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SCIENCE EXPRESS
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PHYSICS

Modeling the Localized-to-Itinerant Electronic Transition
in the Heavy Fermion System Celrin,

J. H. Shim, K. Houle, G. Kotliar

First-principles calculations successfully describe electronic transitions in a heavy
fermion compound whose electrons behave as if they have a much heavier mass.

10.1126/science. 1149064

PHYSICS
Coherent Control of a Single Electron Spin with Electric Fields
K. C. Nowack, E H. L Koppens, Yu. V. Nazaroy, L. M. K. Vandersypen
The spin state of a single electron on a quantum dot can be manipulated by
application of a local electnic field, improving the control of multiple dots
over what is achievable with a magnetic field.
10.1126/science, 1148092

CONTENTS I

PLAMETARY SCIENCE

Radar Sounding of the Medusae Fossae Formation Mars:

Equatorial Ice or Dry, Low-Density Deposits?

T R. Watters et al.

Radar sounding of equatorial hills on Mars suggests that they contain a large subsurface

feature with low den sity—either a large volume of water ice or light valcanic ash,
10.1126/5cience. 1148112

PLANT SCIENCE

Engineering Modified Bt Toxins to Counter Insect Resistance

M. Soberdn, L Pardo-Ldpez, I. Ldpez, I. Gdmez, B. E. Tobashnik, A. Bravo
Bt toxin, a natural insecticide engineered into plants, can be modified to overcome
insect resistance by forming damaging pores in pests independently of its normal

receplor.
10.1126/science.1146453

PERSPECTIVE: The Power of the Pyramid

W L Moar and K J. Anifkumar
10.1126/5cience. 1151313

TECHNICAL COMMENT ABSTRACTS
GEOLOGY

Comment on “AVestige of Earth’s Oldest Ophiolite” 746
A. P Nutrman and C. R. L, Friend

full text at waw sciencemag.orgfiogicantentfull/ 3185851/ 74 6¢
Comment on "A Vestige of Earth's Oldest Ophiolite”

W. B. Hamilton

full text of ww sciencemag.org/cgicontentfull’'318/58 51/ 74 6d
Response to Comments on "A Vestige of Earth’s

Oldest Ophiolite”

H. Furnes et al.

full text ot wwik sciencemag.org/cgicontent/uli/318/58 517 46e
REVIEW

MOLECULAR BIOLOGY

The Piwi-piRNA Pathway Provides an Adaptive 761

Defense in the Transposon Arms Race
A A Aravin, G. . Hannon, |. Brennecke

7598777

BREVIA

ECOLOGY

Video Cameras on Wild Birds

C. Rutz, L A Bluff A A. S Weir, A. Kacelnik
Miniaturized video cameras harnessed lo wild New Caledonian crows
show that they often use twigs as tools in their natural habitat.

RESEARCH ARTICLES

PHYSICS

Quantum Spin Hall Insulator State in HgTe
Quantum Wells

M. Kdnig et al.

A predicted, novel state of matter in which a spin-induced current
flows across an insulator in the absence of a magnetic field &
demonstrated in a doped thin film.

= Editorial p. 715; Perspective p. 758

765

766

MEUROSCIENCE

Molecular Basis for the Nerve Dependence of
Limb Regeneration in an Adult Vertebrate

A. Kumar et al.

Forelimb regeneration in newts requires concomitant regeneration
of the nerve, a necessity that can be crcumvented by application
of a single protein, nAG.

== Editorial p. 715; Perspective p. 754

REPORTS

ASTRONOMY

A Bright Millisecond Radio Burst of

Extragalactic Origin

D. R. Lorimer et al.

A rapid and powerful burst of radio waves is found through an
analysis of archival pulsar data, suggestive of a new class of
radio bursts, perhaps from a supernova,

== Perspecivep, 757

772

777
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Science

REPORTS CONTINUED...

APPLIED PHYSICS

Nanoscale Friction Varied by Isotopic Shifting of 780
Surface Vibrational Frequencies

i . Cannara et al.

Changing the surface termination of a diamond or silicon surface
fram hydrogen to deuterium lowers the vibrational frequency of the
surface, thus reducing its friction.

CHEMISTRY

A Predictably Selective Aliphatic C—H Oxidation 783
Reaction for Complex Molecule Synthesis

M. 5. Chen and M. C. White

A synthetic nitrogen-coordinated iron catalyst can direct the oxidation
of specific C—H bonds in many different complex organic molecules.

= Perspective p, 756

CHEMISTRY

4D Visualization of Transitional Structures in 788
Phase Transformations by Electron Diffraction

F Boum, D.-5. Yang, A. H. Zewail

Electron diffraction reveals the fermtosecond local atomic mation
and picosecond lattice shear during the insulator-to-metal transition
in vanadium dioxide. == Perspective p. 755

EVOLUTION

Molecular and Genomic Data |dentify the Closest 792
Living Relative of Primates

J. E. JaneCka et al.

Comparison of genome sequences from a variety of species

shows that the colugos ("flying lemurs®) are the closest living
relatives of primates.

DEVELOPMENTAL BIOLOGY

A Gene Regulatory Network Subcircuit Drives a 794
Dynamic Pattern of Gene Expression

1. Smith, C. Theodoris, £ H. Davidson

The ring of gene expression that sweeps across sea urchin embryos is
controlled by a regulatory circuit that generates a wave of activation,
followed by a wave of repression.

MOLECULAR BIOLOGY

Telomeric Repeat—Containing RNA and RNA 798
Surveillance Factors at Mammalian Chromosome Ends

C. M. Azzalin et al.

In mammals, RNA is transcribed from repetitive DNA &t the ends

of chromosomes and, along with other regulatory proteins, is
incorporated locally into silenced chromatin.

PLANT SCIEMNCE

A High-Resolution Root Spatiotemporal Map Reveals 801
Dominant Expression Patterns

5. M. Brady et al.

As rools of Arabidopsis develop and grow, genes are expressed in
complex patterns that have not been previously apparent,
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MEDICINE

Menin Controls Growth of Pancreatic -Cells in 8046
Pregnant Mice and Promotes Gestational Diabetes

Mellitus

5. K. Karnik et al.

A study of mice identifies a protein that may malfunction in
gestational diabetes, a common complication of pregnancy.

== News sfory p. 729

SYSTEMS BIOLOGY

Ordered Phosphorylation Governs Oscillation of a 809
Three-Protein Circadian Clock

M. . Rust et al.

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

n
= P

IMMUNOLOGY

Disentangling Genetic Variation for Resistance and 812
Tolerance to Infectious Diseases in Animals

L. Raberg, D. Sim, A, F. Read

In addition to developing resistance to parasite infection, mice can
evolve to tolerate malarial parasites by imiting the damage caused
by their presence.

CELL SIGNALING
TARP Auxiliary Subunits Switch AMPA Receptor 815
Antagonists into Partial Agonists

K. Menuz, R. M. Stroud, R. A. Nicoll, £ A. Hays

A guinoxalinedione glutamate receplor antagonist becomes

an agonist when Lhe receplor acquires an extra subunit, coupling
changes in ligand binding to opening of the channel,
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Tibetans Get Their Blood Flowing
Study reveals how high-altitude dwellers compensate
for lack of oxygen.

Eccentric Couple Reveals a Starry Secret
New model explains why Sifus and its companion have
such an elongated orbit.

Sex, Worms, and Videotape
Switching on a gene in newrons can alter nematodes’
sexual behavior.
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Therapies for neurodegenerative disease. "_(f?

SCIENCE'SSTKE
M'I'W.Stke.ﬂlg SIGNAL TRANSDUCTION KENOWLEDGE EMVIRONMENT

PERSPECTIVE: Neurotrophic Factors and Parkinson's
Disease—The Emergence of a New Player?

W Dauer

Identification of a new family of neurotrophic factors raises hopes
for new therapeutic strategies against Parkinson's disease,

PERSPECTIVE: Meeting Report—Zinc Signals 2007 —
Expanding Roles of the Free Zinc lon in Biology

C. Frederickson, C. |. Frederickson, W. Maret, H. Sandstead,
L. Giblin, R. Thompsan

Zinc researchers are galvanized by new findings and technical
advances in the field of ionic zinc signaling.

SCIENCEPODCAST

Download the 2 November

. Science Podeast to hear about

primates’ closest living relative,
- - < countering pesticide resistance,

L 8 understanding peanut allergies,

'"-' and more.
Wis_sciencemang.org'a bout/pod cast.del
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Personal perspectives on science careers.

SCIENCE CAREERS

www.sclencecareers.org CAREER RESOURCES FOR SCIENTISTS

US: Maximizing Productivity and Recognition

. Pfirman, P. Balsam, R. E. Bell, |. D. Laird, A. E Michaels
The authors advise researchers on managing publications and
citations; part 1 of 3.

GLOBAL: In Person—The Ultralong-Distance Quest

L. Hennighausen

In the first in a new series of personal perspectives, a scientist
tells what a bicyce endurance race teaches about a career.

EUROPE: Something's Cooking

E. Pain

Catarina Prista and oana Moura mix science and cooking
in their study of molecular gastronomy,

EUROPE: From the Archives—From Crispiness to
Crunchiness

R. Haumont

Can science help gastronomes in their quest for taste, hammony,
and texture?
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SCIENCE ONLINE FEATURE

THE GONZO SCIENTIST: A Linnean Feast
The second installment in this series
{including an audio slideshow)
commemorates the 300th birthday of
Carl Linnaeus, who laid the foundation
for modern food science.
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EDITED BY STELLA HURTLEY AND PHIL SZUROMI

The Root of a Problem

The Arabidopsis root, which contains 15

cell types, is relatively simple as organ
systems go. Brady et al. (p. 801) marked
and sorted individual cell types to describe

the entirety of gene expression as the root
develops, and subsequent bioinformatics
analysis revealed surprising complexity of

gene expression. Some expression patterns
oscillate. Others reveal shared domains that
included neighboring cells and shared character-

CREDITS (TOP TO BOTTOM: BRADY ET AL BALM ET AL

istics of non-neighboring cells.

Quantum Spin Hall
Effect Confirmed

Charged carriers subjected to 3 magnetic field
can be deflected and produce a Hall voltage
acrass a sample. Confining the charged carriers
to move in two dimensions can give rse to the
quanfum Hall effect. However, charge carriers
also possess spin, and recent theoretical work
indicates that spins can be affected by a voltage
bias and give rise to a spin Hall effect for carriers
confined to two dimensions. Kdnig et al. (p. 766,
published online 20 September; see the Perspec-
tive by Nagaosa) performed transport measure-
ments on HaTe/{Ha,Cd)Te quantum-well struc-
tures and present signatures of the quantum
spin Hall effect.

Electrons Tracing
Transitions

Photoinduced transitions in solids such as vana-
dium dioxide
(VO,) that convert @
from insulators to :
metals have been :
studied by a range b
of spectroscopic

methods. How-

ever, the underly- 'i'
ing rearrange-
ments can involve
motion along
several different
coordinates, and so the deepest understanding

is likely to come from techniques that monitor
all of these movements simultaneously, Baum et
al. {p. 788; see the Perspective by Cavalleri)

e
¢ |
; o
4
C

'
‘.’ >

www.sciencemag.org SCIENCE VOL 318 2 NOVEMBER 2007

’

have made progress toward this goal by applying
time-resolved electron diffraction to a VO, sam-
ple in the midst of its transformation. The well-
confined probing depth and high signal-to-noise
ratio permitted resolution of local atomic motion,
as well as the slower and longer range onset of
lattice shear over a time scale ranging from ~1
to 100 picoseconds.

Fast and Low

Astrophysical explosions can release huge bursts
of energy that can be spied at different wave-
lengths, from the radio band up to gamma rays.
Scouring pulsar survey data, Lorimer et al.
{p. 777, published online 27 September; see the
Perspective by Bower) spotted a new abrupt burst
that emitted very powerful radio waves for just
5 milliseconds. The low frequency and lack of rep-
etition of the event suggest that the source lies
beyond our own Galaxy, which would make it
mare powerful and brief than other radio tran-
sients known in our Milky Way. Because this flash

likely emanated from a single catastrophic
‘ event, such as a supernova or the final
merging of relativistic objects, similar
bright bursts could prove to be valuable
probes of the distant universe,

A Change-Up for Sliders

Friction between sliding surfaces can
convert translation energy into vibrational
excitations, bul to what extent does the
nature of the vibrational modes control the abil-
ity of a surface layer to absorb energy and con-
trol friction? Cannara et al. (p. 780) used an
atomic force microscope (AFM) tip to measure

the friction force of diamond and silicon surfaces
that were terminated with either H or D atoms.
This substitution changes the vibrational fre-
quency by a factor between 1.35 and 1.40,
and AFM experiments revealed that the shear
strengths dropped for both surfaces by factors of
1.26 and 1.30, respectively, upon D substitution.
A modeling study suggests that the lower fre-
quency of the deuterium-substituted bond
lowers the rate at which kinetic energy can be
converted into vibrations.

Piwi and the Argonautes

At the heart of RNA interference lie the Argo-
naute {Ago) proteins, which bind small interfer-
ing RNA or microRNA and so consign the tar-
geted messenger RNAs to their fate—silenced or
destroyed. The Ago superfamily consists of two
evolutionarily related groups, the Ago clade and
the Piwi clade, and Aravin et al. (p. 761) review
the function of this latter group. The evolution-
ary appearance of Piwi proteins is correlated
with the emergence of specialized germ cells in
animals, and, indeed, Piwi proteins are required
for germ cell development. They are also con-
sorts for a population of recently discovered
small RMAs, Piwi interacting (pi)RNAs. The
Piwi/piRNA pathway functions as a heritable and
adaptive system to protect the germline genome
from parasitic nucleic acids.

Of Life and Limb

The ability of amphibians to regenerate an
amputated limb represents a developmental
flexibility largely lost for humans. The regenera-

Continued on poge 713
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CREDIT: NORMAL LIBA/MNATIOMAL UMIVERSITY OF SINGAPORE

This Week in Science
Continved from page 711

tion process in amphibians depends on interactions with the nerve supply. Kumar et al. (p. 772; see
the Perspective by Stocum) have now identified a secreted protein growth factor expressed in the
nerves and epidermis of newts during limb regeneration that can serve to support regeneration even
when the nerve supply is removed.

Dynamic Developmental Gene Regulation

Gene regulatory networks control metazoan development and determine which transcription factors
will regulate which regulatory genes. However, development is a dynamic process that is driven by
continuous change in time and space. Smith et al. (p. 794) now show how a network subcdircuit con-
trols a circular pattern of regulatory gene expression that sweeps outward from the vegetal pole of the
sed urchin embryo and extinguishes its own activity in the more central regions to establish a dynamic
regulatory pattern of gene expression.

Nearest and Dearest

Baoth the Scandentia (tree shrews), and Dermoptera
(colugos or flying lemurs) have been propesed to
represent the closest relatives of primates. A
large-scale genomic sequence alignment per-
formed by Janecka et al. (p. 792) now suggests
that colugos are the closest living relative of pri-
mates. Furthermore, the origin of tree shrews at
the Cretaceous-Tertiary boundary indicates that
the primates probably evolved at a time when
many other mammalian lineages diversified.

An End in Itself

Telomeres, which cap the ends of eukaryatic chromosomes, solve the "end replication” problem
and prevent the cell from mistaking the ends for DNA damage. Telomeres have generally been
thought to be transcriptionally inert. Azzalin et al. (p. 798, published online 4 October) now show
that, in a range of human and rodent cells, telomeres are in fact transcribed into telomenc repeat
containing RNAs, which associate with the telomere heterochromatin. This association is modulated
by telomere-associated proteins, which are also linked with the nonsense-mediated decay RNA
surveillance pathway.

Molecular Culprit in Gestational Diabetes

During pregnancy, maternal pancreatic islet 3 cells expand to accommodate the increasing physio-
logical demands placed on the mather by the growing fetus. The molecular mechanisms controlling
this physiological response, which helps prevent the development of "gestational diabetes” in the
mother, have been unclear. Studying mouse models, Karnik et al. (p. 806; see the news story by
Couzin} now show that menin, a protein previously identified as an endocrine tumor suppressor and
transcriptional regulator, inhibits the growth of islet [} cells during pregnancy. Transgenic expression
of menin in maternal [3 cells prevented islet expansion and caused the mice to develop several hall-
mark features of gestational diabetes. Menin appears to be maintained at low levels in islets through
the actions of the pregnancy-associated hormone prolactin.

Genetic Vanation for Tolerance

In animals, the distinction between resistance (pathogen limitation} and tolerance (damage limita-
tion) to an infection is rarely made, and there is little understanding of the impact of tolerance an the
evolution and ecology of animals and their pathogens. Raberg et al. (p. 812) explored tolerance to a
malaria parasite in mice. Taking anemia and weight loss as measures of tolerance in a range of mouse
strains that either reduced parasite burden or maximized vigor during infection, a genetic basis for
tolerance was revealed. Moreover, resistance and talerance were traded off against each other when
the price of more aggressive immune control of infection was increasing collateral damage. Thus, ani-
mals are not always engaged in evolutionary “arms races” with infectious organisms, and it could be
just as productive to breed livestock for disease tolerance as for resistance to infection.

THE
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Approaching Science

SCIENCE COMMUNICATION IS AHOT TOPIC THESE DAYS. | KNOW OF TWO COMMITTEES
exploring how science journalists and scientists can find new ways of working more effectively
with one another. Programs such as the Aldo Leopold Leadership fellowships are educating
young scientists about how to make their work more understandable to the public and to the
mainstream media. These are common-sense responscs to two important changes. First, the
scientific disciplines are drilling deeper into the fine details of everything from atmospheric
physics to the molecular basis of cell signaling. Acronyms and other shorthand indicia are used
more often than ever, and even the titles of research papers are sometimes challenging. Second
science and technology are increasingly relevantto public policy, and unless those who speak for
science can be understood the policy decisions are likely to be wrong,
So how are we doing at Science? From readers’ surveys, discussions

with our Board of Reviewing Editors, and my mail, we get the same
story. The language used in Reports and Research Articles is sufficiently .
technical and arcane that they are hard to understand, even for those in
related disciplines. In conversations about this problem, | have heard the
following: "It doesn't have to be like this: editors push hard to make

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

Give Us your apiniosn

e T R e TR —-

authors compress their language too much.” (Point taken; but allowing S =

extra space for clarity in paper A makes less room available for the
new findings in paper B. and pages also cost.) Or: “Can’t you do a better
job of teaching some of the scientists to write in a more accessible or
understandable way?"” (Another good point; but editors who do that
sometimes find they edit for more clarity while authors insist that they
are sacrificing precision and accuracy!)

It's clear that accessibility is a problem, because we're all laypeople
these days: Each specialty has focused in to a point at which even the
occupants of neighboring fields have trouble understanding cach
others' papers. We have already undertaken some measures that we
think are helpful. Well betore each i1ssue, we gather News and Editorial statts to consider which
forthcoming papers should be accompanicd by News or a Perspective, the latter of which
provides a context for. or possible extensions of, new findings published in the same issue.
We hope that this extra coverage improves comprehension.

But it’s clear that to solve the underlying problem we need to do something more ambitious.
Accordingly, we are initiating a new experiment, beginning on p. 766 in this issue. Each
Research Article published this week and in the next five issues will be preceded by a one-page
“Authors’ Summary™: an account, with one figure, of what the paper reports and what its
conclusions are. Each author will have agreed to supply such an account and to let us improve
its accessibility and clarity where needed. Our plan is for summaries of papers in physical
science fields to be reviewed by our life-sciences editors and vice versa.

This experiment will affect both the print version of Science and Science Online. It is
important for our readers to understand the purposes of the different ways in which we
present research papers to improve understanding. The one-page summary is intended
to make clear what the investigators did. how it was done, what the result was, and its
significance. A Perspective, as always, will be complementary, putting the new result in
context, exploring its impact, drawing in related information from other studies, and
assessing how it changes the field.

Obviously,we want to evaluate the outcome of this experiment, so we invite readers to look
with special care at the first of these, in this issue, and at those that will follow for the next
several weeks, Give us your opinion, ¢ither by returning a survey card which will be in every
issue that has summaries, or by going online to www.sciencemag.org/sciext/easurvey to fill
out a short questionnaire. We look forward to hearing from you!

Mail or online survey:
wwwsdencemag.org/

sCiext/ easy ey

- Donald Kennedy

101126/ science. 1151603
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EDITED BY GILBERT CHIN AND JAKE YESTON

PSYCHOLOGY
Cognitive Homeostasis

To hold two opposed ideas in the mind at the same time and still
retain the ability to function has been hailed as the mark of first-
rate intelligence—and would also be likely to elicit a state of cog-
nitive dissonance, which arises when beliefs and behaviors collide.
Alas, ample evidence indicates that most humans are able and
willing to alter their attitudes so as to bring them into line with
how they have behaved, and thus to reduce the discordance
between the two. In fact, three equally valued items (&, B, and C)
can be experimentally manipulated—by asking a subject to
choose first between A and B, and then by asking the subject to
make a second choice between C and the unchosen item from the
first round—to yield a greater than 50% preference for C over A
or B. The explanation of this outcome is that the unchosen item

CREDMS{TOP T BOTTOME EGAN ETAL. PEYCHOL SO0 18, 978 {2007k HESSEL ET AL, ADV MATER 19, 100100240 DRAA_ 200700731 [2007)

We like teal MEMs.

has lost value by virtue of not having been selected, and thus

suffers in comparison to C.

Egan et al. have adopted this paradigm, using stickers featuring various animals and a spectrum of colored M&Ms, to
investigate the existence and resolution of cognitive dissonance in 4-year-old children and capuchin monkeys. They find
that both subject pools behave similarly; that is, item C |5 indeed chosen significantly more of the time (60%) when
subjects have been enticed into a state of cognitive dissonance via a first-round choice of A versus B, and C is not selected
more often when the subjects are simply presented in the first round with A or B as the experimenter’s choice. — G]C

BIOMEDICINE
Putting a Pox on Cancer

Advances in gene therapy and other techmolo-
gies have helped revive the idea that viruses can
be harnessed to destroy tumor cells. Over a
dozen distinct families of viruses are being engi-
neered to optimize their “oncolytic” potential—
i.e., their ability to replicate in and kill tumor
cells without harming normal tissue. Among
these is vaccinia virus, whose desirable features
as an oncolytic agent include the ability to
spread rapidly through the blood to epidermal
tissues and a well-established safety profile in
humans because of its use as a vacdine for
smallpox.

Two recent studies highlight the diverse ways
in which vaccinia virus is being redesigned for
use as a cancer therapy. Thorne ef al. generated
a strain of vaccinia that (i) specifically targets
tumor cells with activation of transcription factor
E2F and the epidermal growth factor receptor
signaling pathway, and (it} produces in the
tumor vicinity a host-encoded cytokine (GM-C5F)
that appears to enhance the bady's antitumar
immune respanse. In independent wark, Zhang
et al. inserted into the vaccinia genome trans-
genes encoding three different light-emitting
proteins, a strategy that allowed the antitumor
activity of the virus to be monitored in real time
by optical imaging. Both virus strains induced
regression of tumors in preclinical models and,

WWW.SCigncemag. org

importantly, therapeutic activity was seen when
the viruses were administered systemically, the
delivery method most relevant far clinical thera-
pies targeting solid tumars, — PAK
J. Clin, fmvest. 117, 10.11724C132727 (2007);
Cancer Res. 67, 10038 (2007).

MATERIALS SCIENCE
A Coat of Silicon

Silicon materials with nanometer-scale mor-
phologies have a wide range of possible pho-
tonic applications, spanning waveguide ampli-
fiers, light-emitting

diodes, and laser Y

media. Existing b

methods for making
silicon mnanocrystals
embedded in a sili-
con dioxide matrix
{nc-Si/Si0,) gener-
ally invelve nucle-
ation from a silicon
oxide film and may
require subsequent
patterning using a
resist and etching technique. Hessel ef al. show
that nc-5i/5i0, can instead be prepared asa
thin-film material through the deposition of
solutions of hydrogen silsesquioxane (HSQ)
followed by thermal processing at 1100°C. By
crosslinking the H50) using an electron beam,

Smoothly coate

e

Psychol, 5ci. 18, 978 (2007).

the authors could generate stable patterns at
sub—10 nm resolution, without the need for
etching or oxidation steps, The main advantage
of this methad, though, was the capacity to cre-
ate smooth conformal coatings on thin glass
fibers. When pumped with a blue laser source
or ultraviolet lamp, the coated fibers emitted a
red/orange glow. Adding erbium chloride to the
H50 stock solution gave rise to a second photo-
luminescent band at wavelengths relevant for
optical communications. — M5L

Ady. Mater. 19, 10.1002/adma.200700731 (2007).

CLIMATE SCIENCE
Wet and Dry Dating

A fundamental challenge in applying
*C dating to paleoceanography is
that the radiocarbon age of sea sur-
face water is different from that of the
atmosphere above it, because of vary-
ing **C production and distribution
pathways. Knowing this difference
{termed the marine radiocarbon
reservoir age) in specific locations is
essential for establishing comparative
chronologies of changes in ocean circulation
and climate between different regions, with the
further aim of exploring the causal mecha-
nisms. Sarnthein et ol. have determined reser-
voir ages for four Padific and Atlantic locations
Continued on page 719
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Continued from page 717

between 23,000 and 14,000 years before the
present, using a radiocarbon plateau-tuning
technique. The trends that they see require
major changes in deep ocean circulation during
different intervals of the record. Two major
atmospheric 1*C plateaus, during the end of the
Heinrich 1 event and the early Belling intersta-
dial, ocour contemporaneously with the two-step
early deglacial rise in atmospheric CO, partial
pressure and appear to reflect the transfer of CO,
fram the deep ocean to the atmosphere. These
results imply that **C age calibration scales will
need to be corrected accordingly. — HJ]5S
Geophys. Menogr. Ser. 173, 175 (2007).

APPLIED PHYSICS

Spin Control in Stereo

Encoding and processing information
in terms of electron spin is being pur-
sued as a low-power, high-speed alter-
native to present current-based micro-
processing crcuitry. Introducing spin
with a spedified polarization, or mag-
netic orientation, into a nonmagnetic
wire is typically achieved by injection
from a ferromagnetic injector. With
just a single injection contact, how-
ever, the polarization of the accumu-
lated spin is fixed and dependent on
the magnetization state of the ferromagnetic
injectar, Altering the orientation of the spin-
injected current then generally requires the
application of a magnetic field, presenting an
undesirably large drain on power. Kimura et al,
show that by using two permalloy spin injectors
of opposite magnetization positioned at an angle
on either side of a nonmagnetic copper wire,
they can control the direction of spin accumula-

B

Minichromosome
(red/green) and host
chromosomes {red/blue).
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tion electrically and continuously by varying the
amount of injected spin from each injector. This
electrical control of spin accumulation presents a
great simplification for further development of
spintronics circuitry, — 150

Phys. Rev. Lett. 99, 166601 (2007).

PLANT SCIENCE
Adding a Little Bit

Age-old plant breeding methods and mare
recent gene transformation technologies have
introduced and fixed genes in order to confer
advantageous traits on crops. When a trait
depends en one
gene, the process is
relatively simple as
compared to when a
trait, such as drought
resistance, depends
on an entire suite of
genes that function
together in one or
several pathways.

" Carlson ef al. have
constructed a mini-
chromosome that
tan be introduced
into maize. The
autonomous mini-
chromosome, which is built around an array of
maize centromeric sequences, remains stable
through meiosis and mitosis and carries as much
as 35 kb of foreign DNA. Minichromosomes
might affer a vehicle with which to introduce
groups of functionally related genes rapidly
while minimizing disruption of the existing
genome. — PJH

PLoS Genel. 3, 0179 (2007).

<< Targeting ACC to Stay Lean

Acetyl-CoA carboxylase (ACC) regulates the synthesis and degradation
of fatty acids, and mice lacking the ACC2 isoform are leaner than wild-
type animals. Choi et al. have characterized the whole-body energy
metabolism and insulin sensitivity of Acc2™'
activity, food consumption, and energy expenditure, they showed

mice. By monitoring

that Acc2™'~ animals ate more food than did wild-type animals but remained smaller.
The Acc2™'~ animals were also resistant to obesity induced by giving them a high-fat diet.
These results could be explained by the increase in energy expenditure observed in the knockout
animals, which is cansistent with the increase in oxidation of both fats and carbohydrates in
Acc2 ™'~ animals. The resistance toinsulin that occurs with fat accumulation is thought to result
from the accumulation of diacylglyceral in muscle and liver and the consequent activation of
pratein kinase C (PKC) 6 and PKCe in muscle and liver, respectively. Acc2—'~ mice displayed an
enhanced sensitivity to insulin that was associated with decreased activity of the PKC enzymes.
Although ACC2 is not a particularly easy target for small-molecule drugs, the development of a
specific inhibitor could improve the treatment of diabetes and obesity. — LBR

Proc. Notl Acad. 5ci. U.5.4. 104, 16480 (2007 ).
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Way Up North

It was big news when the amount of Arctic sea
ice reached a record low this summer (Sdence,

5 October, p. 33). At the Arctic Report Card 2007

Web site, pole watchers can track
other environmental changes
in the far north. The new site,
from the L.5. National Oceanic

updates last year's State of the
Arctic report by offering brief, peer-reviewed

articles on variables such as air temperature and

the mass of Greenland’s ice sheet. As one entry
reveals, a “hot spot” where temperatures are
3”10 4°C above average has edged closer to
Europe from its previous position in eastern
Siberia. Overall, the Arctic continues to heat up,
but the site notes that not all measures follow

the trend. For instance, parmafrost temperatures

appear to be leveling off. ==
www.arctic.noaa.govireportcard

Tsunami Alert

Almost 3 years after a tsunami battered coasts
throughout south Asia, India has unveiled a
high-tech early warning center that will issue

alerts for the killer waves within 13 minutes after

an earthguake.
The Mational Early Warning System for

Tsunami and Storm Surges in the Indian Ocean,
2 headguartered in Hyderabad, will take “about
2 7 minutes to analyze the earthquake data and
another & minutes to run simulation models to
generate alerts,” says India’s science minister,
Kapil Sibal. Scientists are warking to reduce the
amaunt of time even further.

LARRY DOWNING/REUTERS; PALLAY,

the Bay of Bengal and the Arabian 5ea. In addi-
. tion, 30 tide gauges have been installed to track
tsunami waves. Peter Koltermann, UNESCO's
tsunami coordinator, says that India’s system is
“completely different” from the Pacific Tsunami
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and Atmospheric Administration,

The 530 million center receives data from six
bottom-pressure recorders installed deepin both

Screen shows predicted direction of a minor
tsunami 45 minutes after a magnitude-8.4
earthquake off the coast of Sumatra on

12 September.

“PRIMATIVE” ART

EDITED BY CONSTANCE HOLDEN

Kanzi, a bonobo at the Great Ape Trust of lowa, offers a glimpse into his mind with the top mon-
eymaker at an exhibit of ape paintings currently at Zanzibar's Coffee Adventure in Des Moines. Of
16 paintings, 13 were snatched up in the first 2 days. This abstract piece, with the “muted tones”
Kanzi prefers, brought in 51500. Proceeds go to ape conservation in the wild.

Kanzi is only a minor master compared with the late chimp Congo, three of whose painfings
fetched a record 525,000 at 3 2005 auction in London,

Warning and Mitigation System, simultaneously
manitoring multiple hazards such as storm
surges, typhoons, and nses in sea levels and not
just earthquakes,

Presidential Face-Off

Senator Hillary Clinton {D-NY) is headed for the
White House. So say predictions based on “facial
competence” as assessed by—among others—
New Zealand schoolgirls.

In 2005, psychologist
Alexander Todorov of
Princeton University
reported in Science (10
June 2005, p. 1623) that
politicians whase faces were
judged most competent-
looking by people who
didn’t recognize them tend
to win senatorial elections,
Todarov reported online 24 October in the
Froceedings of the National Academy of Sciences
that the technique had also correctly forecast
more than two-thirds of 89 races for governor.

Inspired, marketing professor ]. Scott
Armstrong of the University of Pennsylvania’s
Wharton School tried the test with 24 real and

Huckabee (left) and Richardson behind
in the "facial competence” race.

potential 2008 U.5. presidential candidates,
To find people who wouldn't recognize even
Clintan, his team enlisted students in South
Australia and in Wellington, New Zealand.
Clinton's face won the competence race—
averaging 7.2 on a scale of 1 to 10—followed
by General Wesley Clark and Senator Barack
Obama {D=ILU. The top three Republicans—
Senator John McCain of Arizona, Representative
Duncan Hunter of California, and Senator Chuck
Hagel of Nebraska—
trailed six Democrats,
tying at 6.2. The least-
competent—appearing
were Governor Bill
Richardson (D-NM)
and former governar
af Arkansas Republican
Mike Huckabee, at 4.9,
the authors report in an
as-yet-unpublished paper.
How do people make the judgments? Todorov
says his lab's computer model indicates that
“more competent faces seem more masculing,
with square jaws and high cheekbones,” whereas
incompetent faces are more round and babyish.
That's for men, anyway. Computers have yet to
define the Hillary magic.
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MOVERS
HOME AGAIN. After just 2 years at Duke
University and a summer spent testing the
political waters, chemistry Nobel laureate Peter
Agre is returning to Johns Hopkins University in
Baltimore, Maryland, where he spent a quarter-
century as a researcher. Agre will become the
new director of the Johns Hapkins Malaria
Research Institute (JHMRI), founded 6 years
ago with a $100 million anonymous donation.
The institute has been led until now by
virologist Diane Griffin, who also chairs the
molecular microbiology and immunology
department of which it is part. Griffin says she
had been looking to recruit a new leader for
years and had first offered the job to Agre
shortly after he agreed to become vice
chancellor for science and technology at Duke's
Medical Center in 2005. After giving up on his
dream to run as a 2008 Senate candidate for

POINT

COUNTERPOINT

The 4-year-old journal The New Arlantis, edited by Adam
Keiper, has applied its conservative philosophy to regular
coverage of science and technology issues. Lastmonth, the
left-leaning think tank Center for American Progmness
launched Science Progress, edited by bioethicist Jonathan
Moreno. Keiper (left) thinks that Moreno's journal “has a

Pioneers

Heat," has been viewed 90,000 times.

Minnesota (Science, 14 September, p. 1479)—
and feeling that he had done “a pretty good
job” at Duke—heading back to Baltimore to
fight a global scourge makes Agre “warm all
over,” hesays.

With a JHMRI grant, Agre had already
begun adapting his prizewinning research on
aquaporins—proteins that form pores in cell
membranes—to focus on thwarting the
malaria parasite. He says he plans to use his
star power to recruit young talent to the study
of neglected diseases.

FROM AIR TO SEA. Susan Avery has become
the first woman president and director of the
Woods Hole Oceanographic Institution (WHOI)
in Massachusetts.

Avery, an atmospheric physicist, comes to
the 77-year-old nonprofit from the University
of Colorado, Boulder, where she was the first

| _NEWSMAKERS

EDITED BY YUDHI]IT BHATTACHAR]EE

GLOBAL AUDIENCE. University of California (UC), Berkeley, physicist Richard A. Muller is getting
a taste of YouTube fame for his efforts to teach nonscience majors. Last month, UC Berkeley became
the first university to post entire courses on the video-sharing Web site, and Muller's “Physics for
Future Presidents” has been the most popular offering. His introductory lecture, “Atoms and

Muller is delighted that his 26-lecture course, which has been available on the schoal’s Web
site for a few years, is now reaching an even broader audience. He recalls one e-mail from a
high schooler in Minnesota who said the physics he learned from Muller's lectures earned him
a spot as co-captain of the “knowledge masters quiz team” and improved his attitude toward
school. “What a sweet thing for a teacher to [hear]!” Muller says.

Despite his global reach, Muller hasn't forgotten his home audience. To keep them
coming to class, he uses an old-fashioned trick—pop quizzes.

woman to lead the
Cooperative Institute
for Research in
Environmental
Sciences. She "had a
strong capability for
rising above discipli-
nary discussions and
pulling out interdisci-
plinary links,” says a
Colorado colleague, ecologist Carol Wessman,
who also calls her “a person with vision.”
WHOI's acting director, James Luyten, predicts
Avery should fit in well with the ocean sci-
ences because both disciplines are field-based
and rely heavily on modeling. fwery, 57, says
she plans to make the institution more inter-
disciplinary and mare involved with providing
knowledge about climate change and other
societal issues. She starts early next year.

system and the arrival ofthe Onon
[transportation] system. Those
will be 5 years where the United
States won't be able to put people
into space. ... As a matter of
national prestige. this gap ought to
be avoided. This is of course not
simply a Bush Administration

lot to sort out™ in defining liberal positions on science issues, whereas
Moreno (right) suggests that Keiper's journal offers “a very dark
vision” that nonetheless “makes an important point about the need to
worry about the ends as well as means in science”

0): What's been the best move by the Bush Administration on
science policy?

Keiper: On stem cells, the Bush Administration in 2001 developed
a policy that’s in fact a sensible compromise ... that does not view
nascent human life as a resource for experimentation.

Moreno: That'’s a hard one.

0): And the worst move?
Keiper: I'm unhappy with the gap between the end of the shuttle

problem, it budgetary pressures, it's Congress.

Moreno: Whether they've intended to or not, they've created a ter-
rible morale problem in sciences, ... alack of respect for evidence.
... [They] search for sources of pluripotent stem cells as though
they don't need to also continue work with embryonic stem cells.
This is wildly uninformed by the science.

(: Why publish journals like yours when Washington is flooded with
policy advice?

Keiper: The sorts of issues we deal with ... are not only strictly science
questions, they're ethical and philosophical questions, and they should
be weighed by policymakers.

Moreno: What there’s not is the vision thing, Our role is to look more
broadly at the role of science in American life.
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CDC Director's Message on Risk
Runs Afoul of White House Edits

Late on Monday evenming, 22 October, the
director of the ULS. Centers for Disease Con-
trol and Prevention (CDC) settled nto a Wash-
ington hotel room for a ritual familiar to
burcaucrats who regularly brief lawmakers: a
late-night cram session with a three-ringed
briefing binder. Juliec Gerberding, was testify-
ing the next moming before the Senate Envi-
ronment and Public Works committee, which
was holding the first-cver Senate session on
the health impacts of climate change. Next to
her was a [ 2-page summary of the scientific
ssues, prepared by agency researchers, to be
distributed at the hearing.

But shortly before the hearing began,
Gerberding learned that the White House
Office of Management and Budget (OMB)
had slashed the handout in half. Gone were
details on how climate change could worsen
allergic diseases, exacerbate deadly heat

waves, and broaden the geographic range of

mfectious diseases, Gerberding didn’t flmch.
As she presented her 3-minute opening state-
ment, a shide listed asthma. allergies, and
harmtul algal blooms as “potential negative
health impacts.” She expanded on those issues
in response to questions from the committee
chair, Senator Barbara Boxer (D-CA), and
other members. The cuts didn't come up,

But the matter didn’t end there. Within
hours, reporters had their hands on the original
version, It asserted, among other things, that
the United States “is expected to see an
increase in the severity, duration, and fre-

Insight into

gestational
diabetes

quency of extreme heat waves” and that stud-
ies showed higher urban temperatures could
increase ground-level ozone, worsening
asthma and “chronic lung discases.”

Why was her written testimony altered so
severely? A White House spokesperson said
the edits were done because details “didn’t
align with” the conclusions ot'the Intergovern-
mental Panel on Climate Change (1IPCC), the
eroup of thousands of scientists whose reports
carned it this year’s Nobel Peace Prize
(Science, 19 October, p. 372). The presidents
science adviser, John Marburger. went into

more detail 2 dayslaterin arare explanation of

his role. Marburger said staff found “appropri-
ate connections between climate change and
human health™ in the draft but criticized “sev-
eral nuanced but important differences

Cutting-edge science. Science adviser John
Marburger suggested removing parts of Gerberding's
scheduled Senate testimony.

A polymath
for the ages

A matter of words. Senator Barbara Boxer (D=CA)
and COC Director Julie Gerberding (right) confer

before a hearing on health impacts of climate change.

between the IPCC report’s findings and the
draft testimony.”

Boxer called the editing the latest example
of the White House “interfering [with] the sci-
entific facts” And in private, CDC scientists
were outraged, “They gutted it,” said one, “For
them to say that other agencies had a problem
with it is just a weak cover ... for suppressing
the science.” Gerberding says she got across
her message, namely, that “from a public
health perspective that climate change is an
important ... issue.” But she told Science that
she regrets that the incident has “raised ques-
fions about the credibility of the CDC science.”

Central to the controversy is whether
Gerberding had accurately represented what's
known about the effects of chimate change on
global health. On heat waves, IPCC this year
assigned “medium confidence” to the asser-
tion that climate change has already led to
“increased heat-wave related deaths.” OMB
removed words in the CDC handout descnb-
ing the “likelihood of higher mortality™
among the elderly from a heat wave. (In her
oral remarks, Gerberding mentioned the more
than 25,000 fatalities linked to the 2003 heat
wave in Europe but focused on how US, offi-
cials were dealing with the problem. )

In terms of infectious diseases, the IPCC's
2007 report mentioned a recent study showing
a Fibrio bacteria outbreak in ovsters “linked to
atypically high temperatures in Alaskan
coastal waters.” It noted that extreme spring
rains in North America and Europe “may
explain™ patterns in cryptosporidiosis bacter-
1al disease. Both examples were cut from the
handout and went unmentioned at the hearimg.

Gerberding, an infectious-disease scien-
tist. says her role didn’t require her “to go into
detail on every single complication of climate
change. ... Rarely, ifever, does the written tes-
timony get read [by the public].” But Rick
Piltz, formerly of the White House Climate
Change Science Program, disagrees, “The
official statement on a problem from the
top-ranking public health official to
Congress? It matters.”

Those familiar with the process say the
testimony, submitted to the White House
5 days before the hearing, was veited by agen-
cies including NASA, the Environmental »
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Protection Agency, and Marburger’s Office of
Science and Technology Policy (OSTP). But
Gerberding said none of the comments she
saw were “showstoppers.” OSTP. for example,
took issue with specific wording on hurri-
canes, food scarcity, and mental health. An
OSTP official says that the office “had no
problem™ with sections on infectious diseases
and heat waves but that 1 don't know what

NATURAL DISASTERS

Glycobiology
in turmoil

happened to our edits.” which were submitied
on Monday. Marburger’s statement said that
OSTP “did not seek to redact sections.”
Gerberding says she’s skeptical of the
OSTP assertion that OMB's heavy editing was
necessary because of insufficient time to rec-
oncile the various comments, calling that “just
a hypothesis.” She's asked her staff to review
the 12-page draft and the vetting process “to

A place where
matter matters

make sure this doesn't happen again.”

Itthe goal was to suppress the issue, exten-
sive media coverage suggests that the attempt
failed. Gerberding says shed be pleased if the
flap about her testimony leads to more talk
about CDC’s role in studying climate change,
calling it “a silver lining.” She says she has tried
to “wet this issue on the map for public health,
and [ will continue to do s0.” =ELI KINTISCH

Drone Spy Plane Helps Fight California Fires

SAN DIEGO, CALIFORNIA—One unsung hero
in the weeklong batile against the massive
wildfires that devastated southern California
last week was an itnmanned Predator B air-
plane, onginally designed to gather intelli-
gence for the military. By providing firefight-
ers with up-to-the-minute data on the many
conflagrations, it helped in the coordination
of firefighting efforts that spared many lives
and structures—including the venerable
Palomar Observatory,

The plane now flies for NASA and the
U.S. Forest Service, which have outfitted it
with state-of-the-art, thermal-infrared sen-
sors to help firefighters decide where to do
battle. The 5-year demonstration project,
dubbed lkhana after the Native American
Choctaw word for “aware” or “intelligent,”
transmitted hot-spot data to a satellite. Within
15 minutes, fire command centers all over
San Diego received color-coded Google Map
images that indicated the temperature on the
ground at different locales. “The fire com-
manders love the data,” says aerospace engi-
neer Brent Cobleigh, who leads the project
from NASA's Dryden Flight Research Center
inside Edwards Aur Force Base.

The Forest Service for 40 years has relied
on images from piloted planes, notes Everett
Hinkley. alead investigator on the project who
is hased at the Forest Service'’s Remote Sens-
ing Applications Center in Salt Lake City,
Utah. Ikhana represents a technological step
up, he says, with a novel sensor that can pene-
trate smoke and delineate hot spots by detect-
ing emperature differencesas small as 0.5 up
to 1000°C. “We can get very finite and fine
temperature discrimination from surface
events.” says Vincent Ambrosia, Ilkhana’s prin-
cipal investigator at NASA's Ames Research

Center at Moffett Field, which
developed the sensor.

[khana's near-real-time infor-
mation i1s also a huge improve-
ment. Piloted airplanes don’t have
this equipment and can only frans-
mit their data by airdrops or after
they land. so several hours otten
pass before firefighters receive it.
“In an environment like southern
California, with very high winds
and fires moving rapidly, thermal
imagery can be out-of-date
quickly,” says Hinkley. NASA
hopes eventually to transfer that
capability to piloted planes.

[khana's pilots sit in a trailer at
MASA's Dryden Center, so the
plane can fly into dense smoke
plumes or high winds without put-
ting a crew’s life in danger. lkhana
can circle a hot spot torhours on end, for exam-
ple. and fly for as many as 30 hours straight,
assignments that would severely stress an
onboard crew. lkhana made its tfirst flights over
tires in August, but the dozen fires that burned
in San Diego County last week putittoa
tougher test. “Everything’s happening a lot
taster.” said Ambrosia on Friday, 26 October,
the third day of Ikhana’s San Diego mission.

That day, the plane flew over the Poomacha
tire, which came within several kilometers of
the Palomar Observatory. Owned and oper-
ated by the California Institute of Technology,
the observatory’s five telescopes include the
508-cm “Big Eve.” Astronomer W, Scott
Kardel, a spokesperson for the observatory
who had to evacuate his own home nearby,
said *1 don’t know of a fire that's ever been
this big of a threat here.”

Getting the picture. Thermal-infrared images from the
unmanned lkhana (inset) helped firefighters battle the Poomacha
fire near San Diega's Palomar Observatory.

Fortunately for the observatory, the
Poomacha fire was one of the lastto break out
“Many other fires had reached their conclu-
sion, and support from across the state had
armved” says Kardel. “1f we had been first to
break out, we'd be talking about what a great
place this used to be.”

With the demonstration project coming
to an end, researchers are awaiting word on
a funding request to sustain the effort,
Money isn’t the only hurdle, however.
Strict rules about flying unmanned aircraft
in prime national airspace (lkhana flies at
an altitude of 7 km) make it difficult to
secure permission for each flight. And
NASAS mission to develop these technolo-
zies doesn't cover responding to natural
disasters. That puts Ikhana’s future as a
firefighter up in the air. =]ON COHEN
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Tumor Suppressor May Also
Affect Gestational Diabetes

Stanford Universitys Seung Kim was treat-
ing cancer patients when he tirst encoun-
tered a clue about the biology of diabetes.
The patients suffered from a rare inherited
syndrome called MENI, or multiple
endocrine neoplasia type 1, which triggers
tumors in endocrine glands. In some cases,
beta cells in the pancreas multiply and over-
produce insulin,

This reminded Kim of a very different
state: pregnancy. There, placental signals and
the burden of a fetus lead to
msulinresistance and a demand
for more hormone. An unlucky
4% of women cannot produce
enough and are diagnosed with
gestational diabetes,

On page 806, Kim. a devel-
opmental biologist, and his
Stanford colleagues describe a
connection in mice between
menin. the protem encoded by
the MENT gene, and gesta-
tional diabetes. Menin had
long been known as a tumor
suppressor; MEMN| occurs
when the protein is lacking.
Mow, Kim and his colleagues
report that in healthy animals,
menin inhibits the replication
of beta cells, Dialing it down
allows beta cells to proliferate,
mncreasing insulin supply. It's a
clever insight, says Robert
Sorenson of the University of
Minnesota, Minneapolis, who
studies how these cells adapt to
pregnancy: “l knew about multiple endocrine
neoplasia, for years and years, ... but | never
thought about linking it to pregnancy.” It its
role holds up in humans, menin may offer
clues about gestational diabetes and the ways
beta cells regenerate.

Kim’s group first examined what happens
to memin during pregnancy. In normal mice,
menin levels drop and climb back up after the
animal gives birth, To test whether this was
driving beta cell expansion, Kim and his col-
leagues created transgenic mice whose menin
production didn’t decline during pregnancy.
When these mice became pregnant, their glu-
cose rose to levels comparable to those in ges-
tational diabetes, Autopsies confirmed that
when menin didn’t fade in pregnancy, beta
cell proliferation was impaired. and the ani-

WWW.SCIENCenag.org

Supply problem. Insulin-
making beta cells in normal
pregnant mice expand to meet
demand (top), but not in mice
with higher levels of menin
protein (bottom).

mals didn’t produce the insulin they needed.

In mouse and human cells, Kim’s team
tound that prolactin, a hormone that rises dur-
ing pregnancy and that Sorenson had found
triggers beta cell proliferation in rodents, was
what caused menin levels to fall, This, says
Sorcnson, suggests a distinct chain of events:
A boost in prolactin causes a drop in menin,
whichincreases beta cell mass. The discovery
is “quite different than the tumor story,”
because here the normal functions of menin
take center stage. says Stephen
Marx of the Mational Institute
of Diabetes and Digestive and
Kidney Diseases in Bethesda,
Maryland who helped lead the
team that cloned the MEN{
gene. Still, because the work 15
in mice, “it’s hard to extrapo-
late too much.” Kim cautions.

The work suggests that
menin might become a tool
tor developing beta cells in
diabetes patients who lack
them. “Up until about 2004,
everybody said that you can't
get new beta cells from repli-
cation; if you lose your beta
cells, too bad,” says Andrew
Stewart, an endocrinologist at
the University of Pittsburgh in
Pennsylvania. The find that
suppressing menin induces
beta cell expansion is “one
small step in a long quest”
to understand beta cell repli-
cation, says Yuval Dor, a
developmental biologist at the Hebrew
University-Hadassah Medical School in
Jerusalem, Israel. Admittedly, devising a
menin-based therapy could be complex,
because it might interfere with menin’s role
a5 a tumor Suppressor.

Menin’s relevance to gestational diabetes
remains unclear. Some studies suggest that
women who are diagnosed with gestational
diabetes may have had insulin deficits before
pregnancy. “You happen to intercept them™
once they re pregnant, says Thomas Buchanan,
an endocrinologist at the University of South-
ern California in Los Angeles, who doubts
that menin is “an important contributor™ in
human gestational diabetes, Still, that's some-
thing scientists won't know until they assess
menin in people. ~]JENNIFER COUZIN

N\ @

New Scrutiny on Vaccine Trial
Stunned by the decision to halt a large trial of a
pramising AIDS vaccine made by Merck & Co.
in September (Science, 5 October, p. 28),
researchers are now confronting a more shack-
ing prospect still: Vaccinated people somehow
may have become more susceptible to HIV
infection than participants who received a
placebo. Experts caution that no new data have
emerged, simply a new interpretation of the
same findings.

An independent Data and Safety Monitoring
Board (DSMB), required for certain federal clini-
cal trials, recommended stopping the 3000-
person trial, under way in North and South
Amenca, the Canbbean, and Australia, after an
interim analysis of half the participants revealed
that 19 people who had received at least two
doses of the vaccine became infected versus
11 peoplein the placebo group. Because the
vaccine had failed, a trial of the same prepara-
tion in South Africa was also stopped, and the
DSME overseeing that study suggested that
researchers notify vaccinated peaple of the
potential increased risk they now face, although
the difference was not statistically significant.
“We had two DSMBs that looked at the data
differently,” says Lawrence Corey, a study leader
with the University of Washington, Seattle.
Corey says there were "geopolitical considera-
tions” that led the South African DSMB to “err
on the side of safety.” Study crganizers will meet
in Seattle next week to closely review the data.

=]ON COHEN

French GM Crops Halted

PARIS—French President Nicolas Sarkozy
delighted environ mental activists last week by
announcing a moratorium on the commercial
cultivation of genetically modified (GM) crops.
The temporary ban was one in a series of sweep-
ing enviranmental policies announced at the
end of a 2-day roundtable meeting on the envi-
ronment here, Sarkozy said he wants to suspend
cultivation of Monsanto 810, an insect-resistant
maize and the only GM crop currently grown in
France, until a new "High Authority™ has been
set up to weigh its risks and advantages.
EuropaBio, an industry lobby group, said the
plan violates European rules; a spokesparson
for the European Commission canfirms that
countries cannot ban the Eurapean Union—
approved strain but says that the commission is
awaiting details. André Choulika, a board mem-
ber of industry group France Biotech, says the
authority could help inject more science into
the GM debate, and if it rules on 810 before the
next planting season, the ban's impact could
be minimal. —MARTIN ENSERINK
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U.S5. DEFENSE BUDGET

Pentagon Research Chief Seeks 11% Boost in 2009

U5, academic lobbyists have long urged the
Department of Defense (DOD) to boost its
mvestment i science and technology (S&T)
to enhance the nation’s strategic and eco-
nomic competitiveness. But although the
agency s overall S&T portfolio
has grown modestly since 2002,
funding for basic research has
stagnated. Now, in an unpre-
cedented step, the Pentagon’s
research boss is seeking an 11%
increase in DOD's S&T budget
for the next fiscal vear. Observers
say the request, which Pentagon
officials appear eager to publi-
cize, improves the long-term
prospects for more defense-
related research despite the con-
tinued cost of the wars in Iraq
and Afghanistan.

The proposal comes from John Young,
director of Defense Research and Engineer-
mg (DRE). In a 24 August memo to Defense
Secretary Robert Gates, which recently
became public, Young warns that the
agency’s S&T investment “may be inade-
guate to meet the imposing security threats
that challenge the nation.” Citing the mod-
ernization of China’s military, the decline in
basic research by corporations, and the
increasing sophistication of terrorist organi-
rations, Young proposes establishing new
S&T initiatives worth $1.2 billion in the
2009 fiscal vear (FY'). Congress has vet to

CLIMATE CHANGE

complete action on this vear’s request for
$10.8 billion tor the program.

At the top of Young's hist is a $300 mullion
imvestment in foundational sciences, cover-
ing arcas such as biosensors, photonic crys-

Smaller sliver. Spending on science and technology hasn’t grown as fast as the
rest of the military's research, development, testing, and evaluation budget.

tals, and the computing sciences. That repre-
sents a 20% hike in the agency’s 51.5 billion
basic research budget. “We are pleased to see
this discussion occurring within the higher
levels of the Pentagon,” says M. Matthew
Owens of the Association of American Uni-
versities, adding that the DRE director hasn't
asked for such a hike in recent history. “We
are optimistic that it will have some impact
on the FY "09 budget.”

Supporters point to the fact that the

memo was requested by Gates, a member of

a National Academies panel that in 2005
called for a 10% increase in basic defense

California Stirs a $600 Million Pot of Solutions

California researchers could soon be able to
tap a 10-year, $600 million climate initiative.
The project would create the Califormia Insti-
tute for Chimate Solutions to foster research
so the state can meet sirict greenhouse gas
emissions limits enacted over the past 2 years.
The president of the state’s public utilitics
commission (PUC), Michael Peevey, recently
announced that PUC is looking at the pro-
posed institute as a way to help meet the new
targets, The commission is weighing a plan to
finance it through a $1-a-month hike in elec-
tricity rates,

“This is really exciting to see,” says Daniel
Kammen, an energy policy expert at the Uni-
versity of California (UC), Berkeley, who
views the institute as a way to translate climate
goals to action. “1t will really put financial
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muscle behind the climate-change laws.”
Omar Yaghi, a chemist at UC Los Angeles,
who works on materials capable of separating
carbon dioxide from power-plant emissions,
likes the idea that utility commussioners are
paying attention tomore than just the mdustry's
bottom line. “1"'m really happy to hear the PUC
is taking the initiative on this,” Yaghi says.

The institute’s design is still in flux. But
Kammen and others say it’s likely to focus on
a range of projects that offer near-term energy
savings, A preliminary list, Kammen says,
includes research centers for energy effi-
ciency, solid-state lighting, carbon sequestra-
tion, and green buildings, and a policy center
to mesh California’s climate regulations with
those of other states and countries.

California needs technological advances

research spending (Science, 21 October
2005, p. 423). Adds Alan Shafter, one of
Young's sentor executives: “We're not get-
ting the same type of pushback we used to
get. Yes, there are a lot of claimants for dol-

lars. But there’s a groundswell of

T : support for the idea.”
gk n:l:g fachion - oG M Basic research Nonetheless, everybody admits
Applied research that the proposed increase faces a
M;a"t!ﬂ big hurdle. “The commitments the
;'mﬁmm department has made extend
et far beyond available resources.”
says Loren Thompson of the Lex-
Total research, ington Institute, a Washington,
dn;lnpm!;t, D.C.—based nonprofit. For exam-
testing, an i o )
547 billion s7Sbillion =  evaluation budget  Pic: hesays, the Air Force urgently

needs 321 F-21 fighter aircraft, but
“there’s not enough money in the
2009 proposed budget to purchase
even half™ that number. “What
the services want right now 1s hardware, not
science,” he says.

A congressional staffer agrees that a big
research boost next yvear 1s unlikely. “Just
because Mr. Gates asked for the proposal and
Mr. Young produced it does not make it a slam
dunk,” he says. But he believes that the plan
prepares the ground for bigger increases
down the road. Lobbyists also note that Young
is awaiting congressional approval to become
the agency's under secretary for acquisition,
technology, and logistics, which would give
him oversight of'a 157 billion budget that
includes DRE. ~YUDHIJIT BHATTACHAR]EE

to meet its new greenhouse gas emission stan-
dards. The first standard. enacted last year,
requires a 25% reduction in greenhouse
£as emissions, to 1990 levels, by 2020, Two
years ago, Governor Amold Schwarzenegger
signed an executive order targeting
80% reductions by 2050,

The new institute is not expected to fund
new buildings, Kammen says, but rather will
support and extend existing campus research
cfforts across the state, “Coordination is key
here,” says Ellen Auriti, executive director for
research policy at UCs Office of the Presi-
dent. A public comment period closes next
week, followed by hearings early next year. 1f
all goes smoothly, the institute could have
money to spend by next summer,

=ROBERT F. SERVICE
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AIDS RESEARCH

Reconstructing the Origins of the AIDS
Epidemic From Archived HIV Isolates

Five HIV isolates that had been forgotten in
freezers for 2 decades are revealing new
details about how and when the virus spread
from Africa to Haiti and then exploded on
the world scene. Evolutionary biologist
Michael Worobey of the University of Ari-
zona in Tucson led the new study, which
analyzed HIV saved from five Haitian
AIDS patients treated in Miami in 1982 and
1983, “It was the next best thing to being
able to travel back in time.” says
Worobey, who obtained the sam-
ples through the LS. Centers for
Disease Contrel and Prevention

susxype B 1al

Other AIDS researchers counter that the
Worobey paper offers the clearest picture yet
of how the young epidemic matured. “It's a
very nice piece of evolutionary sleuthing,”
siays Beatrice Hahn, a virologist at the Univer-
sity of Alabama, Birmingham, and a co-
author of the Korber study. One provocative
finding, says Hahn, suggests that although
several different isolates of subtype B came
from Haiti to the United States, only one gota

(CDC) in Atlanta, Georgia.

In a paper published online this week in
the Proceedings of the National Academy of
Sciences, Worobey and co-workers focused
on what's known as HIV-1 subtype B. *“This
was the variant that led to the discovery of
AIDS and so much of the story that reared its
head after 1981, says Worobey.

Much controversy has swirled around the
origins of the AIDS epidemic. Because some
of the first AIDS cases surfaced in Haitian
immigrants to the United States, CDC—to
the consternation of many—once included
Haitians as a special nsk group. Some promi-
nent Haitian rescarchers have rejected the
idea that the virus spread trom Haiti to the
United States, contending that it likely moved
in the other direction.

Molecular analyses of the archival isolates
confirmed eardier reports that subtype B trav-
eled from central Africa to Haiti about 1966,
entering the United States 3 years later. The
researchers” estimated probability that the
virus instead traveled from the United States
to Haiti—0.00003-—is infinitesimal. “The
methods are beaunful, and the analysis 15 ele-
mnt,” says Bette Korber, an immunologist at
Los Alamos National Laboratory in New
Mexico, who published similar results in
Science in 2000 (9 June, p. 1789).

Some are not persuaded. Jean “Bill” Pape,
who heads the largest AIDS research program
in Haiti, says Worobey and co-workers simply
“restate prejudices advanced 2 decades ago.”
Pape notes that the authors offer no details
about the sexual histories of the five Haitian
immigrants, who he contends could have
been infected by Americans. He also ques-
tions whether HIV arrived in 1966, pointing
to retrospective studies in Haiti that did not
find an A1DS case unal 1978,

WwWww.sClencemag.org
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Pandemic clade

Descent of HIV. A new analysis of stored blood
samples from early AIDS patients shows Haiti (green)
as a steppingstone between central Africa and the
rest of the world.

foothold. It had not evolved ways to transmit
more readily, says Worobey, and appears to
have been “lucky™ to have spread among
high-risk populations—primarily, gay males
in the United States. It then spread to Canada,
South Amenica, Europe, Asia, and even back
to Africa (see figure).

Anne-Micke Vandamme, a molecular
epidemiologist at the Rega Institute for
Medical Research in Leuven, Belgium, and
co-author of a 2003 study that arrived at
similar conclusions, says the new work
underscores a fundamental feature of HIV
epidemiology. Most of the early isolates
found in Haitians quickly “died out,” she
notes, “You need an event that boosts the
transmission, and the epidemic takes oft)” In
this case, Vandamme says the promiscuity
of gay men appears to have boosted the
prevalence above a threshold that allowed
the virus to thrive. =]ON COHEN

China Wants More Enviros ...

BEI]JING—At last month’s Communist Party
Congress, China's leaders enshrined environ-
mental protection in the country’s constitu-
tion. Now China's State Environmental Protec-
tion Administration (SEPA) has inked a deal to
train grassroots conservationists. SEPA’s China
Environmental Culture Promotion Assocation
and Rare, a conservation group in Arlington,
Virginia, will train budding Chinese conserva-
tionists in technigues—such as festivals and
puppetry—that can stir public interest and
pride in biodiversity in order to “translate
knowledge into personal, meaningful
change,” says Brett Jenks, president of Rare.
Southwest Forestry University in Kunming City
in China will help launch projects at 10 sites
next year, most likely in some of China’s
roughly 2000 nature reserves.

=RICHARD 5TONE

... And Heads to the Moon

The first spacecraft launched beyond Earth
orbit by a developing nation is on its way to
the moon. Chang'e 1, named for the Chinese
goddess who flew to the moon, will arrive in
lunar orbit 5 November, The 24 October
launch drew large crowds near the Sichuan
launch center, was broadcast live on national
television, and prompted senior Chinese
officials to declare plans to share culled sci-
ence data. The 2300-kg satellite will circle
the moon for a year and send back three-
dimensional images of the lunar surface and
an analysis of moon dust. India and the
United States plan to launch moon orbiters
next year, and Japan announced this week
that it will launch a robotic rover in the

next decade. -ANDREW LAWLER

Oceans Are Nickel-and-Dimed

HONOLULU—A dozen marine scientists gath-
ered here last week at the behest of the Inter-
national Seabed Authority to design safe-
guards against the anticipated damage from
the industrial harvesting of potato-sized nod-
ules rich in nickel and copper sitting on a part
of the Western Pacific sea floor with great bio-
diversity. “Practically every individual [organ-
ism] is a new species,” said Alex D. Rogers of
the Zoological Sodety of London. The scien-
tists inserted a patchwork of nine 400-km-by-
400-km protected areas, in between mining
claims in an area nearly the size of Australia.
Harvesting is expected to start within a
decade. If adopted, as expected, the restric-
tions would be the first such sanctuaries in
international waters. -CHRISTOPHER PALA
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Scientists Fete China’s Supreme Polymath

SHANGHAI—In the early 1 7th century. this
humanist and experimentalist helped avert
starvation in China by dissemmating hardier
crops and devised dams and canals for irmiga-
tion and flood control. He launched a decade-
long effort to improve the accuracy of the
Chinese calendar by incorporating a more
precise knowledge of celestial geometry. His
monumental contribution was to team up
with a Jesuit scholar to translate part of
Euclid’s Elements, introducing late Ming
Dynasty intellectuals to new mathematical
concepts—and Western thought. For his
achievements, he has been compared to
Leonardo da Vinei and Francis Bacon.

Who was China’s Renaissance man?
Go to the head of the class if you guessed
Xu Guangqi.

Last month, scientists from a variety of
disciplines met here at the Parmer Institute for
Computational Biology (PICB) to commem-
orate the 400th ammiversary of the publication
of the first six volumes of Elements in Chi-
nese and to explore Xu's remarkable legacy.
*He started China'’s enlightenment.” says cell
biologist Pei Gang, president of Tongji Uni-
versity in Shanghai. * Xu promoted the idea of
learning from the West.” Over the past cen-
tury, Chinese leaders have taken Xu's advice
to heart, including a reference by President
Hu Jintao at last month’s Communist Party’s
1 7th Mational Congress to the importance of
taking a “scientific view of development.™

Xu (pronounced like “sue™) was bom in
Shanghai in 1562 and was groomed to be a
civil servant. A watershed moment came in
1600, when Xu met Matteo Ricei, an ltalian
Jesuit and one of the first Westerners allowed
to live in China. No intellectual slouch him-
self, Ricci had been a student of Europe’s
leading mathematician of the time, Christopher
Clavius. “Xu was wholeheartedly atiracted to
him,” says Hung-lam Chu, a historian at the
Chinese University of Hong Kong. The kin-
dred spirits came to realize that planar geom-
etry and other higher mathematical concepts
then unknown in China were essential to
progress. “Elements is basically a book about
Western logic,” says Yu Sanle of Beijing
Administration Institute.

In translating Elements, Xuand Ricci also
coined a host of terms, including jilie as the
character for “geometry,” Ricci deserves
equal billing, Yu argues: “His wasthe greatest
contribution of any foreigner to Chinese cul-
ture and civilization.” Knowledge flowed
both ways: Riccei also translated several

Leading light. Among many contri-
butions to China, Xu Guanggi helped
disseminate Western knowledge of
geometry; title page of Euclid’s
complete Elements.

Confucian classics into Latin,

After carning a jinshi
degree, the equivalent of a Ph.D., inthe palace
examination of 1604, Xu was admitted to
Beijing's prestigious Hanlin Academy. He
ascended smoothly through the government
ranks until late in his career he came to be
known, simply, as “The Minister.” Through-
outhis life, one constant was his dedication to
improving agriculture. His experiments in
Shanghai with yams, then a new import from
South America, led to the widespread adop-
tion of the high-energy crop. “This was
decades before the West began taking a scien-
tific approach to agriculture,” says PICB
director Andreas Dress. Xu also trained impe-
rial soldiers to use a newfangled device from
Europe, the cannon. “He was a fascinating
polymath who spread his interests far and
wide for a specific purpose: statecraft” says
Dagmar Schéfer of the Max Planck Institute
for the History of Science in Berlin, Germany.

Xu was also a key figure in China’s calen-
dar reform. China’s calendar was based on
observed motions of the sun and moon,
whereas the West's was based on average
motions. “The Jesuits had better data than
Late Ming astronomers and a clear geometry

of'the heavens,” says Peter Richter. a theoreti-
cal physicist at the University of Bremen in
Germany. With such knowledge, Ricei
predicted that an eclipse would occur
on 15 December 1610—right on the money.
“That impressed Xu Guanggi,” Richter says.

After Xu and Ricei's successors correctly
predicted an cclipse in 1629, the emperor
appointed Xu as leader of the calendar reform,
which he embarked on with the assistance of
Jesuits. The reform was completed after Xu's
death in 1633. The reams of data used to justify
the revision amounted to the first scientific

collaboration between sci-
entists in Europe and
the Far East.

Xu's tomb is a
20-minute drive from
¢+ PICB, jointly run by the
Chinese Academy of Sci-
ences (CAS) and the Max
Planck Society. “That’s
how we learmmed about this
guy.” says Dress. a compu-
tational biclogist with an
abiding interest in science
history. “Suddenly it dawned
on me” that 2007 is the anni-
versary of Chincse Elements.
Accordingly, Dress broadened
the workshop into an Inter-
national Xu Guangqi Confer-
ence, organized by CAS, the Shanghai Insti-
tutes for Biological Sciences, and Shanghai

Kuhui District Government.

One aspect of Xu's remarkable life that the
Chinese government rarely talks about is his
conversion to Roman Catholicism and bap-
tism in 1603 as Paul Xu Guanggi. Although
some scholars argue that Xu converted out of
gratitude or in recompense for Ricei'’s help,
Chu and others are convinced that he was
both a devout Chnstian and a faithful Confu-
cian, noting that Xu's writings consistently
adhere to Confucian philosophy. Nor were the
Jesuits as zealous in their missionary work
as groups that came later: After all, notes
Richter, Ricci helped translate Elements—
not the Bible—into Chinese.

Xu's legacy was imperiled by the col-
lapse of the Ming Dynasty in 1644, But his
seminal contributions are cherished by mod-
ern China, “He forged a dialogue between
the West and China,” says Li Tiangang of the
Shanghai Academy of Social Sciences, a
dialogue that grows richer, and more rele-
vant, by the day. -RICHARD STONE
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Who Owns Glycobiology?

A group of biologists who claim to be cleaning up their field are battling a Texas company that makes
glyconutrients; the company, threatening legal action, says these scientists are spreading falsehoods

MOST BASIC BIOLOGISTS PROBABLY
don’t give much thought to ginseng, herbal
teas, and the other dietary supplements that
fill the shelves of health-food stores. But
one group has been caught up in an escalat-
ing controversy over supplements in recent
weeks, pitting them against a nutraceuticals
company that has been charged with illegal
sales practices in Texas. Several prominent
LLS. glycobiologists allege that the com-
pany. Mannatech, threatens to “taint” their
field by linking glycobiology discoveries
with claims for sugar pills of unproven
medical benefit. The company and its
consultants have fired back, urging the
withdrawal of a critical commentary and
warning of legal action.

The dispute began when a leader in the
ficld and the editor of the journal Ghvcobiology
co-authored a scathing critique of Mannatech,
which was posted as an online preprint in
September, Other scientists joined in, urging
speakers to reconsider their participation in a
scientific meeting last week in Dublin that
was partly sponsored by Mannatech, In
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another twist, after Mannatech and others
complained about the Glveobiology edito-
rial, the publisher, Oxford University Press,
removed it 3 weeks ago. promising to repost
it later with responses.

Mannatech Inc., a publicly traded com-
pany in Coppell, Texas, with more than
5400 million in sales last year. was under
fire from legal authorities before this con-
troversy broke. In July, the attorney general
of Texas charged the company with violat-
ing Texas laws and has sued to stop its sales
associates from making claims that its
products cure diseases. The company has
denied the charges but has said that it is
revising its literature.

Independently, several U.S. glycobiolo-
gists say they want to set the record straight
and prevent damage to their field. “Its none
of our business as glycobiologists if
nutraceutical companics want to sell bark
extract. When they begin to tie it to our dis-
cipline, that is the problem,” says Ronald
Schnaar of Johns Hopkins University in
Baltimore, Maryland. editor-in-chief of

Glveobiolagy and lead author of the with-
drawn cditorial. Adds Ajit Varki, a glycobiol-
ogist at the University of California, San
Diego, this “striking example” illustrates “the
responsibility of scientists to speak out.”

But others, including several European
glycobiologists, sugpest that these criti-
cisms are overreaching. The chief organizer
of the Dublin conference, John Axford—a
British rheumatologist and until recently a
Mannatech board member——says he and
other organizers were “flabbergasted™ by
the letter suggesting speakers not attend the
conference. He says Mannatech’s support 1s
no different from the drug company money
that funds countless scientific meetings.
His camp argues that the Mannatech critics
are unfairly dismissing the entire comple-
mentary medicine industry, which should
be encouraged to take part in scientific
meetings, not banned from them.,

Sugar therapy
The science at the heart of this dispute
concerns not dietary sugars but sugar
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CREDIT: 1 MEWFIELDYSCIENCE



CREDNT: JAMES A BLACK/TELEGRAFHICS

Sweet treatment. Mannatech's flagship product,
Ambrotose Complex, is a blend of plant extracts
containing polysaccharides.

molecules linked to most proteins and
many fats in the body. These glycoproteins
and glycolipids dot the surface of cells and
serve as identification markers recognized
by other cells. The field took oft'in the past
2 decades, and carbohydrates are now
widely studied for their roles in normal
biology and discase (Science, 23 March
2001, p. 2337).

Mannatech, started by entreprencur
Samuel Caster, who had previously run
businesses selling pest-control devices and
home insulation, launched its first product
in 1994, That year, Congress passed a law
allowing companies to sell dietary supple-
ments without Food and Drug Administra-
tion approval, as long as they don’t claim
any therapeutic benefit. The company’s
Web site states that its glyconuirient prod-
ucts “apply concepts from the rapidly
emerging field of glycobiology™ A press
release goes on to say that eight sugars “are
needed at the cellular level for optimum
immune function™ but that “six of these
dietary glyconutrients ... are often lacking
in our modern diets.” The company's main
product, Ambrotose Complex—a mixture
of larch bark arabinogalactan, aloc vera gel,
gum ghatti, and gum tragacanth—is “a
blend of specific plant saccharides that sup-
portthe immune system”™ and “support opti-
mal cell-to-cell communication,” a product
data sheet says.

Mannatech relies on more than 500,000
independent salespeople, or associates, to
sell Ambrotose. According to a lawsuit filed
in July 2007 by the Texas Attorney
General, the company’s sales
associates promote its products
with testimonials from people
who claim glyconutrients have
cured diseases such as Down
syndrome and cancer. The com-
pany also “claims scientific vali-
dation from the ficld of glyco-
science” for its products, the
Attorney General concluded.
Mannatech said in response that
it “intended[ed] to cooperate to
reach a resolution™ with the state;
meanwhile, the Attorney Gen-
eral’s office says that it is pursu-
ing the charges in court,

Intheir commentary, Schnaar
and co-author Hudson Frecze
of the Burnham Institute for
Medical Research in San Diego,

California, examine Mannatech’s educational
Web site, GlycoScience.org, shuttered since
August for revisions related to the Attorney
General suit, Mannatech says. The archives
include a self-described “pecr-reviewed scien-
tific journal” called Glycoscience & Nutrition,
edited by Mannatech scientists and consult-
ants, Its articles describe glycobiology
findings “mixed with speculation about the
potential of glyconutrients to positively
impact” various disorders, write Schnaar and
Freeze. Case reports on discases such as
breast cancer and cerebral palsy treated with
glyconutnients also appeared in the Proceed-
ings of the Fisher Institute for Medical
Research, which is published by an independ-
ent organization described by the Texas Attor-
ney General as “little more than a sham charity
with the sole purpose of providing ‘*scientific’
support to the illegal health claims made about
Mannatech’s products.”

As for peer-reviewed research on the
health benefits of Ambrotose in PubMed-
listed journals, there’s not much, according
to Schnaar and Freeze. Their review of the
literature in the past 25 vears found that
larch bark arabinogalactan isn't digested,
and its main effect is flatulence. About 30in
vitro and animal studies on ingesting
aloe gel glucomannan, largely funded by
Mannatech or its supplier company, suggest
some immune system cffects, but the only
clinical trial in a PubMed-listed journal
found no benefit. The notion that any sac-
charide mixture will improve health is
flawed, says Varki, because most people’s
cells can make all the sugars they need from
glucose in the diet.

Despite the scant support for glyconutri-
ents in mainstream scientific publications,

Nutraceuticals heavyweight. Mannatech Inc., headguartered in Coppell,
Texas, had sales last year of more than $400 million.
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many glycobiologists have found their
names on Web sites promoting Mannatech
products. References to Freeze's papers
appear on Mannatech sites because 12 years
ago, he showed that ill children with a rare
sugar-processing disease recovered if they
were fed mannose. Ever since, Freeze says
he has received calls and e-mails from fam-
ilies of patients with diseases such as cancer
and autism. They want to know if spending
534, 5100, or more per month on Ambro-
tose will help. James Paulson of the Scripps
Rescarch Institute in San Diego, California,
began getting calls after he became head of
a glycobiology consortium funded by the
Mational Institutes of Health (MIH) in 2001.
“It just tore me up knowing my name was
being used in that way,” he says. Three
Mobel Prize winners at Rockefeller Univer-
sity—including Giinter Blobel—filed a
complaint against Mannatech last year to
make the company and associates stop using
their names on Web sites. The company “has
accepted some responsibility™ to patrol such
Web sites, says Rockefeller general counsel
Harriet Rabb.

Particularly disturbing, say Schnaar and
Freeze, are references to the benefits of gly-
conutrients in a medical textbook called
Harper’s Hlustrated Biochemistry from
MeGraw-Hill, whose lead editor is a retired
University of Toronto biochemistry profes-
sor, Robert Murray, Murray, who is also a
Mannatech consultant, added a paragraph to
the 2006 edition noting that although the
body can make other monosaccharides from
glucose, “there is evidence that the other sug-
ars may be beneficial in some circumstances
when added to the diet. This has led to the
development of glyconutrient supplements,”
which are “under study,” the text
notes. Schnaar and Freeze say
this statement, which Mannatech
cites in a fact sheet, could mis-
lead young scientists and doctors.

Murray responds that “there 1s
some scientific basis to the way
[Ambrotose] affects wellness,”
noting that “thousands of people
claim to have benefited” from
it., He says he has done noth-
ing wrong and has demanded
through a lawyer that his name be
removed from the editorial by
Schnaar and Freeze.

The Jenner meeting

The most recent example of
Mannatech’s tactics, critics say,
15 its sponsorship of the Jenner
Gilycobiology and Medicine
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Symposium, a biennial meeting organized by
the Roval Society of Medicine (RSM), a UK.
educational organization. Axford a member
of the R5M board and head of a research cen-
ter at the St. Georges University of London,
has organized the meeting since it began in
1991. Axford served on Mannatech’s board
from 2002 until he stepped down in Septem-
ber: he has received at least $420,000 in com-
pensation, $370,000 in stock. and $200,000 in
research contracts from Mannatech since
2000, according to reports filed with the
LS. Securities and Exchange Commission.

Atter the 2004 Jenner meeting, Mannatech
posted on its GlycoScience.org site a sum-
mary by Axtford with an added phrase stat-
ing that the meeting’s “major sponsor was
Mannatech, Inc.” Last year when Axford
proposed holding the meeting in San
Diego, some glycobiologists objected.
According to Scripps’s Paulson, he and
other local organizers asked RSM to return
£30.000 in support from Mannatech, and,
after that, the meeting was canceled for
lack of funding. Axford says the meeting
tell apart because of low registration and a
tailure to find local sponsors,

This year, the controversy blew up again
when Schnaar and Freeze decided to send the
speakers invited to the Dublin meeting a copy
of their critical editorial along with a letter
signed by themselves, Paulson, Varki, and
Johns Hopkins's Gerald Hart. The letter alleges
that Mannatech sites have “prominently dis-
played” the Jenner meeting and that “your par-
ticipation may be misused to impress, mislead,
or confuse desperate and vulnerable people.”
It urges speakers to
make sure the meeting
is not sponsored by
Mannatech and take
“whatever actions you
teel are appropriate.

The letter appar-
ently had little impact.
Several speakers told
Science that RSM
assured them that
Mannatech was pro-
viding an unrestricted
educational grant and
that it would have no influence on the content
of the meeting. RSM “set up the meeting in a
responsible and sensible manner,” says
Anthony Corfield of Bristol University in the
LK. RSM education director Jo Parkinson

wrote Science that Mannatech is just onc of

five company sponsors, and that RSM policy
“in no way allows the sponsoring company to
claim any association with the RSM.” Axford
told Science that he agreed that Mannatech

www.sciencemag.org  SCIENCE

It's none of our business
as glycobiologists if
nutraceutical companies
want to sell bark extract
When they begin to tie it
to our discipline, that is
the problem.’
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Gray literature. Many clinical case reports and reviews of the health effects of glyconutrients have appeared

in two journals that aren’t listed in PubMed.,

could post his summary of the 2004 Jenner
meeting on its Web site for educational pur-
poses. He says he had overlooked until now
that Mannatech had added a phrase stating
that it was the “major sponsor.” which was
incorrect, he says, Parkinson says there was
no violation of RSM policy.

The editorial vanishes

Meanwhile, Oxford University Press has
removed the Schnaar-Freeze commentary
and plans to post it later with responses. Bio-
sciences senior editor Claire Bird says
Oxtord Press had received complaints from
Mannatech, Axford, and Murray that the
article was not prop-
erly peer-reviewed.
The authors and the
press have agreed the
posting should be
revised. Schnaar says
he hopes for “a real
forum with space for
all interested par-
ties.” Bird says guest
editors will oversee
the submissions.

In its letter to
Oxford Press, Man-
natech calls the editorial “a deliberate attack ...
based on false statements.” The company,
which provided Science with a copy of the let-
ter and a response to Gheobiology, cites more
than two doizen studics, including human stud-
ies. it has published or presented at meetings
and says it has spent more than 520 million
on research,

Axford defends his involvement with
the company, saying he'’s “helped them turn

Honald Schnaar,

around their R& D department.” The Texas
Attorney General’s allegations are
“appalling” if true, he adds, but they
remain “unproven.” Axford stepped down
from Mannatech’s board this fall to ensure
the independence of his research for the
company, he says.

The other four European glycobiologists
who co-organized the Jenner meeting agree
with Axford’s view that dietary supple-
ments are widely used and should be stud-
ied. “This industry needs to be included in
scientific meetings,” they wrote in a letter to
Schnaar. Raymond Dwek of Oxford Univer-
sity, who coined the term “glycobiology™ in
1988, concurs, noting that with LLS. health-
food shops “full of remedies and Chinese
medicine.” complementary medicine can’t
be ignored. NIH has reached the same
conclusion, Dwek and others say. citing a
recent NIH-sponsored study of glucosamine
for arthritis.

Dwek disagrees that Mannatech’s prac-
tices are damaging the field he helped
found. Although he once wrote the com-
pany to ask it to stop using the name of his
institute, “I think glycobiology is bigger,”
says Dwek. “l don't think it's harmed the
field with scientists.”

Even Mannatech’s critics agree that
research on the potential health benefits of
consuming specific sugars has merit.
Varki. for example, says he is interested in
sialic acids as treatments but feels “inhib-
ited” because of the stigma attached. If the
field of glycobiology is to expand, many
leaders agree, health claims must be based
on solid science.

-]JOCELYN KAISER

VOL 318 2 NOVEMBER 2007

NEWSFOCUS I



I NEWSFOCUS

738

NUCLEAR FPHYSICS

A Lab to Get the Measure of Matter

Germany's GSI laboratory aims to become Europe’s premier nuclear physics center
with a set of accelerators and detectors that will be the envy of the world

DARMSTADT, GERMANY—Although it cannot
yet claim instant name recognition, a
German national lab in this small town near
Frankturt has carned its 15 minutes of fame
several times over. GSI, as it's called, has
forged new chemical elements never before
seen on Earth. It celebrates its own successes
by presenting visitors to the lab with a packet
of six candies in different colors. The first
is labeled “Bohrium™ and bears the date
24 February 1981, the day on which GSI's
nuclear alchemists created this element with
atomic number 107, The last represents ele-
ment 112, discovered in 1996 but still
unnamed as it awaits verification.

Although a rival lab has added five other
superheavy elements to the periodic table
since then, GS1 hopes to soon grab the head-
lines again, in many areas of research. Over
the next decade, the lab will more than dou-
ble in size with the construction of two high-
energy superconducting synchrotrons capa-
ble of accelerating any atom up to uranium,
three storage rings to condition particle
beams, and numerous new detectors serving
five different fields of physics. Construction
of the new additions, dubbed the Facility for
Antiproton and lon Research (FAIR). will be
officially launched next week. FAIR will be
an international affair, with more thana
dozen other countries contributing to the

G5l Linear
Accelerator

Old and mew. FAIR's synchrotrons, storage rings, and detectors

dwarf the existing facilities at GS1 (left).
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€ 1.2 billion price tag. “It's a big. new ven-
ture, a multidisciplinary facility with a very
broad range of experiments,” says Sydney
Gales, director of France’s heavy-ion labora-
tory GANIL in Cacn. Those involved in
designing the project are ecstatic. “Starting
up such a facility is a once-in-a-lifetime
chance.” says FAIR physicist Thomas Beier.

With the wide array of high-energy parti-
cle beams available at FAIR, researchers will
be able to study the particle soup that existed
at the very beginning of the universe, the
workings of atomic nuclei, the dense plasma
in the cores of brown dwarfs and gas-giant
stars, how stellar explosions create heavy ele-
ments, and whether antihydrogen difters
from its normal form. Physicists here and
elsewhere are already addressing these ques-
tions, but FAIR will provide particle beams
with as much as 10,000 times the intensity
and 30 times the energy of those now avail-
able at the lab, with the added bonus of anti-
matter beams that make new types of expen-
ments possible. “This type of machine and
enengy is not available anywhere in the world
today,” says Gales. “I'm eager to see what
they find.”

Exotic studies
(151 was founded in 1969 as a shared
resource for several universities in the

. |

Atomic Physics —
Plasma Physics—

A

Storage —
Rings

German state of Hessen. The lab started out
with a single linear accelerator that could
accelerate any element from hydrogen to
uranium up to 20% of the speed of hight. A
synchrotron added later boosted speeds to
90% of light’s.

In the late 19905, GS1's researchers began
discussions with the 1200 outside users on
what the lab should do next. By 2001, the lab
had drawn up a conceptual design report for a
new facility that would expand on GSI's work
with particle beams and add an ability to use
antiprotons. Germanys federal government
agreed to fund the plan if at least 23% of the
costs were borne by foreign partners. So far,
L 3 partners apart from Germany have signed
up, including European nations and Russia,
India, and China, { The United States is work-
ing out its own plans for rare isotope research
and 15 not involved.)

Construction of FAIR will begin in a year,
and the facility should be complete by 2016.
GS51 will remain a German lab, and a new
company set up under German law will run
FAIR but be owned by the 14 international
partners. This arrangement didn’t go down
well with some countries, particularly
France, which preferred an international
body like other pan-European research cen-
ters, Although this issue didn’t prove a show-
stopper, some countries have yet to confirm
their financial contnbution,

GS1and FAIR intend to work closely
together, but all that GS1will physically pro-
vide to the new facility is a beam of particles
already sped up by its linear accelerator and
synchrotron. The beam will then be passed
to FAIRs new synchrotrons to be boosted
to higher speeds. After that. the resulting

FAIR Synchrotron

F-rrgm;ént - Rare Isotope
_ Mgeparator Production Target

~—— Antiproton
Production Target
‘-Hu

+
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particle beam will periodically smash into a
target in a detector that will analyze the debns
to provide insight into the state of matter at
the moment of collision. At other times, the
beam will hit a target, and the debris will be
collected into a new beam containing all sorts
of nuclei. These will be sifted on the fly to
pick out particular unstable nuclei for study.

These nuclei can be passed to a storage ring,
which allows researchers to control the speed
of nuclei and create a precise, high-quality
beam for subsequent experiments.
“FAIR will have two unique abili-
ties,” says nuclear physicist Donald
Geesaman of Argonne National
Laboratory near Chicago, llinois,
“high energy and storage rings,
which allow you to do certain types
of experiments.”

Planning for FAIR has imvolved
about 2500 scientists and engi-
neers worldwide. “We 've never
worked in such large numbers
before.” says FAIR physicist Ingo
Augustin. Although it serves sev-
eral fields, GSI's biggest program
15 in exotic nucler. FAIR will have
a similar emphasis: Some 700 sci-
entists from more than 30 coun-
tries devised FAIR s exotic-nuclei research
program. Exotic nuclei are highly unstable
isotopes that are key to finding out the ongin
of many of the chemical clements on Earth.

Although a few elements were made by
the extreme temperatures and pressures that
existed soon after the big bang, many more—
up to iron and nickel on the periodic table—
are forged in the cores of stars, The heaviest
elements have an even more violent birth in
stellar cataclysms such as supernovae,
gamma ray bursts, or x-ray bursts. In such
explosions, lighter elements are bombarded
with neutrons or with protons, swelling up to
a large size but becoming increasingly
unstable. Understanding how these unsta-
ble nucler decay into something more long-
lasting should tell physicists about the ori-
gins and abundance of the elements around
us now. “If we know the nuclear physics. it
constrains the astrophysics. Both are not
well known now, This will change dramati-
cally with FAIR,” says GSI research direc-
tor Karlheinz Langanke.

Other labs are chasing some of the same
quarry, including CERN in Geneva,
Switzerland, France's GANIL, Japan's new
Radioactive-lsotope Beam Factory at the
RIKEN lab in Wako, and the Facility for
g Rare Isotope Beams being developed in the
& United States. Although there will be over-
& laps with FAIR, the various facilities will

ultimately deploy different techniques, cre-
ating complementary research programs.
“In each main region of the world, there are
major investments in this area of research
because people are excited about the sci-
ence,” says Geesaman. *None [of the facili-
tics] can tackle all the problems coming
from this large community.”

FAIR is not all about nuclei. Atomic
physicist Thomas Stéhlker is looking forward
to more of the atomic dissection he does now

Back to basics. With a beam of antiprotons, FAIR's PANDA detector will probe
the inner workings of protons, neutrons, and related particles.

at GS1 but expects that FAIR will provide him
with greater accuracy in nailing down atoms’
propertics. For example, FAIR should allow
him to take a beam of uranium atoms, strip
them of all their electrons, and then measure
the mass of the naked nuclei with extreme
precision, giving a better fix on electrons’
binding cnergy.

FAIR will also provide the world’s
most intense antiproton beams, allowing
researchers to better study the spectroscopy
of antihydrogen and compare it with normal
hydrogen. Any differences might help solve
the long-standing mystery of why there is so
little antimatter in the universe. FAIR will
offer a “qualitative jump™ in what's possible
because of its dedicated storage rings and
decelerator, says Stohlker.

PlayStation, anyone?

Researchers hope to step out into entirely
new terrain with antiproton beams, which
FAIR will be able to produce and handle as
atno other lab. They plan to study the strong
nuclear force and the structure of hadrons—
particles such as neutrons and protons that
are made of quarks. Current theory does not
explain the particular masses or spins that
hadrons have. The three quarks that make
up a proton, for example, account for only
10% of its mass and 40% of its spin.
According to (GS1 hadron physicist Klaus

NEWSFOCUS I

Peters, the main goal when FAIR is online
will be to bombard hadrons with anti-
protons to probe the binding of the quarks.
The particles that mediate the strong force,
known as gluons, “make most of the mass.”
he says.

Peters expects FAIR to become the most
important lab in hadron physics: “There’s no
real competition.” About 400 hadron
rescarchers from around the world—"almost
half of the community,” Peters says—helped
plan FAIRs program.

FAIR also has its sights on
another prize: a quark-gluon
plasma (QGP). This state of mat-
ter exists under such extreme con-
ditions that quarks and gluons
move almost freely in a soup of
particles rather than being con-
fined in hadrons. 1t is thought
that the early universe existed as
this form of plasma 20 to 30
microseconds after the big bang.
Physicists at the Relativistic
Heavy lon Collider (RHIC) at
Brookhaven National Labora-
tory on Long Island, New York,
believe that they have already cre-
ated a QGP, but they have not yet
detected the telltale phase transition from nor-
mal matter. Some researchers now think that
at the high temperatures used at RHIC, there
may not be a phase transition, just a gradual
shift from normal matter to QGP.

“What is still missing is proof of this new
state of matter,” says GS1's Peter Senger.
“RHIC has some indications but no smoking
gun.” FAIR will approach the problem from a
different direction. Instead of RHIC's high
temperatures, FAIR will use high pressures.
creating the sort of QG P found in neutron stars
and one that has a detectable phase transition.
But spotting the QGP will be no mean feat. In
the fleeting instant of a particle collision. the
putative plasma spews out thousands of parti-
cles, only a tiny fraction of which may carry
the signature of a QGP. Senger and his col-
leagues have calculated that they must log
10 million reactions per second, bevond the
abilities of today’s computer processors.
They've investigated prototype processors
destined for PlayStation video game consoles
not yet on the market. “These are the fastest
processors, and if you have thousands working
in parallel, it will be possible,” Senger says.

Finding the phase transition to a QGP
is “the major goal in heavy-ion physics,”
says Senger. And who knows, confirming
a new state of matter just might give
physicists in Darmstadt a new reason to
hand out candies. -DANIEL CLERY
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Testing the Line Between
Too Much and Too Little

Keeping peanuts and other risky foods from toddlers in the hopes of preventing allergy
has been common practice for years. But is avoidance actually safer?

In Israel, the joke goes, a child’s first three
words are Momma, Dadda, and Bamba. The
last, a wildly popular kosher snack of
peanut-flavored puffs, shows a cartoon
baby with a tuft of red hair on its packaging.
Many infants eat Bamba when they're as
voung as 6 months old.

Bamba has become an unlikely poster
child in the world of food allergy, where
physicians are desperate to ease the soaring
burden of hyperactive immune responses. In
the past 10 years, peanut allergies—among
the most common and lethal—have roughly
doubled in both the United Kingdom and
the United States, where they affect at least
1% of young children.

A British study 4 vears ago reported that
peanut-allergic children have a lower quality
of life than those with diabetes, suffering anx-
icty everywhere, from riding the bus to cruis-
ing the supermarket. “The kids don’t go to
camp like they should, they don’t go to birth-
day parties,” says Brian Vickery, a fellow in
allergy and clinical immunology at Yale Uni-
versity, They and their parents live with “fear
and tremendous anxiety” that unexpected
exposure will tigger shock and even death,

For years, physicians in many countrics
have urged parents to avoid feeding high-risk

children peanuts until they are 3 years old, on
the rationale that one cannot become allergic
to a food without being exposed to it and that
the immune and digestive systems of older
children will be better able to tolerate the
peanut proteins that can elicit reactions. But
in what seems a contradiction, the countries
that endorse this view—including the United
States, the United Kingdom, and Canada—
have seen an explosion of peanut allergies.
Meanwhile in Israel, with Bamba melting in
the mouths of babies too young to walk. the
rate of peanut allergy in toddlers is 0.04%.

Is this association accidental, or can it tell
us something about how food allergies
develop? It's a question asked increasingly by
allergists. Early this yvear, a British team
launched the first trial aiming for a direct
answer. Their study is recruiting 480 high-
risk babies and offering peanuts to half of
them while wathholding them from the rest.
Will one group be more allergic? There’s no
safe bet, as studies of food, pet, and other
allergies span the spectrum, with conflicting
results on whether exposure is preventive,

Rethinking avoidance
An intricate set of variables can shape the
onset of allergies: genetics, eczema, not

Eat or avoid? Peanut allergies are on the rise, but
steering clear of them early in life may or may not
help keep them at bay.

being breast-fed, and the route of exposure.
whether by the skin or the mouth. Some aller-
gists wonder 1f food preparation plays a
role—in particular, if the boiled peanuts con-
sumed in Southeast Asia and Africa are less
allergenic than the dry-roasted form eaten in
the West, The surge in food allergies also
tracks an increase in asthma and autoimmune
disease in Europe and North America, and all
are thought to be related to the plunge in
infectious disease in early childhood, The
“hygiene hypothesis,” as its known, postu-
lates that exposure to pathogens trains the
immune system to regulate itself.

Given this complexity, there’s little hope
that avoidance will have universal effects.
And indeed, the evidence so far is mixed. For
some children, living with a cat may make cat
allergies less likely, whereas living with more
dust mites either helps or hurts as far as
allergy prevention is concerned. depending
on the study.

When it comes to peanuts, many physi-
cians are torn between how little they know
and what they viscerally fear: Data favoring
early avoidance are skimpy, but doctors are
uncomfortable promoting peanut consump-
tion. “Peanut allergy is so lethal; you don't
geta second chance,” says Patrick Holt of the
University of Western Australia in Perth, who
examines mechanisms underlying allergy.
Still, he says, “the story that we thought we
were seeing 10 years ago” with allergy risk
tracking a dose curve, “doesn’t hold up.”

The thought that higher doses may not
be worse has come gradually, as scientists
dig deeper into how environmental cues
prompt an immune response. That the
immune system attacks something like
Escherichia celi bacteria, a sickness-
inducing pathogen. “makes sense.” says
Stephanie Eisenbarth of Yale University
School of Medicine, who performed allergy
studies in renowned immunologist Kim
Bottomly’s lab for her Ph.D. thesis. “But
why would you want to fight ragweed?” The
common plant isn’t a health threat. This is
the question allergy experts have asked
themselves for decades.

In someone vulnerable—because of their
genes or for other reasons—initial exposures
to normally innocuous proteins stir white
blood cells known as T helper 2 (T, 2) cells
into a tizzy. They alert B cells, which churn
out antibodies to the protein. Those antibod-
ies, part of a class called immunoglobulin E
{IgE), bind to mast cells and set off a full-
blown reaction the next time the offending
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protein, called an allergen, appears. The mast
cells empty inflammatory chemicals such as
histammes into the bloodstream. causing the
classic symptoms of allerzy.

In the mid-1990s, Bottomly, now presi-
dent of Wellesley College in Massachu-
setts, began reporting a more nuanced pic-
ture in cells and in mice: The immune
response to a foreign substance shifted as
the dose of that substance increased. At
low doses, her lab saw a classic T2
response. High doses set oft'the flip side of
the immune system, activation of T 1,
which served as a brake on T ;2. In 2002,
Eisenbarth and Bottomly revealed in mice
that the same dose pattern held with an
adjuvant, a substance in the environment
that primes the immune system to respond
to an allergen. “We still don’t know™ what’s
behind this, says Eisenbarth,

Testing whether something similar occurs
in people, some allergy-prevention studies
uncovered a bell-shaped curve, particularly
with exposure to pets: no reaction at the zero-
dose end, a strong reaction with low or mod-
erate doses, and little or no reaction again at
the high-dose end.

Some foods may fall under this rubric,
too. In 2004, pediatric asthma and allergy
specialist John Warner of Imperial College
London descnbed a cohort of babies at high
risk for egg allergy and examined the effect
of maternal dict during pregnancy. Infants
whose cord blood had the lowest or highest
levels of antibodies to egg proteins were least
likely to experience allergic hypersensitivity,
such as eczema, by the ime they were O months
old. Those with midrange antibody levels were
the most hypersensitive. The evidence is sug-
pestive, although it remains unclear whether a
pregnant woman’s diet can influence allergy in
her unborn child.

Still, studies such as this one have
researchers questioning “whether we can
really prevent exposure”™ completely, says
Dennis Ownby, a pediatric allergist at the
Medical College of Georgia in Augusta. At
least half the toddlers he sees who have sud-
denly reacted to a food weren't known to
have eaten it before. But because an allergy
can’t develop without exposure first, they
must have encountered proteins somewhere.
Foods not known to contain peanuts may be
one place: In 2001, the U.S. Food and Drug
Administration reported that 25% of foods
surveyed that did not list peanuts on their
labels tested positive for them,

“The problem is the small amounts may
be even more allergenic than the large
amounts,” says allergist Hasan Arshad of the
University of Southampton, UK. Mo one

knows whether this is true in humans. But in
cells and animals, the allergy antibody, 1gE,
can be stimulated with small doses of certain
allergens given intermittently. whereas a pro-
tective antibody. lzG, comes forward with
large doses given regularly, says Allan
Becker, a pediatric allergist at the University
of Manitoba in Winnipeg, Canada. Arshad’s
own work, however, underscores the tension
between avoidance and exposure.

The Isle of Wight experiment

Seventeen years ago, Arshad began follow-
ing 120 infants on the Isle of Wight, a semi-
rural island several kilometers off the coast

Omnipresent. Scientists are testing whether exposure
to peanuts, dust mites (above), and grass can help
prevent allergies in high-risk toddlers.

of England. The children. all at high risk of
allergy and asthma. were put in a limited-
exposure group or one with normal expo-
sures. In the low-exposure group, breast-
feeding mothers avoided cow’s milk, eggs,
nuts, and wheat. Exposure to house dust
mites was reduced with pesticides and mat-
tress covers,

In their first 8 years, these children were
half as likely to suffer allergies as the control
group. Limited exposure worked on the Isle
of Wight, Arshad theorizes, because several
allergies were targeted simultancously and
because the children steered clear of small
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exposures that may be deleterious, some-
thing other avoidance studies may not have
accomplished.

Some physicians are looking beyond the
level of exposure and considering how food
proteins get inside the body. In 2003, pedi-
atric allergist Gideon Lack, now at King's
College London, reported in The New Eng-
land Jawrnal of Medicine that by the time
they were 6 months old, 21 of 23 preschool-
ers with peanut allergy had had creams con-
taining peanut oil, which are typically used
for diaper rash, applied to their skin. Ina con-
trol group of 140 children, the number was
59%. Lack believes the route of exposure is
key—specifically, that skin exposure in the
absence of ingestion, rather than ingestion of
small doses. is behind growing rates of
peanut allergy. “It would be highly implausi-
ble to me that we've evolved as a species so
that if we have tiny amounts of food through
the gut,” an allergy develops.

One effort to settle the question comes in
a study Lack launched early this year.
Funded by the U.S.~based Immune Toler-
ance Network (ITM), it is randomizing
babies vounger than | 1 months old to receive
peanuts in different forms, such as peanut
butter mixed with banana. or no peanuts until
they're 3 years old. and track who develops
allergies. About 200 children have enrolled
so far; the study will last 7 vears.

Holt, in Australia, is running a similar
ITN study of grass, cat, and dust-mite
allergy, recruiting 200 high-risk babies and
giving half of them daily doses of allergen
drops under the tongue. “For people on the
outside, this sounds like very adventurous
stuff,” says Holt. But “any early fears of *Oh
my God, you're going to create havoe™ ™ by
exposing high-risk babies to allergens
haven't vet come to be. Results are still a few
years off.

In both the United States and the United
Kingdom, physicians and health officials are
reconsidering guidelines that encourage par-
ents to avold giving high-risk children poten-
tially allergenic foods: they may shift to a
more neutral stance. But “I'm still nervous
about peanut,” admits one leader in the field
Hugh Sampson of Mount Sinai School of
Medicine in New York City. “1 don’t have
proof, | just have this sort of sensc that there's
something different about it.” Asked by wor-
ried parents what he would do were the child
his own, “I'll say, ‘| would probably avoid
peanut” " At the same time, Sampson admits
tonever quite knowing what to advise. “What-
ever we're doing 15 not working,” he says,
“because things have only gotten worse.”

=JENNIFER COUZIN
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Do Wandering Albatrosses

Care About Math?

Repudiating a decade-old study of sea birds, a new report questions a popular model
of how animals—as well as fishing boats and people—search for food

As its name suggests, the wandering alba-
tross (Domedea exulans) is a tabulous flver,
tlapping its way around the world with the
help of its 3-meter plus wingspan, the
longest of any living bird. A 1996 report
seemed to offer clear proof of the bird’s
endurance: It found that the birds sometimes
soared for as many as 4 days before touching
down on water, presumably to catch fish or
other food. One of the first studies in which
recording devices tracked animal move-
ments, the work also brought a little-known
mathematical tool to bear on the study of
animal foraging. It showed ecologists that a
model of random motion called a Levy
thight described the way albatrosses
searched for food.

Inspired by the work of French mathe-
matician Paul Lévy, Lévy flights are char-
acterized by many short hops, with much
longer jumps on rare occasions. Physicists
have long used the mathematics behind
Lévy flights to predict how particles move
in liquids and how matter spreads in the
universe, for example. And after analyzing
the recorded albatross data, a team led by
physicist H, Eugene Stanley of Boston Lini-
versity (BU) concluded in a 1996 Narure
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article that the tagged birds also followed
Lévy flights,

This strategy could work well when food
supplies are concentrated in a fow places—
say, in schools of fish or fields of flowers—
with long stretches of empty sea or bare
ground in between. Indeed, ina 1999 Nature
article, Stanley's group outlined the theoret-
ical benefits of foraging with the strategy
and asserted that deer and bumblebees fol-
lowed a Lévy flight search pattern.

Last week. however, a new study revealed
flaws in both the 1996 and 1999 reports. In
the initial albatross paper, Stanley’s team
misinterpreted key data on the birds, says
Andrew Edwards of the Pacific Biological
Station in Nanaimo, Canada. In the reanaly-
sis by Edwards and colleagues, reported in
the 25 October issue of Narure, the longest
flight drops from 99 hours to 20 hours, for
example. Moreover, using an arsenal of sta-
tistical tests on the 1996 and 1999 papers,
the rescarchers show that the bird, bumble-
bee, and deer data support other search
strategies equally well. Edwards goes so far
as to say that none of the subsequent studics
reporting animal Lévy flights that he has
seen are “ 100% convincing.”

Stanley’s team apparently accepts this
dramatic about-face. All the surviving
authors from the 1996 and 1999 papers
are co-authors on the new report. And
Gandhimohan Viswanathan of the Federal
University of Alagoas in Maceid, Brazil,
who was the first auther of the two earlier
papers, agrees with Edwards that “the jury 1s
out” on whether Lévy flights apply to any
foraging animals. “One message that this
new paper sends is clear: We must be more
carcful with data analysis,” he says.

Wet and dry birds

Physicists first discussed the notion that ani-
mals perform Lévy flight searches in the
19804, but obtaining data on large-scale
movements of animals in a natural environ-
ment wasn't easy at the time. When the 1996
albatross report came out, the idea of Lévy
flights in animals really took off among
ecologists. That publication has been cited
more than 100 times. Researchers have since
described Lévy flights in jackals, spider
monkeys, seals, microscopic xooplankton,
and even by fishing vessels and hunter-
gatherer tribes.

All this excitement piqued Edwards’s
curtosity in 2005. An ecological modeler. he
had just landed a position with the British
Antarctic Survey (BAS) in Cambridge,
LK., the source of the albatross data ana-
lyzed by Stanley, Viswanathan, and their
colleagues. Edwards decided to take a closer
look at the original study to understand the
methods used.

In 1992, BAS researchers had gone to
Bird Island in South Georgia and attached a
newly designed detector that registered con-
tact with saltwater to a leg of each of five
birds, retrieving the detectors about 2 weeks
later at the birds’ nesting sites. After a BAS
group member met someone on the BU team
interested in modeling animal movements,
BAS agreed to provide the detectors” data.

For their analysis, the BU team inter-
preted “wet™ signals as moments when the
birds stopped flyving over open sea and
grabbed a snack from the water. The time in
between was considered to be flight time,
with longer “dry™ intervals signifying
longer distances in the air, Viswanathan,
then a BU graduate student, Stanley, and
their co-authors found a “hop, hop ... long
jump, hop ..." pattern among the albatross
journeys, When they graphed these data a

particular way, the probability for a jump of

a specific distance scemed to follow a
so=-called power-law distribution, in which
most jumps were very short, and the longera
Jump was, the rarer its occurrence. This tvpe

SCIENCE www.sciencemag.org

CREDIT: FRAMNK KRAHMER/GETTY MAGES



SOURCE: ANDREW EDWARDS: CREDNTS (TOP TO BOTTOME: COURTESY SCOTT BAUER, USDA/ARS: WIKIFEDHA: RARMABAS KIMDERSLEY/GETTY IMAGES

of probability distribution fit the definition
of a Lévy tlight pattern.

Yet Edwards noticed that the first and last
flights for each bird were suspiciously long.
When he removed those flights from the
original analysis, any evidence for Lévy
flights vanished. The clincher came when,
during a coftee break with a BAS albatross
specialist, Edwards learned about data that
the BU team didn’t know about. For some of
the recorded trips. some of the birds also
wore rudimentary location trackers for a
separate study. When Edwards and his col-
leagues at the survey pulled those data from
the archives, they discovered that for much
of the initial long “flights,” the birds had
never left their nests. Similarly, the last
“flights” tended to be much longer because
the birds had returned to their nests and were
high and dry for hours, Flights recorded as
69, 67, 44, 26, and 23 hours in the original
paper were actually all 4 hours or shorter,
sometimes less than an hour.

Edwards and his colleagues also joined
with the original BU authors to repeat the
sea-bird study, drawing upon BAS data
taken in 2004 from 20 Bird Island alba-
trosses equipped with more sophisticated
tracking equipment. The new study con-
firmed that Stanley’s team had been misled.
“The birds aren’t performing

Viswanathan, wasn’t used in the 1990s. 5till,
the analysis removed from the two early
papers the last bits of solid evidence for
Lévy flights.

Those papers are not being retracted,
however. Viswanathan says that he and the
other original authors seriously considered
retractions but decided that the new analysis
serves as the needed public correction.
Rory Howlett, an editor at Nature who han-
dled the new paper. adds that its peer-
reviewers didn't request retractions, either.
“This is an unusual case in that new analyt-
ical methods and also new data became
available that led to a re-evaluation of the
original claims,” he says.

From jackals to bees
Edwards’s reappraisal of the two Narure
papers isn't the only recent attack on biolog-
ical Lévy flights. Behavioral ecologist
Simon Benhamou of France’s national
rescarch agency, CNRS, in Montpellier has
also called into question the benefiis of this
foraging pattern. In the August issue of Ecol-
ogy, he described computer sim-
ulations indicating that Lévy
flight-styled movement is no
more efficient at searching an
area than 15 a vanant of classical

Lévy flights when foraging,” 04
Edwards says.

Edwards then took another
look at the 1999 work on bum-  ~507
blebees and deer. He found
other data of questionable rele-  -100 4
vance to Lévy flights: The deer
“foraging” times analyzed by  _j54
the BU team, for example,
turned out to be the amount of
time spent eating at a location ey
rather than the time spent travel-

ing between feeding sites,

Moreover, in both the 1996
and 1999 studies, the BU team
had used a simple graphical
approach to demonstrate the
power-law distribution that sig-
nified Lévy flights, one that has
since been applied by others in
their analyses of animals’ move-
ments. But, says Edwards, the strategy can
often produce a spurious conclusion of
Lévy flights. Indeed, when Edwards statis-
tically compared whether a power-law dis-
tribution fit the bumblebee and deer forag-
ing data better than non-Lévy flight distri-
butions, it didn’t,

This type of sophisticated statistical
model comparison, note Edwards and

T T T T
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Flight paths. Scientists have suggested that
loraging jackals and bees and even fishing boats
follow a Lévy flight pattern (computer simulation,
above), which is mndom motion marked by short
spurts and occasional longer jumps.

T

50

Brownian random motion. More-
over, it takes a very close analysis of the
data to distinguish the two types of move-
ments, “Both my paper and Edwards’s paper
show that [the Lévy flight] concept is not
likely to be useful to analyze foraging move-
ments in most situations,” savs Benhamou,
To statistician Stephen Buckland of the
Centre for Research into Ecological and

NEWSFOCUS I

Environmental Modelling at the University
of 5t. Andrews in Fife, ULK.. the application
of the Lévy flight concept to ecology was
always “a bit far-fetched.” “It's mathemati-
cians taking a simplistic tool and pretending
it 1s relevant to the real world” he says. The
idea that foraging animals conduct Lévy
flight searches, or any similar random
search strategy, ignores that animals use
their intelligence and experience to guide
them, Buckland adds.

But not all ecologists share that dismis-
sive view. They maintain that some Lévy
flight studies may be valid. “My view is
that the albatross work may well be flawed,
but it has played a big role in stimulating
some really good subsequent work on the
whole issue of search strategies and animal
behaviors,” says Christopher Rhodes of
Imperial College London, who has reported
that foraging jackals perform Lévy flight
searches.

Andy Reynolds of Rothamsted
Research in Harpenden, U.K.. is equally
adamant that Lévy flights are a useful tool
for ecologists. “Theory
shows that Lévy flights
are a good way to search.

My feeling 15 that ani-
mals evolved to do the
best possible searches,”
he says. Reynolds has
tound Lévy flight activ-
ity in starved flies
searching for food in a
container and in honey-
bees—tracked by
radar—looking for food
or hives in fields. He's
also applied several sta-
tistical techniques to ana-
lyze his data. *1 have used
many methods to show
Lévy flights rather than
one method,” says
Reynolds.

Revnolds has been
corresponding with
both Benhamou and
Edwards about his evi-
dence for Lévy flights,
but both remain uncon-
vinced. Benhamou
doesn’t insist that ecol-

ogists abandon Lévy flights just yet. But
he, like Edwards, argues that researchers
must realize that there could be other,
equally plausible explanations for how
animals scarch: “Showing that data are
well accounted for by a Lévy process is
not enough.” =]JOHN TRAVIS
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LETTERS

Planning for
future cisasters

edited by Jennifer Silis

Shopping for Explanations

WE WERE SHOCKED BY THE RANDOM SAMPLE "BORN TO SHOP?"
(7 September, p. 1301). Such a study hardly deserves the notice of a
premier science journal,

The Random Sample summarizes a “study™ of sex-based differ-
ences in the ability of modemn city dwellers to remember the loca-
tions of particular foods at a farmers” market. Given the social bias
in American culture toward meal preparation by women and meal
consumption by men, such a difference is not surprising, but neither
15 it indicative of “hard-wired™ biological differences in bran func-
tion between women and men. Still less can such differences be
attributed to an evolutionary past “when men were the hunters and
women the gatherers.”

While this gendered division of
labor prevails (but is not universal)

ed for the period ofhuman evolution. Archaeologists arpue that with the
invention of spear-throwers, bows and arrows, and poison darts,
Paleolithic hunting probably involved herd surrounds and game drves,
such as those practiced by MNative Americans in the western United
States at the time of European contact. These surrounds and drives
involved all camp members: men, women. and children.

An important trait that distinguishes modern humans from other
species 15 their “hard-wired™ ability to learn a wide vanety of socially
transmitted pattems of thinkimg and acting. Surely Science was prema-
ture in draw ing public attention to a study that purports to say something
about universal differences between women and men based on observa-
tions made in a single culture. Studies such as this reinforce the
American inclination to explain our own culturally based gendered divi-
sion of labor (e.g., women shop and cook, men are mathematicians) in
terms ofbiology rather than pattems of socialization and discrimination.

ELIZABETH M. BRUMFIEL, MICAELA DI LEONARDO,
KATHERINE E. HOFFMAN, CHRISTOPHER W. KUZAWA,

among ethnographically known foraging
groups, such a pattern cannot be assum-

Response

BRUMFIEL ETAL. CRITICIZE C. HOLDEN'S
summary ( Random Samples, 7 Sep-
tember. p. 1301) of our research { /); we
welcome the opportunity to respond.

Many studies document men’s supe-
rior spatial performance (2). We found
that women excel on a spatial task mimicking
the cognitive demands of plant-food gathening,
even when we used a measure that normally
gives men an advantage. Brumfiel er al. sug-
gest that ancestral sex differences in hunting
may be small; however, this is irrelevant to our
theory of gathering-related spatial adaptations.
Whatisrelevantis whether, statistically, ances-
tral women gathered more thanmen, Ifso, they
could be the target of stronger selection for
cognitive mechanisms supporting gathering.
This sex difference in gathering is universal
among described hunter-gatherers (3), and
chimpanzee data suggest that it extends back
to our pre-hominin ancestors (4).

Citing cultural biases in shopping and
cooking, Brumfiel er al. present a social-
learning explanation for our results. Their the-
ory 1s contradicted by other studies and our

WWW.SCIencemag.org

THOM MCDADE, HELEN B. SCHWARTZMAN, REBECCA SELIGMAN
Department of Anthropology, Northwestern University, Evanstan, IL 60208, USA.

data, First, studics show
gither no sex differ-
ence or a male spatial
advantage in nonfood
shopping environments
(5). Second, counter
to the social-learning hypothesis, individual
differences in shopping experience, taste
preferences. and consumption frequency
did not predict spatial performance in our
study: women outperformed men controlling
for these experience factors. Moreover, both
sexes showed better performance on high-calorie
food items. This is the signature of an evolved
mechanism for efficient gathering, not one
socially leamed in contemporary environments,
Finally, only those who insist upon egal-
itarianism depend on claims of biological
identity. The sexes differ. Men never ges-
tate offspring. On average they are larger,
less articulate, shorter lived. and better at
mental rotation tasks (2, 6). Denying these
and other differences will not make them
disappear. But the science that explores
these differences provides tools to combat

discrimination. For decades, researchers
uninformed about our evolutionary history
unknowingly constructed spatial tasks that
favor men’s skills. It is only when we take
seriously men's and women's evolutionary
heritages that we can break through this
inadvertent sexism and expose women's
unique abilities.
MAX M. KRASNOW,! DANIELLE TR UXAW,!
JOSHUA NEW,2 STEVEN ]. C. GAULIN?

Department of Psychology, University of California, Santa
Barbara, CA 93106, USA. “Department of Psychology, Yale
University, New Haven, CT 06520, USA. *Department of
Anthropology, University of California, Santa Barbara, CA
93108, USA.
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The ABCs of Multiple
Bonding

IN A RECENT PERSPECTIVE (6 APRIL, P. 61)
discussing high bond orders in metal-metal
bonding and in the silicon homolog of acety-
lene HC=CH, where C = Si. F. Wemnhold and
C. R. Landis state that “the first stable Si=Si
species was reported to adopt a planar, but
nonlinear, trans-bent geometry.” citing the
work by Sckiguchi er al. (7). They show struc-
ture C (Fig. 1) for the parent compound
HSiSiH and explain the difference to the
bonding situation in linear acetylene HCCH
in terms of high preference for p-orbital char-
acter in the Si-Si o bond (2). However, the
compound HSiSiH was already synthesized
in 1991 (3}, 15 years earlier than Sekiguchi etal.,
who isolated the substituted denvative RSiSIiR

H

H gt H
I /N =4

H
j— i )
H

Fig. 1. Energetically lowest lying structures A, B, and
C of H5iSiH. The lines indicate only the atomic con-
nectivities but not the electron pairs of Lewis struc-
tures. Relative energies in kcal/mol are from (&),

A B C
5

where R is a bulky silyl group (/). Destombes
and co-workers (J3) showed that the equilib-
rium geometry of HSiSiH does not form
structure C, but rather the doubly bridged
structure A (Fig. 1) previously predicted by
ab mnitio calculations (4). Photoexcitation of A
yiclds another isomer of HSiSiH, identificd as
structure B (Fig. 1)(3). Quantum chemical
caleulations predict that structures A and B
are lower in energy than structure C (6).

Thus, the silicon homolog ofacetylene does
not exhibit the Lewis-like bonding pattern dis-
cussed by Weinhold and Landis, who consider
only the energetically high-lying form C. The
trans-bent geometry of the RSiSiR compound
of Sekiguchi ef /. (/) comes from stenc repul-
sion between the bulky R groups, which pre-
vent the formation of the isomenc forms A and
B. Sckiguchi’s compound RSiSiR is chemi-
cally more stable than HSiSiH, which can only
be isolated in a low-temperature plasma (3, 3),
but this results not from more favorable Si-5i
binding interactions but rather from the steric
protection of the silicon atoms.,

Why do the energetically lowest lying struc-
tures of the silicon homolog of acetylene
exhibit the unusual hydrogen-bridged geome-
trics A and B (Fig. 1)? We have analyzed the
interactions between two EH fragments (where
E=C, 5i, Ge, Sn, Pb) in the electronic ground
state and the first excited state (6). It is only the

combination of two EH fragments in the first
excited state that leads to the standard Lewis-
type structure with a linear arrangement
HE=EH, because ecach fragment has three
unpaired electrons that yield a triple bond. In
contrast, the interactions between EH frag-
ments in the ground state—which has one
electron pair, one empty orbital, and only one
unpaired electron—explain the preference for
A and B over C. Acetylene differs from its

theoretical findings for molecules that have
high bond orders between metals clearly
shows that the bonding in these compounds is
not properly described by simple Lewis-type
structures. Future work should use methods
and ideas that are not confined to classical
bonding models,

GERNOT FRENKING AND RALF TONNER

Fachbereich Chiemie, Philipps-Universitat Marburg, Hans-
Meerwein-Strasse, 0-35043 Marburg, Germany.

heavier homologs, because it takes much less

i References
encrgy to excite CH from the ground state to 1. A Sekiguchi, B Kinjo, M. Ichinohe, Science 308, 1755
the excited state than for the heavier specics 2004).
i . 2. C.R.Landis, F. Weinhold, J. Am. Chem. Soc. 128, 7335
EH. Only in the carbon compound does the 2006).

stronger bonding in the linear form HC=CH 3
compensate for the excitation energy of
the fragments.

The experimental (/) and theoretical (6) 5.
studies do not agree with the conclusion of

M. Bogey, H. Balvin, C Demiynck, J.-L Destombes, Phys.
Rew. Lett. 66, 413 (19910,

4, H. Lischka, HKghler, | Am Chem. Sac, 105, 6646
19383}

M, Cordonnier, W, Bogey, C. Demuynck, ).-L. Destombes,
L Chem. Phys. 97, 7984 (1992),

6. M. Lein, A, Krapp, G. Frenking, J. Am. Chem. Soc. 127,

Weinhold and Landis that “[fJuture synthetic 6290 (20051
and computational explorations should be
guided by closer attention to the maximally Response

THE STRUCTURAL ISOMERS AT ISSUE CONTAIN
5i-51 bonds with either one bridging H (Cs
point group symmetry ), two bridging H’s

matched donor-acceptor interactions that lead
to favorable Lewis-type bonding patierns.”
Careful examinaton of the expermental and

CORRECTIONS AND CLARIFICATIONS

Mews Focus: “Greening the meeting” by B. Lester (5 October, p. 36). The analyses of the AGU annual conference men-
tioned on page 36 and the ESA conference on page 37 were done by Lawrence Plug and Borden Scott of Dalhousie
University, not David Scott, The abstract of their poster was published in £os Trans, AGU Fall Meet. Suppl. 84 (2003 ). Also,
the credit for the bottem image on p. 38 should read “WCSA ACCESS (Arlington, VAYWNT Consulting LLC Architecture and
Innovative Technology Design.”

Cower Caption: (28 September, p. 1821). In the credit line, Andrea Ottesen’s name was misspelled.

Editorial: “Flaying climate change poker” by T Challen (20 July, p. 295). The phrase “intended to reduce average global warm-
ing by 2°C" was meant Lo signify that average global warming be limited to 2°C, not that the current average be reduced by 2°C.

TECHNICAL COMMENT ABSTRACTS

CommenT on “A Vestige of Earth’'s Oldest Ophiolite™
Allen P, Nutman and Clark R. L, Friend

Furnes et al. (Reports, 23 March 2007, p. 1704} reported the identification of an ophiolite sequence within the ~3.8-
billion-year-old lsua supracrudal belt. However, they did not acknowledge that the belt contains supracrustal rocks and
mafic dikes of different ages, nor did they demonstrate that the proposed components of the ophiolite are coeval,

Full text at www.scienceman. orglegicontentfull 318/5851746¢

Comment on “A Vestige of Earth’s Oldest Ophiolite”™
Warren B. Hamilton

The claim by Furnes et al. (Reparts, 23 March 2007, p. 1704) that Greenland metavolcanic rocks require Palecarchean sea-
floor spreading is incompatible with their own data. The purported sheeted dikes have the composition of pyroxenitic
komatiite and could not have fed the adjacent ferroandesitic pillow lavas, Neither type has ophialitic analogs, and bath are
likely ensialic.

Full text at www scienceman.orgiogiicontentfull 3 18/5851/746d

Response To CommenTs on “A Vestige of Earth’s Oldest Ophiolite”
Harald Furnes, Maarten de Wit, Hubert Staudigel, Minik Rosing, Karlis Muehlenbachs

The comments by Mutman and Friend, and Hamilton, question owr evidence for the presence of the lsua ophiolite. Thedr crit-
ical remarks are particuarly directed at the veracity of our inferred sheeted-dike complex, the cogenicity of pllow lavas and
dikes, and the nonexistence of modern equivalents. Here, we expand on our explanations in response Lo each of their com-
ments bo better justify our arguments and inter pretation.

Full text at www.scencemag.orgioaicontentfull 3185851746
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{C2v point group symmetry ). or no bridging
H’s (trans-bent, C2h point group symmetry),
all of which are local minima, These alterna-
tive structures were duly noted in Sekiguchi
et al.’s original Science Report of the first
Si=Sitriplebond ( /), the accompanying Pers-
pective (2}, and in our own recent Research
Article (3). However, in the context of our
Perspective (6 April, p. 61). such H-bridged
isomers are irrelevant; They do not contain
Si=Si triple bonds. Natural bond orbital
{NBO) and natural resonance theory (NRT)
analysis of the H-bridged isomers yields lead-
ing Lewis structures with Si-Si single-bond-
ing in the C2v isomer and double-bonding in

Letters to the Editor
Letters (~300 words) discuss

submitted through
ence.org) ar by regular

. nor are authors generally
n. Whether published in full or in pan,
letters are subject to editing for clarity and space.

the Cs isomer (additional shared density in
Si-H-Si interactions gives net Si-Si NRT
bond orders of 1.8 and 2.5, respectively), in
contrast to the triple bonding (NRT bond
order of 2.9) in the cited C2h isomer (4).
Fuller discussion of these alternative isomers
and the teresting electronic origins of the
preference for H-bridged versus unbridged
bonding motifs was precluded by considera-
tions of length and relevance to the main
Perspective topic.

Our Perspective sought to address the fun-
damental question, “How many bonds can
be made between two atoms?"” For silicon,
Sekiguchi'’s macroscopic-scale synthesis and
crystallographic characterization of the
persistent RSISIR (R=CH{SiMe, ), ) first sug-
gested that the answer was three. Compu-
tational analysis of trans-bent Si,H,. which
bears strong geometnic and electronic similar-
ity to Sekiguchi’s compound, supports this
formulation. Ongoing synthetic studies to
explore the upper limits of bonding between
two atoms likely will feature bulky R sub-
stituents rather than H for two very different
reasons. First, the steric protection provided
by bulky attachments hinders alternate reac-
tion pathways and ecases isolation. Second,

such substituents disfavor bridging modes
that necessarily lower the maximum achiev-
able bond order. As stated in our Perspective,
the highest achievable bond orders most likely
will be realized by “interactions that lead to
favorable Lewis-type bonding patterns.” as
clearly demonstrated in the theoretical logic
that led to successful prediction (3, 6) of the
Cr-Cr quintuple-bonding motif prior to its
recent synthesis (7).

FRANK WEINHOLD AND CLARK R. LANDIS
Department of Chemistry, University of Wisconsin-

Madison, 1101 University fivenue, Madison, Wi 53708,
USA. E-mail: landisg@chem.wiscedu (CRLY; weinholdg@

chem.wisc.edu (FW)
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FISHERIES

Tales of a Small, But Crucial, Fish

Daniel Pauly

t first sight, The Mast Important Fish
Ain the Sea appears to belong to that
lincage which earlicr gave us ac-
counts of cod [the fish that changed the world
(1)]. American shad [the founding fish (2)].
and Patagonian toothfish, also known as
Chilean scabass [the perfect fish (3)]. These
fish were all important because of their
impacts, past or present, on people’s diets. But
Adtlantic menhaden (Brevoaortia tvrannus) is
really different from cod, shad and toothfish,
because it is a fish that we do not eat and
likely never will. Rather, it is eaten by the
fishes we like to catch and eat. Thus, the con-
flicts about and around this fish are different
from the conflicts about others, where differ-
ent people (the French versus the English, the
line fishers versus the ones using trawls, etc.)
competed for access to wholesome food fish.
With menhaden-—an oily, bony, small, and
reputedly ill-tasting representative of the her-
ring tamily—the conflicts have been about the
uses, direct or indirect, to which this fish was
to be put. Traditionally, menhaden was used as
fertilizer, and the book has an interesting sec-
tion on how American Indians planted cach
corn plant with onc fish. This role is at the
origin of the fish’s most common name,
munnawhatteariz, which means “that which
manures” in the Algonquian language of the
MNarragansctts. On the other
hand, the larger fish exploited
by the early European settlers
along the LS. East Coast, and
the marnne mammals also abun-
dant along that same coast,
all fed on menhaden. This fish,
and the microscopic algae it
feeds on, formed the base
and understory, respectively, of
most coastal food webs, from New England to
Florida and particularly in Chesapeake Bay.
With the invention of fish meal and its
use for feeding chicken and livestock, the
industrial fishery for menhaden increased
tremendously, especially after World War 11,
Menhaden, which carlier had formed immense
schools, immune to the frenzied hordes of
predatory fishes surrounding them, became
scarce. Their reduced numbers began to

in the Sea

The reviewer i5 at the Fisheries Centre, Aquatic Ecosystems
Research Laboratory, 2202 Main Mall, University of British
Columbia, Vancouver, BC VAT 124, Canada. E-mail: d pauly@
fisheries ubc.ca

The Most Important Fish

Menhaden and America

by H. Bruce Franklin

Island Press, Washington,
DC, 2007. 278 pp. $25.
ISEN 9781597261241.

affect the upper part of the food webs, threat-
eming to drag all, prey and predators, into the
maw of the reduction plants, which for a time
mushroomed along the coast.

Conflict had always simmered between the

In the Gulf of Mexico. the related Gulf men-
haden ( Brevoortia patronus) still supports an
extensive fishery. generating contlicts that
trail those along the Atlantic coast by one
or two decades.

In the meantime, ecologists discovered
that menhaden, given their feeding habits,
were fulfilling another ecological role: keep-
ing algal blooms in check. Although the role
of oysters in cleaning up coastal waters was
always understood, that of menhaden and

THE MENHADEN OR MOSSBUNKER.

Drrwreori e symadoes  Loattnbs | (e
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“A small, unappetizing fish."

fishers exploiting larger fish, who wanted
menhaden to “fulfill their natural role™ (to be
caten by a large fish), and the reduction fish-
ery (which employed spotter planes and purse
seiners to save them from such cruel death).
The debate intensified in the 19705, when it
was joined by recreational
anglers, whose target species
{especially striped bass)
depended on menhaden—
despite assertions to the con-
trary by spokespersons { some,
elected officials) of the reduc-
tion fishery.

This fisheries conflict was
one of the first that pitted those
interested in a single-species approach, hith-
erto dominant, against advocates of what is
now called “ecosystem-based fishery man-
agement” (4). The arguments of both sides are
still with us, even though (predictably) the
bloated reduction fishery, along with the sin-
gle stocks on which it depended, largely col-
lapsed. All that is left in the mid-Atlantic
region is a small stock of menhaden huddling
in Chesapeake Bay and a single firm—the lat-
ter a distillate of everything that can be wrong
with industrial fisheries (in particular, remote,
but well-connected, corporate  owners),
Further north, off New Jersey and beyond the
now-protected menhaden are coming back.

L]
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related filter-feeders was not. Now, people
realize that it would be handy to have large
schools of menhaden acting as giant vacuum
cleaners in Chesapeake Bay and other coastal
bodies currently choked by algal blooms trig-
gered by farm runofis,

The Most fmportant Fish in the Sea. which
tells and thoroughly documents these stories,
could be seen as yet another helpless com-
mentary on the way we are trashing our
oceans. But it is an optimistic book. It deals
with a resilient little thing that, unlike larger,
longer-lived species such as cod readily
bounces back if given the chance. The role of
menhaden in coastal ecosystems is now well
understood, making smgle-species arguments
impossible to maintain. And the sole corpora-
tion that still fishes Atlantic menhaden for
reduction does not have a monopoly in sup-
plyving fish meal and fish oil to the market.
Indeed, it appears to be able to maintain its
fleet only because of the welfare (subsidies) it
gets. Perhaps this story will have a positive
ending; H. Bruce Franklins fascinating ac-
count makes us look forward to that,
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FILM: SPACE

Reminiscences of
the Moon Trips

Jay M. Pasachoff

g the 50th anniversary

of the launch of Sput-

ik passed. a documen-

tary film about the Apollo

program gained widespread

circulation. With its pedigree

of "Ron Howard Presents.” and

a cast of B of the 12 astronauts

who landed on. and two others

who circled. the Moon, In the Shadow of the

Moon illuminates the heady era of lunar land-
ings from a point of view nearly 40 years on.

Of course, 1t is remarkable that we-—and
in 1969 humanity took credit for the Moon
landing—sent people off Earth during this
past century. Sputnik or Apollo may be whatis
remembered from our previous millennium
by people in the 30th or 40th centuries. It is
also remarkable that we stopped going to the
Moon 35 years ago.

The film, directed by David Sington
{who has produced and directed science
programs for television), is narrated by the
astronauts, who are shown in extreme
closeups. To at least some of us who
remember them as young men with the
Right Stuff (the Tom Wolfe title, to which
some of them reter), it is a shock to see
their white-haired heads on the screen. But
after all, Buzz Aldrin, Neil Armstrong. and
Michael Collins were all born in 1930,
making them about 77. To today™s college
students, the film remains one of derring-
do. It tells the story leading up to and
including the Apollo 11 mission, then
deals cursorily with the missions following
that first lunar landing. There is little about
the Russian role in the space race. The
movie incorporates footage that its re-
scarchers found in NASA's Houston vaults,
The clear images reflect the restoration of

The reviewer, co-authar of The Cosmos: Astranamy in the
Mew Millennfum, is at Hopkins Observatory, Williams
College, Williamstown, MA 01267, USA. E-mail: jay.m.
pasachoffi@williams. edu

In the Shadow of the Moon

David Sington, Director
THINKFilm, New York, in asso-
ciation with Discovery Fims,
2007. 100 minutes. waw.
intheshad owofthemoon.com

the original films (no simulations or recre-
ations are used).

We hear Alan Bean of Apollo 12, one of
the more loquacious astronauts featured,
describe how disbelieving he was when told
on the phone that the Apollo 1 crew was
“lost™: He first advised his caller to look for
them in the beach house, before realizing the
deadly consequences of the fire. We learn
that Gus Grissom had been worried about
the condition of the wiring in the 100%-
oxygen atmosphere, but I can’t say any-
thing about it or they'll fire me.” Perhaps it
was the fire scene—and a glimpse of cigars
lit in the Houston control room after
Apollo 1 1's landing—that
brought the film its PG
rating, for “mild language,
brief violent images. and
incidental smoking.”

One intriguing black-and-
white sequence records the
appearance of Mr. and Mrs.
Armstrong, Neil’s parents.
on the game show “I've Got a
Secret.” Nobody guesses theirs:
that their “*son was made an astro-
naut today.”” The interviewer then
asked Mrs. Armstrong how she
would feel if her son were chosen
to land on the Moon.

Meil Armstrong, famously re-
clusive, chose not to appear in
the film, though his name comes
up often, Aldrin says that Arm-
strongs cool manner was ad-
mirable, with his “One small step
for man.” Aldrin admits that had
he stepped out of the lander
first, he might not have been able
to refrain from shouting some-
thing like *“Yahoo, man, I'm here.”
He also describes how Armstrong
decided to “go long”™ when a boul-
der field was under the lander and
notes that “it was a little 1tty nght
there at the very end.”

Michael Collins talks about
how he felt about orbiting the
Moon without getting a chance
to land, pointing out that he was glad to have
been on the crew of the first manned land-
ing. He wasn’t lonely when on the far side
of the Moon by himself, though he was
aware that there were two people on the sur-
face on the other side of the Moon and
bevond them 3 billion on Earth, while “over
here, there's me plus... god only knows
what.” He noted of Earth: “How fragile it
appeared.” On his return, he remarked,
“Nice ocean you've got here, planet Earth.”

BOOKSETAL

And Bean recalls, “Since that time, 1 have
not complained about the weather one sin-
gle time. 1'm just glad there is weather.”

The strangest piece of historic footage is
Richard Nixon beginning a speech to the
nation announcing the tailure of Apollo 11
and loss of its crew. Fortunately, that speech
never had to be delivered. Earlier, we were
shown John Kennedy announcing the goal of
bringing men to the Moon and back safely to
Earth by the end of the decade. But the omis-
sion of Lyndon Johnson from the movie (we
only see him sitting behind Kennedy during
the latter’s Senate speech) scems very strange,
because Johnson played major roles by sug-
gesting the Moon landings to Kennedy and
then by carrving through.

I'was left with a sour taste by the film's treat-
ment of religion, near its end. Gene Cernan
talks about a general creator “that stands above
the religions that govern our lives,” and then
Charlie Duke tells about finding Jesus. How
about the other 10 Moon-landing astronauts?
Did any lose religion or decide that religion was

. & I
- Pl =1 S,

not a particular part of his voyage to the Moon?
Earlicr, Jim Lovell, who read from Genesis on
Apollo 8, responding to a letter from an atheist
who wrote “that was inappropriate,” answers,
“Mavbe it was; | don’t know.”

All the same, Sington offers a moving tnb-
ute to “a time when we made bold moves.”
The film’s final credits wonderfully proclaim,
“This film was shot entirely on location on
Earth, in Space and on the Moon.”

10.11 26/ cience. 1150749
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Eagle on the Moon. The Apollo 11 Landing Module, July 1969,
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A TASTE OF THE GONZO SCIENTIST
A Linnean Feast

f you haven't heard the news yet, this year marks the 300th birth-
I day of Carl Linnaeus. | can report that his fellow Swedes are keenly

aware. On a recent visit to Uppsala, | took part in a Linnaeus cele-
bration organized by a group of Swedish scholars and chefs. It was
called Culing Mutata, the changing kitchen, and it was the most
unusual birthday party | have ever attended,

Linnaeus is best known as the inventor of modern
taxonomy, the system of Latin names that divide all

organisms into species based

on shared traits. The inno-

vation helped pave the

way for Darwinism a cen-

tury later. But like a rock

star who is only remembered

for that one catchy song, Linnaeus's other contributions
are appreciated only by the groupies.

Less well-known is his passion for food. Toward the
end of an illustrious career, Linnaeus laid the foundation
for modern food scence. Many of the questions he posed
remain at the forefront of food science research today.
Which foods are necessary for development, and which should be
avoided? To what extent can diet promote or inhibit disease? Is there an
ideal diet for each person, or indeed for each genome?

50 for three days, a diverse medley of academics—biochemists,
historians, agricultural scientists, psychologists—expounded on the
science of food, both in the time of Linnaeus and today. The lectures
were punctuated by a series of 18th-century meals, starting with a
peasant’s lunch and ending with a royal banquet. And for entertain-

For a full Bccount see
www.sciencemagorgfsciext’
ponzoscientist

ment? The conference organizers performed a play—in handmade
period costumes, no less—about one extraordinary day in the life of
Linnaeus. We were then exposed to the dance craze of the time, the
minuet. (Imagine Saturday Night Fever, but with Mozart.)

If you missed the party, don't worry. The year is not yet done. Why
not throw a Linnaeus 300th birthday party of your own? Use the follow-
ing protocol to prepare a winter feast in true Linnaen style.
[The recipes (below) are from
Gunnar Broberg and Gunilla
Lindell's Till fivs med Linné
(Atlantis, Stockholm, 2007).]

First, find a fish. The winter
manths are best for the ruth-
lessly predatory but delicious
pike (Fsox lucius). They lurk
beneath the lake ice. For a din-
ner party of four, catch two pike,
if you can.

While your lines dangle,
head into the forest to find a
bird. An ideal quarry is the
capercaillie (Tetrao urogallus),
also known as the wood grouse. But beware, they are intelligent and
agile creatures. You will need a widely dispersing shotgun, if not an
automatic weapon. Check what local laws apply.

On your way back to the lake with birds in hand, march to the
swamp to gather cranberries (Oxycoccus palustris). You will find them
in low depressions beneath the snow. If your feet get wet, build a fire.
Better to ruin a dinner than lose a toe to the frost. —joun BoHANNON

10.1126/ckence, 1152652

Fried capercaillie

1 capercaillie

1 thin slice of lard

30 g fresh butter
salt and white pepper
Gravy:

45 g butter

20 g flour

350 ml cup cream
15 g tablespoon currant jelly
salt

white pepper

Pluck and qut the bird, Coat it with
alcohol and set alight to singe the
[feather stubs. Rinse with waler,
Lightly coat the inside with salt.
Bind the legs and fasten the sheet
af lard aver the breast with skew-
ers. Sprinkle generously with salt
and pepper. Put the bird on a spit

and fry it with a blazing fire. Gather

the fat as it falls, basting the bird
[requently to prevent drying. (Do
not underestimate this job. 4
kitchenboy is required ) For the

gravy, gather the excess fat and stir
in flour before adding the cream
and jefly. Cook in a saucepan for
some minutes until it tastes right. If
you managed to find cranberries,
they would make a nice accompa-

nying jefly.

Ice pike

2 pike, about 1.5 kg each
60 ml melted fresh butter
30 g grated horseradish
salt

Gut and rinse the fish but do not
scale them. Place in boiling salted
water until tender and serve with
metted butter and grated horserod-
ish. The dressing can be enlivened
with a touch of vinegar and sugar.
The fish should be presented first,
along with drinking water, beer,
barley bread, and the tale of how
you caught them.

Winter cabbage

1 head red cabbage

3 apples

80 g goosefat (or butter)
1 onion

1 rind of pork

350 ml cup water

30 ml molasses or honey
15 ml vinegar

10 g salt

2.5 g white pepper

Melt the fat ond cook shredded
cabbage and sliced onion until
lightly brown. Add peeled, sliced
apples, the pork rind and some
water, Simmer covered until the
cabbage is tender. Add more water
occasionally. Season carefully. The
dish should have a mild and pleas-
ant sour-sweet taste. Allow 2 hours
for this.

Egg cheesecake with raisins

5 eggs

475 ml milk

115 g raisins

2.5 g teaspoon salt

haney to taste

5ml teaspoon lemon juice

Rinse the rafsins, dry them, and
place in @ cake pan. Meanwhile,
tharoughly mix eggs end milk, fol-
lawed by honey, salt, and lemon
Juice, Heat slowly. Remove from
fheat when it starts to curdle and
beat slowly for a few minutes. Pour
the mixture over the raisins and
place the pan in a cool place.
When the cake has thickened, serve
with blueberry jam. You will be
sleepy after this. Mind the candles.
Do not burn down the house.

Recipes adapted from Gunnar Broberg and Gunilla
Lindell’s Till fivs med Linné (Atlantis, Stockholm, 2007).
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DISASTER MANAGEMENT

Confronting Disaster Losses

Laurens M. Bouwer,'™ Ryan P. Crompton 2 Eberhard Faust,? Peter Hippe,®

Roger A. Pielke Jr.*

lobal costs of weather-related disas-
ters have increased from an annual
average U.S.58.9 billion (1977-1986)
to U.S.545.1 billion (1997-2006). In coming
decades, the number of people at risk from
extremes will very likely grow, and extreme
weather will likely increase ( f). To date, socie-
tal change and economic development are
mainly responsible for increasing losses. After
adjusting for societal changes, loss time series
reflect the climatological record (2).
By 2015, loss potentials among the world’s
10 largest cities, most of which are in develop-
ing countries, are projected to increase from
22% (Tokyo) to 88% (Shanghai, Jakarta) ().
A repeat of the July 2005 floods in Mumbai
(see figure, right) in 2015 could cause 80%
higher losses and affect 20% more people,
independent of chmate change. Greenhouse
gas emission reductions are of central impor-
tance. but they cannot decrease hazard nsk for
decades. In this context, we offer three recom-
mendations for decision-makers,

Improve data collection. With few exceptions,
records of disaster losses are of poor quality,
inhomogencous, and collected using a wide
range of methods for different purposes. mak-
ing rescarch extremely challenging. Improved
data could be used to evaluate disaster policies,
estimate return periods, identify factors that
drive loss trends and could potentially offer
the prospect of an early-warning system for
changes in the earth-climate system. Cur-
rently, the most comprehensive loss databases
are held by insurance companies and are not
publicly available. An open-source. peer-
reviewed database would enable the scientific
commumnity to study worldwide disasters.

Expand the role of disaster risk reduction in
adaptation. The cost-benefit ratio of disaster
risk reduction ranges from 1:2 to 1:4 (4),
but efforts remain underfunded. In particular,
inadequate pricing of costs and benefits leads

Hnstitute for Environmental Studies, Vrije Universiteit,
Amsterdam, Metherlands. Risk Frontiers, Macquarie
University, Sydney, Australia. *Geo Risks Research
Department, Munich Re, Munich, Germany, "Center for
Scence and Technology Policy Research, University of
Colorado, Boulder, CO, USA.

*Author for correspondence. E-mail: laurens. bouwe rg
ivm. fakiw.vwnl

Www.sClencemag.org

What if this disaster should happen again?
Indian dabbawalas f{lunch box carrierst walk
through a flooded railway track, alter torrential
rains paralyzed Mumbai, 27 July 2005, The city's
weather bureau said that Mumbai received 944.2
millimeters (37.1 inches) of rainfall in 24 hours.

to inappropnate valuation of investment and
finaneial caleulations in risk-reducing mea-
sures (5). Risk reduction is not usually re-
ferred to as climate adaptation, but may be
described as plant breeding and selection,
flood-risk reduction, public health care. and
s0 on. Developing countries have many
opporiunities to integrate climate adaptation
in disaster risk-reduction efforts (6). More
generally, disaster aid is probably best spent
on ex ante risk reduction ( 7).

Develop and apply innovative finance mech-
anisms. Industries with greatest exposure
have responded to increasing losses with
mnovative products. Catastrophe bonds are a
mechanism used to transfer peak risks to the
capital markets, with the range of hazards
covered continuing to expand, recently to
the flood risks in the UK. (&), Previously
uninsured tlood risks in Belgium and the
Netherlands are to be covered through public-

\/

Action on disaster risk reduction can support
sustainable development under climate change.

private insurance constructions. Existing
development financing within local commu-
nitics, forexample, investment funds for small
infrastructure improvement in E1 Salvador,
support risk reduction (%), and community
groups in India have developed deficit minfall
insurance (¥). In Colombia, microentrepre-
newrs offer affordable and easy to understand
life and property microinsurance to the most
vulnerable. The World Bank-sponsored
Caribbean Catastrophe Risk Insurance Facility
offers governments cover against hurricanes
and earthquakes with funds available a few
days after the event (10). The Munich Climate
Insurance Initiative bnngs together the World
Bank, insurers, nongovernmental onganiza-
tions. and the scientific community to develop
finance solutions tor adaptation in developing
countries (/1)

If present trends continue, global disaster
losses will keep outpacing average eco-
nomic growth, Therefore, disaster risk re-
duction must be core to chimate adaptation
policies. Numerous mechanisms for action
exist that can contribute to the aim of sus-
tainable development.
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DEVELOPMENTAL BIOLOGY

Acceptable nAGging

David L Stocum

he ability to replace lost or damaged

body parts varies greatly among ani-

mals. Invertebrates, such as sponges,
hydra, and flatworms. can regenerate entire
organisms from a mere cluster of cells. As for
vertebrates, amphibians can regencrate limbs
and other complex structures. Despite a rich
research history with these model organisms,
we are still deciphering how stem cells, cell
dedifferentiation (regression to an earlier, un-
specialized form), and specific genetic and
cellular signaling mechanisms control animal
regrowth (see the figure). On page 772 in this
issue. Kumar ef al. ([) report the discovery
of a new molecular cue that promotes limb
regeneration in newts. Such insights could
explain why mammals have limited regrowth
abilines, and help guide the field of regenera-
tive medicine.

Mewt limbs regenerate by dedifferennating
fibroblast, muscle, skeletal, and nonneuronal
(Schwann) cells of the nervous system into
their earlier stem cell form. These stem cells
then proliferate to form a mass of unditteren-
tiated cells, the blastema, in a process that
requires factors from both the nerves and
overlying wound epidermis (2). Fibroblast
growth factor-2 (Fgt-2) (3), glial growth
factor—2 (4), the neurotransmitter substance P
{3), and the iron transport protein transferrin
(6) promote blastema cell proliferation in
vitro and in vivo, and Fgf-2-soaked beads sup-
port regeneration of denervated axolot] limbs
to the point of forming digits when implanted
into a blastema that has already attained a cnit-
ical mass of cells (3). None of these mole-
cules, however, has been put to the rigorous
test of supporting regeneration of a dener-
vated and amputated limb from the early
dedifferenniation stage when only a few
blastema cells are present. Kumar ef all pass
this test with a previously unknown factor that
is expressed by limb nerves.

The new factor is newt anterior gradient
(nAG) protein, a homolog of the Xenapus lae-
vis seereted protein XAG2, which specifies
the development of anterior structures (such
as the forcbrain) during frog embryogenesis
(7). Kumar et al. identified nAG by screening

The author is in the Department af Biology, Indiana
University=Purdue  University Indianapolis, 723 W.
Michigan 5t. Indianapolis, IN 46202, USA E-mail
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expression libraries from
normal limb tissue and
blastemas with Prod-1 pro-
tein. Prod-1 is a cell surface
protein expressed in a proxi-
mal-to-distal gradient in the
newt limb regeneration
blastema that reflects a
gradient of cellular posi-
tional identity (&8). The au-
thors show that nAG is a
secreted ligand for Prod-1,
and is a mitogen (stimulates
proliferation) for newt bla-
stema cells, During the early
dedifferentiation stage of
newt imb regeneration, nAG
was detected in Schwann cells
of the distal nerve sheath;
later, at the early bud stage,
itwas expressed in gland cells
of the wound epidermis.

But aswith all other mito-
gens forblastema cells, direct
in vivo evidence for secre-
tion of nAG from the nerve
sheath into the blastema was
not demonstrated. However,
nAG expression in gland
cells required a nerve supply,
Most spectacularly, intro-
duction of nAG DNA (by
electroporation, a cell per-
meabilization technique) restored regenera-
tion to digit stages, without promoting nerve
regeneration into the wounded limb,

These results raise several questions. Is
nAG unique for regenerating limbs, or is its
success atinbutable to 1ts continuous long-
term expression, achieved through the gene
electroporation strategy? What 1s the func-
tional relation between the nerve and the
wound epidermis? The wound epidermis is
also essential for blastema formation. and
most likely provides proliferation factors very
carly after amputation. Because X AG2 signal-
ing in a frog embryo depends on an Fef signal-
ing pathway (7), might nAG signaling also
depend on Fgf-2 from the wound epidermis?
Furthermore, as the blastema grows, the dis-
tance that nAG diffuses from the distal nerve
sheath may be limited, Does additional nAG
come from the wound epidermis? And what
maintains nAG synthesis by Schwann cells?

Mystery of regeneration. Under-
standing how vertebrates such as the
newt (shown) can regrow body parts
may have implications lor regenera-
tive medicine. [Adapted from {1.2)]

Understanding how a factor secreted by neural
tissue promotes newt limb regrowth may help
the field of regenerative medicine.

The most hkely answer to
the last question is axons.
the cellular extensions of
neurons, Schwann cells de-
differentiate and enter the
blastema, presumably los-
ing nAG expression, while
unmyelinated axons rein-
nervate the blastema as it
grows. As Schwann cells
torm amyelin sheath around
new limb axons, they would
be expected to resume axon-
induced nAG expression,

A major question is
whether nAG-Prod-1 inter-
action links blastema pro-
liferation with pattern-
ing-—defining the proxi-
mal and distal regions—of
new [imb parts. Removal of
Prod-1 from the blastema
cell surface, or its mhibi-
tion by Prod-l1-specific
antibody, abolishes differ-
ences in cell adhesion asso-
ciated with proximodistal
positional identity of bla-
stema cells (&), and overex-
pression of Prod-1 results
in the proximal transloca-
tion of distal blastema cells
transplanted into proximal
blastemas (9). The results of Kumar et al.
suggest that Prod-1 is likely not directly
involved in establishing positional identity,
but reflects the process that does. Prod-1
may detect gaps in positional identity, and
through its ligand nAG, promotes blastema
cell proliferation to fill in such gaps.
Organization of these cells is then further
defined by other signaling molecules
involved in embryonic limb development
(1, 11).

The regeneration blastema is a self-
organizing structure from its inception, but
we don't know how it specifies the pattern of
the new limb parts. One idea is that proximal
and distal cellular boundaries are set up
simultaneously in the early blastema, with
intermediate positional identities interca-
lated between them (2). Solving the mecha-
nism of proximodistal patterning mayv be the
most important key to inducing the regrowth
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of seemingly regeneration-deficient limbs. As
Kumar er al. state, if we understood how the
pattern of the regeneration blastema is speci-
fied we could engineer that pattern into cells of
nonregenerating appendages. Growth-promoting
molecules could then be supplied exogenously
to manifest the pattern without other inter-
vention. How soon this might be possible,
particularly in humans, is anyone’s guess, but

CHEMISTRY

All at Once

Andrea Cavalleri

omplex solids with strongly cor-
‘ related electrons exhibit trans-

formations in which more than
one microscopic property (such as
atomic positions, as well as electronic or
magnetic arrangements) changes at
once. To sort out the underlying physics,
one must be working at the spatial and tempo-
ral resolution of the change, which can occur
over length scales of a few angstroms (1 A=
10" m) and last as little as a few femto-
seconds (1 f5 = 1015 5). On page 788 of this
issue, Baum, Yang, and Zewail use femtosec-
ond electron pulses to take crystallographic
snapshots of the evolving lattice structure in a
complex solid (/). From their data, a clear
connection can be made between the dynam-
ics of a single element of lattice symmetry and
a change inelectronic properties.

In recent years, complex transition-metal
oxides have received widespread attention. in
part motivated by the quest to understand
high-temperature superconductivity in doped
cuprates. Along the way. a wealth of new
phenomena have been discovered, including
unconventional electronic and magnetic phase
transitions, colossal negative magnetoresis-
tance, and novel effects at interfaces. This
richness arises from the peculiar physics of
partially filled 3d orbitals, which dominate the
electronic and magnetic properties of transi-
tion metal compounds,

Because of their enormous mutual repul-
ston, and because they are trapped by atomic
distortions, the 3d electrons tend to localize on
the transition-metal site, making the system
insulating. Yet the same electrons also tend to
hybridize with 2p orbitals from their oxygen
neighbors and spread over many lattice sites

The author is in the Department of Physics, Oxford
University, Oxford OX1 3PU, UK. E-mail: a.cavallerl@

physics.ox. 3 uk

the addition of nAG to the repertoire of
necessary tactors is animportant step forward.
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Coherent transformation. Two-dimensional depic-
tion of the light-induced crystallographic rearrange-
ment in VO, studied by Baum and co-workers. At first,
the bond between pairs of vanadium atoms dilates
rapidly along one axis (left). Only on longer (picosec-
ond) timescales does the system relax along the
orthogonal direction, transtorming a compressed
tetragonal structure to a stable product phase {right),

to minimize their kinetic energy. When this
happens, a metal is formed, and magnetic
arrangements tend to change as well. No-
where s this competition more striking than in
the abrupt electronic and magnetic transitions
that occur when the density of conducting
clectrons is changed by chemical doping.
Similarly, because of the importance of next-
neighbor orbital overlap, small distortions in
lattice structure can cause lange changes in
clectronic and magnetic propertics.

With these considerations in mind, it is
casy to see how excitation with light (2)—
which rearranges the filling of different
orbitals—can transform the structural, elec-
tronic, and magnetic properties of a complex

Tetragonal structure
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Femtosecond electron crystallography reveals
the atomic structural changes that underpin a
light-induced insulator-metal transition,

4 & # solid (3). Because these rearrangements
A ;‘I;I M' | are cooperative, the whole solid may
&, *: & :‘ change when just one photon is absorbed
& & § & & forevery 1000 unit cells. However, as we

try to understand these bewildering phe-

nomena, a new simplicity emerges on the

ultrafast time scale (4). The reason is that
the rapid photoexcitation event can impose
coherence (5). A coherent change 15 one
where all the unit cells that form the lattice
evolve in lockstep with each other, affecting
the macroscopic response of the system as
they evolve synchronously and allowing us to
sort them in the time domain.,

The ultrafast physics of vanadium dioxide
(VO,) is a prototypical example. This room-
temperature insulator has a monoclinic struc-
ture. Pairing and tilting of vanadium pairs
along one axis (see the figure, top left) is at the
heart of the insulating behavior. Part of the
glue that keeps the paired atoms close to one
another comes from the localization of two
electrons on the vanadium sites, and from the
gain in exchange enerzy when spins point in
opposite directions. Photoexcitation removes
a fraction of these electrons and slightly weak-
ens a fraction of the bonds—enough to un-
leash a collective relaxation of the structural
distortion, a delocalization of the charge, and
a loss of magnetic order. Previous ultrafast
optical and x-ray studies showed a rapid,
nonequilibrium transition to the metallic
phase, accompanied by an equally rapid re-
arrangement of the atomic structure (6). Yet,
in these studies, only a single spot in the dif-
fraction pattern was measured, giving insuffi-
cient information to elucidate the changes in
atomic structure.

In the work published in this issue, Baum
et al. were able to detect ultrafast changes in
vanadium dioxide in a number of diffraction
spots at the same time. The most important
information comes in their ability to identify
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that the fastest atomic motions during this
change occur along one particular axis of the
crystal, and are related to pairs of vanadium
atoms moving apart from one another (see
the figure, left). Only at later times do the
other crystallographic planes expand (see the
figure, right). The transformation pathway
between stable monoclinic and tetragonal
phases is then shown to pass through an unsta-
ble, tetragonal unit cell, which is compressed
along one of the axes. The authors thus estab-
lish a direct connection between the femtosce-
ond dilation of the V-V bond and the equally
fast changes in conductivity that can be meas-
ured with other techniques (7).

It is impressive that Baum er al. achieve
this femtosecond time resolution in the reflec-
tion mode of diffraction, because the inherent
velocity mismatch between electrons and
photons can, in principle, smear out the time
response and hinder the observation of the
temtosecond movements of the atoms. To this
end. the authors ingeniously tilted the front of
the optical pump pulse, thus matching the
speeds with which the surface of the sample is

excited optically and swept by the diffraction
probe. Reflection geometry opens the way o
femtosecond electron diffraction in most bulk
solids. whereas previous experiments per-
formed in transmission were limited to very
thin films (%, ¥).

Inthinking of new advances in the studies of
ultrafast structural dynamics, a few key consid-
erations come to mind. Electron pulses can be
incorporated in a microscopy apparatus, as
shown previously by Zewail and co-workers
(/@). This microscopy advance is important for
the study of strongly correlated transition-
metal oxides discussed here, which are known
to exhibit important phase separation phenom-
ena that are quite difficult to investigate (/7).

The next frontier will be a time resolution
of 10 s or below, which will allow the move-
ments of the lightest atoms that compose
many important organic compounds and lig-
uids to be resolved. Femtosecond electron
diffraction is evolving hand in hand with
x-ray techniques (/2), which have devel-
oped in the recent past with both tabletop
and accelerator-based techniques, offering

similar time resolutions but also important
spectroscopic capabilities (/3). The capabil-
ity of interrogating matter with ultrafast
electron and x-ray pulses is opening new
horizons that could only be dreamed of as
recently as a decade ago.
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CHEMISTRY

No Protection Required

Robert H. Crabtree

rganic synthesis has traditionally
Orclied heavily on activating groups

and protecting groups to steer
synthetic reactions to the desired products.
Activating groups such as halides enhance the
reactivity of reactants, whereas protecting
groups such as amides or esters block reactiv-
ity at undesired sites. On page 783 of this
issue, Chen and White (/) show that such
activating and protection groups are not
always required even in reactions involving
complex molecules.

With the rise of green chemistry (2). more
attention is being paid to eliminating activat-
ing and protecting groups. wherever possible,
for two reasons. First, they generate waste.
Second both activating and protecting groups
require extra synthesis steps to be introduced
into reactants; protecting groups also need
extra steps to be removed after reaction,
Catalysis can give reactivity and selectivity
without the need for activating or protecting
groups, The ideal catalyst reacts with an unac-

The author is in the Department of Chemistry, Yale

University, New Haven, (T 06520, USA. E-mail: robert.
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tivated reactant with a selectivity that can be
tuned by choice of catalyst, In practice, how-
ever, we are still far from the goal, particularly
when the substrate is a complex organic mole-
cule with multiple functional groups.

Perhaps the preatest challenge is finding
catalysts that selectively attack C-H bonds,

fH
HEDZ H"t_.f

Selective conversion. The antimalarial compound
artemisinin (left) is extracted from a shrub used
in herbal form in Chinese traditional medicine.
Althouwgh artemisinin has numerous C—H bonds and
a delicate peroxide functional group, it gives a single
product (right} when the Chen-White catalyst 1s
used in conjunction with hydrogen peroxide. This
implies that the catalyst has high selectivity even for
a complex molecule, but predictability for other
cases will require more detailed study.

An iron catalyst converts C—H bands to C—OH
groups with predictable selectivity even in very
large molecules.

which are ubiquitous in organic compounds
but are often very unreactive. A number of
catalysts are known for this “C-H activation™
reaction (3 ), but they act only on simple mole-
cules such as hydrocarbons. In more complex
organic molecules, such as those commonly
encountered in pharmaceuticals, numerous
oxygen or nitrogen-containing functional
groups are distributed over a core held to-
gether by carbon-carbon bonds. In such a
polyfunctional molecule, unselective attack at
any of a number of C-H bonds can result ina
cocktail of final products.

Chen and White now report a striking
counterexample that shows how C-H bonds
can be activated selectively even in complex
polyfunctional molecules (see the figure for
anexample). The authors used an iron catalyst
to convert specific C-H bonds in a wide vani-
ety of molecules to C—OH groups; the benign
and mexpensive hydrogen peroxide serves as
the ultimate source of the oxygen atom.,

Depending on the specific case, the authors
ascribe the remarkably high selectivity to a
combination of a number of causes. These
include the reactive C—-H bond being either
inherently more reactive than any other, or
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maore physically accessible to the catalysi. The
catalyst can also be attracted to a specific loca-
tion by binding to a pre-existing functional
group within the reactant, thus attacking only a
nearby C-H bond. A goal in the area is to
understand the relevant selectrvity trends from
the previous results, in order to predict the out-
come in any subsequent case. Predictability 1s
essential for the design of a multistep synthetic
route relying on a selective, late-stage C-H

activation, because failure at a later step would
vitiate the entire scheme.

This remarkable work is part of an emerg-
g rend in which different types of selective,
catalytic C-H activation reactions are being
successfully applied to more complex mole-
cules than previously envisaged (4-6). With the
conceptual barner breached for hydroxylanon,
further striking applications to complex mole-
cules are likely to emerge in the near future.
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SYSTEMS BIOLOGY

A Clock with a Flip Switch

Andy C. Poonand James E. Ferrell Jr.

wo years ago. Takao Kondo's group
T showed that when a phosphate source

{adenosine 5'-triphosphate) and three
punfied proteins were mixed in a test tube,
they spontancously generated sustained oscil-
lations in the phosphorvlation state of one of
the proteins (/). The three proteins— KaiA,
KaiB, and KaiC—were previously identified
as important for the daily patterns of activity
and behavior (circadian rhythms) in the
cyanobacterium Swechococcus elongates.
Astonishingly, oscillations of phosphorylation
in the reconstituted system were similar to
the bacterium’s natural circadian rhythm of
about 24 hours. Morcover, mutations in one of
the proteins, KaiC', that change the circadian
period in vivo had nearly identical effects in
vitro. Thus. a relatively simple and highly
robust timekeeper seemed to set the pace for
this complicated organism. The big remaining
challenge was to determine how this clock
works. Two studies, reported by the Kondo
group (2) and by Rust erad. on page 809 of this
issue (3), now provide a satistying answer to
this question. The oscillations arise from the
slow, orderly addition and then subtraction of
two phosphates from the KaiC protein. This
provides a fascinating example of reductiomis-
tic systems biology, where the ability to pick
apart a complex system has yielded an under-
standing of how the whole system works.

The addition and removal of phosphate can
alter a protein’s function, and if the protein is
part of a network of interacting factors, its
phosphorylation status may relay information
that impinges on some cell behavior. The
dynamics of reversible phosphate addition

The authors are in the Department of Chemical and
Systerns Biology, Stanford University School of Medicine,
Stanford, CA 94305-5174, USA. E-mail: james ferrell@
stanford.edu

and removal in cells are
usually rapid—occurring
on time scales of seconds
or minutes—and so seem
poorly suited for slow
circadian rhythms. Both
studies examine details of
the iming of KaiC phos-
phorylation during oscil- X
lations. KaiC 1s phospho-
rylated at two sites and in
a particular order; first on
a threonine residue, then
on a serine. Subsequently,
the threonine and then ser-
ine are dephosphorylated
and the KaiC returns to
an unphosphorylated state
(see the figure). The KaiA
protein regulates these tran-
sitions by promoting auto-
phosphorylation and in-
hibiting autodephospho-
rylation by KaiC.,

But a cycle of phos-
phorylations and dephos-
phorylations would not necessarily be ex-
pected to generate oscillations. Consider, for
example, activation and mactivation of the
enzyme Erk2 (extracellular signal-regulated
protein kinase 2). Like KaiC, Erk2 cycles
among four chemical states, modified by
enzymes that phosphorylate atyrosine residue
and then a threonine (4), and then by enzymes
that dephosphorylate tyrosine first and then
the threonine (§). But there 1s no hint that this
systemn oscillates, What, then, keeps the cyclic
phosphorylation and dephosphorylation of
KaiC from settling into a static steady-state
and allows it to oscillate?

The key insight was the discovery by Rust
et al. that the serine-phosphorylated form of

the oscillator.

Promaoted
by KaiA /’ \by KaiA

The cyanobacterial circadian clock.
Cyclic phosphorylation and dephospharyl-
ation of the clock protein KaiC on serine
(5) and threonine (T} becomes oscillatory
through a double-negative-feedback loop
(red) that toggles between two states
with high or low concentration of free
Kai& protein. KaiB is the third protein of

The heart of circadian timekeeping in
cyanobacteria is a toggle switch that
controls the periodic phosphorylation
of a key circuit protein.

KaiC (S-KaiC) binds stoi-
chiometrically to both
KaiA and KaiB. The for-
mation of the KaiA-KaiB-
KaiC complex prevents
KaiA from activating KaiC
phosphorvlation. Thus,
when S-KaiC concentra-
tion is high, KaiA is se-
questered by S5-KaiC and
KaiB, and KaiC dephos-
phorylation predominates:
when S-KaiC concentra-
tion is low, KaiA is re-
leased and KaiC phospho-
rylation is activated.
Through modeling stud-
ies, Rust er al. show that
the stoichiometric inhibi-
tion of KaiA by S-KaiC
allows the cyelic phos-
phorylation-dephospho-
rylation system to become
an oscillator. This inhibi-
tion closes a feedback loop
and makes KaiA and
S-KaiC mutually antagonistic. KaiA 1s a neg-
ative regulator of S-KaiC, because it pushes
the balance between S-KaiC and ST-KaiC
{phosphorylated on serine and threoning)
toward the latter. Conversely, 5-KaiC is aneg-
ative regulator of KaiA, because it sequesters
KaiA (with the help of KaiB). This mutual
antagonism, or double-negative-feedback
loop (see the figure), allows S-KaiC' and KaiA
to tunction as a bistable toggle switch with
two alternative stable steady-states; oscilla-
tions could thenarise from the successive flip-
ping of the KaiA/S-KaiC switch between
these two states. Starting with unphosphoryl-
ated KaiC and the KaiA/5-KaiC switch in its
low—5-KaiC concentration state, phosphory-
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lation will predominate, and more and more
ST-KaiC will build up. As the concentration of
ST-KaiC increases, 5-KaiC will increase too.
The increasing 5-KaiC will sequester more
and more KaiA., which increases the rate of
tormation of S-KaiC. This then causes morne
sequestration of KaiA, and so on. Eventually
dephosphorylation dominates, and the system
is driven back to unphosphorylated KaiC.
What, then, flips the KaiA/S-KaiC switch
back to release KaiA and favor phosphoryla-
tion? With KaiA sequestered, S-KaiC' torma-
tion cannot be maintained indefinitely; the
rate of 8-KaiC production from its immediate
precursor ST-KaiC will eventually slow down
as ST-KaiC becomes depleted. This effect is
the equivalent of a slow negative-feedback
loop—an increase in 8-KaiC concentration
decreases the amount of ST-KaiC, which

PHYSICS

decreases the rate of formation of 5-KaiC.

Thus. the circadian oscillator system can
be thought of as a bistable switch, toggled first
by the slow accumulation of S-KaiC and then
by a slow negative-feedback loop. This type of
circuit can oscillate, as Rust ef a/. demonstrate
through a simple differential equation model
whose parameters are constrained by their
experimental observations,

At first glance, the circadian oscillator of
cukaryotes does not seem to work in the same
way. It is composed mainly of transcriptional
regulators and directed protein degradation
(65), rather than a stoichiometrically controlled
autophosphorylating adenosine triphospha-
tase like KaiC, and none of the eukaryotic
components have any sequence homology to
KaiA, KaiB, or KaiC. On the other hand,
the design principles of the two oscillators

A New State of Quantum Matter

Naoto Nagaosa

and these spins can be controlled and

directed by applied electric and mag-
netic fields. Inrecent years, researchers in the
relatively young field of spintronics have
explored this effect for applications in micro-
electronics [reviewed in (/)]. The goal is to
control and use spins much as today’s inte-
grated circuits use the property of electric
charge for computing operations. On page
7606 of this issue, Konig e al. ( 2) report exper-
imental results that show the existence of a
new state of matter that may take spintronics
even further. Not only does this work offer us
a look at fundamentally new physical phe-
nomena, it may also allow the development of
novel spintronics devices.

Many rescarchers have explored the so-
called spin Hall effect as a possible route to
spintronic applications. The original Hall effect
goes back to the late 1800s, when Edwin Hall
noticed that a voltage would form perpendicu-
larly to a current flowing in a conductor in a
magnetic field. In the quantum Hall effects,
which were discovered in the 1980 and 1982,
the clectrical conductance takes on quantized
values, In the spin Hall effect, the direction of
the flow of electrons can be controlled depend-
ing on whether the spin is up or down, by an

E lectrons have aproperty known as spin,

The author is in the Department of Applied Physics,
University of Tokyo, Tokyo 113-8656, Japan. E-mail:
nagansa@appi.L u-tokyo.acjp

"
Magnetic field —

may be quite similar. Both circuits include
double-negative-feedback loops that might
function as bistable triggers, and both
include slow negative-feedback loops (&), In
terms of systems-level logic, these oscilla-
tors appear more similar than different.
Maybe this i1s how a successtul circadian
oscillator has to be built,
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Experiments show that electron spins can
flow without dissipation in a novel electrical
insulator.

and also in metallic systems
(810}, However, the detailed
mechanmism in these cases still
needs to be scrutimzed; the
flow of charges can still be
distorted by impurity scatter-
ing and thus contribute to

the spin current. Thercfore, we
nced to obtain clear obser-

Quantum Hall system

Spin control. In the comventional guantum Hall system (left), the
applied magnetic field causes electrons to bounce off the edge of the
sample in circular orbits, forming a net flow of charge around the
boundary of the material. No magnetic field is needed, however, in
the quantum spin Hall system (right), where spin-up and spin-down
carriers flow in opposite directions in edge channel states.

applied electric field. The spin Hall effect was
proposed theoretically long ago based on an
“extrinsic” mechanism ( 3). in which impurities
in a material deflect the spin-up and spin-down
electrons in opposite ways. However, recent
interest has centered on an intrinsic form of
spin Hall effect and the possibility of spin flow
without energy dissipation.

Instead of impurities, the intrinsic mecha-
nism relies on the interplay of the spin and
orbital motion of the electrons in the perfect
periodic background of the crystal lattice,
leading to different paths for the up and down
spins. The theoretical proposals for this effect
(4, 3) were followed by the experimental dis-
covery of the spin Hall effect in GaAs (6, 7)

Quantum spin Hall system

vations of a truly dissipation-
less spin current.

Dissipationless flow is known
to occur in the conventional
quantum Hall effect, where the
electrons are deflected into cir-
cular paths by a magnetic field
(see the left panel of the figure).
This motion 1s not random among electrons
but is coherently organized, leading to acollec-
tive state. This state 15 stable because a finite
amount of energy (the energy gap) is required
to disturb it. In a real sample, the electrons
bounce back from the edges, causing a net one-
dimensional motion, which corresponds to a
flow of current around the edge. Because the
direction of this motion is one-way, it cannot
be scattered backward, and so the dissipation
ofthe flow of charge is suppressed in the quan-
tum Hall system.

A crucial question is whether a similar
state is possible for the spin current. My col-
leagues and I studied this question theoreti-
cally in 2004 ( 1 1), and we considered the spin
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Hall conductivity for a band insulator with a
finite band gap caused by the spin-orbit inter-
action. In this case, the electrons have a veloc-
ity transverse to the external electne field and
a direction that depends on the spin. That is,
the spin currents in the totally occupied bands
do not cancel each other out, and finite spin
Hall conductivity results even in the band
insulator, This state was called a spin Hall
insulator, and the candidate matenials we pro-
posed included HgTe, HgSe, HgS., PbTe,
PbSe, and PbS. However, it was not clear how
to fundamentally distinguish these materials
trom the usual band insulators,

Kane and Mele (712, 13) achieved a break-
through when they invented a model for
graphene with spin-orbit interaction, which
revealed an insulating state with robust helical
edge modes, i.e., the modes with opposite
spins have opposite directions of propagation,
When the number of these helical edge modes
is even, some perturbation induces the hy-
bridization of these helical modes and hinders
their propagation. This does not occur for an
odd number of modes, where the propagation
is stable and protected (see the right panel of
the figure). The latter case corresponds to a
new class of band insulator, i.e., the quantum
spin Hall system, and the former to the usual
msulator (2, 13).

Soonafterthese results, Bernevigeral. (14)
proposed a different way to create a quantum
spin Hall system. They looked at the problem
as a phase transition between the conventional
insulator and the quantum spin Hall system. It
turned out that the phase transition is accompa-
nied by a “band crossing,” which changes the
number of helical edge modes. Furthermore,
they proposed a specific system, L.e., the quan-
tum well of CdTe/HpTe/CdTe, where this
phase transition could be induced by changing
the thickness of the HgTe layer. This was a
strong proposal and appealing enough to moti-
vate experimentalists to fry testing it

Kinig ef al. now report the experimental
observation of these robust helical edge
modes. They fabncated quantum well struc-
tures and changed the thickness d of the HgTe
layer. As d increases, the energy gap decreases
and eventually collapses at a critical thickness
of d, = 6.3 nm. This gap closing corresponds
to the quantum phase transition between the
usual insulator atd < d and quantum spin Hall
state at d > d. Kinig et al. confirmed this by
measuring the expected quantized charge con-
ductance consistently with a helical mode for
each ofthe two edges, while observing amuch
smaller conductance at smaller thickness,
indicating the usual insulating state.

This conclusion is further reinforeed by the
magnetic field dependence of the charge con-

ductance, The conductance should show a rapid
decrease as the magnetic field 8 increases,
which Kdnig ef al. also observed experimen-
tally. In this case, the authors did not directly
measure the spin Hall conductance., which is not
*quantized.” This is because, unlike the charge,
the total spin is not a conserved quantity in
the presence of the spin-orbit interaction.
Therefore, although the scarch for the infrinsic
spin Hall effect in the insulator leads to a new
classification of the electron states in solids, the
implications for the magneto-transport proper-
tics still remain to be studied.

The impact of this work will be far-reach-
ing because it has revealed that there are fun-
damentally different kinds of insulators. Even
after B0 years, the band theory of materials
still has new and surprising aspects. A more
complete classification scheme for these
unusual insulating states is now being con-
structed, including the three-dimensional sys-
tems { /5). Eventually, the quantum spin Hall
system mightenable the design of spin current
circuits without dissipation, which will open
up new possibilities in spintronics.
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ASTRONOMY

Mining for the Ephemeral

Geoffrey C. Bower

A new generation of telescopes is helping researchers explore transient energetic processes

outside our Galaxy.

bserved at radio wavelengths, the sky
Oh&s revealed in recent years that it

plays host to a zoo of variable and
transient sources that pulse, flicker, burst, and
burp. In the most recent manifestation of
such ephemeral phenomena, Lorimer et al.
(/) report on page 777 of this issue the dis-
covery of a single radio burst so intense that it
overloaded the detector of the Parkes Radio
Telescope in Australia.

The authors argue that the burst originated
outside of the Galaxy, possibly at a distance
of more than | billion light years. This indi-
cates an enormous and unprecedented lumi-
nosity as well as possibly providing a new
method for studying the intergalactic medium
(1GM), one of the most poorly characterized
constituents of the universe, More detections
could give the first complete census of
baryons (i.e., particles such as protons and

The author isin the Department of Astronomy, University
of Califarnia, 601 Campbell Hall, Berkeley, CA 94720,
UsA. E-mail: gbower@adro. berkeley. edu

neutrons) in the 1GM, which is believed to
account for 90% of the total baryons in the
universe. On the basis of the small sliver of
sky and the limited sampling time that led to
this discovery, it appears that hundreds of sim-
ilar events occur throughout the sky every day.
The burst heralds a new era of transient dis-
covery at radio and other wavelengths, driven
by new telescopes and advanced technology
for performing and analyzing enormous sur-
veys of the sky.

In the past century. astronomers cscaped
the limited spectrum visible to the human eye
and developed instruments capable of observ-
ing wavelengths from radio waves to gamma
rays. As a result, rescarchers have made
numerous discoveries including the micro-
wave background, pulsars, massive black
holes, and gamma-ray bursts. Although the
static sky has not been fully explored, the
objects that vary over time represent the new
terra incognita of astronomy. The available
parameter space is vast: Transient events are
observed at all wavelengths, in a wide variety
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Scanning the skies, The Square Kilometre Array will begin operations in 2020, The facility will have flat arrays or dipole antennas for the low-frequency bands and
steerable dishes for medium- and-high frequency bands.

of cosmic environments from star-forming
regions to distant galaxies, and on time scales
as short as nanoseconds. Thus far, systematic
searches have only probed narrow slices of
this multidimensional transient parameter
space. This 1s especially true at radio wave-
lengths because of the small number of large
telescopes and the high cost of telescope
resources necessary to conductextensive tran-
sient surveys (2).

This newly discovered extragalactic burst
illustrates some of the challenges and opportu-
nities for transient science. The burst resem-
bles a phenomenon known as rotating radio
transients (RRATs) (3). The discovery of
RRATs also required sifting through petabytes
of data for a handful of elusive pulses. Both
discoveries were made possible by the addition
of amultibeam receiver to the Parkes telescope
that improved survey speed by an order of
magnitude, and by access to high-speed com-
puting. The sporadic RRAT bursts are hypoth-
esized to originate from unusual pulsars (rotat-
ing neutron stars that produce periodic emis-
sion) located in the Milky Way.

Both RRATSs and the extragalactic burst
were discovered through a reanalysis of data
obtained for a large-scale pulsar survey,
Given the similarities in their properties, the
extragalactic burst could have been found in
the data mining that discovered RRATSs, The
initial searches for bursts, however, were
constrained to cover only a narrow range of
a parameter known as dispersion measure,
which characterizes the effect that inter-
stellar and intergalactic plasma has on a pro-
pagating radio wave. Extending the search

space to include extragalactic targets was
computationally expensive and was there-
fore excluded in order to optimize the search
for galactic objects.

In recent years, astronomers have found
other classes of radio transient events through
analysis of archival data (4) as well as through
surveys dedicated to transient discovery (3).
Theseresults point to the richness of such phe-
nomena and the richness of existing archives
from major facilities such as the Parkes tele-
scope and the Very Large Array.

When a transient is uncovered in the
archives, identification of the progenitor
object or host can be impossible. Typically,
contemporancous data at multiple wave-
lengths are essential for determining the
underlying physical properties of the tran-
sient, as was the case for gamma-ray burst
afterglows (6). Further, a radio telescope’s
capacity to survey large areas of the sky is
most easily coupled to low angular resolution;
that 1s, large fields of view are traded off for
poor localization of sources. In the case of this
burst, the burst is localized to a region one-
quarter the size of the Moon, making unique
identification very unlikely.

In the coming years, new radio telescopes
will dramatically extend our capabilities for
transient scarches. All are interferometric
arrays that simultancously provide wide fields
of view and accurate source localization. The
Allen Telescope Array, which recently began
operation, makes use of a large array of small
dishes for unprecedented survey capabilities
at centimeter wavelengths (7). An upgrade to
the Very Large Array makes this an effectively

new telescope (the Expanded Very Large
Array ywith an order-of~magnitude increase in
survey speed over a broad wavelength range.
Additional projects with improved survey
capability are under way in the southwestern
United States, the Netherlands, Australia, and
South Africa. As powerful as they are, these
facilitics will be dwarfed by the Square
Kilometre Array (see the figure), the next-
generation radio telescope with 100 times
the sensitivity and a broad array of powerful
signal-processing capabilities (§).

The ultimate prize that these telescopes
and technologies offer is the discovery
of astrophysical phenomena. Pulsars, super-
novae, and gamma-ray bursts all represent
classes of transient sources that have been
important probes of a broad variety of physi-
cal processes, including cosmology, galaxy
evolution, the basic properties of dense star
matter. and general relativity. The burst found
by Lorimer e af. is a reminder that startling
discoveries are still to be made.
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The Piwi-piRNA Pathway
Provides an Adaptive Defense
in the Transposon Arms Race

Alexei A. Aravin,* Gregory ). Hannon,t Julius Brennecke®

Increasingly complex netwarks of small RNAs act through RNA-interference (RNAI) pathways

to regulate gene expression, to mediate antiviral responses, to organize chromosomal

domains, and to restrain the spread of selfish genetic elements. Historically, RNAi has been
defined as a response to double-stranded RNA. However, some small RNA species may not arise
from double-stranded RNA precursors. Yet, like microRNAs and small interfering RNAs, such
species guide Argonaute proteins to silencing targets through complementary base-pairing.
Silencing can be achieved by corecruitment of accessory factors er through the activity of
Argonaute itself, which often has endenucleolytic activity. As a specific and adaptive regulatory
system, RNAi is used throughout eukarya, which indicates a long evolutionary history. A likely
function of RNAi throughout that history is to protect the genome from both pathogenic and

parasitic invaders.

rgonaute proteins, in complex with dis-
-t S tinct classes of small RNAs, form the
core of the RN A-induced silencing com-
plex (RISC), the RNA-interference (RINAG) ef-
fector complex (£). The Argonaute superfamily
segregates into two clades, the Ago clade and
the Piwi clade (table 51). The single fission
yeast Argonaute and all plant family members
belong to the Ago clade, whereas ciliates and
slime molds contain members of the Piwi clade.
Together, these findings indicate that Piwis and
Agos are similarly ancient. Animal genomes typ-
ically contain members of both clades, and it is
becoming clear that this division of Argonautes
reflects their underlying biology.

Ago clade proteins complex with microRN As
{miRNAs) and small interfering RNAs (siRNAs),
which derive from double-stranded RNA (dsRINA)
precursors (/). miRMNA-Ago complexes reduce
the wranslation and stability of protcin-coding
mBENAs, which results in a regulatory network
that impacts -30% of all genes, sIRNAS in Oro-
sophifa arise from replicating RNA viruses and
are crucial in antiviral immune responses (7).
In Caenorhabditis elegans, endogenous siRNAs
overlap protein-coding genes and likely partic-
ipate in gene regulation (3). As classes, neither
vins-derived nor endogenous siRNAs have vet
been descnbed in verebrates,

The Piwi Clade

The Piwi clade is found in all animals examined
so far, and its presence is tghtly correlated with
the emengence of specialized germ cells. Most
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animals separate germline and somatic cells
early in development and restrict Piwi expres-
sion specifically o germ cells. In flatworms, an
animal clade close to the bilaterian root, Piwis
are expressed in germ cells and neoblasts, undif-
ferentiated stem cells responsible for the remark-
able regenerative capacily of these organisms
(4). Although neoblasts are considered somatie
stern cells, they are capable of giving rise to germ
cells, Thus, the conservad expression pattem of
Piwi proteins is a strong indication of their vital
function in the germ line.

The genomes of multicellular animals en-
code multple Piwi proteins. The three Dvosopi-
ile proteins Piwi, Aubergine, and AGO3 are
expressed in the male and female germ lines,
Piwi is additionally expressed in the somatic
cells, which are in close contact with genmling
cells (5-&). Expression of the three mouse pro-
teins MIWI (PIWIL1), MILI (PIWIL2), and
MIWIZ (PIWIL4) is mainly restricted o the
male germ line (%-72), Although expression of
Mili in prenatal ovaries has been reported (¥), no
function for Piwis in the female mammalian
germ ling has yet been demonstraied.

Consistent with their expression pattem,
Piwi mutant animals exhibit defecs in germ
cell development. Dvosophifa Piwi is reguired
for the maintenance of germline stem cells, both
in testes and ovanes (/7). In mouse, all three Piwi
proteins are nonredundantly required for sper-
matogenesis (70-12). Although some somatic
expression of Piwis has been reported, mutant
animals lack obvious defects in the soma. On
the basis of their loss-of-function phenotypes,
Piwi proteins were placed in signaling path-
ways underlying germline development (J0 14),
However, genetic studies also pointed to a role
for the Piwi pathway in silencing sclfish genetic
clements (75-17). Insight into the molecular

R A

function of Piwi proteins was stalled until the
discovery of their small RNA partners.

Piwi-Interacting RNAs

The first indication of a distinct population
of Piwi-associated small RNAs came from
studies in Drosophila. The presence of 25- w
27-nucleotide (nt) RNAs homologous 1o the
repetitive Steflare locus was comrelated with
its silencing and required the Piwi clade protein
Aubergine (/5). Profiling of small RNAs through
Drosaphila development placed Srefllare-specific
small RN As inio a broader class, derived from var-
ious repetitive elements, called repeat-associated
small interfering RNAs (msiRNAs) (/8). A di-
rect interaction between rasiRNAs and Piwi
proteins was demonstrated by immunoprecipi-
tation of Piwi complexes (5-7, 16). Small RNAs
resembling  Drosophila msiRNAs have been
identified in testes and ovarics of zebrafish, which
demonstrates evolutionary conservation of this
small RNA class (/9). Small RNA partners of
Piwi proteins were also identified in mamma-
lian testes and termed Piwi-interacting RNAs
{piRNAs) (27, Although these RN As share some
features with rasiRNAs, there are also substan-
tial differences, including a dearth of sequences
malching repetitive elements. Nonetheless, on
the basis of their common features, we refer to
small RNAs in Piwi complexes as piRNAs with
rasiRNAs being one specialized subelass.

Piwis and piRNAs form a system disting
from the canonical RNAL and miRNA pathways.
No association between Piwis and miRNAs was
detected in either fly (5, 6) or mouse (27, 22),
although piRNAs, like miRNAs, camy a 5
monophosphate group and exhibit a preference
for a 5 uridine residue (2/-23). In contrast to
miRNAs, many of which are conserved through
millions of years of evolution, individual piRNAs
are poorly conserved even between closely re-
lated species (27-23). piRNAs in Drosophila
(3, 6) and mammals (27-23), as well as siRNA-
like scan RMAs that bind Piwi proieins in cil-
iates (24), are substantally longer (24 w 30 nt)
than miRNAs and siRNAs (21 w0 23 nt). Unlike
animal miRNAs, but similar to plant miENAs,
piRNAs camry a 2'0-methy] modification at their
3" ends, which is added by a Hen-1 family RNA
methyltransferase (25). Finally, genetic analyses
in flics (/6) and zebrafish (/9) arpue against a
role for Dicer, a key enzyme in miENA and
sIRNA biogenesis, in piRNA production.

The Genomic Origin of piRNAs

Most Drosophifa piIRNAs match repetitive ele-
ments and therefore map to the genome in
dozens 1o thousands ol locations, Yetl mapping
of those piIRNAs that could be placed uniquely
in the genome (e.g., pIRNAs from divenzent re-
peat copies) identified a limited set of discrete
loci that could give rise to most piRNAs, These
were dubbed piRNA clusters (5). piRNA clus-
ters range from several o hundreds of kilobases
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in length, They are devoid of protein coding
genes and instead are highly enriched in trans-
posons and other repeats (fg. S1). The vast ma-
jority of transposon content in piRNA clusters
oceurs in the form of nested, truncated, or dam-
aged copies that are likely not capable of auton-
omous expression or mobilization. The presence
of transposable elements per se is not sufficient
for piRNA production, Vinually all piRNA clus-

1 Unassemblad centromeric hetarochromatin
2 Assembled per-centromeric haterochromatin

repeats, and even those that do match annotated
transposons are diverged from consensus, po-
tentially active copies (fig. 51). Prepachyiene
piRNAs are found in germ cells before meiosis
26). These share the molecular characteristics
of pachytene piRNAs but onginate from a dif-
ferent set of clusters that more closely match
those of Drosophila and zcbrafish in repeat
content,

3 Euchromatin
4 Telomeric heterochromatin

4 3 2 1 2 3 4
[ [ L . ]
= piRNA density (plus strand)
[ l = piANA density (minus strand)
| i 1 . —
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Fig. 1. Features of piRNA clusters. Overview of Drosophila chromosome 2 and progressively more

detailed view of a major piRNA cluster.

ters in Drosophila are located in pericentromeric
or telomenc heterochromatin, which suggesis
that chromatin structure may play a role in de-
fining piRNA clusters (Fig. 1),

Prominent piRNA loci are also found in
mammals (2/-23, 26) and zcbrafish (/9). Mam-
malian piRNAs can be divided into two pop-
ulations. Pachyvtene piRNAs appear around the
pachyiene slage of meiosis, become exception-
ally abundant, and persist until the haploid round
spermaticd stage, after which they gradually dis-
appear during sperm differentiation (27, 22).
Pachytene piRNAs are relatively depleted of

Generally, clusters in flics and vericbrates
give rise to piIRNAs that associate with multiple
Piwi proicins, Mouse pachytene piRNAs join
both MILI and MIWI complexes (27). Similarly,
Drosophila clusters produce piRINAs, which as-
sociate with all three Piwi proteins (5). How-
ever, some clusiers generale piRNAs that join
specific Piwi proteins, likely because these clus-
ters and the Piwi proteins with which their
products associate display specific temporal and
special expression pattems. For example, Dro-
sophila piIRNAs originating from the flamenco
cluster are found almost exclusively in Piwi

complexes, and that is the only family member
that is present in the somatic cells of the
ovary (5), where flamenco is predominantly
expressed.

Unlike trans-acting SsRNAs in plants, piRNAs
do not anse from dusiers in a sirctly phased
manner but rather orginate from imegular po-
sitions forming pronounced peaks and gaps
of piRNA density (Fig. 1). piRNA populations
are extremely complex, with our recent estimates
placing the number of distinet mammalian pachy-
tene piBNAs at =500,000.

Biogenesis of piRNAs

The lack of a dependence on Dicer (14, /%) and
the profound strand asymmetry of mammalian
pachytene clusters indicate that piRNAs are not
generated from dsRNA precursors. ln Drosoph-
ila, most piRNA clusters generate small RNAs
from both strands; however, there are excep-
tions, such as the famenco locus, where piRNAs
map almost exclusively o one genomic sirand
{fig. 51} (5). In zebrafish, piRNAs can map to
both genomic strands; however, within any given
region of a cluster, only one strand gives rise to
piRNAs (19}

CGiiven these considerations, two plausible
models emerge. The first is the generation of
piRNAs by sampling of long single-stranded
precursors, Altematively, piRNAs could be made
as primary transcription products. Evidence for
the former is the lack of a 5' tiphosphate group
and the observation that a single P-clement in-
sertion at the 5 end of the fTamenco cluster pre-
vents the production of piRNAs up o 160 kb
away (5). This strongly supports a model in
which a single ranscript traverses an entire
piRNA cluster and is subsequently processed
into mature piRNAs.

Processing of small RNAs from long single-
stranded transcripts is not unprecedented. In-
deed, miBNAs are processed from precursors
that often span several kilobascs and that can
encode several individual miRNAs (27). Pro-
nounced peaks in piIRNA density within a cluster
also hint at the existence of specific process-
ing determinants; however, the nature of these
signals is yet to be resolved.

The machinery that produces piRNAs from
clusier-derived transcripts must be somewhat
flexible, as different Piwi proicins in flies and
mammals cach incorporaie a distinet size class
of small RNA (5, 2/, 22). Data from [lies and
mammals suggest a model in which piIRNA pro-
duction begins with single cleavage of a primary
piRNA cluster transcript to generate a piRNA 5
end. piRNAs may be sampled virally from
any position within a cluster with the only pref-
erence being a 5 undine residue. After incorpo-
ration of the cleaved RNA into a Piwi, a second
activity generates the 3 end of the piRNA with
the specific size determined by the footprint of
the particular family member on the RNA.

Piwi and Aubergine complexes contain
piRNAs antisense 1o a wide varety of Dvosopl-
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ifa transposons, and these show the strong 5°
U preference noted for mammalian piRNAs
(5, 6, /). In contrast, AGO3 associates with
piRNAs strongly biased toward the sense strand
of transposons and with no 5" nucleotide pref-
erence (5, 7). piRNAs in AGO3 show a chamc-
teristic relation with piRNAs found in Aub
complexes, with these small RNAs overlapping
by precisely 10 nt at their 5 ends (Fig, 2A). Ac-
cordingly, the AGO3-bound piRNAs were strong-
Iy enriched for adenine at position 10, which
is complementary to the 5 U of Aub-bound
piRNAs (5, 7). These observations indicated the
existence of two distingt plRNA populations,
possibly with different biogenesis mechanisms,
and led to the hypothesis that cluster-derived tran-
seripts and transcripts from active transposons
interact through the action of Piwi proteins to
form a cycle that amplifies piRNAs that target
active mobile elements (5).

The cycle (called the Ping-Pong amplifi-
cation loop) (Fig. 2B) begins with a transposon-
rich piRNA cluster giving rise to a varety of
piRNAs, In most clusters, a random arrangement
of transposon fragments would initially produce
a mixture of sense and antisense piRNAs, like-
ly populating Piwi and Aub. When encounter-
ing a complementary target, a transposon mRENA,
Piwi/Aub complexes cleave 10 nt from the 5
end of their associated piRNA (6. 7). This not
only inactivates the target but also creates the
5 end of new AGO3-associated pilRNA. Loaded
AGO3 complexes are also capable of cleaving
complementary targets (7); one place from which
such targets could be denved is the clusters thamn-
selves. Cleavage of cluster transcripts by AGO3
would then generate additional copies of the
original antisense piRNA, which would enter
Aub and become available to silence active rans-
posons, The combination of these steps can fonn
a self-amplifying loop. Sigratures of this ampli-
fication loop are also apparent in zcbrafish (/9)
and in mammalian prepachyiene piRNAs (26).
This ransposon-silencing pathway, with boih ge-
netically encoded and adaptive components,
has many conceptual similaritics © adaptive
ITHNUNE TESPOSES,

Function of Piwi Proteins and piRNAs

Studies of piRNAs have pointed o a conserved
function in the control of mobile genetic cle-
ments, and this is consistent with the defects in
transposon suppression observed in Piwa mu-
tants (/5-17). One ling of evidence comes from
studies of loci that exert control over specific
transposons i flies. The flamenco locus re-
presses transposition of the retrotransposons
vy, ZAM, and fdefiv (28, 29). flamenco maps
to the pericentromenic heterochromatin on the X
chromosome, Genetic analysis failed to reveal a
protein-coding gene underlying flamenco
function: however, the discovery that famenco
is a major piIRNA cluster provided a molecular
basis for its ability 1o suppress several unrelated
retroclements. flamence spans al least 180 kb
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Fig. 2. Properties and biogenesis of piRNAs. (A) Features of Aub- and AGO3-associated piRNAs in
Drosophila. Indicated are the 5" U bias in Aub-bound piRNAs, the 10A bias in AGO3-bound piRNAs, the
5° phosphate, and the 3’ O-methylation. (B) Ping-Pong model of piRNA biogenesis in Drosophila.
Primary piRNAs are generated by an unknown mechanism andfor are maternally deposited. Those with
a target are specifically amplified via a Slicer-dependent loop involving AGO3 and Aub.

and is highly enriched in many types of re-
petitive elemenis, including multiple fragmenis
of mypsy, ZAM, and fdefiv. In famenco mutanis,
evpsy is desilenced, and essentially all piRNAs
derived from this cluster are lost (5). Thus, ffa-
mence is an archetypal piRNA cluster that en-
codes a specific silencing program, which is
parsed by processing into individual, active small
RNAs that exert their effects on loei located else-
where in the genome,

Genetic studies of Piwi mutants suggested
involvement in germline development in both
invertcbrates and vertcbrates (8, 70-/2, 30).
Drosophila piwi is required in germ cells, as
well as in somatic niche cells, for regulation of
cell division and maintenance of germling stem

cells (¥). The aubergine phenotype resembles
so-called spindle-class mutants that demon-
sirate meiotic progression defects (30). The
defects in spindle-class mutanis are a dircct
consequence of Chk2 and ATR (ataxia telan-
gicctasin mutated and Rad3-related) kinase de-
pendent meiotic checkpoint activation, and the
phenotypes of aub mutants are partially sup-
pressed in animals defective for this surveillance
pathway (31,

In mice, loss of individual Piwi proteins
causes spermatogenic arrest ([0-12), In Miwi
mutants, germ cells are eliminated by apoptosis
after the haploid, round spermatid stage (/).
However, in Mili (10} and Miwi2 (12) mutants,
earlier defects appear as meiosis s amested
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around the pachytene stage. In flies, mam-
mals, and zebrafish, no phenotypic abnormal-
ities have vet been detected outside of the genm
ling, in accord with the expression patiern of
Piwis.

A key question is whether the diverse ef-
fects of Piwi mutations can be explained solely
through the actions of Piwi proteins in trans-
poson control or whether other Piwi functions
exist. In Drosophila, studies of hybrid dys-
genesis linked transposon activation o severely
impaired gametogenesis, Mutation of a single
piRNA cluster, flamenco, results in defects in
germ and follicle cell development and com-
plete sterility (32). Defects in aub mutants are
linked to DNA damage checkpoint signaling
that is probably activated in response to double-
strand breaks arising from transposon activity
(31} In mammals, germ cell loss in Mili and
Miwi2 mutants has been comelated with trans-
poson activation (J2, 26). Other studies also
support the idea that severe defects in germ cell
development can be a direct consequence of
transposon activation. For example, Dami3L-
deficient animals show demethylation of trans-
posable elements, which lead to their increased
expression, as well as meiotic catastrophe and
germ cell loss (33), a combination of pheno-
types similar to those seen in Mili and Miwi2
muiants.

Owerall, genetic and biochemical data indi-
cate that a substantial component of Piwi biol-
oy 15 dedicated 1o transposon control. However,
there are also properties of the Piwi pathway
that are difficult to explain solely on the basis
of transposon regulation. Pachytene piRNAs
in mammals are depleted of transposon se-
quences, and even those that form part of this
population are highly diverged and unlikely
to function in transposon suppression. Cone-
sistently, no activation of transposons has been
detected in Miwi mutants (27). Thus, the func-
tion of pachviene piRNAs remains a mystery,
as does the basis of postmeiotic arrest in the
Miwi mutants. Global translational control plays
important roles during mammalian spermato-
gencsis, with the expression of many mRNAs
being postranscriptionally regulated. Loss of
Miwi has been linked to changes in the abun-
dance of several mENAs imporiant for develop-
ment of haploid cells (76). The extreme diversity
of pachyiene piEMAs may allow MIWI and
MILI complexes o exent broad effects on the
transcriptome through a miENA-like mechamsm.

Summary and Perspective

It is becoming increasingly clear that an ancient
and conserved function of the Piwi and piRNA
pathway is o proteet the genome from the ac-
tivity of parasitic nucleic acids, Even in ciliates,
which diverged carlier than the common ances-
tor of plants and animals, parallels to the piRNA
pathways of fMies and mammals are clear, In
Tetralnanena, the scanning hypothesis for DNA
elimination (34) suggests that a complex popu-

lation of small RNAs 15 first generated from the
micronuclear genome and subsequently filtered
through interactions with the old macronuclear
genome. The small RNAs that emerge from this
process specify repeat silencing, in this case by
climination from the newly forming and tran-
scriptionally active macronucleus, DNA elimi-
nation depends upon a Piwi protein, Twil, but
unlike the case in vericbrates and Dyosoplil,
also on a Dicer protein (33).

Comparisons o ciliates reveal that, during
evolution, the core Piwi and piRNA machinery
may have adopted both different strategies for
producing and filiering small RNA tnggers
and different strategies for ultimately silenc-
ing targets. In Dwosophila, the Ping-Pong model
strongly suggests a postiranscriptional compo-
nent to transposon silencing. However there is
also evidence for impacts of Piwi proteins on
chromatin states (34). In mammals, Piwi pro-
tzins have been implicated in DNA methylation
(12, 26), a function that may be exerted either
directly or indirectly.

Plants lack Piwi proteins and have adapted
a different RN Ai-based strategy for ransposon
control. In Arebidopsis, the Ago subfamily pro-
tein Agod is programmed with a complex set of
transposon-derived small RNAs (37), In contrast
to flies and mammals, in which piRNA loci serve
as a genetically encoded reservoir of resistance
to mobile elements, each individual transposon
copy seems (o produce small RNAs in plants,
Although the precise mechanisms that funnel
expressed repeats into this pathway and exclude
protein coding genes have yet to be determined,
there are hints that chromatin marks may help to
concentraie small RNA production at particular
sites. This resembles the situation for centromeric
repeats in 8. pombe where specific histone mod-
ifications recruit BENAQ components o maintain
heterochromatin through a local, self-reinforcing
loop of small RNA production (37) that is in
many ways analogous to the Ping-Pong ampli-
fication loop for piRNAs. Yeast and fly
systems differ in their strategics for producing
complementary subsiratcs. Where yeast and
plants use RNA-dependent RNA polymerases
o produce antisense repeat sequences, Dro-
sophila and mammals encode them from
piRMNA loci.

Although much remains o be leamed about
Piwi proteins and their functions throughout
evolution, one must wonder whether this path-
way 15 providing a glimpse into the ancestral
functions of RNAL It seems almaost certain that
the evolution of genomic parasites followed close-
ly the emergence of self-replicating genomes.
Thus, the development of heritable, but also
adaptive, sysiems of parasite resistance would
have been essential 1o maintaining fitness, Given
the dire consequences of transposon activation
in higher organisms, for example. hybrd dys-
genesis in Drosophila and sterility in mammals,
it is likely that colonization by mobile ele-
ments provides a driving force in speciation,

as subpopulations adapt to coexist with specific
invaders, The Piwi and pRNA pathway may
thus have played a long-standing and important
role in maintaining species cohesion by allow-
ing adaptation of populations to new mobile
elements and preventing reproductive isolation.
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Video Cameras on Wild Birds

Christian Rutz,* Lucas A. Bluff, Alex A. 5. Weir, Alex Kacelnik

uilding on recent advances in microelec-
tronics and communication technologies,
we developed miniaurized, animal-bome
video cameras for studying the undistubed behay-
ior ofwild, free-ranging birds, Our camers can record
bird behavior in its full ecological, physological, and
social context and in locations and circumstances
where conventional observation techniques fail.
New Caledonian crows (Corvies monedidoides)
are renowned for using tools for extractive foraging
(1. 2), but the coological and evolutionary signifi-
cances of this unusual bebavior are birpely unknown,
These crows are sensitive o human disturbance
and inhabit forested, mountainous areas, where
visibility is limited and close following of subjects
is impractical. Thus, most current knowledge of
the species’ biology comes either from observing
birds at baited sites or from collecting artifacts (1),
but these technigques are nol suitable for in-
vestigating natural foraging behavior and diets.
We designed tail-mounted camera units (Fig,
IA) that do not interfere with movement and

Time of day (aftemoon)

ensure safe shedding of the tag with regular molt
(). Units transmit a color video signal with sound
to custom-buill receivers and incorporale very
high frequency (VHF) rmdio tags for simullancous
positional tracking. We deployed camers on 18
different crows (12 males) in our dry forest study
site (21733'50"S, 165°1927"E), capluring 451 min
of analyzable video footage from 12 subjects (38 +
5 min per bird, mean + SE; maximum of 60 min),

Our footage highlighted the imporance of
ground foraging for these crows (movie S1). Six
birds were torresinal for 13 o 73% (median of
50%) of analyzable foolage (the remuining six
were almost exclusively observed in trees), and all
video-recorded food items, with the exception of
some fruit, were collected on the ground A case
study illustrates how the combination of animal-
bome cameras with conventional VHF radio telem-
etry (video tracking) can gengrate a rich record of
behavior along a known trajectory, yielding data on
activity pattems, foraging modes, prey encounters,
and diet choice (Fig. 1, B and C, and movie 52),

5:02pm

{25 Amagoe sopowano

Fig. 1. (A) Position and viewing angle of a video @mera {red). The unitis taped to the upper side of two inner tail
feathers. The lens at the distal end is protruding through the feathers, peeking forward through the legs. (B) Part of
a day's foraging trajectory (oow & CC1; 20 December 2006 5:22 to 644 pm,; movie 52). Live footage was
captured by two ground-operated receivers (R1 and R2); a VHF radio tag in the camera unit enabled positional
tradking of the bird. Lines show main movements, and oval shapes give approximate locations of the subject before
{blue) and during (red) the video shoot. Video-recorded behavior can be linked to the bird’s trajectory (see four
video stills). Shaded areas indicate shrubs and trees. (C) Activity profile of crow CC1 (percentage locomotor activity
in 105 time bins) during the video shoot (7 = 242 bins with uninterrupted video reception). Food items in
parentheses were not consumed. (D) Tool-assisted ground foraging by a wild cow (EKL; 17 December 2006; 3:56
to 5:06 p.my; movie 53). Images show a tool (left) during and (right) after a long flight (note distingt curved tip).

| J L)
5 [X A

Video data enabled us to estimate the species”
natural foraging efficiency. Our pooled prey sam-
ple ranslates into an encounter rate of eight small
food items per hour of ground foraging (118 min
of video footage showing birds on the ground across
seven subjects with 16 items consumed ). Prey itens
collected during long bouts of ground foraging wene
considerably smaller than the woodboring beetle
larvae (fig, S1) that these crows often hunt with
stick tools [Supporting Online Material (SOM) text].
These binae, a hidden and otherwise unexploiied
food souwce, might be an imporant component of
crow dict and could have contrbuled o the evo-
lution of tool use in this species.

Recordings from two adult males (EK1 and
CCl) revealed previously unknown sspeds of the
species’ natural tool wse. Crow ERI used at least
three different ols for probing loose substrate on
the ground during 45 min of scorable footage (Fig.
1D and movie $3), a foraging mode that has not
been reporied before ( £), The bird (1) used one
tool for >18 min, traveling =100 m with it: (i)
bricfly put aside this tool on several occasions to
use its beak, resuming tool use thereafter; and (i)
transported the ool in flight between prolonged
bouts of ground-based tool use and afier extmcting
prey with it. Because sticks are plentiful in forest
habitats, these observations indicate that these crows
may keep particularly pood tools for future use. Both
erows rmade ools on the ground from what appeared
o be dry, prasslike stems (movies 52 and 53).
This toal matenial was hitherto unknown (), and
no such tool was found at typical larvae fishing
sites in our study arca (circa 280 tools collected).

Video tracking is a research tool for studying
wild birds that are shy or live in inaccessible habi-
tais and offers three main applications: (1) discovery
of unknown behaviors, (i) contexi=specific guanti-
fication of behavior, and {i11) calibration of other te-
lemetry devices (SOM text, fig. 52, and movie S4).
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Quantum Spin Hall Insulator
in HgTe Quantum Wells

Markus Konig,! Steffen Wiedmann,® Christoph Briine,* Andreas Roth,® Hartmut Buhmann,!
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S' SUMMARY

he discovery more than 25 Conductance
I years ago of the quantum channel with
Hall effect (), in which the up-spin charge

“Hall,” or“transverse electrical” con- carriers
ductance of a material is quantized,
came as a tolal surprise to the physics
community. This effect occurs in
layered metals at high magnetic
ficlds and results from the forma-
tion of condueting one-dimensional
channels that develop at the edges
of the sample. Each of these edge
channels, in which the current moves
only in one direction, exhibits a quan-
tized conductance that is character-
istic of one-dimensional transport. The
number of cdge channels in the sam-
ple is directly related to the value of
the quantum Hall conductance. More-
over, the dharge camiers in these chan-
nels are very resistani to scattering.
Mot only can the guantum Hall effect be observed in macroscopic samples
for this reason, bul within the channels, charge carriers can be transported
without energy dissipation. Therefore, quantum Hall edge channels may be
usecful for applications in integrated circuit technology, where power dis-
sipation is becoming more and more of a problem as devices become smaller,
OF course, there are some formidable obstacles to overcome —the quantum
Hall effect only occurs at low temperatures and high magnetic fields.

In the past few wears, theoretical physicists have suggested that
edge channel transport of cumrent might be possible in the absence of a
magnetic field. They predicied (2-4) that in insulators with suitable
clectronic structure, cdge states would develop where—and this is
different from the gquantum Hall effect—the carriers with opposite
spins move in opposite directions on a given edge, as shown sche-
matically in the figure. This is the quantum spin Hall effect. and its
observation has been hotly pursued in the field

Although there are many insulators in natre, most of them do not have
the right structural properties to allow the quantum spin Hall effiect o be
observed. This is where HeTe comes in. Bulk HeTe is a 11-V] semi-
conductor, but has a peculiar electronic structure: In most such materials,
the conduction band usually derives from s-staies located on the group [
atoms, and the valence band from p-states at the V1 atoms. In HgTe this
order is inverted, however (3). Using molecular beam epitaxy, we can
grow thin HgTe quantum wells, sandwiched between (Hg, Cd)Te barriers,
that offera unigue way to wne the clectronic structure of the matenial: When
the quantum well is wide, the clectronic structure in the well remains
inveried. However, for namow wells, it is possible to obtain a “normal™
alignment ofthe guantum well states. Recently, Bemevig ef al. (6) predicted

Quantum
well

insulator.

Schematic of the spin-polarized edge channels in a quantum spin Hall

State

theoretically that the electronic
structure of inverted HgTe quan-
tum wells exhibits the propertics
that should enable an observation
of the quantum spin Hall insula-
tor state, Our experimental obser-
vations confirm this,

These experiments only be-
came possible after the devel-
opment of quantum wells of
sufficiently high camrier mobility,
combined with the lithographic
techniques needed to pattemn the
sample. The palteming is espe-
cially difficult because of the very
high volatility of Hg. Morcover.
we have developed a special low
deposition  temperature Si-0-N
pate insulator (7), which allows
us to contol the Fermi level (the
energy level up to which all
electronics states are filled) in the quantum well from the conduction band,
through the insulating gap, and into the valence band. Using both electron
beam and optical lithography, we have fabricated simple rectangular
structures in various sizes from quantum wells of varying widih and
measured the conductance as a function of gate voltage,

We observe that samples made from namow quanum wells with a
“normal” electronic structure basically show zero conductance when the
Fermi level is inside the gap. Cuantum wells with an invened electronic
structure, by contrast, show a conductance close to what is expected for the
edge channel transport in a quanium spin Hall insulator. This interpretation
is further comoborated by magnetoresistance data. For example, high
magnetic ficld data on samples with an inverted clectronic structure show a
very unusual insulator-metal-insulator transition as a function of field,
which we demaonsirate is a direct consequence of the electronic siructure,

The spin-polarized characier of the edge channels still needs o be
uncguivocably demonstrated. For applications of the effect in actual
microclectronic technology, this low-temperature effect (we observe il
below 10 K) will have to be demonstrated at room temperature, which may
be possible in wells with wider gaps.

Conductance
channel with
down-spin
charge carriers
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Recent theory predicted that the quantum spin Hall effect, a fundamentally new quantum state of
matter that exists at zero external magnetic field, may be realized in HgTe/{Hg,Cd)Te quantum wells.
We fabricated such sample structures with low density and high mobility in which we could tune,
through an external gate voltage, the carrier conduction from n-type to p-type, passing through an
insulating regime. For thin quantum wells with well width d < 6.3 nanometers, the insulating regime
showed the conventional behavior of vanishingly small conductance at low temperature. However,
for thicker quantum wells (d > 6.3 nanometers), the nominally insulating regime showed a
plateau of residual conductance close to 2e%/h, where e is the electron charge and h is Planck's
constant. The residual conductance was independent of the sample width, indicating that it is caused
by edge states. Furthermore, the residual conductance was destroyed by a small external magnetic
field. The quantum phase transition at the critical thickness, 4 = 6.2 nanometers, was also
independently determined from the magnetic field—induced insulator-to-metal transition. These
observations provide experimental evidence of the quantum spin Hall effect.

spin Hall effect in metals and insulators

(/-3 has gencrated great interest in the
field of spintronics, because this effect allows
direct electric manipulation of the spin de-
grees of freedom without a magnetic field,
and the resulting spin current can flow with-
oul dissipation. These propertics could lead to
promising spintronic devices with low power
dissipation.

However, beyond the potential technolog-
ical applications, the intrinsic spin Hall effect
has guided us in the search for new and topo-
logically nontrivial states of matter. The quan-
tum Hall state is the first, and so far the only
example, of a topologically nontrivial state of
matter, where the quantization of the Hall con-
ductance s protected by a topological invar-
iant. The quantum spin Hall (QSH) insulators
(4-6) have a similar, but distinct, nontrivial
topological property. The QSH insulators are
invariant under time reversal, have a charge
excitation gap in the bulk, but have pologi-
cally protected gapless cdge states that lic
inside the bulk insulating gap. This type of
insulator is typically realized in spin-orbit
coupled systems; the corresponding edge staies
have a distinet helical propery: two states with
opposite spin-polarization counterpropagate ai
a given edge (4, 7, 8). The edge states come in
Kramers" doublets, and time-reversal symmetry
ensures the crossing of their energy levels al
special points in the Brillovin zone, Because
of this energy-level crossing, the specirum of a
QSH insulator cannot be adiabatically de-
formed into that of a topologically tnvial in-
sulator without helical edge states; therefore, in
this precise sense, the QSH insulators represent a
topalogically distinct new state of matter,

Theoretical background. It has been pro-
posed theoretically that HgTe/(Hg,Cd)Te
quantum wells (QWs) provide a natural re-

Thc theoretical prediction of the intrinsic

'physikalisches Institit (EP 111}, Universitat Wirzburg,
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alization of the quantum spin Hall effect (6).
In zincblende-type semiconductor QWs, there
are four relevant bands close to the Fermi
level. The £]1 band consists of the two spin
states of the s orbital, whereas the HH 1 band
consists of the |p, + ip,, Thand | =(p, = ip,), 1)
orbitals. The effective Hamiltonian near the I"
point, the center of the Brillouin zone, is
given by

Hear(lly) = (Hén“ H';]—M)'

H = elk) +dilk)o (1)

where o, are the Pauli matrices, and
l'.i‘l -+ ;(l;: = .ﬂ'.l:A.r 4+ f-ﬂ'.l} = Ak }

dy = M—B(k? + k2),

g = C—D(k2 + £2). (2)

Here, &, and &, are momenta in the plane
of the two-dimensional electron gas (2DEG),
and A. B, C, and D are material specific con-
stants. Spin-orbit coupling is naturally buili-
in in this Hamilionian through the spin-orbit
coupled p orbitals [p, — ip,. 1) and | —(p. —ip, ). [}.
Two-dimensional materials can be grouped into
three types according to the sign of the Dirac
mass parameter M. In conventional semicon-
ductors such as GaAs and CdTe, the s-like £l
band lies above the p-like AH1 band, and the
mass parameier M is positive. Semi-metals
such as grapheme (9, /1) are descnbed by a
massless Dirac model with M = 0, although the
bands have a different physical interpretation.
In so-called inverted semiconductors such as
HgTe, the s-like orbital lies below the p-like
orbitals; therefore, the Dimc mass pammeter
M in the HgTe/(Hg Cd)Te QWs can be con-
tinuously wned from a positive value M = 0
for thin QWs with thickness d < d, 10 a neg-
ative value M < 0 for thick QWs with o > o.. A
topological quantum phase transition occurs at
a critical thickness o = o, where the system is
effectively described by a massless Dirac
theory as for graphene. The nature of this

RESEARCH ARTICLES I

quantum phase transition has also been inves-
tigated in more realistic models beyond the
simple four-band model presented here, reach-
ing the same conclusion (/7).

The QSH phase oceurs in the inverted re-
gime where M < 0, ie, when d > d,. The
sample edge can be viewed as a domain wall
of the mass parameter M, separating the topo-
logically nontrivial phase with M < 0 from
the topologically trivial phase with M = 0,
which is adiabatically connected to the vac-
uum (1 2). Massless helical states are confined
on the sample edge. The sample has a finite
conductance even when the Fermu level lies
inside the bulk insulating gap. Thercfore, as
suggested in (6), the QSH state can be ex-
perimentally detected by measuring a residual
conductance plateau as one varies the gate
voltage in the nominally insulating regime.
Furthermore, because the current is caried by
the edge states, the conductance should be
independent of sample width. Protected by
the time-reversal symmetry, nonmagnetic im-
purities or any other time-reversal invarant
local perturbations cannot cause clastic back-
scattering of the helical edge states, which war-
rants the topological robusiness of the edpe state
conductance. However, the presence of a mag-
netic ficld breaks time-reversal symmetry and
therefore can open up a gap in the energy spec-
trum of the edge states and remove the residual
conductance due to the edge states.

Experimental details. We sct out to test
these theoretical predictions by measuring
the transport properties of HgTe/(Hg,Cd)Te
QWs as a function of the sample thickness,
the gate voltage, and the exiernal magnetic
ficld. We used modulation-doped type 11 (/3)
HgTe/Hg sCdy 2 Te QW structures fabricated
by molecular beam epitaxy (/4), with widths
(/1 5) varying from 5.5 nm (d=<d_)to 12 nm {d >
d.). Dedicated low- thermal budget optical and
g-beam lithography was used to structure de-
vices in Hall bar geometry with dimensions
(L= W)of (600 = 200), (2000 = 13.3), (1.0 =
1.0), and (1.0 = u_S}pm" (Fig. 1A, insct). All
devices had a 110-nm-thick Si;N4/8105 mul-
tilayer gate insulator (/6) and a 5/30 nm TvAu
gate electrode stack. Transport measurements
wete done in a "He/*He-dilution refrigerator
{base temperature < 30 mE, uniaxial fields
up to 18 T)and ina *He cryostat fitted with a
vector magnet (= 1.4 K, and ficlds up to
300 mT in varable direction), using lock-in
techniques. At zero gate voltage, the samples
were n-type, exhibiting carrier densities be-
tween 1.3 = 10" and 3.5 = 10" em ™ and mob-
ilities up to 1.5 = 10° em” V' 5. The carrier
density could be reduced continuously by ap-
plying a negative gate voltage 1o the Au elec-
trode with respect to camiers in the QW, The
Si-0-N gate insulator stack allowed for quite
large gale voltages, enabling us to gate the
samples through the gap from n-type to p-lype
conductance.
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Field-induced phase transition. The change
in camrier type can be monitored from Hall
experiments, as shown in Fig. 1A for a large
[(L = W) = (600 = 200) pm”] Hall bar with a
well width of 6.5 nm, at 30 mK. The change
in carrier type is directly reflected in a sign
change of the slope of the Hall resistance R,,,
and we can directly infer that the carnier density
varies from an electron density n = 1.2 = 10"
em  at gate voltage F, = 1.0 V to a hole density
p=10= 10" em™ at ¥, = -2.0 V. At modest
magnetic felds, for both n-4ype and p-type
channels, £, exhibits quantum Hall plateaws,
indicative of the good quality of the material,
until at fields above ~3 T the last Landau level is
depleted.

Notable transport behavior is observed for

L9V <V, =-14 V (see the green and the
red traces in Fig. 1), where the sample is in-
sulating at zero magnetic field (i.e., the Fermi
level 15 in the gap). For these gate vollages,
we observe that the sample undergoes a phase
transition from an insulating state to a QH state
with a quantized Hall conductance of G, = +e/h,
cither n- or p-type depending on 1V, at a small
{~1 to 2 T) applicd magnetic feld. The sam-
ple remains in the QH state for a few more T,
and then becomes once again insulating, We
obscrved this phenomenon in a number of
samples in the inverted regime, with 6.5 nm <
d < 12 nm.

The phase transition from an insulating
stale to a QH state is a nontnvial consequence
of the inverted band structure of the QSH in-
sulator and can be explained by the level
crossing of the El and HHI Landau levels,

Fig. 1. (A) Hall resistance, Ry, of a (L x
W) = (600 x 200) um® QW structure with
6.5-nm well width for different carrier con-
centrations obtained for gate voltages V,
of 1.0V iblack), =1.1 V (purple), <1.2 V
(nawy), —1.3V (blue), —1.35 V (cyan), —1.4V
(green), =1.7 ¥ (red), =1.8 V (orange),
=1.9 ¥ {(brown), and =2.0 V (black, lower
curve). For decreasing V,, the n-type camier
concentration decreases and a transition to a
p-type conductor is observed, passing
through an insulating regime between
-1.4 and =19V at B8 = 0 T. The inset
shows a schematic sample layout with
ohmic contacts labeled 1 to 6. The gray
shaded region indicates the top gate
electrode and defines the part of the
sample where the carrier concentration
and type can be changed. Red and blue
arrows indicate the counterpropagating
spin-polarized edge channels of the QSH
effect. (B) The Landau-level fan chart of a
6.5-nm QW obtained from an eight-band
k:p calculation. Black dashed lines indi-
cate the energetic position of the Fermi
energy, E, for V, = -1.0 and 2.0 V. Red
and green dashed lines comrespond to the

Ay ! kL2

E/ meV

which can be directly obtained from the
minimal coupling of the simple Dirac model
(Eg. 1) to a perpendicular magnetic field &..
If we only consider the orbital effects of the
magnetic field, two series of Landau levels
are obtained from the upper and lower 2 = 2
blocks of the Hamiltonian, Eq. 1, in which
the two levels closest to the Fenni energy
are givenby E.= C+M— (D + B)l. *and E_=
C-M~-(D- B> wih [.=,/hf(eB.).
Thus, the condition for level crossing is given
by E. —E_=2M-2BI." = 0 or B, = (hM)(eB)
Cienerally, the 8 parameter 1s always neg-
ative; therefore, we can see that the level cross-
ing occurs only in the inverted region with
M =D,

The Landau levels for the normal (o < o)
and the inverted (d > d,) regime are shown
in Fig. 2, A and B, respectively. Edge states
in the presence of an extemal magnetic field
can be easily obtained by solving our simple
Dirac model in Eq. 1 with open boundary con-
dition along one direction and periodic bound-
ary condition along the other direction. Figure
2C shows the bulk and edge states for a con-
ventional insulator. With increasing thickness o,
the two states closest o the Fermi energy ap-
proach and then cross cach other. This “band
inversion” leads to the bulk and edge states
(Fig. 2D). The Fermi energy crosses a pair of
counterpropagating edge states on cach edge,
resulting in no net Hall effect These counter-
propagating edge states are similar (o the
helical edge states of the QSH insulator. How-
ever, owing to the presence of the magnetic
field and the breaking of the time-reversal

BIT

position of the Fermi energies of the red and green Hall resistance traces of (&), The Landau-level crossing

points are marked by ammows of the same color.

symumetry, they are not robustly protected. Start-
ing from this case, increasing the magnetic
field shifts the red Landau level toward higher
and the blue one toward lower energies. When
one of the bulk Landau level crosses the
Fermi level, there remains a single edge state
on cach edge, and one obtains a net QH effect
with either G, = ¢'/h (Fig. 2E) or with G, =
—&'/h (Fig. 2F). When the magnetic field is
increased further, the second bulk Landau
level crosses the Fenmi level, and one reaches
the conventional insulator case (Fig. 2C) but
with the colors of the Landau level interchanged.
In models with bulk inversion asymmetry (BLA)
{11}, the level crossing between £1 and HH
Landau levels at B°, can be avoided, and the
phase regions (i) and (ii) in Fig. 2B become
connected. Generally, the nonmonotonic de-
pendence of the Landau-level energies leads to
the transition from the insulating state to the
(H state at a constant Fermi energy, when the
magnetic field is varied.

A

Fig. 2. Bulk and edge state spectrum of the
four-band Dirac model described by Eg. 1 in the
presence of an external orbital magnetic field.
(A) The bulk Landau levels in the normal
regime. (B} The bulk Landau levels in the
inverted regime. A pair of low-lying Landau
levels cross at a finite magnetic field B8°. The
crossing divides the phase diagram of gate
voltage and magnetic field into four regimes,
labeled (i) to (iv). (€} The low-lying bulk and
edge state energies as a function of the centers
of the Landau orbitals in the normal regime.
(D) The low-lying bulk and edge state energies
as a function of the centers of the Landau
orbitals for the inverted regime, where the
Fermi energy lies in-between the two bulk
inverted Landau levels. The Fermi energy
crosses the Landau levels, giving rise to the
pair of counterpropagating edge states. When
the magnetic field is increased, the two lowest-
lying bulk Landau levels approach each other,
and they cross the Fermi energy in a different
order, depending on the value of the gate
voltage. The crossing of the Fermi emergy by
one of the Landau levels gives rise to either the
n- or the p-type QHE for the cases shown in (E)
and {F).
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Although the four-band Dirac model (Eq. 1)
gives a simple qualitative understanding of
this novel phase transition, we also performed
more realistic and self-consistent eight-band
k:p model calculations (73) for a 6.5-nm quan-
tum well, with the fan chart of the Landau
levels displayed in Fig, 1B. The two anoma-
lous Landau levels cross at a critical magnetic
field &, which evidently depends on well
width. This implies that when a sample has its
Fermi energy in the gap at zero magnetic
ficld, this energy will always be crossed by
the two anomalous Landau levels, resulting in
a QH platcau in-between the two crossing
ficlds. Figure 3 summarizes the dependence
of B, on well width d. The open red squares
are experimental data points that result from
fitting the eight-band k-p model 1o experi-
mental data as in Fig, 1, while the filled red
triangles resull solely from the k-p calcula-
tion. For reference, the calculated gap ener-
gies are also plotted in this graph as open
blue circles. The band inversion is reflected
in the sign change of the gap. For relatively
wide wells (d > 8.5 nm), the (inverted) gap

starls to decrease in magnitude, This is be-
cause for these well widths, the band gap no
longer occurs between the £1 and HHI lev-
els, but rather between AHH1 and AH2—the
second confined hole-like level, as schemat-
ically shown in the inset of Fig. 3 [sce also
(I7)]. Also in this regime, a band crossing of
conductance- (HH1) and valence- (HH2) band
derived Landau levels occurs with increasing
magnetic field (13, /7, 18). Figure 3 clearly
illustrates the quantum phase transition that
occurs as a function of  in the HgTe OWs:
Only for d = d. does B° exist, and at the
same tme the energy gap s negative (Le,
the band structure is inveried). The experimen-
tal data allow for a quite accurate determi-
nation of the eritical thickness, vielding d, =
6.3 + 0.1 am

Zero-field edge channels and the QSH
effect. The actual existence of edge channels
in insulating inverted QWs is only revealed
when studying smaller Hall bars [the typical
mobility of 107 em® V' 57! in n-type material
implics an clastic mean free path of /g =
1 pm (49, 20)—and one may anticipate lower

Fig- 3. 'Elﬂsshg HEH, 100 T T 7T T 71 T T 10
B, (red triangles), and t ghomal i Inverted A i TP

energy gap, E, (blue 80 | : - -
open dots), as a func- ! i ¥ 200 I
tion of QW width d 60 | 8 : 8l \\

resulting from an eight- i ' v = wol g2 |

band k-p calculation. _ | . 5 E sof 16
For well widths larger E I ; w gl& o
than 6.3 nm, the QW is — .5| 6 & . _s5g pHHT —
inverted and a mid-gap o | i ) T e Y Y "
crossing of Landau levels B R e dinm

deriving from the HH1 ' i ?g.

conductance and F1 va- g | F .
lence band occurs at fi- # o 86 ©9© o ©

nite magnetic fields. The e L ; e ©

E‘xperi‘ﬂgﬂtﬂﬂ)' dJ‘SEﬁEd PR I S | I i PR | 1 ﬂ. 1 1 1 1 o
crossing points are in- i 4 5 & 7 8 98 1 1 12

dicated by open red
squares. The inset shows

di/nm

the energetic ordering of the QW subband structure as a function of QW width d. [See ako (17]].

Fig. 4. The longitudinal four-
terminal resistance, Ry 3, of
various normal {f = 5.5 nm)
(1) and nverted (d = 7.3 nm)
(I, 1, and IV) QW structures
as a function of the gate volt-
age measured for B=0T at
T = 30 mK. The device sizes
are (200 x 13.3) um® for
devices | and II, (1.0 = 1.0)
um? for device Ill, and (1.0 x
0.5) um* for device IV. The
inset shows Ryg 23(l/y) of two
samples from the same wafer,
having the same device size
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maobilitics in the nominally insulating regime].
The pertinent data are shown in Fig. 4, which
plots the zero B-field four-terminal resistance
R1491 = Fallyy as a function of nomalized gate
voltage (V. is defined as the voltage for which
the resistance is largest) for several devices that
arc representative of the large number of
structures we investigated, R4.5 15 measured
while the Fermi level in the device is scanned
through the gap. In the low-resistance regions at
positive ¥y — V. the sample is n-type: at
negative ¥, — ¥, the sample is p-type.

The black curve labeled [ in Fig. 4 was
obtained from a medium-sized [(20.0 = 13.3)
pm:] device with a 5.5-nm QW and shows the
behavior we observe for all devices with a
nommal band structure: When the Fermi level
is in the gap, Ry4,3 increases strongly and is
at least several tens of megohm (this is the de-
teetion limit of the lock-in equipment used in
the experiment). This clearly is the expected
behavior for a conventional insulator. How-
ever, for all devices containing an inverted QW,
the resistance in the insulating regime remains
finite. R)41; plateans at well below 100 kilohm
(i.e, Gisaz = 03 &) for the blue curve
labeled 11, which is again for a (200 = 13.3)
um’ device fabricated by optical lithography,
but that contains a 7.3-nm-wide QW. For much
shorter samples (L = 1.0 pym, green and red
curves [l and V) fabricated from the same
wafer, (45 actually reaches the predicted
value close to 2e’/h, demonstrating the exis-
tence of the QSH insulator state for invered
HgTe QW structures,

Figure 4 includes data on two devices with
d = 7.3 nm, L= 1.0 um. The green trace (111)
is from a device with = 1.0 pm, and the red
trace (IV) corresponds 1o a device with W =
0.5 pm, Clearly, the residual resistance of the
devices does not depend on the width of the
structure, which indicates that the transpon
occurs through edge channels (27). The traces
for the o = 7.3 nm, L = 1.0 pm devices do not
reach all the way into the peregion because the
electron-beam lithography needed o fabricaie
the devices increases the intrinsic (F, = 0 V)
camrier concentration. In addition, fluctuations
on the conductance plateaus in traces 11, 111,
and IV are reproducible and do not stem from,
e.g., clectrical noise. Although all 44, traces
discussed so far were taken at the base
temperature (30 mK) of our dilution refriger-
ator, the conductance plateaus are not limited
to this very-low-temperature regime. In the
inset of Fig. 4, we reproduce the green 30-mK
trace [l on a linear scale and compare it with
a trace (in black) taken at 1.8 K from another
(L* W)= (1.0 % 1.0) pum? sample, which was
fabricated from the same waler, In the fabnca-
tion of this sample, we used a lower-illumination
dose in the e-beam lithography, resulting in a
better (but still not quite complete) coverage of
the n-i-p transition. Clearly, in this further
sample, and at 1.8 K, the 2¢’/h conductance
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platcau is again present, including (thermally
smeared ) conductance fluctuations.

In the pure two-terminal geometry, with
only source and drain contacts (contacts 1 and
4, inset of Fig. 1A), the two counterpropagal-
ing helical edge states at one given edge con-
nect the chemical potential from the source
and drain, respectively, and they are no in
equilibrium with each other because the elastic
backscattering vanishes between these two chan-
nels. In the absence ofvollage probes 2, 3, 5, and
6, as indicated in the inset of Fig. 1A, the two-
terminal conductance should give 2¢%/h. In the
presence of the vollage probes, the voltage
measurement necessarily leads to the equilibra-
tion of the two helical channels with the opposite
spin orientation, because the voltage probes are
nol spin sensitive. A simple Landauer-Blittiker
type of calculation shows that the four-terminal
resistance should be given by Ry .5 = h2e%. In
the presence of the voltage probes, the voltage
drops ., Vs, and Fyy add in series o give a
higher resistance of Ry = Viglhy = 32
These results are valid as long as the distance
between the vollage probes is less than the
inclastic mean free path . Although elastic
scalterers cannot cause backscattering of the
helical edge states, inelastic scatierers can. We
estimate the inelastic mean free path to be /, =
1 pum at our measurement temperature. There-
fore, for the large sample (trace 1), where the
distance between the voliage probes exceeds the
inclastic mean free path [, we expect the re-
sidual resistance to be higher, consistent with the
experimental measurement shown in trace 11 in
Fig. 4.

Breaking time-reversal symmetry. Another
intriguing observation is that the QSH effect is
destroyed by applying only a small magnetic
field perpendicular to the 2DEG plane. Figure 5
shows that the magneloresistance is strongly
anisotropic. (These data were obtained in the
vector magnet system at 1.4 K.) A very sharmp,
cusplike conductance peak is observed for per-
pendicular field, with the full width at half-
maximum (FWHM) B,"""™ = 28 mT (22).

The peak broadens strongly when the magnetic
field is tilted into the QW plane. For fully in-
plane fields, the QSH conductance can be ob-
served over a much wider magnetic field range
(8™ = 0.7 1),

The robusiness of the helical edge states is
ensured by the time-reversal symmetry. A mag-
netic field breaks time-reversal symmetry and
thus tums on a gap between the two otherwise
degenerate helical edge states. The perpendic-
ular and in-plane magnetic ficld lead o dif-
ferent gaps, depending on the matrix elements of
the magnetization operator: Ey,, = (T(2 « # x
i+ @upS LBl and Eyy = (HemsSL)IBY, in
which f,j are the position and electric current
operator, respectively, and £ is the unit-vector
perpendicular to the QW plane, 5, stands for
the dimensionless part of the Zeeman-coupling
matrix clement in a pependicular (parallel)
magnetic field. We can estimate the magnitude
of these two gaps by noting that (1} - # = j||) ~
el and (115,01~ 1, in which v and £ are the
Fermi velocity and width of the edge channels,
respectively. v and £ can be obtained from the
Dirac parameters as v = Al and £ = Ini/|M]. The
parameters for the d = 7.3-nm QW give the di-
mensionless ratio evEug ~ 280, which thus leads
10 E . /By, ~ 107, From this estimate, we can
sce that the strong anisotropy observed in the
experiments originates from the high Fermi
velocity of the edge states and the small bulk
gap M, which together make the orbital magne-
tization dominant.

Concluding remarks. Up to this point, our
experiments only measured the charge-transport
propertics. Although the OSH effect was man-
ifested in the change in transport properics,
we still want to experimentally confirm the
spin accumulation resulting from the spin Hall
effect (23, 24) in the topologically nontrivial
insulating regime and compare both electric
and magnetic results with the experiments of
the spin Hall effect in the metallic regime. It
would also be interesting to explore the
regime close to the quantum phase transition
point of d = & and compare the transport

Fig. 5. Four-terminal mag- . T op
netoconductance, Gy 53, in s &
the Q5H regime as a func-
tion of tilt angle between 0a2r ' e
the plane of the 2DEG and
applied magnetic field for a 0101
d = 73nm QW structure
with dimensions (L = {J) = 5‘...5 0.084 30°
(20 x 13.3) pm® measured ~ © o k\
in a vector field cryostat at & 0.06F o
14 K.
oo4f [ B 60° 3
, 75"
0.02 o0 . =
0,00 L 1 i [
=0.05 0.00 0.05
B/T
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propertics in that regime with that of the
recently discovered graphene. In many ways,
the HgTe QW system can be viewed as a
tunable graphene system, where the Dirac
mass term can be tuned continuously to zero
from either the positive (topologically
trivial) or the negative (topologically non-
trivial) side.
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Molecular Basis for the Nerve
Dependence of Limb Regeneration

in an Adult Vertebrate
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AUTHORS' SUMMARY

nlike human, sala-
Um.andr:rs can regrow
an ampulated limb,

This regeneration occurs only
if there is simultaneous regen-
eration of the severed nerves.
Although we vsually think of
the nervous system as camying
information between nerve
cells and their sensory and mo-
tor targets, nerves arc also
cssential for tissue regener-

Amputated
limb

(% | o=
| e

15 a member of a large conserved
family, the anterior gradient pro-

—- i teins, cach of which contains a
= ._?t‘- — fold named afler the protein
s = thioredoxin and is secreted

—— from cells.
With the help of antibodics
‘ reactive o two regions of nAG,
i we identified where in the regen-
erating newt limb the protein &
expressed. Afler amputation, the
severed axons retract within the

c nAG expression

ation. When a salamander nAG expression in gland cells stump and then grow back along
limb is amputated at any posi- i DEmE e the narve sheath (see the figure,

tion, from the shoulder 1o the
fingertips, the stump forms a A
blastema, a mound of stem
cells from which regener-
ation begins. The nerve sup-
ply cut by the amputation
also regenerates, and this re-
growth is required for the
proliferation of the blastemal
cells. If the nerves are cut at
the base of the limb, deeper
than the regencrative Lissue,
the limb stump is permanent-
ly denervated, the axons can-
not regenerate, and limb regencmtion fails,

The nerve dependence of limb regeneration was discovered in 1823 by
Tweedy John Todd, an English physician, and analvzed in the 1940s and
19505 by Marcus Singer. Nerves are required for many different sorts of
regeneration in both vertiebrates and invertebrates (1), perhaps to ensure that
the regenerated tissue receives adequate innervation, Singer showed that
cither sensory or motor nerves could support regeneration and that neither
conduction of the nerve impulse nor neurotransmitier release was required.
The molecular basis for communication between nerves and regenemting
tissue has been unclear, although various growth factors have been proposed
as mediators. Ouwr paper now identifics a protein that can rescue the
dencrvated blasterma and induce regeneration of the lmb.

The limb blastema gives fse to sructures precisely distal o its site of origin
(that is, a blastema at the wrist gives rise 1o a hand, not an upper amm ). The stem
cells of the blasterna can thus be specified according to what structures are
being formed, not just what cell types are needed. Analysis of this property led
to the previous identification of Prod 1, a small protein anchored io the surface
of blastemal cells and expressed in a gradient along the limb (more Prod 1 is
found proximally and less at distal points), Prod 1, a member of a protein
superfamily called Lyh, determines the proper identity of the regenerating
tissues, To search for possible ligands for Prod 1, we conducted a screen in
veast cells and identified the n{ewt)AG protein. This candidate ligand, nAG,

Amputated
limb

Denervation

Regeneration of salamander limbs requires concomitant regeneration of the severed
nerves. A single protein, nAG, can substitute for the regenerating nerve cells.

A and B). The Schwann celk
that make up the nerve sheath in
this region express nAG (B and
) as the first blsstemal cells di-
vide (B) Later, nAG appears
within gland cells in the spe-
cialized wound epidermis at
the end of the limb (C). This
epidermis is critical for sustain-
ing later cell proliferation in the
blastema. The appearance of
nAG in both the Schwann cells
and the wound epidermis is
abrogated by denervation (D),
showing that expression in both locations depends on axons. In isolated cells
cultured from the blastema, nAG promotes proliferation (F). nAG can be
artificially expressed in the denervated stump by injecting plasmid DNA that
encodes nAG and passing an appropriate current across the limb, a procedure
called elecroporation that encourages cells to take up exiemal DNA (D). In
denervaied blastema so treated, nAG is expressed widely and is secreted, and
the otherwise missing glands in the wound epidamis are re-cstablished (E),
These resulis suggest that nAG that is nommally relessed from the Schwann
cells during regeneration induces the glands (B, C). Most striking, the artificial
expression of nAG rescues the dencrvaied blastema so that the limb
regeneraics through the entire missing proximal-distal axis and forms digits
(G3). Therefore, the meguirement for the presece of nerve cells o achieve
nomal, regenerated limb shape and strucure can be met by expression of a
single protein-nAG.

A geneticist might prefer to see the function of nAG tested by leaving
the nerve intact and knocking out the expression of the nAG gene in the
relevant cells after amputation. This manipulation is not possible on the
salamander at present, but the rescue expenment we reporl may hold
promise for future efforts to promote limb regeneration in mammals (2),

| ] Regenerated
limby

Summary References
1. B. M. Carlscn, Principles of Regenerotive Bislogy (Elsevier, London, 2007,
2. A, Parsan, J. fe Sa., p. 60 (September 2007],
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The limb blastemal cells of an adult salamander regenerate the structures distal to the level of
amputation, and the surface protein Prod 1 is a critical determinant of their proximodistal
identity. The anterior gradient protein family member nAG is a secreted ligand for Prod 1 and
a growth factor for cultured newt blastemal cells. nAG is sequentially expressed after
amputation in the regenerating nerve and the wound epidermis—the key tissues of the stem
cell niche—and its expression in both locations is abrogated by denervation, The local
expression of nAG after electroporation is sufficient to rescue a denervated blastema and
regenerate the distal structures. Our analysis brings together the positional identity of the
blastema and the classical nerve dependence of limb regeneration.

imb regeneration occurs N varlous spe-
I cies of salamander and offers important
insights into the possibilities for regener-
ating a complex structure in adult vericbrates
(/). Regeneration proceeds from the limb
blastema, a mound of mesenchymal stem cells
that arises at the end of the stump. A blastema
always regenerates structures distal to its level of
origin: a wrist blastema gives rise to the hand,
whereas a shoulder blastema gives rise to the
arm (). Distal blastemal cells are converted to
more proximal cells by exposure o retinoic acid
or other retinoids over a relatively narmow range
of concentration {3, 4). This finding led to
the identification of Prod 1, a determinant of
proximodistal (PD) identity that is expressed at
the cell surface as a glyveosylphosphatidylinoso-
tol (GPl}-anchored protein of the Ly6 super-
family (5). ltis expression is graded (P = D) in
both nomal and regenerating limbs (6), and
distal cells of the larval axolotl blastema are con-
veried to more proximal cells following focal
clectroporation of a plasmid expressing Prod 1 (7).
We have suggesied that a ligand for Prod 1 could
be an imporant plaver in PD identity (5).

The stem cell niche for limb regencration
has been studied intensively, and the key tissues
are the regenerating penpheral nerves and the
wound epidenmis (8). The severed axons retract
after amputation and then regenerate back along
the nerve sheath and into the blastema. Axonal
regencration can be prevenied or amesied by
transecting the spinal nerves at the base of the
limb, distant from the amputation level (9). The
generation of the initial cohort of blastemal cells
occurs in a denervated limb, but the growth and
division of these cells depends on the concom-
itant regeneration of peripheral axons (/10). Both
motor and sensory axons have this activity, and
it 15 independent of impulse waffic or tansmitier
release (/1 12). If a peripheral nerve is cut and
deviated into a skin wound, it can even evoke
the formation of an ectopic appendage (/3. /4).
Limb regencration is abrogated if the blastema

'Depariment of Biochemistry and Molecular Biclogy,
University College London, Gower Street, London WC1E
GBT, UK., “Division of Malecular Structure, National
Institute for Medical Research, The Ridgeway, Mill Hill,
Landan MW7 1AA, UK

*These authors contributed equally to this work.

{To whom correspondence should be addressed. E-mail:

J.brockesgucl.ac.uk

is denervated during the initial phase of cellular
accumulation, but denervation afier the mid-bud
stage allows the formation of a regenerate (/5),
The wound epidermis is not required to support
proliferation during the first week of regener-
ation in an adult newt, but it is critical for sub-
sequent division (16).

It remains unclear which molecules are re-
sponsible for the adivity of the narve and wound
epidennis (#). The candidates considered to date
include neuregulin (17, 18), fibroblast growth
tactor (19, ransferrin (20) and substance P {2/1).
In no case has it been demonstrated that a
rigoroudy denervated blastema can be rescued
such that it regenaales to form digits. We have
identified a secreted protein that is a ligand for
Prod | and a growth factor for limb blastemal
cells. It is induced after amputation as axons
regenerate along the nerve sheath, and then
appears in the wound epidenmis. The expression
in both locations 15 abrogated by denenvation.
Most notably, the expression of this profein can
rescue the denervated limb blastema and support
regeneration o the digit stage.

Results

Tdensification of nAG provein ax a livand of

Prowd [, We performed a yveast two<hybnd screen
with the 69 amino acid newt Prod 1 protein
(without W or C terminal signalanchoring se-
quences) as bait and with prey libraries derived
from both normal newt limb and limb blastema.
In a search for potential extracellular ligands,
two secreted proteins were identified as pos-
iives from the screen and subsequent control
experiments (Fig, 1A). One was a newt member
of the family of anterior gradient profeins,
originally defined by the XAG2 protein, which
is expressed in the cement gland of the Xenopus
tadpole (Fig. 1B) (22). These proicins have a
single thioredoxin fold with a seeretory signal
sequence (23). They arc expressed in secretory
epithelia and have been identified as elevated in
varous examples of rodent and human cancer
(24, 25).

Epitope-tagged versions of bacterally ex-
pressed nAG and Prod | were found to complex
together in a standard pull-down assay (Fig,
1C). When mye-tagged nAG was expressed
after transfection of mammalian Cos 7 cells, it
was secreted and then detected in immunoblots
using two different antibodies directed at non-
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overlapping sequences (Fig. 1D). The con-
ditioned medium was reacted with live mouse
PS cells transfected so as to express the anchorad
newl Prod 1 on the surface. The binding of nAG
o the surface was detected by phosphatase-
labeled secondary antibodies (Fig. 1E) and was
absent in untransfected PS cells or afier reaction
with control medium from mock transfected Cos
7 cells,

Nerve-dependent expression in regeneration.
The expression of nAG protein was analyzed by
reacting sections of the newt limb with the two
antibodies, and these pave comparable resulis
{fig. S1). In the normal limb, there was weak
staining of a subset of glands in the demmis (fig.
£2), but afier amputation the distal end of the
nerve sheath reacted strongly, as illustrated by a
longitudinal section at 5 days after amputation
[post-amputation (pa)], comesponding to the
early dedifferentiation stage (26) (Fig. 2A and
fig. S3). We analyzed cross sections of the sheath
by staining for both nAG and the Schwann cell
marker HNKI, and the nAG was expressed in
the Schwann cells but not in axons (Fig 2B).
The wound epidermis was initially negative
during regeneration, but after day 10 pa it reacted
in glandular structures, as shown al day 12 pa,
comesponding to the early bud stage (26) (Fig.
2C and fig. 84).

Newts were denervated by culting the spinal
nerves al the brachial plexus of the right limb
and then amputated on both sides. The nerve
sheath in the innervated limb showed strong
expression at day 8 pa, whereas the sheath on
the denervated side showed no reactivity (Fig. 3,
A and B). Interestingly the expression in the
wound epidermis was also dependent on the
nerve. Figure 3C shows a low power image of
the wound epidermis on the innervaied side with
nAG positive glands clearly visible, whereas the
contralateral limb showed no reactivity and no
glandular structures (Fig. 3D). We conclude that
the nAG protein is expressed in the key niche
tissues carly in regeneration and that expression
in both locations is abrogated by denervation.

Activities of nAG on the denervared blastema.
To deliver the protein to the adult newt limb, we
eleciroporated  plasmid DINA into the distal
stump at day 5 pa. In trial experiments, red flu-
orescent protein (RFP) was strongly expressed
in about 30 to 50% of the mesenchymal cells in
this region (Fig. 4A) and persisied for up o 3
wecks. We expressed nAG from a plasmid with
the N terminal signal sequence, and the protein
was readily detectable both in the electroporated
cells (Fig. 4B) and after secretion in the ex-
tracellular space of the carly regenerate. Because
this procedure appeared to deliver the protein
effectively, we denervated animals on the nght
side, amputated both limbs, and then electro-
porated the nAG plasmid or empty vector on the
denervated side, At day 8 afier electroporation,
we sectioned the distal limbs on both sides and
stained with the nAG antibodies. None of the
animals electroporated with the control vector
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showed the appearance of nAG positive glands
in the wound epidermis, but five out of six
animals electroporated with the nAG plasmid
showed the induction of nAG positive glands
{Fig. 4C). Therefore, the delivery of this protein
to a denervated blasiema can induce these cle-
ments in the wound epidermis.

To determine whether nAG can rescue the

nerve dependence of limb regeneration, groups

of animals were denervated on the nght side,
and then amputated bilaterally (Fig. 4D). At day
5 pa, the right limb was clectroporated either
with nAG plasmid or with empty vector. The
animals were allowed 0 regenerate, and the
progress of limb regeneration was monitored up
o day 40 pa. Two representative newls ang
shown at day 40 in Fig. 4E. The position of the
initial denervation is marked with a vellow star,
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Fig. 1. |dentification of nAG protein as a ligand for Prod 1. (A) Yeast two-hybrid assay illustrating the
interaction between nAG and Prod 1. (B) Consensus Bayesian phylogenetic tree of representative
members of the AG family of secreted proteins, highlighting nAG, the founder member XAG2, and the
human AG2, which is up-regulated in several examples of cancer. (C) Pull-down assay with epitope-
tagged forms of nAG and Prod 1 purified after bacterial expression. Lane 1, connective tissue growth
factor (CTGF) beads; 2, nAG beads; 3, control beads + Prod 1; 4, CTGF beads + Prod 1; 5, nAG beads +
Prod 1. Note that Prod 1 is only pulled down in lane 5. (D) Secretion of nAG after transfection of Cos 7
cells. Cos 7 cells were transfected with a plasmid expressing the myc-tagged nAG, or RFP, as control.
The medium was analyzed by Western blotting with antibody to myc. The central lane is the nAG-
transfected sample, the right is the RFP, and the left is the molecular weight markers. (E) Reaction of
myc-tagged nAG at the surface of Prod 1 transfected mouse PS cells. nAG-conditioned medium derived
as in (D) was reacted at 4°C with live PS cells transfected o express Prod 1. Note the purple reaction
product at the membrane junction between the two cells (armow). Scale bar, 50 pm.
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The newt on the left has regenerated 11s control
left limb, whereas the right denervated limb has
failed to regenerate. In some animals, the axons
may subsequently regenerate from the level of
the star to the amputation plane, but denervated
adult newt blastemas undergo fibrosis and other
tissuc changes that stop them from making a
delayed regenerative response (27). All animals
electroporated with the vector resembled the lefi
newt in Fig. 4E. The right animal has also
regenerated on the control lefi side, but the
expression of nAG has rescued the denervated
blastema and regeneration has proceeded o the
digit stage. We analyzed the animals of different
batches at day 30 to 40 pa, and half of the nAG-
electroporated animals showed digit-stage
regeneration (Fig. 4E). Some animals regener-
ated more slowly and were not included as

Fig. 2. Expression of n&G after amputation of the
adult newt. (A) Longitudinal section of a blastema
at day 5 pa, stained with antibodies to nAG
{green). Note the strong reaction of the nerve
sheath and lack of reaction in the WE. The dotted
line indicates the position of the amputation
plane. (B) Cross section of a nerve sheath in a
blastema at day 10 pa, stained for nAG (green),
the Schwann cell marker HNK1 (red), and nuclei
{blue). {C) Longitudinal section of a blastema at
day 12 pa, stained with antibodies to nAG and
showing nAG positive glands (arrow). NS, nerve
sheath; BL, blastema; WE, wound epidermis. Scale
bars (A) 200 pm; (B) 50 pm; (Ch 250 um.
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reaching digit stage, whercas others did not
regencrate, possibly because of the vanability in
the nAG expression level observed afier electro-
poration of plasmids into adult limbs.

Limbs rescued by nAG expression were sec-
tioned and stained with antibodics, along with

their contralateral control hmbs, After stain-
ing with antibody to acetylated tubulin, which
stains peripheral nerves, the rescued limb
showed few labeled profiles, whercas the
control limb was densely innervated (Fig. 5,
A and B). This result also indicates that nAG

Fig. 3. Expression of nAG in the early blastema depends on innervation. (A) Cross section of a nerve
sheath on the innervated side at day 8 pa, and (B) cross section of a sheath on the contralateral

denervated side, both stained in parallel with antibodies to nAG. (C) Longitudinal section of a blastema

on the innervated side at day 13 pa, showing nAG-positive glands {arrow). The inset shows two glands

at higher magnification. (D) Section of the contralateral denervated epidermis, with the amputation
plane (dotted line) and the blastema. Scale bars: (A) and (B), 100 pm; {C) and (D) 500 pm.

Fig. 4. Delivery of nAG protein to
regenerating newt limbs, (A) RFP
expression at the end of the limb
stump at day 10 pa after electro-
poration at day 5 pa. (B) Expres-
sion of nAG in cells of the limb
after electroporation of nAG plas-
mid at day 7 pa. The section was
stained with antibodies to nAG
(green). {C) Section of a nAG posi-
tive gland in the WE after electro-
poration of nAG plasmid into a
denervated limb blastema at day
5 pa and analysis at day 17 pa. (D)
Experimental design for assaying
activity of nAG on the denervated
blastema. Newts were denenated
and amputated before electropora-
tion on the denervated side with
either vector or nAG plasmid DNA.
(E) Representative animals at day
40 pa from the two groups of an
experiment outlined in (D). The yel-
low star indicates the position of
the initial denervation. Scale bars:
(B) and (C), 250 pm.
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did not rescue the denervated blastema by
enhancing the rate of nerve regencration.
These limbs were usually atrophic compared
with the contralateral controls (Fig. 4E), and
Fig. 5, C and D, shows sections stained with
antibody to myosin. The experimental limbs
had less muscle than the innervated controls,
and it appears that the dependence of skeletal
muscle on its inmnervation (28) was not sat-
isfied by substituting nAG. It is clear, however,
that the nerve requirement for completion of the
PD axis was met in these animals.

nAG acts ax a growth factor for cultuned
Blastemal cells, I s difficult to understand the
events underlying cell division in limb mesen-
chyme because of the complexity of epithelial-
mesenchymal interactions in development and
regeneration (29, 30). To determine whether nAG
acts direetly on limb blastemal cells to stim-
ulate their proliferation, the wound epidermis
was removed from limb blastemas, and the cells
were dissocialed and allowed (o attach to micro-
wells in serum-free medium before maintenance
in medium containing 1% serum (Fig. 6A).
These cultures were reacted under live condi-
tions with antibody to Prod 1, and ~70% of the
cells were specifically stained on their cell sur-
face. The cells were incubated with medium
from Cos 7 cells transfected with a nAG plasmid
or with a control plasmid. The nAG protein was
deteeted in the medium after immunoblotting
under both reducing and nonreducing conditions
as a band at 18 kD (fig. 85). The mean stim-
ulation index for S-phase entry, as determined
by bromodeoxyundine (BrdU) pulse labeling,
was 8.3 + 1.3 fold (SD as determined in eight
independent experiments) (table 51). All cell
preparations were responsive o nAG; an ex-
ample is shown in Fig. 6, B and C. This cvi-
dence supports the view that nAG can rescue
the denervated blastema by acting directly on
blastemal cells o stimulate their proliferation
and, therefore, that it mediates the nerve-
dependent growth of the carly regencrate.

Discussion

Our identification of nAG as a ligand for the PD
determinant Prod 1 has underlined that pattem-
ing and cell division are linked at the molecular
level. We envisage that PD identity is man-
ifested by the quantitative gradation of Prod 1 ()
and that nAG has no role in specifying that
identity but rather acts through Prod 1 to pro-
mole cell division. Blastemal growth s stimu-
lated in experimental confrontations of cells
differing in positional identity-for example in
PD intercalation, in which a wrist level blastema
is grafied onto a shoulder stump (37, 32)-and
this 15 always dependent on the presence of the
nerve, In a recent study of supemumerary limb
formation in the axolotl, the deflection of the
brachial nerve into a skin wound provided a
growth stimulus to form an eclopic blastema or
“bump™; such bumps only progress to form
limbs if a piece of skin is grafied from the

www.sciencemag.org SCIENCE WOL 318 2 NOVEMBER 2007

7735




RESEARCH AR

CLES

776

contralateral skin to the wound site so as to
provide dermal fibroblasts of disparate identity
{(/4). It is interesting that dermal fibroblasts
express Prod 1 and that this expression is up-
regulated by retinoic acid (6).

Two previows studies on AG prolcins are
relevant o the present results. First, the hu-
man AG2 protein was used as bait in a yeast
two-hybrid assay and found to complex with a
GPl-anchored protein called C4.4, which is
associated with metastasis (24, 33). This pro-
tein has two Ly6-type domains that are related
i sequence o urokinase-type  plasminogen
activator receplor (34). The degree of related--
ness between the three-dimensional structures
of Prod 1 and C4.4 domains is not yet resolved,
but taken together these results suggest that
functional interactions between AG proteins and
this class of small Cys-rich protein domains
may be conserved.

Fig. 5. Nerve and skeletal muscle
are deficient in nAG-rescued limbs.
Rescued limbs were analyzed along
with the contralateral innervated
limbs, generally at mid-radius/ulna
level Sections of innervated (A)
and rescued {B) regenerate limbs
were stained with antibody to
acetylsted tubulin, Sections of in-
nervated (C) and rescued (D) limbs
were stained with antibody to skel-
etal myosin to label muscle. M,
muscle. Scale bars, 200 pm.

In the sccond study, 1t was found that over-
expression of the XAG2 protein in early cleavage
stage Xenopus embryos could induce formation
of an ectopic cement gland that expressed
XAG2 (22). We find that expression of nAG
induces formation of nAG-positive glands in the
denenvated newt wound epidermis. Afler ampu-
tation, nAG appears first in the Schwann cells of
the distal nerve sheath and then in glands in the
wound epidermis. If axonal regeneration is pre-
vented by denervation, neither the Schwann cell
nor the glandular expression is detected. Our
results suggest that nAG is released by the distal
sheath and induces the formation of glands n
the wound cpidermus. It appears that the secreted
nAG acts directly on the limb blastemal cells, It
is unclear how the regeneraling axons act on
the sheath cells, although the membrane form
of neuregulin is a candidate, in view of its im-
portance for such interactions (35). The nerve

Fig. 6. Activity of nAG on cultured newt imb blasternal
cells. (A) Blastemal cells in dissodated culture at 10 days
after plating. (B and C) Microwell cultures of blastemal cells
that were analyzed for S-phase entry promoted by (B)
confrol concentrated Cos 7 cell conditioned medium or (C)
nAG-transfected medium processed in parallel. The cells
were pulse labeled with BrdU, fixed and stained for nuclei
(blue) or BrdU uptake (green). Scale bars: (A) 200 pm; (B)

and {0, 1 mm.
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dependence of regeneration offers a distinction
between limb development and regeneration,
because the outgrowth of the limb bud is not
dependent on its innervation (365). Nonetheless,
the ingrowth of the nerve is critical for establish-
ing the nerve dependence, as shown in elegant
ransplantation cxperiments on axolotl larvae
(37). The dentification of nAG offers a new
opportunity to study the mechanisms underlying
this swiich.

Nerve dependence of regencration is con-
served in phylogeny. It has been swdied in
regeneration of the fish fin, the taste barbel in
catfish, the anns of crinoid and asteroid species
in echinoderms, and the body axis in annclids
{28, 38). In most vertebrate appendages, the don-
sity of innervation is lower than in salamanders,
and Singer suggested that this is a primary de-
terminant for the loss of regencrative ability, for
example in mammals (%, 3¥). This hypothesis
now scems unlikely because there are other var
iables apparently curtailing regeneration (/). It is
notable that the expression of a single protein
can rescue limb regeneration in an adult ani-
mal (Fig. 4E), and this finding underlines that
the blastema is an autonomous unit of organi-
zation for which there is no obvious mam-
malian counterpart. We have suggested that
onc approach for regencrative medicine would
be to understand the specification of the
blastema at a level of detail that would allow
it to be engineered in mammals (). The local
delivery of permissive regulators such as nAG
could then evoke formation of the appropri-
ate struchurcs without the need for subsequent
intervention,
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A Bright Millisecond Radio Burst of
Extragalactic Origin

D. R. Lorimer,>** M. Bailes,> M. A. McLaughlin,*? D. ]. Narkevic,® F. Crawford®

Pulsar surveys offer a rare opportunity to monitor the radio sky for impulsive burst-like events with
millisecond durations. We analyzed archival survey data and found a 30-jansky dispersed burst, less
than 5 milliseconds in duration, located 3° from the Small Magellanic Cloud. The burst properties
argue against a physical association with our Galaxy or the Small Magellanic Cloud. Current models for
the free electron content in the universe imply that the burst is less than 1 gigaparsec distant. No
further bursts were seen in 90 hours of additional observations, which implies that it was a singular
event such as a supernova or coalescence of relativistic objects. Hundreds of similar events could occur
every day and, if detected, could serve as cosmological probes.

ransient radio sources are difficult to
I detect, but they can potentially provide

insights into a wide variely of astro-
physical phenomena (7). OF particular interest is
the detection of short radio bursts, no more than
a few milliseconds in duration, that may be
produced by exotic events at cosmological dis-
tances, such as merging neutron stars (J) or
evaporating black holes (7). Pulsar surveys are
currenily among the few records of the sky with
zpood sensitivity 1o radio bursts, and they have
the necessary temporal and spectral resolution
required 1o unambiguously discriminate be-
tween short-duration astrophysical bursts and
terrestrial inferference. Indeed, they have recently
been successfully mined to detect a new galactic
population of ransients associated with rotating
neutron stars (4). The burst we report here,
however, has a substantially higher inferred
energy output than this class and has not been
observed to repeat. This burst therefore repre-
sents an entirely new phenomenon.
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The burst was discovered during a secarch
of archival data from a |.4-GHz survey of the
Magellanic Clouds () using the multibeam
receiver on the 64-m Parkes Radio Telescope
() in Australia. The survey consisied of 200
ielescope pointings, each lasting 2.3 hours,
During each pointing, the multibeam receiver
collected independent signals from 13 different
positions {beams) on the sky. The data from each
beam were one-bit sampled every millisecond
over 96 frequency channels spanning a band
288 MHz wide.

Radio signals from all celestial sources
propagate through a cold ionized plasma of free
electrons before reaching the telescope. The
plasma, which exists within our Galaxy and in
extragalactic space, has a refractive index that
depends on frequency. As a resul, any radio
signal of astrophysical origin should exhibit a
quadratic shift in its amrival time as a function of
frequency, with the only unknown being the
integrated column density of free electrons along
the line of sight, known as the dispersion measure
(DM). Full details of the data reduction procedure
lo account for this effect, and to search for in-
dividual dispersed bursis, are given in the
supporting online maiterial. In bref, for each
beam, the effects of intersiellar dispersion were
minimized for 183 wial DMs in the range 0 1o
500 em ™ pe. The data were then searched for
individual pulses with signal-to-noise (S/N)

ralios greater than 4 with the use of a maitched
filtering technique (7) optimized for pulse widths
in the range 1 to 1000 ms. The burst was detected
in data taken on 24 August 2001 with DM = 375
em ™ pe contemporancously in three neighboring
beams (Fig. 1) and was located ~3” south of the
center of the Small Magellanic Cloud (SMC).

The pulse exhibited the characteristic qua-
dratic delay as a function of radio frequency
{Fig. 2) expected from dispersion by a cold ion-
ized plasma along the line of sight (). Also
evident was a significant evolution of pulse
width across the observing frequency band. The
behavior we observed, where the pulse width W
scales with frequency fas W oo 7 504 g
consistent with pulse-widith evolution due to
interstellar scattering with a Kolmogorov power
law [W oo £ (9)]. The filter-bank system has
finite frequency and time resolution, which
effectively sets an upper limit o the intrinsic
pulse width W, = 5 ms. We represent this
below by the parameter We = /5 ms. Note
that it is entirely possible that the intrinsic width
could be much smaller than observed (Le..
We == 1) and that the width we observe in Fig, 2
resulis from the combination of intergalactic
scattering and our instrumentation.

We can estimate the flux density of the
radio burst in two ways. For the strongest
detection, which saturated the single-bit digi-
tizer in the observing system, we make use of
the fact that the integrating circuit that sets the
mean levels and thresholds is analog. When
exposed 1o a source of strength comparable o
the system equivalent flux density, an absormp-
tion feawre in the profile is induced that can
be used 1o estimate the integrated burst energy.
For a 5-ms burst, we estimated the peak flux
tobe 40 Jy (1 Jy= 107" Wm *Hz '). Using
the detections from the neighboring beam po-
sitions, and the measured response of the mult-
beam system as a function of off-axis position
{6), we determined the peak fux density 1o be
at least 20 Jy. We therefore adopt a bursi flux
of 30 + 10 Jy, which is consistent with our
measurements, for the remaining discussion.
Although we have only limited information on
the fux density spectrum, as seen in Fig. 2,
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the pulse intensity increases at the lowest fre-
quencies of our observing band. This implics
that the flux density § scales with observing
frequency fas § = [,

It is very difficult w0 atribute this burst to
anything but a celestial source. The frequency
dispersion and pulse-width frequency cvolu-
tion argue for a cosmic origin, It is very un-
likely that a swept-frequency transmitter could
both mimic the cold plasma dispersion law to
high accuracy (see Fig. 2) and have a scal-
tering relation consistent with the Kolmogoroy
power law. Furlhermmore, terrestrial interference
often repeats, and this was the only dispersed
burst detected with SN = 10 in the analysis
of data from almost 3000 separate positions,
Sources with flux densities greater than ~1 Jy
are typically detected in multiple receivers of
the multibeam system. Although this is true
for both terrestrial and astrophysical sources,
the telescope had an elevation of ~60° at the

time of the observation, making it virtually
impossible for ground-based transmitters o be
responsible for a source that was only detected
in three adjacent beams of the pointing,

We have estensively searched for subse-
quent radio pulses from this enigmatic source.
Including the original detection, there were a
il of 27 beams in the survey data that pointed
within 30 arcmin of the nominal burst position,
These observations, which totaled 50 hours,
were carried out between 19 June and 24 July
2001 and showed no significant bursts. In
April 2007 we carried out 40 hours of follow-
up observations with the Parkes telescope at
1.4 GHz with similar sensitivity to the original
observation, No bursts were found in a search
over the DM range 0 to 500 cm ™ pe. These
dedicated follow-up observations implied that
the event rate must be less than 0.025 hour'
for bursts with SN = 6 (i.e., a 1.4-GHz peak
flux density greater than 300 mly). The data
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Fig. 1. Multiwavelength image of the field surrounding the burst The gray scale and contours
respectively show Ho and H 1 emission associated with the SMC (32, 33). Crosses mark the positions of
the five known radio pulsars in the SMC and are annotated with their names and DMs in parentheses in
units of cm ™ pe. The open circles show the positions of each of the 13 beams in the survey pointing of
diameter equal to the half-power width. The strongest detection saturated the single-bit digitizers in the
data acquisition system, indicating that its SN >> 23. Its location is marked with a square at right
ascension 01" 18™ 06° and declination —75° 12° 19" (2000 coordinates). The other two detections
(with 5/Ns of 14 and 21) are marked with smaller circles. The saturation makes the true position
difficult to localize accurately. The positional uncertainty is nominally +7' on the basis of the half-power
width of the multibeam system. However, the true position is probably slightly {a few arcmin) northwest
of this position, given the nondetection of the burst in the other beams.

were also searched for periodic radio signals
using standard techniques (&) with null results.

The galactic latinnde (4 = —41.8%) and high
DM of the burst make it highly improbable for
the source o be located within our Galaxy. The
most recent model of the galactic distribution of
free electrons (/) predicts a DM contribution
of only 25 cm * pc for this line of sight. In
fact, of more than 1700 pulsars currently
known, none of the 730 with |4 = 3.5% has
DM = 375 em ™ pe. The DM is also far higher
than any of the 18 known radio pulsars in the
Magellanic Clouds (5), the largest of which is
for PSR JO131-7310 in the SMC with DM =
205 em ~ pe. The other four known radio pul-
sars in the SMC have DMs of 70, 76, 105, and
125 cm  pe. The high DM of PSR J0131-7310
is attributed (5) to its location in an H 1 region
{Fig. 1). We have examined archival survey
daia 1o look for ionized structure such as Ha
filamenis or H n regions that could similarly
explain the anomalously large DM of the burst.
No such features are apparent. The source lies
3%south from the center of the SMC, placing it
outside all known contours of radio, infrared.
optical, and high-cnergy emission from the
SMC. This and the high DM strongly suggest
that the source is well beyond the SMC, which
lies 61 + 3 kpe away (/).

No published gamma-ray burst or super-
nova explosion is knmown at this epoch or
position, and no significant gamma-ray events
were detected by the Third Interplanetary Net-
work (12, 13) around the time of the radio burst.
The Principal Galaxy Catalog [PGC (/4)] was
searched for potential hosts to the burst source.
The nearcst candidate (PGC 246336) is located
5 arcmin south of the nominal burst position,
but the nondetection of the burst in the beam
south of the brightest detection appears o rule
oul an association. If the putative host galaxy
were similar in type to the Milky Way, the non-
detection in the PGC (limiting B magnitude of
18) implies a rough lower limit of ~600 Mpc on
the distance to the source.

We can place an upper bound on the likely
distance to the burst from our DM measure-
ment. Assuming a homogeneous intergalactic
medium in which all baryons are fully jonized,
the intergalactic DM is expected (15, /6) to
scale with redshifi, z, as DM ~ 1200 z em™ pc
for z = 2. Subtracting the cxpected contribution
o the DM from our Galaxy, we infer z = 0.3,
which corresponds to a distance of ~1 Gpe, This
is likely an upper limit, because a host galaxy
and local environment could both contnbute to
the observed DM. Using the electron density
model for our Galaxy (/0) as a guide, we es-
tmate that there is a 25% probability that the
DM contribution from a putative host galaxy is
=100 cm ™ pe and hence = < 0.2. Obviously, the
more distant the source, the more powerful it
becomes as a potential cosmological probe, The
sole event, however, offers linle hope of a
definitive answer at this stage. To enable some
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indicative calculations about polential source
luminosity and event rates, we adopt a distance
of 500 Mpec. This comesponds o = ~ 10,12 and a
host galaxy DM of 200 em ™ pe. In recognition
of the considerable distance uncerainty, we
Pd[ﬂ.l'nL‘lCWL this as Dygq = V500 Mpe. If this
source is well beyond the local group, it would
provide the first definitive limit on the ionized
column density of the intracluster medium,
which is currently poorly constrained (/7).

What is the nature of the burst source? From
the observed burst duration, flux density, and dis-
tance, we estimate the hnbhi_nt\q mmpcr.:lun.
and mw n.,lc,ascd to be ~107 :Dm.'iﬁ;} K
and ~10" lh,Dsm J, respectively, These values,
and light travel-time arguments that limit the
source size o <1500 km for a nonrelativistic source,
imply a coherent emission process from a compact
region. Relativisic sources with bulk velocity v are
larper by a factor of cither I (for a steady jet model)
or I { for an impulsive blast model), where the
Lorentz factor I' = [1 = (v“/¢”)] "~ and ¢ is the
speed of light.
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The only two currently known radio sources
capable of producing such bursts are the ro-
tating radio transients (RRATS), thought to be
produced by intermittent pulsars (4), and giant
pulses from either a millisecond pulsar or a
young encrgetic pulsar. A typical pulse froma
RRAT would only be detectable out o ~6 kpe
with our observing system. Even some of the
brightest giant pulses from the Crab pulsar,
with peak luminositics of 4 klv kpe (/8),
would be observable out to ~100 kpe with the
same system. In addition, both the RRAT

bursis and giant pulses follow power-law dis-

tnbutions of pulse energics. The sirength of

this burst, which 15 some two orders of mag-
nitude above our detection threshold, should
have easily led to many events at lower pulse
energies, either in the original survey data
or follow-up observations. Hence, it appears
to represent an entirely new class of radio
SOource.

To estimate the rate of similar events in the
radio sky, we note that the survey we have

A w.?w*t “ﬂ\ L;{“h o
."?l'ﬂ w' '. *{r

ano

Time after UT 19:50:01.63 (ms}
Fig. 2. Frequency evolution and integrated pulse shape of the radio burst. The survey data,

collected on 24 August 2001, are shown here as a two-dimensional “waterfall plot” of intensity as
a function of radio frequency versus time. The dispersion is clearly seen as a quadratic sweep across

the frequency band, with broadening toward lower frequencies. From a measurement of the pulse
delay across the receiver band, we used standard pulsar timing techniques and determined the DM
to be 375 + 1 cm™* pc. The two white lines separated by 15 ms that bound the pulse show the
expected behavior for the cold-plasma dispersion law assuming a DM of 375 cm™® pc. The
horizontal line at ~1.34 GHz is an artifact in the data caused by a malfunctioning frequency

channel. This plot is for one of the offset beams in which the digitizers were not saturated. By

splitting the data into four frequency subbands, we have measured both the half-power pulse width
and flux density spectrum over the observing bandwidth. Accounting for pulse broadening due to
known instrumental effects, we determine a frequency scaling relationship for the observed width
W= 4.6 ms (ff1.4 GHz)™** * M, where f is the observing frequency. A power-law fit to the mean
flux densities obtained in each subband yields a spectral index of —4 + 1. The inset shows the total-
power signal after a dispersive delay correction assuming a DM of 375 cm ™ pc and a reference
frequency of 1.5165 GHz. The time axis on the inner figure also spans the range 0 to 500 ms.
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analyzed was sensitive to bursts of this inten-
sity over an arca of about 5 square degrees (i.c.,
118250 of the entire sky) at any given time over
a 20-day period. Assuming the bursts o be
distributed isotropically over the sky, we infer a
nominal rate of 8250/20 = 400 similar evenls
per day. Given our li:l‘b%a::lﬂ»f:lﬂf;+ syslem parame-
ters, we estimate that a 10 -,l} radio  burst
would be detectable out to = ~ 0.3, or a distance
of 1 Gpe. The corresponding cosmological rate
for bursts of this energy is therefore ~90 day ™'
Gpe . Although considerably uncertain, this is
somewhat higher than the comesponding esti-
maltes of other astrophysical sources, such as
binary neutron star inspirals [-3 day ' Gpe
(/9] and gamma-ray bursts [~4 day ' {ipc"‘
(2], but well below the rate of core-collapse
supemovae [~1000 day ' Gpe ™ (21)]. Although
the implied rate is compatible with gamma-ray
bursts, the brghiness temperature and radio
frequency we observed for this burst are higher
than currently discussed mechanisms or limita-
tions for the observation of prompt radio emis-
sion from these sources ( 22),

Regardless of the physical ongin of this
burst, we predict that existing data from other
pulsar surveys with the Parkes multibeam
system (23-26) should contain scveral similar
bursts. Their discovery would permit a more
reliable estimate of the overall event rate. The
only other published survey for radio transients
on this time scale (27) did not have sufficient
sensitivity to detect similar events at the rate pre-
dicted here. At lower frequencies (~400 MHz)
where many pulsar surveys were conducted,
although the steep spectral index of the source
implies an even higher flux density, the predicied
scattering  time (-2 s) would make the bursts
difficult to detect over the radiometer noise. At
frequencies near 100 MHz, where low-frequency
armays currently under construction will operate
{28), the predicted scattering time would be on
the order of several minutes, and hence would be
undetectable.

Perhaps the most intriguing feare of this
burst is 115 30-Jy swength, Although this has
allowed us to make a convincing case for its
extraterrestrial nature, the fact that it is more
than 100 times our detection threshold makes
its uniqueness puzzling. Often, astronomical
sources have a flux distribution that would
naturally lead o many burst detections of
lower significance; such evenis are not ob-
served in our data. [f, on the other hand, this
burst was a mre standard candle, more distant
sources would have such large DMs that they
would be both red-shifted to lower radio
frequencies and outside our attempted disper-
sion trals. [fredshifis of their host galaxies are
measurable, the potential of a population of
radio bursts at cosmological distances to probe
the ionized intergalactic medium (2¥) is very
exciting, especially given the construction of
wide-field instruments (30) in preparation for
the Square Kilometre Armay (31).
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Nanoscale Friction Varied by
Isotopic Shifting of Surface
Vibrational Frequencies

Rachel . Cannara,'* Matthew ]. Brukman,’t Katherine Gimatu,® Anirudha V. Sumant,’}

Steven Baldelli,”® Robert W. Carpick?s

Friction converts kinetic energy at sliding interfaces into lattice vibrations, but the detailed
mechanisms of this process remain unresolved. Atomic force microscopy measurements reveal that
changing the mass of the terminating atoms on a surface, and thus their vibrational frequencies,
affects nanoscale friction substantially. We compared hydrogen- and deuterium-terminated
single-crystal diamond and silicon surfaces, and in all cases the hydrogenated surface exhibited
higher friction. This result implies that the lower natural frequency of chemisorbed deuterium
reduces the rate at which the tip's kinetic energy is dissipated. This discovery is consistent with a
model describing energy transfer to adsorbates from a moving surface.

gy to vibrational encrgy. Hence, nubbing
two bodics together produces heai. This
process occurs even in the absence of wear. In
contact-mode atomic force microscopy (AFM),

Friq:t'mn converls translational kinetic ener-
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a nanoscale tip slides along a surface, but based
on theores of atomic dissipation, some of the
tip's translational energy can be converied fo
lattice vibrations or electronic carriers (/4. It
would be technologically beneficial to control
how energy is lost through cach of these chan-
nels by wning phononic or electronic propertics,
Recently, Park ef al. increased nanoscale friction
electronically (5), whercas in the present work
we show that friction also depends on the vi-
brational properties of surfaces.

We altered surfaces by varying the mass, but
not the chemistry, of the chemisorbed terminat-
ing surface atom, Leaving the surface chemistry
unchanged avoids chemical effects due o
different interfacial forces. Based on a model
of phononic dissipation for friction (&), the sur-
face monolayer acts as an energy-transfer
medium, absorbing kinetic energy from the tip

al rates dependent on the adsorbates’ natural
vibration frequencies (Fig. 1), Because lighter
atoms vibrate faster, energy dissipation should
be more rapid, and therefore friction should
be greater than friction produced by heavier
species.

The systems most likely 1o exhibit observable
mass conirast are hydrogen (H)- and deuteni-
um () -terminated surfaces, the most durable
and inert of which is diamond (7). H- and D-
terminated silicon (Si) surfaces are less stable
{the surface oxidizes in air after 1 or 2 hours)
(&), but sudying 5i provides an additional test
and provides information on an important ma-

Tip motion, v

M 3

AT
e

D stretch

Fig. 1. A schematic of the frictional interface.
Vibrating adsorbates collide with and dissipate
kinetic energy from the moving tip at a rate
that depends on the adsorbate’s frequency and
thus its mass; that is, at different rates for H
than for D.
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terial for nanoscale devices and systems. H-
terminated diamond also exhibits distinctive
electronic properties that depend on the
concentration of surface physisorbed contam-
inants. As described in the supporting online
material (#), the absorption of ambient hydro-
carbons does indced change friction for
diamond.

The vibrational frequency w of an adsorbed
atom is determined by its mass, the mass of the
substrate atomis) o which it is bonded, and the
bond stiffness &. In panticular, @ = /& /p, where
u 15 the reduced mass of the bonded adsorbate. In
the limit of heavy substrate aloms, p is approx-
imately the adsorbate’s mass, m. On diamond,
the ratio of the vibrational frequency of H (o)

compared to D (wp) is oy fop = ug /uy =

1.363 (/0. 1Ny, On Si{111), the ratio is 1.389
(12-14).

Diamond(({1) single-crystal surfaces were
terminated with H or I monolayers by means
of a hot-filament process (¥). This procedure
formed well-ordered nearly saturated surfaces,
as demonstrated by sum frequency generation
(SFG) spectroscopy (Fig. 2A). Vibrational as-
signments were made on the basis of reported
values (/5-19). Full coverage of H was achieved,
based on the position and intensity of the C-H
stretching peak measured at 2835 em ' on a
C{111) surface that was terminated simultaneously
with the C(001)-H surface. The peak at 2930 cm™'
is assigned o the He-terminated C{001)-(2x1)
reconstruction (240). On the deuterated sample, a

single peak at 2160 cm 1 was observed, cor-
responding to the C-D stretch. Analysis of the
CH region from 2750 to 3150 cm ' showed no
features sipnificantly above the background, dem-
onstrating full coverage by D and a lack of con-
tamination or residual H,

The friction force Fy was measured on di-
amand as a function of load in both dry nitrogen
and wltrahigh vacuum (UHV), altlemating multiple
times between the H- and D-terminated samples
in cach case. The same hydrocarbon (HC)-coated
tip was used for these experiments. The fric-
tion versus load data were fit o a continuum
model for the contact area 4 using the model
of interfacial friction Fy= 1,4, where 1, is the
interfacial shear strength (2/7), a model appro-
priate in the absence of wear and for load-
independent shear strengths. We it the friction
data with a continuum mechanics model de-
scribing the dependence of A on load, assuming
a spherical, elastic, adhesive comtact (22, 23),
This model eliminates the need o make any
assumptions about the spatial extent of adhesion
or the relation between pull-off forces and the
work of adhesion.

Caution should be used when applying con-
tinuum mechanics to nanoscale contacts, as in-
dicated by recent molecular dynamics simulations
(24, 25). Whatever comections were required,
our use of the same tip, substrate, and environ-
mient for all H versus D comparisons on diamond,
and separately on Si. allowed us o determing
unambiguously whether an isotopic substitution
cffeet occurred.

REPORTS I

From the continuum mechanics fits, we ex-
tracted effective shear strengths (€) and work
of-adhesion (y) values, C is proportional 0 1,
nommalized by the approprate power of the
clastic contact modulus (9, 24, 27), which elimi-
nates any  dependence on the unknown but
constant elastic propenties of the tip. Absoluie
shear strengths (1,) were also estimated by
selecting reasonable values for the elastic con-
stants of the tp (¥), but the effective shear
strengths were sufficient for the analysis, be-
cause the same tip was always used o compare
H- and D-terminated pairs,

The results are summarnzed in Table 1. Rep-
resentative plots of C for the two terminations
and environments studied are shown in Fig, 2B.
These data are friction measurements divided by
their respective contact arca fits at each load,
indicating the difference between C-H and C-D
beyond the residuals, Deviations at low loads arise
from fitting erors intrinsic (o the small, steeply
changing contact area. The shear sirengihs {effec-
tive and absolute) were an average of 126 + 0.08
and 1.26 + 0.07 times greater for the H-terminated
surfaces for N, and UHV, respectively.

Single-crystal Si(111) samples were termi-
nated by H or D by means of an established
wet etch process (9), the quality of which was
verified by contact angle and x-ray photoelectron
spectroscopy measurements. Friction versus load
measurements on H- and Daerminated Si(111)
samples were obtained in dry N» with the same
silicon niride tip. Atomic mass contrast was
again observed (Fig. 3 and Table 1), with shear

A 35 T r T R T T T T T B 150 o 5
3 C-Dregion C-H region . L
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strengths greater on the H-terminated surface
according to the ratio 1.30 + 0.09.

The C{001-H- and -D surfaces have nearly
indistinguishable work-of-adhesion values in
UHV, consistent with the expeded lack of chem-
ical contrast. The work- of-adhesion values are in
the range of pure van der Waals interactions
(2%, 29), particularly for the UHVY measuranents,
and display an impressively small deviation
(<7%), which is only expected for well-prepared
surfaces in stable environments,

We claim that there is no inherent chemical
conirast between the H- and D-lerminated sur-
faces. The small inieraciion effect from ithe
isolopic substitution of H with D, which can
have consequences for very-long-chain polymer
systems (30), is caloulated to be infinitesimally
small here (37) The differences in adhesion that
we do observe between H- and D-erminated
samples (Table 1) do not vary systematically:
Adhesion is higher for H on C{001) in N5, lower
for H on Si(111) in N, and nearly in-
distinguishable for C{001) in UHV. The larger
variations in N, as compared with UHV are
probably due to varying degrees of contamina-
tion from ambient exposure. We also enphasize
that any influecnce on friction by the contact arca
{(induced by changes in adhesion) has been
removed by finding the effective shear strengths,

There are no existing theoretical treatments hat
permit direct comparison with these experiments.

However, Pesson () has modeled phononic
friction for an adsorbate monolayer interacting
with a single moving surface. Friction arises
from inelastic collisions between vibrating ad-
sorbates and the surface. Although this sia-
tion does not comespond direetly o an AFM
measurcment where confined atoms are chem-
isorbed w one surface and interact with the other
moving surface under load, we use the model 1o
predict the gualitative behavior. The AFM tip
takes the place of the moving surface, and the H
(D) atoms comespond o the adsorbates, which
are now chemisorbed 10 the diamond or Si sub-
strate (as opposed to being otherwise unbonded in
the model) and are assumed to be uncoupled
froam one another. In the theory, the friction force
from vibrational damping by one adsorbate is

Fran = ~Miphv (1)
where m,;, is the dynamical effective mass of
the tip, n is the damping constant of the
interaction, and v is the relative sliding velocity
between the tip and sample. The minus sign
{excluded henceforth) indicates that the frction
force opposes the direction of motion. The
nurmber of adsorbates involved is proportional
to the adsorbate arcal density o and the contact
arca A, When any variation of n caused by non-
uniform contact siresses is neglected. the total
vibrational contribution will be Fi .5, = mnuai.

Table 1. Results for measurements on diamond and Si: the work of adhesion (y), effective () and
estimated (t,) shear strengths, and their ratio (ttg). The effective shear strength is calculated from
the Carpick-Ogletree-Salmeron (COS) transition fits (9, 23). Uncertainties correspond to the
standard error on the mean, neglecting systematic uncertainties.

Surface, tip . I
. ]
rnat_enah Adsorbate (m)/m?) (nPa¥?) (MPa) Th/to
environment
H Shx2 122 + 2 1010 =+ 17
C{001), HC-coated, N; b e 97 5 806 + 38 1.26 £ 0.05
H 30+ 2 24 +1 202 +11
Ci001), HC-coated, UHV b oe 1 19 + 1 161£7 1.26 = 0.07
u H 113 = 7 111+ 7 680 = 40
Si(111), 5i M -coated, N, D 169 + 3 86 < 4 530 + 20 1.30 = 0.09
Fig. 3. Average effective shear & 200 ' T ; .
strength (dashed lines) on Si{111) ‘@
and residuals from representa- n& -
tive fits for the Si-H (solid red = .
symbols) and Si-D (open blue 3, 50
symbols) measurements. E 1
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For interfacial friction, the vibrational contribu-
tion to the shear strength will be

(2)

The damping constant 1 is related o the density
p and the transverse sound velocity cor of the
moving surface by

Tanih = Myplug

= Imw Srper (1)
where m and @ refer to the adsorbate’s mass and
vibrational frequency, respectively [equations 18
and 22 in (32)].

To illustrate the physics behind Eq. 3, con-
sider an adsorbate vibrating with energy £ and
colliding with the moving surface (the AFM
tip). Durng one vibration eyele, the adsorbate
ransfers energy AE = (m/Mg)E from the tip,
where M is the mass of the portion of the tp
effectively involved in the collision (33). Thus,
the energy transfer rate may be expressed by

f = =g (-ﬁ;)E In the collision time 1 = 2r/t,

a local displacement field forms in the tip within
a distance /e that mn‘r.‘.f:}?onds o a volume
{epfw)”. Thus, Ms = plepw)’. The encrgy rans-
fer rate is then

miy”
2npe;

E=-

E (4

The solution w Eq. 4 is an exponential decay
with damping constant n = (ma’)/(2npes),
similar to the more precisely derived quantity in
Eq. 2 (6). Because © o p ', 0, T, and F; all
scale as mi” = Um.

It is important to undersiand how damping
leads to friction at the tip/sample interface. Slid-
ing friction is caused by the loss of tip mo-
mentum (o surface atoms. Atoms excited by the
tip can transfer some of their energy back to the
tip and help it slip to the next position, This is
similar to the concept of reduced friction with
increasing temperature (34). [Serensen er al.
(35) observed this effect of localized excitations
in molecular dynamics simulations.] When the
surface potential 5 symmetric, these excited sur-
face atoms kick the tip in the forward and back-
wand directions, equally promoting and opposing
the tip's motion. Cantilever twist adds a bias to
the otherwise symmeiric potential and lowers
the energy well along the sliding direction (36).
Consequently, the momenium transfermred back
to the tip by surface atoms is more effective in
the forward direction, and surface atons can
help push the tip forward. The available energy
o do so is reduced by the energy lost from
surface atoms o the substrate (that is, damping).
Henee, although the rate of excitation vis-d-vis
the tip and surface may be govemed by the
attempt frequencies of the surface atoms, the
damping constants represent the diminished
ability to transfer energy back to the tip. All of
our energy transfer arguments are supporied by
molecular dynamics simulations, which have
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abserved H atoms to act as an energy transfer
medium to the bulk, specifically for diamond
surfaces in sliding contact (37).

This damping model predicts F', /FP . =
1.72 for diamond and F' g, /FP, = 1 86 for Si.
Other additive, mass-independent contributions
to friction beyond this phononic mechanism will
reduce the measured ratios from the theoretical
predictions, as observed (Table 1), The predicied
~8% difference in 11, /(FP . for diamond ver-
sus Si is within our experimental uncertainty
and may also be counteracted by the increased
coupling of surface vibrational modes of deu-
terated Si(111) to bulk phonons (£ 3) as compared
with hydrogenated Si(111) (/2). On diamond,
surface modes overlap much less with bulk
phonons (/F). Funhermore, relaxing the assump-
tion that the adsorbates are uncoupled (that is,
considering coupled delocalized vibrations)
leads to a weaker predicted mass contrast
(32). It is likely, however, that surface defects,
which accentuate the effect of localized vi-
brations (¥), are present and may even be the
dominating contribution to dissipation.
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A Predictably Selective Aliphatic
C-H Oxidation Reaction for
Complex Molecule Synthesis

Mark 5. Chen and M. Christina White*

Realizing the extraordinary potential of unactivated sp® C—H bond oxidation in organic synthesis
requires the discovery of catalysts that are both highly reactive and predictably selective. We repart an
iron (Fel-based small molecule catalyst that uses hydrogen peroxide (H:0,) to oxidize a broad range of
substrates, Predictable selectivity is achieved solely on the basis of the electronic and steric properties of
the C—H bonds, without the need for directing groups. Additionally, carboxylate directing groups may
be used to furnish five-membered ring lactone products. We demonstrate that these three modes of
selectivity enable the predictable oxidation of complex natural products and their derivatives at specific
C—H bonds with preparatively useful yields This type of general and predictable reactivity stands to
enable aliphatic C—H oxidation as a method for streamlining complex molecule synthesis.

advances in synthetic methods and strat-
egics that have enabled small molecule
targets of extraordinary complexity and biolog-
ical importance 1o be synthesized in the labora-
tory (7). An imporant remaining challenge is to
achieve syntheses with heightened levels of

Thc 20th centry witnessed tremendous
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efficiency. Because many biologically relevant
small molecules are oxidized hy drocarbons, reac-
tions that incorporate oxidized functionality
selectively into organic frameworks are of partic-
ular interest in this regard. Three general reaction
classes have been developed for this purpose:
functional group interconversions, C-C bond
forming reactions of preoxidized fragmenis, and
olefin oxidations, With these reactions, modem
synthetic planning often centers around the use
and maintenance of preexisting oxidized fune-
tionality. A powerful new class of reactions is

emerging that introduce oxidized functionality
directly into aliphatic (sp') C-H bonds. Oxida-
tion reactions for isolated, unactivated sp” C-H
bonds capable of operating with predictable se-
lectivities on complex substrates hold special
promise for streamlining syntheses. Such reac-
tions would provide a general way to install oxi-
dized functionalities at a late stage, therchy
reducing unproductive chemical manipulations
associated with carrying them through a se-
guence (2, 3).

Diespite imporiant advances in the discovery
of catalytic methods for aliphatic C-H bond hy-
droxylations, aminations, and alkylations (4-6),
selective reactivity with complex substrates has
only been demonstrated for activated C-H bonds
{i.c., adjacent 1o a heteroatom or m system) (7-11)
or via the use of subsirate directing groups (/1 2-14).
High-yic]ding oxidations of isolated, unactivated
sp” C-H bonds are rare, and predictable reactivity
has only been shown with simple hydrocarbon
substrates ( /0, /5-/7). The paradoxical chal-
lenge in solving this problem lies in discovering a
catalyst that is both highly reactive and predict-
ably sclective for oxidizing these inert and ubig-
uitous C-H bonds. Moreover, 1o be usceful in
complex molecule synthesis, this reactivity and
selectivity must be general for a broad range of
densely functionalized substrates, Nature's de-
sign principles for creating such catalysts involve
the use of claborate protein binding pockets that
inherently limit substrate generality. A different
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strategy was suggested 1o us by semuinal work
on site-sclective olefin oxidations using bulky,
electrophilic metal catalysis (18, [9). With these
reagents, mono-oxidation of polyenes ocours
predictably at the most electron-rich, least
stercally hindered double bond. Morcover,
polar functionality proximal to the olefin can
dircet oxidation, ovemriding electronic and steric
effects. We hypothesized that site-selective
oxidations of unactivated sp” C-H bonds could
similarly be predictably controlled if a suitably
reactive metal catalyst could be discovered that is
capable of discriminating the subtle electronic
and sienc differences between C-H bonds in
complex molecules (Fig. 1) We herein report an
electrophilic iron catalyst, 4, with a bulky ligand
framework that uses H,0., an inexpensive,
environmentally friendly oxidant to effect
highly selective oxidations of unactivated sp’
C-H bonds over a broad range of substrates.
We demonsirate that the site of oxidation with
4 can be predicied in complex organic sub-
sirates on the basis of the electronic and steric
environment of the C-H bond. Additionally,
when carboxylate functionality is present, it can
dircet oxidations toward five-membered ring
lactone formation,

Several nonheme iron complexes have shown
promising, stereospecific hydroxylation reactiv-
ities with unactivated sp’ C-H bonds in simple
hydrocarbon substrates ( 20-27). The application
of these systems to preparative C-H oxidation
chemistry has been prevented by the requirement
for large excesses of substrate relative o oxidant,
low catalyst turnover numbers, and poor se-
lectivities for product formation. Nevertheless,
irondmep) complexes [mep is NN dimethyl-VV -
bis(2-pyridylmethyl}-ethane, 1,2-diamine] ap-
peared promising for preparative C-H oxidations
with complex substrates because they operate
via an electrophilic mefal oxidant (22, 23),
have a bulky ligand framework amenable to
modification, and have been used for prepara-
tive epoxidations of olefins containing function-
ality (24).

The aempied C-H oxidation of pivalate
1 with electrophilic [Fe(Il)mep)CH3CN)4]
(SbFy), complex, 3, under preparative condi-
tions (substrate as the limiting reagent) resulied
in only low conversion of starting material (12%)
and modest selectivity for formation of tertiary
hydroxylated product, 2 (56%, Fig. 2A, entry 1).
Previous studies have shown a positive comela-
tion between flexibility of the mep ligand and
the lability of its iron complexes under oxidative
conditions (25). Because unselective oxidations
with nonheme iron complexes are often ai-
tributed to Fenton-type chemistry upon catalyst
decomposition (25), we hypothesized that in-
creasing the rgidity of the mep ligand may
lead to improved selectivities, Exchanging the
ethylene bridge with a cyclohexane ring had
no effect, However, incorporating the methyl-
amines into rigidifying pymrolidine rngs, which
fumishes crystallographically characterized com-

plex 4 (26), showed a notable improvement in
selectivity (92%), wranslating into a doubling of
the yield of 2 (14% yield, entry 2). The addition
of acetic acid (AcOH), previously demonstrated
to have a beneficial effect on epoxidations with
3(24), increased the catalytic activities of both
3 and 4 without substantially changing their
selectivities (entries 3 and 4, respectively). This
resulted in notable improvement in yields with
catalyst 4 (entry 4). Whereas increasing initial
catalyst loadings, equivalents of AcOH, or equiv-
alents of H>05 (alone or in combination) gave no
further improvements in yield, collective addi-
tion of all three components in a portionwise
manner fumished preparatively useful amounts
of hydroxylated product. Specifically, we found
that three consecutive additions of catalyst 4
(5 mol%), AcOH (0.5 equivalent), and HyOs (12
equivalenis) over a period of 30 min afforded

Fig. 1. Comparison be-
tween established modes of
site-selective olefin oxida-
tions and proposed modes
for site-selective C—H bond
oxidations with bulky, elec-
trophilic metal catalysts. BG
indicates bulky group; DG,
directing group. (I} In asym-
metric dihydroxylations (AD)
catalyzed by electrophilic
0504 with bulky quinucli-
dine ligands, dihydroxyl-
ation of polyenes occurs

L electronic

Diefin Oxidation

H H
ANH )\j\,ﬂm
n
I staric L staric
Wme
L. directed
wm

diastercomerically pure hydroxylated product 2
in 51% isolated yield (entry 5).

A preliminary investigation of the substrate
scope highlights the selective, electrophilic na-
wre of the oxidant generated with 4 and H.O»
{Fig. 3). In all cases examined, hydroxylation
occurred preferentially at the most electron-rich
tertiary (3°) C-H bond, despite the fact that
secondary (2°) C-H bonds have a significant
statistical advaniage (entries 1 to 9). Although
the dicationic iron catalyst 4 is Lewis acidic, a
remarkable range of moderately Lewis basic
groups were well tolerated. For example, eyclic
ethers, esiers, carbonates, and electron-deficient
amides were compatible with this C-H oxada-
tion reaction (Fig. 3). In all cases examined in
which the 3" C-H bond is part of a stereogenic
center, hydroxylation occurred with complete
retention of stercochemistry (entries 6 and 7).

C—H Oxidation
L. elactronic

QA

I
)\y\,na
n
directed
S G

n

preferentially at the most electron-rich double bond {highlighted in yellow). (11} In AD, the most sterically
accessible olefin site (yellow) is dibydroxylated preferentially. (Ill) Olefinic alcohols are epoxidized site-
selectively with Mo{CO),, VO(acac),, or TIDETHO-i-Pr),. acac, acetylacetonate; DET, diethyl tartrate.

A H 3 or4(5mol% OH |B
> A!.'ECIH } 4 REREE
HaO, (1.2 equiv.) N
PO GhoN 1t PO f N, | nec,
2
(1 equiv.) ~99:1 (dr) ém" | ™NCcH,
N
AcOH Yield Conv.! Select.? [
Entry Catalyst ooiiv) (%) (%) (%) "i’ Fe(S,S-PDF) 4
1 3 0 7 12 56 1
2 0 14 15 a2
3 3 0.5 26 41 62
4 4 0.5 38 42 90
58 4 05 51 - - U
‘[Feimep)lCHCN):KSbFy) (3. TConversion  ~ /™ el
of starting malerial. !Seloctvty for desired “’6 ’:5 b
product (yiokliconvargion). *Herative addition M L X
protocal (isolated yiekd). | /"' Fe(S,S-PDF) 4

Fig. 2. (A) Development of a preparatively useful aliphatic C=H oxidation reaction. Products re-
sulting from unselective and overoxidation were observed in trace amounts by *H nuclear magnetic
resonance (NMR) and gas chromatograph analysis of the crude reaction mixture. (B) Structure of
[Fe(s,5-PDPI{CH,CN) ,J(SbF,) catalyst (4) based on x-ray crystallographic analysis (anions are omitted for
clarity). PDP indicates 2-({(5)-2-[(S)-1-(pyridin-2-ylmethyl) pyrrolidin-2-yl] pyrrolidin-1-ylmethyl) pyridine.
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When coupled to asymmetric alkylation meth-
ods for constructing stereogenic 37 alkyl centers,
this reaction enables a very simple approach for

Fig. 3. Evaluation of
functional group com-
patibility and substrate
scope in d-catalyzed oxi-
dations of unactivated

/lc‘H

accessing optically pure tertiary alcohols. In
substrates in which no 3° C-H bonds were
available, oxidation occurred at the methyleng

4% | AcOiH (50 moMa)

HaOg (1.2 equiv.)

“standard condibions™
CHLCN,

i, 30 min

4 (5 maoie) ]

_OH

sp® C—H bonds with

H,0,. “Standard condi- Y Frotuet

Isolated
%% Yledd (ram)

taolated

Erry % Yield (rem)’

tions” entail dropwise
addition of a solution of
H,0, over ca. 45t 755
at room temperature
[(50 weight % (wt %),
1.2 equivalents {equiv.) 3
in CH;CN at 0.13 Ml to a °,
solution of 4 [5 mole %

(mol %]], AcOH (0.5 0
equiv.), and substrate in F,c'l‘ﬁ}\u}’:r..
CH:CN (0.67 M). After [

10 min, a second portion

of 4 (5 mol%a) and AcOH 5
(0.5 equiv) in CHiCN ]

[
o X
ew

&

48 [26)
53 {43)

60 (18} B

43 (33) ]
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0 (a)10,Z=H
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M
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&

an 1a

o

57 (27)
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lowed by dropwise ad-

IBm = % oo unosddund stsng matonal TSinning matonal wis rocyced fve Smes. G yok

dition of H,0; (50 wt %, 1.2 equiv.) in CHCN (0.13 M); a third addition is then done in the same

manner for a total of 15 mol % 4, 1.5 equiv. AcOH,

and 3.6 equiv. of H;0,. Products resulting from

unselective and overoxidation were observed in trace amounts by "H-NMR analysis of the crude

reaction mixture.

A 10 2° 3° 3°
H H 3 H p H
" H)I\ )J\/EWG /\l\/\ /\l\/
il g T < - EWG ~
R P —
reactivity reactivity
B
Major Isolated  [Remote:
Entry  Subsirate Product seYleld' (rsm)’ Proximal]*
1 memote  proximal 15, X=H 48%(29) 11
2 )L'f/\“)l{/"\ ; 'C>L/\H>l\_,« 16, X=0OAc 43 (35) 5:1
3 K X 17, X=Br 38 (32) a1
4 18 X=F 43 (20) 61
6 . X * 20, X=Br 48 (17) 20:1
7 ")lv\”;l\.’.(n HCI)L/\H*FR 21,R=CH,  52(18) 599:1
8 I T 22, R=0CH; 56 (32) >99:1

"Unless otherwise noted, isolated yisids are of pure major product isclated from the entire reaction mixtune.
fram = % rocoverod unoxidized starfing material. *GC analysis of crude roaction mixiure using aulhentic
standards. Sisolaled as a 1:1 mixiure of remola:proximal

c
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hydrogens to afford ketone product via the
intermediacy of a 2 alcohol (entry 10). The
sile selectivities and stereochemical outcome of
oxidations with 4 are consistent with a con-
certed mechanism mediated by an electrophilic
oxidant (27),

The mass balance of these reactions [average
of circa (ca) 51% mono-oxygenated product
with ca, 29% recovered starting matenial (rsmj]
indicates that substantial levels of indiscriminate
oxidation are not incurred (Fig. 3). With a highly
oxidized L-lewcinol derivative, hydroxylation
oceurred exclusively at the 3% C-H bond (entry
8). Although greater than three iterations of
4, H,0,, and AcOH fail to increase product
yields, recycling of isolated staning material
provides an effective strategy for obtaining high
yields with valuable substrates. For example,
the L-leucinol derivative was recycled five times
o obtain a 90% wolated vield of pure (-)-12
{entry 8).

Complex small molecules ofien contain
multiple 3* C-H centers. We sought to investi-
gate whether the site selectivity of oxidation with
electrophilic catalyst 4 is sensitive to the elec-
tronic environment of the 3° C-H bond (Fig.
4A) A series of dihydrocitronellol derivatives
were evaluated with electron withdrawing
groups (EWGs) in a or B positions to one of
the two 3° C-H centers (Fig. 4B). In substrates

Fig. 4. (A) Reactivity trends for oxidations
catalyzed by 4 based on the electronics of the
C—H bond. (B) Substrate electronic effects on
site selectivity in hydroxylations of multiple 3®
C—H bonds with 4. Only small amounts of diol
byproducts were observed. (€) DFT-calculated
three-dimensional structure of the lowest potential
energy conformer of (<)-23 with corresponding
calculated electrostatic atomic charges (eV) of the
3° C=H bonds of interest. (D) Selective hydroxyl
ation of (=)}-23 at C-1 with 4 based on steric
effects. For standard conditions see, Fig. 3.
Aliphatic C—H bonds that are oxidized to form
product are indicated in red.
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A I. electranic
et standard AR ;
ol conditions :
(+)-26 (+)-27, 4B8% (-}-28, 17%
Il. steric
0 H H cat. 4 0 o] 0
W Aoorl 1, = "\ O+ -JJ\A/U\
MeO™ Y % standard \ MeO™ ™
£ : conditions : : z
(+)-29 (+)-30, 27% (+)-31,41%
lll. directed
O cat. 4 0 Q
MO, . i T 'J\/\V'JL\
no i 5 standard \' HO i :
z *H eonditions | E
[+)-32 (+)-30, 70% 33. not observed
B
I electronic Wi H OH

(+)-artemisinin 34

L. steric

0 cat. 4
97 5,0 AcOH, H,0,

Fig. 5. (A Three modes of selective aliphatic C—H bond axidation catalyzed by 4. Aliphatic C—H bonds that are
oxidized to form major product are indicated in red. (1) Owidation ocours preferentially at the most electron-rich
3 C=H bond followed by in situ lactonization. Unoxidized (+)-26 was recovered in 23% yield from the reaction.
(I} Oxidation occurs at the least stericlly hindered, most electron-rich methylene site. Unoxidized (+)-29 was
recovered in 16%b yield from the reaction. (1) Oxidation is directed to the sterically hindered 3° C—H site by the
free @rboxylic acid. (B) Predictably selective aliphatic C—H bend oxidations with 4 of natural products and their
derivatives. ([} Seledtive axidation of 34 with small molecule catalyst 4 and with cultures of C. echinulata ocaurs
at the mast electron-rich and least sterically hindered 3°C—H bond to furnish {+)-35. {Il) Structure of (-)-36,
determined by x-ray analysis. When (=)-36 was exposed to standard reaction conditions, 92%b of the starting
material was recovered because of electronic deactivation of the core and steric deactivation of the isopropyl
3® C=H bond. (I} Carboxylate-directed lactonization of tetrahydrogibberellic acid analog (+)-37 via CG-H
oxidation to form lactone (+)-38in 52%b isolated yield (recycled once). The structures of {(+)-37 and (+)-38
were determined by x-ray crystallographic analysis and are shown below. For substrates with carboxylic acid
directing groups [i.e., (+)-32 and (+}-37], AcOH additive was omitted. For acid-sensitive substrates [i.e.,

(+)-34], AcOH additive was lowered to 10 mol % per addition.

with no electronic bias, equimolar mixtures of
hydroxylated products at both centers were
formed (entry 1) In all other cases evaluated,
hydroxylation with 4 and H-0. occured pref-
erentially at the 3° C-H bond remote from the
EWGs (entries 2 1o 8). P-Acctate or halogen
functionalitics gave modest but useful site
selectivities (entries 2 o 4), and o-electron
withdrawing functionalities resulted in excellent
selectivities for remote hydroxylation (entries 5
and &), Site sclectivities of =99:1 were observed
when strongly electron-withdrawing carbonyls
were incorporated in the o position relative to
ong of the 3* C-H bonds (entries 7 and &),
These results demonstrate that C-H oxidations
with 4 are subject to electronic deactivation with
EWGs in the « or [ positions.

We nextinvestigated whether site selectivities
of oxidation with bulky catalyst 4 are sensitive
to the steric environmeni of the 3° C-H bond.
We chose to examine (- )-acctox y-p-menthane,
23 (Fig. 4D). Energy minimization calcula-
tions were performed on (-)-23 with use of
density functional theory (DFT) followed by
calculation of the electrostatic atomic partial
charges. In the lowest potential energy con-
former of (-)-23, the two 3° C-H bonds in the
¥ position to the acetate group (C-1 and C-8)
are the least positive and have very similar
atomic charges, suggesting a high similarity in
their electron densities (Fig. 4C). Thus, only
on the basis of the electronic factors, equiva-
lent levels of oxidation would be predicted at
these sites. However, we observed a strong
preference for oxidation at the C-1 site, most
likely because this site is less sterically hindered
iFig. 4D). The gem-dimethyl group of the
isopropyl unit in the energy-minimized struciure
is orented away from the acctale moiety o
relieve unfavorable steric interaction. This con-
formation places the 3° C-H bond of C-8 prox-
imal to the acefate group, making it sierically
less accessible to the oxidant than the C-1 bond
{Fig. 4C). These resulis demonsiraiz that, in
molecules where C-H bonds of similar electron
densities are present, siencs can provide a sec-
ond handle for selectivity.

The interplay between electronic and steric
factors in detcrmining the selectivities of C-H
oxidations with 4 was further illustrated in a
siudy of methyl esters (Fig. 5A). Hexanoate
{+)-26 was hydroxylated by 4 and H,O, predom-
nately at the 3° C-H site to afford, afier an in
situ lactonization, (+)}27 as the major product
with methyl ketone (-)-28 as the minor pro-
duct (Fig. 5A). This outcome was predicted
on the basis of electronic effects. Increasing
the steric bulk around this site by introducing
a second methyl substituent in substrate (+)-29
reverses the sclectivity and resuls in formation
of methyl keione (+)-31 as the major product.
The 27 C-H bond oxidation by 4 also occurred
at the most electron-rich, least sterically hin-
dered site. This experiment shows that steric
effects can override electronic effects in site
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selectivities of oxidation with 4 and suggesis
that oxidation at 2° C-H sites may operate with
selectivities similar to those outlined above for
3% C-H sites.

On the basis of the known role of carbox-
vlates as ligands for nonheme iron complexes
and the beneficial role of acetic acid on the cata-
Iytic activity of 4, we postulated that a carbox-
ylate group on the substrate could be used o
direct the site of C-H oxidation (28). In sup-
port of this hypothesis, hexanoic acid (+)-32
furnished only the five-membered Ang lactone
(+)-30 in 70% isolated vield, whereas oxida-
tion of the analogous methyl ester (+)-29 gave
methyl ketone (+3-31 as the major product
(Fig. SA). The terminal carboxylic acid moiety in
(+)-32 overrides the previously noted steric
effects and direets hydroxylation to the hindered
3° site. Although a unique aspect of aliphatic
C-H oxidations catalyzed by 4 is that they donot
require a directing group for high selectivities,
the ability to use this effect provides a third and
powerful handle for selectivity. Predictable
reactivity in response to all three such modes
of selectivity has proven elusive in prior metal-
catalyzed aliphatic C-H oxidations.

The value of this aliphatic C-H oxidation
reaction for late-stage synthesis rests on how
predictive the electronic, steric, and carboxylate-
directing modes of selectivity are in complex
molecular settings. In order to evaluate this ques-
tion, we examined the C-H oxidation of sev-
eral natural products and their derivatives with
4, Antimalarial compound (+)-aremisinin 34
displays five 3" C-H bonds along its tetracyclic
skeleton (Fig. 5B). In addition to the site-
selectivity issuce posed in this subsirate. a chemo-
selectivity challenge is present in the form of a
sensitive endoperoxide moiety known (o be prone
o Fe(ll}mediated cleavage (29), On the basis of
the selectivity rules outlined above, we predicted
that the electron-rich and sterically unencum-
bered 3° C-H bond at C-10 would be oxidized
preferentially. The remaining 3% C-H bonds are
in an o and’or [ position to clectron-withdrawing
ester and endoperoxide moieties. We were grai-
ificd to find that the sclectivity rules for oxida-
tions with 4 developed on relatively simple
subsirates could be extended to this complex
natural product. (+)-10B-Hydroxyartemisinin,
35, was generated as the major product in 34%
yicld (41% msm, Fig. 5B). By recycling this val-
uable starting material through the reaction
twice, we obtained diastercomerically pure
(+)-35 in 54% isolated yield. With the same
protocol, catalyst 3 afforded (+)-35 in only
23% isolated vield. Interesiingly, (+)-34 has
previously been enzymatically ransformed to
(+)-35 in 47% yield with microbial cultures of
Cunninghamella echimdata (29). Catalyst 4
gives higher yields than the enzymatic reaciion
with substantially shorter reaction times (three
30-min reactions versus 4 days) and a 10-fold
higher volume throughput (0,033 M versus
0.0035 M). The ability of a simple, small mole-
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cule catalyst with broad substrate scope to
achieve P-450-like tailoring enzyme selectiv-
ities is remarkable. We expect that 4 will find
widespread use for oxidative modifications
o the core structures of natural products and
pharmaceuticals,

The high sensitivity of caialyst 4 1o steric
effects is further illustrated in the atiempted
oxidation of (- }o-dihydropicrotoxinin, 36
(Fig. 53B). All of the C-H bonds on the highly
oxygenated core are electronically deactivated
oward oxidation. Thus on the basis of elec-
tronic factors alone, the 3° C-H bond of the
exocyclic isopropyl moicty should undergo se-
lective oxidation with 4H-0,, However, reating
(~ 136 under standard hydroxylation conditions
resulted in 92% recovered starting material.
Examination of an x-ray structure reveals that
the isopropyl moicty, in order o avoid severe
unfavorable sienc interactions, is orenied with its
gem-dimethyl group projecting away from the
ring system (Fig, 5B). This conformation orients
the isopropyl 3° C-H bond undemcath the ring
and renders it inaccessible to 4. The demon-
strated stability of a densely functionalized natu-
ral product derivative to this oxidation reaction
serves to underscore the remarkably mild nature
of this method.

A powerful application of 4-catalyzed hy-
droxylations is to effect carboxylate-directed,
diastercoselective lactonizations at 2° C-H sites.
We chose to evaluate this application with tetra-
hydrogibberellic acid analog, (+)-37 (Fig. 5B).
The carboxylate moiety of (+)-37 may direct
five-membered ring lactonizations by 4 to one of
four C-H bonds. On the basis of x-ray crystal-
lographic analysis of (+)-37, we predicted that
hydroxylation would occur selectively at the 150
27 C-H bond on the D-ring that is closest o the
carboxylate moicty, We were gratified w find
that hydroxylation with 4 and H.0» fumished
five-membered ring lactone (+)38 as a single
disstereomer in 52% isolated yield (recycled once),
With the same protocol, catalyst 3 afforded (+)38
in only 26% isolated yield. This large difference in
yiclds with catalyst 4 versus 3 has proven general
with all complex substrales examined. Importantly,
oxidation of the comesponding methyl ester of 37
resulted in mostly recovered starting matenal and
mixiures of undefined oxidation products, none of
which is (+138.

Given the predictable reactivity and broad
scope demonstrated in this swudy, we anticipale
that this general aliphatic C-H oxidation reaction,
and others like it, will fundamentally aller the
ways in which complex molecules and pharma-
ceuticals are synthesized in the laboratory,
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4D Visualization of Transitional
Structures in Phase Transformations
by Electron Diffraction

Peter Baum, Ding-Shyue Yang, Ahmed H. Zewail*

Complex systems in condensed phases involve a multidimensional energy landscape, and knowledge
of transitional structures and separation of time scales for atomic movements is critical to
understanding their dynamical behavior. Here, we report, using four-dimensional (4D) femtosecond
electron diffraction, the visualization of transitional structures from the initial monoclinic to the

final tetragonal phase in crystalline vanadium dioxide; the change was initiated by a near-infrared
excitation. By revealing the spatiotemporal behavior from all observed Bragg diffractions in 3D,

the femtosecond primary vanadium=vanadium bond dilation, the displacements of atoms in picoseconds,
and the sound wave shear motion on hundreds of picoseconds were resolved, elucidating the

nature of the structural pathways and the nonconcerted mechanism of the transformation.

hen transformations of matier involve

\ ;\ "' many aloms, as in complex molecular
structures or in condensed phases, un-
derstanding their dynamical behavior requires the
determination of actual transitional structures

with spatial and temporal resolution of the atoms

and their motions. In general, such transforma-
tions involve an energy landscape described by
transition states and transient intermediates (),
and only when the time scale of observation is
appropriate can such species be studied (2). For
direet probing, the radiation or particle used must

also have a wavelength on the scale of atomic
distances, as demonstrated in the studies of melt-
ing and lattice dynamics by ultrafast x-ray ab-
sorption (3) and diffraction (+-7) and electron
diffraction (8-/¢). In our laboratory, ultrafast elec-
ron microscopy (UEM) and ultrafast diffraction
{11 have been the methods of choice for studies
of molecular and phase transitions (/2-76).

In the condensed phase, the use of the energy
landscape concept has recently been theoretically
addressed (17, 18) for transfonmations involving
two thenmodynamically stable configurations, as
in solid-solid iransitions. There are two classes of
descriptions: those that invoke first the motion of
the atoms in the unit cell and then the laitice
organization and those that deal with the total re-
arran gement of the lattice including the displace-
ment of unit-cell atoms. The time scales and
nature of structures dictate the validity of the
theoretical approach and what approximations

Physical Biology Center for Ultrafast Science and Technol-
ogy, Mrthur Amos Noyes Laboratory of Chemical Physics,
California Institute of Technology, Fasadena, CA 91125,

USA,
*To whom correspondence should be addressed E-mail:
zewail@altech. edu

Fig. 1. Crystal struc-
tures of vanadium diox-
ide phases and observed
Bragpg diffraction. (A) Crys-
tal structure of the mona-
clinic, low-temperature
phase {left) and the ru-
tile, high-temperature
phase f(right). Vanadium
atoms are depicted in red
and oxygen atoms in a
lighter color. Because of
a symmetry-breaking pair-
ing of vamadium atoms
(violet lines), the axis def-
initions change. Mong-
clinic coordinates and anes
are used in the paper. (B
to E) Typial diffraction . L
patterns observed by ul- (8486) [Bﬁ):
trafast electron crystallog- : =
raphy for different aystal
surfaces and different zone
axes; i is the surface nor-
mal direction and ¥, is
the electron direction (zone
axis). All Bragg spots can
be identified as the mono-
clinic structure (yellow
labels).
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are appropriate for the separation of different
types of nuclear motions, As with chemical re-
actions, the concept of concerted (or concurrent)
Versus consecutive nuckear motions (1, 2) becomes
central to understanding the elementary steps of
the mechanism,

Here, we report on the nature of transitional
structures during a symmetry-rising process,
from initial monoclinic (insulator) to final tetrag-
onal {metal), observed with atomic-scale spatial
and temporal resolution. The swudy is performed
on single crystals of vanadium dioxide, whosc
phase transition exhibits a well-defined hysteresis
between two thermodynamically stable structures.
In order to map pathways of motion, all observed
Bragg diffractions of different planes and zone
axes were examined on the femtosecond to nano-
second time scale. The three-dimensional (30)
sampling and long-range order studied make
possible the separation of different nuclear mo-
tions, which are mirrored in the temporal change
of the structure factor for various indices. Be-
cause the transformation takes place in a strongly
correlated system, the dependence on excitation
fluence is evident in a threshold behavior, and we
studied such dependence at short and long times
to elucidate the nonequilibrivm transition from
local atomic motions o shear &t sound wave (and
carrier) velocity.

Al equilibrium, the phase transition in
vanadium dioxide has been swdied by examin-
ing the change of heat capacity with temper-
ature (J6-21). Such studies identi fy the transition
as first order with a hysteresis. Seminal contri-
butions using optical reflection and x-ray meth-
ods have indicated the ultrafast nature of the

Fig. 2. Ultrafast, fs and ps, diffraction dy-
namics of the structural phase transition.
(A) Intensity change of the (608) Bragg
spot with time. A decay with a time con-
stant t, of 307 fs was obtained on the total
time scale of £3 ps 40); note the change
in intensity of diffraction in the 250-s
steps. (B) Intensity change of (606) (blue)
and (091) (red) spots with time. For all in-
vestigated Bragg spots, two different types
of dynamics were observed: a femtosecond
decay similar to the blue frace was mea-
sured for (B06), (B26), (B26), (BA6), (B4A6),
(606), (714), (417), (10 2 4), and (628);
a decay with a time constant 1, of 9.2 ps,
similar to the red trace, was measured for
(091), (084), and (082), on the total time
scale of 40 ps. The temporal range values
(At; and At;) over which the decay is
pronounced are 760 fs and 15 ps (40). This
difference indicates a stepwise mechanism
for atomic mofions.

-

o

transition {22-26), The transition can be induced
nonthermally on the ultrashort tme scale, with
the required excitation a variable characteristic
dependent on the morphology of the specific
sample. Real-space imaging (and diffraction)
was achieved with UEM for nanoscale struc-
wres ([4, 15). We investigated high-guality
single crystals of vanadium oxide, invoked ulira-
fast electron crystallography with a tilted geom-
etry (M1, 27, 28), and wsed the 3D reciprocal
space of atoms involved (20 Bragg spots).

The inital and final crystal structures of va-
nadium dioxide are depicted in Fig. 1A: in the
monoclinic phase the vanadium atoms amange
into pairs, but in the tetragonal phase (referred 1o
as rutile) all V-V distances are equal and the
symmetry is tetragonal (27). The structure and
long-range order of our vanadium dioxide single
crystals were confirmed by static x-ray diffrac-
tion, and one of three crystals was cut and pol-
ished to have a surface that is not naturally grown,
For these crystals, the characteristic hysteresis
near 340 K was observed, with a width of 5.6 K.
In Fig. 1. B to E, the static electron diffraction
patlerns, obtained at an incidence angle of ~5°
and at room temperature (monoclinic phase), are
shown for different surface normal directions, /1,
and electron directions (zone axis), .. All
spots were identified as monoclinic vanadium
dioxide: transmission-like pattems originate from
surface structures (/2), and the single-crystal
order is evident in the well-indexed diffraction
patlerns.

With such rich diffraction, 16 of the Bragg
spots were intense enough for time-resolved in-
vestigations. The change was initiated by using

Diffraction Intensity

Diffraction Intensity

-
=

30

10 20
Time (ps)

REPORTS I

near-infrared (800 nm) pulses, and, after a vara-
ble delay time, structural dynamics were fol-
lowed by diffracting the electron packets. The
optical excitation fluence was up to 14 ml/em®,
enough o drive the phase transition with a single
pulse. Within the experimental repetition period
of 1 ms, the crystal held at room temperature ful-
ly recovers to the initial monoclinic phase, This
recovery was con firmed by observing no change
in the diffraction pattemns whether recorded at
negative delay time (an cffective 1-ms delay) or
without the excitation. The observed changes by
fs excitation, therefore, reveal the nonequilibrium
dynamics without contributions from static
heating,

We checked for possible effects of surface
potential change or charge trapping on the dif-
fraction during the transition from insulator to
metal phase: no such effects were found, as evi-
denced from our observation of a steady position
and intensity of the direct nondiffracted electron
beam forscans at all time delays, At 5° incidence,
the clectrons diffract from a material thickness of
about 10 nime we do not observe rods in the dif-
fraction pattermns but instead well-defined Bragg
spots, suggesting that at least 10 interatomic lay-
ers in the surface-normal direction are contribut-
ing to the imterferences (28). A rough estimate of
the mean free path of a 30-keV eleciron gives a
penetration depth (-5 nm) that is about 20 times
larger than the interplanar separation. Because of
the small angle of incidence, the probed area on
the surface is =2 mm by 0.2 mm, giving a group
velocity mismatch of ~20 ps between the optical
excitation and the electron pulses. In order to
overcome such mismatch and reach fs resolution,
the optical pulse was tilied to achieve temporal
synchrony with the eleciron packet on the entire
probed crystal surface (27). A & ransient, how-
ever, includes convolution from any residual
spread and the involved duration of optical and
eleciron pulses, as discussed below.

The observed temporal change of intensity of
one class of Bragg spots. for example, the (606)
spot, is shown in Fig. 2A. With tme steps of
250 fs, a notable decrease in intensity s obe
served. In order to record such a transient, the
number of ¢lectrons in one pulse was reduced to
=300, which is below the space-charge limil
(/1 13, and in this limit of low flux the electron
pulse width was measured (322 + 128 {5) in situ
al a streaking speed of 140 + 2 {5 per pixel (29).
Given the optical pulse width of 120 5, the cross-
comelation was used in the analysis of the
transient, thus obtaining a time constant, t,, of
307 f5. The error bar at each delay time is a result
of 18 single measurements. For all of the Bragg
spots studied (Fig. 1), we observed two types of
behavior (Fig. 2B): a s decay in intensity (bluc)
similar to the (606) spot and, remarkably, a decay
lacking such fast dynamics but exhibiting an
intensity decrease with a time constant, Ta, of
9.2 ps (red); the Miller indices (k) of the two
classes of spots are listed in the figure caption.
We note that no shifl in position or change in widih
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was measurable at carly times, The absence of a
spot shift (12} shows that no substantial lattice
expansion is taking place on the ultrashort time
scale: the absence of a clear width change also
indicates that no measurable disorder is intro-
duced on this tme scale. These obscrvations ex-
¢lude thermal expansion or lattice inhomogeneity
(strain) in this time range (24).

All Bragg spois that show the 5 behavior
involve nonzero values of (A&), whereas those
displaying the slower ps behavior have a zero
component of . Accordingly, the observed 15
and ps intensity changes of Bragg spols are
associated with motion of aioms within the unii
cell by destructive interferences, and these
changes are determined by the structure factor
monitored in the intensity of scattered electrons
for a given direction and zone axis. Specifically,
the intensity { of a Bragg spot (likl), which is
proportional to the square of the structure factor
Flhkl), is determined by the position (nz) of
atom j within the unit cell (Eq. 1)

Fihkl) = E Siexpl-2xi (hki)(xz))]

I (ki) o< |F(hkd) | (1)

where f; is the atomic scattering factor. The
monoclinie phase has a lower symmetry than that
of the rutile phase, and the symmetry-raising
processes cause a large change in Brage diffrac-
tion, even when small-amplitude atomic motions
are involved. as shown below.

The observed two types of dynamics indicate
stepwise atomic motions along different direc-
tions, Figure 3A depicts the initial and final
vanadium positions in the two phases. From the
inner product in Eq. 1, it is evident that an atomic
movement along a cenlain direction can only af-
ficet such Bragg spots that have nonzero coniri-
butions in the comesponding Miller indices. It is
thus concluded that the initial fs motion is along
the a axis, which is the direction of the V-V bond
in the monoclinic structure. On the other hand,
the ps structural ransformation projects along the
cand b axes (Fig. 3A). I the (3 motion had large
components along b or e, it would show up in the
dynamics of all investigated spots, conirary to
observations,

To quantify selective intensity changes, we
calculated for the observed Bragg diffraction the
structure factor and intensity changes of the
monoclinic phase when the atoms undergo small
atomic displacements, Two possible pathways
for atomic movement were considered. In Fig,
A, we display the consequence of V-V bond
weakening (or dilation) motion on the values of
[ all spots with i # 0 show a decrease in
intensity, and for those with & = 0 the intensity
remains unchanged, as observed experimentally.
In contrast, when considering direct movement
leading to the transition from the monoclinic to
the rutile phase, most spots show an increase and
some a decrease in |FI” values, a behavior that
was not observed experimentally on the ulirafast
time seale.
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Fig. 3. (A) Atomic movements and the alculated structure factors, (Top left) Initial {purple) and final (blue)
positions of the vanadium atoms. The monoclinic unit cell is depicted as dotted purple lines, and the rutile unit
cell as a blue dotted box. (Top right) The direct motion of the vanadium atoms from the initial (purple) to the
final (blue) position, mostly along the ¢ axis, is depicted. (Bottom left) Structure factor and expedted intensity
change for the listed Bragg spots for a displacement of the vanadium atoms along the chemicl bond, as
depicted in the top left image. (Bottom right) Structure factor and intensity change for a displacement of the
vanadium atoms along the direct path, as depicted in the top right image. The V-V displacements shown are
for delocalized excitation of the lattice. (B) Transitional structures during the ultrafast phase transformation.
{Top) The experimental data, here the (606) spot (blue), reflects the stepwise atomic motion within the unit cell
and, on larger length scales, of shear mation. (Inset) The difference in static x-ray patterns between monaclinic
{low temperature) and rutile (high temperature) vanadium dioxide suggests macroscopic shear (angular)
displacement. {Bottom) Shown are frames at the corresponding times (t; ¢y, t;, and t) of structural changes.
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The initiating excitation at 1.55 eV primarily
involves the d; band, which arises from bonding
of the vanadium pairs (30, 3/). From a chemical
perspective, the excilation is to an antibonding
state, which instantly results in a repulsive force
on the atoms, and they separate along the bond
direction, In sequence and on a slower time scale,
the wnit cell transforms toward the configuration
of the rutile phase. Therefore, the observed step-
wise atomic motions show that the phase tran-
sition proceeds by a nondircet pathway on the
multidimensional potential energy surface and
not by a direct structural conversion.

Several points are worth mentioning. First,
these resolved structures are for transient species,
en route to the stable rutile siructure, and involve
a landscape with distinet coordinates. In Fig. 3B,
the overall temporal behavior up to 1.2 ns and
structural snapshots are shown. Second, optical
reflectivity and diffraction from polyerystalline
samples provide an average over all orlentations
and will give nise to composite transient behavior,
Cavalleri et al. (22) have shown that x-ray dif-
fraction around the (011) spot region (32) of a
crystal is dominated by ~12-ps change, with a
relatively small faster component (<500 5), Giv-
en our resulis, we concluded that dominance of
the 5 dynamics can emerge if the relevant di-
rection of diffraction is monitored and that the ps
component is due o the ransversal motion. Last-
Iy, for the first step, comparison with the ~100-fs
time constant from optical reflectivity (23, 25)
and =300 f& from the x-ray study (22) is not
straightforward, because the former approach is
more sensitive to the clectronic changes of the
material whereas the latter one integrates the
structural changes over the x-ray probing length
of micrometers. Fulure experiments may reveal
the vibmtional tme scale of ~170 5 of the
equilibrium siuciure or a somewhat longer time
due to a potential-driven motion in the excited
state (24).

The trnsient behavior on the longer, sub-
nanosecond time scale reveals another dimension

of structural dynamics, As shown in Fig, 3B,
after the initial insulator-metal transition after a
delay, there is a continued temporal change of
intensity that levels off at ~300 ps. Given the
optical penetration depth (1/e) of <100 nm (20)
and the thamal diffusion coefficient of 0,02 an'/s
(20, we conclude that heat conduction away
from the probed layer must be slower than | ns
and cannot cxplain the observed ~100-ps dy-
namics. However, because the speed of sound in
the material is v = 4000 m/s (33), shear, which is
necessary for the formation of rtile vanadium
dioxide (34) and may involve dislocations (35),
will occur in ~100 ps for a length scale of
hundreds of nanometers (36). This shear mo-
tion is further supported by other observations,
First, although the Bragg spots exhibit the
same early f5-ps behavior, they show intensity
increase or decrease at the sub-ns scale for
different zone axes, consistent with shear
nierferences (37). Second, when we obtained
x-ray diffraction of the crystal at different
temperatures (Fig. 3B, inset) as it passed
through the phase transition, nearly all Bragg
spots were observed to move angularly, indi-
caling rotation of the principle axes. Further
evidence comes from the Muence dependence
and its threshold behavior.

Figure 4 shows the fluence dependence of
diffraction change, for example, for the (606)
Bragg spot, at two time points, £ = 10 ps and ¢ =
1 ns. The intensity change displays (almost) a lin-
ear dependence with a threshold at 6 + 1 mlen’,
The threshold, which translates 1o ~0.05 photon
per vanadium atom (38), indicates the minimum
fluence required for switching into the new phase
in this crystalline material and as such defines
a level of connectivity among the different sites
involved (/5). For the spots that exhibit the fs
dynamics, we noted that the threshold for the
sub-ns component is either the same or higher
than that of the fs component, suggesting that
the shear is associated with the initial atomic
motions.

Fig. 4. Dependence of ; ' y

the fs dynamics and the (606) spot
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From Eqg. 1, the calculated V-V displacement
{(Fig. 3A) reaches 0.02 A for ~0.1 photon per
vanadium for delocalized excitation of the lattice.
However, vanadium dioxide is a strongly corre-
lated system, and this value could be as high as
0.2 A for localized V-V pairs. We note that the
total energy deposited at threshold (~0.4 + 0.]
Jimm”) matches well with the total heat required
(0.38 J/mm’) for thermally inducing the phase
transition, including the latent heat ( 2)). This ob-
servation suggests that the phase transition is
crtically dependent on the total number of car-
riers, thermal and optical (24), and that the
described transitional structures may be reached
similarly but with different rates, as shown, for
example, in surface femiochemistry (39). Lastly,
we have repeated these experiments at different
temperatures: at 110 K, the fluence threshold
shifis 10 a higher value compared with that at
300 K, which further suppons the above-
mentioned stepwise mechanism.

The ability o decipher the nature of the
atomic motions during a structural phase tran-
sition is demonstrated by the resulls reported
here. For vanadium dioxide crystals, the ele-
mentary steps follow a nonconcered mecha-
nism with a sequence of transitional structures,
first involving local displacements on the {5 and
ps time scale followed by long-range shear
rearrangements on the sub-ns time scale and at
the speed of sound. The V-V bond dilation is
the initial step of the insulator-to-metal
wransformation, providing a dynamical molecu-
lar picture. The coincidence of the thermal and
photoinduced transition thresholds at different
temperatures suggests the common  pathway
mechanism for the ransition. With 4D atomic-
scale spatial and temporal resolutions, we
expect, by using this table-top approach, many
future extensions i the studies of designed
nanoscale materials and biological systems
(1.
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Molecular and Genomic Data
Identify the Closest Living
Relative of Primates
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A full understanding of primate morphological and genomic evolution requires the

identification of their closest living relative. In order to resolve the ancestral relationships among
primates and their closest relatives, we searched multispecies genome alignments for
phylogenetically infarmative rare genomic changes within the superordinal group Euarchonta,
which includes the orders Primates, Dermoptera {colugos), and Scandentia (treeshrews), We also
constructed phylogenetic trees from 14 kilobases of nuclear genes for representatives from most
major primate lineages, both extant colugos, and multiple treeshrews, including the pentail
treeshrew, Ptilocercus lowii, the only living member of the family Ptilocercidae. A relaxed
molecular clock analysis including Ptilocercus suggests that treeshrews arose approximately

63 million years ago. Our data show that colugos are the closest living relatives of primates and
indicate that their divergence occurred in the Cretaceous.

fossil relatives remain a topic of intense
debate (/-3), as there has been an in-
creased focus on identifying adaptive evolution-
ary changes within primales and the dynamics
of genome cvolution within the primate lineage
{4, 5). Resolving higher primate relationships
has been challenging, making it difficult o
identify character transformations in carly pri-
mate evolution. An essential par of this chal-
lenge is to determine the closest living relative
to primates, which would provide a broader
context for understanding primate evolution,
DNA sequence and morphological studies,
and analyses of rare genomic changes, support

Thc orgins of modem primates and their

the monophyly of treeshrews, colugos (flying
lemurs), and primates in the clade Ewarchonta,
with a sister-group relationship to Glires [which
ncludes rodents and lagomomphs (3, &-4)]. In
contrast, the relationships within Evarchonta
are not well resolved, most likely because of the
rapid evolution of these groups and inadequate
sampling within Scandentia and Dermoptera,
Three hypotheses have been proposed: (i) a
sister-group relationship between treeshrews and
primates (9-11), (i) a sister-group relationship
between colugos and primates [Primatomormpha
(/2)], and (iii) both colugos and treeshrews as
sister to the primates [Sundatheria (2, 13)]. Mo-
lecular and morphological studies have favored

38. From the reflectivity of 0.28 and the absarption depth
of 100 rm at 300 nm 200, the threshold fluence correspands
to 450 mimm® at the surface. With the unit cell volume
of 118 A7 22}, whith contains four vanadium atoms,
this enargy density gives ~0.05 photon per vanadium,

39, G. Ertl, Adv. Catal 45, 1 {20000,

40. In crder Lo evaluate the maxmum range of the intensity
decay, we also conssdered a convoluted step function
instead of a decay process. This distincbion becomes
sigrificant depending on the plysis of the process
immived. For a step function, we obtained Af = T60 K.
The everall fit of the Wransient was repaated 1000 times to
estimate the error in the Afy range, which was found
o be 80 k. We note that changes in intensity oftwr in
a gep of 250 fs. For the ps component, the mnge At, of
15 pa is evident from the ligure.
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Sundatheria (3, 4, /4), although suppont for this
hypothesis was lower than for other mammalian
interordinal clades (/5). Primatomorpha, proposad
on morphological grounds (£2), has also been in-
dicated by some molecular studies (146, /7). Other
studics have failed o reject altemative hypotheses,
and analyses of different chamcter subsets support
contradictory topologies (/8-20).

To improve our understanding of ecarly
euarchontan evolution and determine the closest
living relative of primates, we used two inde-
pendent molecular approaches. We first screencd
a nonredundant set of 197,522 protein-coding
exons from the human University of Califor-
nia Santa Cruz Known Genes track to identify
rare genomic changes (exonic indels) that would
potentially support the three a prior hypotheses.
We also assembled and analyred a 14-kb nu-
clear gene data set of 19 gene fragments in order
o estimate a phylogeny and time scale for ex-
tant evarchontans, To mitigate against the pos-
sible effects of long-branch atraction (LBA).
which can incomectly place rapidly evolving clades
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together, we included nuclear DNA - sequences
from both living colugos and the second tree
shrew family, Ptilocercidae (27, 22).

We identified 300 candidate indels in cod-
ing gene exons within Euarchonta. OF these,
104 were excluded because they lacked flanking
sequences that were long or conserved cnough
for primer design, were determined to be anom-
alous misalignments, or were computationally
determined to be paralogous gene alignments
{23}, The lack of a colugo genome sequence
required polymerase chain reaction (PCR) am-

plification of candidate indel-containing exons
in the colugo and companson to the treeshrew
genome sequence (23), PCR primers were de-
signed for the remaining 196 candidates, of
which 75% produced a single band in colugo,
distributed in the following cateporics: 32 indels
that were initially pamaie-specific (shared by
anthropoids and strepsirhines, potentially in-
formative for Primatomorpha); 13 indels shared
by primates and treeshrews (potentially in-
formative for colugos being in a basal position
or aliematively for euarchontan monophyly)

Fig. 1. An example of a coding  TEX2exon 4 Primatomorpha

sequence indel supporting the human SEEKPPAE - --GSEDPKKPPRPQEGTR
Primatomorpha hypothesis. A chimp SEEKPPAE - - -GSEDPKKPPRPQEGTR
three—amino acid deletion in exon orangutan SEEKPPAE---GSEDPKKPPRPQEGTR
4 of the TEXZ gene is present in all macaque SEEKPPAE---GSEDPKKPPRPQEGTR
major primate lineages and both ~ marmoset SEEKPSAE---GSEDPKKPPRPQEGTR
colugo genera shaded gray) butis  tarsier SEEKPPPE---GSEDPQKPPPPQEGTR
absent in all treeshrew lineages and bushbaby LEEKLPAE---GSEDPKKPPHPQEGTR
eutherian outgroup representatives.  mouse lemur LEEKLPVE---GSEDPKKPPHPQEGAR
See figs. 51 to 510 for full align-  Phil. fying lemur VEEKLPAE- - -GSEDPKKPPVPQEGTR
ments and descriptions of additional norhem treeshrew SEDKPPAERELGSEDPKKPPHSQEGTR

supporting indels for Euarchonta

pentail treashrew

SEEKPPAEREPGSEDPKKPPHSQEG-R

REPORTS I

and 102 indels that were trecshrew-specific
{potentially informative for Sundathena).

After excluding noninformative and hyper-
variable indels (23) and the evaluation of ad-
ditional eutheran genomes (table S1), three
indels supported the monophyly of Evarchonta
[N4BP2, ZNF 12, and CDCAS (figs. S1 to $3)) and
comoborate the emerging phylogenetic consen-
sus that primates, colugos, and treeshrews are a
monophyletic group (3, & /3, 19, 20). No indels
placed treeshrews with rodents and lagomomphs
{17} or treeshrews as basal within Euarchontoglines
{24). We identified seven indels that supported
colugos as the closest living relative of paimats
[Primatomorpha: SPBC2S, SMPD3I, MTUS!,
SH3RF2, NCOA4, TEXZ, and 55H2 (Figs 1 and
2 and figs. 54 w S10)]. By contrast, no indels
supported Sundatheria, despite a larger number
of potentially informative candidaies for this
hypothesis having been screened. One indel
{ADD2) supported a sister-group relationship be-
tween trecshrews and primates (fig. S11). Taken
together, an analysis of these last eight indels
by means of a siatistical framework (7) pro-
vides significant support for Primatomorpha

and Primatomorpha. mouse TEEKPPPEKELPSEDLKKPPQPQEGTK [P < 0.025 (23)]. _ _
guinea pig SEEKPPAEKELGSEDPKKPSHPQEGTR The monophyly of Primatomorpha was inde-
rabbit SEEKPPAERELASEDPKKPPQPQEGTR  pendently confirmed by phylogenetic recon-
dog SEEKPPAERELGGEDPKKPPHPQEGTR  struction from a 14-kb data set consisting of 19
harse SEEKPPTEKEQGVEDPKKPSPPQEGTR  nuclear gene segments with maximum likelihood
brown bat SEEKPPAERDLGVEDPKKPPHPQEGTR  [(ML) 9094 bootstrap support] and Bayesian
cow CEEKPPAERELGGEDPKKPPHPQEGTR  {1.00 posterior probability) algorithms (Fig. 2
shraw SEEKLPAEKELGAEDPKKPAHPQEGTR  and fig. 812). Previously, the hierarchical order
armadillo SEEKPSAERELGSEDSKKPPHSQEGTR  at the base of the Evarchonta was difficult to
elephant SEEKPPAERELAGEDPKKPP--LEGTR  resolve with confidence because of contempo-
Fig. 2. A maximum-ikelihood phy-
logeny of the superorder Evarchonta, :[I::mmha
with rodent and lagomorph lineages BN P 4 .
as outgroups. Branch lengths were e : Tamias
estimated under an F84 model of | ,_ . coecoe 100/1.0 : cadie | Riidonta 'Er
sequence evolution and the re- | "o ons % I
laxed molecular clock approach, | 444 gel MTUSH POOR0mt™ S Pedetes R
implemented in the program 3 aa del, SH3RF2 100/1.0 ¢ [ Syhvilagus E
MULTIDIVTIME {23). Bootstrap (BS) 4 aa d:L. NCOAL . | Sihokne ILHQDmUI'th ]
values and Bayesian posterior | 3 aadel, TEXZ 5
probabilities (BPPs) are shown on | 1 aa del, SSHZ 100/1.0 ————— : Dermoptera
branches for which these values are : Cynocephalus "
100% and 1.0, respectively. Amino \ : Lo
acid (aa) indels (ins, insertion; del, - _EU.-D_|1
deletion) supporting the monophyly 10920 Microcebus
of Euarchonta and Primatomorpha Chtolemur )
are listed in boxes to the left, along PO Primates
with respective BS and BPP values.
A molecular time scale is presented 100/1.0 Macaca
below the tree (23). The 95% cred- | Euarchonta | Homo
ibility intervals (Cls) are shown as | MLBS:92% Yiisal
gray bars spanning each node. The | BAY PP:1.00 100/1.0 [
point estimates and 95% Clsforall | '%0% — Urogaie Scandentia
nodes are presented in fable 54. gt gl Pilocercus
1 aa del., COCAS
Crataceous Paleo Eoceng Ofigo | Miocene | Pli
%0 0 70 60 S0 40 30 W 10 0
Millions of years
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raneous divergence of ancestral lincages dur-
ing the Cretaceous, LBA, and limited taxon
and gene sampling (25). The results from our
expanded data set (table 52) contrast with pre-
vious studies supporting Sundatheria. When
Priloceraus lowif and both colugo genera are in-
cluded, the ML and Bayesian trees become con-
sistent with rare genomic changes. The importance
of P Jowii was evident when it was removed
from the data set; ML trees lacked significant
bootstrap support for the divergence between
primates, treeshrews, and colugos (fig. 513).

A Bayesian relaxed molecular clock approach
with cight fossil consiraints estimated the origin
of Euarchontoglires at 8.8 mullion years ago (My),
Euvarchonta at 87.9 My, and Primatomorpha
at 86.2 My (see Fig. 2 and table S4 for 95%
credibility intervals). Our divergence dates for
Hominoidea'Cercopithicoidea (268 My), Anthro-
poidea (41.7 My), Lenunr/Microcebus (40.4 My),
Strepsirhini (62.1 My), and Primates (79.6 My)
were very similar to those estimated from an in-
dependent 59.7-kb alignment of the CFTR gene
region (26) (lable 54). The mpid divergence
across the basal cuarchontan nodes explains why,
despite the seven indels and high bootstrap and
Bayesian support for Primatomorpha, we were
not able to reject the Sundatheria hypothesis on
the basis of sequence data alone (Shimodaira-
Hasegawa test, P= 0.065) (23). We did reject an
alliance of treeshrews and primates (P = 0047),
despite the single discrepant indel supporing
primates + tree shrews. This abservation 15 sim-
ilar to other findings of incomplete lineage sorting
in the common ancestor of rapidly diversifying
cutherian clades (27, 28).

The inclusion of nuclear gene sequences
from ptilocercid treeshrews allowed us o date
the ongin of cxtant reeshrews (Scandentia) o
~63.4 My (Fig. 2 and table S4), near the
Cretaceous-Tertiary boundary, concomitant with
divergence estimates of many eutherian orders
and consistent with the long-fuse model of eu-
therian diversification (25). This deep divergence
between Prilocercus and other scandentians
complements profound anatomical and behav-
ioral distinctions that have been documented be-
tween these groups (2, /3, 2/, 29) and vindicates
recent classifications that have separated Prifo-
cercus in a unique family, Pilocercidae (24, 22).
As the sole living representative of a cutherian
lingage that diverged in the carly Tertiary along
with many modem mammalian orders, we sug-
gost that the phylogenetic unigueness of Prilo-
cercus, combined with its restriction to lowland
forest habitats within a relatively limited global
range, should render it an important conservation
priorty in global context

Because our conclusions imply that colugos,
rather than treeshrews, are the most appro-
prate ouigroup for Primates n studying the
evolution of adaptive traits, these results may
affect the placement of euarchontan fossils and
our understanding of primate genomic evolution
{3-3) For example, a recent morphological anal-

ysis supporting Sundatheria placed extinet
plesiadapiforms in a monophyletic clade with
Primates (), in contrast to Beard (/2), who
identified plesiadapiforms as members of Der-
moplera, within Primatomorpha. Our reanal-
ysis of the data set from (3) that constrains the
monophyly of Euprimates and Dermoptera
agrees with the placement of plesiadapiforms
as the sister group to Euprimates, though this
result is only weakly supported (3) (fig. S14).
Finally, our results indicate that a draft genome
sequence from a colugo is a necessary prerequisite
o accurately reconstruct the ancestral pnmate
genome (F).
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A Gene Regulatory Network
Subcircuit Drives a Dynamic
Pattern of Gene Expression

Jeel Smith, Christina Theodoris, Eric H. Davidson®

Early specification of endomesodermal territories in the sea urchin embryo depends on a moving torus
of regulatory gene expression. We show how this dynamic patterning function is encoded in a gene
regulatory network (GRN) subcircuit that includes the otx, wnt8, and blimpI genes, the cis-regulatory
control systems of which have all been experimentally defined. A cis-regulatory reconstruction
experiment revealed that Aimpl autorepression accounts for progressive extinction of expression in the
center of the torus, whereas its outward expansion follows reception of the Wnt8 ligand by adjacent
cells. GRN circuitry thus controls not only static spatial assignment in development but also dynamic

regulatory patterning.

he genomic regulatory code that controls

I the specification of the future skeleto-
genic, gut endoderm, and nonskeletogenic
mesodermal components of the sea urchin

embryo is embodied in a gene regulatory net-

work (GRN), The GRN states the interactions of
about 50 genes encoding transcription factors, as
determined in an extensive perturbation analysis
along with other data (/, 2). The subcircuits of
this network control the establishment of ran-
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sient regulatory states in the spatial domains of
the developing embryo. Here we consider a
GRN subcircuit, the funciion of which is to
direct a dynamically expanding ring or torus of
regulatory gene transcription carly in sea urchin
embryogenesis. Transcription of the torus
regulatory genes begins at the vegetal pole of
the egg in the newly born fourth-cleavage mi-
cromeres. These cells give rise to the skeleto-
genic lineages of the embryo. Transcription of
the earliest torus genes starts at about 6 hours
after fentilization, then extends to the adjacent
ring of mesodermal blastomeres in the carly
blastula stage (12 hours), and finally encom-
passes the precursor cells that will generate the
gut just before mesenchyme blastula stage (=18
hours) (Fig. 1A). However, within a few hours
after these genes are first activated, their
expression is extinguished, first in the skeleto-
genic domain and then in the mesodermal
domain,

Determination of the GRN underlving en-
domesodermal development in the sea urchin
embryo (1, 2} has revealed that the key driver
of the dynamic torus pattem is the GRN sub-
circuit shown in Fig. 1B, To understand the
operation of this subcircuit, it is imporant Lo

Division of Biology, 156-29, California Institute of
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note that the cis-regulatory control appa-
ratuses of both wnid and blimp/ function as
AND operators (3): that is, wind expression
requires both B-catenin/TCF and Blimpl in-
puts (#) and fimpd expression requires both
Prcatenin/TCF and Oix inputs (table S1).
Morpholino-substituted antisense oligonu-
cleotide (MASCO) targeting blimpd mBRNA (5)
or ward mRNA () blocks endomesoderm
specification.

Expression of the ward gene illustrates the
canonical torus patiern and directly controls its
expansion. Several different war genes are ex-
pressed in the sea urchin embryo (6). Although
carlier evidence from sea urchin and Xenopus
indicated that Wm8 is probably responsible for
driving progressive P-catenin nuclearization
during cleavage (7-9), we found that Wit8 is
responsible for producing the B-cateninTCF
mput, which, according (o cis-regulatory analy-
sis, is obligatory for blimp! expression (table
S1). Thus, MASO repression of WntS expres-
sion eliminates 80 to 98% of carly blimpl
expression (fig. S1).

High-resolution measurements of blimpl
mBENA by quantitative real-time fluorescence
polymerase chain reaction (fig. 52, A and B)
show that a small amount of Minpd mENA is
present matemally: however, there is no ma-
ternal w8 mRNA. In the cardy-cleavage
embryo, P-catenin localizes to the nucleus,
and by fourth cleavage, P-catenin can be

A
_’. _’
Sarty bk Blastula Rl
B
v }— GSK3
nb-TCF
Wnit8 Blimp1
Otx Blimpib
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visualized in the newly born micromere
nuclei (7). By fifth cleavage, the wnid gene
is activated in the micromeres (Fig. 10). Be-
cause P-catenin/TCF and Blimpl are the
required inputs into the ward gene, matemal
Blimpl factor must be available, consistent
with the evidence that this gene is matemally
expressed (fig. S2A), When the w8 gene
begins to be transcribed, its response o its
own signal transduction system produces a
positive feedback circuit between adjacent
endomesodennal cells that both produce and
receive Wt ([, 4). Otx protein is also nu-
clearized initially in the micromeres early in
cleavage (/0), hence it is available ab nitio.
blimpd transcription is activated onc cleavage
after wint¥ iranseription (Fig. 1C and fig. S2A).
Activation must depend on the enhanced level
of the P-catenin/TCF input drven by waurd
transcription itself. Once both genes are tran-
scribed in the same cells (e, from sixth
cleavage on), the subcircuil archilecture (Fig.
IB) indicates that the pattems of expression of
the mutual regulatory parners, blimpl and
wiitd, should be similar. This was confirmed
by whole-mount in situ hybridization (WMISH)
{Fig. 1C), and their pattems of expression are
equally represented in Fig, 1AL

An essential design feature of the relevant
blimp ! cis-regulatory module is that it includes
autorepression sites (5).The architecture of the
subcircuit in Fig. 1B suggests that autorepres-

Hatched bastula

Fig. 1. Moving-torus gene expression pattern, (A) Representation of
expression pattern of blimp1 or wnt8 genes (red). The innermost cells are
skeletogenic micromeres; the red ring in the second drawing shows
mesoderm cells {prospective secondary mesenchyme); the outer ring is
definitive endoderm. Expression of the blimpl gene begins in the
micromeres around & hours after fertilization and appears in the adjacent
tier of mesodermal cells by 12 hours. Soon after, expression disappears
from the micromeres. By 18 hours, expression of blimpl begins in the
adjacent presumptive endoderm lineage and disappears from the mesodermal
cells. (B) GRN subcircuit including otx, blimp1, and wnt8 genes; biimplh
indicates the early isoform of the blimp1 gene (5); nb-TCF, complex of nuclear
B-catenin and TCF franscription factor; GSK3, enzyme normally responsible for

[-catenin clearance, the activity of which is inhibited as a consequence of
reception of the Wnt8 signal ligand. In the absence of nuclearized fi-catenin, a
Groucho/TCF complex forms instead (12) and acts as a dominant repressor at
both the wnt8 and blimp1 loci (dark blue barred stems). nb-TCF is inhibited
from forming by G5K3, the biochemical mechanism of which is symbaolized by
the solid circle. Positive inputs from Blimpl and nb-TCF control wni8
transcription (), whereas both nb-TCF and Otx are required for biimpl
expression; bfimp1 is subject to autore pression via two Blimp1 target sites. (C)
Expression of wnt8 and blimp1, visualized by WMISH. By fifth cleavage, wnt8
transcript is evident in the four micromeres at the vegetal pole. One cleavage
later (sixth), blimp1 transcripts are present in the micromeres. After this, wnt8
and blimpI are expressed in the same territories.
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sion of the blimp! gene, some hours afler its
activation, could account for the progressive
clearance of both Mg § and wned transcripls
from the center of the moving torus of regu-
latory gene transcription. A series of cis-
regulatory reengincening experiments showed
that this is indeed the mechanism of clearance.
We used a blimpl] cDNA expression construct
that produces normal Blimp! mBNA under
control of the cis-regulatory module responsible
for carly blimpd expression (5)(Fig. 2, A and B).
When the cis-regulatory aulorepression siles
were mutated (Fig. 2B), the construct produced
patches of mesodermal Mimp ! transeript lying
within the endogenous (mesodermal) blimp/
clearance zone, whereas the control generated
only the normal torus pattem of expression (Fig.
2C, first three columns), We used these con-
structs to test whether, as predicted, ectopic
redeployment of blimpd mRNA was sufficient
to cause continued expression of wmd in
mesodermal lemitories. Endogenous watd gene
expression monitored by WMISH, as well as a
coinjected wnrd BAC-GFP (bacterial antificial
chromosome-green fluorescent protein) knock-in
reporier, produced persistent mesodermal expres-

Fig. 2. Experimental
demonstration of spatial

sion in experimental embryos engineered o
express blimpl in the mesodemn (Fig, 2C, fourth
and fifih columns) [See (/) and fig. 53 for
quantitative data from these experiments, includ-
ing an enhanced GFP mRNA output from the
wintd BAC-GFP construct. )

According to the architecture of the sub-
circuit in Fig, 1B, positive spatial input into the
Bimp! gene is provided by P-cateninTCF (ie.,
in response to Wnt8 signaling), because the
other positive input, O, is continuously
available throughout the whole region. To test
this, we used a blimp! GFP reporter bearing
mutated Blimpl target sites. This construct
cannot autorepress, but i displays a normal
patiern of expression if the location of blimg)
transcript is normal (Fig. 2C, sixth column, top).
Therefore, the restricted pattern of endogenous
BrcateninTCF, due to the restricted domain of
Wi expression, suffices for the restricted
spatial expression of the Mimp] gene. But when
the resiriction of Wni8 expression in the meso-
derm was relaxed by introduction of cctopic
blimpl mRNA, the expression of the blimpl
GFP construct lacking Blimpl target sites was
also relaxed (Fig. 2C, sixth column, bottom).

blimpl autorepression.
(A) Genomic locus. Red
boxes, exons; bent arrow,
start of transcription;
light blue boxes, non-
coding sequence patches
displaying high conser-
vation between the sea
urchin species Lytechinus

variegatus and Strongy-
locentrotus purpuratus.
Only the exons of the
early-expressed (blimp1b)
isoform are shown (5).
(B) Expression constructs,

“ExcBlimp" combines
three comserved regions
that are sufficient to re- (C
produce correct blimpl
expression and to drive
expression of blimpl
cDNA in the nomal pat-
tem of expression. In the
“mutExoBlimp” construct,
the two Blimp target sites
indicated are mutated,
destroying the autorepres-
sion function; the partially
overlapping TCF sites and
a third possible Blimp site
proximal to the Blimp-TCF

ExoBlimp

mutExoBlimp

cluster remain intact. () Expression of genes and constructs indicated in upper
right comer of each panel in embryos bearing ExoBlimp {top row) or
mutExoBlimp (bottom row). LV, lateral view; WV, vegetal view; VLV, oblique
lateral-vegetal view. Stable incorporation of injected constructs is mosaic in
sea urchins (18); therefore, not all cells in the center of the ring are uniformly
stained in mutExoBlimp embryos. In ExoBlimp embryos, expression of blimpl
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These experiments show that the cause of
progressive vegetal clearance of wmid expres-
sion is the restricted localization of the Blimp]
input, which is due entirely to blimpl auto-
repression, as portrayed in the network sub-
circuit of Fig, 1B.

The Fig. 1B subcircuit architecture is directly
authenticated at the cis-regulatory level (3, 6, 7)
and in this work. Its design ordains its func-
tion. It consists of two partially overapping
feedback loops, both of which are subject 1o
an autorepression function, one directly and
one indirectly. One loop is signal-mediated:
Reception of Wnt8 ligand in recipient cells
produces the active f-catenin/TCF transcription
Factor complex that is required for expression of
the wutd gene itselfl. In the endomesoderm,
whether or not there is also an aulocring com-
ponent, adjacent cells are indeed linked through
this signal-driven transcription loop [the “com-
munity effect” (/)]. The cis-regulatory system
of the wuid gene operates as an AND proces-
sor, in the sense that it requires both the
Blimpl and B-catenin/TCF inputs for function.
Thus, the requirement for Blimpl links it
obligatorly to the second feedback loop. The

mRNA from the construct is superimposed on the endogenous torus pattern of
Blimpl expression. WntB8-GFP denotes a BAC containing the wni8 gene that
confains a GFP reporter sequence in place of exon 1 of the gene, produced by
in vitro recombination (11). Blimp—GFP denotes a construct similar to
mutExoBlimp [compare with (B)], except that the blimpI cDNA has been
replaced by a GFP sequence.

SCIENCE www.sciencemag.org




second loop consists of the requirement for
Blimpl as a driver of wntd expression and the
reciprocal requirement of P-catenin/TCF for
blimp] expression. The AND processor of the
blimp] gene similardy links it into the first loop
by its obligatory requirement for the p-catenin/
TCF input, but the other parmer here is the Ot
activator, I both cis-regulatory systems did not
include AND gates dependemt on the B
cateninTCF input, the subcircuit would not
work. The subcircuit has conditional operating
features: that is, its behavior depends on the
particular inputs it sees, The TCF input can
function either negatively or positively, be-
cause (except in cells recetving Wt signal) 1
binds the transcriptional repressor Groucho
(12). This keeps the whole subcircuit quiet in
the ectoderm. Its second conditional “off”
function is the autorepression of the Mimpl
gene, which from time-course data depends on a
cerain accumulation of Alimp! mBRNA (and
factor) (fig. S2C).

The subcircuil acts to produce the moving
torus of gene expression, as sumimarized in Fig.
3. Measurements of the iranscript concentrations
indicate that during this phase the blimp! genc
is producing about 50 transcnpis per cell-hour
[this is only a few percent of the maximum
possible transcription rate (/3)]. Blimpl factor

eventually reaches a level where it acts o
repress its own transcription when there could
be as many as ~1500 molecules per nucleus,
given sea urchin translation rates (/9) [more
than sufficient for target site occupancy by the
typical transcription factor (/3), particularly in
the small-micromere nuclei]. The Blimp] factor
then disappears from these cells and wnrd gene
expression wms off as the reinforcing feedback
loop is broken. The half-life of Blimpl tran-
seripts is about 1.5 hours in the micromeres and
2.5 hours in the mesoderm, versus a defaull
average of 3 o 5 hours for all polysomal sea
urchin embryo mRNAs (15), Meanwhile, how-
ever, the WntH ligand has diffused to the next
tier of cells, the future mesoderm (middle tier in
Fig. 3). The intercellular diffusion rate of Wni8
plus the molecules to which it is bound is most
unlikely to be rate-limiting, given the very small
intercellular distance and the rates that have
been assumed for this process by others (/4),
Upon receipt of the WniS signal, the subcircuit
is thereby activated within the mesodermal
temitory, and the same cycle of events runs its
course in this tier of cells, where it operates with
very similar kinctics (Fig. 1 and fig. 52C)
Subcircuit reactivation in the cells on the inside
of the torus of gene expression (by inward
signaling) is not observed: Once Minp/ tran-

Initial staps (inner tier only)

i Initial State: Groucho-Td
repressas zygotc bimpt
and wni8 exprassion

Zinitial Input: maternal
anisotropy stabllizes
nf3-catanin at vageatal pole

@ Muclear B-catenin +
matemal Blimp initiate
wnf8 expression,
ni-catenin + Otx drive
zygotic biimp? (o step 4 )

[to step 4)

Initial steps (middle and outer tiers)

1 WntB ligand diffuses from
inner tier to middie tier or
middle tier to outer tier

2 ni3-catenin + Otx drive
biimp? expression

4 nfi-catenin + Blimp1
drive wni8 expression

Common to all tiers
4 Wni8 signaling. among
signal-generating cells
increases ni-catenin;
ligand diffuses to neighboring
tier (to step 7 in next tar)
5 Blimp1 reprasses sall

18 In absence of Blimp, wnt8 urns off

Fig. 3. Summary of mechanism by which the dynamic, concentrically expanding torus of wnt8
and blimpl expression is generated. The drawing shows a seventh-cleavage embryo viewed from
the vegetal pole to illustrate the radial concentric organization. However, the events indicated in
the numbered key begin at fourth cleavage and extend out to mesenchyme blastula stage (18 to

24 hours).

REPORTS

senplion goes off, it stays off. Blimpl, a SET
domain protein, could be silencing its own locus
by recruitment of factors such as histone meth-
vlransferases (/7). The subsequent disap-
pearance of nuclear f-catenin from the cells
within the torus could also result in Groucho
repression (7).

The genomic regulatory code is a static
lingar structure, whereas embryonic develop-
ment is intrinsically a process driven by dy-
namically changing regulatory stales, Here, we
resolved a gene regulatory network subeircuit
that combimnes these aspects in one small ap-
paratus. The subcircuit’s kinetics depend on
the synthesis and wmover rates of the relevant
mRENAs and proteins, as well as on the al-
finities of the transcription factors for their cis-
regulatory target sites (1 3). What the apparatus
does, however, depends on the genomic cis-
regulatory sequence of the blimp! and w8
genes, where its unique features, its feedback
loops, AND gates, and autorepression function
are encoded.
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Telomeric Repeat—Containing RNA
and RNA Surveillance Factors at
Mammalian Chromosome Ends

Claus M. Azzalin,“*? Patrick Reichenbach,*** Lela Khoriauli,*

Elena Giulotto,* Joachim Lingner!2-3+

Telomeres, the DNA-protein complexes located at the end of linear eukaryotic chromosomes,

are essential for chromosome stability. Until now, telomeres have been considered to be
transcriptionally silent. We demonstrate that mammalian telomeres are transcribed into telomeric
repeat—containing RNA (TERRA). TERRA molecules are heterogeneous in length, are transcribed
from several subtelomeric loci toward chromosome ends, and localize to telomeres. We also
show that suppressors with morphogenetic defects in genitalia (SMG) proteins, which are
effectors of nonsense-mediated messenger RNA decay, are enriched at telomeres in vivo,
negatively regulate TERRA association with chromatin, and protect chromosome ends from
telomere loss. Thus, telomeres are actively transcribed into TERRA, and SMG factors represent a
molecular link between TERRA regulation and the maintenance of telomere integrity.

clomeres fulfill essential functions for

I chromosome stability during mitosis and
meiosis, and they equip normal human
somatic cells with a cellular clock that deter-
mines their replicative lifespan (/-3). Mamma-
lian telomeres comprise andem arays of duplex
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S“TTAGGG-3 repeats, with the G-rich strand
extending beyond its complement to form an
overhang (2, 3). The double-stranded part of
telomeres is bound to a multiprotein complex
known as sheltenin, which prevents telomeres
from being recognized and processed as double-
stranded breaks (4). The heterochromatic state
of telomeres, their gene-less nature, and their
ability 1o silence transeription of experimental-
ly inserted subtelomeric reporter genes, which
is known as the welomere position effect (TPE)
(5-7), supported the idea that telomeres are
transcriptionally silent.

In immonrtal cells, telomerase promotes telo-
mere length homeostasis by adding telomeric

repeats o the 3 ends of chromosomes. The
telomerase holoenzyme comprises a reverse
transcriplase catalytic subunit, the telomerase
BRNA moiety, and several accessory factors
{2, 3, 8). The Seccharomyees cerevisive Estl
protein binds directly to the telomemse RNA
and to the single-stranded telomenic DNA bind-
ing protein Cdel3p, which recruits telomerase
to chromosome ends in § phase (9-/1), Three
Estlp-like proieins (EST1A, ESTIB, and ESTIC)
have been identified in humans (12, f3) EST1A
and ESTIB interact with elomerase, and over-
expression of ESTLA leads o telomeric fusions
and elomere shorteming (12, 13). ESTIA, ESTIB,
and ESTIC have also been identified as human
orthologs of the Caenorfabditis elegans SMG
proteins SMG6, SMGS, and SMGT, respec-
tively (/13-16), which are effectors for nonsense-
mediated mRNA decay (NMD) ( /4). The human
NMD core machinery comprises four other SMG
polypeptides: UPF1 (SMG2), UPF2 (SMG3),
UPF3 (SMG4), and SMGI (14).

To test whether telomeres are transcription-
ally silent, we performed Northem blot analysis
of RNA from a human cervical cancer cell ling
{HeLa) using strand-specific telomerc probes.
This approach revealed the existence of TERRA
ranging in size from - 100 bases up o at least 9
kilobases (Fig. 1, A and B). The TERRA signal
was abolished upon fbonuclease (RNase) treat-
ment, confirming that it originated from RNA
{Fig. 1A). TERRA molecules are found exclu-
sively in nuclear fractions and contain UUAGGG
repeats, We only detected a faint signal for the
complementary CCCUAA repeats (Fig. 1A),
suggesting that CCCUAA-containing RNA
molecules might exist only at very low levels.

Fig. 1. Identification of TERRA. (A) Northern blot analysisof A . = con cnn C ofL
Hela cytoplasmic {c) and nuclear {n) RMA with strand-specific RMase: - - + - - » - - + L I ofel  oTRa-
telomeric and 285 ribosomal RNA (rRNA) probes. Black i ull . e
arrowheads point to nuclear precursors of 285 rRNA (fraction- ‘:_— -
ation controks), and the white arrowhead points to the mature ’_ o _oTel oTelas oTsl_aTelas
285 rRNA. (B) Northern blot analysis of nuclear RNA with a 2 TMP: - gn RNA - gn_ RNA
DNA probe from the Xp/Yp subtelomere. Ethidium bromide Jl " 1000- R S
(EtBr) staining of the gel is shown as loading control. (C) Hela 2k - =) -
nuclear RNA was reverse transcribed (RT) with oTel or with oTR. 400- & wt
Control RT reactions were performed by omitting the RT step or = = Xp/¥p 17p
by performing the RT with antisense oligonucleatides (oTelos ! 00 .
and oTRas). PCR was performed with the indicated primer pairs #&%ﬁﬂ FOREAY A w0 ] -
and templates (TMF). gn, genomic DNA. PCR products were - »
visualized by EtBr staining (black arrowheads in upper panels) ————— b L ':’ 0
or by hybridization to an oligonucleotide probe (02) recognizing .g’ ﬁ: g, el e ;a + L "
a specific subtelomeric region distal to o1 (lower panels). B i*g“" i‘“?'l"‘\ : '33 &
ot TR ..pTRas oTR . ofR - pTRos oTA -
™R - RNA . ANA
10000—
1050
10—
200 = .
30—
] 1ig Xp/¥p
ATt= = % = & & # = & 4 & #
EtBr UUAGGG XpYp PCR: o1 +aTL aTL o1 ol 4+ oTL aTL o1
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TERRA molecules were deected n different
human and rodent cell lines (fig. S1A), indicating
conservation of TERRA in mammals,

Hybridization of nuclear RNA blots with a
probe derived from the subtelomenic region of
human chromosome XpYp generated a TERRA-
like hybridization pattem (Fig. 1B). Therefore,
human subtclomers are also transcnbed, and
TERRA transcription might also starl at subtclo-
meric loci and proceed into the telomeric tract.
To test this hypothesis, we reverse transcribed
nuclear RNA using a telomeric 5'-{CCCTAA)s-
3 oligonucleotide (oTel) complementary (o the
putative UUAGGG repeats in TERRA and
polymerase chain reaction (PCR)-amplified the
derived cDNA using primer pairs located in the
subtelomeric regions of chromosomes Xp/Yp,
17p, 11g, and 2p (ol and o2) (Fig. 1C) (J7).
The PCR products matched the products
stemming from PCR amplifications of genomic
DNA (Fig. 1CL Thus, TERRA molecules are
transcribed  from different telomeres and  are
composed of subtelomeric-derived RNA and
UUAGGG repeats. We also revarse transcribed
human nuclear BNA with an oligonueleotide
(0TR) containing five 5“CCCTAA-3' repeals al
the 3' end and 20 distinctive nucleotides at the 5°
end (oTL) and PCR-amplified the ¢DNA with
the oTL primer in combination with oligonu-
cleotides for subtelomeres of chromosomes 11g
and Xp/Yp (ol in Fig. 1C). The PCR products
were heterogencous in size and positive o South-
ern hybridization with oligonucleotides (02 in
Fig. 1C) containing sequences that were specific
for subtelomeric regions distal o the oligonu-
cleotides used for the PCR. The heterogenous
size distribution of the PCR products is inferred
to be due to the presence of many UUAGGG
repeats in the 3' region of TERRA and 1o the
anncaling of oTR in different registers during
reverse transcriplion,

To analyze the cellular localization of TERRA,
we performed RNA fluorescence in situ hybrid-
ization (RNA-FISH) expenments. Hybridization

Fig. 2. Telomerc localization of
TERRA. (A} RNA-ASH experiments
with strand-specific telomeric DNA
probes on Hela cells. Red and green
signals correspond to the probes
detecting CCCTAA-CCCUAA repeats
or TTAGGG-UUAGGE repeafs, respec-
tively. Experiments were performed
both in native (to detect RNA) and
denaturing (o detect DNA) condi-
tions. 4°, 6 -diamidino-2-phenylindole
(DAP—stained nuclei are in gray. (B)
RNA-FISH experiments performed

DMA

nathve

on HLF cells after indirect immunestaining with antibodies to human Rapl. TERRA signals are in
red, hRapl signaks are in green, and colocalization of the two signals generates yellow signals

in the merged panels. (C) RNA-FISH experiments performed on metaphase chromosomes
prepared from MEFs. TERRA signals are in green, and DAPl-stained DNA is in red.

A vusrcce TeRRA)

ielo probe
TERRA

of detergent-extracted nuclel with a fluorescent-
ly labeled CCCTAA repeat-containing probe
revealed an RNase-sensitive punctate nuclear
staining: ~30%% of HeLa and primary human lung
fibroblasts (HLFs) displayed 3 10 7 TERRA foci,
whercas 80 to 10095 of human osteosarcoma
cells and murine renal cancer cells displayed
20 to 40 foci (Fig, 2A and fig. 51, B and C),
Consistent with the Northem blots, our RNA-
FISH analysis failed to detect CCCUAA repeat
containing RNA molecules. We then performed
RNA-FISH after indirect immunofluorescence,
using antibodies against the human shelierin
component hRapl (/8). TERRA foci colocal-
zed with Rapl foci (Fig. 2B and fig. S1D), n-
dicating that TERRA is a component of human
telomeric heterochromatin. We also  detected
TERRA molecules at the ends of metaphase chro-
mosomes from pamary mouse embryo fibroblasts
(MEFs) (Fig. 2C). The association of TERRA
with transcriptionally silent metaphase chromo-
somes indicates that al least some TERRA re-
mains telomere-associated afier its synthesis.
Several SMG proteins are involved in genome
stability and telomere maintenance (12, 13, 19, 20),
To determine whether SMG proteins regulate
TERRA at chromosome ends, we infected Hela
cells with lentiviruses expressing short hairpin
RNAs (shRNAs) directed against UPF1, ESTIA,
SMGI, and UPF2 (fig. 82). Depletion of UPF1,
ESTIA, or SMGI induced a substantial inerease
in the number of cells displaying telomere-
associated TERRA foci as well as in the number
of foct per positive cell (Fig. 3, A and B, fig. 53,
A and B, and fig. S4). A milder increase was
observed for UPF2-depleted cells, although the
steady-state levels of the NMD subsirate BAGI

(27) were similarly increased wpon depletion of

all tested SMG factors (fig. S30). The observed
accumulation of TERRA in nucler of SMG-

depleted cells was not due w0 accumulation of

cells in different phases of the cell cyele (Fig. 3C
and fig. S3C), nor was it the result of substantially
increased total TERRA levels (fig 53D). Further-

TTAGGG CCCUAA CCCTAA

native  denatured

ANsse  denatured
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more, the approxinute half-life for TERRA of 3
hours was not augmented i cells depleted for
LPFI or EST1A (fig. 85). These results suggest
that SMG proteins promote the displacement of
TERRA from telomeric chromatin and that dif-
ferent SMG proteins might play nonredundant
roles in this process. Supporting a direct func-
tion for SMG proteins in regulating TERRA
at chromosome ends, chromatin fractionation
experiments followed by Western blot analy-
sis revealed that all seven SMG proteins are
present in chromatin fractions derived from
either asynchronous or S-phase Hela cells (fig.
S6A) In addivion, chromatin immunoprecipi-
tation experiments with Hela cell exiracts dem-
onstrated that chromatin-bound SMG  proteins
are several-fold enriched at telomeres in vivo
over Alu-repeat sequences (fig. 56, B and C).
We then transfected Hela cells with plas-
mids expressing shRNAs against different SMG
proteins, which led to more efficient depletion
than the lentiviral-mediated depletion used above
{fig. S2). Terminal restriction fragment (TRF)
analysis in UPFI1- and EST1A-depleted cells did
not reveal noticeable changes in TRF lengths.
Nevertheless, a decrease in the overall intensity of
the telomeric smear was seen when the telomeric
signal obtained from dwomeosome ends was nor-
malized to the signal derived from interstitial
telomeric repeats (Fig. 4A). Thus, UPF1 and
ESTIA depletion might lead to the sudden loss
of entire telomeric tracts at some chromosome
ends. Consistently, DNA-FISH analysis of meta-
phase chromosomes from UPFl- or ESTIA-
depleted Hela cells revealed a five- to sevenfold
increase in telomere-free chromosome ends. A
twofold increase in associated sister telomeres
and a four- to fivefold incresse in ielomeric frag-
ments were also observed (Fig. 4, B and C, and
fig. 57). Similar results were obtained for SMGI -
depleted cells, although telomere reamrangemenis
were observed at lower froquencies in cells de-
pleted for UPF2 or ESTIC (Fig. 4C and fig. 57).
Because plasmid shENA-mediated depletion of
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UPF1, EST1A, and UPF2 led to simlar stabili-
zation of the WMD reporier f-globin NS39
RMNA (22) (fig. S2), at least a pant of the observed
telomeric defects is not an indirect consequence
of loss of canonical NMD. Consistently, RNA
microamay analysis of cells depleted for UPFI

did not disclose pronounced deregulation of ran-
sarpls coding for known telomenie factors, includ-
ing the six shelierin components (27). Finally,
scorng of metaphases depleted for UPF1, ESTIA,
and SMG1 revealed accumulation of chromo-
some and chromatid breaks at subtelomeric and

Fig. 3. SMG proteins promote TERRA dissociation from

chromatin. (A) Hela cells were infected with lentiviruses
expressing shRNAs directed against the indicated SMG
proteins or empty vector (shEV), and RNA-FISH experiments
were performed to detect chromatin-associated TERRA (in
red). Numbers indicate the counted TERRA foci for each
nucleus. (B) Classification of infected cells according to the
number of TERRA fod. 100 to 200 cells were counted for
each infection. Means (bars) and SDs (error bars) are from
two independent experiments. (C) Fluorescence-activated
cell sorting analysis of the same cells as in (A) and (B). PI,

propidium iodide.

Fig. 4. SMG proteins protect human cells from loss of entire A
telomere tracts. (A} TRF analysis of genomic DNA prepared
from Hela cells transfected with plasmids expressing shRNAs
against UPF1 and EST1A or with emply vector controls.
Numbers at the bottom indicate the ratio between the signal
associated to the bulk of telomeres and the signal associated to
intrachromosomal telomeric repeats (ITs), relative to shEv-
transfected cells. Means and 50s are from three independent
experiments. (B} Complete metaphases and enlarged examples
from telomeric DNA-FISH experiments performed on meta-
phase chromosomes from Hela cells treated as in (A).
Telomeric sequences are in green, and DAPl-stained chromo-
somes are in red. Arrowheads point to telomere-free
chromosome ends (TFEs). Asterisks indicate telomeric frag-
ments (TFs), associated sister telomeres (ASTs), a subtelomeric
chromatid break (Sub), and an intrachromosomal chromatid
break (Br). (C) Frequencies of telomeric aberrations observed in

SMG-depleted cells.

telomares

E

mtrachromosomal locations (Fig. 4B), which 1s
consistent with more general roles for UPF1 and
SMGI in genome stability (/%, 20) and sug-
gestive of similar roles for EST1A.
Mammalian telomeres have genelike prop-
ertics in that they are actively transcribed into
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TERRA molecules, Artificially induced strong
transcription of a budding veast telomere al-
leviated the TPE exented by the transcribed telo-
mere and provoked telomere shortening (24),
suggesting a role for telomeric RNA in organizing
telomere architecture, It is possible that TERRA
promotes telomeric heterochromatin assembly
by mechanisms similar to the X<chromosome in-
activation in females, which is mediated by the
long noncoding Xist RNA (25), or to the RNA
interference-mediated heterochromatinization of
the elomenc df-homologous region in fission
yeast (26). SMG proteins regulate TERRA al
chromosome ends, and UPFl and ESTIA
physically interact with DNA polymerase & and
telomerase, respectively (J2, [3, 19, 27) We
speculate that the telomeric defects induced by
SMG-depletion could derive from the loss of
coordination between TERRA and key enzymai-
ic activities that assure telomere replication and
length homeostasis.
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A High-Resolution Root
Spatiotemporal Map Reveals
Dominant Expression Patterns

Siobhan M. Brady,” David A. Orlando,™? Ji-Young Lee,'* Jean Y. Wang," Jeremy Koch,*
José R. I:iinmen:,r,1 Daniel Mace,? Uwe Ohler,*** Philip N. Benieyl"'t

Transcriptional programs that regulate development are exquisitely controlled in space and time.
Elucidating these programs that underlie development is essential to understanding the acquisition of
cell and tissue identity. We present microarray expression profiles of a high-resolution set of
developmental time points within a single Arabidopsis root and a comprehensive map of nearly all
root cell types. These cell type—specific transcriptional signatures often predict previously unknown
cellular functions. A computational pipeline identified dominant expression patterns that demonstrate
transcriptional similarity between disparate cell types. Dominant expression patterns along the root’s
longitudinal axis do nat strictly correlate with previously defined developmental zones, and in many
cases, we observed expression fluctuation along this axis. Both robust co-regulation of gene expression
and potential phasing of gene expression were identified between individual roots. Methods that
combine these profiles demonstrate transcriptionally rich and complex programs that define
Arabidopsis root development in both space and time.

he development of multicellular orga-

I nisms is regulated by transcnptional net-
works that act o specify cell types and to
provide positional information (/). An under-
standing of the spatial and temporal control of an
organ’s transcriptional complexity requires
detailed knowledge of its transcriptional states
al a resolution specific for cell type and develop-
mental stage. Here, we present, at high resolu-
tion, the first microarmay-based expression map
of a single organ and a profile of nearly all
Arabidopsis voot cell types, With a computational
pipeline we developed o analyze this immense
data set, we show the output of a complex ran-

scriptional network that underies oot spatio-
temporal development, including evidence of
fluctuating expression over developmental time
and considerable cxpression varation between
individual roots.

The cellular organization of the Arabidopsis
rool reduces the complexity of analyzing its spatio-
temporal development. The rool consists of 15
cell types that arce organized around its radial axis,
many of which display rotational symmetry (Fig,
1 and table S1) (2). To a first approximation, the
root’s rotational symmetry permits the analysis of
cell types o be confined 0 one dimension, the
radial axis. The different cell types arise from the

guiescent centre (QC), where initial cells that
surround a mitotically less active stem cell niche
divide. Cell types are constrained within cell files,
so that each new cell division successively dis-
places an older cell distal o the guicscent centre.
Cells undergo division, elongation, and differenti-
ation when they enter the menstenatic, elonga-
tion, and maturation zones, respectively, along the
longitudinal axis (Fig. 1). Because cells are con-
strained within these files and new cells are bom
at the root apex, a cell’s developmenial time ling
can be tracked along the root’s longitudinal axis.

A previous analysis combining {Tuorescence-
activated cell sorting of green fluorescent protein
(GFP)-marked cell populations with microarray
analysis described expression profiles of five
tissue types and three developmental zones in the
rool (3). These tissue and developmenial zone
profiles revealed a greater ranseriptional come
plexity than profiles of the organ alone (3). To
accuraiely describe all transcriptional patiems
that occur in the root, however, requires a higher-
resolution data set that profiles all cell types and
developmental stages within an organ. Using the
fluorescence cell-sorting  expression analysis

IDepartment of Biclogy, Duke University, Durham, WC
27708, UsA. “Program in Computational Biology and
Bininformatics, Institute for Genome Sciences and Policy,
Duke University, Durham, NC 27708, USA. "Providence
Glen Drive, Chapel Hill, NC 27514, USA. *Department of
Biostatistics and Bioinformatics, Duke Wniversity, Durham,
NC 27708, USA. "Department of Computer Sdence, Duke
University, Durham, NC 27708, USA, “Institute for Genome
Sciences and Policy, Duke University, Durham, NC 27708,
UsA.

*Present address; Boyce Thompsen Indtitute for Plant
Besearch, Tower Road, [thaca, NY 14853, USA

1To whom correspondence should be addressed. E-mail:

benfeypduke.edu

www sciencemag.org SCIENCE WVOL 318 2 NOVEMBER 2007

801




I REPORTS

method (F), we obtained expression profiles of
cight new GFP-marked cell populations [S17 (4),
S32 (4). COBL9 (5), JO121 (6). 54 (#). SUC2
(7). J2501, and RMI1000 (table S1)]. We
combined these with 11 previously published
experiments [PET111 (8), AGL42 (8), LRC (3),
GL2 (3), CORTEX (4), SCR (3), JOS71 (3),
12661 (%), APL (4), WOL (3), and 518 (4)] to
form a comprehensive data sct of 19 experiments
(radial data set) that profile expression of 14
nonoverlapping cell types in the Arabidopsis rool
{table 51). To profile developmental stages in the
root, we microdissecled a single root into 13
sections, with each section encompassing ap-
proximately 3 to 5 cells along the longitudinal
axis, and we profiled the expression of each by
microarray (/). Temporal expression variation
in shoot tissue has been demonstrated, and noise
in gene expression between genetically identical
omzanisms can deiermine cell fate (14, 12). There-
fore, we also microdissected a second root to
assess expression variation between roots in de-
velopmental time,

We first asked how expression between
individual cell types differed, by using a mixed-
model ANOVA (analysis of vanance) o deter-
mine significant differential expression (g <
0.001) (9. We selected 10 marker lines that
profile individual cell types, two lines thal
explore expression variation within the pericycle,
and four lines that profile varying developmental
stages of xylem and phloem (table S1). Contrary
to previous interpretation, the vascuolar cell types
contain the highest number of ennched genes
(fig. 51, table 52)(3). Functions of individual cel
types have been characterized by genetic or
physiological swdies, but no comprehensive
analysis has described the putative functions of
cach cell type as defined by its ranscriptome. We
therefore examined Gene Ontology (GO) wenn
enrichment using the hypergeometric distri-
bution, comrecting for multiple hypothesis test-
ing to infer cellular function (f3). A number of
genes have also been associated with biological
processes through microamay expression analy-
sis. We therefore mined the literature for such
gene associations and for features that link
genes to transcriptional networks through cis-
element enrichment (figs. 52 to S4) (J0). Two
intercsting trends were observed for GO term
enrichment: First, the majority of enrched tenms
were associated with individual cell types, and
second, those GO lerms associated with mul-
tiple cell types represent more general biological
processes (e.g., peroxisomal activity and mem-
brane localization) (Fig. 2A, and table 53 and
fig. S2) (/). As a measure of the reliability of
our method in identifying cell type-enriched
genes and ol our ability to comectly annotate
biological processes 1o a cell type, we compared
a listwe generated of genes enriched in root hair
cells with a previous study that profiled root hair
maorphaogenesis. In accord with this published
report (13), we found reot hair cell differentia-
tion genes, kinases, and cell wall-loosening

genes enriched in hair cells (P=2.1E7, 53E ™,
3.8E ) (Fig. 2B). Our analysis further increased
the spectrum of biological processes associated
with root hair development to include caleium
ion transport, vesicle docking during exocytosis,
and nicotinamide adenine dinucleotide and'or
nicotinamide adenine dinucleotide phosphate
(NAD'/NADP") activity (P = 2E™, 1.5E7,
LIE™, SE™). With this added confidence in
our method, we then used enriched gene
calegories to infer the function of other cell
types (table 53 and figs. 2 w S4). Of particular
note were xylem cells in the meristematic zone
thai were ennched for translation initiation and
clongation, RNA binding and processing, and
mitosis (P=7.2E ™, SE*, 61E™", 1.8E™, 7.3E™)
(16), (fig. S5). Strong colocalization of the first
two enzymes in flavonoid biosynthesis in the
cortex has been demonstrated by immunolocal-
tzation (/7). We provide further evidence for
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conex-enriched flavonoid biosynthesis with
enriched expression of four of the five flavonoid
biosynihetic enzymes [P = 6.12E® (iable $3)].
Another striking example is the enrichment of
genes involved in defense, heat, and oxidative
stress responses in the endodermis [P = 4.3E 7,
8.97E, B.23E° (table 83)].

We were also interested in identifying com-
plex spatial expression patterns that are specific
to two or more cell types, and therefore, we
developed an unsupervised approach o identify
dominant, relative expression patlems across cell
types and along developmental time (10). If one
does not know the a prion expression paltems
present in a biological context, there are two
methods that can identify them, The first enu-
merates all possible pattems. However, given the
length and complexity of the pattems we are
looking for, the number of pattems would be
intractably large. Consequently, our pipeline uscs

Fig. 1. Microarray ex-
pression profiles of 19
fluorescently sorted GFP-
marked lines were ana-
lyzed (3-9, 23, 24). The
colers associated with
each marker line reflect
the developmental stage
and cell types sampled.
Thirteen fransverse sec-
tions were sampled along
the root's longitudinal
axis {red lines) (20). CC,

\ companion cells.
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fuszry k-means clustering to generale an initial col-
lection of pattems with strong support. Heuristic fil-
ters were applied to reduce the collection 1o a smaller
set of distinct expression patterns (/) and 51 dis-
tinet, dominant rmdial and 40 dominant longitudinal
patterns resulted (Fig, 2C, Fig, 3A, figs, 517 and
S18, and wble 54) In companson, in a previous
analysis of five root tissues and three developmen-
tal zones, only eight dominant expression pattems
were identified using Principle Component Analysis
on differentially expressed penes (3) The increased
number of identified pattems deady demonstrates
the value of higherresolution data sets and of the
need for more sophisticated computational methods
to clucidate underlying mnscriptional programs.
We analyzed these pattems 1o determine the
breadth of expression patiern distibutions. Seven-
tean dominant patiems identified from the mdial data
sel show enrched expression in a sngle cell type
(1) (Fig. 2D). In some of the 34 paltems where
expression was ennched in multiple cdl types, peaks
of expression occurmed in ontologically or spatially
related tissues: in other cases, they were found in cell
types that are spatially separated and have no known
oniological relationship (Fig. 2, E 1o G, and fig. S6).
Among the 40 patiems identified from the lon-
pitudingl data sat (Fig. 3A and fig. 57). the majority
showed maximal expression across two or more
contiguous root sections (Fig. 3B). This suggests
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that in most cases, the sections we sampled ane
smaller than the region in which expression is being
regulated, which, i um, indicates that we are at the
necessary resolution for detecting differential ex-
pression along the longitudinal axis. This also dem-
onstrates @ greater complexity of transcriptional
programs that undedie previously defined mot
developmental zones. Development is usually de-
scribed as a progressive unidiredtional process, and
it was therefore surprising that 17 of the 40 domi-
nant expression pattems show expression changes
that fuctuate over developmental time, presenting
muliiple peaks of expression (Fig 301 Alhough
escillatory iranscriptional mechanisns have been
described ( /8, 19, until recently (20) they had not
been deseribed during ot development.

To determine the biokogical relevance of these
transerptional programs, we identified sets of genes
that corrclated well with the dominant patterms and
assessed these lists for biological process enrich-
ment (J0)(figs, S8, S19, and 520, tables S5 0 S10,
and folders S1 and 52). Coexpressed pones as-
signed to three pattems support transcriptional
mechanisms in the rzgulation of suxin fux across
single and multiple cell types. The expression of
tryplrophan-dependent auxin biosynthetic genes
15 concomfantly ennched m the QC, laterl root
primordia, and pericycle [P = 1.9E ™" (Fig 2E)];
polar auxin ransporiers and genes that regulate

| &
o

| starad Rset Cop
Pricem (532
Pricem isucz)

P Pasgycia
Phicom |(APL) b

Daveloping Xylem
ICorex

TELC o

T SIS et b S S B B
™ =

MADPs Aty

Fprone by theees
&

dufing arocynes

?-I.Illﬂ'l
HAD Armaty E
1

P Ml ce et eratizn

Takammi
R e

I | WRKY TF

PROBESETS M

=
= B .

MARKER LINES

lAA biosynthesis

G
o
o ol

PROBESETS @

‘HDEEEET‘ m

&

MARKER LINES

1AA homeostasis

XPP-

Mon-Hodr Coll

REPORTS I

transporter polarity show ennchment in the columel-
la, root hair cells, and cortex (P = 1.03E 7 and
genes that regulate auxin homeostasis are specifically
enriched in the columella [P~ 8.82E (Fig. 2, Fand
(3)]. In addition w these genes of known function,
cocxpressed ganes of unknown function can be hy-
pothesized to play a wle in these processes, In cases
where expression s enriched in cell types that have
no known onological or spatial relationship, the
biological significance of a shared transcriptional
pathway that links these cell types can be informed.
An example is found in hair cells and xylem, which
undergo cell wall deposition when they undergo ter-
minal differentiation, and in which a comsponding
enrichment of genes involved in cell wall deposi-
tion was identified [P = 1 44E™ (fig. $6)). Hair
cells deposit cell wall matedals durng hair mor-
phogenesis when the cell rapidly expands, and
xylem eells, during the deposition of secondary cell
wall. Identifying the functional importance of dom-
inant expression pattemns that span multiple ccll
types should contnbute important insights into the
network of transcriptional interactions that regulate
Arabidopsis root development.

Analysis of the genes assigned 1o longitudinal
pattems allowed us to infer and confirm biological
processes that occur dunng root development.
Starch-containing amyloplasts in columella cells
play a mle in gravily sersing and a cormesponding

D

Expression Peak
Distribution

T8 ENAmTT

F8938EEETITES 2

| _JE.—l = :,E.:N

?a g EXE Ei% 1]

- -] 5

= = = 7

] Eﬁ”";mm 2
Syl
= —diE -
1 -
8 - .;f .
E 5 |
== (¥

MARKER LINES

polar auxin transport

Fig. 2. (A} The majority of enriched GO terms (hierarchically clustered) are asso-
ciated with individual cell types (blue bar). A smaller number are present across
multiple cell types (green bar). (fig. 52) (B) GO category enrichment for hair cells
confirms a previous repart (15). Enriched ds-elements and an enriched TF family
were also identified. {C) From the top 50% of varying probe sets, 51 dominant
radial pattems were identified. Pattem expression values were mean-normalized
(rows) and logs transformed to yield relative expression indices for each marker line
(columns). Marker line onder i the same for all figures; see table 51 for marker line
abbreviations. (D) Pattern expression peals were found aoss one to five cell types.
(E to G) Pattems where expression is enriched in single and multiple cell types
support transcriptional requlation of awdn flu and synthesis. In all heat maps with

probe sets, expression values were mean-normalized and log, transformed. Ex-
pression is false-colored in representations of a root transverse section, a aut-away of
a root tip, and in a lateral root primordium. (E) Auxin biosyrthetic genes ((YP7982,
CYP7983, SUPERROOTI, and SUPERROOTZ) are transcriptionally enriched in the
QC, lateral root primordia, pericyde, and phloem-pole periyde (P = 199,
pattem 5). All AGI identifiers and TAIR descriptions are found in table 514. {F) Auxin
amido-synthases GH3.6 and GHZ.I7 that play a role in awdn homeostasis show
enriched expression in the columella, just below the predicted auxin biosynthetic
center of the QC (P = 8.826"%, pattem 13). (G) The expression of the auxin
transporter, PIN-FORMEDZ, and awxin transport regulators (PINOVD, WAGI) are
enriched in the columella, hair cells, and cortex (P = 1.03E %, pattern 31).
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enrichment of starch catabolism genes was denti-
fied here (P= 2.59E ), whereas genes ennched in
meristem determinacy and mitosis-specific expres-
sion colocalize with the sections containing the QC
and just above the dividing initials (P = 222E,
3.79E%). By contrast, only one of the pattems that
showed fluctuating expression i developmental
time correlated with a known biological process
cell cyele activity with expression peaks associated
with the root apical merstem and the initiation of
presumptive lateral root menstems (Fig. 3E and
table S9). For the remaining pattems with fluc-
tuating expression (fig. 59), the majority are en-
riched in gane funclions sssociated with matabolic
or fransport activity (table 59),

The patterm-finding described above was per-
formed on expression profiles from a single root
because of variability in root growth. To assess the
reproducibility of observed expression between ep-
lrcale mols, we compared the expression of every

Fig. 3. (A Forty diverse and distinct
patterns were identified from the top
50% of varying probe sets (rows) from
sections along the longitudinal axis
(columns). (B) Most patterns show an
expression increase across two longitu-
dinal sections. (C) Two pattern catego-
ries were identified: a single expression
peak (top) and fluctuating expression in
developmental time (bottom). (D to F)
Co-regulation of probe set expression
between roots. Patterns were identified
from root 1. Root 2 was treated as the D =
replicate. Probe sets are listed in the

same order. Red dashed lines indicate
co-regulated groups (10). Note that
there is no columella section in root 2.
(D) Robust co-regulation of expression
for a single expression peak (pattern
25). (E) Robust co-regulation of ex-
pression for a fluctuating pattem (pat-
tern 19). (F) Extensive between-root
variation with multiple co-regulated
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probe st with iself, as well as with randomly se-
lected probe sets The resulting distrbutions showed
that longitudinal expression is langely reproducible
across roots (/0) (fig. S10) Next, we asked how
mobust coexpression is for probe sets assigned o our
dominant expression pattems, Methods used 10
analyze other micmoamay time saics ane nol suitable
because the sections are not identical between roots
and the spacing between developmental time points
is unknown (21, We therefore determined the ex-
tent to which probe sets assigned to dominant pat-
terms in our festrool wene coexpressed in the second
mot (/) (Fig. 3. Do F) In the majority of pattems,
greater than 90% of the probe scts maintined
coexpression (figs S11 and 512, table 511, and
folder 83), which indicated that pattems are quite
robust between replicates. In most cases where low
coexpression was observed (table 511), subsets of
probe sels showed remarkable co-regulation or phas-

mg in several diserele regions along the mol. This is

raminscant of oscillatory expression dependent on
the phase of a developmental process (Fig. 3F) (/8).

Longitudinal expression profiles were validated
by analyzng expression confered by upstream reg-
ulatory regions (4) of representative penes fised o
GFP. Expression matched microarmay profiles with
relative peaks of high expression along the longite-
dinal axds in all four cases examined as quantified by
image analysis (Fig. 3, G to J, and figs. S13 and
S14). A gene that displays potentially oscillatory
dynamic behavior was also validated (fig. S15).
which further demonstrated the reliability of this
approach in determining accurate in vivo temporal
CXPIessIon Programs,

Together, these data ses descrbe the averaged
expression within a celldype population along por-
tions of the longitudinal axis or among multiple cell
types al specific developmental time points. To
identify genes with high, relative expression in both
space and time, we conditionally added the log-

groups (pattern 37). (G to J) Validation G H |
of longitudinal expression patterns é 1. E 1 ) B
with transcriptional GFP fusions. The % o /Y™~ @ U\ @
expression profiles are able to resolve 5 E £
LOMNGITUCHMAL SECTIONS W -V ONGITUDIMAL SECTIONS & !

in vivo expression at high resolution:
AGAMOUS-LIKEZ21 (Q) expression vali-
dates a peak in section 1, whereas
WEREWOLF (H) shows a peak in sec-
tion 2; (I} Atdg05170 (pattern 39)
confirms the microarray data with a
fluorescence peak in the maturation
zone. (]) Expression conferred by the
At5g6 0200 promoter confirms a fluc-
tuating expression profile (pattern 37)
with two peaks of expression in the
meristematic region and the distal
elongation region. This image con-
tains portions distal to the sections
dissected for microarray analysis. A
third peak of expression & found in
this distal maturation zone.
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nomalized values of the radial and longitudinal
dominant expression paticms (Fig 4, A and B, and
folder 54). The resulting high relative peaks at the
intersections of expression wene visualized in a heat
map of the three dimensional (3D) ot (Fig. 4B and
folder S4). Good comehitions were found batween
expresson from the ranscripional fusions and the
predicied spatictemporal expression pattems (Fig,
4B and fig. 516),

Our computational pipeline revealed a number
of dominant expression pattems, but the initial data-
processing step eliminated genes that were not
expressed or that displaved low expression varia-
ton. Convenling expression (o binary (present or
absent) values caplures different aspects of gene
expression discarded when analyzing relative
expression. Binary pattems from both data sets
were superimposed using the AND logical
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operator, so thal positive expression i both data
sots was required, and the resulting 158 clusters
were analyzed (/0) (folder S5). By this method,
2018 probe sets were identified as being expressed
ubiquitously (Fig. 4C). A number of clusters were
found that mark developmental zones (Fig. 4D),
cell types at specific developmental stages, and
cases whore expresson was absent in a single cell
type throughout developmental time (Fig, 4E),
Expression dat associated with our identified
patterns has been able to resolve trnscriptional pro-
grams al high spatial and emporal resolution. We
should then be able i wse these groups of coex-
pressed genes o infer transcriptional regulatory mod-
ules, Ciscloment ennchment within coexpressod
gene groups can provide clues as to upsiream reg-
ulatory tmnscripion faciors. We analyzed penes
assigned to all pattems for eniched cis-clements
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and for the presence of comesponding transcrip-
tion factors. We were able to infer a MYB-domain
transcription factor-regulated auxin biosynthesis
module, an auxin response factor (ARF)-regulated
madule in the columella, and two WRE Y-regulated
modules in hair cells at different developmental tme
points (fig. S21). The auxin biosynthesis phenotype
confemed by an allele of the Altered Trnptophan
Regukerion | (ATRI) MYB-domain trnscription
factor supports the validity of our methad in in-
femring these modules (16, 22). More sophisticated
algorithms should be able to extend this analysis 1o
identify the complement of tanscriptional reguls-
tory modules mportant for root development,
Together, the data obtaned from this high-
resolution data set both highlight and revise owr
view of the rch and complex network of transcrip-
tional programs that underlic cell type and temporal

Fig. 4. Combining radial and longitudinal expression data to identify
gene expression in space and time using dominant expression patterns (A
and B) or binary logic (C to E). (A) Radial (x axis) and longitudinal (y axis)
patterns are combined by conditional addition to yield relative enriched
peaks of expression by cell type and developmental time. The heat map
predicts an enriched relative peak of expression in the cortex and mare
weakly in the endodermis at the distal region of the meristematic zone and
elongation zone. (B} A 3D representation of the conditional addition in (&)
(left). The At3g05150 transcriptional GFP fusion confirms this expression.
(C to E) All expression values were converted to binary representation and
combined using the logical AND operator. Presence (red) or absence (blue)
of expression in the radial data set (x axis) and in the longitudinal data set (i axis) is indicated. Yellow indicates expression found in both data sets. Marker line
and longitudinal section order are as in Figs. 2 and 3. (C) Ubiguitous expression in all cell types and developmental stages. (D) Expression only in the maturation
zone. (E) Expression in all root zones and cell types except maturing xylem.

GITUDINAL
SECTIONS

LON

c D E
MARKER LINES MARKER LINES MARKER LINES

www sciencemag.orq SCIENCE VOL 318 2 NOVEMBER 2007 805




REP

806

ORTS

aspects of root development. In the future, it will
be interesting to compare the spatial and temporal
transcriptional complexity that underlies organ
development in other multicellular organisms.
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Menin Controls Growth of Pancreatic
B-Cells in Pregnant Mice and Promotes
Gestational Diabetes Mellitus

Satyajit K. Karnik,* Hainan Chen,'* Graeme W. McLean,'* Jeremy ). Heit,** Xueying Gu,*
Andrew Y. Zhang,® Magali Fontaine,® Michael H. Yen,»* Seung K. Kim™*t

During pregnancy, maternal pancreatic islets grow to match dynamic physiological demands, but the
mechanisms regulating adaptive slet growth in this setting are poorly understood. Here we show that
menin, a protein previously characterized as an endocrine tumor suppressar and transcriptional regulator,
controls let growth in pregnant mice. Pregnancy stimulated proliferation of maternal pancreatic islet
B-cells that was accompanied by reduced islet levels of menin and its targets. Transgenic expression of
menin in maternal P-cells prevented islet expansion and led to hyperglycemia and impaired glucose
tolerance, hallmark features of gestational diabetes. Prolactin, a hormonal regulator of pregnancy,
repressed islet menin levels and stimulated [3-cell proliferation. These results expand our understanding of
mechanisms underlying diabetes pathogenesis and reveal potential targets for therapy in diabetes.

aternal pancreatic islel expansion in
Mmdmls and hunans (/- 3) suggests that

adaptive islet cell growth is a mecha-
nizm for ensuring metabolic balance in pregnancy,
a physiological state marked by increased insulin
demand. Descriptive studies with rats (2, 3) sup-
port the hypothesis that proliferation of insulin-
secreting islet f-cells is the principal mechanism of
fcell expansion in pregnancy, but the molecular
basis of facultative maternal B-cell proliferation is
unknown. Morcover, it is unclear if impaired
maternal B-cell proliferation leads to reduced
insulin levels and gestational diabetes (4).

To nvestigate the mechanisms controlling ma-
termal islet expansion, we examined fi-cell mass in
pregnant C57BI6 mice, We found that matemal
B-cell mass increased by twofold (fig S1A), ac-
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commodating increases in nualemal body mass
(fig. SIB). After parturition, maternal fi-cell mass
and body mass returned o prepartum levels (fig,
S1, A and B). To assess matemal islet cell prolif-
eration, we perfomced labeling studies with bromo-
deoxcyuridine (BrdU). fecell proliforation inoreased
in pregoant mice until 15 days posteotium (dpe)
and then declined to preparum levels (Fig. 1, A to
C). Thus, matemal islet f-cell expansion and mass
are dynamic in mice.

Hyparplasia of the matemal pitvitary (5) and
islets in pregnancy s reminiscent of endocring
profiferation in multiple endocrine neoplasia type
| {(MENT), a human canca syndrome characteracsd
by synchronous tumors of the pituitary, endocring
pancreas, and parathymid. Most MEN cases re-
sult from mutation of Men !, whose protein product
is menin (&, 7). In mice and bumans, mutation and
pathological Menl loss promote neuroendocring
tumors, including islet B-cell tumors (7, 8). Thus,
we postulated that physiological changes in Menl
expression might regulate faculiative maternal
fcell growth in pregnancy. Immunochistology,
Western blotting, and real-time reverse tanscription
polymerase chain reaction (RT-PCR) swdies of

matemal islets 1solated during gestation revealed
that slet levels of Men/ mRNA and menin de-
creased i pregnancy (Fig 1, Do G), then ncreased
to prepartum kevels by 1 week after binth of the pups
{Fig. 1, F and G). By contrast, we did not detect
changes in matemal slet levels of mRNA encoding
mixed Imeage leukemia-1 (MLLI), a protein that
associates with menin (Fig. 1F). Thus, atienuated
Meni expression comresponded with increased
B-cell proliferation in matemal islets,

Menin functions in a histone methylransferase
protein complex contaning MLL (9, 70} This
complex promotes timethylation of histone H3
on lysine 4 (HIK4), an epigenetic mark associated
with transcriptionally active chromatin, Menin-
dependent histone methylation maintains expres-
sion of p27°™ and pI&™C (hereafier, p27 and
i), which encode evelindependent kinase (CDEK)
inhibitors that prevent islet proliferation (7/-14).
Consistent with our previous findings in islet -
mons (1), reduced slet menin levels in pregnancy
afer 8 dpc were accompanied by reduced p27 and
pI8 mBNA and protein levels (Fig. 16 and fig.
SI1C) and. as revealed by chromatin immunopre-
cipitation (ChIP), by decreased levels of menin and
wrimethyl H3K4 associaied with p27 and pld (Fig.
1H). Thus, attermated menin levels and fimction
reduced pancreatic islet 227 and p/d expression in
pregnant mice,

To determine whether adaptive matemnal [3-cell
proliferation might require reduced Mend expres-
sion, we genemted mice that permitted conditional
Men [ expression m fcells. Transgenic mice produc-
ing hemagglutinin-tazeed menin under control of
the tetracycline mesponse element (TRE-Menl)
{/5) were genemted and mated with mice expres
sing the meverse tetrcycline trans-activator (riTA)
in f-cells directed by the rat insulin promoter (RIP)
{16). In bidransgenic RIP-nT4, TRE-Men! mice
{abbreviated pMenl ), administration of doxycycline
{Dox) allows aTA binding to the TRE clement and
stimulates fcell expression of Men/ mRNA and
menin protein (fig. 52, A and B). Exposure of RIP-
rTd or TRE-Men/ single ransgenic mice o Dox
did not induce changes in menm levels (fig. 82, A
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and B). In iskets solaled from male or virgin famale
AMenl mice continuously exposed to Dox after
10 weeks of age, we detected increased levels of
Mend, p27, and pf& mRNA. Thus, conditional in-
duction of menin in B-cells stmulated expression
of known menindarget genes. However, TRE-
Menl expression in male or vingin female fMenl
mice did not alter seum msulin or glucose control
(fig. 82, C w E), indicating that TRE-Men/ eox-
pression alone did not dismupt B-cell function,

To assess the consequences of menin misex-
pression during pregnancy, we continuously ex-
posed 10-week-old BMenl females o Dox for §

Fig. 1. Dynamic regulation of A

menin and its target genes during %ﬁ 4
facultative islet growth in preg- =3

nant mice. (A) Quantification of 23,

BrdU incorporation by maternal 5 -

islet fi-cells (7 = 3 to 6 mice Eg‘ &
sampled per time point). (Band 2 © 5
C) Detection of insulin (green) dpe dpc

and BrdU (red) in islets from
nonpregnant (B) and 17-dpc
pregnant mice (O. (D and B
Detection of insulin (green) and
menin (red) in islets from
nonpregnant (D) and 17-dpc
pregnant female mice (E). Scale
bar, 50 um. (F and G) Real-time
PCR analysis of Menl and ME(R G
and Western blot analysis of the
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r
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weeks, a peniod encompassing mating, gestation,
and delivery, Westem blot and RT-PCR analysis
revealed that Mend mRNA and menin levels were
increased in islets from Dox-exposed pregnant
pMenl females compared to controls, and immu-
nohistology confimed that menin was increased in
islet Pcells from BMenl mathers (Fig. 2, A o E,
and fig. S2F) p27 and pd/& mRNA and protein m
pMenl slets also increased to levels indistinguish-
able from those in preparum islets (Fig. 2A and
fig. S2F). By contrast, mRNAs encoding frsulin/
(hist), dnsedin? (Bs2y, Gha2, and Pedel, factors
that govem Pecell fundtion, were wnchanged in
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BMenl isless (fig. $2G). We measured glucose reg-
ulation, islet gene expression, and P-cell growth in
female fMenl mice starting at 10 weeks of age.
Unlike age-maiched pregnant controls or vingin
PMenl females exposed to Dox, pregnant BMenl
famales exposad © Dox and fed ad libiwm devel-
oped moderate hypaglycemia by 9 dpe, which
worsened until delivary (Fig. 2F and fig. 83, A and
B). Compared to controls, mean glucose levels in
fasted PMen]l mothers on Dox were also signifi-
cantly higher (Fig. 2G and fig. 83C), Intraperitoneal
glucos: challenge similarly revealed impaired gle-

cose olerance in pregnant fMenl females on Dox

Meninfinsulin

Pregnant {135 dpc) Postpartum (P4)

isolated maternal islets. (H) ChiP
studies of menin and trimethyl-
ated H3K4 assodated with pI8
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and p27 from nonpregnant, pregnant, and postpartum maternal islets (7 = 3 to 6 mice). Data here and in Figs. 2 to 4 are presented as the means + 5D. *P < 0.05,
**P < (.01 Ab, antibody; IgG, immunoglobulin G; Menin, anti-menin Ab; Methy, anti-H3K4 Ab; In, input DNA; IP, immunoprecipitate,

Fig. 2. Phenotypes from mis-

expression of menin inislets A
of pregnant mice. (A) Western
blot analysis of the indicated
proteins in idlets from pregnant
control and pregnant fMenl
mice, both at 17 dpc, and from
nonpregnant control mice.
(B to E) Immunchistologic de-
tection of nuclear menin [red,
arrowheads in (D) and arrows
in (B)] in islet f-cells {green)
from pregnant control (B and D)
and pregnant fMen1 (C and E)
mice, both at 17 dpc. Scale bar,
50 um (B and C) and 20 um
(D and E). (F) Blood glucose
levels in fMenl mice (black)
and controls (gray) fed ad lib-
itum and exposed to Dox be-
fore, during, and after pregnancy
{n=10 to 15 mice per group).
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{controls), P < 0.005. (H) Serum insulin concentrations, (1) pancreatic f-cell
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=P < 0.001.

www.sciencemag.org SCIENCE VOL 318 2 NOVEMBER 2007 807




I REP

808

ORTS

Fig. 3. 5tatS and Bclé
regulation of menin in
maternal islets. (A and B)
Detection of Insulin {green)
and 5@t5 (red) in islets
from nonpregnant (A) and
pregnant (B) mice. Scale bar,
50 pm. {C) Western blot
detection of Stat5, phospho-
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incorporation by islet B-cells in prolactin-infused (black) or control mice (white) {7 = 8 mice per treatment). *P < 0,05, *P < 0.01, **P < 0.00L

(Fig. 2G) Consistent with these findings, serum
insulin level were reduced in pregnant BMenl mice
(Fig. ZH). Other phenotypes. including body mass,
liter size, and average birth weight of pups, were
indstinguishable for fMen] mothers and controls
(fig. 34, A o C). In women with gestational dia-
betes, serum glucose concentration ofien retums to
normal after delivery. Likewise in pMenl mothers
on Doy, blood glucose levels decreased afier birth of
the pups and were indistinguishable from those of
control mothers (Fig. 2F), Thus, fMenl mice re-
capifulated features of human gestational diabetes,
Ta vestigaie whether impaired insulin pro-
duction or secretion might underdice hypoinsulinemia
in fhien] mice, we measured nsulin content and
secretion n isolaed islots, Insulin content per slei
cell was similar in pregrant fMenl and control mice
(fig. S4D). Likewise, insulin sccretion by fMen]
islets after gimulation with ghecose or arginine (fig
54, E and F) was indistinguishable from that of
controls, To determine if gestational hypomsulinemia
and hyperglycemia in fMenl mice meflected im-
paired B-cell expansion, we assessed the pancreata of
pregrant fhenl and contol mice. In Dox-treated
pregnant fMenl mice at the end of gestation, B-cell
mass was significantly reduced compared to preg-
nant controls and appeared indistinguishable from
B-cell mass in preparum BMenl mice (Fig. 213 In
pregnant PMenl mice, BrdU studies revealed
reduced P-cell proliferation at 17 dpe (Fig. 2, 1 to
L). Thus, gestational reduction of menin, p27, and
pl8 levels was prevented in fMen| islats, leading to
impaired Pcell expansion. Moreover, we did not
detect differences in islet cell apoptosis in fMenl
and contwol litermate mice (fig S30G), suggesting
that reduced B-cell mass m AMenl mice did not
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Fig. 4. Dynamic regulation of menin and its target genes during facultative slet growth in obese AY mice. (A)
Blood glucose concentration and (B) body mass in 12-week-old control and A” littermate mice fed ad libitum. (C)
Real-time RT-PCR analysis of Menl, p18, and p27 mRNA levels in islets from control or A” littermate mice. (D)
Western blot analysis of the indicated proteins in islets from control and A” bittermate mice. (E and F) Detection of
insulin (green) and menin (red) in islet B-cells from control (E) and AY littermate (F) mice. Scale bar, 50 pm.

result from cell deathe Collectively, these findings
suggest that attenuation of matemal slet menin lev-
els permits adaptive Jcell expansion in pregnancy.

Prolactin and placental lactogens are hormonal
regulators of pregnancy that stimulate B-eell prolif-
eration i rodent and human islets (/7-79), but
the molecular basis for their mitogenic effed is un-
known. We investigated if prolactin signaling reg-
ulates Mend in f-cells. Lactogenic hormones
stimulatc phosphorylaion and nuckear accumula-
tion of signal ransducer and activator of ranscrip-
tion 5 (STATS), which induces expression of targets
like Beld (20) In islas from pregnant mice, nuclear

STATS accumulated in Pecells (Fig. 3, A and B),
and levels of phospho-STATS and STATS occu-
pancy at consensus STATS binding sequences (27)
in Beld increased (Fig 3C and fig. S5A). Belh
mRNA and protein content increased (Fig. 3C and
fig. S5B) and ChIP revealed diredt association of
Belb, a transariptional repressor (27, 22), with Men!
during pregnancy (Fig, 3D). Misexpression of Belé
in MING cells, a murine insulinoma-derived f-cell
line responsive o normal growth cues (7, 23),
was sufficent to reduce expression of endogenous
Menl, pi8, and p27 mRNA (fig. 85C). Moreover,
Bels expression reduced transenption of Men /-
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lucifemse reporters harboring consensus Belf bind-
ing sequences (fig, S5, Dand E). Thus, B6 directly
associated with and repressed Men! transcription
in f-cells. Previows studics have shown that steroids
like progesterone and dexamethasone can inhibil
the mitogenic cffecs of prokictin on f-cels (24),
but the underlying mechanism s unknown Simul-
tancows exposure of isolated mouse isles 0 pro-
lactin and progesterome atemeated changes in Menl,
pl8, p27, md Beld expression provoked by pro-
lactin alone (Fig. 3, E and F). Thus, multiple hor-
monal inputs likely regulate B-cell Men ! expression,
Bel-dependent changes in Mend, pl& and p27
expression provoked by prolactin in MING cells or
in cublured human islets (figs. 56 1o S8) comoborated
these findings and showed that Men/ regulation by
lactogen signaling is evolutionarily conserved.

To test if betogen signaling was sufficient to
reduce Mend expression and increase B-cell prolif-
eralion in vivo, we tansplanied mice with osmotic
micropumps to deliver prolactin for 6 days (25),
Compared with islas from vehicle-miused controks,
islets from prolactin-infused mice had a fourfold
increase in Befd expression, a 500G eduction of
Menl, pI8, md p27 mRNA, and a 2.5-fold mercase
of BrdU mcorporation by B-celk (Fig. 3. G to 1)
Thus, short-term proladin infusion was sufficient to
reduce Men! expression in vivo and to stimulate
proliferation of adull islet B-cells. Additional studies
are needed to defermine if lactogenic hormone reg-
ulation of Men! govemns other features that affed B-
cell expansion, such as B-cell size and survival (26).

To detenmine i mmin might regulate adaptive -
cell expansion in obesiy, another common physio-
lomical state thal stnmulates adaptive islet expansion,
we measured islet menin leveks in A" mice, a well-
characterized model of hyperphagic obesity [re-
viewed in (27)]. At 3 months, when A" mice are
obese but nomoglyeemic (Fig. 4, A and B), A" islet
levels of Mend mBRNA, menin, and p27 and pl&
mENA and protein were reduced compared to islots
from wild-type controls (Fig. 4, Cto E). These re-
sults suggest that in obesity, menin atienuation reg-
ulates adaptive f-cell proliferation.

Studics of endocrine neoplasias in MENT syn-
drome and other cancers have defined menin roles
solely inthe conlext of tumor pathogeness. Our work
expands this view, showing that menin functions
as a physiological regulator of adaptive f-cell
expansion in pregnancy and possibly other com-
mon sates linked (o type 2 diabetes, such as obe-
sity. We speculate that menin may integrate Bcell
growth signak in physiological islet expansion,
controlling dynamic hisione modifications that gov-
em [Jcell fate and proliferation. Menin-independent
control of maternal f-cell expansion is not excluded
by our study, and investigating the role of other islei
twmor suppressors, like von Hippel-Lindau protein
{28), in physiological B-cell expansion might be
fruitful. Our finding that Men! expression s reg-
ulaled by prolacin and progesicrone raises the pos-
sibility that defects in signaling pathways regulated
by laciogenic or steroid hormones might underie
specific forms of type 2 diabetes, nchuding gesta-
tional diabetes, and endocrine neoplasias linked o

Menl inactivation, including carcinoid and insu-
linopma (7). Our work also suggests that manipula-
tion of regulators, cofictors, and targets of menin

might be a therapeutic strategy for expanding func-
tional pancreatic islets in diabates,
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Ordered Phosphorylation Governs
Oscillation of a Three-Protein

Circadian Clock

Michael ). Rust,* Joseph 5. Markson,'?* William 5. Lane,? Daniel 5. Fisher,® Erin K. 0'Sheat

The simple circadian oscillator found in gyanobacteria can be reconstituted in vitro using three proteins—
KaiA, KaiB, and KaiC. The total phosphorylation level of KaiC oscillates with a circadian period, but the
mechanism underlying its sustained oscillation remains unclear. We have shown that four forms of KaiC
differing in their phosphorylation state appear in an ordered pattern arising from the intrinsic autokinase
and autophosphatase rates of KaiC and their modulation by Kaif. Kinetic and biochemical data indicate
that one of these phosphoforms inhibits the activity of KaiA through interaction with KaiB, providing the
crucial feedback that sustains osclllation. A mathematical model constrained by experimental data
guantitatively reproduces the circadian period and the distinctive dynamics of the four phosphoforms.

ircadian clocks coordinate metabolism and
behavior with diumal cyeles in the environ-
ment (f). These clocks traditonally have
been understood as transcriptional feedback oscilla-
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Applied Physics, Stanford University, Stanford, CA 94305, USA
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tors i which clock penes epress their own synihe-
515, creating negative feedback that dives osallation
i /). However, pioncerng work by Kondo and col-
leagues has shown that the circadian clock of the
cyancbaderum Sywechococcns efongatus requirs
neither tanscription noe tanslation (2), and cir-
cadian oscillations can be reconstituted in vitro using
only three protans: KaiA, KaiB, and KaiC (3).
KaiC is a hexameric enzyme (4) that can
autophosphorylate (5) and autodephosphorylate
{65) at both serine 431 (5431) and threonine 432
(T432) (7, &), The dimeric KaiA (%, /() enhances
the autophosphorylation of KaiC (/f), whereas
KaiB antagonizes the activity of KaiA (/1-13).
In the absence of KaiA, KaiC fully dephospho-
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Fig. 1. Phosphordation of KaiC is cyclically ordered. (A} Decomposition of
total KaiC phosphorylation ("Total”) into its constituent phosphoforms,
measured by SDS-PAGE (used throughout this study unless noted otherwise).
The percentage of U-KaiC (not shown) is equal to 100%s — Total. See also fig.
510. (B) Comparison of phosphoform distributions measured by 505-PAGE
[dotted lines, from ()] and by mass spectrometry (solid symbaols). (C) The
initial phosphoform distribution of KaiC determines the subsequent dynamics.
We prepared KaiC enriched in T-KaiC (solid circles) by incubating

rylates (¥). Complexes form between the Kai
proteins (14), and the relative proportions of the
KaiC-containing complexes oscillate (9, 15).

The amount of phosphorylated KaiC oscillates
with a circadian period (/7). However, the total
level of phosphorylation cannol be the only dy-
namical variable controlling the oscillator because it
traverses the same value twice each day, but cach
time in a different direction {increasing during the
subjective day and decreasing during the subjec-
tive night). Previous mathematical models have
treated both phosphorylation sites as functionally
equivalent (/6-24) and have proposed additional
dynamical variables ansing from persistent con-
formational changes (/8, 20-24) or long-lived
heterocomplexes (16, 17): we hypothesized thai
additional variables could be found by examining
the pattem of multsite phosphorylation of KaiC
during the circadian cycle.

We messured the tine dependence of phospho-
rylation at S431 and T432 by SDS-polyacrylamide
el elecrophoresis (SDS-PAGE) (Fig. 1, A and B)
and mass spectometry (Fig. 1B), quantifying the
four possible phosphorylation states: unphospho-
rylated (U-KaiC), phosphorylated only on 5431
(S-KaiC), phosphorylated only on T432 (T-Kai(’),
and phosphorylated on both 5431 and T432 (S5T-
KaiCC). The concentration of cach phosphoform
oscillates with a circadian period but with difforeni
phases, creating an ordered pattemn of phospho-
form abundance during each cycle. Multisite phos-
phorylation of KaiC is required for oscillation, as
point mutations at cither 5431 o T432 abolish
rhythmicity (7, &) (fig. S1).

The predominance of distinet phosphoforms
at different points in a cycle— T-KaiC during the
phosphorylation phase and 5-KaC dudng the
dephosphorylation phase—suggests that the phos-
phoform distribution (or a conformation tightly
linked to the phosphorylation stale) may determine
the phase of the oscillator. IF this is true, it should
be possible 0 specify the initial phase by prepanng
KaC with the appropriake phosphoform distri-
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unphosphorylated KaiC with epitope-tagged Kaif for 2.25 hours and then
removing KaiA by immunoprecipitation. We prepared KaiC enriched in 5-KaiC
(open squares) by incubating unphosphorylated KaiC with epitope-tagged
KaiA for 18 hours, removing Kaif, and then allowing KaiC to autodephos-
phorylate for 5.5 hours. In both cases, circadian osdillations were then
initiated by adding KaiB, incubating for 1.5 hours, then reintroducing Kaif
(28). Pie charts show the KaiC phosphoform distribution at the time of Kaif
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Fig. 2. KaiC phosphoform kinetics in partial reactions. (A) KaiC

lines) to a four-state linear model (Fig. 20 & shown. (B) Autonomous

phosphorylation in the presence of KaiA. A least-squares fit (solid C /T '\\.

dephosphorylation of KaiC. Phosphorylated KaiC was prepared

by incubation with KaiA, which was then removed by immuno-
precipitation (28), initiating dephosphorylation. A least-squares fit
(solid lines) to the same four-state model, with phosphorylation
disallowed, is shown. (C) Reaction diagram for the four-state model

with first-order kinetics.

bution and then adding FaiB and KaiA o ini-
tate oscillations. Indeed, a reaction mitiated with a
EaiC pool enriched in T-KaiC begins in the phos-
phorylation phase, whereas a reaction initiated with
high levels of 5-KaiC begins in the dephosphoryl-
ation phase (Fig. 1C).

To investigate the origins of the ordered pattem
of KaiC phosphoforms, we decomposed the oscil-
lator into partial reactions. When KaA 15 mixed
with U-KaiC, T-KaiC’ accumulates first, followed
by ST-KaiC, and eventually by S-KaiC (Fig. 2A).
When highly phosphorylated KaiC s incubated
alone, it autodephosphorylates, and the con-
centrations of T-KaiC and ST-KaiC decay mono-
tonically (Fig. 2B). Concomitant with the decay
of ST-KaiC, the abundance of S-KaiC’ transiently
increascs before eventually decaying, which
suggests that S-KaiC is produced from ST-KaiC
by dephosphorylation of T432, Neither the pat-
tem of dephosphorylation nor its kinetics is

affected by the presence of KaiB (fig. S2). These
data are described well by a linear model of KaiC
phosphoform interconversion (Fig. 2C). Based
on the rate constants calculated by fitting these
data (Fig. 2, fig. 83, and table 51), we conclude
that KaiA both promotes KaiC phosphorylation
{according to a hyperbolic dependence quantified
in fig. 54) (/4) and inhibits some dephospho-
rylation steps (). Phosphoform interconversions
occur on the same time scale as the oscillations
themselves, consistent with the idea that these are
the key slow dynamical processes underlying the
oscillator.

Combining the phosphoform dynamics observed
in the partial reactions (Fig. 2, A and B) yields the
same qualitative paitem of phosphoform abundance
observed in the full oscillating reaction, suggesting
that cach cycle of the oscillator is compesed of a
phosphorylation phase of high KaiA activity fol-
lowed by a dephosphorylation phase during which
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Fig. 3. KaiB suppresses KaiA activity in an 5-KaiC dependent manner. (A) Global KaiA activity varies
during the circadian cycle. Dephosphorylated His,-KaiC (triangles, circles, diamonds) was added at 10%
of the concentration of untagged KaiC (squares) at the indicated times. (B) Phosphorylation activity is
rapidly restored by the addition of a five-fold excess of KaiA during the dephosphonylation phase
(triangles), which continues in a control without excess KaiA (squares). (0 KaiB interaction with KaiC
and Kaid scales with the abundance of 5-KaiC. The right axis shows the normalized amounts of KaiC
and KaiA that coimmunoprecipitate with KaiB-FLAG in an oscillating reaction; the left axis shows the
corresponding phosphoform distribution. (D) KaiB does not affect phosphorflation until S-KaiC is
abundant. Dephasphorylated KaiC was incubated with KaiA, and KaiB was introduced into the reaction
at various time points {triangles, circles, diamonds) and compared to a control without added KaiB
(squares). Pie charts show the KaiC phosphoform distribution at the time of KaiB addition.
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— e
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Ky2 + A(S) i3 3

km{S} = kg\" +

A(S) = max {0, [KaiA] — 25} iy
Fig. 4. A model for drcadian oscillation driven by multisite KaiC phosphorylation. (A) Kaif activity
alters the first-order rate constants for interconversion of KaiC phosphoforms. Lines emanating from
KaiA ending in an arrowhead (black) or bar (gray) indicate stimulation or repression, respectively, of the
transition toward the indicated form of KaiC. We show only the dominant effects (see table 52 and
fig. 511). 5-KaiC inactivates KaiA via KaiB. The interconversion rates from phosphoform X to ¥, ke,
depend hyperbolically on the concentration A(S) of active KaiA monomers, which in turn depends on
5-KaiC through its inhibitory activity. See the supporting online text for the complete equations of the
dynamical model. (B} Numerical integration of the model reproduces circadian osdillation of KaiC
phosphorylation.

KaiA is inactive. To test this idea, which has been  KaiC into the oscillator at variows times (Fig. 3A)
proposed previously [eg., (9], we ntoduced a  the wgged KaiC will phosphorylate only if KaiA is
small quantity of epilope-agged, dephosphorylaied  active We observe KaiA activity only during the

REPORTS I

phosphorylaton phase, To mile out the allemative
explanation that it is the senstivity of KaiC o KaA
{21, 23)—rather than the activity of KaiA itself
that varies in a circadian cycle, we increased the con-
centration of KaiA in the middle ofthe dephosphoryl-
ation phase (Fig. 3B). The phosphorylation level
of KaiC' immediately increased, indicating that
KaiC had not become insensitive to KaiA,

Inactivation of KaiA requirss KaiB3, as no oscil-
lations occur in its absence (¥) (Fig. 2A). Since
previous studies have shown that KaiA-KaiB-KaiC
complexes form during the clock reaction and that
KaB preferentially binds phosphorylated KaiC (),
we conjedtured that inadtivation of KaiA and hence
initiation of the dephosphorylation phase occurs
though a physical interaction between a specific
phosphoform of KaiC and KaiA and KaiB. We
found that the fraction of KaiC and KaiA com-
plexed with KaiB closely ollows the abundanee of
SKaiC (Fig. 3C), which sugpeds that S-KaiC me-
diates a negative feedback loop through inactivation
of KaiA via KaiB. Because 5431 and T432 are
buried within the KaiC oligomer (25), the specific
preference of KaiB for S-KaiC suggests that
changes in KaiC phosphorylation may be closely
tied to conformational changes sensed by KaiB. To
isolate the effects of phosphorylation at each site on
KaiB-mediated feedback, we studicd single-sie
nonphosphorylatable KaiC mutants and found that
KaiB interacts preferentially with the mutant phos-
phorylatable only on 5431 (fig. S1B) and also pref-
erentially mhibits its phosphorylagon (fig. S1A)

To further investigate the timing of KaiB func-
tion, we introduced it o a KaiA-KaiC reaction at
various poents (Fig. 300 Adding KaiB carly in the
reaction, when SKaiC levels are low, does not
induce any measurable deviation from the Kaif-
KaC control untl 5-KaiC has reached ~10%
abundance. In contrast, intmduction of KaB when
SKaiC levels are already high (~15%) rapidly
induces dephosphorylation. Hence, S-KaiC® plays
a special role in promoting inactivation of KaiA.
Indeed, the similarity between the dephosphoryl-
ation patiem caused by adding Kaid when S-KaiC
levels are high and that mduced by removing KaiA
{fig. 55) demonstrates that adding KaiB in the
presance of substantial S-KaiC is equivalent to
removing KaiA,

To determine whether our undersianding of
the phosphofocm Kinetics and feedback mecha-
nism can quantitatively account for the circadian
oscillation of KaiC phosphorylation, we created
a simple mathematical model (Fig. 4A and fig.
S6A) constrained by our experimental measure-
ments. The key assumptions of this minimal
model are (i) the concentrations of the three
phosphorylated species are the only slow dynam-
ical vanables: (i) the interconversions between
phosphofonms are first-order reactions with rales
{lable $2) that depend hyperbolically on the
conceniration of active KaiA (Fig, 4A and fig.
S4): and (1ii) each S-Kail monomer (together
with KaiB) inactivates one KaiA dimer. The
phosphorylation and dephosphorylation rates are
thus nonlinear functions of the concentration of
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S-KaiC—the source of the crucial nonlinear
feedback (Fig. 4A).

Using rate constants and a KaiA concentration
dependence (table 52) derived solely from data on
the non-cscillatory partial reactions (Fig. 2 and figs.
83 and S4), ths simple model predics (Fig 4B)
essential features of the arcadian oscillator—period
{~21 hours in the model), amplitvde of total phes-
phorylation, sequential appearance of the phospho-
fonms, and the larger magninde of the T-KaiC peak
(see also fig. 57) This predictive ability suggests thal
the model captures the key elements of the in vitro
oscillator. Modifying the model to explicitly treat the
fonmation of KaiA-Kal' complexes (¥) likely ne-
sponsible for promoting Kaill' phosphorylation
makes it consstent with the observation that the
oscillations are rther insensitive to the total con-
centration of Kai proteins (Y) (supporting online text
and fig. S8)

The following picture of the ongm of sable
oscillations emerges (fig. S6A). Starting from the
unphosphorylated state, KaiA promotes phosphoryl-
ation that is kinetically favored at T432: subsequent
phosphorylation at 5431 produces ST-KaC. ST-
KaC can decay via dephosphorylation of T432 1o
produce 5-KaiC, but S-Kai® accurmulation is show
because KaiA both inhibits that dephosphorylation
and promotes rephosphorylation of S-KaiC o ST-
KaiC. Thus, S-Kail levels remain low until a sub-
stantial pool of ST-KaiC" has fomied When S-KaiC
levels do rise, KaiA activity is reduced, promoting
dephosphorylation of ST-KaiC and thereby causing
it to mpidly decay into SKaiC. Thus, 5-KaiC ac-
celertes s own production (from ST-KaC), which
causes iis concentration to overshoot the pomnt al
which KaiA is completely inactivated; this overshool
yields a reservoir of S-KaiC that pennits exiended
inactivation of KaiA even as 5-KaiC concentra-
tions decrease through dephosphorylation. Inthe
absence of KaiA activity, T-KaiC and ST-KaiC
both dephosphorylate, and S-KaiC—which de-
phosphorylates more slowly—becomes the domi-
nant remaining phosphorylated species. Eventually
enough S5-KaiC dephosphonyates for KaiA activity
to retwm, and the cycle begins ancw.

To focus on the essential slow dynamics and
to be able 1w derive model parameters directly
from our expenmental data, our model ignores
some known biochemical properties of the Kai
proteins and absiracts others into the mte con-
stants, KaiC exists as a hexamer (), and we have
neglecied possible effects that depend on the state
of the entire hexamer. Furnher, monomer ex-
change between hexamers (%) is not explicitly
included, and we assume that inhibition of KaiA
via KaiB occurs instantancously upon formation
of S-KaiC. In actuality, inhibition appears o take
approximately 1 hour (fig. 89), possibly due to
slow interaction between KaiB and KaiC or slow
exchange of monomers between hexamers, These
neglected effects have the potential to increase
both the tendency of the system to oscillate and
the amplitude of oscillation, but the success of
our simplificd model suggests that they are not
part of the fundamental mechanism.

A recent report from the Kondo group (24)
describes the differential phosphorylation of
5431 and T432 during the circadian cycle and
the interaction of KaiB with KaiC phosphoryl-
ated on S431. By using phosphomimetic KaiC
mutants, they provide information about ordered
phosphorylation complementary to and con-
sistent with our kinetic study of wild-type KaiC,

The most siking behavior of the cyano-
bacterial circadian oscillator in vivo is its preci-
sion: Even with asynchronous cell division and
an absence of extermal cues, the clock of a single
cell and its offspring mainiains precision to a
small fraction ofa day overseveral weeks (27), A
reductive undersianding of the various aspecis of
the clock—especially that of the core Kai oscil-
lator presented here—should enable us to under-
stand the effects of random fluctuations and
varable environments. The Svwechococcus clock
provides an ideal model system for understanding
how cells perform quantitative functions in highly
variable intra- and extracellular environments,
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Disentangling Genetic Variation for
Resistance and Tolerance to
Infectious Diseases in Animals

Lars Raberg,®* Derek Sim,'t Andrew F. Read't

Hosts can in principle employ two different strategies to defend themselves against parasites: resistance
and tolerance, Animals typically exhibit considerable genetic variation for resistance (the ability to limit
parasite burden). However, little is known about whether animals can evolve tolerance (the ability to

limit the damage caused by a given parasite burden). Using rodent malaria in laboratory mice as a model
systern and the statistical framework developed by plant-pathogen biologists, we demonstrated genetic
variation for tolerance, as measured by the extent to whidch anemia and weight loss increased with increasing
parasite burden. Moreover, resistance and tolerance were negatively genetically correlated. These results
mean that animals, like plants, can evolve two conceptually different types of defense, a finding that has
important implications for the understanding of the epidemiology and evolution of infectious diseases.

and other parasiles can be divided into two
conceplually different components: resist-
ance (the ability to limit parasie burden) and wler-

Dcl’uw: against pathogenic micmonzanisms

ance (the ability to limit the disease severity induced
by a given parasite burden) (7-4). It is important o
distinguish between these two components because,
by definition, resistance has a negative effect on
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parasites, whercas tolerance does not; as a resull,
their relatve importance will have substantial con-
sequences for the ecology and evolution of host-
parasite interctions (2, 3-7), The distinction between
resistance and tlaance has atracked considerable
attention in studics of the evolution of plant defnse
against parasites and herbivores (3, 4, 8). In this area,
the emenzing pattern is that plants generally exhibit
genetic vanation for both resistance and tolerance
(1. 6.9 10).

When it comes to animals numerows studies
have demonstrated genetic vanaton for resistance,
where resistance is typically measured as the mverse
of pamsite burden (/- 14). However, little is known
about whether anmnals may also show genetic var-
iation for tolerance. Yet iogether, resistance and iol-
erance are the two components of antipathogen
defense that determine disease severity. Suggestive
evidence for tolerance in animals comes from a sudy
of a” thabssemia, a monogenic hemoglobin disorder
in humans that protects aganst malaria, Individuals
that are hetero- or homozygous for this mutation
do not have lower infeaion intensities of Plismo-
divam falciparm than ndividuals tat are homeey-
gous for the wild type, but the degree of anamia at
high infection intensities is diminished hercby
reducing mortality from malaria (/5). Thus it seams
a thalassemia affects tolerance but not resistance to
P falcipanm. So far as we are aware, no study has
vet formally disentangled genetic vanation in these
two components of defense in any animal host-
parasite system.

In the plant literature, olerance 15 usually defined
as the slope of hodt fimess against nfocton intensity
([, 86, 7). In other words, the tolerance of a host
genotype is its reaction norm to infection intensity. A
tolerant genolype is one in which discase severity is
relatively unaffected by increasing pathogen burden,
whereas the finess of a less wlernt genotype de-
clines more rapidly as pathogen burdens nse (Fig. 1),
Ifthe reaction norms of different host genotypes vary
(that is, if there & a stiistical interaction between host
genotype and infection intensity), then there is penclic
vanation for oleance. We have bomowed this ap-
proach to defining and measurng genctic variation in
tolerance from the plant liermre and applied itio a
makaria model systiem (Plasmodiien chabaudi in
laboratory mice) to investigate whether animal
hosts may show genetic vanation for tolerance and
whether resistmce and tolerance are correlated traits.

F chabadi is widely used as a model of human
malaria (&, 19). Previous studics have shown that
there 15 considerable varation among mouse strains
(Le, genetic vanation) for resistance to P ofiabadi
(261-22). To investigate whether there is also genetic

UInstitute of Evolutionary Biology and Imstitute of Im-
munology and Infection Research, School of Biological
Soences, University of Edinburgh, West Mains Road,
Edinburgh EHS 30T, UK. “Department of Animal Ecology,
Lund University, Ecology Building 223 62 Lund, Sweden.
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lars.raberg@moe kol L. se

fPresent address: Center for Infediows Disease Dynamics, De-
patments of Biology and Entomology, Pennsylvania State
Universty, 208 Mueller Lab, University Park, PA 16802, USA,

variation for tolerance, we performed an expenment
with five different inbred mouse strains (23). Mice
were infected with one of three different P chabaudi
clones or left uninfected in a fully factordal design,
The experiment was pedformed in three experimen-
tal blocks separated in Gme. As with human malaria,
one of the main causes of morbidity and mortality in
mdent malaria is ancmia, P clabawdi also causes
weight loss i mice. The degree of red blood cell
(RBC) loss and weight loss is comdated with infec-
tion intensty and predicts mortality (24) To test for
variation in tolerance, we therefore used minimum
RBC density and minimum weight during the m-
fection as measures of dsease sevenity (analogous to
host fitness used in the plant litermture). Specifically,
we tested whether the slopes of the relations be-

%

Parasite burden

Fig. 1. Schematic figure showing reaction norms of
two host genotypes (red or blue line) for disease
severity across a range of infection intensities in in-
dividual hosts (dots). (A) Two equally tolerant geno-
types differing in resistance; here, the red genotype
has lower parasite burdens (is more resistant) and
thereby maintains a higher health status when
infected. (B} Two equally resistant genotypes (same
average parasite burden), but here the red genotype
& less tolerant (health declines faster with increasing
parasite burden). (O Genotypes differ in both toler-
ance and resistance; here, the more tolerant geno-
type (blue) & less resistant, so that both genotypes
end up having, on average, the same health status
when infected, (D) Host genotypes differ in neither
resistance (same average parasite burden) nor tol-
erance {same slope). Instead, the genetic difference
in health status is due to a difference in intercept,
so that the difference exists even when animals are
uninfected. It is thus indicative of genetic differences
in “general vigor” (8) and has nothing to do with
defense against the infectious agent in question.
Because of the possible exstence of vanation in
general vigor, tolerance has to be defined as a
reaction norm, and so it can only be measured and
compared across groups of animals (17). Thus, in
contrast to resistance, it is not possible to compare
the tolerance of two indhvidual hosts. Demonstrating
genetic varation for tolerance therefore requires
that disease severity be assessed in animals of the
same genotype across a range of infection inten-
sities; a difference in slope between genotypes indi-
cates genetic variation for tolerance.

Host health

REPORTS I

tween infection intensity and minimum RBC den-
sity or mininwim weight differad between mouse
Srins.

As usual in this host-parasite system (25, 26), there
was a distinct peak in pamsie density around day §
post-inoculaion. Minimum RBC density ocoumsd

Log [min rbe density (noJful)] >

@

Log [min weight (g)]

0 1 2 3
Peak parasite density (noJubc10%)

Fig. 2. Variation for tolerance among mouse strairs.
(A) Minimum RBC density (log-transformed) versus
peak parasite density. Mouse strain x parasite density:
F4117 = 6.08, P = 0.0002; parasite density: Fy 117 =
1733, P < D.000L; mouse strain: Fy117, = 0.20, P =
0.94; and experimental block: ¥ = 22.1, P < 0.0001.
Initial RBC density [Fy11 = 0.80, P = 0.37], the
quadratic terms [parasite density”: Fy 11, = 0.76, P =
0.38; strain x parasite density™ Fyyqq = 033, P =
0.86), and the interaction between block and
strain (P > 0.25) were not significant and weme
therefore excluded from the model (B} Minimum
weight (log-transformed) versus peak parasite density.
Strain x parasite density: Fy 110 = 6.06, P = 0.0002;
parasite density: Fy 111 = 8.09, P = 0.0053; parasite
density”; Fy 11, = 34.4, P < 0.0001; mouse strain:
F_q.lj_in. = 2?5, P= DEBL initial 'M!lght F 1111 = 140,
P < 0.0001; and experimental block: y° = 181, P <
0.0001. Strain x parasite density” [Fq 05 = 1.20, P =
0.31] and the interaction between block and strain
{P > 025) were not significant, and these terms
were therefore excluded. To faclitate the compar-
ison of slopes and because the initial weight (the
intercept] differed between strains but for the
present purposes & an irrelevant main effect when
testing for resistance and tolerance, the reaction
norms for weight have been scaled so that all
genotypes have an intercept of zero, DBASL, NIH, A/,
CBA, and C57 are the different mouse strains.
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amund day 11, on average 249 + (188 (mean + SD)
days afler the peak pamsite density, Minimum weight
occurmed amund days 10 &0 11, on average 1.60 +
289 days afier the peak parasite density (fig. S1).

To test for variation in resistance among mouse
strains, we performed an analyss of peak pamsite
density agains mouse strain and pamsite clone, Paak
parasite density differed between mowse strains
[Faue = 1554, P < 0.0001] ad parasite clones
[Fa = 6481, P< 00001 ] but there was no strain-
by-clone interaction [Fy y0 = 0.66, = 0.73]. There
was also a sgnificant effect of experimental block
(3 =474, P<0.0001), but no inieractions between
block and stram and/or clone (P = 0,.25), Thus, asin
previous stucies ( 20-22, 25), mouse strains differed
in resistance, and parasite clones differed in the in-
fection intensity that they induced.

To test for genatic variation for tolerance, we
performed analyses of minimum RBC densily and
minimum weight againd peak parssite density (both
linear and quadratic tams), mouse stmin, their in-
teractions, and pre-inoculation values of RBC den-
sity or weight In the case of both RBC and weight
loss, there were highly significant interactions be-
twieen strain and parasite density (Fig. 2) Thus, there
was variation among mouse strains in tolerance
measured in terms of cthar ancmia or weight loss.
This conclusion is robust 1o the inclusion of parasite
clones in the datistical models, the exchsion of

A a1

._I_. DEAN
8 NIH
: | o

I

l—

qu."'c#w

25 20 1.5 10 0.5

DBAA
0.02 __NIH
LA
g LCBA
Eﬂm
2
006 C57
-0.08

2.5 2.0 15 1.0 0.5
Resistance (no. parasiesfulx10%)

Fig. 3. Trade-off between tolerance and resistance,
{A) Correlation between resistance (inverse of peak
parasite density} and tolerance in the form of mini-
mum RBC density during infection (that is, tolerance
measured as the slope of a regression of minimum
RBC dersity against peak parasite density). (B)
Correlation between resistance and tolerance in the
form of minimum weight during infection (that is,
tolerance measured as the slope of a regression of
minimum weight against peak parasite density). Plots
show mean + SEM for each mouse strain.

uninfected animals from the analyses, o the use of
different infection intensity measurss (see suppoit-
ing online material text),

To test whether these two edimaies of olernce
wire comelated, we calculated the slopes of mininmum
weight and RBC denaty against the peak parasite
density for cach mouse stram, There was a significant
comelation between the two masures of wlerance
{Spearman’s rank comelation, /= L0, n = 5 mouse
smains, P < 0.05). There were also sgnificant negative
comzlations between resistance and both measures of
tolerance (r, = 1.0, n =5, P= 005 in the case of
both RBC loss and weight loss) (Fig. 3). DBA mice,
for example, were more olerant and less resistant
than U575, which were the opposiie. Thus, reduced
tolerance is a cost of resistance and vice versa,

Owr studies demonstrate that the conceplual and
analytical framework developed by plant evolution-
ary biologisis can also be wsed o reveal genatic var-
tation for inlerance 1o infedious discasces in animals,
The existence of genetic vanation for both resistance
and tolerance means that host defense can take a
variety of evolutionary trajectories in response 1o
pathogen pressure. The mechanistic basis of the ge-
netic vadation in todermnce we eport eimains to be
determined. Vanation in tolerance measured as RBC
bss could occur because ather the rate of reen-
eration of RBCs or the rale of destuction of RBCs
by parasiles and'or host immune responses vanes
among srains. The comclation between tolerance
micasured as RBC and weight loss supgedts that there
& a common underying fictor between these two
foms of wolorance, In plans, where tolorance has
long been sudied, genes confoming disease tolerance
have yet to be identified at the molecular level (6). In
our disease model resstance and tolerance were
traded off against each other (Fig. 3). A similar trade-
off has previously been demonsirated in the context
of plant defmse against herbivory (2). In the case of
infectious diseases, a wade-off could arise i the price
of more aggressive immune control of nfection is
increasing collateral damage (immunopathology).

Our findings, if they prove to be general, have
important implications for our understanding of the
ecolopy and evolution of animal hosi-parasite inicr-
actions. First whereas the evolution of resistance has
a negative effect on the prevalence of the infoctious
agent n the host population, tolerance should have a
neutral or positive effect. Thus, resistance and toler-
ance have contrasting effects on the epidemiology of
infectious discases (5, 7). Second, hosts and parasites
are commonly thought to be engaged in antagonistic
coevolution, where evolution of host nesistance se-
kots for countemdaptations i the parasite, which
selects for mproved resistance in the host and soon,
leading to open-ended nonequilibrium evolutionary
dynamics (27). However, olerance does not have a
negative effect on the fimess of the parasite, and so it
cannot fuel antagonistic coevolution in the same way
as 1s expecied of resistance, Genelic varation o
tolerance can therefore be expected o allow the sort
of host evolution that will substantially dampen
antagonistic coevolution ((),

Beyond evolutionary ccology, there is a clear
need o recognia: and separate the two components

of discase defense in the context of animal breeding.
For instance, attermpts o enhance vield in agnculiural
animals by artificial selection on discase resistance
traits or on total viekl in the face of infection [ofien
referred to as “resilience”™ (248)] coukd generate a va-
ricty of more or less desirable outcomes, depending
on how resistance or yield varies with tolerance, The
experimental and analytic approach used here is read-
ily transferable to domestic animals where it could
be used 1o work out optimal selection strategies.
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TARP Auxiliary Subunits Switch
AMPA Receptor Antagonists into

Partial Agonists

Karen Menuz, > Robert M. Stroud,** Roger A. Nicoll,** Franklin A. Hays®

Quinaxalinedione compounds such as 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) are the most
commonly used c-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor antagonists.
However, we find that in the presence of transmembrane AMPA receptor regulatory proteins (TARPs),
which are AMPA receptor auxiliary subunits, CNQX acts as a partial agonist. CNQX induced small
depolarizing currents in neurons of the central nervous system, and reconstitution of this agonist activity
required coexpression of TARPs. A crystal structure of CNQX bound to the TARP-less AMPA receptor ligand-
binding domain showed that, although CNQX induces partial domain closure, this movement is not
transduced into inker separation, suggesting that TARPs may increase agonist efficacy by strengthening
the coupling between domain closure and channel opening. Our results demonstrate that the presence of
an auxiliary subunit can determine whether a compound functions as an agonist or antagonist.

mediated by ghitamate acting on two clsses

of ionotropic receplors: AMPA and N-
mathylo-aspartate (NMDA) receplors. A major
breakihrough in the ficld of excitatory synaptic rans-
mission came with the discovery of the quinox-
alinedione senes of competitive AMPA  receplor
antagonists in 1988 (/-3), These drugs — CNQX,
&, T-dinitroquinoxaline-2, 3-dione (DNCQX), and 2 3-
dioxo-6-nitro-1.2 3 4-ietahydrobenzo] [ Jauinoxaline-
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T-sulfonamide (NBOX)—potendly and seloctively
block AMPA receptors and have been indispens-
able in chamcterizing excitatory synaplic transmis-
sion in the central nervous system (CNS).

As competitive antagonsts, quinoxalinediones
inlerad with AMPA reeeptors in the same binding
pocket as agonists, thereby occluding agonisl bind-
ing. Unlike aponists, competitive antazonists have
no cfhicacy, meaning that binding does not lead to
opening of the ion channel (i.e., gating). Despite the
current widespread wse of quinoxalinediones as
AMPA receplor antagoniss o siudy synaptic trans-
mission, a fow reponts indicate that these compounds
can have excitatory actions on a subset of ntemeuwron
populations, though not on excitatory neurons (4-7),
The mechanism for this effect remams unexplained.

While recording cercbellar granule cells, we also
observed that application of CNQX (10 pM) in-
creased spontancous nhibitory possynaplic cummi
(s[FSC) frequency (0.22 +0.07 Hzto 1.58 +0.56 He,

REPORTS I

i =15 cells, P< 0.05) without a change in amplitude
(211 61 pAito 193 + 3.1 pA, o= 5 celis)(Fig. 1.
A and B) (5), implying increased excitability of the
presynaptic intemeurons: cerebellar Golgi cells
{#). Application of CNQX o Golgi cells reliably
evioked an inward curment in voltage-clamp recordings
(-379 + 44 pA, n = 11 cells), indicating a non-
canonical depolarizing effect of CNQX on these
cells (Fig, 1C). However, we found that antagoniz-
ing AMPA receptors does not simply lead to de-
polarization because application of GYKI 53655
{10 pM), which is a noncompetitive AMPA receptor
antagonist (Y), did not induce an mward cument in
Golgi cells (fig. S1). Given that the CNQX-induced
depolanzation was recorded in p-aminobutyric
acid type A (GABAL), NMDA, and glycine recep-
tor antzgonists as well a5 i tetrodotoxin (TTX) 1o
block network activity, our datb suggested that
CNOX was not simply ading through another new-
ronal receplor bul instead that CNOQX may acl as
an AMPA receptor agonist on these cells,

We thercfore tested whether a noncompetitive
AMPA receptor antagonist could block the CNOX-
induced depolarization and whether a positive
allosteric modulator could potentiate the resporse.
Preincubation of cerdbellar slices with GYKI 53655
blocked the CNOX-induced current (CNOX-
induced cument in GYKI =04 £ 25pA, n=35
cells, < (L0001, as compared with CNOX alone)
{Fig. 1C). Furthermore, trichloromethiazide (TCM)
{500 pM), apositive modulstor structurally similar o
eyclothiazde (11, If), increased the response o
CNOX (-887 £216pA, n=5clk, FP<00], =
compared with ONQX alone) (Fig. 1D). Thus,
CNOQX appears (o act as an agonist on these AMPA
receplors, despite s previous chamdenzation as a
competitive aniagonist.

Although AMPA recepiors are expressed on
most, if not all, neurons in the brain, a depolanzng
action of CNQX was not previowsly reponed for

A CNOX B 2s5- C CNER
_J 25 pA ¥ 20- z
40s i E
§ 1.5 E
E 1.04 o
0 054 =
g $
w 0.0-
Control CNOX
D E CHOX
D - CNOX o E i CHOX E
2 o0 2 0 - g o
E 40 E =50 E = ++ E -&0
8 + A -100 3 10 + g =100 |+
_;E o o -TCM + ._g—'IS»ﬂ o - TCM g -15 B 150
B_ TCM = TCM
g ] aen Boawn) T Bl £-a0 e
0 0 5 10 15
T:me [mln] Time {min) Time [mh] Tirne [mh]

Fig. 1. Depolarizing current elicited by CNQX in neurons. (A and B) The
frequency of sIPSCs in cerebellar granule cells voltage-clamped at 0 mV
[excitatory postsynaptic current (EPSC) reversal potentiall was measured before
and after bath application of CNQX (n = 5 cells, P < 0.05). (€ and D) The holding
current needed to voltage-clamp cerebellar Golgi cells (GoC) to —70 mV was
measured as CNQX was applied in the absence or presence of either 10 uM GYKI
53655 {7 = 11 and 5 cells, respectively, P < 0.001) (C) or 500 uM TCM (7 =

and 5 cells, respectively, P < 0.01) (D). (E) Similarly, CNQX was applied to
hippocampal CA1 pyramidal cells (Pyr) in the presence and absence of TCM {n =
5 cells for each treatment). (F and G) CNQX was also applied to hippocampal
dentate granule cells (DG) (n =5 cells) and Purkinje cells (PC) (0= 5 celks) in the
presence of TCM. Hippocampal neurons were voltage-clamped at —70 m\;
Purkinje neurans were held at —10 mV to prevent voltage escape. Error bars in
(B) to (Q) indicate SEM.
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excitatory neurmns (5, 6), This raised the possibility
that AMPA receptors on intemeurons somehow dif-
fer from those on other types of neurons, We there-
fore tested whether CNQX can act a5 an agonist on
AMPA receplons expressed by hippocampal CAL
pyramidal cells. In the absence of TCM, CNOX did
not evoke an inward cument (19 +26pA, n=235
cells) (Fig. 1E), as was reported previously (6, 12).
However, a CNOQXAnduced cument was observed in
the presence of TCM (-103.5 £ 433 pA, i = 5 cells)
(Fig. 1E} A CNOQXAnduced current was also de-
teded in the presence of TCM in dentate granule
cells (122 + 5.1 pA, n =5 cells) (Fig. 1F) and in
cerchellar Purkmje cells (1317 + 272 pA n=35
cells) (Fig. 1G). Given that CNQX could induce
depolarzing cuments in all neuron types tesied, the
agonist activity of CNQX is most likely a general
property of CINS neurons and AMPA receplors. The
previously reported lack of delection of CNQX-
mduced cumants was most likely because CNQX
was ot tested in the presence of TCM.

To conclusively attribute the depolarzing current
to AMPA, receplor activation, we next attempted to
reconstitute the agonist activity of CNOX on AMPA
receplons expressed in cultured buman embryonic
kidney (HEK) 293 cells. A brief application of
CMWOX evoked an mward cument on HEE293 cells
transfected with the AMPA receptor pore-forming
subunit GluR10)) flop and y-2, a member of the
TARP family of AMPA receptor auxiliary subunits
(13-15)(-12.7 + 57 pA, n = 6 celks) (Fig. 2A). Fur-
themmore, the CNOX<nduced current in HER293
cells had many properties consistent with AMPA re-
ceplor activation. The response (o CNOX was agnif-
icantly enhanced in the presence of TCM (2870 +
1046 pA, i = 6 cells, P < 0.04) (Fig. 2A) For ease
of memsurement, all further experiments in HEK293
cells werne camed out in the presence of TCM. Com-
parison of the cwrents evoked by CNOX and
hamate (1 mM) indicated that CNOQX is acting as
a pantial agonist (Fig, 2A), Partial agonists, such as
kainaiz, bind AMPA receplors but only induce a
fraction of the activation mduced by full agonists, such
as glutamate. As in Golgi cells, GYKI 53655 blocked
the CNOX-mduced mward cument in HEE293 cells
(mhibiton: 9.3 +0. 7, n=4 cells) (Fig. 2B), and the
cfiedd of GYK! was roversble. Furthermore, the
current elicited by CWCQX had the cument-voltage
(#-1) relationship expected for GR1(Q) AMPA re-
ceptors (1 =4 cells) (Fig. 10)(76). Together, our data
indicated that CWNOX acis as a partial agonist in a
hetemlogous expression sysicm,

We sought io determine whether other members
of the quinoxalinedione family also have agonist
activity, A bricf application of DNOX eliciied an n-
ward cumrent in transfecied HEK293 cells (-284.0 +
994 pA, i = 13 cells) (Fig. 2D), which was not slatis-
tically different from that seen with CNQX (2111 +
69.9 pA, n =11 cells, P= 057). In contrast, NBOX
did not elicit an inward curent in HEK293 cells
(232 £ 7.0 pA, 1 =9 cells) (Fig. 213), We observed
similar effocts in cerebellar Golgi cells in the absence
of TCM (DNOQX: -100 + 30 pA, n = 6 cells:
NBOX: 2.1 £ 21 pA, i =5 cells) (Fig. 2E). There-
fore, NBOX acts purcly as a competitive AMPA

A CNOX Glut

Fig. 2. AMPA receptor CNOX

activation by CNQX and
DNQX, but not NBQX,
in a heterologous sys-
tem. (A} The change in
holding cument, elicited
by a brief application of
10 pM CNOK to voltage-
damped 70 m\) HEKZ93
cells expressing GluR1
flop and -2, was mea-
sured in the absence
and presence of 500 pM
TCM. A brief application
of 1 mM glutamate
(Glut) in TCM was later
applied (n = 6 cells).
(B) The CNQX<nduced
change in holding cur-
rent was measured be-
fore, during, and after
the application of 100
M GYKI 53655 (n =
i cells). (€} The /-V rela-
tionship of the CNOX-
induced current in TCM
is shown (n = 4 cells).
(D and E) The effects of 10 uM DNOK and 10 pM NBQX were also measured in HEK293 cells cotransfected
with GluR1 and y-2 (DNQX: n = 11 cells; NBQX: n = 9 cells) (D) and in Gelgi cells in the absence of TCM
(DNCQY: n = 6 cells; NBOX: n =5 cells) (B). Error bars in {A) to (E) indicate SEM.
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Fig. 3. Crystal structure of CNQX bound to the AMPA receptor LBD. iGluR monomers are compased of three
tramsmembrane helices and one reenfrant loop, an N-emminal domain, and a LBD. Shown are two pore-forming
helices (rendered as green cyinders) within a membrane bilayer and the LBD [rendered as a ribbon diagram and
wlored in magenta (domain 1) and crange (domain 2}]. The LBD is a back-to-badk dimer of two protomers, each of
which contains a domain 1 and domain 2. (A and B) GluR2 LBD crystal structure in the gpo and ghtamate-bound
states [Protein Data Bank codes 1FT0 and 1FT), respectively (32)]. Glutamate is rendered as a Corey-Pauling-Koltun
{CPK) model and is colored in oyan in (B). Domain closure denotes the degree of domain 2 movement toward
domain 1 relative to the gpo state (20.2°). Linker distance is measured between the Ca atoms of Pro®? in each
protomer. In the full-length receptor, the artificial tinker (orange sphere) is connected to the pore-forming helices.
Glutamate binding induces domain closure, increases the tinker distance, and opens the dhannel pore. (C) GluR2
LBD crystal structure in the CNOX-bound state (rendered as a CPK model and colored in oyan).

receplor antagonist, whereas both CNQX and
DNOQX act as partial agonists.

Maodels of channel adtivation and desensitization
have been developed through structuml studies of
isolated ionotopic ghitamate receptor ligand-binding
domains (LBDs). These LBDs consist of two domaims
amanged in a clamshelHike mamer that undago a
conformational rearrangement, typically movement of
domain 1 twward domain 2 (domain closure), upon
ligand binding (Fig. 3). Binding of full agonists, such as

glutamaie, induces maximal domain closure (-217),
whercas partial agonisis, such as kamate, induce
partial closure { 12%) relative to the unbound apo stale
{17}, Therefore, channed activation 1s comaelated with
the degree of domain closure upon ligand binding
(17, 18), Agonist efficacy also comelates with the
length of separtion between the linker regions of
each subunit, which connect the LBDs 1o the pore-
forming transmembrane segments in the fulldength

receptor (Fig. 3) (77-20).
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Fig. 4. Effects of CNQX and DNQX in the absence and presence of TARPs.
(A) Either CNQX or DNQX was applied in the presence of TCM to HEK293
cells cotransfected with GluR1 and y-2 or with GluR1 alone [CNQX: GIuR1 +
v-2 In = 11 cells) and GluR1 alone (7 = 8 cells); DNQX: GluR1 + y-2 (n =

To st whether CNOX induces domain closure
and lnker separation consistent with agonist activity,
we obtained the crystal structure of CNOX bound to
the GluR2 LBD, ako reforrad to as *S 1527 (Fig. 3C,
table 51, and fig. 52). The CNQX-bound structure
was ~6.4° closed relative to the ape state (~7.7° and
=517 for the two protomers), which & consistent
with partial agonist activity. However, the linker
separation in the CNQX-bound structure (20.7 A)
was not different from that of the apo state (294 A),
suggesting that CNOX may nol ransduce s domain
closure into channel opening, and is therefore neon-
sistent with the partial azonist adivity that we ob-
served. Our CNOX-bound sirueture was similar o
the structure of DNOQX bound to the GluR2 LBD
(Ca root mean square deviation = 0.71 A) (/).

A key difference between the CNOQX-bound
LBD structure and native recepiors & that the bier
ane coexpressed with TARPs, which include y-2, -3,
v-4, and 8. To detemine whether coexpression of
TARPs s required for CNQX-nduced receplor
adtivation, we compared the CNQX-induced currents
in HEK293 cells transfected with GluR 1 and -2 to
those transfected with GluR 1 alone. Neither CNQX
nor DNQX activated AMPA receplors in the absmce
ofy-2, even in the presence of TOM (CNQX: 163+
110 pA, v =8 celle DINCOX: -18 +056pA, n=12
cells) (Fix, 440 This was not due to a lack of AMPA
receplor expression becavse the avemge glutamate-
cvoked currents in cells tansfected with GluR 1
alone were similar in the two conditions (GluR 1
alone: 2941 + 485 pA, n = 20 cells y-2 + GluR1:
3386+ 408 pA, n=24 cells; P= 048). Furthennone,
the use of TCM to both slow and block AMPA
receplor desensilization (J1, 1) suggests that the
lack of CNQX-induced cuments in the absence of
y-2 is not simply due to a detection difficulty result-
ing from rapid desensitization. This indicaies that
CMOX and DNOQX ad as pure competitive antago-
mists on AMPA receplors in the absence of -2 bui
asagonists in the presence of y-2. Other members
of the TARP family produced smikr changes in
CMNOX activity (Fig, 4B). Therefore, inclusion of
any TARP family member in an AMPA recepior
complex switches the nawre of CNQX and DNOQX
from competitive antagonists 1o paial agonists,

In light of ow results, the srucwrally similar
quinoxalinediones — CNQX and DNQX-—are per-
haps best considened to be partial agonists rther than
competitive antagoniss, given that most ncurons in
the CNS express TARPs (24, 22). The lack of
CNOX agonist adivity in the absence of TCM in
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hippocampal CAl pyramidal cells (Fig. 1E) (6) and
other excitatory neurons may be due to rpid desen-
saiiaion of CHOMAnducad curments m these cellbs w
a result of the expression of the flip splice varant of
AMPA receplor subunits (23, 24). The current in-
duced by CNOX on GluRT flip recepiors was only
~3%% of the curent induced by CNOQX in the pres-
ence of TCM (Fig. 2A and fig. S3B). I hippocampal
CAl pyramidal cells pamanly express flip receptors,
we would expect only 3 pA of CNQX-induced cur-
rent in the absence of TCM, which & similar to the
trend that we observed (1.9 £ 26 pA) In contrast,
the weaker TCM potentiation in Golgi cells may be
due o expression of the flop variants of AMPA re-
coplors, because the CNQX-nduced currents from
GluR 1 op receptors wene only moderiely poten-
tiaked by TCM (fig. S3). This moderate potentiation
agrees with the known weaker potency of cyelo-
thiazide, a congener of TCM, on flop receplors (25)

Although CWNOX acts 55 a weak partial agonist,
its occupancy of the AMPA receptor lipand-binding
ate would prevent the binding of other agonists and
further activation. Thus, inierpretations of previous
experiments that used CNOQX 1o antagonize AMPA
recepions are valid, exeept perhaps in the case when
neumns were ncubated for exiended periods with
CNOX, which may lead w cell death and‘or recepior
ntemaliztion resulting from chronic AMPA re-
ceplor activity, Given that quinoxalinedione analogs,
a5 well a8 other competitive antagoniss of AMPA
recepions, have undergone clinical testing for the
treatrment of numerous diseases, including epilepsy
and swoke (26-25), betier predictive activity of in
vivo function may benefit from the incluson of
TARPS in in vitro drug screening assays

Although previous work had shown that TARPs
mcrease the efficacy of AMPA recepior agonisis
29-31), their relationship to our sucture- and
function-based wndertanding of AMPA recepior
mting had remained entirely unknown, Based on
our current findings, we put forwand a model in which
TARPs either srengthen the coupling between
agonist-induced domain closure and channel opening,
perhaps by promoting linker separation, o directly
enhance the degree of domain closure induced by
CNOX. Further structun] studics are required © dis-
tinguish between these two allematives.
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Dear Colleagues,

On behalf of the AAAS Board of Directors, it is my distinct honor to invite you to Boston for
the 174th National Meeting of the American Association for the Advancement of Science.

The theme for the meeting — "Science and Technology from a Global Perspective" —
emphasizes the power of science and technology as well as education to assist less-
developed segments of the world society, to improve partnerships among already-developed
countries, and to spur knowledge-driven transformations across a host of fields.

As you know, the AAAS Annual Meeting has become the most important gathering of the
year for the growing segment of scientists and engineers who seek to explore the
intersections between disciplines and to witness the broad influence of science and
technology on society. You will have the opportunity to interact with a diverse array of
leading scientists, engineers, educators, students, and policy-makers.

Attendees will have the opportunity to choose among a broad range of activities, including
160 symposia, seminars, and career development workshops as well as plenary and topical
lectures by some of the world's leading scientists and engineers. Typically the meeting
includes up to 10,000 participants and hundreds of members of the national and
international media.

A public-engagement event on *Understanding Obesity and Childhood Nutrition™ is
intended to expand the dialogue among scientists, teachers, students, policy-makers,
education leaders, and the general public on the science behind childhood obesity and
nutrition, It will feature a broad and exciting amay of speakers with a strong focus

on strategies for addressing the problem. You and your family can also enjoy

Family Science Days — a free event open to the general public.

The following pages present the highlights of the scientific program to date. You can
explore the program online, obtain updates, and develop a personal itinerary at
www.aaas.org/ meetings.

The Annual Meeting reflects tremendous efforts from the AAAS sections, divisions, and
committees, which we gratefully acknowledge. | also extend a personal thanks to the
members of the Annual Meeting Scientific Program Committee who reviewed and
assembled the many excellent ideas and proposals into this outstanding meeting.
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Please join us in Boston,

David Baltimore, Ph.D.
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Robert Andrews Millikan Professor of Biology

California Institute of Technology
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Attend plenary and topical lectures given
by eminent scientists and engineers.
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David Baltimore, Ph.D.

AAAS President; Robert Andrews Millikan
Professor of Biology, Califomia Institute of
Technology

Baltimore is one of the world’s leading biologists
and a co-recipient of the 1975 Nobel Prize in Medicine for the
discovery of reverse transcriptase. Since then, he has published
more than 6oo papers, including seminal research on the genetics
of cancer, the workings of the HIV virus and AIDS vaccine
candidates, and fundamental observations in molecular
immunology. He was founding director of the Whitehead Institute
for Biomedical Research and president of Rockefeller University and
Caltech. Today he heads the Baltimore Lab at Caltech, with support
from the Gates Foundation, to look for ways to genetically boost the
immune system against infectious pathogens, particularly HIV.
Throughout his career, Baltimore has influenced science policy. He
helped set standards for recombinant DNA technology and received
the 1999 Mational Medal of Science in part for his work on AIDS
research policy. Today he is outspoken about what he sees as
government efforts to distort and suppress scientific research.

President's Reception: Immediately following

Nina V. Fedoroff, Ph.D.

Special Adviser, Science and Technology,

U.5. Department of State

Evan Pugh Professor of Biology and Willaman
Professor of Life Sciences, Huck Institutes of the
Life Sciences, Pennsylvania State University
Making the World Flat: Science and Technology
in the Developing World

In August zoo7, Fedoroff was named the Science and Technology
Adviser to U.5. Secretary of State Condoleezza Rice. She holds an
academic post as the Evan Pugh Professor of Biology and Willaman
Professor of Life Sciences at Pennsylvania State University, where
she is also founding director of the Huck Institutes of the Life
Sciences. As a leading geneticist and molecular biologist, she has
contributed to the development of modem techniques used to
study and modify plants. Her book, Mendel in the Kitchen: A
Scientist’s View of Genetically Modified Foods, examines the
scientific and societal issues surrounding the introduction of
genetically modified crops. She received the 2oo6 National Medal
of Science for her pioneering work on plant molecular biology and
for being the first to clone and characterize maize transposans.

Plenary Lecture Panel
Global Health Challenges

AAAS President David Baltimore, moderator

JimYong Kim, M.D., Ph.D.

Director, Frangois Xavier Bagnoud Center for Health and Human
Rights, Harvard School of Public Health, and Professor of Social
Medicine and Medicine, Harvard Medical School (invited)

Peter Piot, M.D., Ph.D.

Executive Director, UNAIDS, and Under Secretary-General of the
United Mations

| AAAS President Baltimore will moderate a Davos-
style panel discussion that explores global health
challenges fram three perspectives: philanthropy,
world leadership, and program successes and
challenges. Executive director of UNAIDS since its
creationin 1995 and under secretary-general of
the United Nations, Piot comes from a
distinguished academic and scientific career
focusing on AIDS and women's health in the
developing world. Drawing on his skills as a
scientist, manager, and activist, he has challenged
world leaders to view AIDS inthe context of sacial
and economic development as well as security.
Kim has worked to improve health in developing
countries for more than 2o years and is an expert
in tuberculosis. He is a founding trustee and the
former executive director of Partners In Health, a
not-for-profit organization that supports a range
of health programs in poor communities in Haiti,
Peru, Russia, Rwanda, and the United States. A panelist will be
added to offer a perspective on providing support to combat
diseases and to address other global health concerns.
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Topical Lectures Topical Lecture Panel

Angela M. Belcher, Ph.D. Advancing Science and Fostering
Germeshausen Professor of Materials Science and Engineering Innovation Through International

and Biological Engineering, Massachusetts Institute of Technology =g . .
From MNature and Back Again: Giving New Life to Materials Cﬂﬂp eration: A Trans 'Aﬂﬂﬂ' tic Per SP ective

for Eneiiy, Elecsiics, and tre Envioment AAAS President David Baltimore, moderator

Janet Browne, Ph.D. :
Aramont Professor ofthe History of Science, Harvard University Mark Fishman, M.D.

2007 George Sarton Award Lecture in the History and Philosophy President, Novartis Institutes for BioMedical Research
of Science

Commemorating Darwin: The History of Scientific Celebrations

Charles Elachi, Ph.D.

Director, NASA Jet Propulsion Laboratory

The Golden Age of Robotic Space and Earth Exploration:
Challenges and Opportunities

Janez Potocnik, Ph.D.
Commissioner for Science and Research, European Commission

Daniel Kahneman, Ph.D.

Eugene Higgins Professor of Psychology, Princeton University
2007 John P. McGovem Lecture in the Behavioral Sciences
Architecture of the Mind

Curtis T. McMullen, Ph.D.
Cabot Professor of Mathematics, Harvard University
The Geometry of 3-Manifolds

Per Pinstrup-Andersen, Ph.D.

H.E. Babcock Professor of Food, Nutrition, and Public Policy,
Cornell University

Science and Policy Priorities for the Global Food System

Nathan D. Wolfe, Ph.D.
Professor of Epidemiology, UCLA School of Public Health
Viral Forecasting

FHOTDS OF RESEARCHERS COLRTESY OF LrsDu
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Discount Airfares to Boston

American Airlines and Delta Airlines, the official carriers
for the 2008 AAAS Annual Meeting, are offering discounted airfare
to and from the meeting.

For details, visit: www.aaas.org/meetings and select
“Travel Information.”

m.aaasmeeﬂnm' Visit the Web site for updates, registration, and an itinerary planner




Explore the possibilities

Experts from 56 countries will
share their work and perspectives
on the breadth of science,
engineering, and technology.
Explore new advances,
opportunities, and frontiers -

all from a fresh perspective.

Climate Change and the
Environment

* Biological Adaptation to a Changing
Climate

* The Carbon Journey: Understanding
Global Climate Effects and Advancing
Solutions

Global Interactions Between Climate
Change and Microbial Activity

* Ocean Acidification and Carbon—Climate
Connections: Lessons from the Geologic
Past

+ Ocean Iron Fertilization and Carbon
Sequestration: Can the Oceans Save the
Planet?

* The Other Carbon Dioxide Problem:
Ocean Acidification

* Probing Arctic Regions: Linking Past
Records, Present Effects, and Future
Predictions

* Strange Days on Planet Ocean: New
Insights on the Effects of Climate Change

* To What Extent Does Solar Variability
Contribute to Climate Change?

* Transforming Our Ability To Predict
Climate Change and Its Effects

* Under Thin lce: Global Warming and
Predatory Invasion of the Antarctic Seas

Communicating Science and
Technology

* Communicating Science in a Religious
America

* A Comparative Look at Markets, Media,
and Emerging Attitudes About
Nanotechnology

& A Crack inthe Lab Door: The State of
“Upstream Engagement” in Science

= Design of Mechanical Puzzles

* Engaging the European Public in New
Science

= Global Issues: Helping the Public
Understand When Scientific Information
Is WValid

* GlobalWarming Heats Up: How the
Media Covers Climate Change

* |mproving Public Understanding of
Engineering: From Research to Practice

= Major Transformations in Evolution: The
State of the Art and Public Understanding

» New Techniques in the Evaluation and
Prediction of Baseball Perfarmance

Ecology and Resource
Management

» Adaptation Options for Climate-Sensitive
Ecosystems and Resources

* Designing Self-Maintaining Deltas: A
Muiltidisciplinary Approach to Restoration

* Drylands and the City: Global Issues and
Perspectives

* Finding Sustainability Without Stability:
New Goals for a World in Flux

* Farum for Sustainability Science
Programs

# Into the Deep: Ecology and Evolution of
Deep-Sea Corals

= Planet Earth: Lessons lgnored, Lessons
Learmned

= Spil Protection for Sustainable Well-Being

& The Unnatural History of the Sea: New
Insights and Baselines for Ocean Recovery

Visit our Web site for a listing of speakers
and complete details of the meeting:

www.aaasmeeting.org
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» Will Too Few |aws Take Too Big a Bite?
The Importance of Sharks to Ocean
Ecosystems

* Education and the Work Farce
= Aiming Higher: The How and Why of

Advancing Women in Agricultural
Sciences

# Defining Secondary Science Education
Through Advanced Placement Redesign

* Emerging Research for Women in Science
in the New Century

* |nside the Double Bind: Women of Color
in STEM

* Looking Across the Ocean: Increasing
Science and Engineering Women Faculty

* PISA 2006: How Well Prepared Are 15-
Year-Olds for a Global Scientific Society?

* Pawer in Its Place: Science in Tribal
Education

* Promoting the Success of Minarity
Graduate Students

* Science for Tomorrow's Citizens and
Leaders

Food Protection and Supply

* Dolly for Dinner? Technological and
Socioeconomic Perspectives of Animal
Cloning

» Embracing Change: A New Vision for
Management in Coastal Marine
Ecosystems

* Energy, Agriculture, and People: Global
Implications for Science and Policy

* Food Security and Climate Change in
Africa

= Last Best Chance for Tuna: Learning from
the Cod Collapse

* The Privilege To Fish

Future of Energy
* Biofuels from Forest-Based Biomass

= Biomass-to-Biofuels Conversion:
Technical and Policy Perspectives

* Burn or Bury? Global Proposals for
Managing Highly Radioactive Nuclear
Waste

* Coal Gasification: Myths, Challenges, and
Opportunities

* Food and Fuel: Biofuels, Development,
and a Sustainable Bioeconomy

* Progress in Magnetic Fusion Energy
Research: 5o Years of Intemational
Collaboration and Future Prospects

» Materials Synthesis Opportunities for
Global Energy Needs

= Nanocatalysis for Clean Energy and
Sustainability

= Nuclear Reactor Systems of the Future:
Costly llusion or Promising
Breakthrough?

* A Thirst for Power: The Global Nexus of
Energy and Water

= World Biofuels Production Potential in
the Next Decade

Global Health: What's Next?

# Drugs in Our Corn Flakes? Our Health and
the Economic Risks of “Pharma” and
Industrial Crops

» Fighting the Global Obesity Epidemic:
Small Steps or Big Changes?
* From Kitchen Sinks to Ocean Basins:

Emerging Chemical Contaminants and
Human Health

= How the Bugs Come Back and Bite Us:
The Rise of Agricultural Pathogens

* Measuring Human Exposures to Hormone
Disruptors: Scientific Tools for Global
Health

= (Overcoming the Current Challenges in
HIV/AIDS

= A Perspective on Infectious Diseases:
Challenges to Global Health

s Preparing for the Health Effects of
Climate Change: Science and Societal
Strategies

* Sustaining Human Health in a Changing
Global Environment

* Understanding the Linkages Between
Environmental Toxicity and Human
Disease

» AViral Time Bomb: Hepatitis C in the
Developing World

Human Development and
Understanding

= Advances in Language and Speech
Science and Technology

* Brain Basis of Speech

* Cross-Cultural Perspectives and Mental
lllness

* How Can Social Learning Move Us Toward
Sustainability?

* Imagining the Future: New Perspectives
from Psychology and Meuroscience

* Mathematics and the Brain
* Mind of a Toolmaker

* Moral Judgment: Evolutionary and
Psychological Perspectives

= Poverty and Brain Development:
Correlations, Mechanisms, and Societal
Implications

= Thinking With and Without Language

Opportunities for the
Developing World

= Access to Medicines: Fostering Unigue
Collaborations, Overcoming Challenges

= Collaboratively Developing Student
Mathematical Thinking Among APEC
Member Economies

® Earth Observation for Africa, with Africa

* Geospatial Science, Global Change, and
Sustainability in Africa

» |t Takes a Bank to Raise a Village:
Financing Science and Technology for
Sustainable Development

* Producing Scientists and Engineers in
Developing Countries: New University
Paradigms

* Progress in Human Genetics Research in
Africa: Science, Technology, and Ethics

Environmental
Practices

All program materials, including
the Program Book, will be printed

with recycled paper and recyclable
covers. Containers will be provided
on site for program materials,
badge holdersand other
recyglables.

www.aaasmeeting.org | Visit the Web site for updates, registration, and an itinerary planner




Special AAAS
Membership
Offer

Do you have colleagues who
are not yet members of AAAS?

If they register in advance for the
2008 Annual Meeting in Boston, they
will receive a one-year membership to
AAAS along with all member benefits.
These include a one-year subscription
to the journal Science, online access
to Science and all of its archives,

and access to Science Express.
International members will receive
Science Digital.

This offer is good for advance
registration only, and expires

on 18 January 2008. Only
nonmembers qualify.

Share the news now.

Register Now: Get special
discounts on meeting and
hotel registration.

Visit www.aaas.org/ meetings
and select -+ Register

# Science and Technology for Sustainable
Development: The African Context

= Supporting African Scientists in the Quest
for Sustainability: After Training, What?

* Qur Networked World

» Blogs, Boards, and Bonding: Using
Electronic Communities To Support
Women in Science

» Building Science Capacity with Linked
Observation Systems: Seismological
Perspectives

» Challenges in Collecting and Interpreting
Data in Humanitarian Emergencies

* Enhancing Science Globally Through
High-Performance Computing and
Simulation

= From Space to Village: Promoting
Sustainable Development Using Satellite
Observations

# The Global Dimension of Research
Infrastructures

= |nformation, Computing, and
Communications:; Keys to Sustainable
Global Development

= Managing and Preserving Scientific Data:
Emerging Perspectives on a Global Basis

= Power of the Internet To Facilitate
Science Education and Metworking: The
Supercourse

* Seeing Science

= \firtual Observatories and Research
Collaborataries: Network-Enabled
Science

# Science and Engineering on the Horizon

* co'Years of the Space Age: Looking Back,
Looking Forward

= Earth Observations from Space: so Years
of Accomplishments

= Global Diffusion of Nanotechnology:
Lessans from China, ltaly, and the United
States

# Grand Challenges and Opportunities for
Engineering in the 215t Century

» High-Powered Lasers: Fusion Ignition
and Concomitant Scientific Opportunities

Airport Transportation

For information about
transportation from the airport,
see www.aaas.org/meetings and
select “Travel Information.”
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® Mars Rovers: The Exploration of Mars

* New Diamond Age: From Optics and
Electronics to Spintronics and Nucleonics

= Nuclear Physics: New Answers, New
Questions About the Visible Universe

e Quantum Information Theory
* What |s a Planet?

* Warldwide Hunt To Solve the Mystery of
Gamma-Ray Bursts

Science, Technology, and

Public Policy

Advocacy in Science: Opportunities, Limits,
Responsibilities, and Risks

s Art and Connoisseurship: New Scientific

Techniques Conserve Art and
Architecture

* Optimal Laboratory Animal Care and Use:
The Road to International Guidelines

» Strengthening Federal Science Through
the zoog Presidential Transition

= Toward a New Climate Economics: Can
We Afford the Future?

= Turning the Tide? Current Climate and
Energy Technology Policy Negotiations

& We the People: Funding Science Through
Direct Democracy

* Where Does “Think Globally, Act Locally”™
Come From?

= Whose Scientific jJudgment?

The Scientific Enterprise
e Ethical Issues in Scientific Publishing

= From Global to Local: Impact of Field
Research in Biological Anthropology

* Global Research Competitiveness in
Times of Social Transition

= |5 It Possible To Predict the Future of
Science?

e Research and Technology at the
Crossroads of the Debate on Biopiracy

= Sustainability of Open Access: Does
Increasing Global Access Come with
Hidden Costs?

*» Translation of Fundamental Cancer
Biology: Toward Clinical Innovation —
Singapore Model|

* Unlocking the World's Science:

Increasing Access, Adding Visibility, and
Aiding Authors



Strategies for International
Scientific Cooperation

* Are There Diverse Paths to Progress in
Global Science?

» Changing Models of Research in Higher
Education: International Perspectives

* Engaging the World Through Science:
Science Partnerships in U.5. Foreign
Relations

= English-Only Science in a Multilingual
Warld: Costs, Benefits, and Options

= Global Knowledge and Information
Commons for Sustainability Science and
Innovation

* Global Partnerships for Sustainability
Science

» Global Science in the Modern World:
Perspectives on the Quantum Universe

* Humanity at the Nexus: Academic
Partnerships and Entrepreneurship in
Global Health

= |nterdisciplinary Research and Integrated
Policy-Making for Sustainable
Development

# Large-Scale International Collaborations
and the Future of Physics

» Lniversities Without Walls: Endeavors in
Global Interinstitutional Education

PO OF RESEARCHIE COLBTESY OF LISDh.

Technology for a Healthy Future
= Air Pollution and Atherosclerosis

* Bisphosphonate Therapy and Oral
Problems, a Two-Edged Sword?

= Crops for Health: Improving the Health-
Promoting Properties of Food

* The Father and the Fetus: Revisited

* Health Economic Evaluations of Medical
Technologies: Is the Cost Worth the Cure?

* High-Tech, Low-Cost Medicine: A New
Paradigm for Global Health

= Modeling the Dynamics of the Drug-
Resistant Killers of the 215t Century

s Nanotechnology and Health: What Are
the Benefits and Risks?

= A4 New Generation of Studies To Unravel
the Genetic Components of
Cardiovascular Diseases

* Progress in Cancer Prevention

* The Science Behind Consumer Product
Safety Testing: New Directions

= Systems Biology: Hype or Hope in Drug
Design?

World Security and Stability

= Atomic Detectives: Nuclear Forensics and
Combating llicit Trafficking

» Biometrics in Border Management: Grand
Challenges for Security, Identity, and
Privacy

* Global Ecologies of Danger: Living
Thraugh Extreme Times

# Nuclear Forensics and Global Muclear
Deterrence

= Radiation Detectors for Global Security:
The Need for Science-Driven Discovery

= Technologies for Open Source
Intelligence: Staying Ahead of the Game

= Terrorist Threats to the United States

Students: Take the freeway to Boston

Attend the meeting for free ... volunteer as a session aide.

Check out what you'll get if you volunteer:
= Afree subscription to Science Online

* Free access to the Career Resource Center

* Free meeting registration

For more information:

www.aaasmeeting.org/student

www.aaasmeeting.org | Visit the Web site for the latest updates and registration details,




Discover the Power of Networks
Start your own global conversations

Engage in powerful networking opportunities. Hear and discuss
the latest advances in scientific research and technology.

Understanding Obesity and 2008 Forum for School Science
Childhood Nutrition: A Special Programs that Create a New Science Professional:
AAAS Public Engagement Event The Ph.D. as Public Educator
Teachers, school health professionals, What do Gearges Charpak, Russell Hulse, Leon Lederman, and Carl Wieman have in
parents, students, scientists, and the common aside from physics and the Nobel Prize?
public are cordially invited to take partin a All are research scientists who are engaged in K-16 science education: Charpak
free tawn hall-style event on designed La Main 2 la Pite, a hands-on teaching method for primary grade students. Hulse
understanding the science behind obesity served as a visiting professor of physics and science and mathematics education at
and childhood nutrition. The town hall will University of Texas at Dallas. Lederman created the lllinois Science and Math Academy (one
explore key questions, including: of many things). Wieman mowved to the University of British Columbia to focus onimproving
» Isit the fat, the carbohydrates, or the undergraduate physics education.
calories? What motivates science professionals to get involved in science education and to
* What does science tell us about engage in collaborations with an individual teacher, a school, a school system, or a science
children's nutritional needs worldwide? organization in the community? The 2008 Forum for School Science will:
¥ Is there enough time in the school day + Describe selected collaborations and partnerships between universities and school
for exercise? systems,
» How can nutrition instruction fit into the »  Provide steps for developing and sustaining the partnerships,
K-12 science curriculum? 3 Describe the value added for the institutions and individuals involved, and
+ What roles can communities, schools, » Offer data and analyses from projects and outside evaluators on the effectiveness of the
culture, and people play in addressing program and the impact on graduate students, teachers, the universities, and the school
the problem of childhood obesity? systems,
Program updates and more information The Forum will highlight programs that build partnerships between institutions of higher
will be available at www.aaas.org/obesity. education and school systems to promote improvements in science, technology,

engineering, and mathematics education, and engages a new generation of scientists to
communicate their research to the public.

Managing Threats to Marine Ecosystems

Organized by: Larry Crowder, Duke University, Beaufort, N.C.

This two-day seminar focuses on threats to marine ecosystems, first describing the location
and magnitude of those threats based on new spatially-explicit analyses. New sensing
technologies and new analytical tools map the effects of human activities on marine
resources as well as collateral damage to habitats and non-target species.

Because of these new place-based approaches, management efforts can be focused
where they are likely to make a difference. Valuation of ecosystem services allows
scientists and managers to examine the utility of various management approaches,
including marine reserves, to protect ecosystem functioning and resilience.

Attendees will hear about a variety of new discoveries and novel methodologies that will
fuel the development of marine ecosystem-based management.

Discount Hotel Rates

AAAS has negotiated special rates for AAAS Meeting attendees. For rates
and details, visit www.aaas.org/meetings and click on “Hotel Reservations.”
Find out why it pays to book a room through AAAS.

AAAS ANNUAL MEETING | 14—18 February 2008 | Boston



Broaden Your Reach

If your organization is looking to make a strong impression on a large scientific, technological,
and engineering audience, consider exhibiting or sponsoring at the 2008 AAAS Annual
Meeting in Boston. Join a list of world-class sponsors, supporters, and exhibitors.

AAAS wishes to thank the following sponsors and supporters:

Presenting Sponsor

SUBARU.

A

{
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r EUROPEAN
RESEARCH

NETIELE TERGIGE DRER M ATION

i***

EEELL AL e

L’OREAL

SUPPORTERS: Argonne National Laboratory and Yomega

In addition generous funding for AAAS Awards is provided by
Johnson & Johnson Pharmaceutical Research & Development, L.L.C. and Affymetrix.

EXHIBITORS (as of 1 October)

Academia Book Exhibits

American Mathematical Society
Baden-Wirttemberg International

Basic Books

Brookhaven National Laboratory

Council for International Exchange of Scholars

ESO - European Organization for Astronomical
Research in the Southern Hemisphere

EurekAlert!

Eurgpean Commission, DG Research
European Molecular Biology Laboratory
EuroScience

Hokkaido University

Institute of Physics Publishing

Irish Universities Association

lohn Templeton Foundation

Marine Conservation Alliance
Massachusetts Institute of Technology

For more information:
Contact: Jill Perla

AAAS Meetings Department
Direct Dial; 202-326-6736
E-mail: jperla@aaas.org

NASA Earth Systems Science —
Data and Services

Mational Aeronautics and Space
Administration

MNational Center for Science Education

National Center for Supercomputing
Applications

MNational Institute of Standards and
Technology

Mational Oceanic and Atmospheric
Administration

National Science Digital Library

National Science and Engineering Research
Council of Canada

National Science Foundation

New Scientist/Reed Business Information
Oak Ridege Associated Universities

Oak Ridge National Laboratory

Penguin Group (USA)

CALL YOUR VIDED PRCVIDER
FOR MORE INFORMATION

THE KAVLI PRIZE

%ﬂ"lﬂ“mlﬂ?ﬂl r“'lnl'l:'ﬂ
| FHAEMACLUTICAL RESEARCH
. L DEVELOPMENT. LLC

Proceedings of the National Academy
of Sciences

Prometheus Books

RIKEN, ]apanese Research Institute
Science

The Science Channel

Subaru of America Inc.

U.5. Civilian Research and Development
Foundation

U.5. Department of Science, Genomes to
Life Project

L.5. Department of Science, ITER Project
U.5. Department of Science, Retina Project
U.5. Department of Science, Science.gov
L5, Department of Science, Workforce Group
U.5. Environmental Protection Agency

University Corporation for Atmospheric
Research

MYAAAS

ADVAMCING SCIENCE, SERVING SOCIETY



CREDIT: BOTTOM IMAGE) ©2007 JUPTERIMAG ES CORPORATION

THERAPEUTIC RNAIz

Delivering the Future?

When the Nobel Assembly at Karolinska Institutet awarded its 2006 Prize in Physi-
ology or Medicine to Andrew Fire and Craig Mello for their discovery of RNA inter-
ference, it noted the process “is already being widely used in basic science as a
method to study the function of genes and it may lead to novel therapies in the
future.” With a half-dozen or so therapies based on RNA interference currently
in clinical trials, including one in phase 3 and countless more in the pipeline, the
future could be closer than ever. By Jeffrey M. Perkel

isn't here...vet, A slew of safety, efficacy and, most important, delivery issues
remain to be resolved.

“As a class of strategies, this has probably gone to the clinic faster than any-
thing in the past, but we don't have a [clinical] result to point to yet,” says Greg
Hannan, of the Cold Spring Harbor Laboratory. "No one would have predicted this
funny little phenomenon would become what many view as the future of pharma-
ceuticals,” he adds.

If the latest business news is any indication, Big Pharma certainly thinks so.
Merck & Co. acquired RNAi firm Sirna Therapeutics for $1.1 billion at the close of
2006. And this past July Roche entered into an alliance with Alnylam Pharmaceuti-
cals worth some $331 million in upfront payments and as much as $1 billion over-
all, and AstraZeneca signed a $400 million agreement with Silence Therapeutics.

From the RNAi companies’ perspective, such deals can have profound effects,
says John Maraganore, president and CEOQ of Alnylam Pharmaceuticals. “This is
such a transformative event for our business, because it erases the need to raise
capital in the public markets, and it allows us to focus our pipeline on programs we
will bring to market of our own accord.”

Considering the timeline, RNAi's path to the clinic has been metearic: The
gene-silencing mechanism was discovered in 1998, observed in mammalian cells
in 2001, and proven to work in animals in 2003,

“I'd give it an A |grade]so far,” says David Corey, professor of phaimacology at
the University of Texas Southwestern Medical Centerin Dallas. "l think things are
coming along as well as might have been expected.”

“Certainly not as well as naive optimism might have suggested,” he adds, “but
this is the real world."”

The future for RMNA interference (RNAD)—at least as it pertains to medicine—

The Real World Problem: Delivery

The success of RNAI as a research tool, and much of the excitement over its poten-
tial as a therapeutic, stem from the fact that it piggybacks on a well-characterized,
intrinsic regulatory mechanism to find and degrade its cellular targets.

RMAi relies on short, double-stranded RNAs (short-interfering RNAs, or siR-
MAs), which are complementary to, and direct the cleavage of, specific target mes-
senger RNAs (mRNAs) via the multiprotein RNA-induced silencing complex (RISC).
Only one of the two siRNA strands, the “guide” strand, is used in this process; the
other, “passenger” strand, is degraded.

“One of the things we are fortunate with in RNAi isit is a biological process, and
as much as it has transformed research, we believe it will be equally transforma-
tive from a therapy standpoint,” says Maraganore.

But there are some serious hurdles to overcome first, most especially delivery.

“All the challenges are in delivery,” says Phillip Zamore, Gretchen 5Stone Cook
Professor of Biomedical Sciences at the University of Massachusetts Medical
School. Other issues, such as chemical stability, immune stimulation, and off-tar-
get effects, “are vastly overrated” by comparison, he says, not to mention erel-

evant, if getting the siRNA into the target cells cannot be solved. cantinued

www.sciencemag.org/products

66 As a class of strategies,

this has probably gone to the
clinic faster than anythingin

the past. ”

Look for these Upcoming Articles
Protein-Protein Interactions — November 30
- Robotics/Automation — |anuary 18

\

Inclusion of companies in this article does not indicate
endorsement by either AAAS or Science, noris it meant
to imply that their products or services are superior to
those of ather companies.
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Consider off-target effects—that is, that the siRNA will target
transcripts other than the intended one. Zamore notes that only
5iRNAs that are extensively complementary to their targets over 16
or so nucleotides can induce cleavage. Off-target effects typically
arise from imperfect complementarity, which results in the less se-
vere consequence of translational repression (as opposed to deg-
radation).

Even if an siRNA can impact the expression of other genes, that
is only medically important if those molecular changes produce a
physiological effect, he says.

Besides, “I think the idea that one can create a drug that has no
side effects, either molecular or phenotypic, is naive,” says Zamore.

The other common concern, stability, is also now more easily
handled. “Maked siRNAs have a very short half-life,” explains Judy
Lieberman, professor of pediatrics at Harvard Medical School. First,
the molecules are very small and get filtered by the kidney. And, they
are highly susceptible to attack by serum nucleases.

But chemical modifications like 2°-0-methyl ribonucleotides and
phosphorothioate linkages in the backbone confer resistance to nu-
clease attack, while enlarging the molecules to about 50 kD or so, by
complexing it to other molecules or within particles, can prevent loss
through kidney filtration.

“The rate-limiting problem,” Lieberman says, “is how you get the
small RNA into a cell.” Some cells and tissues will readily take up the
RMNAs by endocytosis; most will not. “The bigger problem is, how do
you target deep tissues or circulating cells?™

Systemic Delivery Strategies

Drug developers have hit upon several potential strategies to deal
with systemic delivery. One is to package the siRMA inside lipo-
somes, much as some transfection reagents do. Liposomes protect
the siRMNA from degradation and kidney clearance, but tend to get
trapped in the liver, and so are mostly effective for targeting such
conditions as hepatitis and hypercholesteremia.

A second strategy conjugates the siRNA to a large targeting mol-
ecule, like an antibody, aptamer, or cholesterol. Alnylam has experi-
mented with cholesterol-linked siRMAs—which may be imported
into cells via the low density lipoprotein (LDL) receptor— for system-
ic administration, while Nastech Phamaceutical covalently couples
its siRNAs to targeting peptides,

Others complex the siIRNA into a particle via electrostatic interac-
tion between the negatively charged RNA backbone and some posi-
tively charged molecule. Harvard's Lieberman, for instance, has de-
veloped a strategy in which the RNA complexes with a single-chain
antibody tagged with positively charged protamine (the protein that
nucleates DNAin sperm).

Using this approach, Lieberman has developed particles that
target HER2-positive breast cancer and HiV-infected cells. Most re-
cently, she targeted LFA1-positive primary lymphocytes in vitro and
in mice and showed that, with the right antibodies, she can specifi-
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cally target activated leukocytes. Premlata Shankar and M. Swamy
Manjunath, also at Harvard, employed a variant of this strategy (us-
ing a polyarginine-tagged rabies peptide) to get siRMAs across the
blood-brain barrier in mice.

Intradigm and Calando Pharmaceuticals use a related method.
Intradigm’s RMNAI Nanoplex particles, for instance, comprise a core
of SiRNA (up to three different siR NAS may be included per particle)
complexed to a positively charged carrier, such as polyethylene im-
ine, which is then coated with polyethylene glycol and capped with
a targeting molecule, says CEQ Mohammad Azab. The company's
antitumar therapy (currently in development) includes siRNAs to tar-
get both vascular endothelial growth factor (VEGF) and its receptor,
which home in on their targets via an integrin receptor ligand.

Going Local
Most ongoing clinical trials circumvent delivery issues by focusing
on local rather than systemic administration.

Leading the pack is bevasiranib, a natural (that is, unmodified)
siRMA that targets VEGF mRNA. On July 12, 2007, Opko Health an-
nounced it was initiating a phase 3 trial to assess the efficacy of bev-
asiranib in treating age-related (wet) macular degeneration (AMD).
The trial involves intravitrial injection— that is, into the eye.

“Bevasiranib is the most advanced drug in the field,” says Sam
Reich, executive vice president for ophthalmolegy at Opko Health.
“It has been tested in a battery of toxicity studies, it is packaged as
a drug. And it is the only such molecule proven to work, because it is
the only one with results in any controlled clinical trial, period.”

Yel it is intended for use ina very specific compartment. The eye,
says Corey, “is like a test tube in the body, and a smart choice for
the first foray.” Injected directly into the eye, siRNAs are protected
from nucleases and the immune system, and because of the com-
partment’s relatively small velume, can be delivered at high concen-
tration,

The first siRNA to be granted investigational new drug (IND) sta-
tus by the US Food and Drug Administration (FDA), and the first to be
awarded a “generic” name, bevasiranib has been tested in some 200
human patients with two different ocular indications, wet AMD and
diabetic macular edema, and will find use in 330 more as a result of
the new trial.

Merck’s Sirna-027 (in phase 2 trials) and RTP801i-14 from Quark
Pharmaceuticals (phase 1/2A), also intended for wet AMD, likewise
are delivered directly into the eye. Sirna-027 targets the VEGF re-
ceptor, while Quark’s therapy targets the hypoxia-inducible gene,
RTPBO1.

Quark, with partner Silence Therapeutics, was recently awarded
IND status for an additional siR NA, AKli-5, which targets p53 in acute
renal failure. The drug is expected to enter phase 1 clinical trials later
this year. According to Alnylam’s Maraganore, whose company hasa
business relationship with Quark, the AKIi-5 formulation could mark
the first systemic RMAi approach to enter human clinical trials.

Alnylam Phamaceutical's lead drug candidate is also delivered
locally. Administered to the lung epithelia via inhalation, ALN-RSV01
lcurrently in phase 2 trials) is an antiviral siRNA that targets the
nucleocapsid gene of respiratory syncytial virus, cause of some
125,000 pediatric and 170,000 adult hospitalizations in the United
States each year.

Expression-Based Strategies
Beverly Davidson, the Roy . Carver Biomedical Research Chair in In-
ternal Medicine at the University of lowa, lowa City, is pursuing both
siRMA- and gene therapy-mediated approaches to RNAI.

Davidson's interest is neurodegenerative diseases continued @
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like Huntington's and spinocerebellar ataxia type 1. Like the lungs
and eye, the central nervous system is considered a site of local
delivery, and at least one company is focusing on it. RXi Pharma-
ceuticals plans to target amyotrophic lateral sclerosis (ALS, or Lou
Gehrig's disease) with an siRNA against superoxide dismutase-1 de-
livered to the cerebrospinal fluid.

Davidson, in collaboration with Sima, delivers siRNAs targeting
the mRMAs of the huntingtin and Ataxial genes (mutated in Hunting-
ton's and SCA1, respectively) directly into the brain. But she also,
with Sima and Targeted Genetics, uses the neurotropic adeno-as-
sociated virus to deliver genes encoding those small RNAs.

In this case, the siRNA sequence is built into a larger noncoding
RMA called a microRMA (miRNA), which is then expressed and pro-
cessed in vivo to produce the mature siRNA.

“We are using miRNA as an siRNA shuttle, and delivering it with
a virus,” Davidson explains. Preliminary data in mice suggest that
even partial knockdown of the targeted mRNA transcripts is benefi-
cial, she says.

John Rossi, Lidow Family Research Chair at the Beckman Research
Institute of the City of Hope in Duarte, California, is also working
with viral delivery schemes, this time for the treatment of HIV.

Rossi's lentiviral vector encodes three small noncoding RNAs:
an siRNA that targets a common exon in the HIV tat/rev gene, a ri-
bozyme that targets the CCR5 coreceptor, and a “decoy” RNA that
binds and sequesters the HIV tat protein. The virus will be used to
infect (and thus immunize) hematopoietic stem cells ex vivo,

“A single siRMA can be evaded because the virus mutates so
quickly,” Rossi explains. “But when we combine the three approach-
es, it is very efficient knockdown.”
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Rossi says his team has initiated a five-patient phase 1 pilot study,
which currently is recruiting HIV-positive individuals with AIDS lym-
phoma. The first patient was to be infused in early September this
year, he says,

Also in clinical trials is Nucleonics, a Horsham, Pennsylvania—
based RNAI therapeutics firm which, in May, received FDA approval
to test its plasmid- (not viral-) based expression strategy. Targeting
four different regions of the hepatitis B virus, the therapy is to be
tested in a 15-patient phase 1 trial.

Safety First

Should any RNAi-based therapy successfully make it to the clinic, it
will be a milestone achievement. But it will not be the first oligonu-
cleotide-based drug on the market. Isis Pharmaceuticals’ Vitravene
is an antisense RNA for the treatment of cytomegalovirus retinitis.
Macugen, from Eyetech and Pfizer, is an aptamer that binds to VEGF
for the treatment of age-related macular degeneration,

Isis “is setting a reasonably high bar for RNAL" says University
of Texas's Corey. "Double-stranded RNA must work reasonably well
to compensate for the fact that it is twice as large and, thus, more
expensive to make.”

Indeed, RNAi drug developers have taken many of their cues from
Isis, for instance with regard to chemical modifications. But Isis CEQ
Stan Crooke says the two classes of molecules will not necessarily
behave the same. For ane thing, where single-stranded molecules
are amphipathic, double-standed ones are hydrophilic. Also siRMAs
are larger, with possibly different biodistribution, and have a differ-
ent chemical structure.

There also are safety issues to consider, says Paul Morcos, direc-
tor of biology at Gene Tools, which develops synthetic nucleic acid
analogs called morpholinos. Morcos notes that siRMAs have been
shown to stimulate both the immune system's interferon cascade
and the methylation of DNA and histones,

“This is kind of dangerous, because these short RNAs are recog-
nized by cellular systems and a lot of the responses aren't good,”
he says.

But Zamore of the University of Massachusetts says that while
some papers have raised the issue of cytokine activation by siRMNAs,
specific chemical modifications can apparently mitigate those re-
sponses. And Harvard's Lieberman notes that no company has yet
reparted any toxicity associated with siRNA delivery.

Others, meanwhile, are pushing the envelope of small RNA drugs.
Asuragen and newly formed Regulus Therapeutics (a joint venture
between Isis and Alnylam) are exploring drugs based on microRNAs,
for instance. Neil Aronin, chief of endocrinology at the University of
Massachusetts Medical School, is developing therapeutic strate-
gies to target just the mutant copy of a gene, but not the wild-type
one—a strategy that could prove useful against autosomal domi-
nant diseases, And Isis, while retaining its focus on RNase H-based
antisense technologies, is pursuing the possibility of activating RISC
with single-stranded triggers, says Crooke.

Lieberman, at least, is intrigued by the idea. "l think if Isis can
make something that is chemically stable and can get incorporated
into RISC, it could work very well," she says.

Indeed, it may turn out to be just one of many successful strate-
gies.

*This is a problem that will be salved many times in different
ways,” says Cold Spring Harbor's Hannon. *It really wouldn't be rea-
sonable to say, ‘the future is nanoparticles.' The future is probably a
lot of different things."

Jeffrey M. Perkelis a freelonce science writer based in Pocatello, Idafo.
DOI: 10.11248/science.opms.p07 00019
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RNA Purification Kits

The SurePrep RNA Purification Kits enable the capture of all sizes of
RNA molecules from biclogical samples. This technology provides
purified, full-length large RNAs as well as small RNAs such as
microRNA (miRNA) and short interfering RNA (siRMNA), which are
being investigated as key components in regulating gene expression
in signaling pathways, cell death, organ development, metabolism,
and disease states, SurePrep Kits are versatile, isolating RNA from
a wide variety of tissues and cell types. They save time by reducing
the number of steps involved in RNA purification. The SurePrep line
features spin-column chromatography with a proprietary resin for
capturing RNA molecules from plant and animal tissues, cultured
cells, fungi, blood, bacteria, and yeast.

ThermoFisher Scientific
For information 97 3-889-6365
www.fishersci.com/RNA

siRNA Collections

Thedesignofa shortinterfering RNA (SiIRNA) can be the mostimportant
factor for a successful RNA interference (RNAQ) experiment. The
Mission siRNA Libraries are designed for high throughput screening,
by targeting genes of high therapeutic value as defined with input
from major pharmaceutical companies. The libraries’ flexible format
facilitates research by life scientists interested in specific classes of
genes as well as those who need to generate information across the
entire druggable genome, The libraries provide efficient knockdown
for rapid, short-term gene silencing of genes of all types, not just high
exXpressors.

Sigma and Rosetta Inpharmatics

For information 800-521-8956

www.sigmaaldrich.com

QRT-PCR Detection Kit

The High-Specificity miRNA QRT-PCR Detection Kit makes use of a
proprietary microRNA (miRNA) primer design to detect mature miRNA
from as little as 15 ng of input, down to 100 copies, in less than three
hours. The kit features optimized quantitative polymerase chain
reaction (QPCR) reagents to provide single nucleotide discrimination
within and among miRNA families. MiRMAs are small noncoding
RNA molecules that are estimated to regulate at least 30% of all
protein enceding genes. They have been implicated in development,
differentiation, apoptosis, viral infection, and cancer. They are difficult
to analyze by traditional PCR approaches due to their small size.
Stratagene

For information B58-373-6441

www.stratagene.com
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Small RNA Cloning System

The miRCat small RNA cloning system makes the creation of small
RMNA libraries from any primary source time- and cost-efficient,
with flexibility and consistency. The system permits cloning of
rare small RNAs and takes into account the natural variability in
structure and sequence between species. It is compatible with
most existing standard laboratory protocols for processes such as
RMNA extraction, purification, and cloning. Based on a preactivated
adenylated oligonucleotide linking method, the miRCat cloning
system has been designed to make small RNA library creation

easy. It consists of three sequential protocols: RMNA isolation
and enrichment, followed by cloning linker attachment, and
ending with an amplification and cloning phase. The system can
be wsed for concatamer cloning and direct “shotgun™ cloning,
Integrated DNA Technologies

For information 800-328-2661

www.idtdna.com

Validated siRNAs

The HP Validated short interfering RNAs (siRNAs) are provided with
full sequence information. HP Validated siRNAs are validated for
functionality by quantitative reverse transcription polymerase chain
reaction and are proven to provide =70% target gene knockdown. HP
Validated siRNAs are the result of the world's largest siRNA validation
praject in which thousands of siRMAs were tested for knockdown
efficiency by Qiagen scientists. They are available to target a wide
range of human genes, including members of important gene families
such as kinase and cancer-associated genes. They can save time and
effort because there is no need to test the siRNA for knockdown
efficiency. For many genes, more than one HP Validated siRNA is
available, allowing confirmation of the knockdown phenotype with
different siRNAs. Full sequence disclosure provides information
for analysis of experimental results and verification of knockdown.
Qiagen

Forinformation 240-686-7660

www.qgiagen.com

Target RNA Labeling

The TargetAmp Nano-g Biotin-aRNA Labeling Kit is for amplifying and
labeling target Biotin-aRNA (also called cRNA) foruse withthe lllumina
gene expression system such as the lllumina Expression BeadChips.
The kit produces microgram amounts of biotin-labeled aRNA from as
little as 25 ng of input total cellular RNA using a simplified, linear
RNA amplification process. The biotin-aR NA produced by the kit from
100 ng of input total RMA has been shown to detect more genes (RNA
transcripts) than that produced by a competitor's kit using 400 ng of
input total RNA.

Epicentre Biotechnologies

Forinformation 800-284-8474

www.EpiBio.com
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POSITIONS OPEN

FACULTY POSITION: RESEARCH TRACK,
ASSISTANT, ASSOCIATE, or FULL PROFESSOR
Northwestern University
Feinberg School of Medicine

Applications are invited for a full-time, continuing
nemkenure-track appointment at the rank of Rescarch
Assistant, Research Assocate, or Research Professor
in the Robert FL Lure Comprehensive Cancer Center,
Morthwestern University (NU'), Feinberg School of
Medicine, Chicago. The MUY, or Ph.D. candidate
will focus on bridging the gap between basic science
laboratories and oinical studies. Specifically, the
candidare will work with Northwestern  University
investigators through the Pathology Core Facilivy of
the Robert H, Lurie Comprehensive Cancer Center
(PCFY, which is a shared resource of the Cancer
Center, and Fast Coast Oncology Group (ECOG)
investigators via the Pathology Coordinating Office
and Feference Laboratory (PCO-RL), which is the
solid tumor bank and reference Laboeatory for ECOG,
to help design translational science protocols. The
candidate will have access o prospectively or retro
spectively collected speamens from patients enrolled
on ECOG dinical rals in breast, gastrointestinal,
genitounnary, thoraoe, hematopowtic (lymphoma,
leukemia) and other malipnancies.

The candidare will be expected o have a working
knowledge of molecular techniques used in the anal-
wiis of carcinogenesis, molecular biology of cancer,
cancer prognostication, and directed cancer thera-
peutics. These techniques inchude but are not limived
to tissue-based assays, DNASRNA/protein exirac-
tion, polvmerase chain reaction, fluorcscent in situ
hybrdization, microsatellive mstability, and proteo-
mics. MU and ECOG have a wealth of human bio
logical materials available for study from local and
nativmal, NCEsponsored clinical mals. As such, these
muaterials are lmked o chinical outcome. The candidate
will be expected ro work closely with the Laboratory
Science /Tathology Committes of ECOG.

Send curniculum vite, a levter outlining vour in-
tenests and strengths, and names of five neferences via
e-mail to: D William A, Muller, Chairman, Depare-
ﬁﬂﬂ:{f Pathology, e-mail: wamuller@northwestem.

u.
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Action BEmployer. Women and pieovry condidates are craonnaged
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CURATOR of BOTANY

JOHN T. HOWELL CURATORIAL CHAILR of

WESTERN NORTH AMERICAN BOTANY
The Califormia Academy of Sciences (website:
z org) invites applications
“hair of Western Morth
American Botany, Applications for this full-time
position at the ASSISTANT CURATOR level are
solicited from individuals with a primary interest in,
and commitment o, active ficld and collection-
oriented rescarch in the svstematics and evolution
of plants in western North America, including Cali-
formia. We seck an individual who will participate in
the diversity of rescarch, educational, and adminis-
tranve actaties at the Academy; contnbute o the
maintenance and development of a major herbarium;
and bring complementary or new research techniques

o the Department of Botany (website: hll;lEffww.
calacademy.org /rescarch/botany ). Opporumities
for mentonng students are available. Qualificadons:
Ph.D}. and an active rescarch program (oc a willing
ness o bepin such) in plims of western Morth
America, Preference will be gven to candidates who
combine traditional, collections-oriented research
with molecular phylogenetic vechniques. Applicants
should forward a letter of interest, curriculum vitae,
description of rescarch goals, copies of pertinent
publications, and the nanes and contact information
of three references by 15 January 2008, to: Califomia
Academy of Sciences, Human Resources Depart-
ment # HOWELLcurator, 875 Howard Street, San
Frandses, CA 94103 US A, The Califsmin Acadenry
of Stenees &8 an Egmal Cppomunity Emphoyer.

POSITIONS OPEN

Y

INSTITUT PASTEUR

POSTDOCTORAL FELLOWSHIPS
Institut Pasteur, Paris, France

Founded in 1887 by Louwis Pasteur and lo-
cated in the heart of Paris, the Instomue Pasweur
is a world-renowned peivate research orga-
nizaton, The Pasteur Foundation of New York
is secking custanding fellowship applicams,
Candidates may apply toany laboratory within
10 Departments: Cell Biology and Dnfection, De
velopmental Biology, Genomes and  Genetics,
Immunology, Infecon and Epidemiology, Mi
crobiolopy, Neumsaence, Parssitology and My
cology, Structural Biology and Chemastry, and
Virology. See website for details. Annual pack
age 15 570,000 for three vears. This 15 a biannual
call for apphcants; see website for deadlines.
LLS. n'a'rt'l'ﬁmllr}- rujlrr'n'n’.

E-mail: pasteurns@aonl.com. Website:
hitp: / /www. pasteurfoundation.org.

ASSISTANT /ASSOCIATE PROFESSOR
Department of Biochemistry and Molecular Biology
State University of New York
Upstate Medical University

We scek applications o fill one or two tenure-
track positions at either the ASSISTANT or AS-
SOCIATE PROFESSOR levels from individuals
studying fundamental molecular processes in eukary-
otic orgamsms. The successful applicams will be ex-
pected o develop well-funded research programs
and to contribute to medical and graduate veaching,
We offer a highly competitive startup package and
salary. Further mformation about the Department
can be found at website: http:/ Soww.upstate.
edu /biochem.

Candidates should have a Ph.D3. or equivalent, post-
doctoml experience, and a stong publication recornd.
Applicants should ¢-mail a PDF fle containing cur-
ricutlim vitae, a summary of research accomplishments,
and futuee research plans 1o e-mail: biochem@upstate,
edu. In addiion, three lerers of reerence should be
maled dircctly e Dy, Barry E. Knox, Scarch Com-
mittee Chair, Department of Biochemistry and
Moleaular Biology, 750 East Adams Street, Syra-
cuse, NY 13210,

Beview of applications will begin on November 1,
2007, and continue untl the posidons are filbed.
Wornew and risossies are bighty eooseraged s appdy. Ulpstare
Medinal Uiversity s an Egmal Opportuning S Affemasiee Aior
Employper.

ASSISTANT PROFESSOR, PLANT PATHOL-
OGY /AGRICULTURAL BIOSECURITY/
FORENSIC SCIENCES. Tenure-track, 11-month
position (90 percent rescarch; 10 percent :-:.whiu%]
i the Department of Entemology and Plant Pathol-
ogy and the National Instivure for Microbial Forensics
and Food and Agnculural Brosecurty ( NIMEFAB ),
Oklahoma State University. Develop simong, exter-
nally funded program on epidemiology and pathe
gen detection with forensic applicaions. Teach course
in agricultural and food biosecunty/forensics. Beguines
Ph.[». in plant pathology or related field. Preference
to ULS. citizens; senvity checks and cearances may be
reqairred. Tanget date December 10, 2007; open until
a suitable caondidate identified. Derails ar swelsite:
hitp: / Swww.entouokstate.edu/nimffab fjob. pdf.
Send Ferver with qualifications, curriculum witae, state-
ment of rescarch and teaching interests, course out-
line for agricultural biosecurity, official rranscripis,
and four reference leners w1, Ward (e-mail: diana,
ward@okstate.edu ), Department of Entomology
and Plant Pathology, 127 NRC, Oklahoma State
University, Stillwater, OK 74078; telephone: 405-
T44-5530. Obladboma Saate University &5 an A fiomatioe
Artion/ Bqeeal Opportunity Emplayer,
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e NATIONAL INSTITUTES OF HEALTH

Notice of Opportunity for

S
i Fast Track Entry of

!f_-
{
Assay Development for HTS Projects into the
Roadmap Molecular Libraries Screening Center Network

The Roerdwerp Azsery Divwlopment for High Throoghput Senaming (HTS) Program serves as a key
incubatar of HTS projects that furiher sdvance to the Moleelar Libraries Sereerang Center Netwark
(MLSCN; hupefmbnih.gow'mlscn/index.php) for molecalar probe development. Projects funded
in this Assay Development Program are eligible for rapid eniry inio the MLSCK when campleted, via
4 Fast Track request for screenirg requiring atechmical review of projects by the Roadmap Maolecular
Librnes Project Team. This technical review emphasize s project readiness and the need for probes to
the proposed target. Requests for MLSCIN entry, and screening of project assays aminst the Molecular
Libraries Small Molecule Repository { MLSMI; hetp 2 /mili.nih.gov/mismr/index. phyp), are reviewed
by the Project Team an a morthly basis and immediately assigned toa network Sereening Center for
implementation upon approval, Dietails of the Fast Track admission process and requirements are
detailed inthe latest announcement for the Assay Devefapment e TS5 Program: (httpefgrants.nih,

gov/grantsguide’ria-files i FA-RM-07-008 html).

Please Mote: The NIH is now extending this Fast Track pathway to MLSCN emry to KIH sponsored
activities which similarly fund the development of HTS assay projects. To be eligible, these projecis
should have embedded in their funded specific aims the development of assavs (primary, secondary
and counter-screening) for wse in HTS projects aimed al molecular probe development. Potential
apphicants are encouraged 1o reference the project development guidelines described in the labest Avzay
Developusent for ff T8 amnouncement: http:/igrants.nih.gov/gron ts'guide/rie-files R FA- RM-07-004,
html. This announcemen describes the specific requirements for development of an HTS assay project
that woukl be suitable for MLSCN entry.

Further information reganding ebgibility for the Fas1 Track Program, and mformation on preparng
requests for MLSCN entry, can be obtained by comacting Mark Scheideler, Ph.D., Program Direcior
fior the Roadmap.A sary Developavent for TS and Fast Track Programs, a1 the following email address:
scheide bermia ninds.nib.poy.
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Postdoctoral Positions Available

The Extracellular Matrix Pathology Section of the Cell & Cancer Biology Branch, Cener
for Cancer Research, National Cancer Institute, National [nstitates of Health, Department
af Health and Human Services invites applications for two Posidoctoral Fellowship training
positions. The Section's rescarch effort focuses on the “umor microenvimnment”™ with
particular emphasis on wmor angiogenesis and the epithelal-to-mesenchymal ranstion,
Ongoing investizations mclude exploning the metalloproteinase-independent roles of the
tissue inhibitors of metal lnprotemases { TIMPs) in modulating the wimor-host mieractions.
Special emphasis is placed on understanding the role of these proteins m regulating
umor-gssociated anglogenesis, tumor growth and metastasis, The mechaniams of TIMPs
in regulating tumor growth and angiogenesis are studied through the use of genetic mouse
maodels, specialized v vive angiogenesis assays, munne umor models, Row cyvtometry, as
well as biochemical, mmuno-histochemical methods and confocal microscopy. Current
prajects abso include the preclinical development of TIMP -derived peptides as novel cancer
therupeutic agents. Expenence inflow eytometry and/or scanmng confocal microscopy 15
preferred. Postdoctoral fellowship training at the National Cancer Institute offers a unique
seientific environment with significant oppartumities for outstanding postdoctoral fellows
1o pursue mpovative cancer research and provides excellent preparation for successful
mdependent scientific caneers.

Inerested applicants should havea Ph.D. and/or M.D., have lessthan 5 vears postdoctoral
experience, and be either aU.S. eitizen ora U.S. Permanent Resident. To apply send cur-
riculum vitac, bibBography, cover letter with a brief description of rescarch experionce and
interests, and 3 letters of references (with phone numbers) via e-mail to sstevemw @mail.
nih.gov, or via pest to William G. Stelter-Stevenson, M.D., PhD., Cell and Cancer
Biology Branch, Center for Cancer Research, National Cancer Institute, Advanced
Technalagy Center, 8717 Grovemaont Circle, Bethesda, M D 20892-4605.

Tenure Track Investigator

The Lab of Receptor Biology and Gene Expression, Center
for Cancer Research, National Cancer Institute, is recruiting
for a position in the area of chromatin structure and func-
tion, chromosome biology, and nuclear architecture. The
position is at the level of Tenure Track Principal Investigator,
but senior investigators with expertise in the program area
may be considered. Applicants should have a Ph.D. or
M.D. degree, astrong publication record, and demonstrated
potential in creative research. Salary will be commensurate
with education and experience. Applications should be sub-
mitted as electronic files (Word docs), and should include
a curriculum vitae, statement of research interests, and 3
letters of recommendation. Submit by Nov. 30, 2007 to:
Christine Koch-Paiz, Lab of Receptor Biology & Gene
Expression, National Cancer Institute, NIH, Bethesda
MD 20892-5044, paizc@mail.nih.gov.

AN
MSITTLITE

HIV and AIDS Malignancy Branch
Center for Cancer Research
Tenure Track or Tenure Eligible Position in Viral Oncogenesis

The HIV and AIDS Malignancy Branch (HAMEB), NCL, is searching for o tenure track
or tenure eligible investigator in the field of viral oncogenesis. [t is anticipated that the
investigator will establish an independent research program targeted to the study of virak
induced tumors, especially these associated with AIDS. The research program showld be
able to iMerfoce with the branch’s existing clinical and basic programs in Al DS-associated
malipnancies. A partcular mterest will be for a research program m gammaherpesvireses,
but other argas of viral oncogenesis will be comsidered as well Current areas of laboratory
research in HAMB focus on the molecular binlogy of Kaposi’s sarcoma-associated
herpesvirus (KSHVHHN-8) and human papillomayires (HPV), pathogenesis of iomaers
caused by these vinuses, and the development ol novel thempeutic interventions for HIV
mfection. The clinical research program in HAMB 15 primarily directed at ATDS-related
malignancies, HAMB & located on the Bethesda campus of the NIH (hitp:/eercancer,
govilabsab.asp?labid=h3). Candidates for the position should have an M.D.Ph.D,
Ph.D)., or M.D. and swong rescarch credemials. Applicants for this position should
submit a curneulum vitae including bibliography, a stalement of rescarch interests, a
two-page outline of the proposed research program, and the names of three references to
Chairman, Search Committee, HAMB. NCIL Attention Jan Hugue, 301-435-4627, fax
J01480-5955, Building 10, Rm. 6N106, 10 Center Drive, MSC 1868, Bethesda, MD
20892-1868 no later than Noevember 18, 2007. You may also e-mail your application

to: huguejd mailnih.goy,

THE NIH 1S DEDICATED TO BUILDING A DIVERSE COMMURNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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The National Institute of Allergy and Infectious Diseases (NIAID), a major
research component of the NIH and the Department of Health and Human
Services, has a postdoctoral position open in the section of Dr. Peter L. Collins in
the Laboratory of Infectious Diseases. The research involves two important
human respiratory pathogens, human respiratory syncytial virus (RSV) and
human metapneumaovirus (HMPV), as well as pneumonia virus of mice (PVM) as
a convenient mouse pathogen model. Research includes the use of reverse
genetics to address basic questions of viral replication, protein function,
pathogenesis, host responses, and vaccine development. These studies support
an active program in bench-to-clinic research to develop live vaccines in
collaboration with industry.

This is a unique opportunity to work on investigations that range from basic
molecular biology to applied vaccinology. Candidates with experience in virology
and immunology (esp. innate) are particularly encouraged to apply. Must have
fewer than 5 years postdoctoral experience. Salary will be commensurate with
experience. Applicants should send their curriculum vitae and names and
addresses of three references to: Dr. Peter L. Collins, NIAID, NIH, 50 South Drive,
MSC 8007, Bethesda, MD 20892, pcollins@niaid.nih.gov. The deadline to
submit applications is November 30, 2007.

NATIONAL INSTITUTE OF ALLERGY
AND INFECTIOUS DISEASES

To learn more about NIAID and to view additional job opportunities,
please visit: http://healthresearch.niaid.nih.gov/dir

Iﬁ

TENURE-TRACK ZEBRAFISH INVESTIGATOR
NATIONAL INSTITUTE OF CHILD HEALTH AND
HUMAN DEVELOPMENT

H 4 % %

Tstinnal naire o Agng

Deputy Director

The Department of Health and Human Services { HHS) and the Mational Institutes
of Health (N1H) 15 secking candidates for the position of Deputy Director of the
Mational Institute on Aging (NIA) to support NIA's mission of improving the
health and well-being of older Americans by supporting and conducting high-
quality research on aging processes, age-related diseases, and special problems
and needs of the aged; training and developing highly skilled research scientists
firomn all population groups; developing and maintaining state-of-the-an resounces

The Program in Genomics of Dilferentiation (PGD) of NICHD is recruiting an
outstanding tenure-track investigator to pursue independent research using the

to accelerate research progress; and, developing and dissenunating information,
natonally and intemationally, and communicating with the public and interested
gmoups on health and research advances and on new directions for research. This
position will assist the Director, NLA in ceordination of all activities related (o

the mission and functions of the Institute, in the development and execution of

plans and policies of the NIA and in the allocation of resources. Applicants may
browse the N 1A Home Page at http.www.nianih.gov’ for additional information
on the Institute, Applicants must possess an M., PhIY, or equivalent degree
in a biomedical field related to the mission of N1A and have professional expe-
rience with a broad national programmatic or scientific background; have the
demonstrated capability to plan and direct progams of national and international
importance; and have the ability to communicate with and obtain the cooperation
of public, pavate and national and internatonal organizatons and individuals
Salary is commensurie with qualifications and experience. Full Federal benefits
available. Questions may be addressed to Melissa Fraczkowski at kellermela

mail.nih gov or by phone at 30 1-451-8413. Application packages are to include

a CV, bibliography, and statement addressing the qualification s and interest in the
position. While application packages will be accepted until the position is filled,
the application review process will begin in early January, 2008,

#ebrafish as a model organism. The successful applicant will join a dynamic
and interactive faculty of PGD researchers using zebrafish, frogs, mice, Mies,
veast, and other model organisms 1o study genes and proteins involved in
normal development and related disease processes (see http://dir2.nichd.nih.

govidirweb/lab.doYid=18). This position 15 ully supported by the intramural

program of NICHD, includes a start-up allowance, and an ongoing commitment
of research space, laboratory resources, and positions for personne] and trainees.
The successful applicant will have access to core facilities, a state-of-the art
biclogical imaging facility, and a newly constructed zebrafish facility.

Candidates must have a Ph.D., M.D,, or equivalent and an established track
record of research accomplishment using the zebrafish as a model organism
Please submita CV and a two-page description of proposed research, and arrange
for three letters of recommendation addressed o Dr. Brant Weinstein, Chair
of Search Committee, to be sent to washingtoni@mailnih.gov with “PGD
Recruitment™ in the subject lime. The application deadling 15 December 15,
2007.
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ITexas A&M University
Corpus Christi

w-_-
N
The lslane Universily

Executive Director

The Harte Research Institute for
Gulf of Mexico Studies

The Harte Resgarch Institute for Gulf of Mexico Studies (HRI) is a new, strongly endowed rescarch
imstitute a1 Texas A&M University-Corpus Christi (TAMU-CC). 1ts mission is to support and advance
the long-term sustamable use and conservation of the Gulf of Mexico ecosystem through a fusion of
collaborative, integrative scientific research, innovative international partnerships, and public
AWATENESS PROZTAMS,

HRI seeks an imaginative, pecomplished, and entreprencurml scientific leader with exceptional
strategic acumen, collaborative orientation, and organcrational ability for the position of Executive
Director, Founded in 2001 with a vistonary 5460 gifl from local philanthropist Ed Harte, the Institute
15 distinguished by 3 commitment to a tn-national (US, Mexico, Cuba) approach to understanding the
issues in the Gulf region. With a budget of near 54M and a growing rescarch apenda under five
endowed research chairs, the Institute seeks a maring scientific leader with policy experience to buld
the HRI from a voung mstitute with a solid foundation into a well established institute of national and
international stature. The Institute is housed in a stunning, new, 37,000 square foot facility on the
TAMU-CC campus,

The ideal candidate will be a talented leader by experienced in the ocean sclences, thoroughly
familiar with scientific research, well grounded m building and implementing complex initiatives,
comfortable in a collegial academic environment, and committed 1o Harte's intellectual mission. An
advanced degree in sclence and a successfil scientific career are expected. At least eight vears of
extensive and increasingly responsible leadership experience in successfully leading interdisciplinary
research initiatives or centers is also expectied. Intermtional experience and fluency in Spanish while
not required are desirable,

Inquiries, referrals, and resumes should be sent (electronic submission encouraged), in
confidence, with a cover ketter to: 3494@imsearch.com or Liz Vago: Internal Box 3494; Isaacson,
Miller; 334 Boylston Street, Suite 500; Boston, MA 02116,

Texas AGM Universiny—Corprus Cheisti is an equal oppormityaffirmative action employer,

Nano-X

14 post doc
positions in applied
nanoscience

The Swedish Foundation for
Strategic Research has
established five Nano-X
consortia for five years in
applied nanoscience and
nanotechnology. Within
these consortia a total of
14 postdoc positions are
open for application. For
further information see
www.stratresearch.se.

www.stratresearch.se

=

LISIVERSITY OF MISSOURI-KANSAS CITY
SCHOOL OF BIOLOGICAL SCIEMCES

Professor and Head, Division of Cell Biology and Biophysics

Applications are invited for the Head of the Division of Cell Biology and Biophysics at
the School of Biological Sciences, University of Missouri-Kansas City. The successful
candidate should have a proven record of sustained externally funded research, scholarly
activity. and leadership potential. The candidate will be expected 1o participate in graduate
and/or undergraduate teaching, faculty mentorship, and work closely with the Dean on deci-
ston-making matters pertaining to the growth, development and direction of the School. The
School of Biological Sciences 15 positioning itself to become a regional leader in the areas
of structural biology and molecular cell biology and welcomes applications from qualified
candidates in these research areas: however, outstanding scientists from all areas of basic
life sciences research are encouraged to apply. The successful candidate will receive a
competitive 12-month salary, renovated research space, a start-up package commensurate
with rank, and the availability of excellent research support facilities within the School of
Biological Sciences. Candidates should have a Ph.D, degree and currently be in a tenured
academic position at the rank of Professor.

Please direct all inguiries or nominations to Dr. Lawrence A, Drevfus, Dean, School of
Biological Sciences (drevfusli@umke.edu). To apply. please submit electronically (MS
Word or pdf) a CV, a statement of present and future research interests, and the names and
addresses of 3 references to: dreylusla umbke.edu, All materials will be handled with strict
confidentiality. The position will remain open until filled.

UMKC is an Affirmative Action/Equal Opportunine Emplover.
Women, minorities, veterans, and individuals with disabilities are enconraged ro apply.

MICROBIOLOGY FACULTY

* SCHOOL OF MEDICINE

The Depariment of Microbiology at the University
of Pennsylvania's School of Medicine seeks
candidatesfor an AssociateorFull Professar position
in the tenure track. Rank wil be commensurate
with experience. The succassiul applicant will be
accomplished in the area of pathogenesis of or
host responses o bacterial infection, partculardy
with relevance o human disease. Responsibiities
include a strong interest in graduate teaching fo
support an existing fraining program in bacteriology
and microbiology. Applicants must have established
expertise in ther area of research and a record of
sciznfific independence. Applicants must have an
M.D. or Ph.D. degree.

Appointments wil be within the Department of
Microbiology  (hitp:fwww.med upenn.eduw/microf
faculty.html) Applications will be reviewed until a
candidate is selecled.

The University of Pennsylvania is an egual
opporiunity, affrmative aclion employer. Women
and minority candidates are strongly encouraged
to apply.

Please submit curriculum vitae, a cover letter, and
3 reference letlers fo;

Margaret Kimble

University of Pennsylvania School of Medicine
Depadment of Microbiology

3610 Hamilton Walk

Room 225 Johnson Pavilion

Philadelphia, PA 19104-6076
mkimble@mail. med. upenn.edu
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Associate Prnfessnr.fPrnfessor in Stem i'.".'all Brnlngy and
Developmental Biology

The University of Colorado School of Medicing invites nominations and applications for a senior
level position in the Department of Pediatrics within the new Charles C. Gates Regenertive Medicine
and Stem Cell Biology program with an emphasis in Developmental Biology. This position offers an
excellent opportunity for an outstanding rescarch scientist nterested in academic medically onented
research and leadership to contribute to the growth and depth of this program including the recruit-
ment of additional junior faculty. The developing Stem Cell Program includes skin, hematopoetic
and neural stem cell biologists, developmental biclogists, and clinicians. The Stem Cell Program
occupies new laboratory space in a research building on the Anschut: Campus, located in northeast
Denver, the largest new biomedical research and clinical campus in the US.

Applicants must have a Ph.D, M.DUPh.D. or M.D. degree (or the equivalent) and have atrack record
of important, funded research in scientific areas relevant to Developmental Biology/Stem Cell Biol-
oy, The search committee will seck individuals with outstanding accomplishments in biomedical
research, administrative and leadership experience, sustained external funding, and a demonsirated
commitment to education. Nominations and applications will be accepted until the position is filled.
Applications should include: a curriculum vitae, a description of cument and future research interests,
a description of the applicant’s vision within a developmental biologyv/stem cell biclogy program,
and the names of 3 or more references. Background information on the department, campus and
school of medicine can be found on our web site: hittp:/www.achsc.edu.

Email inquiries to: Ms, Claire Tsai: Claire.tsaifuchse.edu

Applications and nomi nations should be sent to: Lee Niswander, Ph.D., Professor, Department of
Pediatrics, Section of Developmental Biology, University of Colorado School of Medicine, Mail
Stop 8322, 12800 E. 19th Ave Rm 4402E, PO, Box 6511, Aurora, CO 80045,

The Universivy of Colorada is an Equal Opporumity Employer committed to diversin.
Wowmen amd minority candideates are encorvaged to apply.

ASSISTANT PROFESSOR
OF BIOCHEMISTRY

The Depl of Biochemistry al the Alberl Einstein College
of Medicine, Yeshiva University, is seeki g applications (or
lenure-lrck Assstanl Prolessors. Applicants should be
deveboping novel and inowwvalive approaches Lo
fundamental gueshons of hologal chemistry Ul will
irmipac L huerman health,

The Alber| Einstein College of Medicine & undengoing a
substantial eparsion with e inavgumtion of a nay
research hualding for genelic and ranslaborl research Unis
lall. Research inlerests of applicants should complement
those of Lhe existimg Caouby, ncuding programs with broad
applications Lo bochermisiey, chemical hiclogy and
tranelationad biodhermstry, Spacific areas of inlerest include,
It are nol limited 1o, small moleauk mhibilor desgn or
selection, computatisnabexpermmental approaches b sl
malec uledigand- macromolecdar binding, genomic or
protemic approaches o metabolism and Lamels, sstems
binlegty and epigeneticshinchemistry inlerfae,

Candidates are expected to bive a PhD or MO degree,
posldoctoral experience and a drong record of
sccomplishments.

Applicants should send a aurriculum vilae and a 4 page
stummary of ther intended research plans a5 a single pdl file
1 BCsearch@®medusabioe secom yuadu The desdline for
receipt of applications s Decemnber 15, 2007, Letters from
thirse o masre references shaold be sent b the same amail
atklress, (her correspondence muy be addressed to: Search
Committee, Dept of Biochemistry Albert Einstein Collkge
of Medicine. Jack & Pearl Resnick Campus, 1300 Marris
Park Avenue, Bronx, NY 10461. EOE

) EINSTEIN*'"'

COULEGE OF MEDICIME

OF TESHIVA UMIVIRSITY

Nagaoka University of Technology

Cultivation Center for Young Investigators through
University-Industry Joint Research Program

Four Specialized Associate Professors and/or Lecturers

Applications are invited for 4 tenure-track positions at the ranks of Associate Professor and
Lecturer in the areas specified below for a 4-year term, ending in March 2012, Appointees will
be provided with independent |aboratories, startup budgets and research funds (altogether JPY
10,000,000 in the first year), as well as support staffs (post-doctoral fellows and RA's), Annual
salary is over JPY 8,000,000 (USS 64,000) and is fixed during the period of employment. Their
promotion to tenured positions (employment guaranteed by the age of 65) with a minimum
guaranteed annual salary will be determined through two reviews after appointment.

The research areas of interest are as follows; 1) Information and Control Frontier, Creative
Design and Production Engineering, Thermal and Fluid Engineering Frontier, and Creative
Materials Engineering in the field of Mechanical Engineering, 2) Electronic Devices and Optical
Electronics (Photonics-/Mano-Deavices, ete. ), Inteligent Control, Generation Actuator and Pulse
Power, Information and Communication System Engineering, Intelligent and Knowledge-Based
Information Engineerng, and Integration and Creation Information Engineering in the field of
Electrical Electronics and Information Engineering, 3) Matenals Science, Ceramic Materials,
Polymer Malerials, Nano-scale Materials, Synthetic Organic Chemistry, Supramolecular
Chemistry, and Materals Simulation in the field of Materials Science and Technology, 4)
Ermvironmental Information Engineering, and Environmental Praservation and Maintenance
Enginesring in the field of Environmental and Civil Engineanng, 5) Life Science, System Biology,
and Biotechnology in the field of Bioengineearing, ) Kansei Engineering (Affective Technology)
and Intelligent Systems, and Environmental Symbiotic System Science on Society, Economy
and Technology in the field of Management and Information Systems Science, and 7) Safety
Technology, Safety Device, Safety Design, Risk Evaluation, Failure Analysis and Life Evalu-
ation in the field of System Safety.

For inguiry, please contact Prof. Keizo Uematsu, a secretariat for the Committee of Selection
of Young Investigators, e-mail: toprun@vos.nagackaut.acjp

http:/iwww.nagaokaut.ac.jp/e/index.html

POSTDOCTORAL POSITIONS IN
REDOX MECHANISMS OF
MOLECULAR CHAPERPONES,
CENTER OF CARDIOVASCULAR
TRANSLATIONAL BIOMEDICINE

The University of Utah Cardiology Division/
Depurtment of Medicing invites nominalions or
applications for two postdoctoral positions of a
newly created Center of Excellence in Cardio-
vascular Translational Biomedicine, A vibrant,
cutting-edge research program emphasizes proj-
ects on the red ox regulation of gene expression,
arthythmogenesis, and redox protecmies, Pref
erence will be given w candidates with expen-
ence i chemcal hology, lBronformancs, small
molecule sereening, and modeling in complex
hological systems, Postdoctoral trainees must
be eligivle (permanent resident or US citizen)
i reweive federal tromning grant support bt
candidates must be committed tw apply for
extramural grants as part of the intensiv e fellow-
ship expenence. There is no mandatory teaching
requirgment, Review of applications will begin
November 1, 2007, The application must
ingclude a leter of mterest, curmculum vitae,
und names of three references o Dr. Christi
T. Smith Professor of Medicine, ¢/'o Mr. Mark
Patterson, DMivision of Cardiology, Univ. of
Utah HSC, Salt Lake City, UT B4132-2401.
Salary s commensurate with qualifications and
experience. The University of Utah School of
Medicine offers excellent benefits. Also, Utah
offers tremendous cutdoor activities Tor all sea-
sons, and Salt Lake City has cutstanding cubural
prOgrams in an attractive envirenment with a
reasonable cost-of-living, (Recent articles Ceff
2007 1300 3):427-230; FASER ¢ Pub 2007, EMBO
JO2002: 21019151 64-72.)




ecareers.org

¢
:
3
:
:

Careers win Mass Appeal

Assistant, Associate or
Full Professor in Cell Signaling

The Department of Biology ar the University of Massachuseres Boston seeks

applicants for a full-time renure track Assistant Professor or tenured Associate or

Full Professor in Cell Signaling to begin in September 2008, The successful applicant
15 expected to establish an exrernally funded research program, direct the research of
students ar the undergraduate, masters and docroral levels, and interace with a vibrant
group of cell biologists. Applications will be particularly welcome from candidates who
urilize creanve experimental approaches combining molecular and cellular biology,
genetics and bioinfonmarics and who can participate in an interdisciplinary PhD
program applying basic research in cellular and molecular biology ro medical and
environmental problems. Excellence in reaching undergraduare and graduare courses
in Cell Biology or Dcv:lnrmmml Biology is expected. Applicants ar the Associare and
Full Professor ranks should have a record of sustained external funding, A PhID and
postdocroral rraining (or equivalent professional experience) in cellular, developmental
or molecular biology is required. Members of underrepresented groups and women are
strongly encouraged to apply.

Applications should include a curriculum vitae, 3-5 representative reprints, description
Dl.l'?caching and rescarch interests, and arrange for three reference letters to be sent
separately to De Kenneth C. Kleene, Cell Signaling Search 670E, Department of
Biology, University of Massachusetts Boston, 100 Morrissey Blvd., Boston, MA 02125,
Email applications in PDF format are welcome, Questions about the position can be
addressed to Kenneth Kleene at Kenneth.kleene@umb.edu or 617-287-6679,

Review of applications will start Mov. 15 and continue until the position is filled.

UMass Boston is an Affirnative Action, Equal Opportunity Title 1X Employer.

Weill Cornell Medical College
Thoracic Oncology Research
Laboratory Position
The Division of Thoracic Surgery and the Well
Cormnell Cancer Center invale appheations for
a tenure-track faculty position o establish the
Lehman Brothers Thoracic Oncology rescarch
laboratory. The newly renovated endowed labo-
ratory is dedicated to research in lung cancerand

other thomeic malignancics,

Candilates should have specific rescarch interests
and tmek records i any of the following areas:
wmor immunology, mgiogenesis, signal trans-
ductron, stem cell ology or epigenommcs. Candh-
dates must hold a Ph.D. or M.DUPHD. degreeand
preference will be given wo candidates with exter-
nal funding and established research programs,
Academic rank and salary are commensurate with
traiming and expenence with outstanding start-up
Tunds avmlable. Appommtmentswill be made to the
Department of Cardiothoracic Surgery with joant
appointments in the Cancer Center and app ropri-
ate basic science departments,

The Cancer Center and Divigon of Thoracic
Surgery are part of the New York Preshytenan
Hospital-Weall Coenell Medial College one of the
top ranked medical centers in the nation.

CONTACT: Jeannette Torres, Fax: (212) 746~
B080: Email: jtorres med cornell.edu.

The Medical College ix an Egual Opportumin
Emplover and Educaion, and dves not discrimi-
nate in our adwiscions, hiving or emplovment
on the basis of race, color, religion, sex,
national origin, age, disebled or Vielnam era
Feteran Status, sexual orientation, predispos-
frre pemelic characterisiics, or any other hasis
prohibited by foderal, state or focal fow.

Tenure Track Scientist
Stanford University School of Medicine
Department of Neurosurgery

The Department of N eurosurgery at Stunfond University School of Medicine i
searching for a tenure track sciennst to be appointed at the Assistant, Associ-
ate or Full Professor level in the University Tenure Line (UTL) depending
om qualifications, The predominant criterion for appointment in the University
Tenure Ling is a major commitment to research and teaching, The successful
candidate will have an oppotunity to interact across the wide range ol basic
seience, ranslational, and climcal programs offered at Swnfond and will have
an appoiniment m the Neuroscience Institute at Stanford.

The successiul candidate will hold 3 PhD and/or MDY degree and will have
demonsirated extensive productivity and expertise in molecular and eellular
neurcsciences, animal modeling in sensorimotor systems and preferably
a focus on spinal cord biology and injury. Responsibilities will include
developing an outstanding research program and scholarship, and super-
vising graduate students, postdoctoral fellows and medical students in the
laboratory, The individual will be expectad o participate in departmental
teaching programs and wo play a lesdemship role in the Stunford neuroscience
communmity. Rank and salary will be commensurate with gualifications and
experience as appropriate for the San Francisco Bay Area. ['would appreciate
vour forwarding this announcement to individuals whom yvou feel would be
particularly suited for this position,

Interested candidates should send acopy of their curmiculum vitae, abrief letier
cutlining their research interests and the names of three references w:
Theo Palmer, Ph.I).
Chair, Search Committes
Department of Neurosurgery, MSLS P309
Stanford University Sehool of Medicine
Stanford, CA 94305-5487
Email: spinalcord-searchia lists.stanford.edu

Stanford Usriversity is an Equal Oppontunity Emplover and is conmitted
for fncrcas fing e diversine of its focuftv, i welcomes mominations of and
appications from women aid mertbers of minorine growps, o well ag
athers who would bring additional dimensions to the university 3 research,
teaching and clinical mission,

UNIVERSITY OF CALIFORNIA, LOS ANGELES
Director
Institute of the Environment

The University of California, Los Angeles (UCLA) sceks oumstanding
candidates for the position of Dircctor of the Institute of the Environment
{1oE). The successhul candidate wall have the academic mnk of Professor and
will hold a named chair. The lol2's mission is o generate knowledge and
provide solutions for regional and global environmental problems, and to
educate the next generation ol scholars and leaders. Through its local, national
and mtemational programs, the loE cmplovs innovative cross-disciphinary
approaches 1o address eritical environmental challenges swch as those related
to climate change, water supply and quality, air pollution, biodiversity, urban
growth, and sustainability - with the goal of achicving stable human cocxistence
with the natural systems on which socicty depends. A central strength of the
lok is its ability to bridge scienoe and policy.

The suceessful candidate should be a distinguished scholar with a back ground
in natural or social science and demonstrated sdmimstratve ox perience.
The Director will provide vision, leadership and suppori for loE research,
cducational, and outreach programs, and promote collaborative effons
among Faculty 10 address and find solutions w local and g lobal environmental
challenges. The incoming Director will have the opportunity to shape and
guide the lol: effonts in sevenl areas targeted for future development, including
haring of new faculty, the estabhshment of & graduate degree program and
the expansion of research in emerging fields of environmental science and
pohey. Appheants should submt application matenals meluding cover letter,
a description of their vision for the IoE, curriculum vitae, statements of
rescarch and teaching interests, 2-3 publications, and names and ad dresses of
three references to: loE Director Search Committee Chair, ¢fo Ms. Tammy
B. Allen, UCLA Institute of the Environment, 619 Charles E. Young Dr.
East, Lakretz Hall, Suite 300, University of California, Los Angeles, CA
DO095-1496. Please wse job number: 2155-0708-01 in all correspondence.
For addmonal mformaton about the lok or about submitting an application,
contact Ms. Tammy Allen (thalleni loc.ucla.edu, 310-794-4908) or scc

www.ise.uclaedu. Review of apphications will begin December 1, 2007 and

will continue until the position is filled,
LICLA is an Affirmarive Action'Equal Oppartunity Employer with a sivong
imstisntional commrimnent to the achivvement of diversity among it foculty
arred sialf-
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FACULTY POSITION IN APPLIED PHYSICS

The Applied Physics Program at Caltech
invites applications for one tenure track position
as assistant professor. We are seeking highly
qualified candidates who are committed to a
career in research and teaching. Exceptionally
well-qualified candidates may be considered at the
associate or full professor level. In addition to
applicants from traditional areas including device
and/or materials physics we are interested in
applicants with interdisciplinary backgrounds
spanning these and other areas such as biology
and chemistry.

Interested applicants should submit an electronic application by
visiting http://'www.eas.caltech.edu/search/aph. You will be
asked to upload the following pdf documents: CV, research
statement, three publications, and the names and contact
information for three references.

The term of the initial appointment is normally four years, and
appointment is contingent upon completion of all the require-
ments for a Ph.D.

(A CALIFORNIA INSTITUTE OF TECHNOLOGY

H  Division of Engincering and Applied Science
Cailtech iy an Equol-Oppariumity/ firmanive-Action Employer

Women, mimorifies, velevans, and disohied perronr are emcouraged to apply.

FACULTY POSITIONS IN
HEPATOBILIARY CANCER RESEARCH

As part of its new major sirategic research
plan, Virginia Commonwealth University's
School of Medicine in conjunction with the
VCU Massey Cancer Center, a HNCI-
designated cancer center, is seeking
applicants for two full-time tenure-track
faculty positions at the Assistant, Associate, or Full Professor rank
to join an expanding basic and translational research initiative with a
focus on the molecular pathology and target-based therapeutics of
hepatobiliary cancers.,

Successful candidates should possess oulstanding research
credentials that complement and extend our current areas of
research strengths, including those focused on model systems of
hepatobiliary cancer development and pregression, molecular
pathology and pathogenesis of cholangiocarcinoma, bile acid
signaling and growth factor receptor tyrosine kinases, tumor
microenvironment, and target-based cancer therapeulics.
Preference will be given to candidates who have transferable NIH-
RO01 funding or who are likely able to successfully compete for such
funding. Selected candidates will also be expected to meet
institutional requirements for participating in graduate student and
postdoctoral training. Individual faculty appeointments will be made
in appropriate basic science or clinical departments, with academic
rank based on the applicant’s qualifications. Successful candidates
will receive a very generous start-up package, together with a
competitive salary and excellent research space situated to
maximize collaborative interactions. Candidales must have an
earmned M.D., Ph.D., or M.D./Ph.D. and demonstrate research
accomplishments in the field of hepatobiliary cancer.

Interested individuals should submit a curriculum vitae, a summary
of research interests and plans, and contact information and e-mail
addresses for three professional references to: Dr. Alphonse E.
Sirica, Search Committee Chair, Department of Pathology, Virginia
Commonwealth University School of Medicine, P.O. Box 380237,

Richmond, Virginia 23208-0297 at asiricad@mevh-veu.edu.

Virginia Commomwealth Univers ity is an Equal Opportunity/Affirmative Action
Empilayer. Wamen and minorities ane encouraged fo apply.

RHEUMATOLOGIST/ IMMUNOLOGIST

I'he Division of Rheumawlopy and the Deparment of Medicine ar
Dartmouth-Hiacheock Medical Center (DHMC) i conjunciion with the
Depanment of Microbiology and Immunology of Daromouth Medical School
{M3) are seeking a highly morivared full-ime faculey member with an esmab-
lished research propram in the Immunobiology of autaimmune diseases a the
pre-clinical or ransladonal level, Successtul cindidares will hold joint ap point-
ments in the Depamment of Microbiology and Immunology and partcipare
ina robust graduare program and MIH -fund ed Center of Biomedical Hesearch
Excellence in Immunology.  Opporunity to partdpate in the Nomrs Coron
Cancer Center at DMS/IDHMC, a comprehensive NIH core grant supporied
center thar has recently undergone extensive copansion. Prospective candidans
must possess 2 MDD and/er PhD or equivalent and be qualified for appoint-
ment to the rank of Asisant Professor or higher, T'he Rheumarology Section
has along history of clinicl and research m-ﬁ]r:ku. as well as fell owvship train-
ing ar both DHMC and the Whie River Juncoon VA Hospial i V1.
DHMC is a 396-bed rertary cure hospital and the reaching hospital for DMS.
[MS, DHMC and the Section of Rheumarology are in a period of vigorous
Enrwl:ll with the aim of l":'l'.ﬂll!i-'lll'.'; a major academic force in all areas of med-
swine. Darmmouth-Hiccheock Medical Center is a state-of-the-art facilicy locat-
ed in the Upper Valley Region of Mew Hampshire, an area of Northem MNew
England with cultural, academic, and receeational activities readily available,
Salary & commensunite with experience. Pleise forwand letter of interes, CV
and references to:

Daniel A. Albery, MD
Section Chief, Rheumatology
Dartmouth-Hitchcock Medical Center
One Medical Center Dirive, Lebanon, NH 03756

DartmMouTH-HITCHCOCK
MEebicAL CENTER

Daromesuhe- | krehicock Clinic is an affinnanive aceiondeqaal oppormniey employer
‘“-J (L] |.'1|\.'k|l|}_|' i ﬂ'\.‘-ll:d i |'¢k ||'||h'i|'||_:, Icll"llk Nl Iy I_Hll“J ICs

www. DHMC.org

The University of Chicago
Faculty Position in Neuroscience

The Department of Organismal Biology and Anatomy in part-
nership with the newly formed Neuroscience Institute seeks a
neurobiologist to expand our program in systems neuroscience.
Candidates at all levels will be considered. We have particular
strengths in motor systems and the physiology of neural circuits,
especially in the arca of sensory-motor integration, and enjoy
strong interactions with the neurobiology and evolutionary
biclogy communities at the University of Chicago.

Applications should be submitted, preferably by e-mail to:
neurosearchi@pondside.uchicago.edu, or by regular mail
to: Daniel Margoliash, Chair, Integrative Neurobiology
Search Committee, ¢fo H. A. Zayd, Department of Organ-
ismal Biology and Anatomy, 1027 E 57th 5t, Chicago, IL
60637, Applications should include a curriculum vitae, with a
complete list of publications and a statement of research and
teaching interests. Junior candidates should have three letters of
recommendation sent to the same address. Review of applica-
tions will begin November 1, 2007,

The University of Chicago

An Affirmarive Acvion/Egual Opportunity Emplover,
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Mercer, Putnam and Farlow Fellowships in
Plant Biology
Harvard University

The Amold Arboretum of Harvard University and the Harvard Univer-
sity Herbana iwite applications for two vear research fellowships in
evolutionary biology, biogeography, systematics, development, ecology,
genetics and physiology. Fellows are expected to pursue independent
research projects, but must be sponsored by a research scientist or faculty
member based at the Arnold Arboretum, Harvard University Herbaria,
or Department of Organismic and Evolutionary Biology. The stipend is
540,000 per annum plus benefits, with up to 512,000 in additional funds
for research expenses,

Putnam Fellowships are preferentially awarded for rescarch using the
living collections of the Armold Arboretum, Mercer Fellowships are
awarded forresearch on vascular plants. Farlow Fellowships are awarded
for research on non-vascular plants and fungi.

Applications should contain: curniculum vitae, rescarch proposal (8
single-spaced pages with 1 2-point [ont and [-inch marging including a
research budget); relevance of research to applicant’s career goals; letter of
support froma Harvard sponson(s); and three letters of recommendation.
Applications should be sent to: De. Robert E. Cook, Director, Arnold
Arboretum, 125 Arborway, Jamaica Plain, MA 02130, For more infor-
mation, see the Arboretum website at www.arboretum.harvard.edu.
Review of applications will begin on December 1, 2007.

Faculty Cluster Recruitments
in
Biomedical Nanoscience

= The University of Southem California (USC)

is seeking to hire outstanding senior scholars

to provide leadership for its university-wide
=—————— rescarch initiative in biomedical nanoscience.
We wish to hire facully who are innovative, entrepreneurial, and
interdisciplinary leaders with a clear vision for the most exciting
future research in nanoscience that coniributes to human health.
Faculty may apply cither as individuals or as groups, within any
ofthe university's schools. We are particularly interested in hiring
faculty who can think boldly and work in non-traditional ways
to bridge research across disciplines.

Located in the heart of Los Angeles, the University of Southern
Califomia is one of the world’s leading private research universi-
ties. Participants in the biomedical nanoscience initiative span
the university, and include Children’s Hospital Los Angeles, the
Morris Comprehensive Cancer Center, the High Performance
Computing Center, the Biomimetic MicroElectronic Systems
Center, the Information Sciences Instiute, the Center for Elec-
tron Microscopy and Microanalysis, Center for Stem Cell and
Regenerative Medicine (CSCRM) and the Zilkha Neurogenetic
Institute.

More information about the initiatives and the hiring process are
available at http://www.usc.edu/rescarch/initiatives/. Applica-
tions will be considered beginning January 15, 2008,

The University of Southern California valies diversity
and is committed to equal opportunity in employment,

| O Rty

HOUGHTON CHAIR of
EHEMIS TRY & BIOCHEMISTRY

The Depariment of Chemisiry & Bischemisiry al University of the Sciences in Philadelphia
{USP}is see kmgﬂmpi:ﬂ:ims for a new, endowed-char posiion, entitied fie “Houghton Chair
of Chemisiry & Biochemisty " The Houghiton Chair, the resull of 2 generous bequest Tram Mr,
R. Everett Houghton, is dedicated to the support of a semior scientst, with a bac kground in any
of e chesmical sciences, whase primary em playmend has been in the chemical, biochemical, or

hamaceutcal industries, or in one of the naional scientfic laboratones, and who vants to

anstion to an academic environment in order to pursus an active research imerest that may
mot befully supported in their current ervironment

Apphicants for the Houghtan Char should havean extenswve record of scienti!ic accomplshment
approprizte to the mnk of full professor, and an active research interest in one of the chemical
stiences Apphcants whose research interests are synergietic with the interests ol the
Department &culty and which §eat the academic-industrial imerface a e particulaty encouraged
to apply. The initial appoint ment to the Howgiton Chair position is normalty for a perod of thiee
{3} wears, with an option to extend the appointmeant upon approval by both parties. Start-up
furdls pravided, and Tunds generated annually by the Houghton beguest, may be designalad by
the Houghton Chair in any manner consstem with suppart of the research activities of imerest,
including the salary of research personned, purchase of equipment and supplies, and travel,

The individual seleciad for the Houghlon Chair is expecied to earry aut the normal duties af 2
full prodessor engaged in an active eseasch program in academia, including the presentation
and publication of hes'her research, the generation of external funding to support that reseasch,
and in this case, the expanzion of our current reltionships with industry andéor the national
laboratories. Athough teaching & nod 2 requirement of the postion, the Houghton Chair will be
encouraged to contibute to coursss currently being taught, and/or to develop a course based
on hisher ndusiial experience and expetise.

USP is a unique health science university of 2,600 undergraduate and -400 graduate
students, with undergraduate and graduate programs in the natural and sockal scienges,
pharmacy, and other health related areas, and is an excellent environment for reseasch at
the academic-industirial intarface. InTarmation aboul the academic programs affered by
the Department, as well as the research interests of the faculty, can be obiained from our

websile at www vsip, edu/chemislhy, General information about the University can be
viewed at WWW.OSTD. el

Indhvicuaals interested inlearming more abaut thie Houghton Chalr position, or who would like to
hri.nE pmenthl icant to our atlention, should contact the Chair of the Search Committee,
ward A. Bmbasm by phone (215596.8634) or by e-mail [ebimbaddusip.sdu).
Applicztions mﬁhe smmﬂad by g-maid, or bw ular mail & indicated below,
rd . Birnbaam, Houghton Search Comm [Hes
Department of Chemisry & Biochemisy
Liniwvers ity od the Sciences in Philadeipha

600 5. 43rd 5t., Philadelphia. PA 19104
Al inguisies will b2 held in confidence. USP is an Equal Opportuniy/Alfimathe Adion Emglover.

NIVEREITY O HOSPITAL

CALGARY
Institute Directror

-, .:' | P N
5{ calgary health region \"’Z Children’s

FOURQATION

Create an internanionally recognized center of excellence for research and educarion
in maternal, newbom, child and yourh health,

‘Healthy babies, healchy children, bealchy lives” is the beacon thar guides this
collaboration of the Alberta Children's Hospital Foundation, the University of
Calgary and the Calgary Health Region, These partners recognize thar excellence
in child healch requires an investment in research and educanon,

The Alberta Children’s Hospital Institute for Child and Maternal
Health was ininiated to offer a synergistic approach to knowledze development
and eeaining of health professionals, Driven by the desire to ensure char discoveries
in basic, translational and clinical research quickly lead to advances in healeh, the
Inspiture will be a caralyse for muln-duciplinary co-operative research, By unizing
researchers and clinicians from both the Region and the Universiry, research
programs will span the full breadth of biomedical (basic scencel, clinical,

populasion health, and healeh services.

A research leader in areas of child and marernal health, you have buile your
internatwonal seature on vour ability to forge and nurtuee mutally beneficial
relationships among beid lant minds. Heve 18 2 unique starr-up where you will kave
the resources and the commitment to effectively builda preeminent institure.

Recruir and enable the next generation of basic, dinical, health service and
popudation health researchers, Commit to achieving and ma ingaining interna nonal
standands of excellence through innovation. Foster strategic growth and
parmerships. Ensure thar this Instioute becomes an intemanonally renowned
research center of co-operation, informacion-sharing and results where it matters
most..., in the lives of children and families

To explore this oppornity further, please forward vour resume tw our Calgary
office at carcers@hhsrb.ca or phone (403) 410-6700,

s BAY & BERNDTSON
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R-I-T

Three Assistant Professor Positions

The Department of Biological Sciences at the Rochester Institue of
Technology invites applications for three tenure-track positions, one
each in the areas of cell biology, molecular Mology bistechnology, and
bioinfomatics'computational biology, Candidates are required 1o bold a
Ph.D. and have post-doctoral tramning.

[deal candidates are expected to contribute significantly to teaching of one
or more of the following courses: Cell Biology, Molecular Biology, Tissue
Culre, Immunology, Introductory Microbiology, and Genomics. The
successiul candidates will be required o continue pursuing their research
interests and o mentor undergraduate and'or graduate student research.

The Department has 24 full-time Faculty and more than 5040 full-time
sudents across our undergraduate majors: Biology, Bistechnology, Bio-
informatics, Biomedical Sciences and Environmental Science; and more
than 24 graduate siudents in our twoe Masiers programs in Bioinformatics
and Envimonmental Science, http://www.rit.ed n/~67 2www/,

Applicants for this position should apply onlme at hitps:/mycareer.rit.edo.
Search by [RC 12493, 125135, and 12516 for the Cell Biology, Molecular
Biology, and Bisinformatics positions respectively. Please upload your
letter of interest; a vita; a statement of vour experience with and'or inter-
est in RIT' core values, honor code, and statement of diversity; a boefl
summary of research interests; and contact information for four letters of
reference. Application deadline 15 December 15, 2007, with a stan date
of Late August, 2008,

The Rochester fnxtitute of Techology is an Equal Opportunity/
Affirmative Action Emplover, AN guol ifed indivichials witlh the abifity o
comfrifuite i meaningfil weys fo the aniversity 5 coniiming
canrraritsment o its core valies, fronor code and diversity statement are
enmcatiraged fa apply

Faculty Position
Structural Biology Program

Sloan-Kettering Institute

Memorial Sloan-Rettering Cancer Center ivites applications for
a tenure-track ey position ae the Assistant Member level in
the Souctural Biology Program of the Sloan-Ketering Institure
{wwwskieda), We are interested in individuals with an
outstanding record of research achicvements in any area of
structural  biology, including <oy enstallography, NMR
spectroscopy. EM and optical imaging. as well as the interface of
structural. chemical and computational biology. Faolty will be
eligible to hold appointments in the Gerstner Sloan-Rettering
Grhoare School of Biomedical Sciences, the Weill Gradwate
School of Medical Sciences of Comell Universite, as well as the

Tri-Institurional MD/PhD Training Progrim.

Interested  individuals should submit their Comiculum Vike,
description of past research accomplishments and  proposed
rescarch, selected reprints and three letters of recommendation in
P format o struchio@mskec.org. Application materials and
signed leve s of recommendition can also be subamioed by ool oo
Dr. Nikola Pavletich, ¢/o Julie Kwan, Memorial Sloan-Kellering
Cancer Center, 1275 York Avenue, Box 494, New York, New York
10065, The applicaton deadline s January 15, 2008, Memorial
Sloan-Kettering Cancer Center is an Egual Opportanity Emplover,
Smokedree environment.

"’mr'\t Memorial Sl(};m—Kcrtcring
_ I Cancer Cenrter

“nnen®  The Best Cancer Cave, Amyurhere.,

wiwwLimnskoc.e 5
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Tulane
& University

Tulane University School of Medicine
Immunology Program Leader

Tulane University School of Medicine is undergoing a period of unprec-
edented expansion and renewal and will be hiring new faculty at all ranks
in areas of strastegic research emphasis, As the fisst step in this initiative,
Tuline University School of Medicine is seeking an exceptional and vision-
ary leader o develop a comprehensive, ndependent program in basic and
trans lational research in Immunology. The leader of the Immunology research
initiative will be provided the resources o reerut additional invesngators
whose research complements existing strengths and renewed emphasis in
Cancer, Cardiovascular Disease/Hypertension, Infections Discases, Gene
Therapy, Lung Biology, Neuroscience, or Solid Organ Transplantation,
These individuals will join a growing and miersetive group of researchers
i both the basaic and climcal deparments at the School of Medicine (http:
Swwwsomdulaneedw'). Apphcant must possess an M.D. or Ph.D. or equiva-

lent, and have an established and intermational lv recognized research program
in one of thess program arcas,

This position also provides an opporumty for interdisciplinary research
with faculty at the Tulane National Primate Research Center (hitp:/f
www.inpredulane.edwindex.shiml), Tulane University School of Public

Health and Tropical Medicine (http:/www,sph.tulane edu/), and Tulane
University School of Science and Engineering (bttp: fwww.sse. tulane.edu/).
Aulditional information about Tulane University and the New Ordesns anea may

be obtained on the Tulane University web site (hitp:fulane eduf).

Applicants should submita curnculum vite and statement of research interests
and goals tw: Dr. John Clements, Vice Dean for Research, Tulane University
Schoolof Medicine - SL38, 1430 Tulane Avenue, New Orleans, LA TO112,
Completed applications may be sent by ¢-mail to researchi@tulane.edu,
Review ol applications will remuin open unnl the posinon is filled.

Tilame University is an Equal Opportunity, Affirmative Action Emplover
airied ettcotirdages appdicetions from minorities, wornes, g
other gualified persms,

The Victor Chang

CARDIAC RESEARCH INSTITUTE

FACULTY POSITIONS

The Victor Chang Cardiac Research Insfitute (WCCRI) is seeking
faculty members at the Senior Lecturer, Associate Professor or
Professor levels. Applicants will be expected to hold 2 Ph.D. or M.D.
with relevant postdoctoral training, and to have a track record of
r:ulslanuir? research achievements at an international level that has
attracted highly eompatitive peer-reviewad funding.

Those that address gene regulaton at the franscrptional or post
franscriptional levels or that focus on siRMNA, mMIRNA or epigenstic
approaches; vascular biclogy paricularly in terms of necangiogenesis
or vasoregulatory mechanisms, stem cell biology and therapeutic
approaches; structural biology or bicinformatics with spedific skills in
genome prodiling and microaray analysis, or issue or bioengineering,
are particularly encouraged to apply. Preference will be given fto
applicants perlorming “cutiing-edge” research in areas of
cardiovascular science or disciplnes that are relevant
to understanding cardiovascular biology or disease pathogenesis at
the physiological, molecular, celllar and strictural leveds.

The VCCRI provides an outstanding scientific environment with
established strangth in developmental biology, gene regulation and
epigenstics, molecular cardiology and biophysics, structural and
compuliational biology, and cardiac mechanics and fransplantation
biology. The successful candidate will be provided with laboratory
space and significant finandal support to rapidly establish their
program, and will be eligible for an academic appointment at the
University of New South Wales, Details of the Institute, its programs
and faculty are available at: www.victorchang.edu.au

To apply, submit a CV, the namestontact information of three
referees, and a statement of past research achievements and
anficipated research directions by 15 December 2007 to:

Ms. Jeshres Gaundar, Manager, Human Resources,
Victor Chang Cardiac Research Institute,
334 Victoria Street, Darlinghurst, NSW, 2010, Australia

or email: recruitment@victorchang.edu.au




James P. Wilmot Cancer Center
University of Rochester Medical Center

Immunology Program
Recruitment

The University of Rochester James P
Wilmot Cancer Center is recruiting a
candidate to head an outstanding program
in cancer immunology. The program will be
allocated ample resources for the recruitment
of several independent investigators to a new
state-of-the-art laboratory facility. Program
members are expected to promote basic
rescarch interest in cancer immunobiology,
encourage translational research and to
establish an environment that is conducive
to extensive collaborations within and owtside
of the program,

Associate or Full Professor level applicants
will be considered. Competitive salanes
and generous benefits are available.

Please contact:
Ignacio Sanz, M.D., Chair

Immunology Program Search Committee

601 Elmwood Avenue, Box 695
Rochester, New York 14642
E-mail: ignacio
san#@urme. rochester.edu
The University of Rochester is ar Equal
Crapowtunity Empd over:

Johns Hopkins Medical Institutions
Tenure-Track Positions

Influenza and Respiratory Virus
Translational Research

Human Immunology, Vaccinolegy,
Pharmaceclogy

The Division of Infectious Discases of the Johns
Hopkins School of Medicine is recruiting 1-2
facultv at the Assistant or Associate Professor
level to contribute (o an emerging instiutional
Respimtory Virnses Program. Our focus is on
persons with proven capabilities (o comnduct
independent research on respiratory infections,
eapecially investigations that contribute o the
prevention or treatment of influenza in humans,
This recruitment contobutes o expanding pro-
grams in influenza virology, stroectural biology,
andl vaccine testing. Emphasis will be given o
researchers with complementary research such
as in molecular biology of viral replicaton, host
virus interctions, and quantitative analysis of
viral dynamics,

Candidates must have earned an MD and/or PhD
degree and have a record of acquiring research
funding and producing outstanding scholarship.
Salary and resources will maich experience.
Candidates should provide a curmiculum vitae,
a one-page statement of career interest, and 3
professional references (o D, David Thomas,
Chief Infectious Diseases, Johns Hopkins
School of Medicine, Suite 437 1530 Monu-
ment Street, Baltimore, Maryland 21205 or
by email care of Nadia Hay nhay@ jhmi.edu.
Application review will begin i Fall 2007,

Jokms Hoplking s an
Equal Oppartunity Emglover;

University of California
San Francisco

Vice Chancellor — Research

The University of California, San Francisco {(UCSF) inviles inguirics, nominations
and applications for the position of Vice Chancellor, Research, As one of the leading
universities of the nation, UCSF consistently defines healtheare worldwide by conduct-
ing advanced biomedical rescarch, educating graduate students in life sciences and
providing complex patient care. Geographically dispersed throughout San Francisco,
UCSF includes the 107-acre Parnassus campus that is home to graduate professionals
in dentistry, medicine, nursing and pharmacy, a graduate division for pre-docioral and
post doctoral scientisis; UCSF Medical Center; UCSF Children’s Hospital: San Fran-
cisco General Hospital, the Veteran's Administration, Mount Zion, Laurel Heights and
Langley Porter Psychiatric Institute. Additionally, UCSF opened its 43 acre Mission bay
campus, just south of downtown San Francisco. The university itself is comprised of
approximately 2,900 students and 18,200 full and part-time faculty and saff. UCSF's
schools of Dentistry, Medicing, Nursing, Pharmacy and Graduate Division award profes-
sional and doctoral degrees in the biomedical and behavioral sciences. Although in both

relative size belies its distinction as one of the leading biomedical research and health
scicnce education centers in the world, Among its distinctions, UCSF is home to three
MNobel Laureates, 34 members of the National Academy of Sciences and 69 members of
the Institute of Medicine. UCSF is ranked fourth within the National Institutes of Health
funding. Last year, UCSF researchers received more than $620 million in grants and
contracts. By virtue of the quality of its faculty, the excellence of its patient care, the
scope of is many outrcach programs and the many discoveries of its scientisis, UCSF
is considered one of the nation’s premier health sciences teaching, training and research
centers. Additional information about UCSF can be found at: www.ucsf.edu.

The Vice Chancellor, Research reports directly to the Executive Vice Chancellor and
Provost and oversees operations to include those of Research Services, the Office of
Sponsored Research, the Office of Technology Management and the Center for Bioen-
rreprencurship. Potential candidates must: have excellent judgment in order to balance
the sometimes conflicting goals of providing cost-effficient ways of delivering high
quality service and ensuring compliance with policies and regulations; have the abil-
ity to provide clear, unambiguous and well communicated vision and direction for the
Office of Research; set measurcable goals and demonsirate sieady and tmely progress
toward goals; establish a customer-service orentation and culiure and improve the
overall effectiveness and efficiency through the use of technology. Additional desired
characteristics include a demonstrated track record in working cflfectively and flexibly
with campus leaders and constituencies as well as anticipaie and respond to emerging
needs and opportunities; act as an effective advocate for the needs of rescarchers, and
contribute as a member of the larger University management team to address campus-
wide, University-wide and national issues. Expectations of the Vice Chancellor, Research
nclude: the ability to speak effectively at public meetings; write complex policics,
reports, and procedures in an articulate and clear fashion; explain technical require-
ments related to research administration and services activities: interface with external
regulatory agencies; interpret University, Federal and other policies and regulations;
effectively organize the units’ activitics in response to the changing environment and
develop appropriate organizational structure, budgets, staffing and accountability.

This position requires an M.ID., Ph.I). or equivalent terminal degree: substantial research
experience and three to five years senior administrative experience leading a large,
complex organization as an excellent leader, manager and communicator, A confidential
review of applications, nominations and expressions of interest will begin immediately
and continue until an appointment is made. The clectronic submission of maierials is
preferred and a cover letter, resume and list of five references should be forwarded to:
Alberto Pimentel — Managing Pariner
i Storbeck/Pimentel & Associates
{ 1111 Corporate Center Drive, Suite 106
"“’“‘”‘g Piordel Monterey Park, CA 91754
a.kissiistorbeckpimentel.com

LCSF iy an Affirmative Action/Egual Opporunitvy Emplover The University under-
rakes affirmative action to assure egual emplovment opportunin for underurilized
minorities and women, for persons with disabilities, and for covered velerans.,
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F'HE UNIVERSITY OF

TOLEDO

Health Science Campus

Tenure-rack Faculty Positions in
Host-Pathogen Interactions

The Depantment of Medical Microbiology and Immunology at the
Unmiversity of Toledo College of Medicine (formerly known as Medi-
cal Univeraity of Ohio), has just recruited a senior immunologist and
seeks to hire several additional full-time, tenure-track faculty members.
Candidates must hold a Ph.D., MDY, or equivalent degrees and have at
least three years of relevant postdoctoral experience (Assistant Prolessor)
or faculty appointment (Associate or Full Professor). Preference will
be given to applicants with independent funding, and whose research
focus complements those of existing faculty and of the PhD Program in
Infection. Immunity and Transplantation. One ofthe positions is targeted
to the interaction of pathogenic bacteria with host defenses. Available
facilities inclede a functioning BSL3 laboratory, The successful candi-
date will be expecied to develop/maintain an externally funded, basic
and/or translational research program, and to participate actively in the
departmental teaching mission,

Applications should mclude: (a) CV, (b} a brief summary of research
interests, past accomplishments, and future plans, and (¢} names and
addresses of three references. All materials should be sent to: Akira
Takashima, M.D,, Ph.D,, Professor and Chair, Department of Medical
Microbiology and Immunology, University of Toledo Health Science
Campus, 3000 Arlington Ave, Toledo, OH, 43614-2508. E-mail submis-
sions may be sent to jovecorodebavghi utoled o.edu, Applications will
be reviewed immediately upon receipl

The Universiry of Todedo is committed to diversity and eqgreal
appariunity. Applications from women and minorite condidates
ane strongly encouwraged

Tenure-track Assistant/Associate Professor

The Medical College of Geonzia’s Vascular Biology Center is recruit-
ing faculty at the Assistantor Associate Professor, tenure-track. Suc-
cessful candidates are expected o have biomedical PhD., and/or M.D.
degrees and an excellent track record of training and publications in the
area of cardiovascular pathophysiology or metabol ic disease. Candidates
for Associate Professor should also have active research support from
a national funding source and a history of successful funding. We are
particularly interested in candidates experienced in vascular disease
related to metabolic dyvsfunction associated with obesity and involved
in translational research. Ideal areas of expertise include (but are not
limited to): insulin oradipokine signaling, CV inflammation, metabolic/
diabetic major organ dysfunction or atherosclerosis, Candidates with
established expertise in pulmonary or hypertensive vascular'renal disease
are also of interest,

The candidate will jein an active group of extramurally-funded vascular
biologists (currently about 510 million annually) in recently renovated
laboratories utilizing state-of-the-ant equipment.  He'she will have
the opportunity (o participate in the two nstitutional pre- and post-
doctoral training programs in Integrative Cardiovascular Biology. A
detailed description of VBC faculty and facilities is available at hetpe//
www.mcg.eduw/centers'vhe. Ample opportunities for collaborative basic
and translational research are available and encouraged. The candidate
is expected to develop an active, extramurally-funded research program,
join a collaborafive group of vascular biologists studying obesity and
metabolic diseases, and contribute to the development of programmatic
projects. Highly competitive salary and start-up package are available.

E-miail CV, letter describing career objectives, and the names of three
references to; Dr. David W, Stepp, Chair of the Search Committee at
dsteppa meg.edu. Application deadline: December 15, 2007,

The Medical College of Georgia is an Equal Oppartunity amd Equal
Access Inseition: AAEENEgual decess/ADA Emplover

COLLEGE OF ENGINEERING
ALFAISAL UNIVERSITY
Riyadh, Saudi Arabia

Alfaisal University & aprivate, not-for-profit, research universily, comprising
the Colleges of Enginecering, Science and General Studies, Medicine, and
Busingss, and will commenee its programs in Fall 2008, The language
of instruction s English and modem learming outcomes, paradigms and
technologies are used. The umversity was founded by King Fasal Foundation
along with organizations such as Boemg, Brigsh Acrospace, Thales, and King
Faisal Specialist Hospital & Rescanch Center, who serve on iis Boand of Trustees.

The Caollege of Engincering will offer undergraduate and graduate
programs i the following disciplines and subdisciplines: ELECTRICAL
(power, communications, signal processing, electronics, photonics),
COMPUTER (intelhgent systems, language and speech, computer
systems, computation), MECHANICAL (applicd mechanics, product
creation), AEROSPACE (thermo/luwd svstems, acrospace svsiems,
iransporiation, system dynamics and control), MATERIALS {maicrals
processaing, matcrials propertics and poerformance, polymers, nanoscience
and technology), CHEMICAL (catabysis, reactor design, design-systems,
polvmers), All programs have been developed by renowned scholars from
leading universitics in the US and the UK, and are designed to be qualificd
for acereditmion sccording o0 US and UK standards and requirements,

Alfaisal Engineering seeks candidates for the following positions,
commencing m August 2008: FOUNDING SENIOR FACULTY {(wuh
instructional, rescarch, and administrative responsibilities), RESEARCH
SCIENTISTS (academics with research focus), LECTURERS (academics
with instructional focus), POST-DOCS (Doctorate degree holders with
reseanch focus), INSTRUCTORS (Masters degree holders with matructional
focus), and ENGINEERS (Bachelors degree holders). Atractive salary and
start-up support 15 provided. Quernes and Applicanons should be sent w
engnr recruitingfi@alfaisal.edu The subjeet line should specifly the
disciphine, subdisciphne, posiion, and the advertisement relerence.
The deadline for applications is 31 December 2007 Interviews for
leading positions will be conducted in January and February 2008

Directorate for Education and Human Resources
National Science Foundation, Arington, VA

NSFs Directorate for Education and Human Resources (EHR) seeks
candidates for two positions: Deputy Director, Division of Graduo-
ate Education (IDGE) and Director, Division of Human Resource
Development (HRD).

The Division of Graduate Education (DGE) leads the National Sci-
ence Foundation’s efforts to attract the most talented US, students into
graduate studies, and to support them in their quest to become the leading
Scientists and Engineers of the future.

The Division of Human Resource Development (HRD ) serves as a focal
point for NSF's agency-wide commitment to enhancing the quality and
excellence of science, technology, engineering. and mathematics (S TEM)
education and research through broadening participation by underrepre-
sented groups and institutions.

Additional information about the Directorate 's activities in the Division
of Graduate Education (DGE ) and Division of Human Resource Develop-
ment ( HRD) may be found at hitpz'www.nsfgovichr/about. jsp.

Appointment to either of these two Senior Executive Service positions
may be on a career basis, on a one-to-three vear limited term basis, or
by asa gnment under the Intergovernmental Personnel Act (IPA) assign-
ML Provisions.

Announcements S20080002 and S20080003, with position requirements
and application procedures are posted on NSF's Home Page at website:
http: fwww.nsfgoviabout/carcer_opps’. Applicants may also obtain

the announcements by contacting the Executive Personnel Staff, 703-
292-8755 (Hearing impaired individuals may call TDD 703-292-8044).
For the Deputy Director, Division of Graduate Education (DGE),
applications must be received by November 13, 2007 and the Director,
Division of Human Resource Development (HRDY), applications must
be recewved by November 26, 2007,

NSF iz an Equal Oppovianity Employer.




.

GROUF LEADER POSITIONS

wwiw.imba.opraw.ac.at

OAW

1 ot hinedagy
' T

(|

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Faculty Position in Biostatistics
at Ecole Polytechnigue Fédérale de Lansanne (EPFL)

EPFL seeks candidates for a tenure track assistant professor position in
biostatistics, with emphasis on statistical genomics and related elds,
The appointment will be joint between the Schools of Basic Sciences and

of Life Sciences.

The successful candidate will establish and lead a vigorous independent
research program, interact with existing major genetic and genomic
projects in the Lake Geneva region, and be committed to excellence in
teaching at all levels. Significant start-up resources and research infra-
structure will be available,

Applications  should be made by Januvary 15, 2008 via
http://shpositions.epfl.ch/applications,

Candidates should submit their curriculum vitae, concise statement of
research and teaching interests, and the names and addresses (including
email} of five referees as asingle PDF file (at most 20 sides of A4, plus
list of publications). A printed version of this file should be sent to:

Professor Alfio Quarteroni

Mathematics Search Committee (Biostatistics)
1ACS-FSB-EPFL

Station 8

CH-1015 Lausanne, Switzerland

For additicnal information, please consult: hitps/sma.epfl.ch/search

EPFL is an equal opportunity employer.

“Our work 1s more than a job, it's a
career of mission-focused investigation.™

Work that matters.

The CNA Corporation is a non-profit institution that operates
on the principle of condueting impartial, accurate, actionable
research and analysis to inform the important work of public
sector leaders.

We offer carcer opportunities for people with degrees in en-
gincering, 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, resulis oriented — committed to the common good.
Joinus. www.cna.org

The CNA Corporation

Research thoat warks, for work that matters
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173 University of Berne

: Faculty of Science
r:::llil'l'l'l'

Applications are invited for a Full Professorship in

Biochemistry

The Department of Chemistry and Biochemistry at the University of
Berne, Switzerland, will have an opening for the position of a full
professor in biochemistry starting | February 2000, Research at the
Department {hitp:'www.dcb.unibe.ch) in biochemistry and molecular
biology is focused on the molecular foundations of bielogical processes
and includes nuclerc acids, membranes and structural biology.

The successiul candidate will be expected to establish an independent
research programme in a current topic of bicchemistry, e.g. noncoding
RNA, miracellular trafficking or ological membranes. Teaching of
biochemistry and molecular biclogy is expected on all levels of the
curriculum for students of biclogy, chemistry and biochemistry. The
candidates should have expenence in acquiring external funds.

The University of Berne is an equal opportunity emplover and strives to
increase the number ofwomen in the faculty. Qualified fermal e researchers
are especially encouraged to apply.

Applications including a full CV, a list of publications, copies of the 5
most relevant papers, an outline of the research program and teaching
experiences, should be sent by 11 January 2008 to

Prof. Panl Messerli
Dean Faculty of Science
University of Berne
Sidlerstrasse 5, CH-3012 Berne, Switzerland

Informal ingquiries can be addressed to Prof. Ulrich Baumann, phone
40 (0 31 631 4320, e-mail wlrich. baumanni@ ibe.unibe.ch.

Dartmouth College
Sherman Fairchild Chair in
Sustainability Science

Dartmouth College mvites applications for a newly endowed Chair in
Sustainability Science, an emerging field that examines the dynamic inter-
actions between environnent and society, The successful candidate will be
committed to interdisciplinary research, and teaching at the undergraduare
and graduate levels. We seek candidates with outstanding records in a rel-
evant field in the natural sciences, Candidates in the social sciences with
cross-cuthing expertise will also be given strong consideration. Research
areas might include: global environmental change, eanh systems science,
conservanon ecology or resource ecology, biocomplexaty, environmental
health or other relevant topics. The Sherman Fairchild Professor will have
a leading role in developing new mesearch and curnculum initiatives as
part of an expanding program in the study ol human-environment relations
reaching across several depariments and involving the professional schools
of engineering, medicine and business. Strong preference will be given o
those candidates with proven leadership skills as well as experience in the
application of scientific knowledge in policy making and problem solving
at the intersections of environmental, technological and social change. We
intend o hine at the rank of associate or full professor with tenure, and the
suceessful candidate will be located in Environmental Studies (with possible
affiliation with another department or program).

The Search Committee will begin reviewing applications after January
10, 2008, Applicatons will be considered until the position 1= filled. Please
send letter of application, CV, and the names of three references 1o Ross
AL Yirginia, Chair, Search Committee in Sustainability Science, Envi-
ronmental Studies Program, 6182 Steele Hall, Dartmouth College,
Manover, NH 03755 USA.

Drartmouth Colfege combrines a commitmen fo inmavarive scholarsfip
and excellent feaching. Dartwronth Colfege is an Equal Opportunity/
Affirmative Action Emplover eosd has o stromg comminment to diversi.
We welcome applications from a broed specirom of people, inchding
wownen, prersoms of color persons with divabilicies, and veferans.

OPEN EXAMINATIONS FOR:
ASSOCIATE TOXICOLOGIST
STAFF TOXICOLOGIST

The Department of Pesticide Regulation (DPR) m the Califorma Environ-
mental Protection Agency announces recruitment for the Associate and Stafl
Toxicologist examinations for the purpose of establishing hiring hsts. Open-
mgs existin Sacramento, Califomi. Pemsons experienced in conductng humai
health pesticide exposure assessments or e valuating tox icological or exposure
studies are encouraged w apply. To qualify for the Associate Toxicologist, an
entry level position, persons must: { 1) hold s doctoral degree in Toxicology,
Biochermistry, Pharmacology or a closely related field; or (2) hold a master s
degree in woocology or a closely related field and three years post-master 's
experience in designing and managing toxicological studies, interpreting
results, and conducting hazard assessment or safety evaluations; or (3) have
certification as a Diplomat of the American Board of Toxicology, To qualify
fior Stafl” Toxicologist, persons must hold & doctorl degree in Toxicology,
Biochemistry, Pharmacology or a closely related field and & minimuom of 3
years of post-doctor] experience, in the interpretation of toxicological find-
ings relative o probable human health or aquate life hazords and one year
of experience in the development and design of toxicological research and
investigative smdies, The nequired degrees for these examinations must have
been obtained from an aceredited college or university, Candidates must meet
the qualifications as stated in the oficial examination bulketin by the cutofl
date indicated below. The salary ranges for Associate and StafT Toxicologis
are 54,533 - 56,404 and $6,40% - $7.753 per month, respecnively.

If anterested. please submit your resume and a copy of the Examination
Application (5TD 675), available at: http/fwww.sph.ca.gov/Employment/
emplovment_forms_brochures htm, tothe followng: m%mrtment of Pesti-

cide Regulation, Personnel Services Branch/Examinations Unit, 1007 1™
Street, 4® Floor, PO, Box 4015, Sacramento, California 958124015,

The testing office will acce ptapplications postmarked no later than November
19, 2007 for the sl testing perod. Applications received after this date wall
b held unnl the next round o esting. Refer to the official bulletn for specific
requiremnents and examination information at hitp:fww wedprea.govidocs!
dept/psh/home. hitm. Contact the DPR Examination Unitat (916) 322-4553
for any queshons,

PLANT CELL/MOLECULAR PHYSIOLOGIST
Southern lllinois University Edwardsville

DESCRIPTION OF DUTIES: PLANT PHYSIOLOGIST
(CELLULARMOLECULAR EMPHASIS ). The Department of Bio-
logical Sciences, SIUE invites applications for a tenure=track position at
the Assistant Professor level, We seek applicants with broad training in
biological sciences emphasizing cellular/molecular approaches to plant
biology. Teaching experience in this or related areas is highly desirable.
T he successful candidate will share responsibility forteaching a Cell and
Molecular course for biology majors, teach plant physiology, and teach
upper-division courses i hisher area of expertise. Occasional teaching
of non-majors biology courses will be required. Candidate must exhibit
potential for independent and innovative rescarch involving Master's
and undergraduate students,

QUALIFICATIONS: A Ph.DD. in plant physiology or plant cell/
molecular binlogy, or a related field, Relevant post-doctoral teaching
and'or research experience preferred. Review of applications will begin
on Jan. 7, 2008 and continue until the position is filled. To apply, send a
letter of application with a statement of teaching philosophy, statement
of research interests, curricufum vitae, copies ol official ranseripis, three
letters of reference, and no more than three reprints to;

Chair, Plant Cell/Molecular Physiologist Search Committee
Southern Ilinois University Edwardsville
Department of Biological Sciences
Box 16515
Edwardsville, IL 62026-1651

SIUE s a comprehensive regional university located on a 2,600 acre
campus in a semi-rural setting 25 minutes from downtown St Louis,
MO SIUE is dedicated to excellence in undergraduate education.

SIUE ix an Affirmative Action/Equal Opportunity Emplover SIUE is
a stale wniversiny — henefits under state .'dpfm.'imvd' prlares may wof he
avaifable ta holders of Fi ar 31 visas.




DUKEBENUS

GRADUATE MEDICAL SCHOOL G
DIRECTOR and Senior Faculty
Program in Cardiovascular and Metabolic Diseases

Fhe Duke-NUS Graduate Medical School Singapore (Duke-NUS GMS) s
recrutting 4 Program Director to lead our signature program in Candiovascular
mnd Metabolic Discases, with a poimary focus on the prevention and mreatment
of vascular disease, including diabetes and obesity, The successlul candidaie
will be a visionary scicntist with an MD and'er PhD) and an international
reputation in either basic or chinical research, Also required 15 a demonstrated
ability 1o establish and lead & multidisciplinary eam of tenure-track Faculty
and associated jumior faculty and trainces, The Program will be based in
Smgapore; however some research 15 hkely o be conducted in countries
in the region. In addition, we also seek senior faculty who have significant
research asccomplishments and a willingness 0 participate i a research
chterpase that embrces a vintual academic environment that will reshape
both fundamental views of cardivascular discase and the delivery ol effective
diagnostic and therapeutic technologies. The positions will include full
salary, generous sta-up support, and five vears of annual reseanch funding,
The faculty of Duke-NUS GMS will have access 1o the world-renowned
Duke Databank for Cardiovascular [hseases and the Duke Climcal Research
Insututes databases and chinical nals portfolio. The Drector should have
o commitment o developing an integrated portfolio of rescarch activities
between the Duke-NUS GMS and Duke Umiversaity i Durham NC.

Duke—NUS GMS is unique in bringing post-haccalaurcate, rescarch-micnsive
medical education to Asia, and represents a truly global partnership between
twor leading LS, and Asian umiversities. Dubke-NUS GMS shares 2 modem
campus with Singapore’s largest hospital and sevem | national rescanch centers,
ncluding the National Hear Centre. The Rweilities i nearby Biopolis, and those
i the planmng stages for proolof concept human studiesamd a chimical rescanch
coonlinatng center, will provide a unique array of complementary resources.
Intereated candidates should email a cover letter stating the position applicd
for, curnculum vitae and a summary of résearch accomphshmenis o the Search
Committee on Cardipvascular and Metabolic Discases, Duke-NUS GMS:
CVMD.recruitigms.edosg

lgniting the Ploneer Spiril

Max-Planck-Gesellsehalt
Max Planck Hm'i{‘l}'

J_,""" "% Department of Health and Human Services f'ﬂ' q’%

i @ MNational Institutes of Health @

s National Institute on Aging Fpens”
Staff Scientist

The Intramural Research Program (IRP) of the National Institute
on Aging (NIA), Baltimore, Maryland, is recruiting for a Staff
Scientist position in the Laboratory of Molecular Gerontology
(LMG). This is an initial S-year appointment for a highly motivated
individual with a strong background in cellular and molecular
biology. Experience in DNA repair and oxidative stress is
required. Background in mitochondrial research is advantageous,
The incumbent will have a major role in training stafl and post-
doctoral fellows and maintaining rescarch continuity within the
laboratory. A Ph.D. or equivalent degree is required.

Salary is commensurate with research experience and accomplish-
ments, The salary range for a Staff Scientist is S80,000 - 5162371,
A full Civil Service package of benefits (including retirement,
health, life and long term care insurance, Thrift Savings Plan par-
ticipation, etc.) is available. Additional information regarding the
NIA IRP and the LMG is available at the following websites:
hitp://www.gre.nia.nih.gov and
http:fwww.gre.nia.nih.gov/branches/lmgdmg.htm

To apply: Please send a cover letter, curriculum vitae, bibliography,
statement of rescarch interests, and three letters of recommendation
to: Peggy Grothe, Intramural Program Specialist: Office of the
Secientific Dircctor (Box 09): Vacancy # IRP-08-01: National
Institute on Aging, 5600 Nathan Shock Drive, Baltimore, MD
21224-6825. Applications must be received before December 7,
2007. If additional information is needed, please call 410-558-8012
or email: grothepia gre.nia.nih.goy

DHHS and NIH are Equal Opportunity Employers

Selbststandige
Nachwuchsgruppen

Independent Junior
Research Groups

The Max Planck Society invites applica-
tions from outstanding young scientists
in all fields of research pursued by the
Max Planck Society (Biology and
Medicine; Chemistry, Physics and
Technology; Human Sciences).

Successful applicants will have demon-
strated the ability to perform excellent
research. They will be offered an

Independent Junior Research
Group Leader position

(W2; equivalent to associate professor
level without tenure) including a five-
year grant (research positions, budget,
investments) with possibilities of exten-
sions.

Applications should include a CV, a list of
publications, copies of three publica-
tions, a one-page summary of scientific
achievements, and a two-page research
plan. For further information and detailed
application instructions see

http://www.snwg.mpg.de

The Max Planck Society is committed to
equal opportunities and to employing
disabled persons.

The deadline for application s
December 14, 2007.
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HARVARD UNIVERSITY
Assistant/Associate Professors
Department of Genetics and Complex Diseases

The Department of Genetics and Complex Diseases (GCD) at the Harvard School of Public Health

(HSPH) invites applications for tenure-track positions at the level of assistant professor. Exceptional

associate professor candidates will also be considered. GCD 15 a major new initatve in the basic

sciences in the HSPH Division of Biological Sciences. Through integrative programs in biology and

genetics, the GOD group seeks to generate basic research insights related to complex human diseases.

Cument areas of reseanch include nutrient sensing, protein translation and degradation, nuclear hormone

meceptor signaling, secretion and vesacular tmnsport, oxadative and genotoxic stress response, DNA

repair of oxidatve damage, tumor metabolism, and regulation of carbohydrate, lipid, and energy homeo-

stasiz, Successful applicants will hold a PRD and/'or MD degree and will have a record of outstanding

productivity in an area that complements the existing research and training goals of the department.

The candidate should possess the ability o work collaboratively with other scientists and the scholarly

qualities required to mentor doctoral students i the graduate progrm in the Division of Biolegical

Sciences. Generous start-up pack ages and state-of-the-art research facilities will be available. GCD has

particular interest in recruiting individuals with research interests in the fol lowing ancas:

+ Aging in model organisms, including mice

+ Organelle biclogy and dysfunction, particularly mitochondria or endoplasmic reticulum

« Control of protein synthesis, folding, and degradation

+ Mechamsms of signal processing and integration, especially in the context of energy and nutrient
sensing, Muxes and homeostasis

+ Tumor metabolism

« Inflammatory and stress responses with emphasis on chronic metabolic or degenerative diseases

+ Integrated physiology and genetics of complex diseases using cellular or mouse models; forexample,
neurclogical degenemtion with metabolic dysfunction as an underlying feature

Please send a leter of application, including a statement of currént and future research interests,
curfictlum vitae, sample publications, and the names of three references o the llowing address.
Applicants should ask their three references to write independently to this address:
Chair, GCD Search, ¢/o Julie Gound
Department of Geneties & Complex Diseases
655 Huntington Avenue, Building 11, 107
Boston, MA 02115

Tive Hovvard School of Public Healih is committed to increasing the represemtation af woemen and
pvinorities i 08 focndty, and ercotrages applications from sucl comdidaes,

University of Pennsylvania
School of Veterinary
Medicine

Research Specialist/ Mathematical
Models of Infectious Disease - The
Section of Epidemiology and Public
Health in the School of Veterinary
Medicine at the University of
Pennsylvania invites applications for a
full-time Research Specialist (345,000)
to start immediately (appointment ends
January 31st 2009). The Research
Specialist will be a member of a
research team creating spatial, stochastic
mathematical models of animal diseases
in the USA.
Applicants should have a strong
background in mathematics and/or
population ecology. Applicants should
mail (or e-mail garys@ vet.upenn.edu)
an application letier, a curriculum vitae,
and the names and contact information
for three referees to:
Dr G. Smith
Section of Epidemiology and Public
Health, New Bolton Center
382 West Street Road
Kennett Square, PA 19348, USA

The University of Pennsyivania is
an Equal Oppartunity Emplovery
Affirmative Action Emplover.

Director of Systems Biology In Reproductive Sciences

Wayne State University and the Perinatology Research Branch of NICHD, NIH are establishing
a program in Svstems Biology of Reproduction. This innovative program aims to understand the
gene, protein and metabolic networks involved in key processes in reproduction such as pariunition,
implantation, and plancentation.

The program will use high-throughput functional genomic and proteomic tools, advanced sensors
and analytical methods, enhanced imaging capabilities, a5 well as computational tools to charscterniee
and model cells and network structures and dynamics.

The Director will lead a coordinated systems binlogy program in reproductive biology as well as
perinatal medicine. Responsibilities will include oversight of the university’s Applied Genomics
Technology Center. Leadership responsibilities will include: recruitment of new faculty; fostering
scientific collaborations that provide educational experiences to graduate students and fellows;
personal and programmatic scholarly activitics including procurement of extramural funding;
communicating and netwaorking across clinical, biological and other disciplines to further scientific
knowledge in reproductive medicine.

The program will be housed in newly renovated space at the C5 Mott Center for Human Growth and
Development, in close proximity to the laboratories of the Perinatology Research Branch of NICHD.
Tenured appointment at the level of Professor will be provided in the Departments of Physiology
mnd'or Obstetrics and Gynecology, with the availability of a joint appomtment in the Center for
Moaolecular Medicine and Genetics.

Applicants for the Director position will have the following knowledge and skills:

« Broad scientific knowledge i systems biology, computational biology, and genomics and'or
proteomics research

« A background of research collaboration among groups that employ high-throughput genomics,
compuiational biology, and bioinformatics

* APhRD, MD., orM.D/PhD.

* ualifications for academic appointment at a Professonial level with a sustained record of extramural
funding

» Management experience at an academie institution, biotechnology or pharmaceutical company

* Demonstrated success in facilitating interdisciplinary team research

Apphcants should include posting number 034441 in their letters of mterest. Letters, by January

14, 2008 accompanied by a complete curriculum vitae and synopsis of research plans, should be

sent to; Danicl A, Walz, Ph.D., Associate Dean for Research, Wayne State University School of

Medicine, Room 1261 Scott Hall, 540 E. Canfield, Detroit, M1 48201,

GRANTS

uiesicar Caseiiias Commission Inmco-aniricaing
dibhnge

uiverwtenes f cullereh
franco-hmerican Comeisaaon
o kst i o E1c bt
e FULBRIGHT GRANTS
REGION | TO THE
NORD

PAS DE CALALS “OLDEN TRIANGLE™

FULBRIGHT/NORD-PAS DE CALAILS
REGIONAL COUNCIL awards will be granted
to four o s1x Amencans o conduct research in
Monl-Pas de Calais for penods of three to twelve
months. Bordernng Belgium, Nord-Pas de Calms
15 France's northernmost region situated in the
heart ofthe “Golden Triangle™ of Burope’s three
grcat capital citkes: London, Paris and Brusscls,
In 1856, this region welcomed Louis Pasteur
who became the first dean of the Science Faculty
of Lille  Rapid development in a multitude of
ficlds, mereasing avalabality of equipment, and
numcrous publications and honors awarded 1o
6, 500 professor-scholars and 230 laboratories are
prool” of this region’s long-standing tradition in
and enduring commitment to rescarch.

Eligible Candidates: Associabe, assstant and full
professors & postdoctoral researchers

Eligible Fields: Hard. social and human sciences
French language ability s commensumte with
the requercments of the project.

Starting Date: Scptember 2009

Application Deadline: August 1, 2003

For further mformaton, please visit hitp:d/
www.lulbright=-franceorg/him/uscholars.
aspinordpde or contact Dr. Amy Tondu,
Head of the American Scction, Franco-

American Commission for Educational
Exchange at atondui@ fulbright-france.org
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Faculty Positions in Cancer/Molecular Epidemiology/Population Genetics

The Penn State Cancer Institute (PSCL together with the Department s of Pharmacology and Public Health Sciences of the Penn State University College of
Medicine (PSUCOM) in Hershey, PA, seeks wo hire outstanding scientists with extensive experience in epidemiclogy., genetic/molecutar epidemiclogy and/or
populateon genclics for Tenured/ Tenure-track Faculty positions at the rank of Assistant, AssoCiate or Full Professor, Candidates should have demonstrable
experiise and urif_inul research in the du:-s:'gn. conduc i and analysis of :tiuhgiu studies of cancer in human populations, Reguirements for each P o
include o doctoral degree inepidemiology, genetics or o related field. Preference will be given w individuals with previous or current external funding and a
recond of multidisciplinary, translational research in collabomtion with chinical or laboralory-based scientists.

Candidates will join the Division of Population Sciences and Cancer Prevention in the PSCI, where they will be expected to collaborate closely with clinical,
hasic. and population scientists. The Division of Population Science and Cancer Prevention is comprised of over 35 faculty with expertise in epidemiology.
statistics, health services research, cancer survivorship and commu nication research, cancer prevention research, and genetics, Candid ates will also have
appointments in either the PSUCOM Department of Pharmae ology, or Department of Public Health Sciences, & multidisciplinary department consisting of
biostatistics, epidemmology, and bealth services research. Ouistmding opportunities exist for yorn sppointments, for col lsboration with the University Purk
(main} campus of Penn State University, and for involvement in doctoral training programes,. Successful candidates can anticipate favorable start-up packages,
salary and benefits.

The PSUCOM is located m the Milon 5. Hershey Medical Center in Hershey, PA, within 10 minutes of the stne capital, Harrishurg, and located less than 95
i bes Froan both Philadelphin ond Balimore. Hershey offers a beautiful and safe enviroament wilth outstanding schools at a very reasonable cost-of-living.

Send a CV, o summary of research plans, and the names and contact information of a least three potential references o Philip Lazarus, Phi), Associate
Director, Division of Populution Sciences and Cuncer Prevention, Penn State Cancer Institute, Fenn State University College of Medicine, Ko C37390,
HO65, 500 University Dirive, Hershey, PA 17033; Phone: T17-531-5734; Fax: 717-531-0480; Email: plasimest psu.edu

For vour bealth, the Milton 5. Hershey Medical Center is 0 smoke-free campus,

Pemn Siaie iscommitied io silirmasii ve sciion, ..-:|||.|l P bum iy amd the diversity ol iis work [oree,

' PENN STATE Making Life Better

National Research Council in Italy seeking new President

The Minister of University and Research Fabio Mussi nominated a Consulting Committee with the
mandate of proposing a short list of three candidates for the position of President of the CNR:
the Italian National Research Council (www.cnr.it). The selection of the President will be made
by the ltalian Government based on the Minister's recommendation.

The members of the committee are: Paoclo Blasi, Claudio Bordignon, Elena Cattaneo, Peter Gruss,
Sir David King, Antonio Palma, Giorgio Parisi, Gianfelice Rocca, Alberto Sangiovanni Vincentelli and
Salvatore Settis. The Committee started its activity on October 10th, 2007.

During the first meeting the Committee decided to rank the candidates according to the following
criteria:

a - The candidate must be an outstanding scientist; he/she must have given innovative contributions
to science and/or technology.

b - The candidate must have demonstrated leadership qualities and a documented experience in
directing complex research structures.

¢ - The candidate must have a solid research experience outside Italy.
The knowledge of the Italian language is required.

Applications and nominations (including an appraisal of the achievements and leadership qualification
of the nominee) must be sent to the following e-mail address: candidature.cnr@miur.it. They must
be received by November 23rd 2007.

The Committee will invite a restricted number of candidates to Rome for an interview. The exact date
for the interview process will be decided as soon as possible. In any case, the interviews will take

place before December 15th, 2007.
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PIONEER.

APPLICATION SCIENTIST
Bioinformatics Support (6156BR)
Jehnston, lowa

Promeer Hi-Bred is secking an Applcation Scienist
to prowide high-level sdentific consultation, data
analysis capabalivies, and bioinformatics application
support to its internal research organization. Position
has an emphasis on Woinformatics as it relares o gene
expression technologies and data analysis. Incumbent
expected 1o possess and maintain a thorough under-
standing of state-ofthe-an computational approaches
for gene expression data management and analysis in
order o provide strategic leadership in this area,
Candwdate will collaborare with scentises, secking to
understand their current and potential bromformarics
needs, denobang opportuniiies o apply exstng
capabilities, evaluating and recommending suitable
third-party solutions, and defining regquinements for
internally developed resources o meet these needs. Will
also contribute to vanous projects by both enhancing
researcher self-sufficiency amd by crmving oot gene
expression anabses for researchers, Responsible for the
design, development, and deplovment of bioingor-
matics applications and client suppor processes,
Conribure o the ongoing support of varous bio-
informatics tools and datases, inu]hulin;; EesEingg, train-
ing, documentation, and :mur'.nb- resaslution of users”
questions regarding these capabilities.

A MDD, in bicinformatics, genetics, bioche mistey,
or a related field with two or more vears of post-
degree experience is required, or cguivalent amount
of relevant edwcanion and expenence. Industrial
research experience in crop or plant biotechnology is
highly desirable. Demonstrable expenence working
with high-throughput data sets generated by gene
expression platforms such as Agilent, and using data
management and analvsis tools such as GeneSpring or
Rosetta Besolver, s essential. Demonstrated profi-
ciency in borth Windows and UNIX environments as
well as with data anabvsis tools such as Perl, Excel, and
Spotfire are also required.

Job requisition for this positon 5 6156HBR. To
apply, visit website: heep://www. pioneer.com,/
carcers. Dguad Cpportaneity Hmployer

VERTEBRATE ECOLOGIST
Virginia Commonwealth University

The Department of Biology at Virginia Common
wealth University {VOU ) invites applications for a
tenure-track faculty position in vertebrate ecology.
Research should include both field and laboratory
components. Preference will be given to applicants
working with birds. rimary teaching responsibilities
will include an undergraduate core course and upper-
level courses in the applicant™s area of specialization.
This position will be filled contingent upon funding
at the rank of ASSISTANT PROFESSOR although
other ranks may be considered. Poswdoctoral expen
ence and demonstrated evidence of excellence n schaol
arship and teaching are required. The successful
apphcant will be expected to develop a productive,
externally funded research program and  direct
graduate students,

In addition to the Biddogy Department (websipe:
herp:/ Swww, has vow.edu /bio), research opportu-
nities abko are avalable through the Center for

Environmental Studies (websive: h%F,{;_‘w“w.vm+
cduSecesweb) and VOLUs nearby field station on the
James River (website: hitp: /S wwwovewedu/rice).

POSITIONS OPEN

COASTAL RESEARCH FACULTY
FOSITIONS

The Lowisiana Universities Marine Consor
tmam {website: hetp,/Swww. lumoon. edu for
information) nvites applications for two
ASSISTANT PROFESSORS. We seck ex-
perts in plankton ecology (phwvtoplankton or
microbial} and wetland scence (eccology,
processes, or restoration ). The positions carry
nine months of salary support; nitial appoint-
ment for three vears with a muleivear renew-
able comtract, Submit electrome copies of a
letver of interest, curriculum vitie, statement
of rescarch and education intercsts, along with
the names, affiliations, addresses, elephone,
and e-mail addresses of three references to:
Dr. Nancy N. Rabalais, Executive Director,
e-mail: orabalis@lumeon.edu, tdephone:
985-851-2801. Review of applcants wall be-
gin November 15, 2007, Lowisiana Uiriversities
Marine Cowsortinm & an Affinnative Aeviond Equal

Clpportnmity Enployer

TENURED and TENURE-TRACK FACULTY
POSITIONS in SYSTEMS BIOLOGY
University of Califomia, Irvine

The University of Califormia, Irvine (UCL) has
embarked on a recruiting initative in systems biology
intended o 6l seven faculty postions over three
vears. Three positions are available this vear, for which
candidates will be considered from all areas of systems
bidlogy, including biological networks, regulatony
dynamics and control, spamal dywamics and morpho-
genesis, synthetic biology, and mathematical and
computational biology, Applications are being solic-
ited ar the ASSISTANT, ASSOCIATE, and FULL
PROFESSOR level, and appointments can be made
in any of several departments, including Develop-
mental and Cell Biology, Molecular Biologe and
Biochemisty, Ecology and Evolutionary  Biology,
Biomedical Enginecring, Mathematies, Physics and
Astronomy, Computer Science, and Statistics,

The successful applicant is expected to conduct a
strong research program and to contribute w the
teaching of undergraduate and graduare students.
Svstems  Mology research and training at UCH
fostered by several interdisaplinary rescarch units, a
Mational Institute of General Medical Saences Na
tional Center for Systems Biology, and Ph.0} . training
programs in bicinformatics, and mathematical and
computational biology (for more informaton, see
wehsite: htrp: £ fechs. bio.uci.edu ). Applicants should
submit a lewer of applicanon, curriculum  vitae,
bibliography, three leters of reference, and statements
of rescarch and waching interests using the online
FECTUILImEnt system (see mstructions at websites:
hop: /S Sechs biowci.cdu or hetps:/ Srecruitapaud,

edu). To receve full consideration, matenal should
be receved by January 1, 2008,

The University of Califonrfa, fame is an Egeal Cpporto-
ity Emplayer committed o0 exallonce droueh diversity, amd
stroveply erconrages applications from all qualified g boanis,
inchediony aeomen and evimovitics. UCT is respossioe 1o the
novds of dualeaireer conples, & dedicated to work-life balana
throvggl an wray of faemilp=fricuadly polices, and & e reapicar
af o Nathoal Seiewe Foondarion ADVANCE Awaed for
gender egqiniry.

POSTDOCTORAL FELLOWSHIP & available
in the Pathology and Physiology Rescarch Branch at
the Mational Institure for Occupational Safery and
Health, Morgantown, West Virginia  (website:
http:,’,e’w'w.cdc,lg.:wflﬁushﬂu:mcpa Jitml) o

Submit curriculum vitae, statements of rescarch
and teaching mterests, and three letters of refercnce
by November 30, 2007, wo: Stephanie Millican,
Department of Biology, Virginia Commonwealth
University, Richmond, VA 23284-2012.

Firginia Commaneeealil Cniversing i Bl Oppostnity/
Affirnmarive Action Institon. Women, mimonines, and pesons
swiely disabiline are enconraped 1 apply.

856

study the effects of nhaled wsicams, A PhoD, M.,
DV, or VDML with experience in pulmonary
pharmacology and tosicology are required. Appl-
eants wst fe US. citizens or permanent vesidemts,
E-mail curriculum vitae and the names of three ref
crences to Jeffrey 5. Fedan ar e-mail: jsf2@cde.

gov. NIOSH & an Affinnatiee Action /Equal Oppartenity

Eznpl ooy

POSITIONS OPEN

ASSISTANT to FULL PROFESSOR,
TENURE-TRACK
Cardiovascular Rescarch
Department of Pharmacology and Toxicology

We seck an established cardiovase ular investgator
with outstanding research accomplishments o com
plement and enhance the diversity of basic and clinical
cardiovascular research strengths in our Department
and our Institution. Medical College of Georga has
an outstanding collaborative emvironment which in-
cludes an eminent, well-funded cardiovasaular rescarch
commuty across the Deparmment of Pharmacology,
Drepartnsent of Physiology, Vascular Biology Center,
Privision of Cardiology, and the Georgia Prevention
Institute. Faculty rescarch interests include oxidarive
stress, eicosanonds, signal transduction, hypertension,
endothelial function /dvsfunction, angiogenesss, adhe-
sion proweins, on channels, myocandial disease, diabe-
tes, and development of phyvica cardiovascular nisk
factors. All applicants are expected to develop and
maintain an extramurally funded research program,
particularly a program involved in control of cardiac
and vascular dysfunctions and diseases. Physician sci-
entists ane strongly encouraged to apply.

We offer a penerous stamup package, excellent
laborawry space, and outstanding core facilities for
microarray technology, genetically modified animals,
cell imaging, clectron microscopy, lotelemetry, pri-
mate pesearch, and chnical collaborations, The suc-
cessful applicant will also participate in teaching
programs for professional and graduare students,

Please send curriculum vitae, summary of pro-
fessional and research goals, and the names and
addresses of three references to: Search Committee,
¢/o Ridhard White, Ph.D., Department of Pharma-
alogy and Toxicology, Medical College of Georgia,

Aungusm, GA 30912-2300. E-maik rwhi

edu amd sisit the Depantment homepage i%lt{:
i/ Swwwemegedu SSOM phmitox index. himl ).
MOG i an Equal  BEprlapenene r.l;'.!‘nlrlmrrl';'.',*l:f_i'r'ur;rmm'r
Actain I::.I[JHn' A Eﬂrf.ln'u}'u'r

FACULTY OPENING, SCIENCE, TECHNOLOGY,
and ENVIRONMENTAL POLICY
Woodrow Wilson School of Public and
International AfFairs

The Woodrow Wilson School of Public and In-
ternational Affairs at Princeton University seeks a well-
quakified scholar whose research is at the interface of
science and public policy. The position is open with
respect to rank and subfield, although condidates
with backgrounds in climate change, air pollution,
beogrenche mical cveles, biodiversity, environmental im-
pacts of agriculture, or information techirology are
strongly preferred. We prefer a scholar who might be
jonnely appointed with a disciplinary department. The
position involves ceaching at both the graduawe and
undergraduate level.

Junior candidates should submit curriculum vime,
letter of interest, a one-page research statement, and
writing sample. They should also forward graduare
school transcripts and at kease three letters of rec
ommendation. Senior scholars should submit a leter
of interest along with curniculum vite, but no pub-
lications or other writings at this ume. Candidates
should send marerials wy Science, Technology, and
Environmental Policy Search, Office of the Dean,
Artn: Kristin Wade, Woodrow Wilson School of
Public and International Affairs, 424 Robertson
H'"i Princcton University, Princcton, NJ 08544
LoL 2.

We will begin reviewing applications on Novemnber 15,
2007, Pravecion & an Affiranie Action/ Bgeal Opporarity
Emplayer and complies nuath applicabe EEC and Afffemariie
Action regulations. For information abost applying fo Prioceton
i Drowpe s selieidenify, plese Kk o websiee: http:d S,
pdmmmdu.dnj'..uh.nt’r_{ufdnf_ﬁb_q:tnB.rxsf.
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Fundacion BBVA

Gran Via, 12

48001 Bilbao

SPAIN

Fax +34 94 424 46 21

Paseo de Recoletos, 10
28001 Madrid

SPAIN

Fax +34 91 374 34 44

awards-info@ fhbva.es
www.fhbva.es

Second Call

BBVA Foundation
Biomedicine Chairs 2007

The BBVA Foundation is pleased to announce its second call for
applications for six Chairs in Biomedicine, designed to promote
research and advanced training by means of the temporary
attachment of leading international specialists to Spanish groups
of excellence working at universities, research centers and medical
institutions.

The award will comprise:

M 3 Chairs in BASIC RESEARCH
B 3 Chairs in CLINICAL RESEARCH
with a minimum duration of 68 months and maximum of 12 months.

Each Chair will be funded with the sum of 200,000 euros.

The conditions of the call and application forms are available on www.fbbva.es or by
request from awards-info@ fbbva.es

Deadline for submissions: December 31, 2007

% Bristol-Myers Squibb

Position Description: Primarily
responsible for designing, conducting,
and analyzing radioligand binding and
autoradiographic studies to assess brain
target occupancy of test compounds.
Conduct other in vitro and in vivo
experimenis as needed.

Position Requirements: BS with at
least 5 years of relevant experience
or MS with at least 2 years of relevant
experience. The candidate should have
strong background in some or all of
the following neuroanatomy, in vitro
pharmacology and radioligand binding
autoradiography. Previous experience
with in vivo studies will be a plus. The
candidate should be highly motivaied
and have a record of independence in
expenmental design and execution as
well as data analysis. Strong commu-
nication skills are required.

We invite all gualified individuals 10
apply online via our Carcer Website,
hitp://www.bms.com/carcer/data/
index.html. Please apply to position
#22244.

Bristol-Myvers Squibh Co. is an Equal
Opportunity Emplover

The University of lllinois at Urbana-Champaign
School of Molecular and Cellular Biology
Faculty Positions in Developmental Biology

The School of Molecular and Cellular Biology http:fwww.mch.nivcedw’ at the University of
Ilinois at Urbana-Champaign seeks outstanding applicants for two tenure-track positions in the
general area of Developmental Biology. Although we anticipate hiring at the Assistant Professor level,
exceptional candidates at the level of Associate or Full Professor with established research programs
and teaching experience are encouraged to apply. Both positions offer excellent laboratory facilities,
substantial staft-up funds, and the opportunity to work with outstanding graduate and undergraduate
students. The University of Hllinois at Urbana-Champaign has added significant faculty strength in the
biolozical sciences over the last several vears; we seck to expand the community of scientists studying
the cellular and molecular mechanisms underlying developmental phenomena, from embryogenesis
1o adult tiaswe regeneration,

The Urbana-Champaign camipus offers a wide range of state-cf-the-art research support facilities, includ-
ing mass spectrometry, MR, X-ray crvstallography, micro- and nanoscale fabrication and analysis, the
Roy 1. Carver Biotechnology Center, the W, M. Keck Center for Comparative and Functional Genomics,
as well as facilities for proteomics, metabol omics, immunology, flow eytometry, and transgenic mice.
Superb resournces for computational biology are available at the National Center for Supercomputing
Applications and the NIH Resource for Macromolecular Modeling and Bioin formatics.

A PhD. andior MDD, degree and postdoctoral expenence are required. The target starting date for
these positions is August 16, 2008, Salary is competitive and commensurate with experience. Urbana-
Champaign offers the residential advantages of a medium-sized university city, excellent cultural
apportunities, and a great quality of life as reflected by its ranking as one of the ten Great Neighbor-
hoods in America by the American Planning Association hitp:fwww.planning.org/greatplaces/

neighborhoed swesturban a.him.

Applications must include a curmculum vitae, complete list of publications, a concise summary of past
research accomplishments, at least three letters of reference, and a statement of future research plans,
Send applications, including an email address, to: School of Molecular and Cellular Biology Search.,
University of Illinois at Urbana-Champaign, 393 Morrill Hall, 505 5. Goosdwin Ave., Urbana, 1L
61801, Phone: (217) 333-6472. Electronic submissions as pdfor Microsoft Word files are encouraged
and should be sent to mebsearc h08@life. vive.edo, To ensure full consideration, applications must be
received by December 15, 2007, Although early applications are appreciated and interviews may be
conducted before the closing date, no hire will be made until after the closing date.

The University of Minois is an Affirmarive Aetion, Egual Opporiurity Emplover,
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POSITIONS OPEN

POSTDOCTORAL FELLOWSHIP
Department of Molecular and Cellular Biology
Harvard University

A Postdoctoral position i available wo study bio
chemical mechanisms of epigenctic inheritance by
Polyveomb group proteins. The successtul candidare will
have a PhoD. in biochemisty or molecular biology . The
candidate should also hawe experience doing in vitro
assavs, and past expenence studving DNA replication,
mitoss, or other aspects of chromosome biology. The
projects in the Labomtory involve the wse of bio-
chemical roonstumtion to determine the efftas of
DMNA peplication and mitosis on Polveomb protein-
chromatin interactions, as a means w understand  how
chromatin based gene regulatory information can be
stable through the cell ovele, We are a small, interactive
research group, and Fellows inwemct daily with the
principal investigator, Candidates are expected to apply
for research funding, although one vear of funding is
available. Interested candidates should forward ther
curncuum wvitae to Dr. Nicole Franas (e-mail:
frands@mch.harvard.edu ), and be prepaned o sup

plv three letters of reforence upon reguest.
Hanurd Uwiversitg i an Equal Oppornimity Affirnative
Aitonr Employes.

TENURED and TENURE-TRACK
PROFESSORS in BIOENGINEERING
University of California, Merced

The School of Engineering at the University of
California, Merced (UCM ) invites gqualified applica-
tions for two faculty positions i the biomgineering
arca, at ASSISTANT /ASSOCIATE /FULL PRO-
FESSOR levels starting July 1, 2008, ldeal senior
candidates should demonstrate oustanding leadership
qualities as we develop our new Bioensineering Pro-
gram. The campus is especially interested in candidates
who can comribute to the divesite and excellence of
the academic community through ther research,
teaching, and service. The successfil candidare will be
expeaed to teach undergraduate and graduate courses
in bioengneering. The rescarch area within bio-
engineering is open, amd individuals with rescarch in-
terests that are complementary to the current UCM
bicengineenng faculty, and with a strong desire for
interdisciplinary interactions with other faeuley & UCM
(inchrding environmental, mechanical, dlecmical, mate
nals science, and computer science) are particularly en
couraged to apply. Deadline oo apply s December 31,
2007 To apply, visit website: http: £ fobspomerced.
edu/nacademic/listings. jsfseriesld =1, Ao

Action/Eguad Opporterity Erployer.

HISTOLOGIST/MICROSCOPIST. Tenure-
track ASSISTANT PROFESSOR posiion availa-
ble August 2008, Earned Docvorate in cell biology,
anatomy or relaved diseipline; research invobing com-
parative microscopy or closely related field highly
desirable. Successtul applicant must be qualified o
teach upper-division  histology and  microscopy.
Candidarwe 15 expected to estabhsh an actve, exter
nally funded research program mvolving praduace
and/or underpraduate smdents. Successful fimalists
must demonstrate effective communication  and
teaching by presenting a research seminar and a
teaching demonstration duning an on-campus inter-
view, Mail one hard copy of all university transcriprs,
statements of teaching and nesearch philosophics, cur-
riculum vitae, and three keuers of recommendation
to: Dr. John T, Beneski, Department of Biology,
West Chester University, West Chester, PA 19383
(no e-mail applicatons). Review of complered appli-
cations begins on January 2, 2008, and continues
until posiion is filled. For more details and full ad
visit websive: hetp:/ Swwwowecupa.edu Sseripes /
vacandes,/vlist.asp, call telephone: 610-436-2316

or e-mail: jbeneski@weupa.edu, Affirmanioe Ao/
Eqnal Oppormnity Employer. Women and  mivorities dne
srranply enowreaged to apply.
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POSITIONS OPEN

TENURE-TRACK FACULTY POSITION in
BIOINFORMATICS and
COMPUTATIOMNAL BIOLOGY
University of Maryland, College Park
Department of Computer Scicnce

The University of Mandand, College Park, invites
apphcations for faculty posinions at the ASSISTANT,
ASSOCIATE, and FULL PROFEESSOR level in the
Center for Biomformatics and Computational Brology
(website: hop:/ S www.cheb.umd.edu), to be ap-
pomnted jomntly with the Computer Science Depart-
ment (website: hoop: //www.cs.omd.edu). The
University has committed the resources to recruit
several new enured and tenure-mack faculey for the
Center, directed by Dr. Steven Salzberg, in order
to maintain a woeld-class location for rescarch in bio-
informatics, computer science, applicd mathemanics,
statistics, molecular biology, genetics, and genomics.

Senor candidates will be expected to lead inter-
nationally prominent rescarch programs in compu
tatwonal aspects of genomics and bioinformatics. All
applicants are expected o have strong publications
and research expenence in the ancas of bologal sa-
ence and computing. Expericnce in interdiscplinany
collaboraton s an important asset. Exceptional can-
didates from arcas owside of computer sdence are
also encouraged to apply.

The faculey will be housed in contiguous space
dedicated 1o the Center, and will have access to a
high-end computing infrastructure through the Uni-
versity of Mardand Instiiae for Advanced Computer
Studies. The University of Marvland is located near
1I-'I-".1~-hi1'|.p5l.t;ll:|., 13.C., and offers excellent ]'l:ltl.'ntiﬂ| fior
collaboration with other outstanding bioinformatics
and genomics research groups nearby, in organiza
tions such as the Natonal Institutes of Health and
the Smithsonian Instituton.

Applicants should apply online at websive: htrps: //
www.cheb.umd.edu fhiring A online /2008, Appl-

canons should mnchude a cover letter, curmculum vitae,
and a description of research and teaching interests.
Applicants ar the Asigant Professor level should pro-
vide mames and comacr information for ar least three
people who will provide lewers of reference. Applicants
for Associae or Pull Profesor should provide the
names of five references who will be contacted by
the Search Committee at an appropriate time. For
best consideration, applications should be received
by January 3, 2008; however, applications mayv be
accepted until the position(s) are filled.

The University of Marylmd is e Afffomatve Acion, Byl
Clppormity Enploper. Women and aninoities are eocouraged

to dapply.

TWO FACULTY POSITIONS
Department of Biological Sciences
North Dakota State University

Applications are invited for a tenure-track CELLY
DEVELOPMENTAL BIOLOGIST and an EVO-
LUTIONARY ECOLOGIST it the ASSISTANT
PROFESSOR level o begin fall 2008, Candidates
will develop an extramurally funded research pro-
gram, supervise M5, and MhD. students, and teach
courses in their area at the undergraduate and grad
uate levels. For complete deseription and  require-
ments, soe website: hidp: / biology ndsunoda ke edu /.
Beview of applications will begin December 3, 2007,
MNOSU iz an Egeal Oppoeumiry Tustiration.

ASSISTANT PROFESSOR, MEDICAL HIS-
TOLOGY and BIOLOGICAL SCIENCES. The
University of ldaho is secking a talented educator
and researcher 1o join both of our fculies in the
Washingron, Wyoming, Alaska, Momana, [daho
Medical Educanion Program and the Department
of Biological Sciences, in the arca of microscopic
anatomy, istology, and to coordinate the use of the
newly developed and smffed, interdisciplinary Con-
focal Microscope Laboratory. This i a nine-month,
tenure-track position. Review of applications begins
December 10, 2007, For a full description and ap-
plcation materials, visit website: http:/ //www.hr,

uidaho.edu.

POSITIONS OPEN

RESEARCH ASSOCIATES
Biology Department of Molecular and
Cellular Biology
Harvard University

The Department is actively secking Research Asso-
ciates in a wide variety of fields within molecular and
cellular biology, Most Bescarch Associate appointme nts
carry 4 one-vear term, but may be extended depending
on funding.

For information on these research opportunities,
application instructions, and the st of faculty mem-
bers with current openings, please visit the Molecular
and Cellular Biology Department websive: heep:
;:Mn;-r.mchf harvard edu/Tobs/ Research Associates,

tml.

Firvard Univesity is an Equd Opparranity, Affemaive
Actaon Erployer

FACULTY POSITION in SYSTEMS BIOLOGY
Department of Pharmacology
University of Illinois at Chicago

The Department of Pharmacology, University of
Minois College of Medicne imates applications for a
faculey position at the ASSISTANT PROFESSOR,
ASSOCIATE PROFESSOR, or FULL PROFES-
SOR level. The applicant is expected to have exper-
tise in the research areas of sestems biology, including
the investigation of complex bickogical sysiems in
both normal and diseased states using quantitacive
approaches not Hmited to proteomics, penomics,
imaging-based analysis, chemistry, physics, and nano-
technology. The applicant s expected to establish
extesive collaborations with current faculty members
in the Department and strengthen the muole
disciplinary and guantitaove approaches to our
research programs. Current research activities in the
Department include lung ardiovascular biology, plae-
let biology, cancer bicloey, and vanous signal trans-
duction mechanisms, Candidates should have a PhoD.
and Sor MDY, degree, an excellent publication recond,
and extramural funding history with active grant sup-
port from NIEL, Salary suppon with gencrous startup
package in the newly constructed research building 15
avalable, Applications will be sercened until January 31,
2008, PMositon available Auguse 2008, Please send v
e-mail a single PDF file contaning (1) letter of
application with rescarch goals, (2) curriculum vitae,
and {3) names, addresses, ¢-mail addresses, and tele
phone numbers for three refenences oz Avtm: APGO2
{e-mail: phamyob@uic.edu ), Department of Phar-
macology (MO 868), University of Illinois at
Chicagn, College of Medicine, 835 5. Wolcott
Avenue, BEoom E403, Chicago IL 60612, T
{.-rm'rrur}' o Mo ar l‘.jm‘.,\m (L] .'|_|IﬁrlrJ.J£:-|' .'L'Iﬁ'vr."f:-.‘lra.rf
Crpportanaty Bployer and enconni®es ponisations dnd apnlii-
|'|;il.l.l'|.,'|'|.'¥rl ey ||:mf.h1un1|'|' |I:|'.l||'.III'|.'.J.If|'.=.

The University of Chicago, Department of Medi-
cine, Section of Rheumatology, is secking qualificd
applicants for a full time RESEARCH OCL-
ATE (ASSISTANT PROFESSOR) position. The
primary activity of an BA. [Assistant Professor} is
academic research in association with a faculty mem
ber or eam. Qualified applicants are required o
possess a Doctorate degree in medicine, omedical
research, or a related field. Five vears of research ex-
perience after doctoral degree i fields relevant o the
study of autoimmunity s required, Technical skills in
cell fmolecular biology and excellent reaching skills
also required. Compensation and level of appoint-
ment are dependent on qualifications. The University
provides a generous package of fringe benelits,

Ineerested applicants are invived 1o c-mail current
curriculum vitae and bibliography, a stavement of re-
scarch interests and goals, two representative reprints
(optional ), and three letters that provide academic
references to Mark Mitchell, Section Administra-
tor, e-mail: mmitchel@medicine. bsd..uchicago.edu.

The Univerity of Cliicago is an Affimmative Action/ Bgeal
Oipportrnity Enploper
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mUNIVERSITYof

TENNESSEE Wr

PLANT BIOCHEMIST

The Biochermstry, Cellular, and Molecular Biology Depantment (BCMB) at
the University of Tennessee at Knoxville (UTK) invites applications for a full-
time, tenure-track posation at the rank of ASSISTANT PROFESSOR, w begin
Falb 2008, We scck applicants who use contemporary biochemical biophysical
methods o explore fundamental cellular, molecular, or phyaological processes of
plants and‘or algae. The seccesslul candidate 1s expected w develop an extmmu-
rally funded research program and to be mvolved in graduate and undergraduate
teachmg. Applicants capable of developing links with several mterdisciphnary
programs addressing broenerg y-related topics would be particularly welcome.
These progmms mclude the DOE BioEnergy Science Cenier, the Southeasiem
Regional Sun Grant Center, the Tennessee Biofucls Initiative, and the Sustainable
Energy and Education Rescarch Center (SEERC),

The BCMB Department is a department of 24 feculty members with core strengths
instructural bobkogy, plant brology, and developmental genctcs. Apphicants must
have a Ph.} and postdoctoml caperience in an appropnate disciphne wath evi-
dence of high quality research, must have a strong commitment 1o teaching, and
the ability to teach introductory biochemisry and'or cell biology, a5 well as more
advanced graduate courses inther arca, Complete apphications will mclude a cover
letter, curnculum vitae, & concise outling of research plans and ieaching intenzsts
and copies of up to three papers. Armngements should be made to have three
letters of feference sent o the departivent. Send appropaale matenals in poit o
Dr. Barry D. Bruce, BCMB Department, University of Tennessee- Knoxville,
Knoxville, TN 37997 { Tel. 865-974-4082; fax B65-974-6306; bbhrucefmuik.edu)
or electronically as a single pdfio plantbiod utk.edu, Review ol applications will
begin on December 3, 2007 and continue until the pasition is filled,

KNOXVILLE

COMPUTATIONAL MOLECULAR BIOPHYSICS

The Biochemsiry, Cellular and Molecular Biology { BCMB) Departmeni ai the
University of Tennessee, Knoxville seeks to fill a tenure-track faculty position a
the ASSISTANT PROFESSOR levelto begin Awgust 1, 2008 in Computational
Malecular Biophysics,

Ihe research associted with the appomtment wall be performed m the Center
for Molecular Biophysics ot Oak Ridge Natonal Laboratory (ORML). There 1s
particular merest m candidae s with expertise i the physical modelmg amd simula-
tion of the dyiamics of biological svstems, complementing e ron expenmenls,
Particularly strong interactions are expected with rescarch undertaken at the new
Spallation Newtron Source and the Mational Leadership Supercomputing Centre,
baoth at ORMNL, and with the ORNL Life, Computational and Physical Scicnees
programs. The success ful candidate will also benefit from interactions with strong
reszarch groups within UTK. The successful apphicant will be expected to develop
o first-class, externally funded research progrom, (o provide state-of-the-art train-
ing for graduate siudents and postdoctonl] reseanchers, and o contribute o the
teaching mission of the BCMB depamtment at both the undergraduate and gradu-
ate levels. Required qualifications include a P, and posidoctoral expericnce
in relevant arcas of computational molecular biophysics, evidence of significant
scientific productivity, and & commitment to an integrated program of teaching and
research, The university welcomes and honors people of all races, ereeds, cultures,
and sexual oreentations, and values mtellectual curiosity, purswit of knowlkedse, and
peadenic freedom and integrity. Interested candidates should send a cover letter, a
resume, & desenpiion of research experiznce and of the proposed research program,
and arrange for three letters of reference (o be sent to: Jeremy C. Smith, Chair,
Facully Search Committee, BCMB Department, M307 WIS, University of
Tennessee, Knoxville, TN 37996-0840. Review of applications will begin on
October 1, 2007 and continue untl the position 15 Glled,

The Umiversity of Tenmesses s an EEQVAA Tiele ViATile I Section SO04ADAADEA institution in the provision of ity education and employarent programs and
services. AN gualifed applicamts will receive egual consideration for emplevment withew regard to race, cofor, national origin, religion, sex, pregrancy, marital
staters, sexwal eriemation, age, pinsical or mental disability, or covered veleran statis.

Assistant Professor in the Department of
Molecular, Cellular, and Developmental
Biology and Graduate Program in
Biomolecular Science and Engineering
University of California, Santa Barbara

Tl Departmet of Mobkecular, Cellular and
Deveopmenal Biology and the Interdisciplinary
Graduate Program in Biomolecular Science and
Engineering at the Universty of California, Sama
Barbara mvite applications for o faculty position
i the area of Molecular
Genetics/Developmentsl  Biology. We seck
outstmding camdidales who are  applving
interdisciphnary  approaches to  fundamental
hiological  problems. Applicamts  with
emphasis  on  developmental  mechamisnes,
including stem cell biology, are especially urged
to apply, This is a tenure-track pogition to be
filled at the Assistant Professor rank.

Applicants  should submit  corriculion  vime,

selected reprints, a boef research plan, and
ammange fior three letters of reference to be sent to:

mecdb-searchi@ lifeschuesb.edu

Review of applications will be gin on December
15, 2007, and wall continue until the position is
filled.

bt wowow D fesci ucshedw medbyide porime it 'em
plovinent'e mplovine nt. php

The deparment Ix especially interesed i
cerviglicdertes who can conteibiie o the diversity
dind excellonee of the academie oy
thraniph research, leaching and service,

UICSE i an epuad opporiudiy aff e tive aolion
enmployer.

Florida Center of Excellence for Biomolecular Identification and
Targeted Therapeutics Seeks Seven New Faculty

The Florida Center of Excellence for Biomolecular ldentification and Targeted Therapeutics (FCoE-BITT)
at the University of South Florida seeks outstanding candidates for appointment at the Associate or Full
Professor level to enhance basic and translational research progrmms, FCoBE-BITT 15 a comprehensive
center that enhanees interctions between scientists and en gineers o identfy molecules of human health
significance and develop novel methods for use in diagnosis, prevention and reatment of human disease.
FCoE-BITT encompasses the full range from discovery to commercialization. Applicants must have
significant research experience and demonstrated ability to attract federal funding in an area of relevance
o FCoE-BITT, Current Center interests include Drug Discovery, Biomolecular Identification, Molecular
Microbiology, Material Engineenng, Proteomics, Structuml Biology/Biochemistiry and Metabolomics,
The Center is affiliated with the Department of Chemistry and the Division of Cell Biology, Microbiclogy,
and Molecular Biology in the College of Arts and Sciences, and the Colleges of Engincering, Medicine,
and Public Health, Upon hire, faculty will receive a primary tenured or tenune carning appointment in an
approprate depatment, establish independently funded cutting edge research programs, and pamticipate
in teaching and training,

Minimum requirements for Associate Professor are an MD or PhD degree with ar least five years of
continuows and productive accomplishment as an Assistant Professor or equivalent. For a Full Profes-
sor, a minimum of five years of continuous and productive sccomplishments at the Associate level or
equivalent is nequired.

Successful candidares are expected w have a distnguished record of scholarly activity, funding ar the
national level, and teaching experience. Evidence of interdisciplinary collaboration and translational
research programs and the successful mentoring of graduste, medical, and post-doctoral students are
desired. Appropriate applicants could be considered for the position of FCoE-BITT Director.

Applicants should submit (as PDF files) a cument OV and a short statement of research interesis, and
arrange for ar least three letters of recommendation o be sent to rosalvnnemi@hitt.usfedu. Review

begins December 15, 2007 and continues uniil all positions are filled. More information can be found
at http:/fwww.hitt.ust edu.

The Umiversity of South Florida iv an Equal Opportanity, Affiemative Action, and Egual Aceese
drstitetions. For disability accommodanions, comfact Ms. Rosalvimee Milfer ar ¢813) 974-1084 a
mtinineuen of 5 working denvs in acdhvarce. According fo Floride low, search records, including
applications and tearcl conprittee meetings, are apen fo the prabiic,
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POSITIONS OPEN

FOSTDOCTORAL FELLOWSHIPS
Department of Molecular and Cellular Biology
Harvard University

The Department is actively secking Postdoctoral
Fellows in a wide variety of fickls within molecular
and cellular biology. Some appointments are funded
through rescarch grants awarded o faculyy members
and are ordinarily tor one vear, sometimes renew able;
other appomtments are possible through ndividual
Mostdoctoral Fellowships. For information on these
research opportunies, application instroctions | and
the list of faculty members with current openings,
please visit the Molecular and Cellular Biokogy De-
partment website:  herp: / Swww.mebh. harvard.edu /
Jobs /PostDocs. heml,

Fanurd Dlarevesity o an Egual Oypportamity
Action Employer

Affmmarive

FACULTY OPENING in NEUROBIOLOGY
University of llinois at Chicago
845 W. Taylor Street, M/C 066
Chicage, [llinois 60607

The Depanment of Biological Saenees at the Unl
versity of llinois ar Chicago (UIC) nvites applica-
tions for an ASSISTANT PROFESSOR position.
This remure-track faculy position starts August 16,
2008, Applications from outstanding individuals at
more semior levels {ASSOCIATE, FULL PROFES-
SOR) may also be considered,

Candidates studving all areas of neurobiology will
be considered, although applicants with an expertise
i svnaptic biology, which complements the research
interests of existing faculty i the Department of

Biological Sciences ak ULC {website: httF:ffM\-w.
uic.edu/depts/ bios Sindex. shoml), will be favored.
Excellent faalies and resources are avalable. Sue
cessful applicants will pursue a vigorows, ndepen
dent research program, and will contnbute o the
Drepartment’s undergraduare and praduate teaching
eftorts, Candidates must have a Phol}, and significant
postdocroral experienoe.

UIC is among the wop 50 national universities in
federal research funding and 5 locared near down-
town Chicago.

For fullest consideration, please submic your ap-
plication decrronally at website: hitp://www.uic,

cdﬂfdgﬂsfbim} by December 15, & T
Afirnative A gl Oppority Ewphper.

POSTDOCTORAL FELLOWSHIP POSITIONS
Available in
The Harvard Reproductive Endoerine Scences
Center, Boston, Massachusctts
The Harvard Reproductve Endocrine Sciences
Center s secking outstanding Postdoctoral Research
Fellows with a primary interest in an academic career
in the scientific arca of the newroendocrine and
genetic control of n.prndl.nmu (Am:ln,tlm-n: candi-
dates should: (a) be ULS. citizens for bave nelieved
Permanent Resident Statnes, i, bave o agreen cavd);
(B) have an M.D., PR, or MDD, degreee:
(¢} be secking an academic carcer; (d) have an in-
terest in translational investigation: and (¢} be fa-
miliar with the contemporary investigative tools of
genetics, molecular biology, physiology, structural
biodogy, and human/ammal mvestgaton. Minor
ities and women are apecially encouraged to apply.
Appropriate candidates should send thar curmicn
lum vitae to:
Dr. William Crowley
Center Director
Harvard Reproductive Endocrine Sciences Center
Bartlert Hall Extension 5
55 Fruit Street
Massachusetts General Hospital
Boston, MA 02114
E-muail: crowley.william@mgh. harvard.edu

860

POSITIONS OPEN

FACULTY POSITION

Microbiology /Pathogenesis of Infectious Discases

The Department of Microbiology at the Univer-
sity of Colorado School of Medicine invites appli
cations for a tenure-eligible appointment at the I|.1."n'4:!
of ASSISTANT or ASSOCIATE PROFESSOR.
Preference will be gven to candidates with well
developed research expertse on mechanisms of
pathogenesis of bactenal, viral, fungal, or parasitic
infections. The Department of Microbiology has a
research- mtensive academic envimonment, new re-
search and office space, a wide range of excellent
core facilities, and excellent startup support. Micro-
bicdogy faculty members reach medical, PhoDD., and
MD/Ph D, students, Requirements include a Ph.D.,
MDD, or equivalent docoral degree in the bio-
medical sciences, at least two vears of postdoctoral
experience within the broad fidd of microbiology,
and a strong record of peer-reviewed publications.
Associate Professor candidates should have estab
lished and producove research programs with ongomg
research funding. Assistant Professor candidates should
demonstrate strong productivity for their pre- and
poetdoctoral rescarch, amd successful compention for
fellowship or career development awards s desirable.
Bank and salary are commensurate with traming and
expericnoe. All candidates must apply online ar website:
hitp: rww.jobsatar.com for job posting 802468,
No maled applications will be accepred. Online ap-
plhcations require the candidate’s curriculum vitae,
bibliography, deseription of rescarch interests, a list
of active grants and pending grant applications, and
names and contact information for three professional
references. Applicants should ask ther three refer-
ences to send letters of recommendation directly vo:
Faculty Search Committee Chair, Department of
Microbiology, University of Colorado at Denver
and Health Sciences Center, Mail Stop 8333, P.O.
Box 0511, Aurora, CO 80045, Review of appli-
carions will begin January 7, 2008, and continue unl
an appomtment s made or the search s terminared.
The Uwhrasiy of Colomdo w0 Dewcer aid Health Saamoes
Coenter & commrited &0 Bqoal Bmiployrienr Opportunity aind
Afrmarive Aesion.

ASSISTANT, ASSOCIATE, or
FULL PROFESSOR
Organic Chemistry or Biochemistry

Hunter College of the Ciry University of New
York invites applications for a tenure-irack open rank
faculty position in any area of organic chemistry or
bicchemistey, The successful candidate is expected
to maintain a strong, independent, and externally
funded rescarch program and be committed to
teaching undergrduate and graduare levels. A PhD.
in chemistry or biochemistry required. To apply,
please send curriculum vitae, list of publicatons, briet’
statement of rescarch imterests, and three letters of
reference by January 15, 2008, to: Faculty Search
Committee, Department of Chemistry and Bio-
chemistry, Hunter College, 695 Park Avenue,
New York, NY 10065, Eguad Oppactanity Enplaper/
Affrenate Ao AADANRCA

POSTDOCTORAL POSITIONS
Yale University School of Medicine
Infectious Discase Pathogenesis//Immunology

Positions avallable w study the interactions between
pathogens, anthropod vectors, and the mammalin
host. Barredia buppdarfers, Anaplasma phagocytopinfum,
and West Nile virus will be among the model
organisms. Experience in microbial pathogenesis,
immunobiology, cell biology, or molecular lology
MCCEssary,

Send curriculum vicae and recent publications to:
Erol Fikrig, M.D., Yale University School of
Medicine, Section of Infectious Diseases, PO,
Box 208022, New Haven, CT 06520-8022, or
e-mail: eroLfikng@yale.edu. Yale Univeming i an Affic-
nuarive Anion, Egal Oppornnity Emploper. Applicaions from
wonrer and smisantics ae H'l'h'l."l'.l'l'liJﬁ'li.

POSITIONS OPEN

ENVIRONMENTAL SCIENTIST
ASSOCIATE PROFESSOR /PROFESSOR
Appalachian State University

Appalachian State University invites appli-
cations for a tenure-track faculty position in
cnvironmental scences at the ASSOCIATE
PROFESSOR or PROFESSOR. rank, The
University has 2 strong reputation in ¢nviron-
mental science, has launched a vanew of en-
vieonmental eesearch initatives on campus
over the past several vears, and is presently
developing an interdisciplinary B.S. degree in
emaronmental science. W seck individuals who
can provide strong links across the environ
mental subdisciplines within the natural sa
enees. Candidates” areas of expertise may include
cnvironmental aspects of biology, chemistry,
poeolome or physics, with specific departmental
appointment determined accordingly, The suc-
cesful candidate must possess an active research
program and a strong record of scholarship and
external grant support in environmental soence,
and will provide a leadership role in develop-
ing the Inerdisciplinary Environmental Sei-
cnce Program, Candidates must have a Ph.I,
and will be expected to teach undergraduate
and for graduate (Mastee’s) courses in thar
discipline. The University secks to maintain its
reputation for excellence in teaching while
further enhancing is research presence.

Appalachian Stave University in Boone, North
Carolina 15 a member institution of the 1a-
campus University of North Carolina svstem
and has over 15500 smdenis. Boone 5 lo-
cated at an elevation of 1,100 meters in the
southern Appalachian Mountains near the Blue
Bidge Parkway and the Appalachian Trail, and
the region possesses rich nawral resources and
highly diverse ccosvstems, The University owns
a vanety of pearby emamonmental study arcas
and manages a 67 -acre Nature Presenve on cam
pus. Additional information about the posi-
tion, the University, and the surrounding area

can be found at websiter http: /www.cas,
appstate.edu.

T apply, send a cover letter, cormoulum v
tae, separate statements of research and teach-
ing interests, and contact information for at
least three references (name, address, wlephone,
c-mail address) to: D, D A, Henson, Chair,
Enwvironmental Science Search, College of
Arts and Sciences, PO, Box 32021, pala-
chian State University, Boone, NC 28608,
Elecironic applicaions accepred only in PDEF
fioverman ar e-mail: cassearchi®appstate.edu. o-
siion will remain open unul filled; review of
complete applications begins January 14, 2008,

Appadaclrian Stare Uieersity i an Afimative
Action/ Egnal Opportunity  Employer with @ stroug
oommitement o the princples of diversity and incls ion
aibd maintaining o leaming aind oookange cimumenr
that is free from disii miarion.

POPULATION GENETICIST. Tenure-track
position for a broadly rained Genericist, beginning
fall 2008, Teaching dutes mclude introductory
courses, penetics, evolution, and upper-level courses
i specialty area. Ph.D. required. Research with
und:rgr.!duatm cxpected. To be considered for this
position, all applicants must complew a Weber Siane
University application online at “Ehiltl:‘ htep: s/
El"_mwcbcr edu. Send curriculum vitae, stitements
of teaching ang rescarch interests, up o three
reprints, and have three reference letters, at least
one of which addresses waching, sent to: Dr. Sam
Zeveloff, Chair, Department of Zoology, ¢/o
Human Hmmm. Weber State University, 1016
University Circle, Ogden, UT 84408-1016. Ap
plication review I.'lq.um December 15, 2007, See
weebsite: htrp://weber.edu/zoology for mforma
tion. FSLT is an Affimrie Adion Egual Opportinity
Enghloyer.
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GRADUATE PROGRAM

AMERICAN
MuUsSEUM S

MNATURAL
HISTORY

Announcing a New
Ph.D. Program in
Comparative Biology

The Richard Gilder Graduate
School at the American Museum

of Natural History

Our new Ph.D. program in Comparative
Biology at the AMNH s designed to educate
the next generation of biologists through an
integraty ¢ approach that focuses on the history,
evolutionary relationships, and interactions
among organisms. The Richard Gilder Graduate
School will be housed in a newly refurbished
complex in the American Museum of Natural
History at 79 and Central Park West in Mew
York City. Training and research opportunities
exist in svstematic and evolutionary
riology, paleontology, conservation biology,
comparative genomics, computational biology,
Earth history, anthropology, and biological
and culmral diversity. Global field wodk with
AMNH faculiy provides excepiional research
opportunities for students,

This 1= the first such program offered at a
museum in the Western hemisphere. taking
advantage of the Muscum's internationally
recognized collections and scientists.
The AMNH houses more than 30 million
specimens and artifacts, which sudents can
investigate through formal coursework and
independent research, Additionally, students
will have access to the exceptional natural
history library of more than 400,00 scientific
volumes, and will be tanght by more than 40
world-renowned curator-professors. Students
can also gain teaching experience through
the Museum's innovative exhibits and K-12
education programs, and will enjoy access
to various collaborations between the AMNH
and other MNew York City universities such as
Columbia, YU and CUNY.

The program 15 accelerated and designed
for students o complete their degree in four
vears. For these academically outstanding
students, The Richard Gilder Graduate School
15 pleased o offer a full wition fellowship,
generous annwal stipend, research funding,
health insurance and computer. There also are
guaranteed housing options available for all
students enrolling in this new program.

To view a mone detailed program description
and to download application materials,
seer httpyfregs.amnh.org, Please contact
us at info-rggsfwamnh.org for further
information.

The deadling for applications 15 December 28,
2007 for September 2008 enrollment.

The American Musewmn of Natweral History
is arr Affirmative Aotion/Egual Opportumity
wrstitedions, and affirmatively seeks fo attract
to ffx seierfific staff and student body
guierlified persons of diverse hackgrounds, The
Musenm doex mot discriminate due fo age,
sex, religion, race, color, national origin,
disehifity, marital stalus, veferan sfafus,
sexual ortentation, or any other focfor
proditvited By dawe
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Facurry POSITION
DEPARTMENT OF BIOLOGY & BIOTECHNOLOGY

The Depantmient of Biology & Boechnology invices
applicanions for a renure-crack, academic year Faculy
posation at the ASSISTANT PROFESSOR kevel. This
now Fllh.ll.illl'l. i'- IJJ.!'I 1’i a \lr.'lll.r-ll.' F‘ll“‘l.h ||.'|.|:I.'|.|.|\-L" I.IH
life scwenees and will be locared ar che new WP
Life Sciences and Bioengineenng Cenwer. Research
arcas of particular  interest  inclode  Molecular
Eealogy/Evalution, Plant Science and Environ men tal
Genomics. Individoals chat |.:|'|||1]1r_|.- :{I.I]I'Ilil:.il;i.'h‘l.!’
approaches in their rescarch methodology are especil-
Iy soughe. This posion will complement exisng or
contribute mw Largl.'[nl strengihis in cell, molecular, and
developmentaliregenerative biolopy, scolopyevolution,
and computational bislogbsesnformanics. Applicans
will pumsess the MhD. degree and have postdocooral
lrﬂ.illillt:. -]-I'll.- '||JLLI'.'“I.|JI ul'lijﬂln.lll'. W I[I I.'".' I.'Il:lL‘.!I'.TJ. [15]
establish a vigorows, extramurally funded rewarch pro-
gram in ones anca of experise, as well as develop a
streng teaching program at the undergraduare andfor
graduate leseel. Compensation, new laboratory spoce
and mesources for starup I'|.u'|d.in|; are cl!’!l.‘h.'llti'h‘l.!’
and  commensurate  with  mesearch  experience
and accomplishments.

WP is a navonally anked, sdecive wechnology-con-
tered university with 2,900 undergraduare and over
1000 graduwie swdents. The Deparement of Biobogy
& Buwotechrology currently corolls 225 undergraduate
majors and 20 graduate siudents (PhuD, & MS)
Worceser, Mew F.ngrlm‘i'n third largess e and the

l||J'|'|'|:||.'|||||.1.ir|;_'; area offer diverse acudemic, economic,

cubrurs], and recreatisnal resowrces, Oppormsnities for
collaboration et among the Worcester Coasortium
of Colleges induding the University of Masac husens
!\[LTJ.II_I.I. 5’."'"1:" Jl'l.rll T\.IEI\ t-.IJJIHIIIII'IF_'- SLIHHJI IJF
Vererinary Medicine. Cenrad Massachusens is also
home 1w a growing legion of kading botochaology and
phamaceutical companics.

Interested candidares should send a curriculum vicae,
eriplil:lh ol research i!l.u.n. i staterment of I.t".'lli.ug
'|:l|'|.i.||:lmF|1}'. and a list of five referenees (with full con-
et mivmation) e Biology & Biotechnology
Scarch  Committee, Worcester Polyiechnic
Institate, Human Resowrces, 100 Instinne Rd.,
Worcester, MA 01609-2280. You may email your
information to: human-resources@wpiedu, b
formamed full applicaions @an be sent o
faculty-searchCBC@wpiedu. Roview of applica-

tiphs will begin November 15 2007 and continue
'L'll'ltil fl'il.' FHI'-it .H!II .I\ EllL‘i. FI.'Ir .'I.Milil".'l_l! inii:u'nutilul
and inguiries abouw che deparoment and WP viae
wwwe, wii, edin (A cademics/ Depis/Biof

WPl offers a smoke free environment, compenitive
compensation and an excellene benefies package inchad-
i|:¥ hiealth msurance, Enlil.}' it reimburscment and
iﬂ.’"l.'n”-l.\ YACALMIELS,

T earich ecdweation thmoglh aliversity, WY i an afffeouative etian,
J.IFMII wn’mﬂ? me.lll.!"l'ﬂ “E'H.H'ﬂ .ﬂﬁ NG JTe f]l'mml.l}
emuiminged i

Worcester Polytechnic Institute
A Member of the Colleges of Worcester Consortium

and participating in graduate and undergraduate

Candadates must have a Ph.D. m bologwcal,
chemical or environmental sciences, ora closely

extramural funding and publication; a demon-

diverse groups of students and faculy. Demone-

cess i research arcas that complement existing

or via email to: seisearchi tricity.wsu.edu,

Director of Sciences
Washington State University
Tri-Cities
WSLU Tri-Citics invites applications fior a Diree-
tor of Sciences (o begin August 2008, This is a
tenured or tenure-track, eleven-month faculty
appoiniment at the associate or Tull professor
level. Responsibalities will include mamtaining
a vigorous, externally funded rescarch program

teaching, The Director is responsible for program
budget and personnel, program representation at
the campus and university levels and coonding-
tion of undergrmduate mnd praduate programs.

related discipline; a srong record of rescarch,

strated abilmy wtesch ot graduste and undergrad-
uate levels: and a commitment o working with

strated administrative skills and evidence of suc-

strengths at other WSLU campuses or the nearby
Pacific Northwest Mational Laboratory (PNNL)
15 highly desirable.

Send leter of application that summarizes
teaching and research interests and addresses
the qualification criteriz, a curnculum vitse and
a list of three references (with contact informa-
ton) W Chair, Science Search Committee,
Washington State University Tri-Cities, 2710
University Dr., Richland, WA 99354-1671,

Screening of applicants will begin December
15, 2007.

WL ix an EEQ Educaror and Emplover.

ENE R LT

FACULTY POSITION
University of Pennsylvania
School of Medicine
Department of Physiology

The Department of Physiology at the Univer-
sity of Pennsylvania’s School of Medicine
secks candidates for an Assistant Professor
position in the tenure track. The successiul
applicant will have experience in the field of
cellular or integrative phvsiology with a focus
on phiysiology, cell biclogy, or structural biology.
Responsibilities includ e conducting an indepen-
dent reseanch program on aspects of cellular or
orgamsmal phyvsiology. The pesition will also
involve training and weaching of graduate and ‘o
medical students. Applicants must have an M.,
Ph.I), or equivalent degree and have demon-
strated excellent qualifications in research.
Please mal curriculum vitae, a cover letter,
the names (only ) of three references, mnd ste-
itvenil o f research interests to: Physiology Search
Committee, University of Pennsylvania,
Department of Physiology, BAM Richards
Building, 3700 Hamilton Walk, Philadel-
phia, PA 19104-6085; Email submissions will
nol be accepied.

The University of Pessvlvania ix an Egual
Opprartuniny, Affirmative Action Enployver
Wizerrew aondd mivoricy camdidares are strongly
encoraged fo apply
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POSITIONS OPEN

NUTRITION, EXERCISE, and CANCER
U niversity of South Carolina

The Deparument of Exerase Science, Division of
Applied Physiology, within the Arnold School of
Public Health imvites applications for a tenure-track
position at the rank of ASSISTANT /ASSOCIATE
PROFESSOR in the broad area of rescarch relared
to phyvaological effecs of nuimton and exercse on the
development and progression of cancer. Preference
will be given to individuals studving inflammatory /©
immune mechanisms that regulate cancer at the mo
lecular, cellular, tssue, or whobe animal level. The in-
dividual wall be expected to interact with researchers
in the Armold School, as well as a growing research
group within University of South Carolina’s Center
for Colon Cancer Rescarch (website: heep:
se.edus). Additional bires at both the junior an
senior level are anticipated in the arca of colorectal
cancer rescarch ar the University of South Carolina
over the next several vears. The successful candidate
will have an ¢armed Doctorate in an appropriace dis
cipline, along with posuloctoral expenience, and will
be expected to establish an independent, exramurally
funded research program. This person will be respon-
sihle for teaching undergraduate and for graduate
courses in phvsiology and related discplines as rel-
evant to the role of exercise and nutrition in kealth
and discase. Additional information on the Deparnt-
ment of Exercise Science can be found at website:
htep: / Sww sphoscedu fexse /. Interested individuals
should send curriculum vitee, summary statement of
research accomplishments, future rescarch interests,
and teaching interests; along with copies of represent-
ative publications. Names and contact information of
three references should be included. Electronic sub
mission is cncouraged at e-mail: carsonj@gwmscedu.
Send mail correspondence w: Dr, James A, Carson,
Search Committee, Department of Exercise Sci-
ence, PHRC Building Room 405, University of
South Carolina, 921 Assembly Street, Columbia,
SC 29208, Review of applications will begin on or
abowt December 1, 2007, and will continue unnl
the position has been filled, The Uwiovreity of Sondh
Caraliea i an Ufrmeative Alaton, Bgual Opparmanity -
ploye, Minanties and wopwe o codonstged o apply, The
Ulmiversity of Sooele Carolioin iz respovsiire i the ineeds of dual-
CITFCET Conpes,

FACULTY POSITIONS in BIOLOGY
University of Colorado at Denver and
Health Sciences Center

As part of an historical hiring effort o fulfll J_.:mlx
of our College's stratege plan, the Department of Bi-
ology (website: hetp:/ Awww.cudenver.edu,/biclogy)
on the I_nn.tmt!. of Calorado at Prenver and ltl._:%
Scienwe Center | UCDHSC ) downeown Denver Cam
pus secks two tenure-track faculo: ASSISTANT /S
ASSOCIATE PROFESSOR in BIOLOGICAL
SCIEMCE EDUCATION (job #30257 1 ar website:
hitep: A Swww jobsatan.com) and ASSISTANT PRO-
FESSOK in COMPUTATIONAL BIOLOGY,
MATHEMATICAL BIOLOGY or BIOSTA-
TISTICS (job # 802651 ), UCDHSC & dedicated o
ensuring a safe and secure environment for our fac-
ulty, staft, students, and visitors, To adioee thar goal, e
comaract radigroneed fnvestigations for all prospactiee cmpilo pocs
The Uniieereity of Colomta iz commnitted & divorsity ad equeality
in edwativn and cemploymei,

POSTDOCTORAL ASSOCIATE

Focus on pediarric inflammacory. myvopathy con-
cerming interferon alpha,/beta induced genes or soft
tissue caleifications scoondary to chronie inflammation.
Ph.t} and o MDD, in immunology, genctics, cell,
or bone biology with experience in molecular biology
and tissue culture techmgues. Excellent interpersonal
and Englssh language skills. Reply voc LM, Pachman,
M.D., Children's Memorial Research Center (af
filiated with Northwestern's Feinberg School of Med
icine |, Chicago. Telephone: 773-755-637 5. E-mail:
pachman@northwestern.edu,

862

r

www.ars.usda.gov

RESEARCH ENTOMOLOGIST
GS 12/13/14
Salary Range of $63,417 to $115,848

The US. Department of Agriculture (USDA), Ag-
riculural Bescarch Service (ARS), Fruit and Yegeta
ble Insect Besearch Unit, Wapato, Washington, is
secking a permanent, full-tme Fescarch Entomol
opist w work in the area of developing, testing, and
applying new approaches and wehnologies wo pre-
vent infestations of insects in marketed and exported
temperate tree fruies, in collaboration with other
scientists in ARS, universities, and indusmoy, This
position is located ar the ARS Yakima Agriculmral
Research Laboratory (website: hreep: //www. ars.
usda. gov/pwa svarl) near Yakina, Washingon, A
Ph.D or equivalent in entomology or a related field
is highly desirable. This position qualifies for health
benefits, life insurance, annual and sick leave, and
Thrift Savings benefits. For details and application
imlrurtium see website: hgpe/www. afm.ars.us-

Evfdwmunsﬂlrdfmﬂ:x.hmﬂ Announce ment
B nouncement closes December
242007, Applicitions must be received by the dosing
date of the announcement. To receive 2 pnntL-d CLAY
of the vacancy announcement, call telephone: 509-
4546575, 115 eiizanshiy & aaied, USDAZARS & an
Equal Chpportenrry Eniplopor ad Provrdor

FACULTY POSITION in
THEORETICAL ATOMIC, MOLECULAR,
and OPTICAL PHYSICS
The University of Colorado at Boulder

The Department of Physics and JILA at the Uni-
versity of Colorado ar Boulder invites applications
fior a faculy position in theoretical atomic, molecular,
and oprical physics to stam August 2008, Junior and
senior candidates will be considered for this position,
The successful applicant(s) will be rostered in the
Physies Department and peside in JILA, a premier
academic research institute administered jomely by
the Navonal Institute of Standards and Technology
and the University of Colorado. They will be ex
pected to lead an internationally recognized research
program invohing praduate, undergraduate, and post
doctoral students, and to participate in departmental
teaching and service responsibilities. We have partic-
ular interest in candidates who would expand the
scope of our curent strong theoretical effors at
JILA. Areas of particular interest include strong-field
science, chemical physics, nanoscience, quantum con-
trol, quantum infornaion, quantum opics, and ulra-
cold science. The Depanment and JILA have a
number of exceptionally successtul faculy from
underrepresented groups, amd are especially secking
applications from women and minonty researchers.
More information about JILA can be found at
website: hittp:/ Ailawww.colorado.edu.

Interested persons should send curnculum vitae
which indudes research and teaching expenence,
and a research proposal jone to two pages ), and
arrange for three letters of recommendation o be
sent 0 AMO Theory Search Committee, JILA,
440 UCE, University of Colorado, Boulder, CO
BO30S- 0440,

Application review will begin December 1, 2000,
and will continue until the position i filled.

For further information, contact cither Margaret
Mumane (e-mail: margarct.murnanc@colormdo.
edu) or Chris Greene (c-mail: nr:hri.s,gncm.gilaﬁ
gmiail.com), or call telephone: 303-492-4763.

The Uwivewity of Colorede af Boulder & commmitied 1o
diversity awd equalivy i edvcaion and enplopueent. b trat
spirir, applicarions at all bevels will be considored from those i
wonld srengthen the Department’s divemity. Sec wrebsite
e 4w colorade. edu £ ArisSciences / Jobs for tle fill
b desariprion.

POSITIONS OPEN

FACULTY POSITION
Section of Neurobiology
The University of Texas at Austin

The Section of Neurobiology of the Schoal of Bi-
ological Sciences at the University of Texas at Austin
i5 secking applicants for a tenure-track ASSISTANT
PROFESSOR position in neurcbiology. Applicants
using muolecular genetic approaches o addiction
neuroscience or developmental nevrobiology: are en
couraged o apphy. In special cases, appointments at
more senior levels wall be considered. Qualifications
must be commensurate with rank and include an
outstanding academic record, significant achievement
in orginal rescarch, amd 2 commirment to gualiy
teaching.

The University of Texas at Austin is undergoing a
significant expansion in neuroscience, with a number
of newly recruited fculty joining a strong existing
faculty base in biological seienees, psvehology, phar-
Macy, compater sccnce, enginecring, and physical
SOCTCeS.

Faculty in the Section of Neurobiology use a wide
array of wehnical approaches applied to research
interests in cellular, molecular, and systems levels
of orgamzation. Applicants working in any arca of
modern neuroscience are welcome. Successful can-
didates will be expected w develop and maintain an
active research program within an exciting and inter-
actve acade mic environment,

Interested applicants should send curriculum vitae,
summary of rescarch interests, and the names of five
references (all as electronic documents) to:

Dr. Richard Aldrich
Chair
Section of Neurobiology
The University of Texas at Austin
E-mail: newrosearch l@uts.cc.utexas. edu

Sevrit yesonnit i positann; eonenaione erifivation condnucted
ory dggrlicans seleded.

The Universivy of Teaas ar Awstin 5 an Eqoal Clppor-
wenity Erploper. Minonvics amd  womien are enconnaged to
ap .

FACULTY POSITIONS in BIOLOGICAL
SCIENCES

The Department of Biological Scences at Missis-
sippi State University invites applications for three
tenure-track ASSISTANT PROFESSOR. positions
w begin Januacy 1, 2008, or August 16, 2008,
Sereening of applicadons will continue until the
positions are filled. Candidates will contribute to
one of the two following focus arcas. Developmental
genomics: Desired research emphasis for this posi-
tion is in the functional genomics of development to
complement a research growp m physiology and cell and
developmental biology. Micmobiology: Desired research
emphasis in cach of bwo posisions can be in one of the
frllowing: conepidemiology /infectious disease ecology,
environmental microbiology, host-pathogen imerac-
tions, or microbial ccology and cvolution,

Successful candidates will have the opporunity
o Enkeract with a rapidly growing faculty 1o develop
externally funded research prograns in any of the
above-muentioned arcas. They will be cxpected to di
rect praduste students and contribute to both the
undergraduate (biologcal scicnces and for micro
biology major) and graduate teaching missions of
the Department. A PhoD in a related biological sa-
ences field s required with postdoctoral expernence
preferred.

To apply, send curriculum vitae plus reprings of
three representative publications, a concise (one page)
staterent o current and futune research intereses, and a
concise staement on teaching interests and compe-
tence, Arrange for at leass three letters of ml\l*rm-.'q: to
be submitted on behalf of the applicant. Send
applications (hard copy) to: Dr. Naney H.mr.hm,
Head, Department of Biologiaal Sciences, P.O.
Box G'!’ Mississippi State University, Mississippi
State, MS 39762; or dectronically o e-mail:
facultysearch@biology. msstate.edu. Mgy S

Universicy 5 an Affirnanive Aition SEqral - Op portaniey
Eanployer.
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POSITIONS OPEN

UNF

URIVIRSITY OF ALA DA
FAIRBANKS
The School of Fisheries and Ocean Sciences
(SFOS) at the University of Alaska Farbanks (UAF)
inwites apphcations for two MARINE BIOLOGIST
vacancies spedalizing in early lite ecology and
mammalogy/population  genetics. Both  positons
are ASSISTANT/ASSOCIATE PROFESSOR,
tenure-track faculty posinons within the SFOS
Institure of Marine Science located in Fairbanks,
Alaska, To learn more about the School please visit
website: hirp:/ Mwww.sfos.vaf.edu. Complete po-
sation mformaton can be Found at website: https: //
www.uakjobs.com, reference postings 0054202 and
[EET R

FACULTY POSITIONS in
NEUROENGINEERING
Drexel University College of Medicine

As part of a university-wide Newroengineering
Initiative, Drexel University Caollege of Medicine
(DUCOM ) is seeking to fill mew tenure-track faculty
positions to enhance its ongoing research in neuro
engineenng. We are looking for individuals whose
research focuses on spinal cord studies at the systems
orand cellular level, newral control, bram- nachine
mterfaces, neuroengineenng applicanons for recovery
from spinal/brain injuries, and refaved areas. Inter
ested candidates of any academic rank will be con-
siifered and are encouraged to apply. The primary
appointment will be in one of DUCOM s depart-
ments, depending on the individual’s rescarch field,
Faculty rank, salary, and startup package will be
commensurate with experience. The successful can-
didate should have an active, independent research
program and be capable of working as a member of a
multidisciplinary team. Imerested applicants should
submit curriculum vitae, statement of rescarch in
terests amd accomplishments, and the names and con
tact information for at least three references.

Applicanons should be addressed to the Chair
of Neuroengineering Search Commiteee at
DUCOM and submitted electronically o e-mail:
neuroengineeringscarch@drexel .edu.

Beview of applications will begin’ November 1,
2007, and will convinue untl the positions are filled.
Drrexd r'r.'||'|'hu}' 15 der |’.'-..||.'r.|.ll F.ﬁ--;mrrumr}- f.'-rn-r".l-ql;.t':

ASSISTANT PROFESSOR
Biological Sciences

The University of Arkansas invites applications for
a tenure-track position in the broadly defined areas of
cellular, molecular, or developmental biology, The
appointee will join the Depanment of Biological Sc-
ences (website: hiep:/ Sbiology.uark.edu/), the
Center For Protein Structure and Function {website:
heep:/ Swww.nark.edu/protein) and also pamia-
pate 0 the Graduate Trogram in Cell and Molecular
Biology {website: hep:/ Swww.nark.edu/depts/
cemb ). We are particulardy interested in candudates
whose research ivolves any aspect of membrane
protein biology. Successful candidates must have a
Ph.l}. and postdoctoral experience and will be
expected to establish and maintain an extramurally
supported research program, supenase graduate and
undergraduawe rescarch, and teach av the graduare
and wndergraduate levels, Review of completed
applications will begin December 1, 2007, and will
continue umil the position is filled. Applications
should ipclude curriculum vitae, a statement of cur-
rent and future research plans and waching interests,
and three letters of recommendation. ."q!'rplil:d'liun
materials should be addressed to Dr, Ines Pinto,
Search Committee Chair, Department of Biolog-
ical Sciences, 601 SCEN, University of Arkansas,
Fayetteville, AR 7270L. The Uwioersity of Arkansas is
an Egual Oyppoctinivy £ Affirneative. Aafon Employer. Appli-
cants prst Jave proof of fop! ardrority 1o woek i the United
Srares af e finre of Iine

864
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POSITIONS OPEN
FACULTY POSITION
Division of Cell Biology, Microbiology,
and Molecular Biology
University of South Florida

The vision of Cell Biology, Microbiology, and
Molecular Biology (CMM) of the Department of
Biology at the University of South Flonda (USF) =
searching for a tenured Stenure-track faculty member
at any rank n the general area of proteomics/
genomics. Applicants should wse proteomics and for
genomics to study some aspect of cellular function
and complement current faculty research in the areas
of ranscapuonal regulanon, signal transducton,
penome ingability, evolution, or development. CMM
i affiliated with USF's pnewly established Center of
Exeellence in Biomolecular Ideprification and Tar-
geted Therapeutics (BITT) which will inclade a
proteomics and genomics core facility. The successful
candidate is expected 1o develop and maintain a
strong, externally funded rescanch program, teach at
the graduate and wndergraduace levels, and direct
Ph.D. and MLS. graduave students. USY is designared
by the Carnege Foundanion as a Research Universing,/
Very High Besearch Activity and has a rapidly in
creasing research base in the biomedical scences.
Opportunities for collaboration exist with the Depart-
ments of Chemistry and Phvaes in the College of Ars
and Sciences, with the USF Colleges of Medicine,
Public Health, and Engineering and with the H. Lee
Moffir Cancer Center and Rescarch Institute. Appli-
cants should submit a lewer of application, curriculum
vitae, research plan, and stavement of eaching interests,
and arrange for thoee letters of recommendation o be
senit to: Proteomics/Genomics Search Committee,
Cell Biology, Microbiology, and Molecular Biology
Division, Department of Biology, University of
South Florida, 4202 E. Fowler Avenue, SCALLD,
Tampa, FL 33620-5200. Beview of applications will
begin on December 1, 2007, and will continue wnil
the poddon is filled. The Usiesity of Sl Flodda i an
Eqral Clhppateenirt ! Affermnative Ao Algrad Avoess Jrestiniion.
Fow alisabsility acompamodamions, aanas Dee Huager a telephone:
BI3-F74-E3 31 w0 wake appeipaate arraiiennein

TEMURE-TRACK POSITION
Viral Evolution
University of Nebraska

Tenure- track ASSISTANT PROFESSOR in the
area of viral evolution at the University of Nebraska
Center for Virology and the School of Biological S
ences. Candidates will be expected o develop a na
tionally recognized rescarch propram emphasizing viral
evolubion. Specific area of research open; appropriate
examples of esearch interests include evolutionary ge-
netics examinmg virus adaptation, comparabive pge-
nomics of virl genomaes, and moleoular epidemiology
of emerpging viral diseases. Candidates will be expeced
o develop an undergraduate course in the arca of the
evolution of infectious diseases and participate in
graduate teaching in vied evolution. Beview of applica-
tions will begin on November 30, 2007, A Pho0Y. and
postdoctoral expericnce in relaed arca is required.

Start date fall 2008, The position will remain open
until a sumtable candidare s selecred.

To apply, log on to website: http: //employment.

POSITIONS OPEN

UNIVERSITY OF MINNESOTA
COMPUTATIONAL BIOLOGY CONSULTANT

The University of Minnesota !‘i-upt:r-.".mlgl.uing In-
stitute secks o hire a Computational Biology Con-
sultant vo join a dynamic group thar provides a high
level of technical suppore for researchers ar the Uni-
versity of Minnesot Supercomputing Insttute,

This 15 an exatng oppormamty (o participate in a
successful program that provides technical support
tr a broad range of development efforts and apph
cations in computational bioinformatics and genomics.

For additicnal information and application instruc-
tions, please see our emplovment sive at website:
htep: £ Swwwomsioomn.edu,

Egual Crpportunity Educaroe and Engloper.

ANNOUNCEMENTS
SANTA FE INSTITUTE ALUM?

Past Complex Systems Summer School parici-
pant, undergraduate, or graduate fellow at che Santa
Fe Instivure (SFL1)? Join the growing SF1 alumni
community. Research updates and collaborative op-
portunitics, participant networks, and fellowship op
portunities. Enrol at website: http: /£ www.santate.
edu/casitaapp 8/,

unledu, requisition #070860, and complete the
faculty Fadministrative information form and anach
cumalum vitae, cover letter, statement of research in-
terests, teaching interests, and phalosophy; represenia-
tive publications; and names, addresses and relephone
numbers of three references. Arrange for three letrers
of reference to be sent by November 30, 2007, we:
Dr. Alan Kamil, School of Biological Sciences,
University of Nebruska-Lincoln, 348 Manter Hall,
Lineoln, NE 68588-0118. Review of applications
will begin November 30, 2007, and continue until
the position is filled or the search is elosed.

UNL i committed to o ploralistic campas conmemity
throvgh Affremariee Acion and Equal Oppormnity, and s
responsive ot neads of dwal-cawer couples. e asnne re-
spinsibile aramntodarion. under e Anwericans wirh Dvsabdlisics
Ay jor assistance comtact De. Alan Kamil ar tefephone:
H02-472-6676.

E More scientists agree —we
are the most useful website.

www.ScienceCareers.org

MARKETPLACE

Custom Peptide Synthesis
« High guality peptide from mg to kg
« Deeply discounted price
# A long list of modification & labeling
s Peplide library construction

EZBiolab www.ezbiolab.com

- Synihesis Columns for ABI 3900, MerMade, Dr. Ofigo
Universal Support-CPG, Phosphoramidites
Activator (5-Ethylthio-1H-Tetrazole)

Oligo Synthesis Columns

% Columns For All Synthesizers
* Standard and Specialty CPGs
& Bulk Column Pricing Available

BIOSEARCH
rechNoLogiEs  ylb S o

Widely
pard KlenTaq 14
Otigal & aq Toq DHA
Guaranheed Pobymeross
Withstand $9°C
US Pal #5 434,149  e-mail: o s@man.com
Call: Ab Peptides | =800« ié;.gjzﬁ
Fox 31d4=9468+8968 www.obpeps.com
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Call for Nominations for 2008
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ALBERT LASKER MEDICAL RESEARCH
AWARDS

In the following categories:
* Basic Research
» Clinical Research
= Special Achievement in Medical Science

Download an electronic nomination packet from our
website at: www.laskerfoundation.org.

Or, request a form from the Lasker Foundation by
contacting David Keegan at 212-286-0222 or at
dkeegan(a laskerfoundation.org.

Deadline for nominations is:

February 1, 2008

T McGill

The Louis and Artur Lucian Award For
Research in Circulatory Diseases

Each year a Commitiee from the McGill University Faculty of
Medicine confers the Louis and Artur Lucian Award (350,000
Cdn.) for owstanding rescarch in the field of circulatory
diseases. The purpose of this Award is to honour a scientific
investigator or group of investigators whose contribution to
knowledge in this field is deemed worthy of special recogni-
tion, The successful recipient is invited to spend a short period
of time at McGill University to give a formal Lucian Lecture
and to have interchanges with members of the MeGill com-
munity, Submissions should be received on or before March
15, 2008,

For further information and o download the nomination form,
please check the following website, hitp:/fwww.megill.ca/
lucianaward or contact:
Dr. Jacques Genest, Chair
The Louis and Artur Lucian Award Committee
Royal Victoria Hospital - McGill University
Health Centre
Cardiovascular Research Laboratories, H7.14
687 Pine Avenue West
Montreal, Que., CANADA H3A 1A1
Tel: (514) 934-1934, Ext. 34631
FAX: (514) B43-2843

Get help

from the
experts.

Your
careeris
our cause.
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From the journal Seience  IVAAAS

Hepatic Inflammation and Immunity 2008

January 25-27, 2008
Galveston, Texas

Sponsored by

Institute for Human Infections and Immunity
The University of Texas Medical Branch

and
The Research Institute at Nationwide Children's Hospital

Organizers: LN, Crispe, C. Walker, C. O Farrelly, and S.M. Lemon i
corfinciion with the Jolne Hepariils Panels and lmrmnology Board of the
LS. Sapan Cooperative Medical Sciences Program

This ntendisciplinary meeting will examine unigue aspects of the inirabe-

patic immune system and its role in health and disease in 7 sessions over

2.5 days

Opening Session (1. Arias)

I Tolerance, mmunity, and Antigen Presentation in the Liver (P, Berto-
lino, K. Lang, P Knolle, A, Thomson, F, Winau, N, Crispe)

I Regufation and Subversion of Innate arnd Adaptive Imtrahepatic S
mity (B, Beutler, 5. Akira, T. Fujita, T. Saite, M. Gale, 5. Lemon)

L Regulation of Adaprive Cellufar oty in the Liver (AL Grakoui, B
Ahmed, K. Sugamura, P. Klenerman, F. Chizari)

¥, Mechanizms of Liver fnjury (D, Brenner, 8. Friedman, A M, Dichl, G,
Cheng, K. Koike, C. Morishima)

¥ Nentwrad Lymphoovies, Tnennity, and Drvmamopatioloey (C. O Famelly,
M. Maini, B. Gao, C. Biron, J. Reimann)

VI Netwral Lymphocytes, Dendrivic Cells and the Ieterface of lmmate and
Adiaprive Inunity (M. Kronenberg, H, Kiyvono, B, Jabn, L, Lanier, T.
Kanto, A, Bandeloc)

VI Awtodmuiity aed the Liver (D, Vergani, A. Rao, M. Manns, K. Inaba,
). Gorham, E. Gershwin, T. Sasazuki)

A poster session is planned. For funher infermation and registration details,
see httpeSwwwatmboedw/'chr/hii208 or contact: M. Susman, Center
for Hepartitis Rescarch, IHIL, The University of Texas Medical Branch,
Galveston, TX 77555-1019; TEL: 409-T72-231%: FAX: 409-772-2495;
email msusmani@utmb.edu,

online @sciencecareers.org
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