the evo-
lution of genomic imprinting, and genes that are
imprinted in mammals show ordinary bi-allelic
expression in birds (27). We therefore conclude
that specics-assortative mating preferences in
flycatcher hybrd zones are mainly due to Z-
linked genes.

All three major components of reproductive
isolation (species recognition, species-specific
male traits, and hybrid incompatibilities) being
Z linked in flycatchers should facilitate an evo-
lutionary response to natural selection against
hybndization. This is because genctic associa-
tions between the male and the female compo-
nents of pre-zygotic barers to gene flow, aswell
as between pre-zy gotic and post-zygotic barriers,
can easily be maintained (see supporing online
text for further discussion of the flycatcher sys-
tem). Our results suggest that some onzanisms
may be prone to speciation through reinforce-
ment because of the mediating role of the sex
chromosomes. Compared to autosomally inher-
ited species recognition, both sex linkage and
sexual imprinting may allow incipient species to
avoid a collapse in assonative mating during sec-
ondary contact and be less likely to succumb to
gene flow and fusion (Y). However, patemal sex-
ual imprinting requires that females be socially
exposed to their father, which is not always true
even in birds. Conversely, because reduced hy-
brid finess is commonly caused by sex-linked
incompatibilities (3), sex linkage of species rec-
opnition might provide a general connection
between key components of reproductive isola-
tion, which facilitates adaptive speciation in the
face of gene flow.

Sex-chromosome linkage of species-assortative
fiemale mate preferences may be widespread, but

few previous studies have explicitly investigated
the mechanism of species recognition in hybrid
zones. Even fewer studies have provided addi-
tional information on the genetics of hybrid
finess and the preferred trits, or evidence for
reinforcement (22-25). Nevertheless, dispropor-
tionately many genes involved in reproductive
isolation secem to be located on the sex chromo-
somes (15, 26, 27), In Lepidoptera, which also
have heterogametic females, sex-linked traits seem
to be more associated with reproductive isolation
than in other insects (28), and it has been sug-
gested that omaments and preferences for these
omaments evolve more readily in organisms with
ZW than with XY sex dwomosomes (26, 29),
Although speciation would benefit from any kind
of linkage (or other recombination-suppressing
mechanism) thal can maintain these genetic asso-
ciations, raits involved in pre-zygotic isolation may
simply be more likely o occur on sex chmomo-
somes than on aulosomes and possibly more
likely on Z than on X chromosomes (27). Sex
chromosomes in general, and the £ in particular,
may therefore be hotspots for speciation genes.
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Microbial Population Structures
In the Deep Marine Biosphere

Julie A. Huber,"* David B. Mark Welch," Hilary G. Morrison,” Susan M. Huse,’
Phillip R. Neal,* David A. Butterfield,” Mitchell L. Sogin®

The analytical power of environmental DNA sequences for modeling microbial ecosystems depends
on accurate assessments of population structure, including diversity (richness) and relative
abundance (evenness). We investigated both aspects of population structure for microbial
communities at two neighbeoring hydrothermal vents by examining the sequences of more than
900,000 microbial small-subunit ribosomal RNA amplicans. The two vent communities have
different population structures that reflect local geochemical regimes. Descriptions of archaeal
diversity were nearly exhaustive, but despite collecting an unparalleled number of sequences,
statistical analyses indicated additional bacterial diversity at every taxonomic level. We predict that
hundreds of thousands of sequences will be necessary to capture the vast diversity of microbial
communities, and that different patterns of evenness for both high- and low-abundance taxa may
be important in defining microbial ecosystem dynamics.

tal samples has revealed new dimensions

Thc interogaton of DNA. from environmen-
in microbial diversity and community-
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wide metabolic potential. The first analysis of a
dozen polymerase chain reaction (PCR) amplicons
of nbosomal RNA (rRNA) sequence from a

mixed bacterioplankton population revealed the
ubiguitous SARII cluster (/), and a recent en-
vironmenital sholgun sequence survey of mi-
crobial communities in the surface ocean has
identified 6.1 million predicied proteins (2, 3).
To realize the full potential of metagenomics for
modeling energy and carbon flow, microbial
biogeography, and the relationship between
microbial diversity and ecosystem function, it
is necessary (o estimate both the richness and
evenness of microbial population structures,
We used a tap sequencing strategy that come
bines the use of amplicons of the V6 hyper-
variable region of small-subunit (SSU) rRNA as
proxies for the presence of individual phylotypes
[operational taxonomic units (OTUs)] with mas-
sively parallel sequencing. Our goal was to pro-
vide assessments of microbial diversity, evenness,
and community structure at a resolution two to
three orders of magnitude greater than that af-
forded by cloning and capillary sequencing of
longer SSU rRNA amplicons (4). We used this
strategy to attempt an exhaustive characteriza-
tion of the bacteral and archacal diversity at two
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low-temperature diffuse flow vents, Marker 52
and Bag City, from Axial Seamount, an active
volcano at 1520 m depth in the northeast Pa-
cific Ocean (5, 4). These vents host archacal and
bacterial communitics originating from the sub-
seafloor, local microbial mats, symbionts of vent
macrofauna, and microonzanisms from the sur-
rounding seawater (7-9). Although new produc-
tion from hydrothermal vents may correspond to
as much as 25% of the total impored carbon
flow in the decp sea (/0), these globally distrib-
uted habitats remain relatively unexplored, and
there are few descriptions of diversity, even-
ness, and dispersal of their endemic microbial
populations,

Marker 52 and Bag City are less than 3 km
apart, but differ markedly in chemical composi-
tion and appearance. Marker 52 was sampled on
bare rock: Bag City vent fluids were sampled
within a clump of tube worms. Both sites had
microbial mats growing on rock and tube wom
surfaces (fig. 51). Relative to Bag City and most
other diffuse vents at Axial, Marker 52 has a
higher H.SAT ratio. lower pH, and eclevated
alkalinity and iron levels (Table 1), all of which
indicate a higher carbon dioxide content: Marker
52 fluids were effervescent at | atm (9),

We sequenced more than 900,000 archaeal
and bacterial V6 amplicons from these two sites.
Tags that differed by no more than 3% [gener-
ally considered to define microbial species (/1]
were elugered (/2) into OTUs o calculate rane-
faction and nonparamaric cstimators (/3) Tax-
onomic and statistical analyses revealed difforences
in community membership with very little overlap
between the two sites (Table 2}, whidh is partic-
ularly evident when comparing the fine structure
of the commumities (Fig. 1). For example, al-
though e-protcobaciaria ofien dominate 107 to
B0°C vent habitais, where they orchestrate the
cycling of carbon, nitrogen, and sulfur (/4), the
richness and evenness of e proleobacterial families
and genera are different at each site (Fig. 1). Near-
Iy 6600 distinct e-proteobaderial tag sequences
accounted for 39% of bacterial amplicons, raising
the estimate for total e-protcobacterial diversity
by at lest one order of mamiude. Sequences
identified as Arcobacier spp., a group of micro-
acrophilic sulfur and hydmgen sulfide-oxidizing
bacteria, dominated the e-protcobacterial phylo-
types at Bag City (FS312, Fig. 1), wheoreas se-
quences identfied as Sulfisonwm spp., a group of
mesophilic microacrobes that use sulfur species
as electron donors with nitrate or oxygen as elec-
tron acceptors, dominated Marker 52 (FS5396,
Fig. 1).

We hypothesize that the geochemical regimes
shape the e-proteobacterial community structure
(Table 1) (7). A few highly abundant, specific

Yjosephine Bay Paul Center, Marine Biological Laboratory, 7
MBL Street, Woods Hole, MA 02543, USA, “Joint Institute for
the Stdy of Atrmosphere and Ocean, University of Washing:
ton, Post Oifice Box 354925, Seattle, WA 98105, LSA,

*To whom correspondence should be addressed. E-mail:
jhuber @m bl.edu

tag sequences domunated cach genus at each site,
but extensive sampling revealed the presence of
many less common and rare varants (Fig. 1),
Microdiversity within groups of bacteria and
archaca has been noted previously in the maring
environment (£5, /6% It i5 clear that in some
cases, these closely related organisms are eco-
logically distinct (13, 7).

Mearly G000 unique sequences from a data
set of more than 215,000 Vé amplicon tags iden-
tificdd as archacal defined more than 1900 phylo-
types. The slope of the rarcfaction curve (18) for
the archaea became nearly asymplotic, and non-
pamametric statistical analyses estimated an ul-
timate richness of 2700 archacal phylotypes
{(Fig. 2 and Table 2). In contrsst, despite exam-
ining neardy 690,000 tags identificd as bacterial,
rarefaction curves (Fig. 2) indicated that our sam-

pling of bactenal richness was far from complete.
We observed more than 30,000 wnique bactenal
sequences forming ~18,500 phylotypes, and non-
parametic estimates predicted the presence of
~37,000 phylotypes (73) (Table 2), with steeply
sloping rarcfaction curves for many diverse classes,
orders, and families (fig. S2). Even the dommant
gonera Arcobacter and Sulfferviem were incom-
pletely sampled (fig. 52). The lower diversity of
archacal phylotypes agreed with other molecular
surveys indicating that marine archacal diversity
is relatively limited (19): hence, our approach dos
nol mwsult in inflaled nchness estimaies due o
spunous data. Furthermore, extensive guality con-
irol of iag sequences ensured that ihe total error
from PCR and pyrosequencing was less than
00025 per base and that sequencing emor mis-
assigned fewer than 1% of tags to phylotypes (20).

Table 1. Chemical and 55U rRNA tag characteristics of the two sites.

F5312 F5396
Vent name Bag City Marker 52
Sample year 2003 2004
Volume filtered (ml) 1003 2000
Cells ml™" (range) 1.21 x 10° 1.57 x 10°
(9.77 x 10" to 1.26 x 10°)  (1.02 x 10° to 2.12 x 10°)
Culturable* hyper/thermophilic 140 to 4200 2010 720
heteratrophs per Liter
DNA recovered (ug) 0.9 2.4
Total number of archaeal V& 200,199 16,428
tag sequencest
Total number of bacterial Vé tag 442,058 247,662
sequencest
Total number of e-protecbacterial V6 tag 122,823 147,515
sequencest
Depth (m) 1,537 1,529
Latitude and longitude 45.92°N, 129.99°W 45.94°N, 129.99°W
Average temperature {°C) 31.2 24.4
Maximum temperature {°C) 314 24.9
HaS/AT {umol kg™ °C™Y) 7.2 18.9
pH 6.26 5.08
Mg (mmolikg) 48.3 50.8
Alkalinity (megliter) 2.4 3.7
Mn {pmolkg) 19.8 4.8
Fe {umaolkg) 0.8 7.9
Silica {mmol'kg) 1.46 1.07

*Cultured at 70° or 90°C in 0.3% yeast extract and peptone with elemental sulfur; Ar headspace,

passed guality control [as described in (11)].

tTrimmed reads that

Table 2. Sequencing information and diversity estimates for all bacteria and archaea.

Bacteria Archaea
Total number of V6 tag sequences® 689,720 216,627
Total unique V6 tag sequences 30,108 5979
Total OTUs at 3% difference (phylotypes) 18,537 1,931
Chaol estimator of richness at 3% difference (95% CI} 36,869 2,754
(36,108 to 37,663) (2,594 to 2,952)
ACE estimator of richness at 3% difference (95% CI) 37,038 2.678
(36,613 to 37,473) (2,616 to 2,745)
Bray-Curtis similarity index at 3% differencet 0.08 0.01
Jaccard similarity index at 3% differencet 0.12 0.08

‘Trimmed reads that passed guality contrel [as described in (11)]

{Similarity between communities at sites FS312 and F5396

om a scale of 0 to 1 (where 1 represents identical communities),
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Comparing each unique sequence to our V6
reference database revealed well-characterized
taxa, as well as many unknown microbial phylo-
types. The 10 most abundant sequences oc-
curred more than 10,000 tmes and were exaci

muatches o sequences in our database, indicating
that our sampling was representative. OF the
36,725 unique sequences found at the two sites,
36,180 were represented by fewer than 100 tags:
of these, 13,385 were =10% different and ~<4000

REPORTS I

were =200 different from known SSU rRNA
genes, Many rare, divergent taxa account for most
of the observed novel microbial diversity (4, 27).

Although this study only examined samples at

two sites in the deep ocean, it has imporiant im-

[ClActinobacteria_Actinobacteria_Unknown
ElBacteridetes_Flavobacteria_Flavobacteriales
[Bacteroidates_Unknown_Unknown
[IChioroflexi_Anaerlineas_Anaerclinasles
BCyanobacteria_Cyanobacteria_Unknown

BFimicutes_Bacilli_Unknown
[CIFimicutes_Clostridia_Unknown
WFirmicutes_Unknown_Unknown
BWFuscbacteria_Fusobacteria_Fuscbacteriales
[CLentisphaeras_Lentisphasras_Unknown

§ Bacterial Taxonomy 3
EProtecbactena_alpha_Unknown

B Protecbacteria_alpha_Rhizobiales
Frotecbacteria_alpha_Rhodobacterales [ElProteobacteria_gamma_Alleromonadales
EProtecbacterda_alpha_Rhedospiriliales
EPrrotecbactera_alpha_Ricketisiales
[Deferibacteres_Deferribacteres_Defermibacterales [ ]Protecbacterda_alpha_Sphingomonadales[T] Protecbacteria_gamma_Oceanospirillales
[CProtechacteria_bata_Unknown
[JProtecbacteria_defta_Desulfobacterales [l Prolecbaciera_gamma_Pseudomonadales
[OProtecbacteria_defta_Desulfovibrionales [0 Protecbacteria_gamma_Thiotrichales
[OProtecbacteria_deita_Desulfuromonales [llProtecbacteria_Unknown_Unknown
[OPrtecbacteria_delta_Unknown

[Pmteckacteria_delta_Syntrophobacteralos
B Protecbacteria_epsilon_All

[CProtechacteria_gamma_Chromatiales
[CIPmtecbacteria_gamma_Unknown

[ElProtecbacteria_gamma_Pasteursllales

B Unknown Bacteria

\EPianctomycetes_Planctomycetacia_Planclomycetales i Other )
FS312: Bacteria FS396: Bacteria

n = 442,058 n = 247 662

.'."'I

= other

n= 12,201

Fig. 1. Taxonomic breakdown of bacterial Vé tags from each vent. Pie charts
show the Phylum_Class_Order distribution for taxonomically assigned tags
that occurred more than 1000 times; the remaining tag sequences are
grouped into "Other.” The taxonomic distribution of & -proteobacterial genera
is shown in normalized histograms for each site, with further breakdown of the
dominant e-protecbacteria in additional histograms, with each color in the
histograms representing a unigue tag sequence. For F5312, the Arcobacter are

e-proteobacteria

Campylobacterales

n= 147,515

n = 109,457

n= 22397

expanded to the left with a histogram showing those tag sequences that oc-
curred =10 times, followed by a histogram showing the diversity of tags that
occurred 10 to 1800 times. For F53%6, the Sulfurovum are expanded to the
right, with a histogram showing those tag sequences that occurred =10 times,
followed by a histogram shawing the diversity of tags thatoccurred 10 to 8400
times. Nonparametric estimates suggested more than 900 phyotypes each of
Arcobacter at F5312 and Sulfurovum at F5396.
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Fig. 2. Rarefaction curves for total bacterial and
archaeal communities at the two sampling sites
F5312 and F5396 at 3% and &% difference levels.

750,000

plications for our ability o sample and identify all
the ccologically relevant members of microbial
communitics in other high-diversity labitts, such
as soils (229, microbial mats (27), and communitics
where lowabundance taxa may play cucial roles,
such as the human microbiome. It provides a come-
parative population structure analysis with statistical-
ly significant descriptions of diversity and relative
abundance of microbial populations. These larpe os-
timates of phylogenetic diversity at every taxonomic
level present a challenge to large-scale microbial
communily genomic surveys. Metagenomic studies
seck to nventory the full mnge of matabolic capa-
bilities that define coosysiem fimction or o de-
termine their context within assembled genomic

seaffolds, Owr resulis sugpest that even the langest of

published metagenomic investigations inadequately
represent the full exient of microbial diversity, as
they survey only the most highly abundant taxa (/7).

In addition, the importance of microdiversity
cannot be overlpoked, and moagenomic commnm-
nity reconstructions from the two vents studied
here would likely be largely chimerc assemblies
of sequences from closely related phivlotypes,
which may mask imporant biological differences.
Methods such @ the massivdy parallel tag se-
quencing approach used here, combined with the
multitude of other quantitative and descriptive
tools now available to microbial ecologists, can
SCIVE A8 necessary accompaniments to metage-
nomic gene surveys as we strive W understand
the impact of diversity on ecosystem function
and long-term stability (24).
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Genetic Effects of Captive Breeding
Cause a Rapid, Cumulative Fitness

Decline in the Wild

Hitoshi Araki,* Becky Cooper, Michael 5. Blouin

Captive breeding is used to supplement populations of many species that are declining in the wild.
The suitability of and long-term species survival from such programs remain largely untested, however,
We measured lifetime reproductive success of the first two generations of steelhead trout that were
reared in captivity and bred in the wild after they were released. By reconstructing a three-generation
pedigree with microsatellite markers, we show that genetic effects of domestication reduce subsequent
reproductive capabilities by ~40% per captive-reared generation when fish are moved to natural
environments. These results suggest that even a few generations of domestication may have negative
effects on natural reproduction in the wild and that the repeated use of captive-reared parents to
supplement wild populations should be carefully reconsidered.

form of conservation for the most cnt-
cally endangered species, but is now
widely used for the restoration of declining natu-
ral populations (f-3). In theory, captive-reared
organisms may accumulate deleterious alleles
that could hinder the recovery of natural popula-

Capliwc breeding was originally used as a

tions (3-6), However, the extent 1o which captive-
reared individuals contribute genetically to the
restoration of natural populations is not known,
Hatchery programs for enhancing threatened
populations of Pacific salmon and steelhead trout
(Onicorinmehus spp.) release more than five
billion juvenile hatchery fish into the Nonh

Pacific every year (7, 8). Although most of these
hatchery programs are meant o produce fish for
harvest, an increasing number of captive breed-
ing programs are releasing fish w restore de-
clining natural populations (&, ¥). Hatchery fish
breed in the wild, and many natural populations
are affected by haichery fish. The use of hatchery-
rearcd fish as broodstock (parents of hatchery
fish) for many gencrations has resulted in indi-
viduals that contribute less to the gene pool (are
less fit), in comparison with wild fish, in natural
environments (/- /2). On the other hand, captive
breeding programs that use local wild fish as
broodsiock are expecied 0 produce hatchery fish
having minimal differences in fitness from wild
fish. Nevertheless, such captive-reared fish can be
genetically distinct from wild fish for a variety of
traits (/3-16). Thus, it is a real concem that these
fish will also have low fitness (reproductive suc-
C2s8) in natural environments.

A two-generation pedigree of DNA-based
parentage analyses of steelhead (Oncorfivnchus

Departrment of Zoology, 3029 Cordley Hall, Ovegon State
University Corvallis, OR 97331, USA.
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movkiss) in the Hood River in Oregon (U.S.AL)
showed that the first generation of captive-reared
fish had nawral reproductive success indistin-
guishable from that of wild fish in two out of
three run-years (/7). (Each run-vear begins when
parents amrive at the nver to spawn,) This com-
parison, however, neglected the fact that captive-
reared and wild individuals experience different
environments as juveniles, which might affect
mating behaviors, fecundity, and/or fentility
{18). Therefore, it is difficult o disentangle cn-
vironmental effects from genetic effects of a
difference or lack of difference in reproductive
success (7).

[n this study, we investigated the strength
of genetic effects of domestication on the repro-
ductive success of captive-reared individuals in
the wild. Confounding environmental effects
were avoided by comparing captive-reared indi-
viduals with different histories of captive breed-
g in the previous generation (Fig. 1) We
reconstructed a three-generation pedigree of the
winter-run steelhead in the Hood River (/%) and
compared adult-to-adult reproductive success
(number of wild-bom, adult offspring per parent)
of two types of captive-reared fish (designated C):
captive-rearcd fish from two wild-bom parents
(CTWxWT), and captive-reared fish from a wild-
bom parent and a first-generation captive-reared
parent (C[CxWT]). C[CxW] and C[Wx'W] were
born in the same year, reared in the same
hatchery without distinction, and released at the
same time. Both fish originated from the same
local population, so we can also exclude the in-

fluence of local orgin. The only difference be-
tween them is half of the genome. The half
genome in CJCxW] was inherited from the
captive-reared parent and experienced captiv-
ity for two consecutive gencrations (during the
egg-to-juvenile development), The other half
in C[CxW) was from the wild parent and ex-
perienced captivity for one generation (C[CxW)
itself). In contrast, the entire genome of the
C[WxW] experienced captivity for one gencra-
tion. Thus, by comparing CTCxW] with C[WxW,
we were able to evaluate the effect of a single
extra generation of captive rearing on subse-
quent reproductive success in the wild, while
controlling for the effect of rearing environment
(Fig. 1},

We estimated the reproductive success of 547
C[CxW] and 193 C[WxW] over three mun-
years (1998-2000) (79). On the basis of the
parentage analysis, we assigned 355 wild-bom,
retuming adult offspring to at least one of their
C[CxW] or C[WxW] parents (Table 1). Our
estimate of relative reproductive success (RRS)
with an unbiased method (20) revealed that the
overall reproductive success of C[CxW] is only
55% that of C[WxW1] (P = 0.009 by one-tailed
penmutation lests). We also compared the repro-
ductive success of C[CxW]| and C[WxW] from
single cohorts (i.e., using only 3-year-olds at the
time of spawning) (Table 1). In this comparison,
environmental differences were eliminated be-
cause both types of hatchery fish were bom, re-
tumed, and spawned in the same environmments
in the same year, The smaller sample size re-
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sulted n lower power, but the overall estmate
was very similar to the above result (single-
cohort RRS of CICxW] 1o CIWxW] = 0.600,
£ = 0.042).

In addition o comparing reproductive suc-
cess between C[WxW) and CJCxW), we also
compared the reproductive success of these
captive-rearcd fish to that of wild-bom fish
(W) rewming in the same run-years (1998
20000 Overall RRS of CIWxW] o0 B was
0,595 and that of CHCxW] w0 W was 0.310 [both
F < 0,001, (lable S1)]. Our estimates of RRS for
CWxW] can be compared with those from our
previous study of run years 1995-1997 (17)
{table 51}, Interestingly, the estimaie from run
years 1998-2000 was significantly lower than
the average RRS ~ | estimated from run-vears
19951997 (17) (Fig. 2A). One possible expla-
nation for this difference is presence of C[CxW)
on the spawning grounds in 19982000, For ex-
ample, reproductive interaction between C[CxW]
and C[WxW] might reduce the average repro-
ductive success of C[WxW] if C[WxW] tend to
mate more with C[CxW] than with . Another
possibility is nonadditive finess effects such that
mating between hatchery fish results in lower
fitness than expected. In our data, nonrandom
maling was supported by a test of indepen-
dence [P < 0001 for all three run-years (table
52)]. However, an excess of observed mating
was found between wild parents, not between
captive-reared parents. This might indicate both
nonrandom mating (WX and CxC mating
preferences) and nonadditive finess effects (i.c.,

Fig. 1. Distribution of mn-
years in which captive-reared
fish and their wild-born off-
spring retumed. Mumbers in
a circle represent a run-year
of parerts (top) and a brood-
year of their offspring (bot-
tom). The percentage on
each arrow represents the
proportion of adults that
return in each subsequent
year, which differs between
captive-reared fish (dotted
line) and wild fish (solid fine).

1st generation R
{ from wild broodstock -
in run-year 1992)

b
DE®

rumn-year
brood-vear

‘Repeated nse” of the captive-reared
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— [Gead

captive-reared individuals
that returned in run-=year
1995; subsequent C[CxW]
individuals were created
from those individuals re-
turning in 1996 and so forth.
These first-year C[CxW] fish
returned to spawn mostly
in run-year 1998, and we
estimated their reproduc-
tive success by matching
them to the wild-born off-
spring that returned in run-
year 2001-2004.
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low fitness of CxC), although analyses of repro-  [CICxW] = CIWxW]] to [ = C[WxW]]= 1.1 in
ductive success between crosses did not show the  run-year 20000, P = (.878 (table 53)}. Over six
presence of nonadditive genetic effects {RRS of  run-years of data (1995-2000), four of six years

Table 1. RRS (relative number of adult offspring per parent) of two types of captive-reared fish,
Cieomy versus Cwg. RRS is given as an unbiased estimate (19, 20). P values were calculated by a
one-tailed permutation test. Statistical power represents the minimum effect size (displayed as RRS)
detectable with B0% and 95% power. [See (19) and footnote of table 51 for details.] When all
parents were compared, overall RRS was estimated using weighted geometric means. The P values
were calculated on the basis of Fisher's combined probability (19). For single cohorts, only 3-year-
old CICxW] and C[WxW] were compared. *P < 0.05, **P < 0.01

N [offspring Statistical power
RUr-yBar assigned] RES P (80%0/95%)
From all parents
[Male]
1998 79 0.341 0.035* D.626/0.341
1999 26 0577 0.239 0.462/0.296
2000 79 0.856 0.381 0.701/0.540
Overall male 0.545 0.074
[Female]
1998 74 0.504 0.238 0.384/0.156
1999 25 0.212 0.007** 0.468/0.321
2000 712 0.828 0.319 0.706/0.567
Overall female 0.547 0.020°
Owverall both sexes 0.546 0.009**
From single cohorts
[Male]
1998 48 0.361 0.044~ 0.582/0.361
1999 25 0.502 0,171 0.502/0.324
2000 17 0.862 0.390 0.705/0.543
Overall male 0.596 0.070
[Female]
1998 22 0.985 0.591 0.257/0.075
1999 15 0.137 0.036° 0.350/0.137
2000 56 0.798 0.319 0.641/0.480
Overall female 0631 0.125
Overall both sexes 0.609 0.042*
A B
1.4 : - - T 1 1.4 — - q 1 - T T
12} “ 4 12L ® Hood River sleelhead J
g @ Other studies (salmonids)
= 1t + : {4 1} ]
% 08} ; { o8l '
E 06 i 4 06
£ .
£ 04H 01951007 Male | @ 1 4t y
o & 15983000 Maks 4
T 0.2} & 19951997 Female s 102 -
& 1550-2000 Fomalk o
- 0 ' 1 - 2 ¢ 12

Generation in captivity Generation in captivity

Fig. 2. (A) Estimated RRS of captive-reared fish relative to wild fish, plotted against generation time in
captivity. Each point represents an estimate from a run-year and sex. The point at generation O
represents wild fish as a control {(marked as a cross). Estimates of the RRS of C[WxW] are plotted at
generation 1 and C[CxW] at generation 2. Three years of data at generation 1 (open plots) are from
(17). (B) Meta-analysis of the RRS of captive-reared versus wild fish plotted against generation time in
captiity of other salmonid species. Solid circles are the estimates from our data (weighted geometric
means from Fig. 2A). The bar represents 1 50. The other four points are from two studies on steelhead,
one on brown trout, and one on Atlantic salmon (table S4) from (25). The exponential regressions were
obtained as ¥ = e ™" (cormrelation coefficient = 0.962), which suggest that fitness in the wild &
reduced 37.5% per generation of captive breeding.

showed lower fitness of C[WxW] (overall RRS of
CIWxW] to W= 0.848, P<0.001).

One factor we cannot completely exclude in
these comparisons is nongenetic grandparental
effects, which have been demonsirated in various
organisms, including fish (2/-24). However,
known grandparental effects are mostly female-
specific (Le., grandmatemal egg effects). The re-
productive success of C[CxW] did not depend
on the sex of the captive-reared parent {overall
RRS of C[CxW] with a captive-reared mother
to C[CxW] with a captive-rcared father =
1.009, P=0.81) Similarly, there were no no-
ticeable matemal effects on the reproductive
success when haichery and wild fish mated in
the wild, either in this study or in our previous
study [i.e., number of resulting offspring did
not depend on which type of fish was the
mother (table S1) (/7)]. Thus, the grandpa-
rental effect is less likely in this case, and the
most likely explanation for the filness decline
is a genetic disadvantage of C[CxW] resulting
from the half genome exposed to artificial en-
vironments for an additional generation.

Our data suggest a sharp decline in repro-
ductive success follows a very shorl time in
captivity (Fig. 2ZA). We also conducted a meta-
analysis to compare our data with those available
for four hatchery stocks for which we know the
number of generations in hatcheries (/9, 25).
These data fit very well on an exponentially
declining curve (Fig. 2B). despite the fact that the
previous data include RRES estimates using
different species and methods and that they are
subject to confounding environmental effecis
(79, 25). It shows 37.5% fitness decline per
captive-reared  generation, suggesiing that the
fitness decline of captive-reared fish can be re-
markably fast. Because any purcly environmental
effects should not accumulate over tme, the
continued decline with generations in captivity
(Fig. 2) funher supports genctic effects as the
cause.

The evolutionary mechanism cawusing the
fimess decline remains unknown. We suspect
that unintentional domestication selection and
relaxation of natural selection, due to antificially
modified and well-protected reaning environ-
menis for hatchery fish, are probably occurring
(SOM text). Considering the mating scheme for
C[CxW] and the generation time for the fit-
ness decling, however, inbreeding depression
and accumulation of new mutations should not
affect these results. Regardless, our data dem-
onstrate how strong the effects can be and how
quickly they accumulate. To supplement declin-
ing wild populations, therefore, repeat use of
captive-reared organisms for reproduction of
captive-reared progenics should be carefully
reconsidered.
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Glia Promote Local Synaptogenesis
Through UNC-6 (Netrin) Signaling

in C. elegans

Daniel A. Coldn-Ramos,” Milica A. H.Hr‘gl‘.'tﬂ,j"z Kang Shen?*

Neural circuits are assembled through the coordinated innervation of pre- and postsynaptic partners.
We show that connectivity between two interneurons, AlY and RIA, in Caenorfobditis elegans is
orchestrated by a pair of glial cells that express UNC-6 (nefrin). In the postsynaptic neuron RIA, the
netrin receptor UNC-40 (DCC, deleted in colorectal cancer) plays a conventional guidance role, directing
outgrowth of the RIA process ventrally toward the glia. In the presynaptic neuron AlY, UNC-40 (DCC)
plays an unexpected and previously uncharacterized role: It cell-autonomously promotes assembly of
presynaptic terminals in the immediate vicinity of the glial cell endfeet. These results indicate that
netrin can be used bath for guidance and local synaptogenesis and suggest that glial cells can function
as guideposts during the assembly of neural circuits in vivo,

eural circuit formation requires an iniri-
cate orchestration of multple develop-
mental events, including cell migration,
axon guidance, dendritic growth, synapiic tangei
selection, and synaptogenesis (f-3). These de-
velopmental evenis are coordinated in pre- and
postsynaptic neuronal pariners to form the func-
tional neural circuits that underlic behaviors. Al-
though the organization and specificity of these
neural circuits is well documented, the cellular
and molecular mechanisms that underie their
precise development are not well understood.
To explore how precise neural connectivity is
achieved, we studied the synaptic connections
between two intemeurons in the C. elegans brain:
presynaptic AIY and postsynaptic RIA. These
wo intermeurons navigate complex cellular envi-
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ronments, discriminating among multiple poten-
tial targets before finding and innervating each
other at a discrete region of their respective pro-
cesses (), We generated single-cell fluorescent
markers to visvalize AIY-RIA connectivity in
vivo and observed a discrete clustering of pre-
synaptic AIY markers in a segment of the process
we termed zone 2. This zone appears to be the
specialized presynaptic region where ALY forms
synapses onto RIA, as well as RIB and AlZ
neurons. First, the fluorescently labeled presyn-
aptic proteins RAB-3, ELKS-1, and SYD-2 are
all mare concentrated in zone 2 than in other re-
gions of the axon (Figs. 1A and 2B and fig. S4A).
Second, these markers cluster at the exact loca-
tion at which ALY 1o RIA synapses are scen in
electron micrographs of wild-type animals (g,
S1M)(5). Third, this region has a wider diameter
than other regions of the axon, a property that we
found to be uniquely associated with the pre-
synaptic region of AIY in electron micrographs
(fig. 81, A and M 1o Q). These combined prop-
erties were taken as evidence of presynaptic
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differentiation and were very reproducible across
animals (Fig. 1 and fig. 51).

Reconstructions of electron microscropy
(EM) micrographs (5) revealed that AIY has
three distinet anatomical regions throughout its
process: a segment proximal o the ATY cell body
that is devoid of synapses (zone 1) the synapse-
rich region where ALY forms synapses onto RIA,
AlZ, and RIB just as the ALY process tums dor-
sally (zone 2): and a distal axon segment within
the nerve ring that has four o eight small pre-
synaplic specializations (zone 3).

To identify the molecular signals thatl dircet
this precise innervation, we performed a visual
genetic screen for mutanis with an abnormal
synapse distribution in AIY. From this screen, we
isolated the wy&! mutation, an allele of wne-40
(fig. 82). UNC<D (DCC, deleted in colorectal
cancer) 18 a transmembrane immunoglobulin
superfamily protein that is a receptor for the
axon guidance molecule UNC-6 (netrin) (4, 7).
wne=d () animals had no detectable axon guidance
defects in ALY except for an axon truncation
defect observed in 7.8% of the animals (n = 153
animals; fig, 83). However, they showed a highly
penetrant defect in the presynaptic specialization
of AIY at zone 2: 95.3% of wnc-40wivdf)
animals displayed a severe reduction of active
zone markers ELKS-1::YFP (yellow fluorescent
proicin} and SYD-2::GFP (green fluorescent
protein) and a synaptic vesicle marker,
mCherry::RAB-3, in zone 2 (n = 128 animals;
Fig. 2. A o K, and fig. 54). In addition, the AIY
axon diameter in zone 2 failed to widen into the
characteristic presynaptic varicosity seen in wild-
type animals (fig. S1). By contrast, in the more-
dorsal zone 3 synaptic regions, wic-40 animals
had nommal or increased levels of synaptic vesicle
proteins and a normal or increased diameter (Fig.
2, Fio |, and fig. S1). These defects suggest a
specific defect in the presynaptic differentiation
of Al'Y in zone 2, although a detailed analysis of
ALY synaptic ulrastructure and function could
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reveal abnomalitics i other ALY synapses.
Although wne-400 animals do not have sub-
stantial AIY axon guidance defects, RIA axon
guidance is severcly affected in wie-40 mutants:
RIA processes fail to extend ventrally to create
the loop that is innervated by ALY in zone 2
(95.8% penetrant, n = 191 animals; fig. 53).

To identify the cell(s) in which wne-40 func-
tions to direct AIY-RIA innervation, we analyzed
wne-#f) mosaic animals that retain an unstable
rescuing arrmy in subsets of cells (8). Interesting-
Iy, only when the aray was retained in the ALY
intemeuron did we observe significant rescue of
the AIY presynaptic patteming defects (P <
0001; Fig, 2, L o M, and figs. 55 and S6). Re-
tention of the arrmay in the closely related inter-
neuron RIB or RIM (RIB/RIM) (#) did not result
in rescue. Retention in the RIA intemeuron
resulted in rescue of the RIA axon puidance
defect but not of the AIY presynaptic phenotype
(fig. ST).

Together, these data indicate thalt axon
guidance of RIA and pattemning of presynaptic
specializations in AIY are independent, cell-
autonomous events. These mosaic analyses are
also consistent with the observation that UNC-30
(DCC) 15 endogenously expressed in ALY
intemeurons (fig. S6) and indicate a previously
uncharacterized role for UNC0 (DCC) in
specifying ALY presynaptic terminals in a cell-
AUlONOMoUSs manner.

To determine how UNC-0 (DCC) directs
presynaptic assembly in ALY, we examined its
subecellular localization. Consistent with UNC-40
(DCC) playving a role in the presynaptic pal-
teming of AIY, we observed that UNC-40 (DCC)
is enriched in zones 2 and 3, the regions where

Fig. 1. AlY and RIA in- A
nervate ata specific spatial
coordinate in the nerve
ring. (A} Schematic dia-
gram of the morphology
of the presynaptic AlY and
postsynaptic RIA neurons in
the nerve ring (brackets).
Maodified image adapted
from www.wormatlas.org
with permission. (B) Rep
resenfative adult animal
expressing cytoplasmic flu-
orophores specifically in
AlY (red) and RIA (green).
In all images, the dashed
box (zone 2 in text) delin-
eates a spatial coordinate
in the wild-type nerve ring

where the RIA and the AIY -~
: T AlY
interneurons converge and |_\.!
synapse onto each other.
Zonae

(C o H) Confocal micro-

presynapiic sites are assembled (Fig. 3, A and C;
71.5% anmimals with enriched localization, n =
214 animals). This enrichment is dependent on
UNC-6 (netrin), because UNC0 (DCC) failed
to concentrate at the presynaptic sites of AIY in
wrc-6 animals (Fig. 3, B and C; 87.6% wih
diffuse localization, n = 201 animals), Consistent
with this observation, in wie-6 animals circuit
assembly between ALY and RIA is abnormal,
phenocopy ing the wse-40 mutant defect (g, S8).

During neurulation, when AIY-RIA innerva-
tion takes place, UNC-6 (netrin) is exclusively
expressed by wventral cephalic sheath cells
(VCSCs) at the nerve ning (/). VOSCs are non-
neuronal cells that are morphologically similar to
vertebrate astrocytes (/7). Mosaic analysis using
an wric-f rescuing construct showed that expres-
sion of UNC-6 (netrin) by VCSCs regulates the
paticrn of ATY presynapses (fig. S8B, P<0.001).

VOSCs have slender processes that enter the
nerve ring and terminate at specific synaptic siles,
one of them being zone 2, the region where ALY
innervates RIA (4). We investigated the physical
relations between the VOSCs, ALY, and RIA and
observed that the VCSCs project endfeet to the
anterior end of the ventral nerve cord and form
deeply invaginated membrane lamellae that en-
sheath the zone 2 region where ALY innervates
RIA. The relative positioning of the VCSC end-
feet with respect to ALY and RIA is extremely
stereotyped across animals, revealing a tight and
reproducible anatomical relation between the
UNC-f-secreting VOSCs and the AIY-RIA
synapses (Fig. 3, Do J, and fig. S1).

To test further whether the precise anatomical
relation between the sheath cells and AIY-RIA
synapses is instructive in mediating AIY:RIA in-

| AN
bl
L 1
Postsynaptic region

graphs and comesponding diagrams demonstrating the colocalization of AlY presynaptic vesicles [CFPzRAB-
3 and pseudocolored red in (O] with postsynaptic RIA glutamate receptors [GLR-1=YFP and pseudocolored
green in (E)] in zone 2 (dashed box). Double labels are shown in (G). Schematic diagrams [(D], (F), and (H)]
show the relation between AlY presynaptic temminals and the RIA postsynaptic region, which was highly
reproducible across animals (0 > 500). Scale bars, 5 pm.
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nervabon, we identified mutants that dismupt
sheath cell momphology. We found that mutations
in trc-34/enabled, a regulator of the actin cyto-
skeleton, altered the morphology of cephalic
sheath cells: 47.8% of the wne-34 animals have
distended endfeet, which project further posten-
oy (n = 94 animals; Fig. 4, A and D, and fig.
S0A). In these rne-34 ammals, the distended
VCSCs ectopically ensheath zone 1 of ALY in
addition to zones 2 and 3 (Fig. 4, A and D). Also
in these animals, we observed a change in the
distribution of UNC-0 (DCC), which cctopi-
cally localized w zone | (Fig. 4, E to G).
Furthernmore, there was a concomitant change in
the distribution of AIY presynapses: ectopic AIY
presynaptic specializations now formed in zone
I, the region of overlap with distended sheath cell
endfeet where ectopic UNC=0 localized (Fig. 4.
B and D). Moreover, RIA axon guidance
changed accordingly, with the RIA postsynaptic
loop extending further posteriorly to the region
covered by the sheath cell endfeet (7 < 0L001;
Fig. 4, C and D, and fig. S9A).

An epistasis analysis confirmed that the
displacement of presynaplic sites observed in
une-34 animals is an UNC=40 (DCC)-dependent
event (fig. 59, B to D). These observations are
consistent with a model whereby UNC-34
{enabled) atfects presynaptic patteming in ALY
by altering sheath cell morphology, which then
affects localized UNC-6 (netrin) secretion,
UNC-40 (DCC) localization, and presynaptic
assembly.

Together our data strongly suggest that glia
act as guideposts in directing circuit assembly
between ALY and RIA. The glial cells mark a
neurospatial coordinate in the O elegans nerve
ring through the secretion of UNC-6 (neirin).
This in twrn signals o ALY and RIA neurons
through UNC=40({DCC), UNC<40(DCC) simul-
taneously activates two different and independent
pathways in cach neuron, orchestrating pre-
synaptic assembly in AIY and axon guidance of
postsynapiic RIA to the glial-specified location.

How can the same recepior and ligand elicit
diverse cellular responses in distinet newrons?
UNC40 (DCC) has been reported 0 regulate
diverse developmental processes like cell migra-
tion, newronal polarization, and axon guidance, all
of which involve an initial polarization event that
may be mediated by netrin signaling (6, 7, 12-13).
The patieming of ALY presynapiic regions can
also be considered a local polarztion event,
through which AIY transforms a region of s
plasma membrane into a specialized presynaptic
arca. Other guidance molecules, such as the Eph
family of receptors and their ephrin ligands,
have been shown to play roles in growth cone
guidance as well as the development of mature
excitatory synapses (/6). In ephrin-mediated
signaling, distinet cellular responses are likely
generated by the developmental context and by
diverse downstream targets (J 7). Similar mech-
anisms could explain the distinet cellular re-
sponses o UNC-0 (DCC) signaling.
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Fig. 2. UNC-40 (DCC) is required for comect presynaptic
patterning in AlY. (A to ]) Distribution of presynaptic sites of
AlY in wild-type [{A) to (E)] or unc-40 [{F) to ())] animals. Confocal
micrographs demonstrate the colocalization and patterning of
AIY presynaptic vesicles [mCherry::RAB-3 pseudocolored red in
(A) and (F)] and active zones [ELKS-1/ERC:YFP pseudocolored
green in (B) and (G)] in a representative wild-type [(A) to (C)] or
une-40 [(F) to (H)] animal, evident in the double-label merge
images [(C) and (H)] and represented in the diagram of
presynaptic site distribution [{D) and ()]. Three-dimension line
sean profiles of the fluorescence intensity (arbitrary units, AU)
distribution in (A) and (F). (K) Quantification comparing the
relative distribution of symaptic vesicle fluorescence in wild-type
(blue; n = 20 neurons) versus wic-40 animals (red; n = 31
neurons). Error bars represent standard error, and the asterisk
represents statistical significance (P < 0.001). (L and M) unc-40
(e271) animals expressing an unstable transgene containing an
unc-40 rescuing construct, and cytoplasmic cell-specific markers
in AlY and RIA (L) or RIB/RIM (M) were scored for retention of the
transgene and rescue of the AlY presynaptic phenotype. ***P <
0.001, **P < 0.01, and *P < 0.05 between indicated groups. Scale
bars, 5 pm.

Fig. 3. Ventral cephalic sheath cells control UNC-
40 (DCC) enrichment in presynaptic regions by
secreting UNC-6 (netrin). (A and B) Localization of
UNC-40::GFP in AlY of a representative wild-type
(A) or unc-6 (B) amimal. Note UNC-40:GFP
enrichment in zones 2 and 3 in wild-type animals
[(A) dashed box], as compared to diffuse localization
in wunc-6 animals (B). (O Quantification of the
enrichment of UNC-40::GFP in the presynaptic
regions of wild-type versus unc-6 animals. Two
different transgenic lines (lines 1 or 2), both
expressing UNC-40::GFP, were scored. (D)
Projection of confocal micrographs obtained from
a representative animal simultaneously expressing
hifr-17::mCherry (to label ventral cephalic sheath
cells and pseudocolored blue), tix-3::¢fprrab-3 (to
label presynapses in AlY and pseudocolored red),
and gir-3::gir-1::yfp (to label the glutamate recep-
tors in RIA and pseudocolored green). (E) Volume
rendering of (D) showing the relative positioning of
the glial-like ventral cephalic sheath cells with
respect to the region of innervation between AlY
and RIA (29). (F) Diagram of (D) and (E). The
asterisk marks the posterior extension of the sheath
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cell. (G) Volume rendering of the ventral sheath cell in (D). Note the groove in the boxed region where AlY and RIA are ensheathed by the ventral cephalic sheath
cells and innervate each other. (H and 1) Single confocal plane of (D), with presynaptic vesicles in AlY [labeled with cyan fluorescent protein (CFP)::RAB-3 and
pseudocolored red in (H)], glutamate receptors in RIA [labeled with GLR-1:YFP and pseudocolored green in ()] and a triple label including expression of the
mCherry cytoplasmic fluorophore in the sheath cells [pseudocolored blue in (1)]. This anatomical relation was extremely stereotyped across animals (n = 500).

Scale bars, 5 um.
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Fig. 4. Repositioning of the sheath cells affects RIA axon A
guidance and AIY presynapses. (A) Diagram showing the
distended positioning of the ventral cephalic sheath cell in
unc-34 animals. The asterisk marks the normal posterior
boundary of a wild-type sheath cell (see Fig. 3F for comparison).
In unc-34, animalks sheath cells abnormally distend posteriorly in
47.9% of animals (n = 94 animals). (B to D) Confocal
micrographs obtained from a representative unc-34 animal
simultaneously expressing ftx-3::gfprab-3 [to label presynapses
in AIY and pseudocolored red in (B) and (D], glr-3:glr-1:yfp [to
label the glutamate receptors in RIA and pseudocolored green in
(C) and (D)), and hih-17:mCherry [to label the ventral cephalic
sheath cells and pseudocolored blue in (D). Note abnormal
posterior extension of the sheath cell endfeet, corresponding
ectopic AlY presynapses in zone 1, and distended RIA axon in the
area now covered by the distended sheath cell (compare with
Fig. 30). (E o G) Confocal micrographs obtained from a
representative unc-34 animal simultaneously expressing ftx-3:
mCherry::rab-3 [to label presynapses in AlY and pseudocolored
red in (E) and (G)] and ttx-3:unc-40::gfp [to label the UNC-40
(DCO receptors in AlY and pseudocolored green in (F) and (G)].

Zone 1

106

Scale bars, 5 pm.

Although cell-specific events in AIY and RIA
happen independently of each other, their simul-
tancous regulation by a single molecule allows
coordinated circuil assembly. UNC-6 (netrin) is a
secreled chemotropic factor that can act as a long-
range chemical cue or a shon-range signaling
molecule, depending on the developmental con-
text (/8-200. Given the close anatomical relation
hetween the source of UNC-6 (netrin) (VCSCs)
and the AIY:RIA synapses, it is likely that UNC-
6 (netrin) acts as a shon-range signaling molecule
in this pathway, specifving microcnvironmenis
that promote UNC<AD (DCC) enrichment and
synaptogenesis. Indeed, vertchrate astrocyies
have been shown to be functionally compart-
mentalized into subcellular microdomains, which
may be imporant in regulating localized secre-
tion of signaling molecules regulating synaptic
assembly and function (21). Furthermore, UNC-6
(netnin} has been reported to mediate adhesive
interactions and function as a short-range targel
recognition molecule in other developmental
events (18, 19, 22).

Our study is consistent with observations
made in vericbrates and highlights the impor-
tance of glial cells in specifying precise neural
connectivity, The fact that dissociated cultured
newrcns can form functional synapses in the ab-
sence of glial cells sugge sts that pre- and postsyn-
aptic neurons are sufficient to assemble chemical
synapses, However, growing evidence suggesis
that glia are essential regulators of synaptic
assembly and function in vive (11, 23-26). For
instance, astrocyle-secreted thrombospondin in-
creases the density of synapses in the mammalian
central nervous system (23, 27).

Our data show that glia can also specify
neural connectivity in vivo by marking a neuro-
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L= 34

spatial coordinate, which achieves precise circuit
assembly by controlling both synaptic partner
choices and the location of innervation. Such
stereotyped synaptic assembly gives rise to high-
ly organized neuropil structures such as the nem-
atode nerve nng. Similarly organtzed neuropil
structures are also evident throughout the verte-
brate central nervous system, exemplified by the
stratified organization of the inner plexiform
layer of the vericbrate retina and the glomeruli
in the olfactory bulb (2, 28). The roles observed
here for glia in C efegans may be evolutionanly
conserved, such that proteins with multifunc-
tional roles in spatial patteming, like UNC<
(DCC), would detect the localized expression of
elial signals and thus orchestrate the formation of
nevral circuits,
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Chimpanzees Are Rational Maximizers
in an Ultimatum Game

Keith Jensen,* Josep Call, Michael Tomasello

Traditional models of economic decision-making assume that people are self-interested rational
maximizers. Empirical research has demonstrated, however, that people will take into account
the interests of others and are sensitive to norms of cooperation and fairness. In one of the most
robust tests of this finding, the ultimatum game, individuals will reject a proposed division of a
monetary windfall, at a cost to themselves, if they perceive it as unfair. Here we show that in an
ultimatum game, humans’ closest living relatives, chimpanzees (Pan troglodytes), are rational
maximizers and are not sensitive to fairness. These results support the hypothesis that other-
regarding preferences and aversion to inequitable outcomes, which play key roles in human secial
organization, distinguish us from our closest living relatives,

umans are able to live in very large

groups and to cooperate with unrelated

individuals whom they expect never o
encounter again, conditions that make the stan-
dard mechanisms for cooperation unlikely ([),
namely kin selection (2) and reciprocal altruism
(3). Nevertheless, people help others, sometimes
al great personal cost. But people are nol ob-
ligate altruists; they do not tolerate abuse of their
gencrosity. Not only will they punish or shun
individuals who free-ride or exploit them, they
will do so even if they themselves do not bene-
fit from correcting the behavior of norm viola-
tors (#). The willingness both o cooperate and
to punish noncooperators has been termmed strong
reciprocity (5) and has been claimed o be
unigquely human (6). To cooperate in these ways,
humans must be more than self-regarding ratio-
nal decision-makers: they must also, at least o
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A

some degree, have concem for outcomes and
behaviors affecting others (other-regarding pref-
erences) () as well as a general concem for
norms of faimess (7, &),

The benchmark test for examining sensiti vily
to faimess and other-regarding preferences is the
ultimatum game (Y). In the standard version of
the game, two anonymous individuals are as-
signed the roles of proposer and responder. The
proposer is offered a sum of money and can
decide whether to divide this windfall with the
responder. The crucial feature of the ultimatum
game is that the responder can accept or reject
the proposer’s offer. If the responder accepts it
both plavers receive the proposed division: if the
responder rejects i, both get nothing, The ca-
nonical economic model of pure self-interest
predicts that the proposer will offer the smallest
share possible and that the responder will accept
any nonzero offer. This is not what happens.
Although the specifics vary across culture and
seiting, the basic finding is that proposers
typically make offers of 40 tw 50% and
responders routinely reject offers under 2004
(/). These findings suggest that responders arg

rope ends

Proposer

REPORTS I

sensitive to unfaimess and punish proposers who
make inequitable offers by rejecting those offers
at a cost o themselves, and knowing this, pro-
posers make strategic offers that are less likely
o be refused.

The ulimatum game has been uwsed in
dozens, possibly hundreds of studies, including
various human culures (/) and children (/2).
Testing the ultimaum game on other species
would be an important contribution to the de-
bate on the evolution and possible uniqueness of
human cooperation (6). Chimpanzees are our
closest exiant relatives and engage in cooperative
behavior such as group hunting, coalitionary
aggression, and temiorial patrols (/3), Further-
maore, in experiments they have been shown to
coordinate their behavior (/4) and to provide
help (15, 16). However, there is ongoing debate
about whether chimpanzees are sensitive Lo, and
tolerant of, unfaimess (/7) or whether they
simply attend to their own expectations with no
regard for what others receive (/&). Additionally,
experiments have failed to reveal other-regarding
preferences when food was involved (19, 20)
other than to punish direct thefi {2/). Having
chimpanzees play the ultimatm game would
address these conflicting findings on faimess and
negative reciprocity and allow direct compar-
isons to humans,

In the current swdy, we tested chimpanzees
in a mini-ulimatum game. The mini-ultimatum
game is a reduced form of the ultimatm game
in which proposers are given a choice between
making one of two pre-set offers which the
responder can then accept or reject (22). In one
such study (23), there were four di fferent games.
In all games, the proposer had as one option an
amount that would typically be rejecied by a
human responder as unfair, namely 80% for the
proposer and 20% for the responder (82 offer;
the proposer received the amount to the left of
the slash and the responder received the amount
to the right). In the 5/5 (fair) game, the proposer

Responder

Fig. 1. |llustration of the testing environment. The proposer, who makes the
first choice, sits to the responder’s left. The apparatus, which has two sliding
trays connected by a single rope, is outside of the cages. (A) By first sliding a
Plexiglas panel (not shown) to access one rope end and by then pulling it,

the proposer draws one of the baited frays halfway toward the two subjects.
(B) The responder can then pull the attached rod, now within reach, to bring
the proposed food tray to the cage mesh so that (C) both subjects can eat
from their respective food dishes (clearly separated by a translucent divider).
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was faced with the choice of 82 versus 55, The
other games were 82 versus 2/8 (unfair versus
hyperfair), 82 versus 82 (no choice), and 872
versus 100 (unfair versus hyperunfair). Human
responders rejected the 82 offer most when the
aliemative was fair (55 game), less when the
aliemative was hyperfair (2/8 game), even less
when there was no altemative (8/2 game), and
hardly at all when the alternative was for the
proposer to be even more selfish (1040 game)
(23). The differential rejection of unfair oul-
comes across the games suggests that people are
not sensitive solely to unfair distrbutions ( 7) nor
solely to unfair intent { 24) but to a combination
of both (¥). If chimpanzees are sensitive (o un-
faimess and are negatively reciprocal, they would
behave like Homo reciprocans (25), whereas if
they accept any nonzero offer regardless of
aliematives for the proposer, they will be more
like the hypothetical Home economicus (26).
Subjects were 11 chimpanzees from a group-
housed colony at the Wolfgang Kdhler Primate
Research Center (27). The proposer sat o the
left of the responder, who was in an adjacent

cage in an L-shaped amangement. The test ap-
paratus, which was outside of the cages, had
two sliding trays. On each tray were two dishes
with raisins, separated by translucent dividers:
one for the proposer and the other for the
responder (Fig, 1). Proposers would first choose
one of the two trays by pulling it halfway to the
cages (as far as it would go) responders could
accept the offer by pulling the proposed ray the
remaining distance (via the rod which came into
reach only as a result of the proposer’s pull) or
could reject it by not pulling at all within 1 min.
The responder’s acceptance led to both subjects
being able to reach the food in their respective
dishes, Rejection led to both getting nothing,
because the experimenter would remove all
food dishes after the trial ended. There were
four games (as in the study described above), all
played within a single session: 2/8, 5/5, 8/2, and
10/0-—each versus 82, The order of games was
counterbalanced across subjects.

The most important finding is that respond-
ers tended to accept any offer. As can be seen in
Fig. 2, responders rejected 8/2 offers at overall

Fig. 2. Offers made by Proposer Payoffs Responder

proposers and rejections Game Offers Proposer Responder Rejections

by responders in the four

games. In each game, the - 8 2

proposer could choose &5 39 {?5 "d"} Lm_] I_I.I_I 2 {5%}

between two payoff op- 5 5

tions: 82 (8 raisins for 13 (25%) |_|.ln.l_| |_Hn.|_| 0 (0%)

the proposer and 2 for

the responder) and an

alternate (258 (2 for the 8 2

proposer and 8 for the /g 45 (87%) Lesssesse Il so | 3 (7%)

responder), 5 (5 for 2 8

the proposer and 5 for 7{13%) |_n_| Ll.l.l.lﬂl.l_l 0 (0%)

the responder), 82 (8

for the proposer and 2

for the responder), and Le 8 || 2 |

:?:él?f“’ﬂﬂ: f:ﬂmi 8/2  53(100%) ; 5 6 (11%)
aor pan

er)]. Results on the left Lﬂ.l.l.lttl_l I_ll_l

show the total number

and corresponding per- P >

centage of offers for each 29 (54%) lesssasss |l a2 | 4(14%)

option made by propos- 10/0

ers in each game. (Trials 25 (46%) hasaiOnead] 0 | 11 (44%)

in which the proposer did

not participate are not included, therefore the total number of offers varies across the games; percentages
are therefore based on the total number of offers for each option out of the total number of triaks played for
each game.) Results on the right indicate the total number of each offer rejected and the comresponding
percentage of rejections out of the total number of offers for each game.

Fig. 3. Rejection rates (% of 50
trials) of 82 offers in the four & @b ]
games for chimpanzees in this
study (black bars) and for human E 304
participants (white bars) [data are _ 7
from 23)]. £ 20 -

e n B

ol N
5/5 2/8 82 10/0
Game
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low rates (from 5 o 14% of the time). There
was a trend toward different rejection rates of
812 offers across the four games ( Friedman’s 375
est = 6.643, P = 0.069). However, all paired
compan sons were nonsigni ficant, indicating that,
crucially, chimpanzees rejected 8.2 offers equally
often regardless of the altematives available to
the proposers (27). Morcover, this trend toward
rejections was in the opposite direction of the
finding for humans (23). When proposers offered
non-8/2 allematives (available in all but the 82
game), responders accepled lltcnp differentially
across the games (Friedman's 75 test = 10,00,
P = 0012). In line with the principle of self-
interest o accepl any nonzero offer, responders
rejected 1040 offers (in which the responder
receives nothing) more often than 5/5 offers
[Wilcoxon T test = 28.00, n = 8 (1 tie), P =
0.016] and marginally more often than 2/8 offers
[Wilcoxon 7 test = 1500, n = 7 (2 tes), P=
0.063]. Indeed, the only offers rejected by re-
sponders more than 0% of the tme were 1000
offers (one-sample £ testty = 4.735, P= (L0001 In
short, responders did not reject unfair offers when
the proposer had the option of making a fair offer:
they accepted almost all nonzero offers: and they
reliably rejected only offers of zero. As can be
seen in Fig. 3, these results contrast strongly with
those of adult humans, who reject 82 offers most
often when a fair (5/5) option is available for the
proposer and least often when the altemative for
the responder is even more selfish than the 82
option (1000} (23). Furthermore, unlike human
responders, who report being angry when
confronted with unfair offers (28), chimpanzee
responders showed signs of arousal [displays and
tantrums (/3, 297 in less than 2% of the test rals
{all occurrences were by one individual in all
trials of a single session), whereas in a previous
study in which the subjects had food taken away
from them, these same individuals exhibited
tantrums or displays 40% of the time (21).

Consistent with previous studies on chim-
panzees (¥, 200), proposers did not appear io
take ouicomes affecting the responder inio
account, When given the opporiunity, proposcrs
did not make fair offers (Fig. 2) [sce also (27),
and fig. 51]. Given the propensity of responders
to accept any nonzero offer, it is not surprising
that chimpanzee proposers acied according to
traditional economic models of self-interest
However, it is perhaps surprising that proposcrs
made zero offers w0 the responders, given that
these offers were rejected at the highest rate
{Fig. 2); chimpanzees are cerainly capable of
distinguishing two picces of food from zero
when choosing for themselves (30).

To rule out more rivial intempretations of our
resulis, it was necessary o demonstrate that re-
sponders and proposers understood the critical
features of the task. To this end, we conducied
familiarization and probe trhals as well as a
follow-up study. First, sensitivity to faimess in
the ultimatum game requires that responders and
proposers cach know what the other gains,. We
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therefore ran follow-up probe trials to determine
whether the chimpanzees were capable of al-
tending 1o the amount of food available o the
partner. Subjects were tested alone, and they had
to look into the distal food dishes to comectly
choose the wray that would yield the largest
payoll from the parner’s position before going
through the open door to the adjacent cage to
getit, They chose comectly at greater than chance
levels, demonsirating that they would have been
capable of secing payoffs to the parner (27).
Second, in inhibition probe wals, we found that
subjects could inhibit pulling the rod when it led
to no food gain about 64%, of the time, about the
same rale of pulling as in the 100 condition,
suggesting that some of the failure to reject zero
offers was due, at least some of the time, to an
inability to inhibit a natural tendency to pull
Third, in discrimination probe trals, responders
could distinguish between all offers available to
them (fig. $2), and proposers could do so for all
but 1040 versus 82 (fig. S1) (3)), demonsirating
that subjects were able to make maximizing
choices.

Owr subjects were from a single social group,
they did not interact anonymously, and they
played both roles in the game. However, anon-
ymous one-shol games are used in experiments
with humans to decrease the likelihood of mak-
ing fair offers or accepling unfair offers (32, 33),
and so if anvthing, our experimental design
should have been skewed in favor of finding
faimess sensitivity, The fact that chimpanzees in
this study did not punish other individuals for
making unfair offers may be in part a reflection of
the fact that active food sharing is rare in this
species (34) and may also be because they were
unwilling to pay a cost to punish.

We gave chimpanzees the most widely recog-
nized test for a sensitivity to faimess, the ulimatum
game, and found that they did not systematically
make fair offers to conspecifics, nor did they sys-
tematically refuse to accept unfair offers from
conspecifics even though they could discriminate
between the quantitics available o themselves
and their partners. It thus would scem that in
this context, one of humans’ closest living rela-
tives behaves according to traditional economic
models of self-interest, unlike humans, and that
this species does not share the human sensitivity
o fumess,
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Widespread Role for the Flowering-Time

Regulators FCA and FPA in
RNA-Mediated Chromatin Silencing

Isabel Biurle,»* Lisa Smith,’t David C. Baulcombe,?t Caroline Dean'*

The RRM-domain proteins FCA and FPA have previously been characterized as flowering-time
regulators in Arabidopsis. We show that they are required for RNA-mediated chromatin silencing of
a range of lodi in the genome. At some target loci, FCA and FPA promote asymmetric DNA
methylation, whereas at others they function in parallel to DNA methylation. Female gametophytic
development and early embryonic development are particularly susceptible to malfunctions in FCA
and FPA. We propose that FCA and FPA regulate chromatin silencing of single and low-copy genes
and interact in a locus-dependent manner with the canonical small interfering RNA—directed DNA

methylation pathway to regulate common targets.

elerochromatin in many organisms 1s
Hcharaclcrimd by extensive DNA meth-

ylation and histone modifications (/).
Planis display cytosing methylation in CG,
CNG (N = any nucleotide), and CHH (H = A,

C, or T) sequence contexts, In Arabidopsis, small
interfering RNAs (siRNAs) are involved in
localizing and maintaining these chromatin
modifications in processes requiring ANA-
DEPENDENT RNA POLYMERASE2 (RDR2),

DICER-LIKES (DCL3), ARGONAUTES (AGOH),
and the two RNA polymerase [V isoforms, Pol
IVa and b (2-9).

To identify further components required for
siRN A-mediated chromatin silencing, we used
a reporter system in which the Arabidopsis
phytoene desaturase (POS) gene is silenced in
response to a homologous inverted repeat (SUC-
POSY (1), Two mutants that partially suppressed
the silencing of POS (Fig. 1, A, B, C, and E)
showed late flowering that was reversible by
vemalization. The silencing and flowering pheno-
types coscgregated, and the mutations mapped
to chromosomes 2 and 4. The flowering pheno-
type suggesied involvement of FP4 and FCA,
two members of the autonomous pathway (//),
mapping to those genomic regions, Sequencing
revealed a premature tenmination codon in FPA
(Tp™, G 10 A, fpa-8) and FCA (GIn™"*, C 10
T, fea-17). The Howerng defect was confirmed
by complementation analysis with previously
known flowering mutants (foa-%, fra-7, and
fue-3; Fig. 1F), which also showed PDS silenc-
ing (fig. 81). Thus, FCA and FP4 are required
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for efficient PDS silencing in the presence of
SUC-PDS.

FCA and FPA contain multiple RNA rec-
ognition motif (RRM) RNA binding domains
{12, 13), which arc known o bind single-stranded
RNA, but share no other sequence homology.
FCA negatively regulates its own expression
through altemative polyadenylation site usage
(14). Late flowering in fea and fpa is due to
overexpression of the major repressor of flower-
ing in Arabidopsis, FLOWERING LOCUS €
(FLC) (). FCA and FEL do not appear to
regulale PDS in the absence of the silencing
trigger, which suggests that the presence of the
transgene makes the endogenous POY a targel
of FCA and FPA,

Because FCA and FPA both contain RRM
domains, we hypothesized that they act partially
redundantly; consistent with this, an fea-17 fpa-8
double mutant showed no PDS silencing (Fig.
1D). Components of the siRNA chromatin-
silencing pathway (the Pol [Va largest subunit
NRPD1a and RDR2) also suppress POS silenc-
ing completely (J0). Both mpdla-5 and foa-11
fpa-8 double mutants showed reduced SUC-PDS
and higher PDS mRNA levels (Fig. 1G and fig.
Sy (Jih, POS siRNA levels were reduced in
redr2-5, mpedla-5, and fea-11 fpa-8 mutants, bul
not in fea-11 or pa-8 single mutants (Fig, 1H).

Bisulfite sequencing was used to investigate
whether PDS silencing comresponded to DNA
methylation al the endogenous PDS locus. We
found non-CG methylation (CWG and CHH) at
the endogenous PDS locus in a region com-
plementary to the haimpin in SUC-PDS leaves,
but not in wild-type leaves (Fig. 11 and table
81). CG sites were highly methylated in both
the wild type and mutants. In wpdia-3 and
fea-11 fpa-8 mutanis, loss of siRNA coincided
with loss of asymmetric DNA methylation (Fig,
11 and mable S1). CHH methylation was also
compromised in foa-f7 and jpa-8 single mu-
tants, although FPOS siRNA levels were un-
affected (Fig. 1, H and ). These results suggest a
dual role for FCA and FP: (1) They act together
with NRPDa and ROR? and redundantly with
cach other to amplify siRNAs derived from the
transgene locus; (i) they act in the perception
and interpretation of the silencing signal at the
target locus. Mutants in two other members of
the autonomous pathway—the MSI1 homolog
FVE and the putative histone demethylase FLD
({5, 16)—also suppressed FOS silencing (fig.
513 which indicates that multiple components
of the autonomous pathway are involved in this
process.
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Transposons, retroclements, and intergenic
transcripts are endogenous targets of chromatin-
silencing pathways (3-8, /7). Expression of the
A8V retroelement and the AtMud DNA trans-
poson were also controlled by FCA and FPA
(Fig. 2A). AtSNI was reactivated very strongly
in fpa-8, fea-1l fpa-8, and wrpdla-5 mutant
scedlings, but not in fee-4J. In contrast, A\l
was slightly derepressed in foa-1f and -8
single mutants and more strongly in foa-11 fia-8.,
AtMud reactivation in fea-11 fpa-8 was similar o
that in wrpdla-5. An intergenic wanscript Hanked
by a solo long terminal repeat (LTR), JG/LINE,
was also up-regulated in fea-11 fpa-8, albeil to a
lesser extent than in wrpdla-5 (Fig. 2A). To-
gether, these findings indicate that FCA and £
have a widespread role in the regulation of en-
dogenous loci known to be silenced at the level
of transcrption and dependent on siRNA.

We next investigated whether this transcrip-
tional reactivation comelaled with loss of comre-
sponding siRNA, ASNT and AtMud siRNAs
were detected at wild-type levels in fea-9, fpa-7,
and fea-9 fpa-7, but were absent from nrpdla-3
mutant seedlings (Fig. 2B). Corresponding
results were obtained for other siRNAs. Thus,
despite their role in the amplification of PDS

siIRNA, FCA and FP4 do not generally act in
NRPDIa-dependent sIRNA production. There
was no change in DNA methylation at the
ASNT locus in fea fa (Fig. 2C, fig. S3, A and
B, and table 52). However, bisulfite sequencing
indicated a reduction of ~50% in asymmetric
{CHH) DNA methylation at AtMud in foa fpa,
whereas CG and CNG methylation were not
affected (Fig. 2C, fig. S3B, and table S2), Like-
wise, asymmetric DNA methylation at the solo
LTR was reduced (fig. S3C). Maintenance of
asymmetric DNA methylation requires the con-
tinued presence of the trigger, whereas symmet-
ric DNA methylation can be maintained through
cell divisions in the absence of the tngger. Si-
lencing at these loci s also associated with changed
histone tail modifications such as increased H3
K9 dimethyltion and reduced H3 K4 dimeth-
ylaton (3, 8, 17). Using chromatin immuno-
precipitation, we did not find any pronounced
alteration in these marks in foa-9 fpa-7.
Heterochromatic loci are targeled by mul-
tiple silencing pathways, and their contribution
at individual loci differs considerably (f8-20).
This is corroborated by our finding that silenc-
ing of AtSNI, AtMul, IG/ALINE, and PDS in the
presence of SUC-PDS differentially requires
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Fig. 1. FCA and FPA suppress SUC-PDS—induced silencing of PDS. (A to E) Leaf phenotypes in SUC-
PDS background grown in long days. (A) Col, (B) fpa-8, (C) fee-11, (D) fea-11 fpa-8, (E) no
transgene. Scale bar, 5 mm. (F) Complementation analysis: average flowering time (+5EM) of F;
progeny of crosses between the indicated mutations (white, selfed) and fpe-8 (black) or fro-11
(gray). (G} RNA gel blot analysis of PDS mRNA detecting endogenous PDS (PDS) and SUC-PDS
mRMNA (*). Numbers indicate relative expression of PDS averaged over two experiments. (H) RNA
gel blot analysis of SUC-PDS siRNA. (I} Cytosine methylation at the endogenous PDS locus assayed

by bisulfite sequencing.
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FCA and FrR4. PDS silencing 15 associated with
target DNA methylation and siRNA production
through mechanisms that are dependent on both
the siRNA chromatin-silencing pathway and foa
[, Derepression of AtMud and [GALINE in foa
Jpa mutants coincides with loss of DNA meth-
ylation but not sIRNAs, whereas both are lost in
mutants of the siRNA chromatin-silencing path-
way, Despite much stronger reactivation of AeSNJ
in fea fpa, neither DINA methylation nor siRNA
accumulation was affected. Our findings are
consistent with the idea that wanscription can be
reactivated in the presence of DNA methylation,
as was esablished for the morphens " molecule
I (o) mutation (79, 21}, Despite this similar-
ity, it seems unlikely that FCA and FP generally
act together with MOM/J, because ASNS and
AtMul are not misregulated in mosml (22).

To investigate how FCA and FPM relate 1o
the chromatin siRNA amplification pathway in-
cluding Pel IVa, RDR2, and DCL3, we analyzed
the release of silencing in double mutants (Fig.

Fig. 2. Reactivation A

20 All double mutants showed much higher
reactivation of SN/ and ArMu/ than any of
the single mutants, which suggests that FCA
and FPA do not act downstream of the siRNA
amplification pathway, but rather in paraliel.
Similarly, transposon reactivation was greatly
enhanced in fie mpdla double mutants relative
to cither of the single mutants (fig. S3D), Strik-
ingly, although FCA is dispensable for ASN/
silencing in the wild type, the loss of FCA in
arpd T, w2, or del 3 mutant backgrounds great-
ly enhanced the release of ASNT silencing.
Our findings predict that perturbation of
DNA methylation in fea fpa mutants will affect
reactivation of target loci differently. At A2SNJ,
where the effect of FCA and FPY is uncoupled
from DINA methylation, enhanced loss of silenc-
ing in the presence of the DNA methylation in-
hibitor S-aza-deoxyeytidine (aza-dC) would be
expected. Conversely, at ArMud, where foa jpa
mutants show reduced DNA methylation, the
additional effect of the inhibitor would be small,
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Or results (Fig, 3A and table 53) are consistent
with this prediction, because fra-¥ fpa-7 mutanis
were more sensitive than the wild type to aza-
dC with respect to ASNT reactivation, but less
sensitive than the wild type with respect © ArMuf
reactivation. Also, development of fra¥ fpa-7
secdlings was strongly perturbed when expesed to
azadC at concentrations where development of
wild-type or foa-9 seedlings was not sbnormal and
development of jpa-7 seedlings was only very
slightly abnormal (Fig. 3B and 1able $4) (23)

Jea fpa double mutant plants are late flower-
ing but otherwise larpely nommal. However,
closer examination of fra-!] fpa-8 siligues re-
vealed that ~20% of developing seeds aborted
and ~T0% of ovules did not initiate develop-
ment (fig. 54A and Table 1). When pollinating
double mutants with wild-type pollen, no seeds
aborted, but the high proportion of undeveloped
seeds persisted; this finding suggested that the
embryonic lethality was zygotic, whercas the
undeveloped seed phenotype was caused by the
genotype of the mother plant. When fea/foa
FPAfpa ovules were pollinated with wild-type
pollen, 34% of seeds appeared undeveloped
{Table 1). Microscopic examination of mature
ovules did not reveal any shnonmalities (fig. 54, B
and C), which suggests that the penotype of the
female gametophyle determined the undeveloped
seed phenotype. Thus. (female) gametophytic
and carly embryonic development is extremely
sensitive Lo loss of FCA and FP. Once these
stages are passed successfully, development can
proceed largely independently of FCA and FPA.
Whether misregulation of a few key genes or
more global genome misorganizalion causes
these defects remains o be investigated.

We propose that the increased transcript
levels measured for the targets in foa fpa reflect
wranscriptional reactivation rather than increased
cytoplasmic RNA swability. This is supported by
the subcellular localization of FPA and FCA: A
fully complementing FPA-vellow fluorescent
proicin (YFP) fusion protein localized o the
nucleus (Fig. 3C and fig. 85); FCA is a nuclear
proiein that interacts with the SWISNF chro-
matin remodeler SWIAB (4, 24). Both proteins
associate with the chromatin of their target
genes: The FPA-YFP fusion protein localized
to the chromatin of AiMul and FLC (Fig. 3D);
FCA localized o FLC chromatin (23). Lastly,
using an established assay for transcriptional ac-
tivity (246), FLC and ArMud unspliced (nascent)
transcripts were up-regulated in all backgrounds
that caused up-regulation of the spliced transcript,
and both wnspliced and spliced transcripts wene
increased similarly (Fig. 3, E and F). Togaher,
these data all indicate that silencing does not
occur postranscriptionally but rather cotranscrip-
tonally before any processing ocours,

Taken together, our results show that the
nuclear proteins FCA and FPA have a much
more widespread role in development and gene
silencing than previously anticipated. We pro-
pose a model in which FCA and FPA cotran-
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scrptionally recognize aberrant RNA and mark
it for silencing (fig. 56). A nascent RNA may be
made aberrant by the presence of low levels of
complementary siRNAs or misconducted process-
ing events. FCA and FPA would then fcilitate
silencing by recruiting or stabilizing cffector com-
plexes, Although the common result of FCA
and FPA action is silencing of a target locus, the
identity of these effector complexes presumably
varics with the contribution of different pathways
at individual loci, thus leading to somewhat dif-
ferent silencing signanres, Whereas the majority
of functionally chamctarized REM-domain pro-
teins act in posttranscriptional RNA processing
(27), FCA and FPA appear to integrate the state
of the nascent RNA with transcription. That this
might be a novel fundion of some RRM-domain
proteins is supportad by two other reports. The

=
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Afiu

§ B oncsa8nes

g

Relative transcript levels

8

&

Caol feca fpa
D
Input
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I g .o

yeast Setl hastone methyltransfersse has an RRM
domain thought to bind nascent RNA and therchy
regulate the methylransferase activity (28),
Furthermore, three RRM -domain proteins are re-
quired for ranscriptional silencing in Caeno-
rhabditis elegans cosuppression (26).
Although the canonical siRNA-directed
chromatin-silencing pathway has been described
for repetitive loci, FCA and FPA silence mainly
single-copy loci and do not affect silencing of
the highly repetitive 55 loci (Ag. 7). At a sub-
sel of tnzets, however, these pathways clearly
interad. The canonical chromatinsilencng/sRNA
amplification pathway involves amplification of
siRNAs and shuttling of silencing information
between the locus and a nucleolar RNA pro-
cessing center (29, 30), thereby silencing any
sufficiently homologous locus in the genome.

FLCusp{l1)

FLC usp(l&)
+AT, 34x

+AT, 25x

Fig. 3. (A and B) Aza-dC treatment. (A) Quantitative RT-PCR on Col and fca-9 fpa-7 seedlings grown on
aza-dC (white, mock; gray, 2 uM; black, 4 M) normalized to the expression level after mock treatment
(+£50). (B) Seedlings (Col, fpa-7, fea-9, and fea-9 fpa-7) grown for 14 days on aza-dC. (C) An FPA-YFP
fusion protein localizes to the nucleus of ransgenic Arabidopsis seedling roots. Scale bar, 50 pum. (D)
Chromatin immunoprecipitation from two independent FRA-YFP lines. Lane 1, Col; lane 2, FRA-YFP line
2: lane 3, FPA-YFP line 5. (E and F) RT-PCR assaying spliced and unspliced transcripts of FLC and
AtMul.

Table 1. Percentage of aborted and undeveloped seed in fca-11 fpa-8 mutant lines.

Parental genotype Healthy Abaorted Undeveloped
(female x male) (%a) (%) (%) n

Col (SUC-PDS) selfed 100.0 0.0 0.0 206
fea-11 fpa-& selfed 21.3 4.7 74.0 &872
Col (SUC-PDS} % fea-11 fpa-8 g2.7 0.0 17.3 572
fea-11 fpa-8 x Col (SUC-PDS) 309 0.0 69.1 375
fea-11 selfed 99.1 0.0 0.9 559
fpa-8 selfed 75.0 0.0 25.0 464
fea-11ifca-11 FPAKpa-8 = Col 63.9 1.6 34.4 244

5 OCTOBER 2007 VOL 318 SCIENCE

In contrast, FCA and FPA may bypass the
siRNA amplification step, thereby restricting
it to acting in cis. Unraveling the interactions
between the different pathways will ultimaely
enable us (o understand what properties in a
targel commit it 1o being silenced in a partic-
ular way.
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Methyl Salicylate Is a Critical
Mobile Signal for Plant Systemic
Acquired Resistance

Sang-Wook Park, Evans Kaimoyo, Dhirendra Kumar,* Stephen Mosher,t Daniel F. Klessigt

In plants, the mobile signal for systemic acquired resistance (SAR), an organism-wide state of
enhanced defense to subsequent infections, has been elusive. By stimulating immune responses in
mosaic tobacco plants created by grafting different genetic backgrounds, we showed that the methyl
salicylate (MeSA) esterase activity of salicylic acid—binding protein 2 (SABP2), which converts MeSA
into salicylic acid (5A), is required for SAR signal perception in systemic tissue, the tissue that does not
receive the primary (initial) infection. Moreover, in plants expressing mutant SABP2 with unregulated
MeSA esterase activity in SAR signal=generating, primary infected leaves, 54R was compromised and
the associated increase in MeSA levels was suppressed in primary infected leaves, their phloem exudates,
and systemic leaves. SAR was also blocked when 5A methyl transferase (which converts SA to MeSA)
was silenced in primary infected leaves, and MeSA treatment of lower leaves induced 5AR in upper
untreated leaves. Therefare, we conclude that MeSA is a SAR signal in tobacco.

tivating both local and systemic defenses

that restrict pathogen growth and spread.
In the infected leaf, these defenses often involve a
hypersensitive response in which necrotic lesions
form at the infection site(s) (/); the uninoculated
tissucs subsequently develop sysitemic acquired
resistance (SAR), a state of heightened defense
throughout the plant. SAR is similar to acquired
immunity in animals in that it is systemic and
long-lasting: it also resembles innate immunity,
as it provides broad-spectrum resistance o sec-
ondary infection ([, 2).

SAR requires movement through the phloem
ofasignal from the infected tissue to the systemic
tissue (leaves above the primary infecied leaves)
(3). Initially. salicylic acid (SA) was postulated to
be this mobile signal because it induces defense
responses when applied 1 plants, moves system-
ically, is found in phloem exudates of infected
leaves, and is required in systemic tissue for SAR
(/, 2). However, grafiing studies showed thai
infected, SA-deficient rootsiocks could ngper
SAR in wild-type scions; such results imply that
SA is not a mobile SAR signal (4, 5).

To clarify the role of SA in defense signaling,
we identified putative SA-cffector proteins in
tobacco (6-%). One of these, SA-binding protein
2 (SABP2), is integral to plant innate immunity,
as silencing of S4BP2 suppresses both local
resistance o Wbacco mosaic virus (TMY) and
SAR development (¥). SABP2 is an esterase in
the a/f-fold hydrolase superfamily, with strong
preference for methyl salicylate (MeSA). Tt binds
SA with high affinity (dissociation constant Ay =

Planls respond to pathogen attack by ac-

Boyce Thompson Insitute for Plant Research, Tower Road,
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90 nM), resulting in inhibition of MeSA esterase
activity (/0). This suggests that SABP2 functions
by converting biologically inactive MeSA (1)
[which is synthesized from SA by an SA methyl
transferase (SAMT) (12)] to active SA; feedback
inhibition by SA may modulate this process,

To determine whether SABP2 is involved
in gencrating and transmitting the SAR signal in
leaves receiving the primary infection andfor
perceiving and responding W it in systemic
tissue, we performed grafling studies with wild-

Sclon [8<)
|nscondary inlsctloni

Rootatock (RS)

I-I-"Ml\'lmlbﬂ Grafted conbrols Chimarle grafis

¥ 5 4 ¥

ScRS ScR3 ScR3 ScRS

“wme (@B-- 4 5ABP7
dpal]

urmm- r.nmm i 5 4 5

2
2
w

Ill!l

REPORTS I

type (empty vector control) or SABP2-silenced
rootstocks and scions (/3) (Fig. 1A). These ex-
periments are informative only if the signal for
gene silencing in SASP2-silenced tissue is not
grafidransmissible to wild-type tissue: this is dem-
onstrated in Fig. 1B. After TMV inoculation,
SAR was observed in wild-type scions grafled
onmte SABP2-silenced or wild-type mootstocks.
SAR is nanifested as a reduction in the size of
lesions formed after secondary TMV infection of
systemic leaves (scion leaves of grafted plants)
on plants that have received a primary infection
{on rootstock leaves of grafied planis), relative to
the size of lesions developed by plants that pre-
viously received a mock inoculation as the pri-
mary infection (Fig. 1, C and D), The reduction
in lesion size ocours because SAR elicited by the
primary infection enables the plant to resirict viral
replication and spread more efficiently the sec-
ond time it encounters the vims, Conversely,
plants containing SABP2-silenced scions grafied
onto wild-type or S4BP2silenced rootstocks
failed to develop SAR after TMV infection of
the rootstock, as evidenced by larpe secondary
lesions formed regardless of whether the root-
stock received a primary TMV infection (Fig. 1,
C and D). Suppression of SAR in SA8P2-
silenced scions was accompanicd by increased
viral replication in systemic tissue (Fig. 1D,
lower panel) and reduced expression of the
pathogenesis-related 1 gene. which is associated
with SAR development (Fig. 1E). These results
indicate that SABP2 is required for SAR in

C
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[rvarags diamsder [mm} + B0]
Graft
wnired o] Induced % reduction
5
T 1.TE: 028 1892 £ .48 ] -
% 1880327 062+ 01 & +
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Fig. 1. SABPZ & reguired for SAR in systemic but not primary infected tobacco leaves. (A} Schematic of
grafting experiments using wild-type [W; control line (3* exgrressing an empty vector in Micotiana
tabacum cv. Xanthi nc (NN) (9)] and SABP2-silenced [S; line 1-2" (9)] rootstocks (RS) and scions (Sc). (B)
Immunoblot analysis of SABPZ accumulation in rootstocks and scions of grafted plants (13). Nine-week-
old plants received a secondary inoculation with TMV at 7 days post primary infection (dppi); SABP2
accumulation was determined at & days post secondary infection (dpsi). Note that SABP2 levels are weaker
in secondary infected systemic scions at & dpsi than in primary infected rootstocks at 13 dppi in controls as
well as chimeric grafts. (C) Determination of lesion size on scions whose rootstocks received either a mock
{uninduced) or TMV (induced) inoculation 7 days before a secondary infection with TMV; lesion sizes were
determined at 6 dpsi. (D) Upper panel: TMV-induced lesions on scion leaves of the above-described plants
at 6 dpsi. Lower panel: RNA blot analysis of TMV coat protein (CP) transcripts in scion leaves at various
times after secondary infection. (E) RNA blot of pathogenesis-related-1 (PR-1) expression at 7 dppi (before
secondary infection) in grafted scion leaves. Ribosomal RNA (rRNA) is shown as a loading control in (D)
and (E).
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systemic tissue, but not for production of a SAR
signal in primary infected tissue,

Mutant SABP2 proteins were constructed on
the basis of SABP2’s three-dimensional structure
and produced in Escherichia coli; the recombi-
nant proteins were assaved for MeSA esterase
activity, SA-binding activity, and SA-feedback
inhibition in vitro (table S1). Three mutants were
then tested for complementation of SAR in
SABP2-silenced tobacco: Ala" — Leu (A13L),
which lacks SA-binding activity and SA-feedback
inhibition: Ser™ — Ala(S81A), which lacks McSA
esterase activity: and His™ — Ala (H238A),
which lacks SA-binding and MeSA csierase ac-
tivities (Fig. 2A). To prevent RNA interference
mediated silencing of the wild-type or mutant
SABP2 transgenes, we introduced the above mu-
tations into synthetic versions of SABP2, sund
[formerly sun (14)] and sym2, which share 77%
and 60% identity with the native SABP2 gene,
respectively, and are controlled by the estradiol-
inducible XVE system (/5). svnl is effectively
expressed in SABP2-silenced tobacco and re-
stores SAR (74). Estradiol treatment of systemic
leaves of SABP2silenced plants stably trans-
formed with a sur ransgene resulted in local
synthesis of wild-type or mutant syn SABP2;
expression of wild-type sin/ or sim? led to a 535
to 65% reduction in secondary lesion size, dem-

onstrating that SAR was restored (Fig, 2, B o
D). Induction of the Al13L mutant in systemic
leaves also restored SAR, whereas induction of
S851A or H238A did not {these plants had simi-
larly sized primary and secondary lesions and
high levels of TMV coat prosein transcripts in
secondary inoculated systemic leaves; Fig. 2, C
and [). Thus, SAR requircs SABP2's esierase
activity, but not its SA-binding activity and SA-
feedback inhibition, in systemic leaves.

Although SABP2 is not required in primary
infected tissue to generate a mobile SAR signal
(Fig. 1 and Fig. 3, A to C), grafled plants con-
taming a wild-type scion and an SABP2-silenced
rootstock expressing the A 13L mutant were SAR-
deficient (Fig. 3, A to C). Because the MeSA
esterase activity of A13L is not inhibited by SA,
whereas that of wild-type SABP2 is, this finding
suggests that in wild-type plants, SA-mediated
inhibition of SABP2 in the pnmary infected
leaves is entical o allow sufficient MeSA accu-
mulation for SAR induction (Fig. 3D).

Our data argue that MeSA is a mobile SAR
signal because SAR requires (1) SABP2's MeSA
esterase aclivity in systemic tissue and (ii) SA-
medisted inhibition of this activity in pramary
infected leaves. This conclusion is supported by
gas chromatography-mass spectrometry analy-
ses, which revealed increased MeSA levels in

A c
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Fig. 2. SABP2's MeSA esterase acti'.r'ty, but not its SA-binding and feedback inhibition activities, is
required for SAR in systemic leaves. (A) Biochemical characteristics of mutant SABP2 proteins. N/, not
applicable. (B) Immunoblot analysis of wild-type or mutant syn SABP2 protein accumulation in 8-week-old
stably transformed 54BPZ-silenced tobacco at 0 (=) and 48 hours (+) after treatment with 30 pM
estradiol. Expression of endogenous SABP2 was used as a control {con.). The large subunit (LSU) of
ribulose bisphosphate carboxylasefoxygenase is shown as a loading control. (C) Average lesion size was
determined at 5 days post infection (dpi). (D) Upper panel: TMV-induced lesions on systemic leaves of
plants described in (C) at 5 dpsi. Lower panel: RNA blot analysis of TMV CP transcripts in systemic leaves
of these plants at 0 and 4 dpsi. For {C) and (D), the transgenes were induced only in systemic

leaves (13).

primary infecied and, subscquently, systemic
leaves of wild-type plants [peaking at 48 and 72
hours post primary infection (hppi), respectively]
but not in SASP2-silenced plants expressing the
ALl mutant in primary infected leaves (Fig.
D) MeSA levels also increased in phloem
{petiole) exudates of primary infected leaves
from wild-type plants, peaking at 48 hppi, where-
as little increase occurred in plants expressing the
AL3L mutant (Fig. 3E). In addition, biologically
active SA, with or without its biologically in-
active conjugated glucoside (SAG), rose in sys-
temic leaves of wild-type plants, whereas little o
no nse occumred i SAR-deficient SABP2-
silenced plants expressing the A13L mutant in
primary infected leaves or in SABP2-silenced
plants (Fig. 3, F and G). Note that the similarity
of SA (or SA plus SAG) levels in primary
infected leaves of wild-type and SABP2-silenced
plants expressing A13L (Fig. 3, F and G) was
expected because the MeSA level is only 10 1o
20% of the SA plus SAG level (Fig. 3, D, F, and
Gy thus, Al3L-mediated conversion of most
or all of the MeSA to SA would increase SA
levels only slightly. Accumulation of SA (or SA
plus SAG) in primary leaves of SABP2-silenced
plants was reduced relative o that in wild-type
plants at early times but eventually reached wild-
type levels.

In a complementary approach, MeSA levels
were reduced by suppressing MeSA biosynthesis
via silencing of MSAMTI (fig. S1). Grafting
experiments indicate that KiSAMT] is required
in the SAR-signal generating, TMV-infected
rootstock, but not in the systemic tissue (Le.,
scion) (Fig. 4, A and B). Moreover, treating the
lower leaves of wild-type tobacco planis with
MeSA induced SAR in the upper, unireated
leav es. This required SABP2 in the untreated, but
nol treated, leaves (Fig. 4, C w E).

SA-deficient rootstocks expressing salicylate
hydroxylase (SH) can gencrate a SAR signal (4);
therefore, MeSA can act as a mobile signal only
if it is not metabolized by SH. Analysis of re-
combinant SH revealed no activity against MeSA
{fig. 82). Morcover, planis expressing SH accu-
mulated MeSA 1o nearly wild-type levels in pn-
mary infected leaves and in systemic leaves,
although peak accumulation was delayed -24
hours (Fig. 3, D and E). MeSA levels in phlocm
exudates of SH-expressing planis were
intermediate between those in wild-type and
A13L plants. Because MeSA is synthesized from
SA, SA-deficient plants expressing SH might be
expected to have very depressed MeSA levels.
The similar level of MeSA in SH transgenic and
wild-type plants suggests that the kinetic proper-
ties of NtSAMT1 and SH are very different, with
NISAMTI having higher affinity for SA (lower
Michaelis-Menten constant K,,) andfor faster ki-
netics (higher catalyiic rate constant k_,) than SH.
Altiematively, NISAMTI and SH may be in dif-
ferent subcellular locations, with NiISAMTI
having greater (or carlier) access than SH 1o
newly synthesized SA.
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The following findings argue that MeSA is a
phloem-mobile SAR signal and that SAPB2 15 its
receplor in systemic tissue: (i) SAR requires
SABP2's MeSA esterase activily in the systemic
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tissue to convert biologically inactive MeSA 1o
active SA (Figs. | and 2. (ii) Afier infection, SA
levels rise in the systemic leaves of wild-type
plants, whereas little or no rise occurs in SAR-
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Fig. 3. SAR is compromised by expression of the

SABP2 A13L mutant in primary inoculated leaves,

and MeSA, SA, and SAG accumulation kinetics after TMV inoculation. (A) Schematic of grafting
studies using wild-type scions (W, empty vector control) and SABPZ-silenced (5) rootstocks or SABP2-
silenced rootstocks expressing the syn2 SABPZ AI3L transgene (A13L). (B) Average lesion size on
scion leaves at 5 dpsi. SABP2 A13L synthesis was induced in the rootstocks by estradiol treatment 24
hours befare primary inoculation. (€) Upper panel: TMV-induced lesions on scion leaves of plants
described in (B) at 5 dpsi. Lower panel analysis of TMV CP transcripts in scions at 0, 2, and 4 dpsi.

(D) MeSA levels in primary inoculated leaves (red)
levels in phloem (petiole) exudates from primary

and uninoculated systemic leaves (blue). (E) Me5A
inoculated leaves. (F and G) SA levels (F) and 54

plus SAG levels (G) in primary inoculated leaves (red) and uninoculated systemic leaves (blue). For
(D) to (G), the SABPZ AI3L transgene was induced only in the primary inoculated leaves with
estradiol at 24 hours before inoculation. Colors denote measurements in primary leaves (red),
secondary leaves (blue), or phloem (black). Solid circles, wild-type plants; open circles, SABP2-
silenced plants expressing syn2 SABPZ AI3l; trangles, SA-deficient plants expressing salicylate

hydroxylase (5H); squares, 5ABPZ-silenced plants.
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defective, SABP2-silenced plants (Fig. 3, F and
). (iii) SAR requires SA-mediated inhibition of
this esterase activity in the primary infected leaves
(Fig. 3, A and C). (iv) MeSA levels increase afier
infection in primary infected leaves, and subse-
quently in phloem exudates of primary infected
leaves and in systemic leaves of wild-type plants
{Fig. 3, I and E). {v) Reducing McSA levels in
primary infecied leaves by expressing the Al 3L
mutant SABP2 with uncontrolled MeSA esierase
activity leads to litle or no MeSA increase in
phloem exudates (Fig. 3E), little or no increase in
MeSA and SA in systemic leaves (Fig. 3, D, F,
and ), and loss of SAR development (Fig. 3, A
to C). (vi) Reducing MeSA levels in primary
infected leaves by silencing MSAMTT also re-
sults in SAR deficiency (Fig. 4, A and B). (vii)
Treating the lower leaves of wild-type tobacco
plants with MeSA induces SAR in the upper,
untreated leaves, This requires SABP2 in the
unireated, but not treated, leaves (Fig. 4, Cio E).

MeSA also may be an airbome signal that
induces resistance in neighboring plants (/6).
Analyses of the Arabidopsis dirl-I and sl mu-
tants have suggested that the mobile SAR signal
is a lipid or lipid derivative (17, 18). Consistent
with this possibility, recent studies by Truman of al.
{19 suggest that this lipid-derived signal may
be jasmonic acid. It is interesting to note that
functional SA analogs induce SAR in both dir/-
Fand sfel] mutants (77, 18). Together these studies
suggest that a lipid-derived SAR signal works
with {or upstream of) MeSA 1o activate SAR.
Thus, there may be two translocated signals that
induce SAR: a lipid-derived molecule (perhaps
Jjasmonic acid) and MeSA.
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Fig. 4. NtSAMTI-silenced tobacco plants are SAR-
deficient, and MeSA induces SAR in untreated tissue.
(A) Determination of lesion size on scions whose
rootstocks received either a mock (uninduced) or
TMV (induced) inoculation 6 days before a second-
ary infection with TMY (W, empty vector contral;
S, NtSAMTI-silenced line). (B) Upper panel: TMV-
induced lesions on scion leaves of the above-
described plants at 5 dpsi. Lower panel: RNA blot
analyss of TMV CP transcripts in scion leaves of
these plants at 0, 2, and 4 dpsi. See Fig. 1 legend
for details. (C) Schematic for MeSA treatment of
wild-type (W, empty vector control) and SABP2-
silenced (5) tobacco. The lower parts of plants
(8 weeks old) were treated for 5 days in gas-
tight sealed plastic film chambers containing air
with or without supplementation with MeSA.
After this incubation, the upper, untreated leaves
were inoculated with TMV. (D) Lesion size on
upper, untreated leaves of plants described in (Q)
at 5 dpi; untreated plants were exposed only to
air, whereas treated plants received air supple-
mented once at the start of the experiment with
MeSA (1.0 mgiliter) on the lower leaves, (E) Upper
panel: TM-induced lesions on the untreated leaves
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In Situ Imaging of the Endogenous CD8
T Cell Response to Infection

Kamal M. Khanna, Jeffery T. McNamara, Leo Lefrangois*

Mounting a protective immune response is critically dependent on the orchestrated movement of
cells within lymphoid organs. We report here the visualization, using majer histocompatability
complex class | tetramers, of the CD8-positive (CD8) T cell response in the spleens of mice to
Listeria monocytogenes infection. A multistage pathway was revealed that included initial
activation at the borders of the B and T cell zones followed by cluster formation with antigen-
presenting cells leading to CD8 T cell exit to the red pulp via bridging channels. Strikingly, many
memory CD8 T cells localized to the B cell zones and, when challenged, underwent rapid migration
to the T cell zones where proliferation cccurred, followed by egress via bridging channels in
parallel with the primary response. Thus, the ability to track endogenous immune responses has
uncovered both distinct and overlapping mechanisms and anatomical locations driving primary and

secondary immune responses.

n effective immune response depends on
A:hr: large-scale. but carcfully regulated,
novement of cells within and between

Iymiphoid and peripheral tissues. In recent years,
our understanding of events in secondary lymph-

Department of Immunology, University of Connecticut,
Farmingtan, CT 06030, US.A

*Te whom correspondence should be addressed. E-mail:
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oid tissues has been advanced by the use of
multiphoton microscopy to visualize lymphocyte
movement (/). Nevernheless, much remains
o be clucidated about the microanatomy of
antigen-specific pimary and memory CD8 T
cell responses, with relatively limited data cur-
rently available from in situ visualization of en-
dogenous CD8 T cell responses (5-7). Indeed,
because of technical difficulties with intravital
imaging of the spleen, intravital microscopic

analysis of immune responses has been limited
to the Iymph node and has only elucidated the
propentics of clonal, single-avidity T cell receptor
(TCR) transgenic T cells afier transfer of lange
numbers of cells. Because it is known that in-
ereasing naive T cell precursor frequency affects
immune responses (8) and that each TCR trans-
genic T cell exhibits distinet physiological char-
acteristics (¥), these data should be interpreted
with these caveats in mind. Thus, determining
the anatomical location and migration of endog-
enous antigen-specific Teells in lymphoid tissues
during primary and sccondary immune responscs
remains an important goal,

To achieve this objective, we used staining
with major histocompatability complex (MHC)
class 1 tetamers, which allows in situ identifi-
cation and localization of clonally diverse en-
dogenous antigen-specific CDE T cells (7). This
approach avoids the complications associated
with adoptive transfer of TCR transgenic T cells
and challenge with model antigens. With this
technique, we systematically examined the CDS
T cell response 1o primary and sccondary infec-
tion with Listeria monocytogenes (LM), which
is primanly induced in the spleen (/). C5TBLG
mice were infected intravenously with 1 = 10°
colony-forming units (CFU) of an attemumated aerd-
deficient strain of LM that had been engineered
o express the exogenous antigen ovalbumin
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(LM-OVA) (J1-13). This allowed generation of
a mobust ova-specific CD8 T cell response that
can be readily followed by using tetramers. Al
days 3, 4, and 5 post infection (PI), the spleen
from each mouse was cul in two equal halves
with one half used for imaging studies and the
other for flow cytometric comparison, Tetramer-
positive (tet) CD8 T cells that displaved char-
acteristics of activation were detected by 3 days
(Fig. 1A}, with tet” cells expanding almost 14-
fold from day 3 1o day 5 (Fig. 1A). Phenotypic
analysis revealed up-regulation of the activation
markers CD1la and PD1 by day 3 (Fig. 1A),
while CD69 expression was clevated on a por-
tion of tet’ cells at day 3 P1, but was lost by day
4 (Fig. 1A) CDI127 down-regulation on tet’
cells was a late event, occurring at day 4 Pl after
the down-regulation of CD6IL (Fig. 1A).
Having framed the overall kinetics of the early
CDE T cell response, we underiook imaging of
the splenic response in situ. Splenic architecture
is organized into two distinel compariments:
white pulp (WP) and red pulp (RP) (Fig. 1B)
{14). The WP includes the B cell follicles and a
T cell arca. the perarteriolar lymphoid sheath
(PALS). The RP is a blood-filled space between
cach WP lymphoid follicle and the next: it con-
tains a complex venous system, reticular fibro-

blasts, macrophages, and some lymphocytes,
The marginal zone (MZ) separates the WP from
the RF, sumrounds the B cell follicles and is
populated with B cells expressing high levels of
surface immunoglobulin 1gM, dendritic cells
(DCs), and macrophages (/4). Tet” CD8 T cells
were essentially undetectable in the spleen of
uninfected mice (Fig. 1B). However, at 3 days
Fl, but not earlier, small numbers of tet” CDE T
cells could be readily detected (Fig. 1C) as
clusters, primarily at the border of the T cell-B
cell zones of the splenic WP and in the MZ
(Fig. 1C and inset). These tet” cells were also in
close contact with CD1le™ DC (Fig. 1D), with
many exhibiting apparent polanzaton of TCR
and CDE co-recepiors toward the contact arcas
with DC, consistent with an immunological
synapse (Fig. 1, Dand E: see movie 51). Some
tet” cells were also detected in the RP, MZ
(white amows) or the B cell areas [vellow arrow
in {fig. SIA)]. Four days Pl (24 hours laler), a
substantial increase m tet” CD8 T cells was
noted, with a majority (=80%) now located in
the PALS (Fig. 2A and fig. 52). Tet” CD8 T
cells were localized in only a small number of
lymphoid follicles: other follicles appeared
devoid of proliferating tet” CDE T ecells (fig
£3), which suggested that CDE T cell activation

— Nalve =D4 Post Infection = i
——— D3 Post Infection D5 Post Infection
A o [ O G Tt | I PO
¥ [ %
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and proliferation occwred m a hmited number
of foci.

By 5 days PL tet” CDS T cells continued 1o
proliferate (Fig. 1A) and were located along the
border of the T cell and B cell zones (=40%) or
in the MZ (=50%) in discrete clusters (Fig. 2, B
and C, and fig. 82). CD11¢™ DCs were concen-
rated within these clusters (Fig. 2C) and, in
many cases, formed apparent synapses with tet+
CD8 T cells [(Fig. 2C, bottom), arowheads in
magnifications of boxed region above, and (fig.
54)). Because antigen presentation occurs for ~10
days aller infection (fig. 55), we tested whether
the clustering and TCR reorganization of CDE T
cells relatively late in the response was antigen-
dependent. To do so, we used the 25D-1.16
monoclonal antibody (mAb) (/5) that recognizes
SIINFEKL bound to H-2K" o block antigen rec-
ognition. mAb treatment on days 0 or 3 Pl
blocked cluster formation (fg. S6A) and ex-
pansion to some exient (fg. S60C). Although
some tet” CD8 T cell clusters were present in the
spleens of mice treated with mAb at 4 days PL
TCR or CD8 co-receptor polarization was not
evident [{fig. S6B), arrowheads, left versus rght].
These data demonstrated that secondary antigen-
dependent interactions occurred between CDE T
cells and DCs,

White pulp

Fig. 1. Time course of the eary splenic response to LM infection
and imaging of early events in sitw. (A) Flow cytometric and
microscopic analysis of mouse spleen at 3, 4, and 5 days Pl. Dot
plots represent gated CDB T cells and histograms, gated tet* CD8*
cells. The values represent tet” cells as a percentage of (D8 T
cells, Gated CD8*CD11a“CD62L" represent naive cells. (B to E)
Thick sections were stained with K>-OVA tetramer and the in-
dicated mAb, and multiple sections from each spleen were ana-
lyzed by confocal microscopy. B220, a (D45 soform preferentially
expressed by B cells. 1B) Uninfected spleen with regions marked.
MZ, marginal zone. The image was acquired by using a 20x 0.75
numerical aperture (N&) objective; a 24-um merged z-stack is
shown. (C) Splenic tissue 3 days Pl. Note small clusters of tet*
CD8 T cells. (Magnified cluster of tet™ CD8 T cells in the MZ
shown in inset.) A 20-um merged z-stack is shown. (D} Cluster
of tet* CD8 T cells interacting with CD11c* DC 3 days Pl. Image
acquired by using a 40x 1.2 NA water objective; a 12-um
merged z-stack is shown. [Gallery of individual z-sections shown
in (fig. S1B).] (E) Magnified view of a tet" CD8 T cell in contact
with a CD11c* DC. Image acquired by using a 40x 1.2 NA water
objective (also see movie 51). The data are representative of
three different experiments with two or three mice each.
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Fig. 2. Localization of antigen-specific CO8 T cells 4 and 5 days PI.
() CD8 T cells localize to the PALS 4 days PI. (B and C) Clusters of
antigen-specific CO8 T cells localize along the border of the T and B
cell zones 5 days Pl in multiple thick sections from each spleen. (B)
Cluster of tet” CDB T cells on the T cell-B cell zone border. (C) Tet™
CD8 T cells cluster with CD11c* DC. (Top) A 32-um merged z-stack.
(Bottom) Three-dimensional (30} reconstruction of a 24-um z-stack
represents the magnified view of the boxed region in the top middle.
Arrowheads indicate TCR and CD8 co-receptor polarization toward the
adjacent CD11c* DCs. (Bottom, far right) A rendered 3D-reconstruction.
T, T cell zone; B, B cell zane. All images acquired by using a 20x 0.75 NA
objective. The data are representative of five different experiments with
two or three mice each.

Fig. 3. Antigen-specific CD8 T cells exit the white pulp via bridging
channels. Multiple thick sections from each spleen, 5 days Pl, were
stained with K"-OVA tetramer and the indicated mAb. (A) Low-power
view of spleen. Rendered 3D reconstruction (right) of the 110-um
merged z-stack (left) of a spleen fragment shows multiple clusters of tet”
CO8 T cells along the border of the B—T cell zones and the MZ. (B)
Spleen section stained (CD31-specific, green) for blood vessels (arrows)
to identify the central arteriole (CA) and associated branches (see also
fig. S6). The image shows two bridging channels (BC, yellow arrows)
through which tet® CD8 cells exit the PALS into the MZ (top). (Bottom)
Magnified views of the BC boxed top left. (Top and bottom, far right)
Rendered 3D reconstructions are shown. (Top) Images acquired by using
a 10= 0.45 NA water objective and (bottom) by using a 40x 1.2 NA
water objective; both are 30-pm merged z-stacks. MZ, marginal zone;
RP, red pulp. Also see fig. 56 and movie 53. The data are representative
of five different experiments with two or three mice each.
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The route that antigen-specific CDE T cells
follow to exit the WP 15 not known (/4, /) but
examination of the location of tet” CDS T cells
at days 5 and 6 PI clearly revealed this pathway
{Fig. 3 and figs. 57 and S8, and movie S2). At 5
days P, clusters as well as individual tet™ cells
were located in regions onginally described as
bridging channels (/4, /7) that apparently con-
nect the PALS to the MZ/RP (Fig. 3, A and B)
and are ofien associated with the central anteriole
and its branches (fig. 57 and movie S2). tet”
CD8 T cells egressed the PALS via the bridging
channels and followed a relatively uniform path
in the MZ (Fig. 3, A and B, right, and Fig, 3B,

Fig. 4. Memory tet*
CD8 T cells localized to
the B cell follicles, MZ
and RP rapidly undergo
local migration after in-
fection. Multiple thick
sections from each spleen,
30 days P, were stained
with K-OVA tetramer
and the indicated mAb.
(A) (Top left) A 36-um
merged zstack image
acquired by using a 20
0.75 NA objective, The
data are representative
of six different experi-
ments. (Top right) A 3D
reconstruction of the
z-stack shown at left
The SpotCheck function
of Imars was wsed fo
quantify the number of
OVA-specific memory
COB T cels fred spots,
41 cells) in the 37.1-
mm® volume of spleen
shown. (Bottom) Magni-
fied view of a B cell
follicle of the splenic
white pulp, an 18-um
merged z-=stack. The data
are representative of six
different experiments with
two or three mice each
(B) NP-specific memary
CD8 T cells also localize
to the B cell follicles.
Spleen sections from mice
infected 35 days earlier
with 300 times the 50%
eqq infective dose (EIDgq)
of HKx31 influenza virus
intranasally were stained
with NP-tetramer and the
indicated mab. (Right) A
3D reconstruction of the
35-um z-stack shown at

left and acquired by wing a 20x 0.75 NA objective. 5putCheck analysis
revealed 104 NP-specific memory CD8 T cells in the 40.4 mm’ volume of
spleen shown. The data are representative of two different experiments with
two mice each. {C to G) Mice infected 30 days previously were infected with
1 x 10* CFU of LM-OVA. At the indicated times post recall (PR), halves of the

white amows, magnified lower panels). By 6
days PI, most of the tet’ population (=80%) had
exited the PALS and was localized in the RP
and/or the MZ (fig. 88, A and B), and by 7 days
P1, nearly all (=90%) of the cells were located in
the RP. Although a more detailed analysis is re-
quired, the CD8 T cell response o VSV infec-
tion was characterized by similar anatomical
events, though at a more rapid pace (fig. 59, A,
B, and C). Thus, although the kinetics of the
CD8 response may be distinet between different
infections, responding splenic CD8 T cells ap-
pear to follow a prescrbed pathway driving im-
mune response initiation, expansion, and exit

REPORTS I

Knowing the anatomy of the primary re-
sponse to LM infection, we set out to defing the
location of resting and reactivated memory cells
derived from that response. lmage analysis 30
days after infection revealed that over 60% of
tet” memory CD8 cells were embedded in the B
cell follicles (Fig. 4A and figs. 82 and 810, and
movie S3). In addition, memory cells were also
present in the MZ and RP (-30%,; fig. 52),
as previously suggested by adoptive transfer
studies (4, (9. Intranasal influenza virus infee-
tion also resulted in the appearance of lu-specific
memory cells in B cell follicles (Fig. 4B), which
suggested that this was a general chamcteristic of

[48hrs PR B5hrs PR

K]

spleen were used for flow cytometry (C) or imaging [(D) and (E}]. Dot plots
represent gated CD8 T cells. The values represent OVA-tet™ cells as a
percentage of CDB T cells. (D) At 15 hours PR. (E) At 24 hours PR. (F) At 48
hours PR. (G) At 65 hours PR. The data are representative of two different
experiments with two mice each.
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carly memory CD8 T cells. To detemuine the
effect of sccondary antigen encounter on mem-
ory cells, LM-primed mice were reinfected with
LM, and spleens were analyzed (Fig. 4, C to G).
ALS (Fig S11A)and 15 hours (Fig. 4. C and D)
post-challenge, the tet” memory cells remained
in the RP and B cell areas. In contrast, 24 hours
postchallenge, tet” cells had relocated w the
margins of the PALS (Fig. 4E), and by 48 hours,
cells were centrally located in the T cell zones
(Fig. 4F). Note that unlike the cells in the
primary infection, virtually all lvmphoid follicles
(PALS) were populated with responding tet”
CD8 T cells (compare Fig. 2A with fig. S11B),
which suggests that precursor frequency may
dictate the extent of follicle involvement. Events
up to this point occurred in the absence of T eell
expansion (Fig. 4C), an unexpected result given
the rapidity with which memory T cells are
belicved to be reactivated. By 65 hours post
recall, the tet” CD8 cells had proliferated (Fig.
4C), and most had exited the PALS and were
localized to RP and MZ (Fig. 4G). Movement
of memory T cells into the PALS after see-
ondary infection was antigen-specific because
infection with wild-type LM had no effeat (fig.
512, A and B).

Although previous studies have examined
splenic lymphoid architecture, the anatomical
events driving primary and secondary CDE T
cell responses o infection have not been clearly
delineated. The technique we used did not allow
us to quanti fy movement of individual cells, but
allowed us o examine large areas of tissue with
relative ease, which is difficult 1o achieve using
other imaging procedures. At the population lev-
el, our kinetic analysis clearly revealed a step-
wise progression of cellular movements leading
to CD8 T cell expansion, exit from the spleen,
and localization of resulling memory CD8 T
cells in discrete splenic locales. Before this, these
evats had not been visualized. Imaging also

revealed previously unappreciated secondary en-
counters of davghter CD8 T cells with antigen-
bearing DC in large clusters. These findings align
with a recent study that concluded that prolonged
interactions between CD4 T cells and antigen-
presenting cells (APCs) can ocour at lower T cell
frequencies (4). Thus, the contention that only a
single briel encounter with an APC is needed 0
drive CD8 T cell activation (20, 27), although it
oceurs in experimental systems using TCR trans-
genic T cells, may not represent in situ events
during infection. In contrast, memory CDE T
cells appeared not to undergo secondary activa-
tion events and large cluster formation, but upon
reactivation, rapidly moved from the B cell fol-
licles to the RP via bridging channels, Therefore,
these results lend evidence for a novel mecha-
nism in which B cells or other follicular APCs
induced memory CD8 T cell activation. It will be
of considerable interest 1o determine the local-
zation of memory cells as the population under-
gocs development and maturation,

Overall, the methodical examination of large
areas of lissue without disturbing the integrity of
structures or the localization of cellular compart-
ments within the organ added a new dimen-
sion 1o the analysis of immune responses. These
studies will set the stage for identification of the
factors, such as chemokines and other inflam-
matory mediators, that control the processes
driving each anatomical phase of the response.
In addition, by comparing the anatomy of dif-
ferent types of immunizations the importance of
each slep in mounting a protective immune re-
sponse can be determined. Thus, by monitoring
how anatomical relations change during the ini-
tiation, expansion, and memory phases of an anti-
microbial immune response, we have obtained
an understanding of how a productive immung
response takes place n vivo, and this infor-
mation will provide clues o improving vaceing
design,
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Automatic Potentiometric Titrator

www.sciencemag.org/products

The Aquacounter COM-3004 automatic titrator performs pH, acid/base, complexometric, redox, Karl
Fischer, photometric, and jon-selective electrode measurements as well as non-agueous titrations, The
unit can also determine total acidftotal base in oils. Additional features include a statistics package for
one-touch calculations. It can store up to 50 results in memory or download results to alaptop or desk-
top computer. An optional Karl Fischer kit is available for moisture determination.

JM Science For information 800-495-1678 www.jmscience.com

Human Adipose-Derived Stem Cells
The Poietics Human Adipose-Derived Stem Cell
(ADSC) system, for usein adult stem cell research,
provides laboratories with ready-to-use cells and
media for research in areas such as tissue repair,
wound healing, cell differentiation, osteoporosis,
insulin resistance, and obesity. The system con-
tains cryopreserved normal human adipose-
derived stem cells and an optimized ADSC growth
media kit for cell growth and expansion. Research
has indicated that when exposed to specific
growth conditions in vitro, these cells can demon-
strate various characteristics suggestive of cells
from tissues such as fat, bane, cartilage, nerve,
muscle, and blood vessels to some extent.

Lonza Group For information BO0-638-8174
www.lonzabioscience.com

Ultra-High Pressure

Liquid Chromatography

Mew ultra-high pressure liquid chromatography
(UHPLC) methods provide higher resolution than
traditional HPLC methods. To take full advantage
of this superior resolution, it is important that
samples, mobile phases, and buffers are properly
prepared. Millipore provides syringe filters, mem-
branes, and holders in many configurations that
are designed to maximize UHPLC performance.
These devices minimize column clogging and
have low extractables, low binding, and low hold-
up volumes to optimize sample preparation.
Millex syringe filters ensure minimal signal-to-
noise ratios and clean baselines, They have a
broad chemical compatibility and low hold-up vol-
umes, making them a convenient means of clari-
fying and/or removing small particles from sam-
ples prior to UHPLC analysis. Millipore Express
Plus membrane is the first asymmetrical poly-
ethersulfone (PES) membrane available for ultra-
fast filtration in laboratory applications. It enables
the rapid filtration of additives, buffers, and other

aqueous solutions, This membrane is available as
25-mm and 47-mm cut disks with 0.22 mm pore
sizes as well as Steritop vacuum filter cups and
syringe filter devices. MultiScreen Solvinert Plates
are optimized for drug discovery applications,
including total drug analysis. They come in both
deep-well and standard volumes and are available
in a choice of either chemically resistant
hydrophobic or hydrophilic PTFE membranes.
Millipore For information 800-MILLIPORE
www.millipare.com/bioscience

Assay Development Service

A comprehensive assay development service is
available for high-performance, highly sensitive
assays in advanced cellular science and drug dis-
covery research. Whether it invalves developing
custom assays, increasing densities from 96-well to
384-well ar 153 6-well, or converting outdated
assay technologies to next-generation platforms,
the assay development service can fast-track devel-
opment of application-specific assays for pharma-
ceutical or research customers. The service offers
comprehensive assay solutions for high-value g-
protein coupled receptar and kinase cell-based
screening including sensitive, high-throughput
platforms such as the AlphaScreen, AequoSoreen,
DELFIA, and LANCE technologies. Reporter gene
assays are available featuring Steadylite Plus and
Britelite Plus technologies. The assay development
service can also provide miniaturization of tough-
to-automate immunoassays.

PerkinElmer For information 781-237-5100
wwrw.perkinelmer.com

Cell Surface Protein Isolation

Sulfo-NH5-55-Biotin can be used to label cell sur-
face proteins and isolate them for further analysis,
including protein immunoblotting. An amine-
reactive biotinylation reagent that is soluble in

water but impermeable to plasma membranes, it |

can label adherent and non-adherent mammalian
cells. Sulfo-NHS-55-Biotin has a disulfide bond in
the spacer arm that permits the cleavage of the
biotin moiety from the protein, making its interac-
tion with a streptavidin purification column
reversible. Cells are bysed and applied to a strepta-
vidin agarose column. Unlabeled intracellular
proteins are washed away and the biotin-labeled
cell surface proteins are then released by reduc-
tion of the disulfide bond with dithiothreital.
Genotech/G-Biosciences For information
B00-628-7730 www.GBiosciences.com

Freeze Dryers

The Benchtop K Series Freeze Dryers were devel-
oped to meet the demand for a research freeze
dryer that would provide a full range of labora-
tory processing capabilities. The K Series offers a
wide range of options and accessories with con-
denser temperatures from =55°C to =105°C. This
wide range of condenser temperatures provides
the drying power required to freeze-dry all aque-
ous and most organic-based samples. The freeze
dryers are efficient and easy to operate, with a
microprocessor controller providing a user-
friendly interface with full function control. A
graphical wave LED displays system status while
a backlit synoptic LCD enables at-a-glance mon-
itoring of all operations. Powerful software pro-
vides complete data collection and histarical
trending of the freeze drying cycle.

SP Industries For information B00-523-2327
winw. 5Pindustries.com

Newly ofl ered instrumentation, apparatus, and laboratary
materials of interest to researchers in all disciplines in aca-
demic, industrial, and government organizations are featured
in this space. Emphasis is given 1o purpose, chiel characteris-
tics, and availability of products and materials, Endorsement by
Science or AAAS of any products or materials mentioned is not
implied. Additional inf ormation may be obtained rom the
manufactuwer or supplier.
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POSITIONS OPEN
EXERCISE BIOLOGIST

Washingron Stare University Program in Health
Sciences [ Exercise Physiology and Metabolism) n-
vites applications for a nine-month, full-time, per-
maneit, tenure-track appointment ar the level of
ASSISTANT or ASSOCIATE PROFESSOR (de-
pending on qualifications | locared ar the WL Spokane
campus. Position is available August 2008, Position
deseription: The successful candidate will be ex
pected o teach, maintain a focused line of research
with sigmificant extramural funding, and participate
in the service missions of the University. Requined
qualificamons include a doctoral degree ina relevant
area before first date of emplovment and evidence of
scholarly productvity with potential for exiramural
funding. Preferred qualifications include  postdoc-
toral experience in an area relevant o exercise bi-
alogy with rescarch emphasis in, but not limited o,
cellular signaling, molecular, genomic, and for pro-
teomic approaches to address the role of exerase in
chronic discase prevention or management, and ex-
cellent communication skills, Salary will be commen-
surate with qualifications and expedence. Applicant
screcning bepms November 1, 2007,

To apply, send the following items to the Search
Committee Clerical Manager (sce below ) letter of
application addressing quahfications and responsibal
ioes, currieulum vitae, names of three references with
mail and ¢-mail addresses and elephone numbers,
marrative of research plan, including information on
grant apphcations recently submitted (abstract, agency
oy which it was submirted, amount requested, status
of funding) and planned (title, brief summary}, and
statement of teaching philosophy. References will
not be contacted umil candidate approval is scoured,

Send information ey Saren Kennedy, Search
Committee Clerical Manager, Attn: E. Carolyn
Johnson, Ph.D., Fellow of the American College
of Sports Medicine, College of Pharmacy, Wash-
ington State University Spokane, PO, Box 1495,

» WA 99210-1495. Telephone: 509-358-
7630; fax: 509-358-7627; c-mail: saren@wsuedu
(PDF format preferred ).

For more infomation contad: E. Camolyn Johnson,
Ph.Db., Fellow of the American College of Sports
Medicine, Search Committee Chair, Associate Pro-
fessor, Program in Health Sciences [ Exercise Phys-
iology and Metabolism), College of Pharmacy,
Washington State University Spokane, PO, Box
1495, Spokanc, WA 99210-1495, Telephone:
A09-368-6733; c-mail: ccamlj@mail.wsu. edu,

The complete joby desaription s available a1 websites:
http: // www. phs.spokanc.wsu.edu amd htepy/ S
www.dirwsuedu, WWST7 & an Egead Emplogmens Oip-
pormity CANmatne Adion Edwasor and Emploper.

For more than 130 yvears, Lilly has been dedicated
to meeting the health care nceds of people in the
United States and around the wordd. We address
these needs primarily by developing innovative
medicines; investing a higher percentage of our sales
in research and development than any other major
pharmaceutical compamy. If vou are interested in
being considered for emplovment with a “Best in
Class™ pharmaceutical company, please review the
fol lowing n|1|:'.~=mmi:'_-.': job identification number
S0306254 - Lilly secks a PRINCIPAL RESEARCH
SCLIENTIST i Indiangpobs, Indiam, in the o
informatics group to design, develop, implement, and
maintain bionformaties tools to accelerate the drug
discovery papeline. Candidate will priortize gene pools
o obtain biologcally rebevant information from micro
array experimental data, and will appbe bioscientific
principles in analvzing enormous and highly complex
proups of data to determine how to best wse and
understand the dara to develop new drugs. Must have
Ph.1) in micmobiobogy, biology, or relaved field and
relevant experience. Salary range: 5105000 o
5163000, depending upon qualifications. Please
submit resime w website: hop:/ Swowwlilly.com
carcers and cite the relevamt job title and job
idennfcation number in vour submisson, Lily i an
Egod Oppartineity Dmiploper that olies the sironsth diorsity
Brirggs fo te aevenkplane.

) RUTGERS

CAMDEMN

RUTGERS UNIVERSITY, CAMDEN
Department of Mathematical Sciences
Joseph and Loretta Lopez Endowed Chair in
Mathematics

Applications and nominations are invited for the
JOSEPH and LORETTA LOPEZ CHAIR in
MATHEMATICS. The Department seeks a distin-
guished Scholar in mathemarics with inrernational
reputation, well-astablished rescarch and eaching
record, and demonstrated ability to generate exter-
nal funding. This endowed Chair is the first ar the
Camden Campus of Butgers University. [t is a ten
ured freulty position and the Chair is for a five-yvear
renewable wrm. The holder of this Chare wall be a
senior faculty member and a vigorous pardcipant in
the research, imtrection, and service work of the De-
partment of Mathematical Scences. The holder waill
alson be expected to plav a vital role in the campus
growing program in computational biology and the
recently established Center for Compuational and
Inepracive Hiology, As such, applicants must demon-
strate evidence of research in the areas of mathematical
arwd Sor -:mlptu.uhlml [vbalongy,

The appomtment will commence on July 1, 2008,
andd is at the rank of ASSOCIATE or FULL PRO-
FESSOR. The Department will begin reviewing
applications on December 17, 2007, and continue
its review until the position is filled. Applications
should be sent oz

Professor Gabor Toth
Chair, Search Committee
Department of Mathematical Sciences
Butgers University, Camden
Camden, NJ 08102

Applicants should also arrange for ar least four
leeters of recommendation o be sent.

Rues Uiriversity, Cannden, s m oA fionaniee chetion /Fpnal
Chpsortimity Emploper and evonrnges dpplaitions fro o
and Ry o el

BEANDEIS UNIVERSITY
Department of Chemistry Faculty Positions
The Department of Chemistry at Brandeis Uni-

versity is secking creative individuals for faculo
positions in all areas of chemstry, beginring fall
2008, We expect to appoint at the rank of tenure-
rrack ASSISTANT PROFESSOR, but a more
advanced appointment for candidates with excep-
tional qualifications may be considered, with the
level of appointment depending upon qualifications.
The suceessful applicants are expected w establish
vigorous, externally funded research programs and
be enthusiastic teachers.

The Department of Chemistry anticipates 2 num-
ber of searches over the next several vears, and & part
of a vibrant and interactive scientific community. Re-
sources include state of the are nuclear magnene nes-
omance, X-rav cnstallography, mass spectromerny,
and electron miu:r(m.'np}' facilities; new rescarch build-
ings are wiwler comstruction. The suburban campus is
lrcared in the Rouwe 128 weclnology corvidor juse 20
minutes from Boston and Cambrdge. For informa-
tion abour the Department, visit website: httpe//
www.chem. brandeis.edu.

Applicants at the Assetant level (tenure rack ) should
submit curnculum vitae, deseription of their rescarch
plans, and arrange for three ketees of recommenda
tion addressed o the Search Committee at e-muail :
chmsrch @brandeis.edu (preferred) or Search
Committee Chair, Department of Chemistry
MLS. 015, Brandeis University, 415 South Street,
Waltham, MA 02454-9110. Senior applicants
should provide curriculum vitae, brief descripion
of their research program, and the names of theee
potemial referees, First consideration will be given 1o
applications received by November 1, 2007, Buandeis
Ureersaty s an Egual Oppormiiey Eneployer, commitied s
borikdinig o cnltiraly divee ondledud dominmnity, and sangly
coconriges applications fne women and minon e,
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Focus on Diversity

MEANINGFUL MENTORING.
NATIVE AMERICAN AND LATINO

SUCCESS STORIES

Early and sustained interventions which strongly feature mentoring are essential in help-
ing MNative American and Latino students navigate an unfamiliar academic system that is
dominated by majority culture and practices. Throughout students' educational progres-
sion and well into their initial strides upon donning the doctoral gown, they depend upon
a clearly marked career map, research training opportunities, professional skills develop-
ment, peer networks, and role models. These factors can mean the difference between suc-
cessfully reaching their goals and taking missteps ending in an impassable career detour.
By Lin M. Hundt and Jenny Kurzweil

describing the abysmally low minority participation in even her most introductory marine sci-

ENCe COUTSes,

Benitez-Nelson, associate professor in the Department of Geological Sciences and undergradu-
ate director for the Marine Science Program at the University of South Carolina (USC), could be
relating statistics from a science program in most any field at any college in the nation, The low
participation of Native Americans and Latinos in science research careers is no secret. According
tothe latest data available from the National Science Foundation, while Latinos, Native Americans,
Alaska Natives, and Native Hawaiians/Pacific Islanders comprise nearly 17 percent of the popula-
tion in the United States only &4 percent of the science and engineering Ph.D.s granted in 2004
went to Hispanic/Latinos and 0.3 percent to Native Americans/Alaska Natives (National Science
Foundation, Division of Science Resources Statistics, Survey of Eamed Doctorates, 1997-2004.
http:/ /www.nsf.gov/statistics/wmpd/tables/tabf 6.x1s). And, while significant shifts in participa-
tion continue to be elusive, many of the keys to change are in place thanks to national efforts and
federally funded diversity programs at most institutions.

I n a class of 100 students, | might have one minority student,” says Claudia Benitez-Nelson,

Mapping the Path to a Science Career

Many minority students enter university with tremendous trepidation about whether they belong,
doubts about their chances of success, and a conspicuous lack of knowledge about the college
experience. Talia Martin, a Native American of the Shoshone-Bannock tribes and a recent gradu-
ate in chemistry from the University of Kansas (KU), was the first in her family to earn a college
degree. Martin initially learned how to navigate college and approach faculty for mentoring sup-
port through the 500 Nations Bridges to the Future Program at Haskell Indian Mations University.
One of the many multifaceted programs funded by the Minority Opportunities in Research (MORE)
division at the National Institute of General Medical Sciences (NIGMS), the 500 Mations Bridges
Program provides research opportunities in KU labs for students at Haskell who are interested in
transferring to four-year research universities. Once Martin had transferred to KU, she got involved
with the McNair Scholars Program that prepares traditionally underrepresented students for grad-
uate study through continued research opportunities. Martin credits participation in mentoring-
focused programs as critical to connecting her to faculty mentors and helping her succeed as an
undergraduate. The mentors gave her direction. “l was never lost. They really helped me through,
every step of the way—whetherit be getting to class, passing my classes, or finding a goal in life
and academia.”

A lack of understanding of any number of decisions along the path can lead to lack of minority
students’ retention within the science education pipeline, not to mention indelibly affecting career
options. To counter this lack of knowledge, Debra E. Stalk, Kahnawake Mohawk, created the Native
American Mentoring Program (NAMP) of the Sackler Institute of Graduate Biomedical Sciences at
the New Yark University (NYU) School of Medicine.

Reaching out nationally, NAMP helps Native American students become competitively pre-
pared to enter graduate programs in their area of interest, She finds, however, that students
aren't the only ones who lack an understanding of the current realities of a science educa-

tion. She says, “Because the numbers of Native American students are so small continued »
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at undergraduate [institutions], oftentimes advisers are under this misimpression
that these students will be eligible for any medical school or graduate training pro-
gram they apply to, just by virtue of being a native student in college.” Thus, another
facet of NAMP is providing training to undergraduate advisers, so that they can offer ac-
curate career counseling to their minority students.

Developing Science Research Expertise

The more generalized mentoring elements of programs like NAMP, Bridge, and McNair
Scholars are accompanied in many instances by exposure of underrepresented minority
students ta hands-on research experience. In developing their scientific expertise in the
lab, minority students lay the foundation for a research career by significantly increasing
their chances of getting into competitive graduate programs.

Maria Elena Zavala, professor of biology at California State University, Northridge, is
the program director for the CSUN Minority Access to Research Careers (MARC) and Mi-
nority Biomedical Research Support (MBRS) programs through MORE. Both MARC and
MBRS focus on bringing students into the lab. MARC is a competitive honors program
that provides lab research opportunities in addition to mentoring-focused workshops
and curricula. MBRS funding, in general, allows faculty to establish research programs
that create opportunities for students to work as part of a research team. Zavala notes
that MARC/MERS programs are like an apprenticeship. “The way we do science is by
learning from others; it is easier if someone directs you in that hands-on approach. Hav-
ing students work in the lab is one way of imparting knowledge; it is also a way of impart-
ing behavior.”

Because most of her Latino and Native American students haven't grown up with pro-
fessional scientists as parents, prior to entering her mentoring program Zavala's students
haven't had someone to make the general guidelines for pursuing the scientific career
path clear to them. Thus, Zavala's mentoring introduces her students to research as an
intellectual and social pursuit, including concepts of scientific ethics, responsibility, and
appropriate conduct,

Important research opportunities for minority science students are also available out-
side the traditional academic setting through industry internships and fellowships. Lino
Gonzalez, a research scientist at Genentech, believes that these research opportunities
are particularly important for Latino and Native American students who have had little,
if any, exposure to the high technology world and how science is conducted in such an
environment. Therefore, Gonzalez believes that “diversifying [students’] scientific experi-
ences during the undergraduate years with both academic and industrial research can
help shape life-long goals for their graduate and professional lives.” In his experience,
for students interested in industry, the connections they develop during intemships can
be invaluable. “l have seen many former intern students return after they complete their
graduate studies to apply for full-time positions,” says Gonzalez.

The All Nations Louis Stokes Alliance for Minority Participation program (All Mations
LSAMP), funded through the National Science Foundation (NSF), is another endeavor to
engage underrepresented minority students, specifically Native Americans, in research.
All Nations LSAMP, housed at Salish Kootenai College, serves as a funding clearinghouse
for 25 tribal colleges and 11 other predominantly Native American-serving universities,
to start up and sustain science and research programs that meet the particular needs
of the communities they serve. “For example,” Zetra Wheeler, Blackfeet, the program
manager for All Nations LSAMP, explains, “Salish Kootenai College used the previous
phase LSAMP funds to help develop its four-year forestry program since the reservation
is covered in timber and is a source of income.”

For Mative American students on reservations and in rural areas that want to pursue
a career in academia or industry, participating in conventional lab research is crucial for
their next steps. These careers, however, will take them away from home, a compromise
that as Wheeler explains many Native American students are reluctant to make. As the
most underrepresented group within the scientific arena, Mative American communities
have a deep need for increased representation within the mainstream scientific work
force. At the same time, there is a significant gap in scientific expertise to tackle pressing
concemns within the community, such as management of tribal lands and natural resourc-
es, and culturally relevant health care and public health awareness. Through the diversity
of the programs funded by All Nations LSAMP, Native American students are provided op-
portunities for scientific preparation that address both areas of concem. continued »
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All Nations Louis Stokes Alliance for Minority
Participation (All Nations LSAMP)
WAW.anamp. org

American Indian Science and Engineering
Society (AISES)

wiww.alses.org

Annual Biomedical Research Conference

for Minority Students (ABRCMS)
www.abrcms.org

California State University, Northridge
www.csun.edu

David Geffen School of Medicine,
University of California, Los Angeles
www.dgsom.healthsciences.ucla.edu

Genentech, Inc. College Programs
www.gene.com/gene/careers/college /programs.jsp

Haskell Indian Nations University
wwnw.haskell. edu/haskell

Institutional Research and Academic Career
Development Award (IRACDA) Program

www.nigms.nih.gov/Training/Mechanisms/CareerDev/
MOREInstRes.htm

Minority Access to Research Careers (MARC)
www.nigms.nih.gov/Minority/MARC

Minority Biomedical Research Support (MBRS)
www.nigms.nih.gov/Minority/MBRS

National Institute of General Medical Sciences,
Minority Opportunities in Research Division
www.nigms.nih.gov/Minority

Mational Postdoctoral Association
www.nationalpostdoc.org

National Science Foundation
www.nsf.gov
National Science Foundation Graduate Teaching

Fellows in K-12 Education (GK-12) Program
www.nsf.eov/funding/pem_summ.jsp?pims_id=5472

Mative American Mentoring Program (NAMP),
Sackler Institute of Graduate Biomedical Sciences,
New York University School of Medicine
www.med.nyu.edu/sackler/namp

University of Pennsylvania (Penn)
Biomedical Postdoctoral Programs (BPP)
www.med.upenn.edu/postdoc

Salish Kootenai College
www.skc.edu

ScienceQuest Program,
University of South Carolina
www.geol.sc.edu/cbnelson/ScienceWeb//index.htm

Society for Advancement of Chicanos and
Native Americans in Science (SACNAS)

WWW.S3CNas.0rg

SACNAS Minority Postdoc Community
www.minoritypostdoc.org

University of Kansas (KU)
www ku.edu

University of Kansas 500 Nations
Bridges to the Future Program
wiww2.ku.edu/~bridge

University of Kansas McNair Scholars Program
www2 ku.edu/~mcnair
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Advance Registration

Deadline: October 26, 2007

{on-site registration will be
available at a higher rate)

To learn more about the Conference, visit

the AACR website at http:/fwww.aacr.org/
pagel0782.aspx.

Lead Supporter

First AACR Conference

The Science of Cancer Health Disparities
in Racial/Ethnic Minorities and the Medically Underserved

Co-Sponsored by the NCI Center to Reduce Cancer Health Disparities
in conjunction with the AACR Minorities in Cancer Research Council

November 27-30, 2007

Atlanta Marriott Marquis » Atlanta, Georgia

Program Committee Chairpersons:

John D. Carpten, Translational Genomics Research Institute, Phoenix, AZ
Olufunmilayo (Funmi) I. Olopade, University of Chicago Medical Center, Chicago, IL
Timothy R. Rebbeck, University of Pennsylvania, Philadelphia, PA

This historic conference will highlight the
latest findings in cancer health disparities
research from many disciplines - genetics, cell
biology, epidemiology, prevention, behavioral
scence, and dinical medicine. It will bring
together cancer researchers, clinicians,
advocates, survivors, and other experts to
identify the next challenges and priorities in
efforts to reduce the indidence and mortality
due to cancer health disparities.

The AACR offers awards to support the
participation of minorities, faculty at
Minority-Serving Institutions, and scientists-
in-training in its Annual Meetings and Special
Conferences. Award application deadlines
vary so wvisit the AACR website at
www.aacr.org for more information. To learn
more about the conference, contact us at
micr@aacr.org,
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Professional Skills for Professional Advancement

In addition to the scientific preparation that mentors and mentoring pro-
grams offer, doctorates and doctoral aspirants alike need training in the
professional (nonbench) skills that form a foundation to science career
advancement. In the University of Pennsylvania's Biomedical Postdoctoral
Programs (BPF), this translates to ongoing workshops that start with con-
ventional aspects of professionalism from communication skills for grant
writing and job interviews to leadership skills for managing alab and work-
ing with a research team. The program also addresses fundamentals that
minority postdocs may never even have considered to be part of their pro-
fessional training—like which utensils to use during the course of a busi-
ness lunch.

Ivonne Vidal Pizarro, the former recruitment and diversity coordinator
for BPP, categorizes shortfalls in professional training opportunities and
support services for postdocs as the missing links in the minority science

“The value of peer-to-peer networks is
to ameliorate the difficulties that mi-
norities can face in majority settings by
sharing experiences with and finding
empathy from sympathetic colleagues.”

Alberto Roca

In the trajectory of a successful scientific career, communicating one's
research results goes hand in hand with establishing aptitude in con-
ducting that research. Annual minority science conferences, such as the
Society for Advancement of Chicanos and Native Americans in Science
(SACNAS), the American Indian Science and Engineering Society (AIS-
ES), and the NIGMS-funded Annual Biomedical Research Conference for
Minority Students (ABRCMS), provide excellent multidisciplinary forums
for students to receive guidance in the art of public speaking and the
craft of scientific inquiry.

Gustavo Miranda, a research scientist at the David Geffen School of
Medicine at the University of California, Los Angeles, chairs the student
poster presentations program at the SACNAS conference, where over
500 students present their work annually. He affirms that conferences
like SACNAS provide “early training for how to handle the nuances of
professional presentations.” Miranda has observed that when attend-
ing large, discipline-specific conferences mingrity students can get lost
in the crowd, feel insignificant and out of place. “At conferences like
SACNAS, students connect with mentors and role models from their
same ethnic background and progressive majority scientists.” In Miran-
da's view, these interactions with mentors, that recognize the value of
underrepresented minority communities in producing a competitive sci-
entific wark force, provide minority students with scientific preparation
that they cannot get elsewhere,

Peer-to-Peer Networking on a National Scope
Efforts at individual institutions to support the needs of the burgeoning
postdoctoral community have been joined by a growing number of na-
tional programs and organizations. Many are self-initiated by postdocs
desperate for support. The Mational Postdoctoral Association (NPA)
was formed in 2003 to provide advocacy for and national coalescence
among postdoctoral scholars. Similarly, the SACNAS Postdoc Commit-
tee and Minority Postdoc Community website are the conception of
SACMNAS postdocs, resulting in postdoctoral networking activities and
an interactive virtual community across geographical barriers.

Whether enhancing their skills via postdoctoral research, on the hunt
for employment, or settling into a newly acquired faculty or investiga-
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pipeline. According to Vidal Pizarro, who is now at the American Association
for Cancer Research in the position of scientist, program administrator, the
postdoctoral stage is overlooked by those looking at the advancement of
Native Americans and Latinos in the sciences. “If you really want to bump up
the numbers of faculty members that come from underrepresented minority
groups, then you need to address postdoctoral issues.”

And those issues are by no means uncomplicated. Recent recipients of a
doctorate often find themselves, in fact, at one of the most precarious junc-
tures in their career. While postdoctoral training has become practically a
requirement for academic employment in many fields, the large majority of
postdocs will be unable to obtain a faculty position at the end of their post-
doctoral tenure. In such a tight job market, for Latino and Mative American
scientists, postdoctoral appointment choices and planning, professional
skills development, and support systems are especially crucial.

tor role, minority scientists are regularly culturally isolated as the only
minority in their professional world. Alberto Roca, founding member of
the SACNAS Postdoc Committee believes, “The value of peer-to-peer
networks is to ameliorate the difficulties that minorities can face in ma-
jority settings by sharing experiences with and finding empathy from
sympathetic colleagues.”

Full Circle: Ph.D. to Precollege

In order for increasing numbers of Native Americans and Latinos to
arrive at the point where they are seeking a faculty, federal, or industry
research position, they must have seen the possibility of such a career
well befare college entrance exams.

Benitez-Nelson from USC became involved in precollege education,
forming the USC ScienceQuest program based on a national model,
to address minority students' lack of awareness about and interest in
science careers. Having identified the need to reach out to precollege
students when they are still quite open to the enjoyment of scientific
investigations, Benitez-Nelson focused her after-school science enrich-
ment program on grades four through six.

Benitez-Nelson perceives a direct link between the involvement of
minority professional scientists in K-12 education and the promotion of
a vibrant minority scientific work force. "If all you see are people who
don't look like you, who don't act like you, who don't come from your
background, it never occurs to you that it is possible to do these things,
too.” ScienceQuest, funded by NSF, is recording positive results for the
student participants in terms of grades, behavior, and performance in
all subject areas, including science. Benitez-Nelson's graduate students
are also enriched by the experience; many become inspired to extend
their experience in precollege teaching by becoming involved in USC's
MNSF Graduate Teaching Fellows in K-12 Education (GK-12) Program.

Enduring Needs

Minority mentoring on a national scale is working...to a certain degree.
Latino and Mative American students are matriculating into and gradu-
ating from science programs at an increasing rate; and opportunities
at research corporations and federal laboratories are building inroads
far nonacademic science careers. Nonetheless, within the echelons of
tenure-track faculty at leading research universities, there remains a no-
ticeable lack of change in the representation of minority scientists. Fresh
approaches and commitments at the professoriate level, in concert with
programs that encourage minority participation in science throughout
the education process, may hold the final key to success.

jénny Kurzweil and Lin M. Hundt are senior editors with SACNAS
News.

DOIL: 10.1126/science.opms. l0700041
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Medical Informatics Fellowships

The Lister Hill National Center for Biomedical Communication { LHNCBC) at the Natienal Library of Medicine secks postdoctoral fellows as well as graduate and medical students,
who are interested in collsborative rescarch within o varsety of hiomedical informatics areas, including

- Capture, processing and analyse of clinical data for care and research applications
- Biomedical and document image analysis
- Development of health informatics resources,

Successful applicants are matched with LHNCBC stall and participate direcily i ongomg rescarch, LENCBC's research activities include bask and applied research in fields such
as:

- Tools and standards development for electronic medical records

- Matural languape processing for understandmg medical text and improving mifommation retricval
- Medical knowledpe representation

- Text mining

- Multimedia database design

- Interactive publications

- Machine leaming techniques

- Image processing research

LHNCBC has a tradition of advancing health information systems and its world class research staff is inveolved in activities that define and support the research infrastructure for
next generation medical information systems,

Posdoctoral candidates should have a PhoD., MD/AODVDDS or equivalent depree in medical informatics, mibrmation science, compuler science, engineering, applied mathematics,
or related disciplines. Candidates should have research experience in these arcas. Medical student retation pregrams are available as well as programs for graduate studemts. Post
doctoral fellowships are in residence ot LHNCBC in Bethesda, MID for one year with the possibility of renewal. Time in residence is variable for other awards. including visiting
scholars, visiting feculty and gradume sdent candidates.

Stipends ore commensurale with research experience and education, The anaual applicaton deadlines are: January 135, Apedl 13 and October 15 However, applications also are
considered vear round under special circumstances. For additional information and instructions to submit o application, please see our website: hotpe'/Thnebe.nlm.nihgov. The
HHS and N1H are equal opportunity employers.

% Tenure-Track Investigator Position in the Laboratory of Immuneclogy

The Laboratory of Immunology (LI, Divisien of Intramural Research, National Insttute of Allergy and Infectious Discases, Natonal Institutes of Health invites applications for a
tenure-track investigator position in immunology. Applicants should have a PhD, M. I, or equivalent degree; an outstanding record of postdoctorl accomplishment: and an interest
m any area of biomedical research refated to immunology.

Specifically, we seek o highly creative individual who will establish an independent, forwand-looking, world ¢lass research program that takes full advantage of the special opportu-
nity afforded by the stable, long-term funding of the Intramural Research Program at NIH, She/he should be interested in developing and applying novel approaches to the study of
problems of major biological and for medical Importance, which could include a major clinical research effort, There arc ample opportunities to paricipate in trans-NIH initiatives
myvolving technology development, translational investigation, and multidisciplinary science.

Cenerous engoing support for salary, technical personnel, pestdoctoral fellows, equipment, and research supplies will be provided. Available cores or collaborative facilities include
flow cytometry, advanced optical imaging, microamay genemtion and analysis, computational biclogy, production of transgenic and gene- manipulated mice, chemical genomics
and support for projects involving RNA sereenmg. In addition o an outstanding imernational pesidoctoral community, a superior pool of praduate and underpraduate students is
available to the successful applicant,

NIAIDY's Laboratory of Immunology has a distmpmshed history of aceomphshment in mmunology. We stronply encourape outstanding early caréer investizators who can continne
and enhance this record of achievement to apply. Current LI principal investigators are Ronald Germain, Michael Lenardo, Rose Mage, David Margulies, William Paul, Ethan
Shevach and Tsan Xiao,

Application Process: To apply, e-mail vour CV, bibliography, and an outhine of a propesed research program (no more than two pages) o Ms. Wanda Jackson at jacks onwa
nigid.nih.gov or mail to Ms. Wanda Jackson, 10 Center Drive MSC 1356, Building 10, Rm. 4A-26, Bethesda, Maryland 20892-1356. E-mail is preferred.

Reference Letters: Three laters of recommendation must be sent direetly from the referees to Ms. Wanda Jackson via e-mail or US. mail Please refer to Ad #0016 on all com-
munications. Further information about this pesition may be obtained by contacting Dr. William Paul (301 496-5046; wpauli niaid. nih.gov). Applications must be received by
October 24, 2007,

A Tull package of benefits (including retirement, health, life and long term care msurnce, 401k plan) 1 avadlable. Women and nunonties are especially encouraped o apply. US.
citizenship is not requined.

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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National Center for
Research Resources

NATIONAL INSTITUTES OF HEALTH

Deputy Director, Clinical and Translational Research

THE POSITION: The National Center for Research Resources (NCRR) is secking exceptional candidates for the position
of Deputy Director, Clinical and Translational Research for the Center. The incumbent will lead NCRR efforts to integrate
basic discoveries with clinical research and ensure that the resources supported by NCRR catalyze the advancement of
biomedical rescarch. He/She will advise the Director, NCRR, on the importance, policy implications, and program sig-
nificance of current clinical and translational research issues, focusing on translation from basic research into pre-clinical
studies and clinical tnals, recommend changes in policy/operations, or follow-up actions. Areas of responsibility include
sensitive biomedical and/or political issues that cut across the NIH. The NCRR provides laboratory scientists and clinical
researchers with the environments and tools they need to understand, detect, treat, and prevent a wide range of diseases.
www.nerr.nih.gov This support enables discoveries that begin at a molecular and cellular level, move to animal-based
studies, and then are translated to patient-oriented clinical research, resulting in cures and treatments for both common and
rare diseases. This position offers a unique and exciting opportunity for an extremely capable individual to share responsi-
bility in providing strong and visionary leadership to an organization dedicated to enhancing our understanding of health
and disease, translating basic research into medical care, and improving human health. The Deputy Director, Clinical and
Translational Research will be expected to represent the Director on a broad range of clinical and translational research
issues related to the Center’s activities before Members of Congress and their staffs, high level Government officials,
leaders of national voluntary and professional health organizations, and leaders in business, science and academia.

QUALIFICATIONS REQUIRED: Applicants must possess an M.D., Ph.D., or equivalent degree, as well as senior-
level research experience or knowledge of research programs moving research from the basic laboratory sciences into
pre-clinical models and clinical trials. Candidates should be outstanding communicators and known and respected as
distinguished individuals of outstanding competence. Applicants should also demonstrate the ability to think strategically,
work collaboratively and use a consultative approach to problem solving and decision making,

SALARY/BENEFITS/OTHER INFORMATION: Salary is commensurate with experience and a full package of Civil
Service benefits is available, including: retirement, health and life insurance, long term care insurance, leave and savings
plan (401K equivalent). The National Institutes of Health inspires public confidence in science by maintaining high ethi-
cal principles. In addition to the Federal government’s code of ethics, we have our own agency specific standards - check
them out at the NIH Ethics web site. This position is subject 1o a background investigation.

HOW TO APPLY: A Curriculum Vitae, Bibliography, and two letters of recommendation must be received by Novem-
ber 30, 2007. Application packages should be sent to the National Institutes of Health, National Center for Research
Resources, ATTN: Bonnie Richards, 6701 Democracy Boulevard, Suite 1010, Bethesda, Maryland 20892,

For further information, please call (301) 435-0717. All information provided by candidates will remain confidential and
will not be released outside the NCRR search process without a signed release from candidates.

THE NIH 1S DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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Sallie Rosen Kaplan Fellowship for
Women in Basic, Clinical, Epidemiological
Or Prevention Science
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The Sallie Rosen Kaplan Fellowship for Women Scientists in Cancer Research is made possible by a generous bequest to the Foundation for
MIH (FNIH). This is a competitive program for postdoctoral fellows applying to train in any of the National Cancer Institute's intramural research
settings, including basic, clinical, epidemiclogical, and prevention science.

The postdoctoral fellowship experience at the NCI can serve as a first postdoctoral training assignment, or offer more experienced postdoctoral
scientists an opportunity to further their training in more advanced methods, to acquire new research capabilities, to make changes in the
direction of their research, or to receive training in fundamental sciences and clinical disciplines for the purpose of enhancing the transfer of

bictechnology to cancer clinical programs.

Program duration is normally 2 to 5 years. Fellows will be supported by a Cancer Research Training Award (CRTA), with an augmented
stipend in the first year provided by the FNIH. The CRTA Fellowship stipend range is 544,300 to §73,500 commensurate with level of experi-
ence. Standard self and family health insurance is provided and high opftion coverage is available.

Candidates for the Sallie Rosen Kaplan Fellowship must be female, must possess a doctoral degree, and must have less than

5 years postdoctoral research experience. U.S. citizenship or U.S. permanent residency (green card) is required. Candidates
selected for the fellowship will be notified by March 2008 and the starting date will be no earlier than May 2008. Applicants are
required to apply online at http://www.training.nih.gov/postdoctoral/ by December 14, 2007,

HIV and AIDS Malignancy Branch
Center for Cancer Research
Tenure Track or Tenure Eligible Position in Viral Oncogenesis

The HIV and AIDS Malignancy Branch (HAMB), NCI, 15 scarching for a tenure track
or tenure cligible investigator in the fickd of viml oncogencsis, It & anticipated that the
investigator will establishan independent rescarch program targeted to the siudy of viral-
induced mmors, especially those associated with AIDS. The rescarch program shoukd be
able to interface with the branch’s exsting clinical and basic programs m AIDS-assocmted
malignancies. A particular interest will be for a research program in gammahempesvinises,
but other areas of viral oncogenesis will be considered as well. Current areas of boratory
rescarch in HAMB focus on the molecular biology of Kaposi's sarcoma-associated
herpesvinis (KSHV/HHY-£) and human papillomavirus (HPV), pathogencsis of tumars
caused by these vinises, and the development of novel therapeutic interventions foe HIV
infection. The elinical research program in HAME is primarily directed at AIDS-related
malignancies. HAMB is located on the Bethesda campus of the NIH (http:/fcer.cancer,
gov/labs/ab.asp?labid=63). Candidates for the position should have an M.D.PhD.,
PhD., or M.D. and strong rescarch credentials. Applicants for this position should
submit a cwrriculum vitae including bibliography, a statement of rescarch interests, a
two-page outling of the proposed research progran, and the names of three references to
Chairman, Search Committee, HAMB, NCI, Attention Jan Hugue, 3014354627, fax
301-480-5955, Building 10, Rm. 65106, 10 Center Drive, MSC 1868, Bethesda, MD
20892-1868 no kater than November 18, 2007, You may also c-mail your application
to: huquej@ mailnib.goy.

Postdoctoral Position Available

The Oncogenomics Section of the Pediatric Oncology Branch, at the
Center for Cancer Research, National Cancer Institute has a post doctoral
position in the area of chemical biology available immediately. The NCI
in collaboration with the University of Maryland College Park, and
NASA Goddard Space Flight Center, has recently launched an interdis-
ciplinary NanoBioSensor Initiative to develop electronic biosensors to
detect nucleic acids, biomolecules, and small molecules. The candidate
should hold a Ph.D. degree in Organic Chemistry and some experience
in oligonucelotide chemistry, peptide synthesis, purification, structure
elucidation and in a broader area of medicinal chemistry. A candidate
with interest in translational research at the interface of chemistry and
biology is highly encouraged to apply for this position.

Correspondence, names of references and CV should be sent to Dr. Ja-
ved Khan, Advanced Technology Center, National Cancer Institute,
Room 225B, 8717 Grovemont Circle, Bethesda, MD 20892-4605, or
via email at khanjavi@ mail.nih.gov.

The Department of Health and Human Services and the Na-
tional Institutes of Health are Equal Opportunity Employers.
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NEW JERSEY MEDICAL SCHOOL
DEPARTMENT OF ORTHOPAEDICS
NORTH JERSEY ORTHOPAEDIC INSTITUTE

BASIC MUSCULOSKELETAL SCIENTIST

The Department of Orthopaedics at the UMDN)-New Jesey Medical
School inviles applications lor a lenure-lrack facully position.
Applicants wilth research interest in any area of human
musculoskeletal and joint disease are encouraged 1o apply. Research
areas might incluge, bul are nod limited lo: biclogy of bone and joint
diseases, including molecular aspecls, arthrosplasty science,
bicengineering, biomaterials and biomechanics. Applicants musl have
a PhD or ils eguivalent and al leasl bwo years of posl-docloral
exporience. The successiul candidate will be expected o develop a
strong extramurally funded research program. Current basic science
research efforts in the Department focus on the sludy of biomalenials
for skeletal repair, the malecular biclogy and biomechanics of bone
healing, the molecular analysis of skeletal development, control of
praliferalion and differential in osteoblasts, and orthopaedic ancology.

Applicants should send cover leller with CV the names af three
references and a slalement of research interesis lo; Elizabeth Moran,
Ph.D., Professor and Director Orthopaedic Research Laboratories,
Department of Orthopaedics, UMDN), Cancer Center, 205 South

Orange Avenue, Room G1200, MNewark, NN 07103, or e-mail:
strumoje@umdnj.edu. The University of Medicine and Dentistry of Mow

Jersey is an equal opportunily and affirmative aclion employer.

¥i= UMDN]

; UMIVERSITY OF MEDICINE &
DENTISTIY OF MEW |ERSEY

Scientific Director of Aerobiological [BLASSELSIN
Science and Engineering UNIVERSITY
i i i SCHOOL of

., Faae il Mational Emerging Infections
gneeﬂng Dviseases Laboratories

Medicine

I'he College of Engineening and School of Mediane are searching for
a dymamuc ficuley leader at ehe interface of acrobiology, engineerimg
and infectious diseases pesearch, This individual will serve x Director
of the Aerobtology Core ar the Manonal Emerging Infectiows Diseases
Laboracories (NEIDL) The NEIDL 13 an NIH funded research Inseiruee
at Bosten University Medical Center that focuss on studying the patho-
genesis, reament and prevention of emerging infections diseases. The
NEIDL contains B5L-2, 3 and 4 laboratories including 12 stare-of-
the-art core research laboratories, The College of Engineering ha 120
primary faculty and is one of the nation’s premeer engineering schoob.
There are four departments: Biomedical, Aerospace-Mechanical,
Electrical-Computer, and Manufacturmg Engineening offering eight
degree prograns with 1200 undergraduate and 500 graduate students.
The Colleges rescarch strengths center amumd oengmeering, advanced
muaterials, micro and nano systems, networked and information systems,
semsors, and imaging. Biomedical Enginecring s particularly prominent,
and biomedical research takes place m all four departments watch apph-
carions from molecular and cellular systems through incegraced patho-
phywsiology and the development of new medical technologies. Several
faculey members ane engaged i projeces or hold joint appoinmmenes
with the medical school.

The candidare’s ovwn research can bridge areas such as narobiorech-
nologry, drug and vaccine delvery, systems biology, biomransporr and
acrsol deposiiion, and immunology, all as they relare o acrobology.
The candidore will have the oppormnity to recruit sciennfic collabo-
rators and seaff o direcr the acrobiology core facility,

Persons interested in being considered for this position should subnoit
a brief lerrer of interest and current curriculum vitae. Applicarions
will be accepred thaough December |, 2007 Plewse send applications
and nonnations to: Aerobiclogy Search Committee, attn:

Rich Lally, College of Engineering, 44 Cummington Street,
Boston, MA 02215 or by e-mail (pdf or text doc |.1rn|:|:|b-_]

to rlallymbi,edu.

Hodon L MITRIT £ aifirmadhive agion, .r.llluf e rlwl&nlln'
Wianrn qnd oring ity condidates ave mnsicaged do appiy,

Faculty Position in Chemical Biology

The Life Sciences Institute (L51) at the University of Michigan
invites applications for a position at the rank of Assistant or Asso-
ciate Professor in the field of chemical biology. Chemical biology
is broadly defined and the successful applicant will use chemical
methods to address an important biological question.

The LSI is a scientific enterprise at the University of Michigan
dedicated 1o opening new scientific paths by blending diverse
research talents in a state-of-the-an collaborative physical space
{www.lsiumich.edu). The LSI is currently home to 26 interactive
faculty in the arcas of cell biology, genetics, bioinformatics. struc-
tural biology, signaling, and chemistry.

Candidates are expected to develop an intemationally recognized
program of scholarly research and to excel in teaching at under-
graduate and graduate levels. The positions will remain open until
filled but preference will be given toapplicants who have submitted
all requested materials prior to October 15, 2007, Applicants should
send the following (in PDF format): a cumiculum vitae, copies
of up to three reprinis, a one- (o two-page summary of research
plans, and amange o have three letters of reference sent directly
to; Isichembiof@umich.edu.

Fhe Univerxsity of Michigan is supporiive of the needs of dual
career couples and is @ non-discriminatory, Affirmative Action
Emplover. Women and minorities are encouraged to apply.

fifesciencesinstilute

U.S. GEOLOGICAL SURVEY
ASSOCIATE DIRECTOR FOR GEOLOGY
RESTON, VIRGINIA
SENIOR EXECUTIVE SERVICE (SES) POSITION

The LS. Geologieal Survey (USGS ) seeks candidates for the full-ume position
of Associate Darector for Geology. This 1s a Semior Executive Service (SES)
position with a salary range of S111,676 - 5154600 per aniium.

The Associate Director for Geology is responsible for the executive leadership
af USGS geologic investigations on the past, present and future conditions
of the Earth’s environment, hazards and resources, The programs of the Geo-
logie Dasciphing support USGS seientists and exiernal pariners to enhance
the understanding of the interaction of Earth systems and o generate and
disseminute information that 15 imponant © society and the future well-being
of the Mation. As a member of the USGS Exccutive Leadership Team, the
incumbent ensures that all USGS programs align with the Department of the
Interior’s Strategic Plan, USGS science goals and initiztives, and customer
needs. This high-visibility, high-impact exccutive position is at a peer level
o senmior leaders in Federmal and State government as well as unmiversines and
COMSIENE OrEan L ions.

Apphcanons ( Resumes and Quesnonnaire responses) must be received on-line
vid the USGS Online Automated Recrotment Svstem {OARS) BEFORE mud-
night Eastern Time on the closing date of Movember 13, 2007, 1115 important
that all applicams view the Vacancy Announcement in its entirety 10 be sure
that all required documents are submitied. [ncomplete applcation packages
cannot be considered. The vacancy announcement can be found on the USGS
wihsite at www.asgs.pov and the Office of Personnel Management's USA-
JOBS webste ot w wwasajobs opmagoy. Youmay directly hnk wthe vacaney
anfouicemenl on USAJORS using oie of the links below.

Biologist: httpe/Jobsearch.usajobs.opm goviiivaasp TOpmControl=99848 1
Physical Scientist: hitpafjobsearch.usajobs.opm.govfiva.asp?OpmControl

=0UR4RS
Gieologist: hitp: A obsearch usajobs.opm. gov/ftva.asp 0 pm Contro 1=9098486
For more information, contact Cindy Lonergan a eloner gand) usgs.gov or
(T03) 648-7472.
The LS. Geological Survey s an Egnal Oppoctanity Employer
LS Cirizenship is reguired,




A plobal healtheare leader, Novartis has one
of the most exciting product pipelines in
the industry today. A pipeline of innovative
medicines brought to life by diverse, talented,
performance driven people. All of which makes
us the most rewarding employer in our field.

Group Head of Bioanalytics
(Ref: 30917BR)
Basel, Switzerland

Managing a group of bicanalylical laboralony
units, you'll oversee the development of
methods for the potency testing of recombinant
proleins during all developmental phases.
Your team will provide the fools o measure
process-related impuriies in clinical material,
and you will ensure they adhere to all relevant
quality and safely guidelines, You'll use your
expertise (o contribule o our analylical strategy
and aid Health Authorily enguiries.

For challenges like these, you should have a
Ph.D. in lile sciences and senior level
biopharmaceutical drug development
experience. A working knowledge of cell
culture, bioanalytical and immunological
techniques will be essential. Furthermore,
you'll possess strong leadership skills and a
sound understanding of cGMP and regulatory
requirermnents. Experience of inspections by
Health Authorities is highly desirable. You'll
glso be fluent in English.

NOVARTIS

caring and curing

Head of Down Stream Processing
(Ref: 30120ER)
Basel, Switzerland

You'll supervise the manufacturing, technical,
administralive and parsonal activities of Group
Down Stream Processing to ensure they
meel GMP Pilot Planls requirements. We'll agk
you to represent the group in project teams
and co-ordinate all aspects of allocaled
projects, In addition to supporling plant
management, you'll be expecled lo keep
abreasi of all relevant scientific, technical and
regulatory developments.

To this end, you'll possess a Ph.D.
in biotechnology or a universilty degree
with significant biotechnology expenence.
Furthermore, your post  gualification
biopharmaceutical or protein processing
experience will include an understanding of
cGMP and regulatory reguirements. But it will
be your project management skills, coupled
with your fluency in English and German, that
will set you apart from all the rest.

To apply for either of these roles, please email
your CV to christine.seifert@novartis.com
quoting the relevant reference number, or
apply online at www.careers.novartis.com
If wou'd like an informal discussion
about the role before applying, please call
+41 61 324 16 94.

www.novartis.com
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VCU

TENURE TRACK FACULTY POSITIONS

Molecular Immunology and Cell Signaling
Virginia Commonwealth University School of Medicine

Virginia Commonwealth University School of Medicine is establish-
ing a new Organized Research Unit (ORU) in the areas of melecular
immunology, cell signaling and metabolism. Outstanding individuals
with expertise in immune response mechanisms, cancer biology, cell
metabolism and cell signaling are encouraged to apply. Members of this
ORU, which is designed to foster a highly interactive environment, will
share lab space in the new medical science building. Candidates will be

considered at all ranks based upon qualifications and experience, and
will have primary appointments in departments throughout the School
of Medicine. Substantial start up and salary packages are available for
outstanding investi gators.

VU has a very active community of investigators and is committed
to providing an outstanding research environment. More information
about the School of Medicine and Departments, and this open position
can be found at http:/wwwycn.cdw'bischem/departiment/pos.shiml
and hitp:/iwww. pubin fo.veu.edu/facjobs/. Applicants should submit
their CV, names and e-mail addresses of three references, and a sum-
mary of research and teaching interests by email to: Dr. Andrew Larmner
{alarneri@veuedu), Department of Biochemistry, Virginia Common-
wealth University School of Medicine,

Firgimia Commomnwealth University is an Equal Oppoviunioy
Aflirmative Action Emplover. Women, persons with disabilities,
arnd minorities are encouraged fo apply.

CENTEAR FO R

stem cell biology

The Life Sciences Institute and the University of Michigan
Medical School invite applications for tenure track ASSIS-
TANT PROFESSOR positions. We are secking outstanding
scholars, with Ph.D., M.D. or equivalent degrees and relevant
postdoctoral experience, who show exceptional potential to
develop an independent research program that will address fun-
damental issues in any aspect of stem cell biology. Applicants
who have already established successful independent rescarch
programs will be considered for tenured ASSOCIATE PRO-
FESSOR or PROFESSOR positions.

Applicants should send a curriculum vitae, copies of up to
three reprints, a one- o two-page summary of research plans,
and arrange to have three letters of reference sent directly by
November 1, 2007 to;
Stem Cell Search Committee
¢/o Rebecca Fritts

Life Sciences Institute

University of Michigan

210 Washtenaw Avenue

Ann Arbor, Michigan, 4§109-2216

The University of Michigan is an Affirmative Action’
Egual Opportunity Emplover.

“Our work is more than a job, it's a
carcer of mission-focused investigation.”

Work that matters.

The CNA Corporation is a non-profit institution that operates
on the principle of conducting impartial, accurate, action-
able research and analysis to inform the important work of
public sector leaders.

We offer carcer oppontunities for people with degrees in en-
gineering, mathematics, economics, physics, chemistry, in-
ternational relations, national security, history, and many
other scientific and professional fields of study.

Diverse views, objectivity, imaginative techniques, process
driven, results oriented = committed to the common good.
Join us. www.cna.org

e CNA Corporation

Research that works, for work thot matters

MEDICAI TENURE-TRACK FACULTY POSITION
COLLEGE

DEPARTMENT OF BIOCHEMISTRY
DI WISCORSEIN

The Departmcnt of Biochemistey invites applications for faculty positions at
the Assistant or Associate Professor level with a focus on molecular hiological
approaches emploved in studying eancer mechanisms. A pphcants must have a
doctoral degree (Fhod, M.D, or bath), at least 2 years of postdoctornl traiming,
a stromg publication record, and potential w obtan extramural funding.

The Medecal College ol Wisconsm { bitp:/dwww.mew.ed ) 1s the birgest pnvate
rescarch mstitution in Wisconsin, conducting over 3130 million annually in
funded reseaneh, Over the past several years the College has been among the
fastest growing medical schools in the Unned States in terms of NIH fund -
ing. In addition to a sirong core of basic biomedical science departmenis, the
Medical College i home to nine federally designated Centers of Biomedical
Research. Excellent shared Facilities are availlable for proteomics, imaging,
molecular biology, mouserat genetics, flow cylometry, mass spectrometry,
clectron mucroscopy, X-rav crystallogmphy and nuclear magnetic resonance.
The research and clinical programs benefit direcily from sirong philanthropic
suppon [rom cancer survivors, Tamily members, and patient advocates, The
College 1= completing major new cancer care facilivies, mcluding a Cancer
Pavilion, and has recently opened a Basic Rescarch Building housing interdis-
ciplinary research programs, The Medical College 15 convemently located in
suburban Milwaukee and 15 part of an academic medical center that includes
natonally dennguished children's and adult hospitals that employ over 13,000
people. The College 1s located 8 males west of Lake Machigan with casy access
Lo surmoun ding communitics, lakes, and parks.

Salary and other considerations will be competitive and consistent with the
College’s commitment o recruiting the best-qualified individuals. Applica-
tions should include a cover letter, curmculum vitae, statement of research
interests, and 3 reference ketters. The review process will begm on November
1, 2000 7. For full consaderation, apphcations should be recaived by November
3, 2007. Send application materials and reference letiers, preferably by camanl
with pd I attachments, w erickeri mew.edu or by regular mail 1o Dr. Robert
Deschenes, Chair, Department of Biochemistry, Medical College of Wis-
consin, 8701 Watertown Plank Road, Milwaokee, W1 53226,
EOE MED/V
www.mew.edu/hr




N.C. CANCER HOSPITAL

MESERGLR COMPRLL
CANCER CENTER

ANNOUNCES A MAJOR EXPANSION:
FACULTY POSITIONS IN THE BASIC AND TRANSLATIONAL SCIENCES

The UNC Lineberger Comprehensive Cancer Center, in collaboration with Departments in the School of Medicine and across the
University, secks outstanding candidates for multiple tenure-track faculty positions at all levels in basic and translational cancer-
relevant research. This broad-based recruitment initiative is made possible by UNC"s University Cancer Research Fund. Established by

the North Carolina General Assembly in Summer 2007 to advance cancer research in North Caroling, the Fund begins with 525 million in

vearly support for 2007-2008 and will grow to $50 million in 2009-2010 and thereafier. A major purpose of the Fund is to promote
research in discovery and application by recruiting outstanding faculty at all levels to enhance and expand UNC’s excellence in basic and

translational science.

Specific arcas of interest for this vear include but are not limited to: cancer genetics, drug development and molecular therapeutics,
virology, epigenetics, tumor immunology, cell signaling and growth control, animal models of cancer, gene expression and genomics,
bicinformatics, molecular oncology, nuclear homnmone receptors, stem cell biology and oncology, DNA repair mechanisms, control of

cancer cell death.

During the coming year, additional searches may be opened in targeted areas and in collaboration with UNC Chapel Hill depariments and

schools. Applicants may submit to multiple scarches.

Applicants for all positions should email a curriculum vitae, a description of research plans, and names of three references to:
ucricoordimmed une cdu . PDF documents are preferred. Applicanis for assistant professor positions should also include three letters of

reference.

The University of North Carclina at Chapel Hill is an equal opportunity/ADA emplover.
Women and minorities are encouraged w apply.

Supported by the University Cancer Research Fund

TENURE-TRACK FACULTY

0L OF MEDNCINE
POSITION IN GENETICS o e

OF GENETICS

MLC, CANCER HOSPITAL

CANCER CENTER

As part of the University Cancer Rescarch Fund initiative, the UNC
Lincherger Comprehensive Cancer Center and the Department of
Genetics at UNC Chapel Hill arc continuing cxpansion with additional
faculty recruitment (rank open) in the following arcas: (1) Cancer
Genetics, Bioinformatics, and Computational and Sysiems Biology:
Rescarch focus in cancer using computational geneticsbiology/genomics,
bioinformatics, or systems biology approaches is preferred. (2) Statistical
Genetics: Experience with modern computational statistics (c.g. the
rational analysis of massive data sets) is required. (3) Clinical Cancer
Genetics: We are secking ABMG-cligible or -certified M. D, or M.D/Ph.D.
Clinical geneticist with an interest in clinical cancer genctics. A significant
amount of time will be pratected for research with the remainder devoted 1o
patient care/teaching. The successiul applicants will establish a vigorous
research program and contribute to on-going efforts to dissect the genctic
basis of cancer susceptibility.

Candidates must have a PhI). andior M.D. and should send clectronic
copies of a CV, letter of interest with description of past rescarch/future
plans & clinical cxperience (if applicable) to trodigmed.unc.edu. Four
letters of recommendation (hard copy) should be sent to:

Dr. Terry Magnuson
Chair, Department of Genetics, CB #7264
The University of Morth Carclina at Chapel Hill
Chapel Hill, KC 27599-7264

Application deadline: open until filled

The University of North Carolin st Chapel Hill s an equal opporimity/ ADA cmployer.
Women and minornities are encournged to apply.

Supported by the University Cancer Research Fund

UNC UNC

TENURE-TRACK FACULTY
POSITION IN

SCHOOL OF MEDICINE
BASIC CANCER RESEARCH SeHaol oF wemeis

PHARMACOLOGY

MC. CANCER HOSPITAL

CANCER CENTHEE

The Department of Pharmacology and the UNC Lincberger Comprehensive
Cancer Center at the University of North Carolina at Chapel Hill invite
applications for a tenurc-track faculty position. The faculty rank will be
determined at the time of hire based on applicant qualifications. We seck
candidates with rescarch interests in cancer biology in arcas including but
not  restricted (o lumorigenesis,  angiogendsis,  mefastasis, oncogenc
signaling networks and/or molecular therapeutics. Candidates combining a
basic and translational emphasis in their research will receive prioriny.
Qualifications include a PhD or MD and a strong record or promise of
scholarly achievement in cancer-related rescarch. An outstanding start-up
package will be provided.  The Department of Pharmacology and the UNC
Lincberger provade an exceptionally interaciive environment for integrative
cancer biology research. Successful candidates will be expected to develop
a highly competitive extramurally funded rescarch program and participate
in the teaching of graduate and medical students.

Applications arc encouraged from professionals of all cthnic backgrounds.,
Candidates should submit curriculum vitae, a statement of current and
future rescarch plans, selected recent publications and three letters of
reference (senior candidates may submat the names of three professional
references) o

Ms. Arlene Sandoval
Deparment of Pharmacology, CB# 73635, School of Medicine
The University of North Carolina at Chapel Hill
Chapel Hill, NC 27599-7363

Application deadline: open until filled

The Umversity of North Carolina at Chapel Hall is an equl opportanity/ ADA cmployer.
Women and minonties are encowaged to apply.

Supported by the University Cancer Research Fund
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Duke University Medical Center

ASSISTANT PROFESSOR IN NEUROBIOLOGY
Duke University Medical Center
Department of Neurobiology

We are secking an innovative investigator who uses
molecular genetic approaches to study neural circuitry.
Candidates must have a Ph.D., M.D., or equivalent
degree, as well as postdoctoral experience demonstrating
the potential for outstanding future achievement.
Qualified women and minority candidates are especially
encouraged to apply.

The deadline for receipt of applications i1s November
1, 2007,

An electronic application (PDF file) that includes a
curriculum vitae, a brief statement of research interests
and future plans, and the names and addresses of three
referees should be sent to circuitfacultvsearch@neuro.
duke.edu.

Duke University is an Equal Opportunity/
Affirmative Action Employer:

UMNIVERSITY JOF
NEbraSlﬁ Department of Genetics,

Medical Center Cell Biology and Anatomy

DEVELOPMENTAL GENETICS / BIOLOGY
REGENERATIVE MEDICINE
CANCER GENETICS | BIOLOGY

Applications are invited from established investigators (any academic
rank) or multi-investigator teams working in one or more of the areas
indicated above. The individuals recruited to these tenure eligible posi-
tions will be expected to maintain an independent, extramurally funded,
research program, confribute to one or more collaborative research
programs within our medical center and participate in the educational
programs of the University. Rescarch areas of interest include, but are
not limited to, development and’or cancer of the hematopoietic system,
breast, lung, liver, kidney, Gl tract and retina. Outstanding start-up
resources, laboratory facilities and shared laboratory resources are
available. Omaha, the nation’s 42™ largest city, oflers an outstanding
school system, moderate cost of living, and numerous cultural and
recreational activities.

Applicants with a Ph.D., M.D_, or other doctoral degree and a clear
record of research accomplishments are invited to submit their cur-
riculum vitae, a concise summary of their ongoing and future research
and the names of three or more qualified references to; D James Shull,
Chairman, Department of Geneties, Cell Biology and Anatomy,
University of Nebraska Medical Center, 985805 Nebraska Medical
Center, Omaha, NE 68198-3805. Review of applications wall begin
November 15, 2007 and will continue until the positions are filled.

The University of Nebragka is an Equal Opportunity/4ffirmative
Actiom Emplover, fndividuals of cultirally diverse backgrounds amd
W v L"'J']'I'.T)-I'"'LI?{-I’."H‘ fax dll'.Fj'J‘Irl'l.'.

hitp:/iwww.unme. edw/genetics

PRION BIOLOGIST - HATHAWAY ENDOWED CHAIR
Departments of Veterinary Sciences and Molecular Biclogy
College of Agriculture, University of Wyoming

The University of Wyoming seeks a distinguished prion biologist to fill
the newly created Excellence Chair in the College of Agriculture at the
associale or professor level, Academic qualifications include a DVMMD
and/or PhD inafield relevant o prion biology and prion-related diseases.
We seck an internationally recognized scholar with an established record
in the transmissible spongiform éncephalopathies. The Unmiversity of
Wyoming is located at the epicenter ol endemie chronic wasting disease
(CWD) in the Rocky Mountain West. Responsibilities include continuance
and further development of an independent research program in prion
diseases: serving as a focal point for and/or participation in existing mul -
tidisciplinary prion research; and contribution to Departmental teaching
efforts and University service. The successful candidate 15 expected to
actively participate in the Graduate Neuroscience and Molecular and Cel-
lular Life Sciences programs. Salary and start-up will be commensurate
with the successful candidate’s qualifications and cxperience.

Review of applications will begin November 15, 2007 and continue
until the position is filled. Interested scientists should send an electronic
application including a letter stating interest, short and long-term career
goals and qualifications forthe position, curmiculum vitae, and names and
contact information for three references to:
Hathaway Endowed Prion Biologist Search Committer
cfo Beth Howell
1174 Snowy Range Road
Laramie WY, 82070
bethleei@ uwyo.edu

For addinonal mformation, interested individuals may contact Dirs.
Donal *Toole (dot@uwyo.edu, 307-742-6638) or Randy Lewis
(silk@uwyo.edu, 307-T66-2147). Information concemning the Univer-
sity of Wyoming, Depantment of Veterinary Sciences, and Department
ol Molecular Biology can be found at the following websites: hitpe/
www.auwyo.edw, http:fuwadmnweb.uwyo.edw/'VETSCL, and hitp:

Huwacad webawyo.edw/U'Wmaolechio/.

Faculty Position
in Cell Biology
University of Maryland Baltimore County (UMBC)

The Department of Biological Sciences at UMBC invites applica-
tions for a tenure-track Assistant Professor position from individuals
using genetics to investigate any area of Cell Biology in Drosophila
or O efegans. Applicants using proteomic or genomic methods are
particularly encouraged to apply. We will also consider appointment
of qualified candidates at the Associate or Full Professor level, A soe-
cessful applicant is expected to establish a vigorous, externally funded
rescarch program, supervise Ph.D. and M. 8. students, and teach at the
undergraduate and graduate levels.

Applicants should submit a cover letter, curricuften vitee, summary of
current research and future plans, and a statement of teaching interests
and philesophy in PDF format to biosearchiiumbe.edo. At least three
letters of reference should also be sent to biosearch@umbc.edu in PDF
format, Review of completed applications will begin on October 30,
2007 and continue until the position is filled.

UMBC is a medium-sized research university in the Baltimore-Wash-
mgton, D.C. area combining excellence in research with outstanding
educational programs. UMBC is a national leader in mentoring a diverse
population of students to high achievement in academics and research.
For information about the Department of Biological Sciences and its
graduate programs visit httpsfwww.umbe.ed whiosci.

The University of Maryland Baltimore Couwnty is an Affirmarive
Aection' Equal Opportunity Emplover. UMBC valves gender, ethnic,
and racial diversity, women, members of ethnic mimorit groups and
fmfividhals with disabiliies ave strongly encovraged fo apply.
UMBC is the recipient of an NSF ADVANCE Institutional
Transfovimation Award to increase the participation of women in
academic careers.




I III Massachusatis Institute of Technology

It takes everyone at MIT to be MIT.

Assistant Professor

The MIT Depariment of Chemical Engineering
h111:|;.-'|fweb.ﬂ1it.edwﬁ:hema1",| i.ny.ﬁfes aﬁ]plicaﬁuns
a

ass isl‘am#rﬂ-'re-ﬁnr level, o h July 2008

or thereatter. Applicanis should hold a Ph.Cu

in chemical engineering or a relatad fiek by the
beginning of the appointment period. In special
cases, a more senior faculty appointment might
be possible. The candidate should have
demonstrated excelence in original research
and a sirong commetment to leaching, both al
the graduate and undergraduate levels.

Interested candidates should send
application materials to chefacs @mil.edu.
h application should include:

a curricwlum vilae; the names and
addresses of three or more references; a
strategic statement of research interasts;
and a statement of teaching interests. We
request that each candidate arrange for
reference letters 1o be sent directly to
:h:l‘auﬂ‘mlt.:da with a copy mailed to:

st of C hioe c?rfm s mg.

ical ee
!?!Ea';m:hu selts Institute of Technol
Bldg 66 - Room 350, 77 Massachuse
Avenue, Cambridge, MA 0213%-4307.
Responses by 1 November 2007 will be
given priority.
We especialy enco minoridies and womean
ro v bacause of MITs strong commilmeant
sy in en eaﬁ.rc:a-:m research

andpracma MIT iz an
OpporiunityAffirmative .ﬂman emplayer.

http:ffweb. mit.edu

Assistant/Associate
Professor in Systems
Biology
The Department of
Pharmacology and
Systems Therapeutics

Mount Sinai School of Medicine

We invite applications for tenure-mack faculty
poitions  from  individuals  inerested  in
deveboping research programs focused on drug
action on edlular regulsory neeworks and drug
discovery for complex diseases such  as
conpective fisue disorders, and psychiaic
disorders induding addicion and doug sbuse,
We wemme applications from individuals
trained in physicl, engineering and biomedicl
sciences, with inrerems  in quantitarve

MOUNT SIMAJ
SCHOOL OF
MEDICINE

approaches and multivariable EXPETImEnIS.

Applican s must have an advanced degree (MDD
or Phl)), rdevant post-doooral tmining, and
demonserated potential for excellence in
ressarch. Comperitive star-up packages will
be provided. Excellent core facilites and a
SUppOTTive mznmrin!.; EMVIFONMENs are
characteristis of our school and deparement.
The depamment is home to an NIGMS funded
Mational Center for Symems Biclogy. Please
sendd V) a three page research pnwsaJ and
names of three references as POF documents
to the Sysems Biology Seanch Commiee clo
RennySare- Grecoo@mssm.edu,

Mount Smai s an egqual oppenuniny emplover,

FACULTY POSITIONS

SCRIPPS INSTITUTION
OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA,
SAN DIEGO

The Scrpps Institution of Oceanography (S10) at the University of California in San
Dicgo(htip://scripps.ucsd.edu ) invites applications to fill one or more positions at the
Assistant Professor (tenure-track) level in one ormore of the ficlds listed below, We seck
motivaled, broad-thinking scientist-educators to establish vigorous rescarch programs
and provide intellectual leadership in their fields while complementing existing expertise
al Scripps, other UCSD departments, and nearby research institutions.

Successful candidates will be expected to teach classes and supervise research at
both the graduate and undergraduate levels. The positions require a PhD degree and
a competitive record of publication, as well as evidence of the ability to conduet and
fund an active research program consistent with the opportunity to have done so at
this carcer level,

Review of applications will begin on November 15, 2007, and will continue until
positions are filled. Applicants should send a letter including descriptions of their
teaching experience, research interests, a list of publications, immigration status, the
position(s) for which they are applying and the names of at least three potential refer-
ees, along with their complete institution address, phone and fax numbers to: Chair
Search Committees, Department of the Scripps Institution of Oceanography,
University of California, San Diego, 9500 Gilman Dr., La Jolla, CA 92093-0208
USA. Applicants should cleary indicate for which position(s) they are applying using
the arcas of interest as stated below. Questions about submission of applications may
be addressed to Cristy Whitehead at 858 534-3205, (cwhitehead(@ ucsd.edu). Salary
per UCSD pay scales.

Applicants are welcome to include in their cover letier a personal statement summariz-
ing their contributions to diversity.

Marine Ecology: We seck a candidate for a position in marine ecology/population
biology, with particular interest in the application of rigorous quantitative approaches
to understanding the structure and dynamics of ocean ceosystems and their role in
biogeochemical cycles. Poiential research areas include (but are not limited to): benthic
ccology (cspecially of continental shelf and slope environmenis), benthic microbial
ccology, and molecular ccology,

Cell and Developmental Biology of Marine Organisms: We scek a candidate in the
field of cell and developmental biology. Potential rescarch arcas melude (but are not
limited to): fertilization mechanisms, cell-cell interactions, stem cell biology, evolu-
tion and development, mechanisms of development and life history strategies, larval
physiology, biochemical and genetic adaptations to marine environments, and cell and
molecular aspects of marine toxicology.

Quantitative geophysical and/or geochemical modeling: We seck a candidate with
strong theoretical and quantitative skills inany area that complements existing strengths
in earth science research at 810, Possible areas of interest include seismology and crustal
deformation, electromagnetics, geochemical and fluid fuxes,

Global change: We seek a candidate with research interests i the area of eryosphere
madeling and sea-level fluctuations. These could melude ice sheet dynamics, intempreta-
tion of remote sensing data, orinvestigations of longer-term glaciological or geological
processes related w sea-level vanations and the cryosphere.

Dynamical Meteorology: We seck a candidate with expertise in dynamical meleo-
rology. including (but not limited to) scientists with interests in ocean-atmosphere
interactions. The candidate should develop a research program in regional, global or
paleo- applications of dynamical meteorology taking advantage of the institutional
strengths of S10.

State-estimation and modeling: We seek an expert in data assimilation, with applica-
tion to oceanic, atmosphere, or coupled models, including biology and biogeochemis-
try. We seek scientists able to combine 510 coastal and open ocean observations with
madels o provide a dynamically consistent framework for predictions, analysis, and
inlerpretation.

UCSD is an Egnal Oppormmity Emplover with a strong institutional commitment
o excellence through diversinn

iencecaree I5.0rg
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The University of Texas

at Austin

Eukaryotic Molecular Biology Positions
The Institute for Cellular and Molecular Biology

The Institute for Cellular and Molecular Biology, Alan Lambowitze,
Director, invites applications for two tenure-track/ tenured positions in
eukaryotic molecular biology. Academic appointments at the level of
Assistant, Associate, or Full Professor will be in an appropriate
academic unit in the College of Matural Sciences. Candidates should
have an outstanding record of research productivity and a research
plan that utilizes moelecular and biochemical approaches to address
important problems in eukaryotic molecular biology,  Armas of
particular interest include but are not limited to chromatin structure,
megulation of gene expression, microRMNAs and ENA interference,
DNA damage responses, and cell cycle control.

Building on a strong existing faculty, the Institute has recruited more
than 45 mew faculty members over the past nine years (spe
www.icmb,utexas.edu), In addition to it's highly interactive and

L chrck will be onducted on applicant sefecied _.J

interdseiplinary  research  enviconment, the Institute provides
administrative and financial support for the Graduate Program in Cell
and Molecular Biology and state-of-the-art core facilities including
DMNA  seguencng, mass  spectrometry,  electron and  confocal
microscopy, DNA  microarrays, robotics, and mouse genctic
enginevring. A recently institubed MO-FhD progmm with the UT Medical
Branch and the new Dell Pediatrics Research Instibute further emhance the
environment for basic Biomedical Research

Austin is located in the Texas hill country and is widely recognized as
one of America’s most beautiful and livable cities,

Please apply on-line at hitp:! [www iemb. utexas edu/ apply [ between
Sept. L and Mo 1, 2007,

The IJ'|ri|'.'r;-'|'r_|.- |.:|" Texas af Anstin (s an f..rn.n' i,'-ll|r‘|lurl||r||'rg.- f'.mpl’.;!u:'r
Chual it sroino o wal marifies @ne eucourdged fo gl o badog roud

Im mu;ulﬁgy
Tenure-track Faculty Position

The Department of Immunology at the Umiversity of Connecticut
Health Center seeks outstanding investigators for a tenure-track
position at the Assistant/Associate Professor level, Although all
areas of immunology will be considered, we are particularly
inerested in individuals using molecular and cellular approaches
to study immune system function in vivo. Areas of priority include
dendritie cell biology or innate immunity, immune cell signaling and
immunity to infection. Salary and start-up funds are highly competi-
tive and ouistanding core facilities are available. Applicants musi
have a Ph.D., D.Sc. and/or M.D. with postdoctoral experience and a
quality publication record. For the Associate Professor level, appli-
cants should have a record of substantial productivity and sustained
extramural funding.

Please submit curriculum vitae, two-page summary of research
interests and the names of three references o

Leo Lefrancois, Ph.D., Chair
Immunology Search Committee
Department of Immunology MC1319
UCONN Health Center
263 Farmington Ave.
Farmington, CT 06030-1319

Email: fiorentednsol.uche.edu
For further information on UCHC please visit immune.uche.edu.

UCHC is an Equal Opportumity Emplover MEV/PwD,

Assistant/Associate Professor
Medicinal/Computational Chemistry
School of Pharmacy

The University of Southem Califomia Department of

. .
Pharmacology and Pharmaceutical Sciences (htip:
[:S' Swww.onse.edu/schools/pharmacy/departments) invites

applications for an Assistant’ Associate Professor position,

tenure-track or tenured, to expand its faculty i medici-
nal and computational chemistry, The successful candidate should have a
doctora] degree in medicinal chemistry, computational chemisiry or related
dhsciplines. The successful candidate is expected o develop a strong research
program with extramural funding that complements and expands existing
departmental strengths in drug design and discovery, dug delivery, imaging,
and nevrobiology, Candidates with research mterest in medicinal chemisiry,
chemoinfommatics, ADMET simulations, smalkmolecule synthesis or develop-
mental thermpeutics for cancer or genetic diseases and an ability 1o work at the
chemistry/bislogy interface are particuloarly encouraged wapply. Candidates
are expected o establish an outstanding program of onginal research and to
teach at the graduate and professional levels. The University of Southern Cali-
fornia offers cutting edge opportunities for multidisciplinary, interdisciplinary
and translational research collaborations, including an NCl-designated Com-
prehiensave Cancer Center, the USC Provosts Imitiatives Biomedical Imaging
Soence, Bipmedical Nanoscience, Neuroscience and others, Departments of
Chemistry and Computanonal Biology of the College, a Center for Stem Cell
anid Regenerative Medicine, etc. Furthermore, the University offers access to
ome of the widest variety of affiliated private and public hospitals in the United
States (hitpsfwwwausc.edwhealth/ClinHospPharm.himl).
Candidates should send the names of three references, a cumiculum vites,
and a sumimary of research accomplishments and fumre research and edu-
catienal goals e Nourd Neamati, Phiy, Chair, Medicinal/ Computational
Chemistry Search Committee, University of Southern California School
of Pharmacy, 1985 Zonal Avenue, Los Angeles CA 90059-9121 or email
neamatimusc.edu, Review of applications will begin immediately, and wall
continue untl the posinon 15 filled.

USC valuwes diversity and @5 commifted fo egrual opportunily in
ernplonenent. Women aind meen, and mcibers of ofl vocial aad ethale groups

are enconraged fo appl;

Tenure-Track Position
Applied Physics — #07244

Lovated in Ithaca, NY., Comell Unmiversity is a bold, innovative,
inclusive amd dyvnamic teaching and research aniversine where seaff,
faculty, amd srudemis alike are challenged o make an endiring
conrrbution to the betterment of hitmariy.

The School of Applied and Engineering Physics ot Cornell University 15
seeking applications for a tenure-track, assistant professor  position.
Consideration of applications for an_associate or full professor Jevel
position may also be given o exceptionally well qualified individuals,
Candidates must be able 1o demonstrate the ability o develop a highly
successful independent reseanch progmm in an area of applicd physics and
to participate effectively in the teaching of the applied physics curriculum
at both the undergraduate and graduate level. Research areas of intenest in
this search include, but are not limited to, optics and photonics, biological
physics, nanostructure science and technology, novel instumentation
methods, computational physics, and matenals physics. Prospective
candidates who wish to pursue interdisciplinary rescarch cfforts are
strongly encouraged 1o apply. The successful applicant can expect a very
competitive level of support for the start-up of a rescarch program.
Considerable institutional resources are avalable at Cornell that can
strengthen this rescarch program and support intcrdisciplinary  and
collaborative research ventures. The suocessful candidate can expect o
benefit from association with one or more of Comell's interdisciplinary
research centers, national facilities, and national mesources, listed at
http wwwaengineering cornelledu’ research/research-centers/
.—"nEFIimtinns consisting of a esume, a stalement of teaching philosophy,
a brief (3-page limit) statement of reseanch interests. amd the names and
addresses of ot least three references, should be submined on-ling at

htﬂg:-"!t’uﬂ.ncg.mﬂwluduf.m application deadline is December 15,
J00T. Triervicwing wil gin after January 1, 2008 and will continue until
the position is filled,

Cornell University

Cornell Liversire iy an .-1.,f,|'_|'ﬂ:.v.n'hr Ao
Equal Opportaniry Employver amd Educator,

hitp:/ichronicle.com/jobs/profiles/2377 . him




Assistant or

Associate Professor

Immunology - Wistar Vaccine Center

The Wistar Institute is an indapendant, nonprafit b -
medical researc h institution dedicated to discovering
the causes and cures for major diseases.

Selected candidate will develop an independent,
extramurally-funded research program in immu-
malogy. Areas of interest include, but are not
fimited to, tumar or viral immunology encompass-
ing basic and translational research. Special
consideration will be given o individuals with an
nterest in lymphocyte migration and experisein
in vivoimaging technologes, including 2-photon
microscopy or an interest invaccine development,
especially vaccines for HCV and new vaccine
dalivery methods. Doctoral degres or eguivalent
required. Direct guestions to Search Committes

Chair, H.C.J. Ert|, M.D. (erti@wistar,ocg).

Applications will be reviewed as received and
accepted until the pastion is flled To ensure
timely consideration, applicants should submit an
application before November 15, 2007, The appli-
cationshould include a cumculum witae, a brief
summary of pastand future research interests, a
history of research funding support if applicable),
and the names of three or more references.
Applications should be sent by e-mail to
colelli@wistar.org or to Maria Colelli, The Wistar
Institute, 3601 Sﬁ!nce Street, Philadelphia, PA
19104, EDE/AAMFDA

S, THE WISTAR INSTITUTE

For mare information about
The Wistar Institute, visit our Web site at

www.wista r.OTg

Illl—
ll Blassachusens Institute of Technology

It takes everyone at MIT to ba MIT.

Faculty Position

The Center for Cancer Research and
Department of Biclogy invite applications for
a faculty appointment in immunclogy. with an
emphasis in the area of cancer immunology.
Areas of special interest: molecular basis of
immune cel-cancer cell iMeractions, immune
regponses to cancer, mechanisms of immune
tolerance to cancer cells, cancer,
munotherapy in animal models and humans,
and in vivo magng of immune cell-cancar
cell interaction.

Outstanding candidates working in other
areas of immunolegy, including host-
pathogen interactions and autoimmune
dizease, wil also be considerad. The
candidate will be expected to lead an
innovative research program as well as
participate in undergraduate and graduate
teaching. Both junier and senior candidates
with PhD, MD, and MD/PhD are
encouraged to apply.

Please submit a curriculum vitae,
summary of current and proposed
research programs, and three letters

ol recommendation online at
www.academicjobsonline.org. More
information on how to apply is available at
hitp:iweb.mit.edu/cer/adminfjobs.him.

Consideration of completed applications
will begin on November 1, 2007.

MIT & an Affrmathe Adion/Equal
Opportuniy Employer

hitp2iweb.mitedu

THE UNIVERSITY of NORTH CAROLINA

GREENSBORO

Two University of North Carolina at Greenshoro (UNCG)
Research Professor positions available,
to be located at the
North Carolina Research Campus in Kannapolis, NC

UNCG invites applications and nominations for two Research Professors, to form the
UNCG Center for Rescarch Excellence in Bicactive Food Components that will be
housed at the North Carolina Research Campus (NCRC) being built in Kannapolis,
NC (near Charlotte). Successful applicants will have the opportunity o build innova-
tive research programs focusing in areas related to the role of bioactive components
of foods in preventing and treating obesity and chronic diseases. Because the area of
bioactive food components encompasses a wide array of nutrients and non-nutrient food
components, the name of the Center may be modified, depending on the research foci
and expertise of the hired Researchers. There is an opportunity for one of the positions
to also be named Dircctor of the Center.

Faculty at the NCRC will utilize state-of-the-art facilities supporting genomic, pro-
teomie, and metabolomic biotechnologies w develop these novel research focl. The
major responsibilities of the UNCG Research Professors will be to conduct highly
competitive, independent research, obtain significant external funding for their research,
build the UNCG component of the NCRC, and participate as a member of the Depart-
ment of Nutrition at UNCG. Applicants for these positions will broadly focus on fun-
damental rescarch questions that enhance our basic understanding of the contribution
of dietary components in promoting health,

The UNCG Center for Research Excellence in Bioactive Food Components is part of
anewly established research network at the NCRC. NCRC co-locates scientists from a
number of the UNC system universitics, including UNCG, North Carolina Central Uni-
versity, UNC Charlotte, UNC at Chapel Hill, Morth Carolina State University, and North
Carolina Agricultural and Technical State University, as well as Duke University,

Qualifications: A PhD in Nutrition or relaied scientific discipling is required. Applicants
must have a highly competitive, independent nutrition research program, and a strong
record of external research funding. Candidates exploring the health benefits of dietary
components and/or functional foods are encouraged to apply. The successful applicants
must also possess excellent interpersonal and communication skills, the ability to work
with others in a collegial team atmosphere, and desire to work in this novel academic
research environment. The Director must also provide strong evidence of management
and leadership capabilities and experience,

Application Deadline: Review of applications will begin immediately and will continue
until the positions are filled.

Application Procedure: Applicants must submit a letter of application explaining their
interest in the position, as wellas a description of their research program, vitae, reprints
of 5 recent research publications, and the names, telephone numbers, and email addresses
of at least five (5) professional references. Applicants wishing to be considered for the
Director position must also provide strong evidence of management and leadership
capabilitics and experience. All application materials should be mailed to: Dr. Debbie
Kipp, Chair of the Search Committee, Department of Nutrition, 318 Stone Bldg,
UNC Greensbore, 319 Colleze Avenue, Greensbore, NC 27412, (336) 334-5313.
Letters of recommendation will be collected later in the process.

Salary: Salary and research supporn packages are highly competitive and commensurate
with experience and gualifications.

Expected Date: Two Research Professor positions are available: the appointments are
expected to begin as soon as possible.

UNCG iy committed to equality of emplovment opportunin: and does not
diseriminate against applicants or enmplovees based on race, eolor, national origin,
religion, gender, age, disabiling veteran statms, political affiliation, sexwal
arientation, or creed. Moveover, UNCG is committed o recruiting and advancing
wonmen and minorities af all faceliv/staff levels,
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Duke University Medical Center

Director, Neurotransgenic Laboratory

The Department of Neurobiology at Duke University is seekinga
Director to lead its Neurotransgenic Core Laboratory. The mission
of the Core is to develop cutting edge mouse transgenic technol-
ogy including BAC transgenics and ere-lox lines for neuroscience
research and to provide first class service to the neuroscience com-
munity at Duke Uni versity, Qualified applicants must have aPhD or
MD degree and extensive experience in generating and character-
izing transgenic and knockout mice. Experience in neuroscience
is advantageous, bul not required. The successful candidate will
be expected to manage the core as well as develop new transgenic
technology for neurescience research. The position is a faculty
appointment in the Research (non-tenure } Track, at a level com-
mensurate with the candidate’s experience and qualifications.

Please forward application letters together with curriculum vitae
and names of at least three references 1o:
Neurotransgenic Search Commitiee
e/o Ms. Irene Lofstrom
Department of Neurobiology
Box 3209
Duke University Medical Center
Durham NC 27710
Email: lofstromi@neuro.duke.cdu

Duke University is an Equal Opportuning
Affirmarive Action Emplover.

A} The Johns Hopkins University
School of Medicine,

. . -rnre Department of Radiation Oncology,

JOHNS HOPKINS P ™™ B isionof

Molecular Radiation Sciences

HEOICIMNI
RADIATION OMEOLOGT &
4QLICULAR RADIATION FCIENCES

15 secking two

Assistant Professors

o ienure-track Faculty positions. Prospective candidates must possess a PhoDD,
or M. Ph.D. degree and have an outstanding rack record of origmal reseanch
inmolecular cancer Mology and several years of postdoctoral e xpenence. Suc-
cessiul candidates should have an independent focus relevantto basic cancer
research i the field of DNA damage response, repair, or modification of these
events throng b cell evele regulation or chromatin organization, Translational
iitipact of the research focus aind a history of successful extramural funding
are highly desirable. Research space is located at the Johns Hopkins Medical
Campus in the CRBI and offers unparalleled resources and opportunitics o
interact with basic scientists as well as clinical and translational researchers, A
substantial start-up package will be provided, The successful candidates will
be expectad o establish an externally funded reseanch provgram.

Full applicatons including curriculum vitae, a summary of cureent and futire
research mterests and expected availability date, a descrption of past reseanch
expenence and accomplshments, and contact information for three refenenees
should be submitted a5 a single pdf file ond sent as an e-mail attachment to:
Mr. Tom Haulk ( haulktom jhmiedu).

Informal ingquires should be sent to: Director Marikki Laihe, M.D. Ph.D.,
Division of Molecular Radiation Sciences, Department of Radiation
Oncology, The Johns Hopking School of Medicing, 1550 Orleans Street,
Baltimore, MD 21231, e-mail: mlaiho Ve jhmiedo. For full consideration,
completed applications should be submined by November 1, 2007.

Johins Hopking University School of Medicime is an Affirmarive Actfon
Egual Opportuniiv Emplover and enconrages applications from
wnder-repre sented groups,

University of Southem California
Faculty Positions in
Molecular and
Computational Biology

USC

The Molecular and Computational Biology Section of the Department
of Biological Sciences in the College of Letters, Arts and Sciences at the
University of Southern California invites applications for two tenure-
track faculty positions at the assistantbeginning associate professor
level. We seek one colleague who uses molecular methods to address
questions in cell and developmental biology. We also seek another
colleague who uses computational approaches to address biological
problems i any area; those with a computer science background are
encouraged to apply.

Char program has strength ina number of model systems using a vanety
of approaches, and has undergone a recent expansion, including occii-
pancy of a new research building with modern animal facilities. For addi-
tional information please visit our website; http:/www.emb.ausc.edu/

mehffaculiv.php.

Review of applications will begin immediately, Please send a cur-
riculum vitae, a statement of rescarch objectives, and three letters of
recommendation to: msecarchi@use.edn (cell’developmental biology
position ), esearchi@ collegensc.edu (computational biology position)
or, if necessary, Eleni Yokas, Scarch Committee, Department of
Biological Sciences, RRI201, University of Southern California,
Los Angeles, CA 90089-2910.

USC values diversity and is committed to equal opportunity in
employment. Women and men, and members of all rocial and
ethic groups, ave encouraged to apply.

FACULTY POSITION

We are engaged in a constant process in this country
of opening our minds to new ideas, testing those ideas,
training our young people for new vocations, and trving
to improve not just our quantity of information, but our
quality of judgment.

Hubert H. Humphrey October 5, 1967

CHARLES M. DENNY, JR. CHAIR in SCIENCE, TECHNOLOGY
AND PUBLIC POLICY
Hubert H. Humphrey Institute of Public Affairs
University of Minnesota

The Humphrey Institue of Public AfTairs at the University of Minnesota
seeks nominations for the Charles M. Denny, Jr. Chair in Science, Tech-
nology and Public Poelicy. The persen holding this endowed professorship
at the University of Minnesota plays a leadership mole in the University's
efforts o explore 1ssues at the intersection of science and technology with
public aflairs.

The search committes accepts letters of nomination, as well as applica-
tons. Mominations, including self-nominanons, will be reviewed beginning
October 1., 2007. Nominations or applications received after that date will
be accepied until the position is filled, N ominations and applications should
be addressed to: Search Committee for Denny Chair (Attention: Wendy
Lane), Humphrey Institute of Public AfTairs, University of Minnesota,
152 HIH Center, 301-1%th Avenue South, Minneapolis, Minnesota
55455; Email: lanex 256 umn.edu, Fax: 612-625-3513.

Mominees will be invited 1o submit application materials online 1o the U'ni-
versity of Minnesota employment sysiem at httpsz/employment.umn.edu.
Individuals wishing to nominate candidates should submat a leter of nomi-
nation and complete contact information, for the nominee to the address
above. The University of Minnesota has an excellent package of retirement
benefits, and health, dental and faculiy life/disability insumnce. The starting
date for this appointment is negotiable,

EEVAA




Post Doctoral Fellowships 2008 ‘“

CSIRO is Australias national science organisation with over 6,500 staff located across the country. It is one of the largest
and maost diverse research organisations in the world, with s rezearch delivering solutions for agribusiness, the envirenment,
information and communication technologies, health, advanced matenals and manufacturing. minerals and energy services,

transport and infrastructure.

The CSIRO Postdoctoral Fellowship Scheme provides the opportunity for postgraduates to undertake postdoctoral research
projects within CSIRO for a period of three years, 20 postdoctoral positions are now being offered across a broad range

of dizciplines, as follows:

Reactive Transport Modeling in Porous Media (2007/962)
Flax rust resistance and avirulence protein structure

and function {2007/969)

Fire, cyclones and carbon sequestration in northern

Australia (2007/971)

Muscle metabolism in weight loss (2007/974)

Systerns biology investigation of complex traits in livestock

{(2007/360)

Star formation through cosmic time (2007/958)

Surface plasmon nano-structures {2007/968)
Polymer-Quantum Dots Solar Cell (2007/964)
Dynarnics of ENSO for present day & future warming

scenarios (2007/975)

The impact of nanoparticles on gene expression in cells

and animals (2007/977)

Compound-specific isoto gu: analysis of organic matter
and contaminants (2007/963)
The vernalization response of cereals (2007/970)

Community dynamics of soil biota in agro-ecosystems (2007/972)
Helium study of surface water-groundwater interactions
(2007/978)

Advanced damond composite materials for mining and
manufacturing industries (2007/959)

In-Silico systermns biology to complement wet-lab trals
{2007/9a1)

Where did that tree go? (2007/965)

Microbe-rmineral surface interactions (2007/976)

The oceanic response to volcanic eruptions (2007/979)
In-situ crystallisation studies in scale deposition (2007/973)

For further information, selection docurmentation and details on how to apply, visit www.csiro.au/careers

Fima 0T S0

Endowed Professorship for
Dementia Research

The Department of Neurology and the Meu-
roscience Center at the University of Morth
Carolina School of Medicing are seeking
candidates with an interest in degenerative
neurological diseases that produce copnitive
impairment for appointment to full professor
on the tenure track. The qualified candidate will
have an M. 1D, o MDD, Ph.D. and an established
record of excellence in research as reflected by
peer-reviewed publications and indepemdent
external funding. He'she will be expected o
conduct a laboratory-based research program
investigating mechanisms of cellular death
ard dysfunction m neurodegenerative diseases
using state-of-the-an cellular and molecular
techniques. The position includes an endowed
profeszoshipof $1 million, ample modern labo-
ratory space in the UNC Mewroscience Center
and a generous start-up package. The UNC
Meuroscience Center mainiains outstanding
Core Facilities that support confocal and moulti-
photon imaging, vector construction and E5 cell
electroporation for generation of mouse genstic
models, and Affymetrix GeneChip technology
for expression profiling and SMP analysis.

Interested candidates should contact: William
J. Powers, MI}, 1. Houston Merritt Professor
and Chair, Department of Neurology, 3114
Bivinformatics Building CB 7025, Univer-
sity of Morth Carolina School of Medicine,
Chapel Hill, NC 27599-T025; (919) 966-8178;
holzmachere f@ neurologyv.une.edu.

EOE

MichiganiTech

Endowed Chairs and Faculty Positions in Sustainability

Michigan Technological University announces a Sustaimabifing faculty hiving initiative that will add wn
tenure-track positions, open in rank, during the next year, These mclude three endowed chairs:

+ the Robbins Chair in Sustainable Management of the Environment;
* the Robbins Chair in Sustainable Manufacturing and Design; and
¢ the Robbing Chair in Sustainable Use of Materials,

Faculty selected for the Robbins chairs will be leaders in their fields and have sirong research experience,
both within their home and other instituitions. Successful candidates for the remaining positions will
have outstanding records in their field for respective stages in their careers, They will be expected
to develop active reszarch programs and 1o collaborate in mult-disciplinary research, education, and
outreach efToris.

Sustainability underping scholarship on a university-wide scale at Michigan Technological University,
Faculty from areas such as engineering, forestry, humanities, business, and the natural and social sciences
are actively invelved in multi-disciplinary research and education. We develop processes, policies,
technologies, and materials that promote sustainable use of natral resources, sustainable energy sources
and consumption, sustainable enterprises and communities, and access toclean air and water in both the
developed and developing worlds.

We seck applications and nominations for these ten positions. We intend 1o develop a diverse applicant
pool from a wide range of disciplines related to this strategic initiative. A pplications received by December
15, 2007 will receive first consideration, but applications will be considered until all positions are filled.
Attractive salary, benefit and start-up packages will be provided for successful applicants.

Michigan Technological University is an internationally renowned doctoral research wniversity, The
University's mission is to create the future by developing sustainable solutions w global challenges.
Michigan Technological University is located in Michigan's scenic Upper Peninsula, on the south shore
of Lake Superior. Houghton provides a unique seiting where natural beauty, culiure. education, and the
diversity of residents from around the world come together 1o provide a superb living experience,

Further details about the Michigan Technological University Sustainaliline faculty hinng initiative are
available at wwwmitu.edu/sfhi. More information on Michigan Technological University is available
at www.miu.edu,

Michigan Technological Uiversity is an Egual Opportuaity, Affirmaive Aetion Employves’
Educaional fnstiturion. Applications from women and minerities are encouraged,

@sciencecareers.org
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ASSISTANT PROFESSOR/
INFECTIOUS DISEASES

WASHINGTON UNIVERSITY SCHOOL
OF MEDICINE

The Division of Infectious Diseases in the
Department of Medicine at Washington
University School of Medicine solicits appli-
cations for ienure-track appoiniments at the
rank of Assistant Professor. We are secking
interactive individuals who will be able 10
establish a vigorous and outstanding indepen-
dent basic research program. Our program has
a strong emphasis on microbial pathogenesis
in prokaryvotic, viml and cukarvotic systems,
Recruited faculty will be located contignous to
the Depariment of Molecular Microbiology amd
the Division of Pediatne Infectious Diseascs;
there is tremendows potential for collabora-
tive imteractions. Preference will be given to
acudemic physicians who are board cligible/
certified in infections discases, Very attractive
sturt-up packages and protected time ammange-
ments will be offered.

Apphicants should send a detsled curriculum
vitae, 1 few selected reprants, a brief deseription
of current and planned research interests, and
arrange to have three letters of reference sent to;
Danicl E. Goldberg, M.D., Ph.D.. Co-Chicl,
Division of Infectious Diseases, Atin: Faculty
Scarch Committee, Washington University
School of Medicine, Campuos Box B2340, 660
5. Euelid Ave., St Louis MO 63110,

HAUSM v em Equeal Gpportunite/d ffemative
Action Emplover Wamen and minonities are
exprecially encowraged fo apply,

Johns Hopkins Medical Institutions
Tenure-Track Positions

Influenza and Respiratory Virus
Translational Research

Human Immunolegy, Vaccinology,
Pharmacology

The Division of [nfections Diseases ofhe Johns
Hopkins Scheol of Medicine is recruiting 1-2
faculty at the Assistant or Associate Frofcssor
level to contribute to an emerging instibuiienal
Respiratory Viruses Program. Our focus 15 on
persons with proven capabilities to conduct
independent research on respiratory infections,
especially investigations that contribute 1o the
prevention ar treatment of influcnza in humans,
This recruitiment contributes o expanding pro-
grams in mflucnza virology, structural biology,
and vaceine testing. Emphasis will be given to
rescarchers with complementary rescarch such
as an molecular biology of viral replication, host

virus interactions, and quantitative analysis of

viral dynamics,

Candidates must have earned an MD and‘or PhD
degree and have a record of acquiring research
furding and producing outstanding schalarship,
Salary and resources will match expenence,
Candidates should provide a ewrriculim vie,
a ome-page stalement of career interest, and 3
professional references w; D David Thomas,
Chief Infectious Diseases, Johns Hopkins
School of Medicine, Suite 437 1830 Monu-
ment Street, Baltimore, Maryland 21205 or
b email care of MNadia Hay nhayi@ jhmi.edu,
Application review will begin in Fall 2007,

Jedtns Hopking is an
Evqual Copavinaine Emplover,
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FACULTY POSITIONS in INORGANIC
CHEMISTRY and NUCLEAR CHEMISTRY/
BADIOCHEMISTRY

The Department of Chemistry at Samon Fraser
University { SFLU ) imvites appheations for two tenure
track ASSISTANT PROFESSOR positions in the
areas of inorganic chenistry and nuclear chemistry/
radiochemistry to mke effect in Seprember 2008,
subject to final budgetary approval,

Applicants should have a Ph.D., degree and will
normally have postdoctoral or industrial expericnce.
Outstanding candidares with 2 commitment to ex-
cellence o rescarch and teaching are being sought,
Successful candidates will be expected o develop
and maintain both an innovative, externally funded
research program, and an excellent weaching record
at both the undergraduate and graduate levels,

Al qualified candidates are encouraged to apply;
fumever, Canadians and permanent vesidents rr't'}.f be
Jpiven peverity. Applicants should send a complere
resume, a concise research proposal, a short weaching
dossier, and a list of three individuals willing to act as
references with ther addresses, telephone and or fax
numbers, and e¢-mail addresses. Interested persons
should consult the departmental website: hitp:
www.sfuca /chemistry o learmn more about our
imn;r;!:i.u;iplin.'l.r}' rescarch programs, All correspon-
deree should be sent

Dr. Andrew ]. Bennet
Professor and Chair
Department of Chemist
S?u['::::m Fraser l:.hu'w-:niit;.?r
8888 University Drive
Burnaby, B.C., Canada V5A 156
E-mail: chemchr@sfu.ca

Each competition will remain open wimil the po-
sition is filled. Sereening of applications will com-
menee on December 1, 2007,

Stmon Fraver Lnivesicy is commitied fo a equity enmphoy-
nient progran far ieclides special mesunes to achicee diecesity
oy its faanilty apd staff. We thercfoe pastienlaod y enoermpe
appiications frome qualified uomm, aborigioed Canndios, per-
sons el afizabvilivies, and membes of vable sminorities

VERTEBRATE EVOLUTIONARY ECOLOGIST
Website: hetpe/ Swww.eolostate.edu /Depts,/Biology

The Biology Department at Colorado State Und-
versty invites applications for a tenure-track ASSLST-
ANT PROFESSOR in vertehrate evolutionary eookogy,
w oadd w2 growing goup of cologias and evolu-
tionary biclogses, We seck a broadly mrained Venebeare
Biologist addressing fundamental and  itegrative
questions at the imerface of ecology and evolution-
ary biology, Rescarch interests may include studies
of adaptation, invasive species, lifie history strategies,
mating svstems, phylogeography, speciation, species
interactions, or other arcas that seek to understand
evolutionary processes innatural populations. Com
petitive candidates will perform extermally funded
interdisciplinary rescarch, with the possbilive of ap-
plving genomic tools to organsmal questions, and
contribute to undergraduare and praduane waching.
Candidates who can enhance the Department’s
commitment to diversity through research, weaching,
and outreach are encouraged w apply.

Applicants must have a Ph.D. by the tme of a
poinument; posidoctoral experience s preferred, l[:
receive full consideraion, apply online by Ocober 31,
2007 (website: heep:/Swww . natsci.colostate.edu/

scarches/Bicdlogy). Include curriculum vitae, state-
ments of rescarch /teaching interests, representative
publications, and the nantes and contact information
for three referces. Beferces will receive instructions
by e-mail for submatting keters online. Complew ap-
phcanons of semi-finalists will be reviewed by all
biotogy faculty. Coforade State University is an Afffanatioe
Action Egual Qpportweicy Employer. Office of Equal -
portunity and Dhiversicy, 101 Suedenr Services.

POSITIONS OPEN

MOLECULAR BIOLOGY TENURE-TRACK
FACULTY POSITION
University of Toronto, Mississauga

The University of Toronto, Misissainga invites ap-
plications for a tull-time, tenure-track appoitment
in molecular biclogy at the ASSISTANT PROFES-
SOR level starting Julv 1, 2008, The successtul ap-
plicant will have a Ph.I>. and preferably postdoctoral
expericnce, an outstanding academic record, and dem-
onstrated excellence in research and teaching. The
successful candidate must have a strong back ground
in bintechnology, svstems biology, or genomics and
will be expeaed w develop an imemationally recog-
nized research program combining basic and applied
investigation. Active collaboration with industrial part-
mers will be seen as an asser. Salarv will be commen-
surate with qualifications and experience.

Applications will be aceepted until November 30,
2007, Applicants should provide curniculum vite,
statement of teaching philosophy and interests, an
outline of their proposed research, and should ar-
range 0 have three confdential ketiens of recommen-
dationn sent on ther behalf wo: Profl Robert Reise,
Chair, Department of Biology, Univemsity of To-
ot Mississauga, Mississauga, Ontario, Canada
L5L 1C6 or by e-mail: biojobs.utm@utoronto.
€. For more information on the Tepannment go 1o
website: hittp:/ /www.utm.utoronto.ca/~wi3bio/
hom A

The Uiversivy of Tormo o stomely commited o divesiry
wnthin its comrnramity and apedally weliones applications frone
visihle minority group members, swomen, Abosgieal peesons,
pesos weith disabilitics, members of secmal minority proups,
ad otlers wlio may comteibute to fe fardher diversificafion of
ideas. AN gualificd cosdidares are enconnaged w0 apply; bow-
ever, Camadion dtizews amd pemeanens residents will be piven
prigry

DEPARTMENT of CHEMISTRY, Loyola
University Chicago. The Department of Chem-
wtry invites applications for a wnure-track position
at the ASSISTANT PROFESSOR level in buschem-
istry, Applicants from all arcas of biological chemis-
try will be considered, however, preference will be
gven o candidates with research interests in experi-
mental biophvsical chemistey, biomaterials, or bioms-
lecular structure and function. A Ph.DD. in chemistry
or Biochemistry is required. The suecessful candidate
will be expected to mantain an internationally com
petitive, externally funded nescarch program and par-
tiapate in graduate and undergraduate teaching, The
Department offers P, MS., and Amencan Chem
ical Sociery-approved B8, degrees. The application
should include curmculum vikae, a detaled desenp
tion of research and teaching interests, and at least
three letters of recommendation. Please send appli-
ation infirmation to: Bindhemistry Search Commit-
tee, Department of Chemistry, Loyola University
Chicagn, 1068 W. Sheridan Road, Chicagp, IL
60626, Candidates must also register their appli-
cation and submic an elecronic curriculum vitae at
website: hitp:/Swww.carcers. luc.edu. Review of
applications will begin or Ocober 31, 2007, but
applications will be accepted until the position is filled.
Minorty and fenale wpplicamts are cipecally auconraged 1o
apply. Lopols University Clisage 5 an Bgendd Chpostueniy
Afftorutioe Action Enploper.

STEM CELL POSTDOCTORAL
University of California

A recent Ph.D. with skills in cell biology soughe for

a multidisciplinay  research environment,  California

Ingiture fir Regenerative Medidne funding for re-

search on small moleales and human embrvonic stem

cells, Sec: [ Plannacol. Fxp, Thee, 3221 59, 2007, Wiell-

equipped, new Libormtones, in University of California

Riverside Stem Cell Cenver, website: heep://faculty.

11 i « Send curnealum

vitae, publication lst, and a reference lise to: Pro-

fessor MLC. Pirrung, Department of Chemistry,

University of California, Riverside, CA 92521.

Fax: 951-827-2435. (TCR i an Equal Ogportanicy/
Affinnative Action Employer.
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THE COMMONWEALTH MEDICAL COLLEGE"®

Founding Faculty: Master Teachers and Researchers
Assistant Professors — Associate Professors — Full Professors

TheCommonwealth Medical College, anew independent medical school in Pennsylvaniaissearching for a founding basic science faculty
who want topractice state of the art teaching and engage in research in a collaborative setting. This is a chance for faculty to help shape the
future of 2 new, innovative moedel of medical education. The Commonwealth Medical College will train in a community based, distributive
modelworkingwith clinical facultythroughout north central and northeastern Pennsylvania, linked by stateofthe arttechnol ogy, Weare inthe
accreditation process with LOME and the Pennsylvania Department of Education and hope to acceptour first classin 2009, Weare funded
by state dollars and a generous grant from Blue Cross of Mortheastern Pennsylvania. The school enjoys tremendous regional support for its
mission of education, research and service and has developed relationships with cutstanding local colleges, universities, hospitals and
physicians to create a new model of medical education.

We are looking for exceptional faculty in pathology and all basic science areas - biochemistry, physiology, microbiclogy, and
anatemy, who are passionate about teaching and research, interested in mentoring students, and want to participate in an interdisciplinary,
collaborative model. We are also seeking faculty who want to build something new, who are comfortable with technology and new
teaching methods.

Weare interested inscientists who wanttogrow and developtheir research in a new academic madel. Qurinitial interests are in genomics,
pharmacogenomics, pharmokinetics (PK)and pharmacodynamics{PD)thatare relevanttocancerand epidemiologicallyimportant infections
and diseases. We are also interested in developinga clinical research center model that would involve community physicians and hospitals
and conducting population based studiesrelated tothe health needsofthe area. Cancer, diabetes, and heart disease arethe leading issues of
concern, but other areas of expertise are also welcomed.,

This is 2 wonderful gpportunity fo create sometiiing innovative and impartant and have a significant impact on the future of a new
medical school. Unlimited opportunities for growth, both professionally and personally, exist within this coliaborative environment.
We will be developing curriculfum, as well as new facilities, with facuity input.

Please submit your curriculum vitae to: Robert M. D'Alessandri, MD, Dean, The Commonwealth Medical College, 150 North
Washington Avenue, Scranton, PA 18503 or electronically to RMD@nepamedc.org.

thecommonwealthmedical.com | The link to the Dean’s blog is newmedicalschool.blogspot.com

“This sehand (3 seopoded and i development phase. Mol pe! granied degrae grawting aothoridy from fhe Pemospivaniy Depactment of Edvcalien,

STANFORD UNIVERSITY
DEPARTMENT OF CHEMICAL
AND SYSTEMS BIOLOGY

Tlee Deparunent of Chemical amd Sysiems Biobogy st
Stanford University School of Medicine  insites
Jpplin.':lium Err & tenure-lrack or temired |um’|'|m| ol
the ASSISTANT ar ASSOCIATE FROFESS(OR
level. We are pamicularly inerested in candidates
who lave fesearch interess st the dmerface of
hiomelical and physical scienceés (e g, chemical
bidogy, quontititive biolagy, systems  biokepy)
Candidstes  coubl  foous  on either  specific
methadoleges (eg, moss specmscopic approscles
[11] ]m!«mic\ln: \pn:iﬁ\' hiui:lgicul |'|r|1'H-:||h whre
chemical  and  svstems-level  approsches  are
particuladly  wellsuited.  However,  outstamling
applcams i any area of agnd tensdocton of
cellular regalation are welcome. Stanfond offers an
ouidmding environment fior creative
ingerdisciplinary  biomedical research. Rank and
salary  are  dependent  on the  Cuslidale’s
qualifications.  The predominant  criterion  for
appointment in e University Tenure Lime is 2 mapos
commitment o research and eaching,

Candulstes should have a PhLD. andior M.D. depree
and poshloctord  research  expenience,  Stanford
University is on equal opponunity emiployer and is
committad 1o fncreasing the diversity of s facuolty.
I welommes nomnsnalions of amd applicants from
wamsen and manority growps, as well g others whe
wiptld bring add ional dimen sons 1o the universin's
research, Lr.-:h:hillp. angd climcal misaons, Candicdaes
should send curmiculum vitae, & description of fiture
research pluns and the names of theee potential
referees by Movember 16 o

Jumes Fermell, Professor and Chair
oo Jean Kavansph, FAA
Depariment of Chemical and Systems Biology
269 Campas Drive, CCSR Bldg Room 31454
Stanford Universily School of Medicine
Stanford CA 94305-5174

CHAIR
DEPARTMENT OF ANATOMY AND NEUROBIOLOGY

The Nomleastern Olao Universities Colleges of Medicine and Plarmacy is socking outstanding candidates and
nominees for the positon of Chair of the Depariment of Anatomy and Neurobiology. We seck an
sccomplished rescarcher, an mpovative educator, and an expencnocd adnmimstrator whe will provide visionary
keadership, Ideal camdudates should have an inecraationally recognized research program, a strong publication
record, and both current and sustained extmmural funding success. In addition, candidates should have
demonstrated excellence in medical and gruduate cducation, documented keadership, previous sdministrative
capericnee, program development ¢xperience in research and education, strong communication and
organiznional skills, and & commitment to working with and supporting a diverse student and facully
population. The new Chair will lead the department’s fransition from two scparate departments 1o a single
merged depariment. In additdon, the Chair will guide the depaiment’s coninibutions 1o the iniegrted medicd
curriculum, the pharmocy educational program, and grduate training in collibomtion with the School of
Bwomedical Scicnces of Kent Smte University,

Candidates with experience in the department’s current rescarch strengths in imtegrative skeletal biology and
suditory neumsciences will be prefemed, The department s housed in excellent Tacilities with socess w
numerous core labomtoncs and affords the opportunity for collaboratve clinical and public health rescurch

throughout our consortm of 18 affiliated hospitals and 2 public health depariments.

The posibon will be available begmning July |, MWK, Salary and start-up resources will be competitive and
commensurate with experience and qualifications. Candidales must possess a PRD,, M.D,, or equivalent amd
must be qualified for appomtment ot the mnk of full professor, This is o fully-funded position within the
Collkege of Medicine that reports direcily to the Dean. Interested candsdates should apply 1o the posting on-line
al www.neoucomedwfjobsphp. In addition, please submit 1} curriculum vitae; 23 statement of nescanch
secomphishments, cument imtenests and future direction: 3) stulement of eaching experience and philosophy:
4} summuary of admimstrtive experience and philosophy: and 5) names and addresses of five referenoes toc
Anatomy and Ncumbinltg{“_ﬂulr Advisory Committee, Northesstern Ohio Universities Caolleges ol
Medicine and Pharmacy, Office of Human Resources, 4209 Stale Route 44, PA). Box 95, Roolstown,
Ohio #4272, Review of applications will begin immodiately, and continue untl the position is filked.

The college s dedicarion ro excellmce is complemenied by 03 strong commritnen fo budding and susiaiing a
ciultwrally diverse acodemic commpnity, Individials from historically nnderrepresented groups are

ercourdged o apply.

Mortheasiern Chio Liniversities
COLLIGES OF MEDICINE & FRABMACY

NEOUCOM is an Egual Opportwity Emplover and Educaior

online @sciencecareers.org
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POSITIONS OPEN

ASSISTANT PROFESSOR
BIOLOGICAL ANTHROPOLOGY:
ANTHROPOLOGICAL GENETICIST
University of lowa

The University of Lowa, Depantment of Anthropal
opy, invites applications for a tenure-track position
n bological anthropology specializing i anthropo
logical genetics, at the rank of Assistant Professor,
begnnng Avpust 2008, Requirements include: Phod.
in hand by the nme of the appointment, an estab
lished publication record, a strong research program,
and previous waching experience. Anthropaological
Geneticists whose research includes theoretical
merdeling of molecular genetic markers to infer ho-
man and nonhuman primate evolutionary history and
adapeation, and for the genetic basis for complex mor-
phological traits are espectally weleome. Teaching
responsibilities include required introductory amnd
core undergraduate courses in biological anthropal
oy and graduate courses in the candidate’s area of
expertse. Salary commensurate with expenence.
Startup funding and laboratory space are available.
Send letter of application, curniculum vitae, represen:
tative publicanons, details of previoos waching expe
nence, prospective courses, and contact information
for three references to: Robert G. Franciscus, Bio-
logical Anthropologist Search Committee Chair,
Department of Anthropology, University of Towa,
Lowa City, LA 52242, Applications by c-mail are
acceptable to e-mail: robert-franciscus@ uiowa,
edu. Please visit website: heep:”/www.uiowa.edu /
=anthro,/ 1o learn more about the Deparement and
the University. Sereening of applications will begin
on December 3, 2007, 1l Depatment of Antlropology
aned the Collepe of Literal Arts and Seewaes are stoongly com-
mitted to gemder and eheic divesity; e stategic plae of the
Uliiersivy, College, amd Deparrrent reflect dis aomnritmni.
The University of Toveat i an Affirmagive Amivn /Egral Oppor-
trianiry Enghloper. W omen mnl mibontices ape especially enconre
aped fo apyly.

FACULTY POSITIONS in
NEUROENGINEERING
Drexel University College of Medicine

As part of 2 unversity-wide Neuroenginecring Inita-
tive, Drexel University College of Medicine (DUCOM)
is secking to fill new tenure-track fculty positions to
enhance its ongoing research in neuroengineenng.
We are looking for individuals whose research fo-
cuses on spinal cond studies ar the swswems orand
cellubar level, neural conrol, brain-machine inerfaces,
nedrocrgg peering applications for recovery from .'-Ein.alf
beain injuries, and relaved arcas, Interested candidanes
of any academic rank will be considered and are en-
couraged o apply. The primary appointment will be
in one of DUCOM’s departments, depending on
the individual’s research field. Faculty rank, salary,
and startup package will be commensurate with ex
penence. The successful candidate should have an
active, independent research program and be capable
of working as a member of a mulodisaplinary eam.
Interested applicants should submit curniculum vitae,
statement of research interests and accomplisbments,
and the names and contact information for ac least
three references,

Applications should be addressed w the Chaire of
MNeuwrnengineering Scarch Committee at DUCOM aind
subnitted electromically to e-mail: neuroengineering-
search@drexel.edu,

Baview of apphications will begin November 1, 2007,
and will continue ungil the positions are filled. Dweocd
Llinlsersity is an Egual Opportunity Enploper.

Energy, Materials, and Food from Managed
Ecosystems. The energy and resourees group at Uni-
veristy of California, Berkeley, secks a colleague for a
full-time, tenure-rack appomntment at the ASSIST-
ANT PROFESSOR level in the nterdisciplinary
area of energy, materials, and food from managed eco
systems. The dosing date s 1 November 2007, For
details, see websiter hope/ Serg berkeley.edu, or call
telephone: 510-642- 1640,
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POSITIONS OPEN

The Department of Biology (website: hEE,_HIf
www.biology.uni.edu) ar the University of Nonh-
e Towa (website: itp: / funi.edu ) invites applica-
tions for 3 tenure-trac PROFESSOR
position effective August 2008, The successful can-
didare will be expected w develop and wach a course
in immunaology to biology majors, W contribute o
other departmental needs by waching coures includ
ing anatomy and phwsiology laboratodies, and w
develop a research program thae will involve under
graduate and praduate students. Faculty members also
are expected o seck exramural funding.

A P'h. in a biological science and waching ex-
perence are required. All-but-dissertations will be
considered with evidence of completion of degree by
Auvgruse 1, 2008, However, postdoctoral research ex-
pericnce is desired, Please send curriculum vitae,
copies of undergraduate and graduate transeripts, a
statement of rescarch interests and potential for stu-
dent mvolvement, 2 statement of teaching intercsts
and approaches, evidence of waching effectiveness
(which might include samples of weaching assessments,
awands, videotmped demonstrations of teaching, or
other such evidence), and three letters of recommen
dation (e-mail applicitions and letters of recommen
dation will not be accepred )

Dr. Theresa Spradling
Chair, Biology Search Committee
Department of Biology
University of Northern Lowa
Cedar Falls, LA 50614-0421
E-muail: theresa.spradling@uni.edu
Teephone: -273-
Fax: 319-273-7125
The University of Northern lowa, with 12,609
students and 600 faculty members, s one of three
state-supported universities i lowa, The University
enjoys a nanonal reputation for commitment to teach-
ing excellence and consistently ranks high in surveys
of comparable institutions. The Biology Department
has 29 wenure-track fculty members and two in-
structors representing diverse areas of biology. The
Department has 660 undergraduate and 32 graduate
students pursuing programs that lead o BAL, BS.,
MoAL MS, and IPSM. depgrees. Resources available
to faculty and students inchide a new building ad-
diton providing modern classrooms with excellent
research, veaching, and computer facilines, macroscopy
and image amalvsis, flow ovtomemmy, DNA sequencing,
and other modern instrume nis. Cedar Falls Watedoo
is a pleasant metropolitan arca with a population of
110,000
Salarv & competitive and s commensurawe with
qualifications, Benefits include TIAA /CREF, group
life, disalaliy, medical and dental insurance,
Applications received by October 31, 2007, will
be gven full consideration. The Department encour-
ages applications from minority persons, women,
vererans, and persons with disabulines.
The University of Novthern dowea & an Egral Oppartunity
Eduerror md Employer with a compeehensive plan for Affir-
e Aerion.

The NCI disignated Cancer Center of the Burnham
Instimute for Medical Rescarch secks independent
mvestgators with research programs m cancer stem cell
biology, epigenetics, ad tumor microcminnment.
Individuals at any career level, but espeaally junior
investigarons, are encouraged wo apply. Burnham offers
an outstanding and highly collaborative research en-
vironment, supported by a wide range of shared re-
sources. For more details visic our website: hip://
www.burnham.org. Informal inguiries should De
dirccted to appropriate Cancer Center Program
Directors. To 41|1',11l3'. please submit curriculum vitae
and research summary clecrromally by November 1,
2007, w e-mail: coreemiit@burnham.ong, Candidates
should armange w have three lemens of referena: sene by
e-mail: corecruit®bumhamaorg or regular mail to:
Cancer Center Fecruit Committee, ¢/0 Krstiina
Vuori, MLD., Ph.D., NCI Cancer Center, Burnham
Institute for Medical Research, 10801 North Torrey
Pines Boad, La Jolla, CA 92037, Egual Oppotaniny
Eamplayer CAffmuaroe Adion.

POSITIONS OPEN
DEVELOPMENTAL BIOLOGIST

The Department of Biology at the University of
Minnesota, Duluth (UMD invites applications for
a wnure-track ASSISTANT PROFESSOR. puosi-
tion in developmental biology. We seck a candidare
with postdoctoral expenence who will use an es
tabhshed nonmammalian model system o exam
ine the molecular/genetic aspects of development.
Laboratory space wall be provided in the new state-
of-the-art Swenson Scence Building along with a
competitive startup package provided. Candidates
will instruce a coumse in developmental biology, de-
velop an advanced course in their rescarch specialiy,
and participate in the Department core curriculum.
Applicants are expected to establish an independent,
externally funded research program involving graduate
students in the Inegrated Biosciences (IBS) Graduare
Program amd mentor undergraduate researchers in
UMD Undergraduate Research Opportunity Pro-
gram. Oppormnitics exis for collaborations among
the 50 plus graduawe frculty in the [BS Program that
includes investigators at the UMD School of Med
iwcine, the College of Pharmacy, Environmental Pro
wection Agency Mid-Continent Besearch  Laboratory
and the UMD Nawral Bewowrces Besearch Instinute.
Abundant recreational oppomunities and a high qualioy
of life complement the thriving intellectual and arstic
ammesphere in the region, Essenal gualifications
include a PhI. or equivalent degree in the biological
sciences, potential for achicvement in teaching and
rescarch, and strong oral and written commumcation
skills. Review of complete applications will start
Oaaober 15, 2007, and continue until the pesition

is filled, Please go w website: hg:,fjem?lli)zmmt.
umn.edu/ap plicants/ CentralfquickFind-67

o mittate the online apphcaton. In addivon, please
arrange to have three ketters of reference and up to
three publications sent to: Chairperson, Devel-
opmental Biologist Scarch Committee, Depart-
ment of Biology, University of Minnesom Duluth,
207 S5B, 1035 Kirby Drive, Duluth, MN 55812,
For additional information, visit the Department’s
websire:  fwwwdoumniedu /biology and the
Integrated Buscwences Graduate Program at website:
heeps /S www.doumn.edu fibs, The Univenity of Mio-
st e Frguaal Clppertunity Educator and Hmployer.

TENURE-TRACK FACULTY POSITION
Mierobiology
The University of Texas at Arlington

The Depatment of Biology invites applications for
a tenure-track position at the rank of ASSISTANT
PROFESSOR. Salary and startup funds ane highly
competitive, Besearch interests may include but ane
not limited o microbial physiology, prokarvotic
genetics, or developmental microbiology.

Applicams must have a PhI2. and a demonsirated
record of pescarch productivity, The successfl candi-
date is expected w establish a vigorows extramarally
funded research laboratory and pamicipare in the under-
graduate microbiology degree program and i the
quantitative bialogy doctoral program. Locted inthe
Dallas/Fort Worth metropolitan arca, University of
Texas (UT) Adington s a lange, fast-prowing, compre
hensive university part of the University of Texas
System. Additional information is avatlable at website:

hipe £/ www.nta edu /biology /. Applicants should

subnut curricolum vitas; copees of up to five publi-
cations, gaements of research and teachingg interests;
and names, e-mail addresses, and telephone numbers
of four persons who will provide letters of reference.
Send applicaions tee Dre. Thomas Chrzanowski,
Chair of Microbiclogy Search, Department of
Biology, University of Texas at Arlington, IO,
Box 19498, Arlington, TX 76019-0498. Elec
tronic submissions will not be accepred. Review of
complered applications will begin 5 November 2007,
and will continue until the pesition is filled.

Hiring will be ongngot on completion of @ safisfinmory
iminal backewemed e tigation for searniry s csifive posifions,

LT Aeliymon & an Equal Oppornniry £ Affimaive Aoion
Engrayer.
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IOWA STATE UNIVERSITY, Faculty Positions in Systems Biology

As part of a magor multi-vear undertaking, lowa State University invites apphcatons from outstandimg mterdisciplinary scientists for tenure-track lacully positions
in Systems Biology in several depanments. Providing a superb environment for innovative and integrative rescarch in Systems Biology, 15U offers state-of-the-an
facilines and programs in e bological and biophy sical scienees, omformatics, computational biology, and engmeering.

Genetics, Development and Cell Biology
I'he Department of Genetics, Development and Cell
Biology (https/fwww.edeb.iastate.eduw') invites
applications for a tenure-track Taculty position at the
level of Assistant Professor. We seck highly qualified
applicants from all backgrounds relevant w Systems
Biology. Specific areas of interest include, but are not
linmsted to; analyss of developmental, neural, meta-
bohbe ar regulatory networks, using experimental and
computational or modeling approaches. The suecessul
candidate wall be expected (o establish and mamtan a
vigorous, mdependent, extramurally Munded research
program, and o paricipate in undergraduate and grad-
uate weaching. Qualified candidases must have a PhoD.
orother wominal degree, and demonstrated potential
for excellence in rescarch and teaching, The Depan-
ment is sensitive to the nesds of dual-career applicants
and is commatted toincreasing diversaty within the uni-
versily community. To view entire vacancy #070886
and apply. create an electrome application ot hoip:d
www.iastatejobs.com, mcluding a curriculum vitae,
a summary of past and present rescarch and future
rescarch objectives, and a briel description of teach-
ing philosophy and goals. Applicants should arrange
for three leters of reference 10 be sent to: Systems
Biology Search Committee, lowa State University,
Depariment of Geneties, Developmeni and Cell
Biology, 1210 Molecular Biology Building, Ames,
LA SM0LT or o GIM Bsearchi iastateedu. To guar-
antee consideration the applications must be received
by December 1, 2007,

Electrical and Computer Engineering

The Electncaland Computer Engineenng Department
at lowa State University has immediate openings for
faculty positions at all levels. Applications wall be
accepied rom highly qualified individuals for regular
faculty positions in the depanment in all core arcas of
cxpertise i Electneal or Computer Engmneenng, We
are specifically mterested m highly qualified candidates
in the systems biology area,

Faculty positions are also available in lnterdisciplmary
research areas as part of lowa State Umiversity Cal-
lege of Engincering's aggressive massion o fill 30 new
colkege-wide positions with faculiy who possess the
talent 1o address he challenges that define worldwide
quality of Bfe and have global impact, The positions
are targeted in a number of interdisciplinary research
and education cluster arcas, includ mg biosciences and
enginecring

Duties for all positions will include undergraduate and
graduate education, developing and sustainmg cxter-
nally Funded research, graduate siudent supervision and
mentonng, and professonal/institutional service,

For sdditional informaton regarding gualifica-
tons and application deadlines, visit: hitp:
{www iastate jobs.com vacancy #OTO4TE.

To apply for cluster hire positions, visit htip:
{fwww.iastatejobs.com vacancy ROTOR40,

Physics and Astronomy

We seck candidates with the strongest eredentials and
promise of future accomplishments in a forefront area
of the physics of biological systems. The successful
applicant will be expected to interact with researchers
within the department as well as researchers in other
disciplines. Candidates whose mierests are in single
molecule studies, spectroscopy, diffraction methods,
and others are encouraged 1o apply. Candidates at the
assistant professor level must have a PhIY in Physics or
aclosely related discipline and a demonsirated necord
of research accomplishments normally achieved
through postdoctoral experience and publication of
results m wop-tiered journals. All condidates should
demonstrate promse for excellence i teaching at
both the undergraduate and graduate levels. Fur-
ther information about the Physics and Astronomy
Department and the Dife sciences programs at 150
are on the web at hitpafwww.physicsiastate.edu,
http: fwww.medb.iastate.edw’, and hitp://www.

hloinformatics.iastate.edu). Apphcants should senda

letter of application, a resume meluding a statement of
reseanch and teaching mterests, along with names and
contact informaton for at leasithree relerences. Please
armange [or these letters of recommendation o be sent
w: Physics of Biological Systems Search Committ ee,
c/o Ms. Gloria Oberender, Department of Physics
and Astronomy, lowa State University, Ames, lowa,
S0011-3160. L:-mail applcations will not be consid-
ered. To assure full consideration all applicanon mate-
nak should be recoved by Oxtober 31, 2007.

Applications from woren and aembers of under represeried gronps are strongly encowraged, Towa State Usiversity s an Egeal Opporiunibe Affirmative Acifon

Entplover:

Two Faculty Positions at
Colorado State University

The Department of Biochemistry and
Molecular Biology seeks applications for two
S-month tenure track faculty positions {one at
the Assistant Professor and the second at the
Assistant or Associate Professor level) with
expertise in biochemistry or in structural, cel-
lular, or molecular biology. Candidates with
research interests that synergize with existing
departmental strengths inchromatin streciure,
gene expression, infectious diseases, eytoskel-
cton dynamics or computational hiology or
that complement the University Superclu-
sters in infectious diseases, cancer biology
and bioengineering are strongly encouraged
to apply. Further information 15 available at
http :/'www.bmb.colostate.edu. Candidates
must have a Ph.D., postdoctoral experience
and the ahilities to sustain an independent
research program, to participate effectively
in undergraduate and graduate teaching, and
to enhance the department’s commitment to
diversity and multiculturalism through one’s
research, teaching and/or service activities.

Please submit curriculum vitae, statements
of research and teaching interests, and e-
miail addresses for three references on-line at:
http:/ i'www.natsci.colostate.cdu/searches/
binchem/. For full consideration, a complete
application must be received by November
16, 2007. Files of finalists will be available
to all faculty members for review,
CSU is EE(MAA Empiover; £.0.
CMftce: BN Student Services.

%

Postdoctoral Openings

In Computational Biology

IN CASE OF SUCCESS.

references 1o sgli®@sibs.ac.en,

YOUNG SCIENTISTS WANTED FOR HALZARDOUS WORK: SMALL WAGEDS,
BITTER COLD WINTERS, UNBEARABLY HOT SUMMERS, LONG MONTHS OF
COMPLETE IGNORANCE, OUTCOME DOUBTFUL, HONOR AND RECOGNITION

{Adapred from the ad “Men wanted for hazardous journey. Low wages, bitter cold,
long hours of complete darkness. Safe return doubtful. Honour and recognition
in event of success.” supposedly published by Sir Ernest Shackleton before setting out
with the Endurance on August [, 1914, cf. hup:/www.antarctic-circle.org/advert.him)

Postdoctoral positions are currently available at PICE (the CAS-MPG Partner Institute
for Computational Biology, Shanghai Institutes for Biological Sciences, Chinese Academy
of Sciences - please visit our website www.picd.ac.cn for details).

Qualified candidates are expected to having obtained a Ph.D. in a challenging scientific field
(from Mathematics and Computer Science to Physics and Biology), to easily read, write,
and communicate in the Chinese and the English language, to be good weam players in
scientific collaboration projects, and to be highly motivated and willing to fully dedicate
themselves to scientific research, to withstand the resulting frustrations, and to have the
courage to trust and follow their very own brains,

We offer the opportunity o become a member of a highly motivated team and to work with
us on exciting problems exploring the potential of computational methods in the life
sciences, ez for unraveling the patterns of human migration, the pathways of carly evolution,
or the dynamics and regulation of spatiotemporal distribution of proteins in cell,

CAS-standardized salary and housing benefits will be provided.

Applicants should send a CV and the names, (email) addresses and telephone numbers of two

For more information about application procedure, please contact our educational secretary
Shugin Li (Tel 021-5492-0453, email: sqli@sibs.ac.en).
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POSITIONS OPEN

TENURE-TRACK FACULTY POSITION
Genetics /Genomics
The University of Texas at Arlington

As part of its continuing cxpansion in the arcas of
genetics and genomies, the Depantment of Biology
invites applications for a new tenure-track position at
the rank of ASSISTANT PROFESSOR. Applica
tions at other ranks will also be consdered. Salaries
and startups are highly competitive.

We are interested in applicants whose research ad
dreses fundamental biologal processes and for evo-
lurinary guestions wsing genctic, genomic, and for
computational appmaches. There s no preference as
o the organisms under study and applicanes working
with either model or ronmodel species, including mi-
crobnal eukaryores and viewses, are encouraged o apply.
Applicants must have a Ph). and a demonstrated
record of rescarch productivity. Successtul candidates
will be expected to establish vigorous, extramurally
funded rescarch laboratories and participate in both
graduate and undergraduate programs. Participation
in the guantitative biology doctoral program is
expected.

Located in the Dallas /Fort Worth metropolitan
area, Universiey of Texas (UT) Ardingron is a large
and fast-growing, comprebensive university pare of
the University of Texas System. Informanion about
our dynamic genome biology moup ar UT Arlington
and the Deparument is available at websites: heep:
biology.uta.cdu/genome_group,/ and hip:

www.utiedu Biology /. Applicants should submi

curriculium vitee; copics of up to five publications; state-
ments of rescarch and teaching interestss and the names,
¢-mail addresses, and telephone mumbers of four per-
sons who can provide letters of reference. Send appli
caticens to: D, Esther Betrin, Chair of Genetics/
Genomics Search at Department of Biology,
University of Texas at Arlington, P, Box
L5498, Arlington, TX 76019-0498. Electronic
applications will not be accepted. Beview of com-
pleted applications will begin 5 Movember 2007,
and will continue wntil the position is filled.

Himee eoill b coveriongenst o plie completion of @ satigfactery
artinvinal bakirownd ineerigadion e Securiys aOnine o,

LT Arligron i an el Oypyprovtimeity /L fiematie Avetion
Enployer

POSTDOCTORAL POSITION

Two Postdoctoral positions funded by the Na-
vonal Insmtuees of Health are available, to study the
roles of insulin, nitrie oxide and protein tyrosine
phosphatases in regulation of vascular smooth
muscle cell signaling and necintima formation in
vascular injury. Our projects address important basie
scienee questions and also have relevance o cinical
problems. Experience in molecular biology or rat
surgery and a good command of the English
language are essental. Compentive salanes are
offered. Please send cumiculum vitae and the names
of three references to: Dr. Aviv Hassid, Depart-
ment of Physiology, University of Tennessee, 894
Union Avenue, Memphis, TN 38163, E-mail:
ahassid@tennessee.edu; fax: 901-448-7126.The

Ulnivwersity of Tewereesoe 0 an Bgoal Engrlopinent Chyporunitg/
Affimnative Amion Tile VISTide IX/Seevon S047ADAS
AREA hetitution v the provian of (6 education and
enplivpment programs amd senkcs

JIM LOWENSTEIN POSTDOCTORAL
BESEARCH FELLOWSHIP

Pestdoctoeal position available w soudy immune ne-
sponses to pulmonary infection with HHV-associated
pathogens at Lowisiana State University Health Sai-
ences Center. Must have 'hoD. or equivalent degroe,
ability to woek with experimental animals. Expericnee
in mphocyte function,/gene transfer preferned. Send
curriculum vitae and rescarch interests to: Dr. Judd
Shellito, Pulmonary Medicine, Louisiana State
University Health Sdence Center, 1901 Perdido,
Room 3205, Mew Orleans, LA 70112, An Equal

Ohpportaniity L Affeeatiee Amion EMrI.lllﬂ}-'l'r.
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POSITIONS OPEN

ASSISTANT PROFESSOR
Plant Molecular Genetics

The [h-;lmnmnu of Microbiology, Molecular
Biology and Biochemistry at the University of Idaho
secks to fill an academic vear tenure-track position
beginmng as carly as summer 2008, The successful
candidate must be capable of establishing a nabion
ally competitive research program in plant molecular
biology or plant genetics. We are particularly in-
terested in persons ising advanced molecular and
menetic techniques to study important basic plant
bicslogical guestions in arcas such as disease resistance,
improved nuirinonal quality or bioenergye production.
Successful candidates for this position must demaon-
sirate the ability w commumicate effectively and will
be pesponsible for teaching an annual ore-semester
lower-division class in molecular biology and bio-
technology, and a course in his,/her arca of expertise.
Applicants must have a Ph.D?. in molecular biology,
biochemastry, genetics or an appropriately relaved
fleld, and postdoctoral experience with a strong pub
lication record or comparable trining or expericnoe
i industry or a research insttuee. Teaching exper
ence at the undergraduate and for gradvate level is
required. Candidates should complete the online ap-
plication at website: heep:// www.hr. uidaho. edu.
This will include submssion of a Tetter of applica-
vicwm, curmiculum vitae, statements of rescarch inter-
ests and waching philosophy, and copies of significant
publications, Documents that cannot be submitved
online are w0 be sent tos

Mlant Molecular Geneties Search Commitiee

Department of Microbiology,
Molecular Biology, and Biochemistry
University of Idaho
PO, Box 443052, Life Science Building, Room 142
Moscow, 1D B3844-3052

Review of applications begins Degember 15, 2007,
and continues until the position & filled. Applicants
who are selected as final candidares will be asked w
provide theee letters of reference from individuals
addressing research potential, teaching, and commu-
nication skills. More information about the Depart-

ment can be found at website: heep: /S www,
ag.uidaho.edu,/mmbb /.

To ewvich ofncetion deogh divesicy the Clnisarsity of
Tdalro & an Affemmative Aafon/Equal Opporasity Employer
atind edugariomal insribiton.

ECOLOGIST

The Section of Integrabive Biology of the Univer-
sity of Texas at Austin seeks to hire an Ecologist at
the ASSISTANT PROFESSOR level to begn Sep-
tember 2008, The successful applicant will join a
strong Program in Ecology, Evolution, and Behavior
(website: hetp:// www.biosci.utexas.edu/ib) and
will have the oppormnity to interact with programs
in the Environmental Science Institute (website:
hitep:/ Swww.esiutexas.edu /). We are searching for

an_organismal-Dased Feosvstem Eeologist, While we
will consider a broad range of research areas, we are
particularly interested in rescarch ar the incerface of
ecomyatem coology and plant plhysiology. A PhoD.
required in biological sciences or relaved arcas and
postdoctoral expenience s preferred. Teachng duties
will include an undergraduate course in ecology and
a graduate course in the candidate’s area of interest.
Applicants should send curriculum vitae, brief stage-
ments of research and teaching nterests, up to five
reprints/preprints, and arrange for three letwers of
recommendation. Applicaton materials should be
sent as a single PIYF file (inchoding oover letter, cur-
riculum vitae, stitements, and reprints,/preprints) w
c-mail: franccsm@mail.utexas.cdu. Letters of rec
ommendation should be sent by regular mail o
Ecology Search, Integrative Biology, 1 University
Station CO930, Austin, TX 7EVLZ, Revew of ap-
plheations will begin 1 November 2007, For more
detailed information see website: hop://wow.
biosd. utexas.edufjobs /. UTolsnre & an Egpal En-

ployemenr Opporminity CAfrmative Adion Englo per.

POSITIONS OPEN
BIOLOGY DEPARTMENT
Plant Ecology

The Biology Deparunent at St Lawrence Univer-
by invites applications for a one-vear sabbatical re-
Macement in plant ceology starting fall 2008 as a
VISITING ASSISTANT PROFESSOR. A I'h.D.
and previous teaching expenence is preferred. We
especially welcome applications from candidates who
brng diverse caltural and ethnic perspectives o the
Ulniversity.

In support of our majors i biology, conservation
biclogy, biology-cnvironmental studies, and global
studies, preference will be gven o candidates whao
can contribute courses in their arca of specialty as well
as help to teach the coology or bindiversity portions of
ourr introductory biology course,

Interested candidates should submiv a letter of
application, curriculum vitae, a statement of teaching
expericnce and philosophy (inclading the use of in-
mowative and progressive pedagogies), and a stave-
ment of rescarch incerests, as well a5 arrange for
three letters of recommendanon o be forwarded
tr: Dr. Michael Temkin, Biology Department, St
Lawrence University, 23 Romoda Drive, Canton,
NY 13617, Revew of applications will begin on
Ocrober 19, 2007 ; applications received after this dare
will be reviewed as needed.

Mease see the University homepage ar website:
heep:/ /S www.stlhiwwedu and the Biology Depart-
ment homepage at website: htep: /St stlawn.cdu /
~biology for more information.

ASSISTANT /ASSOCIATE PROFESSOR
The Ohio State University
College of Medicine Division of
Cardiothoracic Surgery

The Dhvision of Cardiothoracic Surgery in the
Deparument of Surgery at the Ohio Swae University
College of Medicine seeks a qualificd candidare for a
wnure-track faculty member at the Assistant/Asso
aate Professor kevel. Salary and academic rank wall be
based on expenence and qualifications. The candi
date must have a Ph.D /MDD degree and should
have three or more vears of postdoctoral experience.
Candidates with currently funded NIH extramural
grant(s} are preferred. The incumbent is expected to
have an mdependent research program and will be
responsible for overall development of a candiothoracic
research program with a strong orientation towards
biomedical engineering,

Candidates with research interest and ongoing
programs on blood vessel development, heart re-
modeling, biomatenals, assise devices, and tesue en-
@necring may apply with a copy of resume and a brief
deseription of rescarch interest to: Benjamin Sun,
M.D., Chief of OQOhio State University Cardio-
thoracic Surgery, N-847 Doan Hall, 410'W. 10th
Avenue, Columbus, OH 43210, TTe Qo Srare [Uni-
PS5 an {;'.Ilm.' Clpportnry/ Affeenrative Ao .H'.'le.rﬂ]'l'r.
Califiond evwnien, arimovinies, Fliensn-ond vereue, disablad v
ovansg, dewd (odiernduals sevely disebilines ane enconraged 1o apply.

SMITHSONIAN INSTITUTION
FELLOWSHIF PROGRAM

GRADUATE STUDENT, PREDOCTORAL,
POSTDOCTORAL, and SENIOR FELLOW-
SHIPS in animal behavior, ecology, and environ-
mental scicrce; including an emphass on the tropics;
Earth sciences and paleobiology; evolutionary and
systematic biology; history of scence and technolo-
gv. Tenable in residence at the Smithsonian facli-
tics. Stipends and woure vary, Awards are contingent
upon the availability of funds. Deadline: January 15
annually. Contact: Office of Rescarch Training and
Services, Smithsonian Institution, Desk S, P.O.
Box 37012, L'Enfant 7102 MRC 902, Washing-
ton, DC 20013-7012, Telephone: 202-633-7070,

E-mail: :i.uf%si.ﬂlu. Website: http: £/ www.siedu,/
nes +5tudy. A Lgual Oppovtmity !:'mp.'u'rw.
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Two tenure-track positions
in Parasitology at McGill

The Institute of Parasitology at MeCall University (hotp:/www, mte,'tll cil
parasitology/) intends to Al two full-time tenure-track positions. (1) Full
or Associate Professor with an uuls.umdmt. recond of publication, research
support and graduate student training in parasitelogy, The candidate will be
nominated for a Tier [ Canada Research Chair (hitp:/fwww.chairs.ge.ca).
The ability 1o work in the intemational arena is an advantage. (2) Assistant
Professor with postdoctoral experience and a strong publication recond in
parasitology, A background i a water-related parasite infection 15 desired
for one of these positions. One appointment is planned in the area of parasite
immunclogy, while strong candidates i any aspect of parasitology will be
considered for the other. Previous success in attracting extramural research
funding is imporant. The appointees will hold a Ph.0) or equivalent degree in
anappropriate figld and will employ molecular research techniques, Recruits
will join the FORMT Centre for Host-Parasite Internctions in Quebee (hitg:
Swww.megillea/chpif). The new faculty will contribute expemse w the
Instimste’s graduate training programs in parasitelogy and bictechnology, and
in specialty and interdisciplinary courses more generally. MeGill University
15 an English language institution functicning in a bilingual environment.

Candidates should forward a CV, o summary of research plans and the names
of three referees by 23 November 2007 to: Prof, Timothy G, Geary, Direc-
tor, Institute of Parasitology, McGill University, 21,111 Lakeshore Road,
Ste-Anne-de-Bellevue, Quebec, Canada HIX 3V9. E-mail: timothy.z.
gearyfmmegill.ca, Phone: 514-398-7612. Fax: 514-398-7857,

MeGill Untiversine is commitied fo equity i engployvment and diversing i
welcomes applications from indigenos peoples, vivitle minoritics, ethnic
o rities, persoms with disabilities, women, persons of minority sexual
owrientations and geder idemiities and otfers who may contribute o
frorther diversification. Al gualified appdicants are encouraged to apply;
however: i accordaroe with Conoaian fowmigrotion regairetments, pioriny
will bre given to Camaglian citizens and permanent residenss of Conagda,

Canter for Sclence
and Technology
Peley Research

FACULTY POSITION / CENTER DIRECTOR

Science and Technology Policy Research
CIRES, University of Colorado at Boulder

The University of Colorado at Boulder seeks to hire a Faculty Director
far the Canter for Science and Technology Policy Research of tha
Cooperative Institute for Research in Environmental Sciences.
Applicants must have demonstrated achievement in science and
tachnology policy research. This position allows substantial fime for
rasearch as well as leadership and administrative sarvice as Centar
Director. The successful candidate must have an established interest
in interdisciplinary research and teaching, and must be willing to
contribute to both undergraduate and graduate teaching related to
scwence and technology policy. The position will carry tenure within an
academic depariment to be mulually decided upon by the candidate
and department. Possibilities include Geography, Political Science,
Environmental Studies, Communications, and numerous others.

Requirments: PhD in a field relevant to science and technology
policy, a damonstrated record of excellence in extramurally supported
research, and a commitment to teaching at the undergraduate and
graduate levels.

To apply: Applicants should send a letter of application, curriculum
vitae, a statemant on teaching experience, and three nameas to be
used for letters of reference to htp'www jobsatcu.com, job posting
number BO2370. Questions can be directed to CIRES Human

Resources (Jobs@CIRES, Colorado.adu).
Review of applications will bagin November 15, 2007 and continua

until the position is filed. For more information about the CIRES
Center for Science and Technology Policy Research see

hitp://sciancapolicy.colorado.adu.

Tha Unieraiy of Cokmdo af Boulger i commitied in dwarsty and @ uaity n aducatian and @ mpkymant

TEXAS A&M UNIVERSITY
Assistant/Associate/Full
Professors in Plant Biology
{up to 4)

The College of Agriculre and Life Sciences (hitp:/coals.tamu.edw’)
al Texas A&M University and the Texas Agnculural Experiment
Station (TAES) (http:Yagresearch.tamwedw’) invite applications for
up to four enure or tenure-track faculty positions, Candidates at any
professional level (Assistant Professor, Associate Professor, or
Professor) will be considered. The successful applicants will be
administratively located in one of four academic departments (see
below) and be housed at the Institwte for Plant Genomics &
Biotechnology (1PGB), an innovative, multidisciplinary siate-of-ihe-an
plant science facility (hitp:/fipgh.tamuwedw’) that connects plam
scientists from different academic depariments whose common focws is
contemporary plant biology and its applications 1o biolechnology. We
are searching for creative, ambitous and dedicaed scientists who have
potential for collaboration with other members of the Institute and the
plant science community at Texas A&M University.

Although the following four areas represent major foci Tor these

positions, candidates with exceptional publication records in any

area in plamt molecular biosciences are encouraged to apply.

Appointments will be at the appropriate academic levels with

competitive star-up packages.

Particular areas of research and teaching emphasis include, but are

not limited to:

1. Plant Redox Biochemistry - Abiotic stress. plant-microbe
interactions, programmed cell death, redox signaling and
bicenergy.

2. Plant Metabolism/Metabolic Engineering - Metabolic
profiling, bioprocessing, producton of novel compounds,
improved guality or yield of plant products or other value-added
traits.

3. Plant Molecular Genetics - Plant-microbe interactions, plant
stress responses, plant programmed cell death, lipid signaling,
plant biotechnology, and plant bioproduction.

4. Bivinformatics/'Computational Biology - Structural proteomics,
comparative genomics, chemical genomics and systems biology.
The successful candidate will develop state-of-the-ant research
with  interactive doda analysis  and  interpretation  using
mathematical and statistical models in plant systems.

The newly-hired Taculty will be admimstratively located in and be

members of one of the following academic depaniments, based on

their area of expertise:

Biochemistry/biophysics (hitp:/biocchemistry.tamuo.edu/)
Horticultural Science (http:/faggie-horticulture.tamu.ed w/)
Plant Pathology and Microbiology
{http://plantpathology.tamu.edu/)
and/or Soil and Crop Sciences (hitp:oilcrop. tamuo.edw)

Successful candidates will be expected to develop a dynamic,
extramurally funded research program and to participate in teaching
eraduate andior undergraduate courses in areas of contemporary plant
hiology related o their expertise, The establishment of formal links
and collaborations with faculty in other TAES and COALS units is
encouraged and expected. Applicants must hold a Ph.D. with
postdoctoral or equivalent experience in an area related w those
emphasized above, A demonstrated record of research and peer-
reviewed publication is required. Application deadline is December
15, 2007, Interested individuals shoald send: (1) a curriculum vitae,
i2) a 2-page statement of research and teaching inerests related w
one or more of the four emphasis arcas listed previously and (3)
names of three references. Application should be made on-line at:
https: fgreatjobs.tamwedw’ Additonal information can be obtained
from: Marty Dickman, Director, IPGB and Chair, Search
Commit tee, Texas A&M University, 2123 TAMU College Station,
TX 77843-2123, mbdickman@ tamwedu, Phone: (979) 862-4788,
Fax: (979) B62-4700,

The Texas AGM Universite Svsrem is an
equal opportunin emplover that
seeks diversite in the workplace.
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POSITIONS OPEN

ASSISTANT and for ASSOCIATE PROFESSOR of
HUMAN GENETICS

The Department of Human Geneties at the Uni-
versity of Utah School of Medicine is continuing a
new mapor expansion, recruiing three new nves
tigators over the next three vears to build upon
exsting stremzths in human genetes and develop
mental hiology.

We are secking outstanding applicants at the level
of ASSISTANT and/or ASSOCIATE PROFES-
SOR in the broad fields of genetics and functional
grnomics, including bur not limited to human ge-
netics, penetic approaches o complex disease, pop-
ulation genctics, behavioral gencrics, regencrative
medicine, developmental genetics, and animal maodels
of human discase and development. Our Depart-
ment has a strong history in human genetics and re-
sources, such as the Utah Population Da Base, that
are unigue in the world, These resources have ereated a
highly productive and collaborative environment be
tween rescachers, chimcans, and the commumty.

Creatve scientists with a record of achievement and
commitment o excellknee in both research and teach-
ing are encouraged to apple. Svccessful candidates
will receive a substantal starmup package and enjoy a
stimulating amd supportive rescarch environment.

Applicants should submit comoulum vige, a sum-
mary of research plans, relevant reprints and for pre-
prints, and three lewers of reference to:

Dr. Mario R. Capecchi
Co-Chair, Department of Human Genetics
Howard Hughes Medical Institute
University of Utah School of Medicine
15 Morth 2030 East, Room 2130
Salt Lake City, UT B4112-5330

Application marerials, induding leters of refer-
ence, should be submitted by November 9, 2007,

The Universiry of Uvale és an Egnal Opporteiry /A ffeenia-
tiew Aceion Employer, enconrages aomnnaiions amd applications

frown mnen @eed mreeonities, arsd provides wasowalle aaommno-

daion 1o the kuowen dizaln bries of applicants aed engplopees

FACULTY POSITION in MATERIALS
CHEMISTRY
University of California, Lrvine

The Department of Chemistry of the University
of California, Irvine, 1s establishing a new Area of
Excellence in Materials Chemistry with the addition
of multiple faculty positions over the next three vears.
We thus invite applications for a tenure-track posi-
tiomn at the ASSISTANT PROFESSOR. level i ma-
terials chemistry, We ane secking a Ph.D -level soientist
who will establish a vigorous research program whiose
central aim is in the design and syathesis of maenals
and the characerzation of their propertics. The can-
didares should also be committed to wach chemistry
at the undergraduate and graduate levels. Applicants
should send their currculum vitae, a list of publi-
cations, and a deseription of their proposed research
program, to the: Materials Search Committee, De-
partment of Chemistry, University of California,
Irvine, CA 92697 -2025. Applicatons may also be
submitted electronically via the web ar website:
https: / Srecruitap.uci.edu /. Web applications should
clude a ocover letter and the information requested
abowve. Applicants should also arrange to have three
lewers of recommendation submitted on their be-
half, To inswre full consideration, applications and
supponting materials should be received by Novem-
ber 15, 2007, The Ulniversity of Calfomeia é an Fpnal Op-
portnity /A ffiematioe Adon Eniploper ammittal o cceloe
thronple diversicy, and UCT has an ADVANCE program did-
icated b0 gender and ctliic equity.

The Divigon of Publc Health Saences of the Fred
Hinchinson Cancer Research Center invites appli-
cations from laboramory-baswed scientists with an inter-
et in molecular diagnoatics, incduding but not limited
o ampects {:lf}'rcdirtin: medicmne, early detection, diag
nosis, treatment response, and risk assessment.

Further information is avalable ar websive: h;Eff

www. thereorg/about fobs/ and selecting job post
g identfication -2ITE05.
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POSITIONS OPEN
EMPLOYMENT NOTICE: COMPOSITE

The Department of Microbiology and Moleoular
Biology at Brigham Young University announces the
availability of three continuing status track FACUL-
TY POSITIONS. Review of applications will begin
December 14, 2007, and conunue unnl cach posi
tiot 18 fillled. For these posiions, apphcants should
have a doctoral degree and postdoctoral research
expenence, and must demonstrate a high potential
for establishment of an externally funded research
program. Successful candidates must demonstrate a
strong teaching capability ar both undergraduare
and praduate levels, and are expected to mentor
both graduare and undergraduare studenes.

i1} Virology. The successful candidate is expected
to develop a strong teaching capabilivy in virology
covering classical and molecular animal virology, Can-
didates must have a research emphasis in animal
virobogy and demonstrate facliy with current lab-
ortory and conceptual tools. (2) Molecular all bi-
ology. The suceesstul candidate is expected o develop
a strong teaching capability in molecular and el
lular biclogy. Candidawes should have a research
emphasis in an area of cell biology relating to eu
karyotie or prokanotc microorganisms or viruses
and demonstrate fadlity with current methodology.
(31 Prokarvouc biology. The successful candidane 15
expected m develop a strong waching capability in
prokarvotic biology, Candidates must have a research
emphass in a prokaryotic model and  demonsteate
facility with curremt methodolossy,

Applicams must apply online at websive: heep://
ﬂ'ul:rrliﬁ,odu 1|1r:1i|k|;h faculyy application; attac
curriculum vitae, and one-page statements of Teach-
ing Philosophy and Besearch Interests and Goals.
For further mformanon, contact: D, Brent Johnson,
Chair, Search Committee, Department of Mioo-
biodogy and Molecular Biology, Brigham Young
Universi UT 84602 U.5.A. (Tdephone:
B01-422-2331. E-mail: brent_johnson@byo.edu.)
Additional departmental information s available at
website: hoep:/ /mmbio. byu.edu. BY17 i an FEjual
Engilaprent Opporinty  Emgloyer,  Prferende @2 given fo
qualified membes o good suoding of e sporizorfony dinnds,
the Ol of Jess Cliagt of Lattes-day Sanrs,

FACULTY POSITION
Optical Spectroscopy

The Department of Chemistry and Biochemistry
(website: http:// chenustryv.uark.edu) ar the Um
versity of Arkansas s secking an outstanding scientist
for a venure-track faculty position in the broadly de-
fined field of modem optical spectroscopy, including
single-molecule spectroscopy, optical mapping, and Sor
big-spectroscopy. As the posinon s also associated
with the NIH MNational Center for Rescarch Re-
sources Center for Protein Siruciure and Function,
there are opportunitics for collaboration with the
other researchers in the Center, In addivon, collab-
orative and multidisciplinary research in computa-
tional chemistry, nanomaterals, and bio-analyss are
strongly encouraged. The Department and the Center
have state-of-the-art core facilites in nuclear mag-
nete resonance spectroscopy, protein and small mol
ecule Xeray crvstallography, mass spectrometry, and
syntheds. The successful cindidave must have a PhID.
and will be expected to establish a nationally recog
nized research program, and teach effectively at the
graduate and undergradoare levels. Beview of com-
pleved applications will begin on November 15, 2007,
and will continue until the positon is illed, Curniculom
vitag, a five-page smrement of research and waching,
and three letters of recommendaion should be sent to:
Professor Xiaogang Peng, Faculty Scarch Commit-
tee, Department of Chemistey and Biochemistry,
University of Arkansas, Favetteville, AR 72701
{e-mail: xpeng@uark.edu). This position will be filled
based on administrative approval. Women awd minority
cundidates ane strongly encomraged s apply. The Univesity of
Ak i an Affinnative Actions Egeal Oppostnity Ene-
pPloyer. Al applicants are sulject to prblic disdvune imder the
Arsas Freadon of lnformation Aa, aed porsoes Iied minst
Tawe proof of legal aitlority to swork in the United Stare.

POSITIONS OPEN
TENURE-TRACK ASSISTANT PROFESSOR
Microbiology

The Department of Biological Seiences ar Bamard
College, Columbna University, secks a full time, tenure-
track Assistant Professor (starting July 2008 to par-
ticipate in undergraduate waching and establish an
active, extemally funded rescanch program that inves
tigrates any aspect of the biology of microbes. Before
applvimg, please see website: http: /. www.barnard.
edubiclogy /microjob. htm.

Teachng responsibilities mclude advanced lecture
and hiboratory courses in microbial diversity, occa-
sional participation in the introductory biology se-
quence, and organization of 4 senior seminar in an
area of interest to the successiul candidate, Ph.D. and
postdoctoral expericnce is required; waching experi-
ence is desirable,

Applicants should send curriculum vite, research and
eaching statements, three representative publications
and three letters of recommendation to: Micro-
biology Scarch Committee, Department of Bio-
logical Sciences, Barnard e, 3009 Broadway,
New York, NY 10027 (e-mail:biclogsyvjob@bamard.

edu). Beview of applications will begin November 1,
007

Banrard Callepe 15 air Exqmal Opparsenity Enployer. o
el mewnbers of undemgpavsenred piisovities are ewowvaged o

dpynly,

ASSISTANT PROFESSOR, TENURE TRACK.
The Department of Zoology at Oklaboma St

University {website: It%:{{zmlgﬂ.nksuw.du}
invites applications for a QUANTITATIVE L-

OGIST with rescarch interests in ecological pro-
coesses and patterns at multiple spatial and temporal
scales (population,/community to regional Aglabal )
amd expertise in analvtical or simulaton modeing
approaches. Candidawes are expected to have a PhoD.
and postdoctoral research experience; responsibilities
will indude establshing a vigorons, extramurally finded
research program, successfully mentoring M5, and
Ph.D3, students, and effectively teaching ar the un-
dergraduate and gradoate level, including a graduate
course in biological saastcs and Aor modeling, Can-
didates should submit (preferably by e-mail | a lemer
of application, curmailum vitae, staements of rescarch
and teaching interests, three letters of recommenda-
tiom (semt directly by the candidare’s references), and
up o three sample publicaions w: De. Maet Lovern
{e-mail: matt.lovern®@okstate.cdu ), Chair, Faculty
Search Committee, Department of Zoology, Okla-
homa State University, 430 Life Sciences West,
Stllwater, OK 74078, Apphcanon revew wall begm
I Movember 2007, with emplovment beginning in
Augrust 2008, Women amd  minosities are strangly ar-
anraged @0 appely. Cllaboma Stare Universicy is an Eguoal
Opparnawrity (Affimadve Adtion Bwployer.

The American Chemistry Council (ACC), a
national trade association representing the wordd’s
leading chemical and plastics manufacrers, our-
rently bas an opportunit for a DIRECTOR within
our Long-Range Research Initative (LRI} Depart-
ment in the Washington, DX metro area. This
position directs the research management ]I'-rl.w:m
for the LRI, addisonally providing che focal point
foor the chemical risk assessment health effects com-
ponent of the research program. The LELis 2 major
program of the ACC that sponsors an independent
research program (517 mullion in 2007} thar ad-
vances the scence of rsk assessment of the health
effects of chemicals to enhance decsion making by
mwvernment, industry, and the public. The primary
dutics are to (1) serve as the kead for several Request-
fir-Proposal (RA°) Teams, which develop and imple-
pent RiPs via a competitive process; (2} periorm
senior-level administrative functions related o esour-
ces andd research contracts; and (3) provide owreach
and communication about the program. To learn
nunimum qualifications, more detals abow the posi-
tion, and application instructons, visit our website:
heep: /S www.americanchemistry.com fjobs. To

learn more about the LRI, please wisit website:
htep: /S www.americanchemsitry.com//lei. ACC
offes a salary commensurate with expenience and
excellent benefies,
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Postdoctoral Research Associate
Computational Biology of
Mucleosomes and Transcription Factors

For computational analyses and prediction of
nucleosome positioning, transenption factor bind-
ing and other aspects of tmnsenptional regulation,
1 Postdoctoral Research Associate position 15
available at the Beadle Center for Biotechno -
ogy al the University of Nebraska-Lincoln.
scienists proficient n computation would par-
ticapate in a multidisciplinary Team working on
a kigh-throughput chromatin immunoprecipita-
aom l.l]'ll.l. I‘Il..'ll-gi.‘l'll.:flﬂ.lﬂl'l Si.‘i.]uﬂ.‘ﬂl.!jl!g Ffﬂ_“.‘l..‘[
sponsored by the N5F, The candidate would
reline computational models of nucleosome
locahizanion, analyze experimentally determaned
iranscripiion facior binding sites, and contribute
to the development of network models of tran-
seriptional regulation, Rescarchers with Ph.DD,
in hisinformatics, biology, computer science,
statistics, mathematics, or physics are encour-
aged to apply. Basie understanding of molecular
biology 15 necessary. Additonal information can
be found at hitp: Ycomphie.unl.edo/.

Please send your cov. and contact mfomuation of
three references o D, Istvan (Steve) Ladunga
ot sladungai unl.edu. Beview of applications
will begin November 1, 2007, and continue
until the position is filled or closed. UNML ofTers
highly compettive sakanes, generous benefits, and
interaction with the UNL scientific community,

LUNL ix commitied lo a plaralistic campas conr-
mnmity throngsh afffmative action and equal
apporinit. We assire reazonable acconmrode-
fioer ancer the Americans with Dizabilities Acr.
Please contact Barbara Grirk ar (402) 47 2-

2635 or hynivk ! @anl edy for axsistance.

TENURE-TRACK FACULTY POSITIONS
Department of Molecular Genetics

OHIO
S_D{[E College of Biological Sciences
UNIVERSITY The Ohio State University

The Molecular Genetics Department at The Ohio State University invites applications for two full-
time, open rank tenure-track positions. Preference will be given to candidates employing model
genetic systems with research programs in Developmental Biology or Genome Sciences, The suc-
cesshul candidates will be expected to have ontstanding novel research programs and commaitment
to education at the undergraduate and graduate levels.

The Department of Molecular Genetics is a vigorous and highly interactive department that plays a
central role in the molecular life sciences on campus, The department consists of faculty members
studyving imporiant problems in molecular, cellular, and developmental biology vsang a vanety
of model organisms including plant and animal viruses, fungi, plants, worms, insects, mice and
humans. Departmental faculty members participate in numerous campus-wide collaborations and
focus groups such as the Cell Biology Group. the Developmental Genetics Group, and the RN A group
{ hittpifwww. biosci.ohio-state.cdu/~rnaclub’). College of Biological Sciences faculty members
may also participate in three university-wide programs chosen for Targeted Investment in Excel-
lence (http:/foaa.osuedw TIELphp): the Mathematical Biosciences Institute, the Public Health
Preparedness Program, and the Translational Plant Sciences Initiative, Considerable resources are
being provided to the new chair of the department, Dr. Anita Hopper (httpz/www.biosci.ohio-
state.cdu/news/news-ahopper-chair.php). to further enhance this excellent department. The Ohio
state University s the flagship mstitution of the state’s higher education svstem, 1t s located in the
state capital, Columbus. Columbus has been ranked as one of the country’s best places to live and
work. [nformation about the Department, the University and Columbus can be obtained at: http:
fwwwaosumolgen.org/,

Applicants should submit a curriculum vitae, a brief description of research interests and future
directions, and the names and contact information for at least three professional references. Submit
electronic applications to: siegman.lf@ osu.edu or paper applications to: Molecular Geneties
Faculty Search Committees, Department of Molecular Genetics, 984 Bioscience Building,
484 West 12" Avenue, Ohio State University, Columbus, OH 43210, Review of applications
will begin November 1, 2007 and will continue until the positions are filled

The (o State University is an Egual Opporimity, Affirmative Action Emplover:
Flexible work options availabfe.

ot e

d}) COLUMBIA UNIVERSITY 04 City University

—— N THE CITY OF NEW YORE

Neuroscience Faculty Recruitment

The Depariment of Newrosclence at Columbia University Medical Center,
as part of a University-wide Newroscience Initiative, is pecruiting faculty
concentrating on the analysis of neural circuitry through molecular,
penctic, cellular electrophysiological, andfor imaging approaches, We are
particularly interested in individvals whose research program explores
neural circuits in genetically tractable model svstems and in the context of
well-defined behaviors. We encourage applications for positions al the
Assistant Professor level but will also consider applications from more
senior investigatars for positions at the level of Associate or Full Professor.
Columbia University currently has a world-renowned program in newrohi-
alogy and behavior, and the Neuroscience Initiative aims to enhance
imeractions between basic and clinical nevrosciences and link the
neurosciences Lo other scientific disciplines within the University, Faculty
will be affilisted with the Department of Neuroscience, and theee will be
opportunities for strong ties with scientific departments and programs on
the Morningside Heights campus,

Applications for this round of recruitment are requested by November 1,
2007, A CF, cover letter inchiding statement of interests, and three
letters of reference sent separaiely should be e-mailed care of David
Levden, dgl210 2@ columbiacdu. In addition, please mail a hard copy of
these documents o

Chair, Neuroscience Search Committee
cfo: David Leyden
Columbia University
Hammer Health Sciences Center
Room 2-2056G
T01 West 168th Street
New York, NY 10032

Columbia University takes affirmative sction 1o ensore equal emplovmes opporiaiy

City University of Hong Kong invites applications for the following posts,
Candidates with applied research achievements will receive very positive
consideration. Relevant exparience in business and industry will be a definite
assal.

Professor/Associate Professor/Assistant Professor
Department of Physics and Materials Science [rer. Ars04/.49]

Applications are inviled from oulstanding candidates for Assistant Professor
and higher pesitions. The University endeavours to be internationally
recognized as a leading university in the Asia-Pacific region. The Department
of Physics and Materials Science was formed in 1993 as the first of its kind
in Hong Kong, and already excels in several fields.

The Department seeks strong candidates in emerging fields that strengthen
and expand its existing areas of focus. Particulary strong candidates are
welcome in any field.

Requirements: A PhD in a clnsal;,- related discipline with a promising
research record and a sirong leaching ability. The successful candidates
are expected to develop new research directions and courses,

Salary and Conditions of Service

Salary offered will be highly competitive and commensurate with
qualifications and experience. Appointment will be on a fixed-term gratuiby-
bearing contract. Fringe benelils include annual leave, medical and dantal
schemes, and housing benefits where applicable,

Application and Information
Information concerning the posts and the University is available at
hitpefwwaw. cityu.edu hk or from the Human Resources Office, City Universi

of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong [Fax : (852) 27
1154 or (B52) 2788 9334/email . hrojob@@cityu.edu.hk]. Additional information
about the Department is available at hilp ‘'www.ap cityu.edu.hk/. Please send
an application letter enclosing i) a curent CV with evidence of teaching
ability in English; i) a concise (up o 1 page) slatement of resaarch inlerests
and teaching philosophy to the Human Resources Office by email or by
post. Applications will be considered until positions are filled. Please
quote the reference of the post in the application and on the envelopa. The
University reserves Lhe righl lo consider lale applications and nominations,
and to fill or not to fill the positions.
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POSITIONS OPEN
PHYSIOLOGIST POSITION
ANMNOUNCEMENT

The Department of Biological Sciences invites ap-
plications for a tenure-track faculty position for fall
2008, ASSISTANT PROFESSOR, M 1. Physiolo-
gist with a background in mammals and for compara
twve brobopy. Undergraduate teaching and postdoctoral
experience i desirable. Pamary teaching responsibil
ities will include anatomy and phvsiology, mammal-
opy, and upper-division courses in area of expentise.
Preference will be gven to candidates with research
interests in arcas related to human healch issues. The
successful candidate is expecred to participate in ac-
wvities of the Center for Integranve Natural Science
and Mathemancs (website: hitp:/ Swww.nku.edu /
~gnsam,S )y and w engage undergraduate students
i active research, More detailed descriprions of
the position plus departmental information may be
found on the web (website: hitp:/ Swww.nku.edu/
~biosi). Send letver of application; brief statement
of professional goals; starements of teaching Aresearch
phulosophy; curniculum vitae; transcripes; and names,
addresses, telephone numbers, and comail addresses
of three references too Physiologist Search Commit-
tee; Department of Biological Scences, Northem
Kentucky University, Highland Heights, KY 41099,
All application materials must be received by No-
vember 16, 2007, XK s a copproleri o el e
;anmfr avienred  enele e advaneennere -I; vl I'|~||'..Idl|'hll'|.":’
MNEU & alio am Afirmsative cbetion/ Bgodd Opportinnty Him-
ploger wed aatively socks applicanons frowe sinortie ad womem
Uponr o ot offr of omployent all applicans will be
regried o sendeo @ pre-emphepanent avminal backymosmd daed
as muadrted by stade lae,

FACULTY POSITION in NEUROSCIENCE
University of Florida

The Whitney Laboratory for Marine Bioscience,
a research institute of the University of Florida, is
searching to fill a hard-money, enune-aconing position
at the ASSISTANT or ASSOCIATE PROFESSOR
level for a creative, innovative individual using oom
parative models o address fundamental guestions in
neuroscience.  Exceprional candidates in all fields of
neuriscience who would interface with and extend
ongoing research programs in molecular, genomic,
proveomic, cellular, and integrative neuroscicnce
are encouraged o apply. More information is avail-
able at website: heep:/ Swwwowhitmev.oufl.edu/
facultysearch.hem. The itney Laboratony offers
state-of-the-art research facilities, competitive start-
up packages, a collegial working cnvironment, and
the possibility of devoting almest full time to e
search, giving faculty a special opportunity to begin
or advance their carcers, Applicants should submit
current curriculum vitae, a statement of research
interest, and three letvers of recommendation by
December 15, 2007, wo: Dr. Barry Ache, Chair,
Faculty Search Committes, P.O. Box 100127,
University of Forida, Gainesville FL 32610.

POSTDOCTORAL POSITION available at Um
versity of Texas Medical Branch, Galveston, Texas.
A Foundaton Fighting Blindness- funded Posedocroral
position is avallable immediately w rest new nano
medwines for the eimnation of the age pigment,
lipofuiscin, in the wearment of age-related macular
degeneration using both i vitro and in vivo models.
The applicant should have a strong background in
epithelial biology, cell culture, biochemistry, and flu-
orescence imaging, Expenence in working with mouse
mowdels would be an advantage, Experience with cell
culture and protein analvsis 15 essential, A Ph.DD,
andor an MDY, is required. Salary and benefits will
be commensurate with cxpericnce and in accordance
with Foundation Fighting Blindness  guidelines.
Interested individuals should send a cover letrer,
curriculum vite, and contact information for three
references w: Michael E. Boulton, Department of
Ophdhalmology and Visual Sciences, 301 Univer-
sity Boulevard, Galveston, TX 77555-1106. E-mail:
meboul w@utmb.edu, Ay Egnal Oppocnmicy Instition.
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POSITIONS OPEN

BIOLOGY FACULTY POSITIONS

The Biology Department invites applications for
two new full -time, tennre-track positions ae the AS-
SISTANT PROFESSOR level, Both positions will
have a significant commitment to teaching introdue
tory biology. Viegini Military Irstitute (VAL is 2 small
underpraduate nstitution with a strong emphasis on
teaching. We are looking for broadly trained BIOL-
OGISTS who are committed to undergraduate cdu
cation, induding engaging students in research. One
of the successful candidates will teach an evolution-

ary biology course.

PLANT BIOLOGIST, We seek an individual who
can teach botany and additional upper-level specialey
courses such as |‘1Lu1: taonony or plant ph\smlug'.

VERTEBRATE BIOLOGIST. We seck an indi-
vidual who can complement the current Gculty and
teach additional upper-level specialty courses such as
herpetology, mammalogy, or wildlife management.

We are particularly interested in applicans who
are using molecular approaches and for focus on
field research. It s expected that applicants will de
velop an active research program thar will nvobee
interested studenes in undergraduate research. Ap-
phcants should have an carned PhDd. or be in the
terminal smges of the process. Faculty wear uniforms
and adhere o military customs but n:]hun JL.'.'M_I'!
ence is not required, The stning date for this P o
is | August 2008, Applicants should send a letter of
application, cumiculum vitae, statemwent of reaching
and research interests, copies of ranseripes, and three
letvers of recommendation to: De, Richard A, Rowe,
Chair, Biology Department, Virginia Military In-
stitute, Lexington, VA 24450, Revaew of applica-
tions will begin on 16 November 2007, Addinonal
nformation on VMI can be seen at website: IJEE‘,.Q"

wwwovmiedu, M i m Eguad Opporsndiny Eagrlaper.

FACULTY POSITION, STRUCTURAL/
PHYSICAL BIQCHEMISTRY, The Institute of
Molecular Biology and the Department of {‘h-:mi!.
try at the University of Orepon (website: hi
www.mailbio.uoregon.edu; www.noregon.e
~chem,/) have an opening tor a epure-relaed bio-
chemistry faculty member to begin in fall 2008 or
later, The appointment is expected at the ASSIST-
ANT PROFESSOR level, although outstanding
applicants at all levels will be considered. The poten-
tal for establishing a vigorous independent rescarch
program and exeellence in teaching at the undergrad-
wate and praduate levels will be the primary selection
criteria. Individuals studving fundamental problems
i cell and molecular biology wsang structural, bio
chemical, and,for biophysical approaches are espedal
Iv encouraped w apph. Interested persons should
apply at website: http:/ /uochemjobs. soregpn.edu
and then send curriculum vitae, statement of research
plins and tweaching inwrests, and armpge for three
letters of recommendation to be sent to: Biochem-
istry Search Committee, Department of Chemis-
try, 1253 University of Oregon, Eugene, OR
97403-1253. To be assured of full considertion,
application materials pause be received by November
15, 2007, but the scarch will remain open until the
position is filled. The Univesity of Orepon & an Egual
Oty LA fimeatie A Iusimsion commried o end-
tural divemity and compliimae itk the Amoncans weele Dis-
abitities Act. Women and mivoritics ae avcowvaged to apply.
Ve fonite applications from quealificd candidates wlo share our
contnnirnient fo diversicy.

POSTDOCTORAL POSITIONS
University of Pittsburgh Cancer Institute

We have an immediate opening for a Postdoctoral
Associate o work on projects related o NE-kappa
signaling and viralv-induced cancers,

Candidate should have expernse in the fields of
medecular and cell biology, cell signaling and protein
biochemistry. Animal experience is preferable. Send
curniculum vitae and names of three references to:
Preet M. Chaudhary, M.D., PhD. 5117 Centre
Avenue; Suite 1.19A, Pitsburgh, PA 153213-1863.
E-mail: powecs@upmec.edu.

POSITIONS OPEN
The 8T. LAWBRENCE UNIVERSITY
BIOLOGY DEPARTMENT INVITES

APPLICATIONS for
TWO TENURE-TRACK POSITIONS

Cell biology. The Biology Department at St
Lawrenee University mvites applications for a wenure-
track positon i cell biology starhng fall 2008 at
the ASSISTANT PROFESSOR level. A 'h.D. is
required; postdoctoral and previous teaching expe-
ricnce, especally in a liberal arts and scence envi-
ronment i preferred. The successtful candidate will
b expected w each cell biclogy, immunology, other
courses in their arca of specialy, and on a rotating
basis the cell biology and for genetics portions of
our introductory biology course, Preference will be
gven to candidates who wse confocal microscopy,
clectron microscopy, and Soe bicinformatics. The suc-
cesful candidate will be expected w develop a pro-
ductive rescarch program  that provides meanimgful
rescarch experiences for our undergraduate students,

Physiology. The Biology Department at 5. Lawnence
Universty imvites apphications for a enure-track position
i physiolopy staring fall 2008 at the ASSISTANT
PROFESSORK level. A Ph.D 65 required; postdoc
toral and previons teaching experience, especially in
a liberal ams and science environment is preferred.

The successful candidate will be expected 1w teach
courses in their area of specalry, cell biology, and on
a rotating basis the cell biology and for physiology
portions of our introducton bology courses, The suc-
cessful candidate will be expected w0 develop a pro-
ductive rescarch program lilml rovides meaningful
research experiences for our undergraduate students,

Ineerested candidates should submic a letter of
application, curricubum vitae, a statement of teaching
experience and philosophy (including the wse of in
novative and progressive pedagopies), and a stage
ment of research interests, as well as arrange for
three letters of recommendation to be forwarded o:
Dr. Michael Temkin, Biology Department, 5t.
Lawrence University, 23 Romoda Drive, Canton,
NY 13617, Review of applications will begin on
October 19, 2007; applications received after this
date will be reviewed as needed. We especially wel-
come applications from candidates who bring diverse
cultural and ethnic perspectives to the University.
Please see the University homepage at website:
http:/ /S www.stlawu.edu and the Biology Depart-

ment homepage at website: htpe/ St stlawu.edu /
~biology for more information.

The Department of Phamacolopgy and Expenmen-
tal Mewrosdence at the University of Mebraska Medical
Center, secks outstanding BASIC and TRANSLA-
TIONAL NEUROSCIENTISTS and NEURO-
PHARMACOLOGISTS for tenure-leading faculiy
pasitions; rank is dependent on qualifications, Appli-
cants should have an M1, and for Ph.0D3, degree and
avibrant rescarch program. Arcas of special interest ane
n newrodegeneratve discases, nanomedicine and drog
delivery, and abused drues vhae affect the central nervous
sistem. Faculty need participate in health professional
and praduate student education. Liberal rescarch space,
core facilitics, and cquipment in new state-of the-art

facilitics are available (websites: http://www.ounme.
edudept /vor findex. cFm’cunrcEIE nd hetp: /7

www.unmc.edu fapps/pharmacology /index.
dmiLT_ID=658CONEEF=1

1. The research en-

vironment & mnterdsapinary and highly collabora-

tive and aligned with the Centers for Neurovirology
and Newrodegenerative Disorders, Dog Delivery and
Nanomedicine, and Virology. Applicants should send
curnculum vitae, staement of carcer objectives, and the
pames of three references o Dr. Daniel Monaghan,
Meuroscience Scarch Committee Chair, University
of Nebraska Medical Center, Omaha, NE 68198-
5880; e-mail: dtmonagh@unme.edu, telephone:
402-559-4035. RBeview of applicanons will begin
November 1, 2007, and will continue unl all po

sitions are filled. Minorte and samen are amomraged o
auply. Te Unfeersity of Netrasha Medicd Center is an Bgual
Clpgoetrininy / Affieanier Acon Emgloper.
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ASSISTANT PROFESSOR

Tenure Track

Systems Biology/Genetics

The Department of Cancer Biology at the Dana-Farber and the Department of
BGenetics at Harvard Medical School seek well-qualified applicants for a
tenure-frack position at the Assistant or Associate Professor level to serve in
a pew Center for Cancer Systems Biology (hitp:ccsh.dfel harvard. edu). The
successfil candidate /s expected to diréct mnovalve and mgependent
research and to participate in the teaching activities of the Department of
Gonetics. Candidates combining systems biology and genetics to investigate
normal biological processes andfor human diseases, particularly cancer, are
encouraged to apply. CCSB provides a highly integrative and collaborative
environment to develop interde pendent systems biology research programs.
An attractive start-up support package is provided which includes (aboratory
space in the new Smith Research Buiding of the Dana-Farber Cancer
Institute, The successful candidate will also be a full member and active par-
ticipant in the Department of Genefics (httpdfpenetics.med harvard edu).
Applicants must hold & Ph.O, M.0LPh.0. or MU degree, have compleied post
doctoral training, and have a strong record of research accomgplishments.

Applicants should submit &lectronic (pdf) copies of curriculum vitae, bibliog-
raphy, a description of research accomplishments and future research inter-
a5ts ([imit to two pages) by December 30, 2007, and ask four referencesto pro-
vide letters of recommendation. These materials should be sent to the follow-
ing email address:

Deborah_goff@dfciharvard.edu

Applications must be
received by

MEDICAL SCHOOL  December 30, 2007

The Dana-Farher Cancer Inshitute s an Equal Opporiuniny Emploser.
Anpications fom woman and minonties ane encowragad.

SHARE THE VISION. FIND THE CURE

UNIVERSITY OF CALIFORNIA

UCKIVERSIDE

FacuLty Posmon — AssisTanTt, ASsociaTE, orR FuLL PROFESSOR
SynapTic PLasTicmy/GuiaL < MEURONAL INTERACTIONS

The Department of Cell Biology and Neuroscience (hittps/febns.uer.edu)
at the University of California, Riverside seeks an individual with a strong,
interdisciplinary research program in the arcas of svnapse formation, plas-
ticity, and/or glialesneuronal interactions.

The department, housed in a new 22 laboratory Biological Sciences
Building, provides excellent research facilitics for current and future
faculty members of the Department. Applicants, who must have a Ph.D.
or equivalent and postdoctoral experience, are expected to interact broadly
with faculty and students in the Interdepartmental Newroscience Graduate
Program, and to strengthen links with the Center for GlinleNeuronal
Interactions, the Stem Cell Center (www.stemeells.ucredu), and'or the
Center for Manoscale Science and Engincering. Opportunities for gradu-
ate student teaching and mentoring are available through participation
in Graduate Programs in Neuroscience (hitp://neuro.ueredw’), Cell,
Molecular and Developmental Biclogy (https//'www.cell.ueredu/), and
Genetics, Genomics, and Bioinformatics (hitpa/www. genetics.ueredu/),
and in the undergraduate Neuroscience major.

Applicants should submita Curriculum Vitae, research statement, sclected
reprints, and at least three letters of reference to:
Chair, Neuroscience Search Committee
Depariment of Cell Biology and Neuroscience
University of California
Riverside, CA 92521 USA

Application materials may be sent by e-mail to: neuroscience@ver.edu.
Review of applications will begin October 29, 2007 and continue until
the position is filled.

Tie Usiverstty oF CALIFORNIA 15 AN EQUAL OPPORTUNTY AFFIRMATIE ACTION
EMPLOYER COMMITTED Tr) EXCELLENCE FHROUGH DIVERSITY,

INSTITUTE OF HUMAN VIROLOGY

UNIVERSITY OF MARYLAND, SCHOOL OF MEDICINE
Baltimore, Maryland

A post-doctoral research position is available in the Division of Basic
and Vaccine Research at The Institute of Human Virclogy (http:#
www.ihv.org). This position will support amewly initiated collaborative
program to evaluate humoral immunity against HIY and HIV vaccines.
The research efforts will unlhize state-ol-the-art biochemical, immuno-
logical and in vive techniques to identify novel antibodies and humoral
responses in HIV-infected persons or vaccinated non-human primates that
suppress HIV infection. These efforts will also involve the design and
testing of novel immunogens based on the HIV envelope. IHY maintains
a highly interactive environment with excellent collaborations between
basic and clinical scientists. Through our new program, applicants will
have an opportunity to establish multidisciplinary collaborations with
researchers around the world. Excellent facilities at IHV provide recently
upgraded flow cytometry and cell sorting capabilities. in silico protein
modeling capabilities, SPR instrumentation, sophistcated fluorescent
imaging capabilities and immediate access to animal experimentation.
Candidates must have a PhD degree in immunology, biochemistry or
molecular biology; experience in biochemical, immunological and
molecular techniques and in protein expression and purification; and
excellent writing and communication skills. Applicants, selected for an
interview must be available on site during the interview process. Expe-
rience in studies of humoral immunity in non-human primates will be
favored. Healthcare benefits are provided.

Please send a cover letter detailing your previous scientific work expe-
rience and your interest in this position, curriculum vitae, and contact
information for three references to; Anthony L. DeVieo, PhD, Professor
of Medicine, Institute of Huoman Virology, University of Maryland
School of Medicine, University of Maryland, Baltimore, 725 West
Lombard Strect, Baltimore, MD 21201, Ph: 410-706-4680: Fax:
410-T06-4694; Email : devicofm umbi.umd.edu,

The University af Marvland is an Equal Opparinin,
Affirmative Action Employver.

AWARDS

Sheikh Wamban Win Bashiv Al Haktoum
Amard for Medical Sciences

Hamdan Award

for Medical Research Excellence
In the field of

THERAPY IN MALIGNANCY

MOLECULAR THERAPY IN
DRUG TARGETING (PHARMACOGENOMICS)

ORGAN & TISSUE TRANSPLANTATION
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POSITIONS OPEN

ASSISTANT /ASSOCIATE PROFESSOR
{ Integrated /Systems Pharmacology)
Department of Phammaceatical Sciences

University of Maryland School of Pharmacy

The Department of Pharmaccutical Sciences in
vites applications of oustanding BIOMEDICAL
SCIENTISTS for a 12-month tenure-track faculey
position at the rank of ASSISTANT AASSOCIATE
PROFESSOR commensurate with qualiications. The
candidate will have current research expertise in
integrated Systems pharmacology. All physiolosical
svatems and therapeutic research areas will be consid-
encd, with preference given to those with the potenial
for interactions with current research programs in
the Department. The Department has 26 full-time
faculty and 70 full-time graduare students in the
rescarch areas of phamuacology, neuroscience, cellular
and gructural hiology, medicinal chemistry, biophar-
maceutics, drug delivery, and pharmaceutical weehnael
opy. The Department has a rapidly expanding research
program, and has recently occupied a new state-of
the-art Health Sciences Bescarch Faality,

Applicants should have a Ph.}. or equivalent ter-
minal degree in phamuacology or closely related field,
and demonstrate excellent communication and in-
terpersonal skills, and the ability to foster collabora-
tve and nterdsciplinary ninanves, The soccessful
applicant will be expected o establish /maintain an
active funded rescarch program, and o conribute to
teaching at both the professional and graduate levels,
A competitive startup package is available, Please
submit a letter of intert, curriculim vime, statement
of research and waching philosophy, and addresses
of three references by mail w: Dr. [.B. Wang, Chair,
Pharmacology Search Committee, Department of
Pharmaceutical Sciences, University of Maryland
School of Pha 'y 20 N. Pine Street, Baldmore,
MD 21201-1180, or e-mail: jwang@rr.omaryland.

edu. The deadline for application 1= December 1,
2007, The @ miversity of Marplamd & an .'lﬂimr.rl'in' AetionS
Egual Opporteneitp/ADA Engrloper. Minorivie and wonen
e erdonrated po apgly.

MOLECULAR GENETICIST and AQUATIC
ECOLOGIST. The Biology Department at Stare
University of New York (SUNY ) Fredonia is secking
applications for tenure-rack ASSISTANT PROFES-
SOR positions to begin fall 2008, SUNY Fredonia is
a selective, public, undergraduare liberal ars univer-
sity, Candidates must have a Ph.D. and postdocroral
rescarch experience. The successful applicants will
teach core courses for biology majors as well as gen-
eral education and upper-level Sgraduate courses. An
active research program that promotes scholarship
and invelves undergraduate and MLS. students 15 ex
pected. The suceesstul candidare will have teachimg ex
pericnce, demonstrate a commitment to teaching, and
have a track record of publiations in peer-revewed
journals. See website: htep:/ Swww. fredonia.edu/
humanresources faculty.htm for twll b descnp-
tions and required applicanion marenials. Review of
completed applications will begin on November 9,
2007, Send materials to: Search Committee, Depart-
ment of Biology, State University of New York
Fredonia, Fredonia, NY 14063,

A Affrnanee Adiond Bl Oppactunity Emplaper, SLINY
Frofouria aneonmips and ackealy socks apylications frowe mion fics,
eoren, aind poople ety dicolsilives

Penn State Shenango invites applicatons for a
tenure-track ASSISTANT PROFESSOR position
in biology to begin August 2008, Teach a range of
undergraduate lology courses with laboratores. Re-
search and service expected. PhaA) in biology with
teaching experience required; all-bue-dissertanon will
be considercd. To learn about the campus, visit
website: http:/ Swww.psu.edu/ur /empeolLheml.
To learn about the position amd how o apply, visit
website: http:/ Swww. psujobs/ Opportunities,/
Opportunities.html and follow the faculty Tink.
Affernnarere Ao/ Egual Oppostunity Eaygvloper.

150

POSITIONS OPEN

POSTDOCTORAL FELLOWSHIP POSITIONS
Available in
The Harvard Beproductive Endocrine Scicnces
Center, Boston, Massachusctts

The Harvard Reproductive Endoerine Sciences
Center is secking outstanding Postdoctoral Rescarch
Fellows with a primary mterest in an academic carcer
in the scienufic arca of the newroendoorine and
genetic control of reproduction. Competinve candi-
dates should: {a} & US. atizens (or bave aducred
Permanent Resident Status, .. bave a green covd );
(b} have an M.DD.,, Mh.D., or M.D./Th1). degree;
(¢} be secking an academic career; (d) have an in-
terest in rranslational investigation; and (¢) be fa-
miliar with the contemporary investigative wols of
genetics, molecular biology, physiology, swuctral
biology, and human animal investiganon. Minor-
ities ad women are especially encouraged 1o apply.

Appropriate candidaves should send their curmeu-
lum vikae to:

Dir. William Crowley
Center Director
Harvard Reproductive Endocrine Sciences Center
Bartlett Hall Extension 5
55 Fruit Strect
Massachusetts General Hospital
Boston, MA 02114
E-mail: crowley. william@mgh.harvard.edu

POSITIONS OPEN
BULLABRD FELLOWSHIPS in
FOREST BRESEARCH
Harvard University

Each vear Harvard University awards a limited
number of Bullard Fellowships to individuals in
biologeal, sedal, physical, and political sciences o
promote advanced study, research, or ntegranon of
subjects pertaining to forested ccosystems. The Fel
lowships, which include stipends up to 540,000, are
intended to provide individuals in mid career with an
opportunity to witlize the resources and o interact
with personnel in any department within Harvard
University in order 1o develop their own scientific
and professional growth, In recent vears Bullard Fel-
lows have been associated with the Harvard Forest,
Deparument of Ovganismic and Evolutionary Biolo-
v and the LF, Kennedy School of Government and
have worked in arcas of ccology, forest management,
policy, ad conservation. Fellowships are available for
penods ranging from siv months o one year after
September 1. Applications from international scien
tists, women, and minontes are encouraged. Fel
lowships are not intended for gradoate smdents or
recent postdocoral candidates. Information and ap-
phication msructions are available on the  Harvard
Forest website: hrep: / /harvard forest. fas. harvard.

edu. Annual deadline for applications s February T,

FACULTY POSITION, NEUROSCIENCE.
The Program in Meuroscience at Welleskey College
inwvites applications for a tenure- rack faculye position
at the rank of first-level ASSISTANT PROFES-
SOR o begin July 2008.

Candidates should have a Ph.D. and postdocroral
expenience. We are secking broadly trained NEU-
ROSCIENTISTS who are committed to excellence
in both teaching and rescarch m an undergraduate
liberal ars enviromment, While the position is open
to any field of neuroscience, we are particularly in-
terested in candidates who have expenise in areas
complementary to our current faculty, such as cog-
nitive, behavioral o computational neuroscience, or
newropharmacelogy. Applications should include
curriculum vitae, statements of teaching and research
interests, and three ktwers of recommendanon, Review
of applications will begin on October 15, 2007, Can
didates who believe they will contribute to that goal
are encouraged to applv. Cnline applicabons can be
subimitted 0 e-mail: waenroscarch@welleslevied

Applications can also be sent to: Search Com-
mittee, Meuroscence Program, Wellesley College,
Wellesley, MA 02481,

Wellesley College & an Affrnariee Acion /Egqeal Clppare
ity Enrploper, and we e omnintad 1o tiwressing the di-
vesiy of e Colloge conreninngy amd the weerienal e,

ECOLOGY, EVOLUTION, and
ENVIRONMENTAL BIOLOGY
Columbia University

We seck an ECOLOGICAL, EVOLUTIONARY,
or ENVIRONMENTAL BIOLOGIST whose re
search complements and awpments strengths within
the Deparvment and related  insutonons  (website:
hitp:/ Awww.olumbiasedu foufedb Sjob). Appoint-
ment will be at the FESSOR
level, We encourage applicants working on animals
or micrabes at landscape, regional, or global scales,
Successfnl candidate will be expected o establish a
vigorous, externally funded research progeam and w
participate in undergeaduate amd graduate waching.
.13, required. Candidates should send single PDF
file including curriculum vitae, rescarch and weaching
statements, and contacts for three or more references
to e=mail: eeeb-facseardh@columbia. edu v Movem
ber 5, 2007, Colwnbia Univewity & an Equal Opportanivy/
Afimmagive Agion Empleyer. Minorities and oo @ e
aged fo apply.

We deliver
customized
job alerts.
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www.clontech.com/lentix

Products for your research needs

Clontech’s Lenti-X HT Competitor's packaging system
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As fittle as 10 pl of supematant frorm the Lenti-X HT Packaging System transduced the majority

of the Hela cells in this experiment (Panel A), whereas suparnatant from a leading competitor’s
system transduced only 8 small percentage of the cells (Panel B). Trensduced cells were detected
by expression of ZsGreen] fluorescent protein and measured by flow cytometric analysis



Looking for miRNAs? Look no further.

S —

_ Ay 2 4
IDT introduces the miRCat™ Cloning Kit for small RNA discovery

miRCat™ small RNA cloning is based on the pre-activated, adenylated linkering method that has been
successfully used in many labs since its development in 2001'. miRCat™ permits cloning from any RNA source
in any species.

Material sufficient for ten cloning experiments is provided in the miRCat™ Small RNA Cloning Kit, and a

detailed technical manual provides instructions for cloning and sequencing small RNAs either as individual
clones or as concatamers.

www.idtdna.com for more miRCat™ information

References
1.Lau NC, LP Lim, EG Wienstein, and DP Bartel 20071 An abundant class of tiny RNAs with probable regulatory roles in Cagnorhabditis elegans. Science 294; B58-862.
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