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SCIENCE EXPRESS
WAL SCIenN Ce XD ESS.C.-I'-::]

PLANETARY SCIENCE
BIOCHEMISTRY The Dark Side of the Rings of Uranus
A Commaon Fold Mediates Vertebrate Defense and Bacterial Attack 1. de Pater, H. B. Hammel, M. R. Showalter, M. A. van Dam
C. J. Rosado et al. Images of Uranus™ rings, which are currently oriented edge-on to Earth, reveal large
A domain structure shared by a mammalian defense protein and a bacterial toxic changes in dust distribution since Vioyager's visit 20 years ago.
protein suggests that both proteins disrupt membranas by forming pores. 10.112665cience. 1148103

10.1126/5cience. 1144706

BIOCHEMISTRY
STRUCTURAL BIOLOGY Cysteine Redox Sensor in PKGIc Enables Oxidant-Induced Activation
Structure of the Zinc Transporter YiiP J. R. Burgoyne et al,
M. Luand D, Fu An unusual redox-triggered dimerization can, like nitric oxide, activate
The crystal structure of a bacterial membrane transporter reveals that it usesan cyclic GMP-dependent kinase to reduce blood pressure by decreasing tension
unusual two-site, zinc-for-proton exchange mechanism, in blood vessel walls,

10.1126/science, 1143748 10.1126&/science. 1144318

TECHNICAL COMMENT ABSTRACTS REPORTS
EVOLUTION PHYSICS
Comment on Papers by Evans et al. and 1036 Mesoscopic Phase Coherence in a Quantum Spin Fluid 1049
Mekel-Bobrov ef al. on Evidence for G. Xu et al,
Positive Selection of MCPHI and ASPM Neutron scattering measurements on a guantum spin fluid
N. Timpson, J. Heren, G. D. Smith, W. Enard reveal the development of mesoscopic quantum phase coherence
fudl text gt wavw sciencermog. orgfegifcontentfull3 1 7/5841/1036a in a system without classical static magnetic order.
Response to Comments by Timpson et al. and Yu et al. APPLIED PHYSICS
N. Mekel-Bobrov and B. T. Lahn Electron-Induced Oxygen Desorption from the 1052
full text at ww sciencemaong. orgiegi/contentfull3 1 /584 1/1036b Tiﬂ:mll}-Z‘-: 1 Surface Leads to Self-Organized

Vacandcies
BREVIA 0. Dulub et al.
PSYCHOLOGY Rf.'mmral of nwgen from a Ti0, surface by electron humlflnardmen.i.
The Experimental Induction of Out-of-Body 1048 hinders dmrnl:uq of other nearby oxygen atoms, allowing specific
Experiences patterns of vacancies to be formed.
H. H. Ehrsson CHEMISTRY
Visual and sensory stimuli that mimic subjects viewing themselves Dinitrogen Dissociation on an lsolated Surface 1056
from a distance produced a center of awareness (or sense of self) Tantalum Atom
outside their bodies. == News story p. 1020; Report p. 1096 P, Avernier et al.

A complex containing hydrogen and one tantalum atom can split
the strang triple bond in N, in contrast to established catalysis
that rely on the cooperation of several metals.

CHEMISTRY

Breakdown of the Born-Oppenheimer Approximation 10471
in the F + 0-D, — DF + D Reaction

L Che et al,

Simulations that account for the simultaneous rearrangements

of electrons and nuclei precisely match the experimental dynamics
of a problematic triatomic chemical reaction,

CLIMATE CHANGE

Glaciers Dominate Eustatic Sea-Level Rise 1064
in the 21st Century

M. F. Meier et al.

Alone, accelerated melting of glaciers and ice caps other than

thie Greenland and Antarctic ice sheets may raise sea levels by

up to 0.25 meters during this century.
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OCEAN SCIENCE

The Southern Ocean Biological Response to 1067
Aeolian Iron Deposition

N. Cassar et al.

Windblown iron-rich dust across large regions of the Southern Ocean
enhances photosynthesis by phytoplankton and eventually settlement
of carbon to the sea floor.

EVOLUTION

The Evolution of Selfing in Arabidopsis thaliana 1070
C. Tang et al.

An analysis of sex genes shows that at several times throughout its
history=—=including about 1 million years ago—-Arabidopsis has
developed the ability to self-fertilize.

BIOCHEMISTRY
Anatomy and Dynamics of a Supramolecular 1072

Membrane Protein Cluster
The Evolution of Selfing in Arabidopsis thaliana 1070

C. Tang et al.

An analysis of sex genes shows that at several times throughout its
history—including about 1 million years ago—Arabidopsis has
developed the ability to self-fertilize.

BIOCHEMISTRY

Anatomy and Dynamics of a Supramolecular 1072
Membrane Protein Cluster

1. J. Sieber et al.

Clusters of about 75 molecules of the membrane protein syntaxin
result from weak attraction among the proteins balanced by steric
repulsion induced by crowding.

== Perspective p. 1045

STRUCTURAL BIOLOGY

Domain Architecture of Pyruvate Carboxylase, 1076
a Biotin-Dependent Multifunctional Enzyme

M. 5t Maurice et al.

Biotin activation of the enzyme pyruvate carboxdase decreases

the distance between the two active sites, facilitating the transfer

of a carboxyl group from one to the other,

MEUROSCIENCE

When Fear Is Near: Threat Imminence Elicits 1079
Prefrontal-Periaqueductal Gray Shifts in Humans

D. Mobbs et al.

Brain activity in fearful humans accurs in the cognitively advanced
prefrontal cortex when the threat is far away but switches to the
midbrain as the threat draws near,

= Perspective p. 1043

MEUROSCIENCE

Astrocytes Potentiate Transmitter Release at 1083
Single Hippocampal Synapses

G. Perea and A. Araque

Certain synapses strengthen upon coincident secretion of the
neurotransmitter glutamate from a neighboring astrocyte,
suggesting that astrocytes contribute to learning.

AVAAAS

MOLECULAR BIOLOGY

CHD1 Motar Protein Is Required for Deposition of 1087
Histone Variant H3.3 into Chromatin in Vivo

A ¥ Konev et al,

A motor protein known to remodel chromatin is also required

for histone assembly on the paternal genome during early
development in Drasophila.

MICROBIOLOGY
Blue-Light-Activated Histidine Kinases: 1090
Two-Component Sensors in Bacteria
. E. Swariz et al.
A light-activated enzyme with a flavin chromophore is found
in several bacterial species, and in one of these it requlates
light-stimulated macrophage infection.
=2 Perspechive p. 1041
EVOLUTION
Blue-Light-Activated Histidine Kinases: 1090
Two-Component Sensors in Bacteria
T. E. Swartz et al.
A light-activated enzyme with a flavin chromophare is found
in several bacterial species, and in one of these it requlates
light-stimulated macrophage infection.

=2 Perspective p. 1041

EVOLUTION

Temporal Fragmentation of Speciation in Bacteria 1093
A. C. Retclless and J. G. Lawrence

Unlike eukaryotes, bacteria can be considered to form new species
when lineage-specific genes no longer recombine, long before
recombination at other genes ceases completely.

PSYCHOLOGY

Video Ergo Sum: Manipulating Bodily 1094
Self-Consciousness

B. Lenggenhager, T. Tadi, T Metzinger, O. Blanke

Visual and sensory stimuli that mimic subjects viewing themselves
from a distance produced a center of awareness (or sense of self)
outside their bodies,

=z Mews story p. 1020; Brevia p, 1048
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WNew catalyst may pave way for greener fuel.
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D, Jensen
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Susan Estes's modest demeanar belies her accomplishments and
promise as a genetics researcher and mentor.
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A Clean Break at Tantalum

Bacteria have evolved the remarkably efficient
nitrogenase enzyme to metabolize N, to ammo-
nia, whereas the fertilizer industry has long
relied on heterogeneous iron catalysts at high
temperature to perform the same reaction. Both
systems appear to reguire the cooperation of
multiple metal centers to cut the strong N, triple
bond. Avenier et al. (p. 1056) have found that
tantalum hydride complexes bound to a silica
surface can cleave N, in the presence of H, at
isolated metal centers, yielding Ta-NH and Ta-NH,
products. Infrared spectroscopy reveals that the
reaction mechanism is distinct from those in the
enzymatic and iron-catalyzed reactions and in
homogeneous organometallic systems.

A Lot from a Little

Sea-level rise from future melting of the Green-
land and Antarctic ice sheets has received much
attention because these harbor most of Earth's
ice, but melting of the other glaciers and ice
caps will also contribute, particularly over the
next century, as they are melting rapidly. Meier
et al, (p. 1064, published online 19 July; see the
cover) survey these glaciers and ice caps and
show that they are likely to contribute as much
as 10 to 25 centimeters to sea-level rise during
the next 100 years, perhaps up to 60% of the
estimated total increase,

Capturing a
Surface Crossing

Computer simulations of chemical reaction
dynamics tend to rely on the simplifying Born-
Oppenheimer approximation, which assumes
that electron rearrangement is complete before
the nuclel move about. However, expeniments

www.sciencemag.org SCIENCE VOL 317 24 AUGUST 2007

have shown that certain triatomic reactions
violate the approximation; for example, in the
abstraction of one deuterium atom from D, an
electronically excited fluorine atom can form a
ground-state DF product, Che et al. (p. 1061)
undertook a more exact theoretical treatment of
this reaction, encompassing multiple electronic
potential energy surfaces, and also measured
product distributions experimentally at different
collision energies. They found strong agreement
between theory and experiment in capturing the
precise quantum-mechanical factors underlying
chemical reactivity.

Fertilizing the
Southern Ocean

Experiments have shown that adding iron to sur-
face waters in some parts of the world, can stim-
ulate biological production. By analyzing com-
piled data and conducting additional experi-
ments, Cassar et al. (p. 1067) show that gross
primary production and net community produc-
tion in large regions of the Southern Ocean is
proportional to the input of soluble iron from
aerosols. They conclude that iron addition
increases export production and that windblown
dust enhances gross primary production across
large parts of the Southern Ocean.

Bacteria Seeing Blue

Phototropins, blue-light receptors in plants, are
light-activated serine/threonine kinases with a
flavoprotein LOV domain as their light-sensing
module, In addition to the phototropins found in
eukaryotes, gene-sequence analysis predicts that
LOV domains should be present in prokaryotes,
and archaea. Swartz et al. (p. 1090; see the Per-
spective by Kennis and Crosson) show that a

EDITED BY STELLA HURTLEY AND PHIL S5ZUROMI

<< Let’s Get Together

Proteins in the eukaryotic plasma membrane mediate
many different functions and are largely partitioned into
clusters. Using the SNARE protein syntaxin 1 as an example
Sieber etal. (p. 1072; see the Perspective by White) inves-
tigate the mechanism of clustering using high-resolution
optical imaging, quantitative biochemistry, and molecular
dynamics simulations. Weak protein-protein interactions
are balanced by steric repulsion to give densely crowded
clusters containing about 75 syntaxins, Proteins within the
cluster are immobile, but can exchange with freely diffus-
ing molecules. This conceptual framework likely applies to
many other membrane proteins.

subset of genes in prokaryotes encodes for pro-
teins that function as light-activated LOV-histi-
dine kinases. Light activation of the LOV domain
leads to the formation of a flavin-cysteinyl
adduct, which is the photoreceptor-signaling
state that activates the kinase domain. Light-
activated LOV-histidine kinases were found in
two important plant and animal pathogens and
in a marine photosynthetic bacterium and indi-
cate that the LOV-histidine kinases are an impor-
tant family of bacterial photosensory receptors.

Disordered but Coherent

When a magnet behaves classically, the spins on
adjacent atoms are fixed and ordered and are typ-
ically correlated over distances of about
3 nanometers (nm). Con-
fining the spins to
a one-dimensional
chain allows quan-
tum fluctuations to
become important,
and the spins become
disordered or fluid-like,
Xu et al, (p. 1049, pub-
lished online 26 July) now
present inelastic neutron scattering measure-
ments on the spin chain material Y,BaNiO,. Their
data reveal that coherence between the spins,
despite the guantum effects, extends to more
than 20 nm, nearly an order of magnitude longer
than the classical coherence length.

Threat, Distance,
and Dread

Behavioral experiments suggest that the dis-
tance from a threat affects the state of fear in

Continued on page 1007

1005



www.roche-applied-science.com

LightCycler" 480
Real-Time PCR System

Looking for more versatility
‘Gane Dereﬂ? il‘l real-time PCR?

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

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

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

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

B Genotyping: Achicve reliable genotyvping results based on superior

post-PCR melting curve analysis.

B Gene Scanning: Employ the innovative high-resolution melting
@ (HIRM) method o scan genes tor unknown variations.

Be prepared for the evolving demands of real-time PCR.
Learn more about our cutting-edge technologies that provide versatility
without compromise — visit www.lightcycler480.com today!

For general laboratory use. Not for use in diagnostic procedures.

This LightCycler® 880 Realk Time PCH Systam & bosrsed under U S Petent B8 14534 snd
comespondng cliims in s pon-ULE counierparts and under one or mone of LS, Peients Moa.

SOIAEST 5ES6 450, SITETL of comesponding clams n thesr non-ULS. counterparts, for use in
M schance, bry implication or by esioppel under any paient daims o for any ofher mplcation
The prosdiet i covemed) in-paart by US 50871 508, oo-escluskely boaned om Evoies AL AL . ‘. Al
Party of the Soltsare usod fof the LaghtiCyclar® 400 Syatem o bcomed rom kdaha Techrology RUL'I“" Dh]u”ﬂ'bULb GIHbH
R, 200 LA (3 LT, M Roche Applied Science
LEGHICYCLE R s a tndemark of Aocke. Other brands o product nomes s Bradanarks of $er

68298 Mannheim, Germany

sespecive holders. © 2007 Aoche Degrostcs GmbH. All nghts nesesesd



CREDAT: ST MALIRICE ET AL

This Week in Science

Continued from page 1005

rodents. Mobbs et al. (p. 1079; see the Perspective by Maren) developed a computer program in which
human subjects were chased by a virtual predator that could inflict real pain. As the virtual predator
closed in, brain activity switched from the prefrontal cortex to the periagueducdtal gray part of the mid-
brain, Higher-cortical systems thus control behavior when the degree of threat is perceived as Low, while
extreme levels of threat evoke phylogenetically older regions that control fast reflexive behaviors.

Astrocytes at Single Synapses

Astrocytes respond to synaptic activity and can release different gliotransmitters, which modulate
neuronal activity and neurotransmission. Perea and Araque (p. 1083) examined the role of astro-
cytes on synaptic transmission at single hippocampal excitatory synapses. Ca?* elevation in astrocytes
led to a transient release of the neurotransmitter glutamate from astrocytes, which was mediated by
metabotropic glutamate receptors. Potentiation became long-lasting when glial activation was paired
with postsynaptic depolarization.

Metabolic Enzyme Nailed

Carboxylases transfer carboxyl groups in a number of essential
metabolic reactions. The enzymes have distinct active sites to
catalyze different steps of the overall reaction, and the cova-

lently bound biotin cofactor is used to transfer activated car-

boxyl intermediates between the sites, but how this transfer is
achieved has not been clear. Now St. Maurice et al. (p. 1076)
report the complete structure of pyruvate carboxylase. Pyruvate
carboxylase is active as a tetramer, and transfer of an activated car-
boxyl group occurs between active sites on separate polypeptide chains.

Motoring Chromatin Assembly

Molecular motor proteins, such as the chromodomain-containing factor CHD1, function in remodel-
ing nucleosomes, In vitro analyses suggest that CHD1 acts as an ATP-utilizing chromatin assembly
factor. Konev et al, (p. 1087) now examine the role of CHD1 in vivo in the fruit fly Drosophila
melanogaster, Elimination of this factor results in infertile females because mutant embryos are
unable to incorporate a histone variant into the paternal genome after protamine removal from the
sperm. The Chal null eggs cannot decondense sperm chromatin, resulting in the exclusion of
paternal chromatin from the zygote and the generation of nonviable haploid embryos.

From Clone to Species

Because of widespread exchange of genes, bacteria do not fit easily into the conventional paradigm
of species. Retchless and Lawrence (p. 1093} have devised a method to extract the time of diver-
gence for different genes in different bacterial species. Using these data, they show genes that
encode lineage-specific traits became genetically isolated long before recombination ceased at other
loci. Thus, as bacterial lineages begin to separate, they can be considered different species at some
genes, but the same species at other genes. This is quite different from any speciation process
described for eukaryotes. Thus, ecologically distinct species must exist within traditionally named
bacterial species, which may impact the use of microbial taxonomy to inform human decisions, such
as medical diagnosis, epidemiology, or bioterrorism.

In Two Places at Once

The sense of being outside of one’s physical body (an out-of-body experience) has generally fallen
within the realms of neurological dysfunction, either organic or pharmacologically aided, or of para-
normal phenomena. The advent of virtual reality has offered a noninvasive and reproducible
approach to inducing out-of-body experiences in normal subjects, as shown by Ehrsson (p. 1048)
and by Lenggenhager et al. (p. 1096; see the news story by Miller). Head-mounted displays were
used to demonstrate that subjects would reliably report the sensation of inhabiting a virtual body,
from which vantage point they would be looking at themselves. In addition, they reacted autonomi-
cally in response to harm directed at their virtual body and displaced their bodily sense of self toward
their doppelganger and away from their physical body.
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Donald Kennedy is
Editor-in-Chief of Science.

STEM—But No Stem

TWO CONVERGING EVENTS TOOK PLACE ON 9 AUGUST THAT OUGHT TO HAVE THE
scientific community scratching its collective head. One of these is an anniversary: On that date
in 2001, President George W. Bush signed an Executive Order banning any use of federal funds

to support research on stem cells (save, of course, for those 78 preexisting cell lines, only 21 of

which are available). That position is reiterated most recently i another Executive Order after
Bush’s veto of the 2007 Senate bill (5.5) that would have authonzed stem cell research,

The convergence is with the presidential signing of the America COMPETES Act(H.R. 2272)
precisely on that anniversary. For those who collect fancy congressional titles, the full name of this
act 15 gasp) America Creating Opportunities to Meanimgfully Promote Excellence in Technology,
Education. and Science. Its content embodies many of the provisions and the spirit of the
president’s American Competitiveness Initiative (AC), and thus both bills are responses to an
unusually influential report from the National Academies. Called
Rising Above the Gathering Storm and produced by a high-level
committee chaired by Norman Augustine, former chairman and
CEO of Lockheed Martin, its recommendations included programs
for the education of students in science, technology, engineenng,
and mathematics: STEM, in the acronym of science-ed lingo,

The irony is unmistakable. The prospects of a basic research
effort that might have extraordinary clinical applications, one
approved by a substantial majority of Americans, are sull dim. So,
no stem. But STEM 15 all over the America COMPETES Act,
signed on the anniversary of Bush turning the lights out on stem cell
research, Surely the president cannot have intended a subliminal
message in the converzence. Or could he?

America COMPETES implements a number of initiatives derived
from the Augustine report and ACL It provides substantial increases to three physical science
agencies for the period 2008 w 2010: a total of $22 billion for the National Science Foundation
(NSF), 517 billion for the Department of Energy s (DOLES) Office of Science, and 52.7 billion for
the National Institute of Standards and Technology (NIST). Much smaller annual amounts 2o to
the Depariment of Education for two new middle-school math programs, advanced courses in
high school, and inducements for college science majors to become K- 12 teachers.

It is difficult o find fault with these proposals, There is consensus that the physical science
agencies were about due for their turn at having research funding doubled. The STEM education
programs are a little harder for the White House to swallow: The president’s science adviser,
John Marburger, has called them an unwarranted expansion of efforts not vet proven effective,
and this month Bush declared that he will support only those pieces of the new law that mirror
his own ACL Sull, the research direction appears to be right, and scientists supported by NSF or
DOE ought to be looking happier than their colleagues in biomedicine. They should be warned,
though, that doubling is a blessing only unul it ends in a real-dollar dropoft, at which point
they’ll start to feel dumped on,

50 here we are. On the one hand, the scientific community ought to thank the Augustine
committee for a report that somehow avorded the usual fate of dyving on a government shelf, and
be appreciative of a president who says he cares about science. Yet that same chief executive is
prepared o apply his own set of “moral values™ to prevent some promising research. And we are
still grappling with the effects of the 2002 No Child Left Behind Act, Bush’s contribution to his
legacy in which billions of dollars in unfunded mandates have been lefi to the 50 states wo pay.

America COMPETES, in fact, 15 an authorization and not an appropriation. full though it
is of good intentions, Perhaps the president is attracted to its business-friendly language and
welcomes the fact that its focus 15 on STEM rather than lowercase stem. With that emphasis, it
could be the other bookend for his legacy. Maybe *“No Grownup Left Behind.”

— Donald Kennedy

10.1126/science. 1149332
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EDITED BY GILBERT CHIN AND JAKE YESTON

Replenishing the Power Stations

Mitochondria—the microscopic powerhouses of the cell—contain their
own vestigial genome (mtDNA), and each cell needs a collection of
healthy organelles to survive. Mitochondria are highly dynamic and
undergo both fission and fusion. They produce adenosine 5°-triphos-
phate by transferring electrons from organic substrates through a series
of respiratory enzyme complexes to molecular oxygen. Chen et al,
examined the function of the mitochondrial fusion protein mitofusin 2;
mutations in the gene Mfn2 have been linked to the peripheral neu-
ropathy Charcot-Marie-Tooth type 2A, in which the very long motor and
sensory neurons of the lower leg die. They generated mice that lacked
Mfn2 specifically in the cerebellum and found that the mutant mice suf-

fered cerebellar degeneration. Mitochondrial distribution,
morphology, and function were all compromised

MOLECULAR BIOLDGY

3 ¥ E ¢ 1
1] it Fou

Nucleosomes constitute the principal structural
motif of eukaryotic chromosomes and contain
octomers of highly conserved histones with the
almost invariant stoichiometry of two copies
gach of H2A, H2B, H3, and H4. Centromeres are
specialized regions within chromosomes that
play a critical role in the accurate segregation of
duplicated chromosomes during cell division.
Centromere nucleosomes contain an alternative
histone, CenH3, which is thought to define cen-
tramere identity and participate in mitotic
mechanics.

Dalal et al. have explored these issues
through a biochemical and biophysical analysis
of centromere nucleosomes in Drosophila. Cross-
linking of bulk chromatin from crude extracts
and within purified nuclei revealed that CenH3
appears in a heterotypic tetrameric half-sized
nucleosome, with one copy each of CenH3, H2A,
H2B, and H4. This composition was confirmed by
mass spectrometry, and atomic force microscopy
showed tetramers to be half the height of
octomers. The tetramers protect less DNA [~120
base pairs (bp)] than the canonical octomers
(~150 bp) and do not seem to form as regular
higher-order structures as the octomer, yielding

24 AUGUST2007 VOL 317

in Min2-deficient cells, and many mito-
chondria appeared to have lost their

normal complement of mtDNA. The

Cerebellar structure (left) and mitochondrial dis-
tribution (right, yellow).

authors propose that a dynamic fusion capacity is required to maintain the genetic where-
withal for each mitechondrion to synthesize adequate supplies of respiratory enzymes.
Furthermore, it seems that the Purkinje cells of the cerebellum are particularly sensitive to

longer and more variable DNA linker lengths.
This looser chromatin conformation, embed ded
within heterochromatin, may be critical for teth-
ering the kinetochore to the centromere. — GR
Plos Biol. 5, e218 (2007).

CHEMISTRY

Three 1n a Column

Numerous compounds comprising two
bonded metal centers stabilized by bulky
organic ligands have been char-
acterized. However, zinc, cad-
mium, and mercury, which
straddle the boundary
between d-block and p
block metals, have only
very recently been
observed in this motil. r
Zhu et al. previously
prepared zin and cadmium
dimers bearing bis{diiso
propylphenylphenyl lig-
ands, and have now synthesized a mercury dimer
with the same ligand set to complete a homolo-
gous series. The compounds were accessed by
reduction of metal halide precursors, and their
solid-state structures characterized by x-ray crys-
tallography. As predicted by theoretical calcula

Calculated HOMO
of mercury dimer.

SCIEMNCE

> ] changes in the distribution and respiratory activity of their mitochondria, perhaps as a consequence
B _— of their extensive ramifications. — SMH

Cell 130, 548 (2007).

| tions, the mercury-mercury bond is longer (and

thus likely weaker) than the analogous zinc link
age, but shorter than the cadmium bond. The cal-
culations implicate relativistic effects in this bond
shortening, in keeping with a higher proportion of
s-orbital character (as well as a measure of dz?
overlap) in the mercury dimer's highest occupied
molecular orbital (HOMO). All three compounds
have effectively linear C-M-M-C geametries,
with the terminal phenyl rings canted at
an approximate right angle relative
to one another. The authors also
prepared zinc and cadmium
dimers incorporating bridging
hydride ligands for structural com
parison; the mercury hydride proved
monomeric and was characterized
spectroscopically. — JSY
I Am. Chem. So¢, 129,
10.102 1ja072682x (2007).

MATERIALS SCIENCE

1 Incide View of W vVIN
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Fiber-reinforced composites (FRCs) are finding
increasing use as structural materials because
they offer good performance at low weights. The
mechanical properties of any given FRC depend

I on many variables, including the distribution and
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orientation of the fibers within the matrix mate-
rial. However, for most composites, nondestructive
visualization of the fibers' response to stressesis
precluded either by the opacity of the matrix
material or by insufficient contrast between the
fibers and the matrix,

Davies et al, surmount this challenge by prob-
ing an FRC through diffraction of a high-flux,
microfocused x-ray beam from a synchrotron
source, The sample compnsed woven polylp-
phenylene phthalamide) (PPTA) fiber mats
embedded in an epoxy matrix. A hole drilled into
the center of the spedmens modeled the rivet
holes typically used to attach compaosite panels in
aeronautical applications, The diffraction data
clearly resolved the interleaved pattem of the
woven fibers. Damage to the fibers was localized
near the hole, and the tilt angle increased for
fibers parallel to the strain direction as the
stresses were transferred to neighboring fibers
away from the hole, Because PPTA forms oriented
fibers, the authors were able to determine
changes in orientation of the yarn and could thus
observe reorientation of the horizontal fibers
caused by stress transfer. — MSL

Appl. Phys. Lett. 91, 044102 (2007).

MATERIALS SCIENCE
Sublimed Clusters

Inarganic thin films can be formed under vac-
uum conditions by transferring material from
one surface as a vapor and depositing it on a
nearby substrate. However, forming the vapor
phase often involves harsh conditions—such as
heating to very high temperature or bombard-
ment with high-energy ions or photons—to des-
orb atomic species or a distribution of clusters,
As a result, preserving intricate synthetic struc-
tures during the transfer is often difficult. Chao
et al, show that silicon nanocrystals (with mean
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diameters near 2 nm) capped with undecyl
hydrocarbon chains can undergo thermal des-
orption at relatively low temperature (200°C)
and be transferred from one surface to another
for a wide vanety of substrates. Composition of
the transferred particles was confirmed by x-ray
photoemission spectroscopy, and morphologies
were examined with a range of microscopy tech-
mques. The nanocrystals initially grew as two-
dimensional islands but could also form three-
dimensional clusters. — PDS

Nar. Nanotechnol, 2, 486 (2007),

ECOLOGY/EVOLUTION
The Whole Is the Sum of the Parts

The fragmentation of natural ecosystems as a by-
product of human activity is generally held to
have adverse consequences for biodiversity,
because it reduces the area of each habitat as
well as the opportunities for dispersal and
gene flow. Yaacobi ef al. tease
apart the effects of areal loss
from those of degree of fragmen-
tation in a Mediterranean scrub
ecosystem in Israel. The total num-
ber of species of beetles and plants
remained unaffected by the degree
of subdivision of the landscape: a
patch of area A having a similar
number of species to n smaller patches
of total area A, Despite this absence of
an effect, the authors caution that the absolute
number of species is not the only goal of conser-
vation. Fragmentation also affects the abundance
of individual species, some of which may be
charismatic, and the composition of ecological
communities in patches, features that are key
determinants of ecosystem health., — AMS
Proc. R. Sec. london B 274,
10.1098/rspb. 2007.0674 (2007).

<< Hyperactive Antimicrobials

Rosacea is a painful acne-like skin disorder, characterized by dilated
blood vessels and persistent redness of the face. Yamasaki et al. provide
evidence that cathelicidin peptides—which are chemotactic, angiogenic,
and bactericidal, and are important for innate immune responses in the
skin—are involved in the pathogenesis of rosacea. Skin biopsies of

patients with rosacea had elevated levels of catheliddin and cathelicidin mRNA. Processing of the
cathelicidin precursor involves cleavage of the proprotein by the kallikrein family protease stratum
corneum tryptic enzyme (SCTE); rosacea samples had elevated levels of SCTE and protease activity.
The abundant cathelicidin fragment LL-37 stimulated interleukin-8 (IL-8) production in cultured
human keratinocytes and caused erythema, vascular dilation, neutrophil infiltration, thrombosis,
and hemorrhage when injected subcutaneously into mice; injection of SCTE caused similar symp-
toms. In mice deficient for the gene Comp, which encodes cathelicidin, inflammation was substan-
tially less than normal after application of a contact skin irritant or physical abrasion. — NRG

Nat. Med. 13, 975 (2007).
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Stalactites in Arizona’s
Kartchner Caverns.

Things That Drip

One grows in caves over thousands of years;
the other appears in the back of your fridge in
a matter of hours. But new research suggests
that for all their differences, the mathematics
describing stalactites and icicles is the same,

According to work presented last week ata
meeting on natural complexity at the British
Antarctic Survey in Cambridge, UK., the rate
of growth of either a stalactite or anicicle can
be modeled by a simple power law based on
the radius and the inclination of the surface
at any given point. Raymond Goldstein,

a theoretical physicist at the University of
Cambridge, U.K., developed the model to
describe the growth of stalactites, based on the
rate at which calcium carbonate precipitates
from water, Icicles grow by an entirely different
mechanism: heat transfer from water to the
surrounding air, which causes the water to
freeze. “Despite the time scales and dimensions
of molecules being very different in the two
cases, out pops the same mathematical formula,”
says Goldstein. “It's a big mystery why nature
would select the same power law.”

“Nobody had a good model for the global
shape of either stalactites or icicles before this,
so to find a solution for both is impressive,”
says Stephen Morris, a physicist at the University
of Toronto, Canada.

Polar Ice Watch

A telling sign of climate change is the declining
amount of Arctic sea ice that remains at the
end of summer. And it's not just
an indicator. Arctic ice also
influences climate by cooling
the planet.

You can follow changes
in sea-ice status at the Web site
of the National Snow and Ice Data Center in
Boulder, Colorado, which posts regular updates
an ice conditions and analyses of trends. By
mid-August, this year’s melt had already broken

wWww. sCiencemag.ong
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the record set in 2005, when only 5.3 million
sguare kilometers of ice were left at the end of
the season, 31% below average. The site will
provide fresh information until the melting
halts, usually in September,
nsidc.org/news/press/2007 _seaiceminimum/

20070810 index.html

\

The Many Facets of |

Soccer Ball Design

No ball is a perfect sphere, but the

closer it is to one, the smoother the —
trajectory. After goaltenders during

the 2006 soccer World Cup in

Germany complained that the latest

design had an unpredictable trajectory,

South African geologist Jos Lurie decided to use
his expertise in polyhedra and his 15 years of
studying soccer ball designs to come up with a
better pattern. Lurie, a professor emeritus who
teaches gemology part-time at the University of

Keeping Oz As |

——

EDITED BY CONSTANCE HOLDEN

Johannesburg, South Africa, describes his
design as an “eguilibrium” combination:

12 panels of a pentagonal dodecahedron and
30 of a rhombic triacontahedron. That makes
for 42 panels—10 more than the popular
Buckminster design and 28 more than the
newer 14-panel Adidas Teamgeist. "The more
panels you have, the more spherical the ball
becomes,” he says.

"8 better design would be wel-
come, considering that the balls
used in 2006 moved at times

unpredictably, like knuckle

balls in baseball,” says Ken

Bray, a theoretical physicist at
the University of Bath, UK. Lurie

has sent his design to Adidas, hop

ing the company will test the ball for
the next World Cup, which will be held in South
Africa in 2010, Adidas has so far failed to
express interest and has defended its
Teamgeist as "a perfectly round ball allowing
great accuracy and control.”

S

Northern Australia is gaining fresh attention as one of the less spoiled areas of the world. The
region—which extends more than 3000 kilometers from the wet tropics of Cape York Peninsula
to Broome on the Indian Ocean—"contains the largest and most intact tropical savanna woodland
remaining in the world,” says Brendan Mackey of the Australian National University in
Canberra. Mackey is a co-author of The Nature of Nerthern Australia, a report released in
Darwin last week that aims to supply science-based guidance for conservation and development.
Much of the north remains “intact,” the authors say. “Great flocks of birds still move over the
land. ... Rivers still flow naturally. Floods come and go.”

But northern Australia is also being threatened by climate change, poor fire management,
weeds, and feral animals (including the fast-moving cane toad scourge), according to the Pew
Environment Group and The Nature Conservancy. This summer, the two groups launched the Wild
Australia Program, a 514 million, 3-year conservation effort.

Open savanna with
termite mounds in
Queensland,
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More Microarray

Applications

Molecular Devices offers the most broadly applicable microarray scanning and analysis package on
the market. With the industry-leading Axon GenePix"® system, you can perform virtually any fluorescent
microarmray application in a standard microscope slide format.

i) Gene Expression: Easily scan and analyze 1-color to 4-color arrays from any source, whather
home-brewed or commercially manufactured

) Comparative Genomic Hybridization (CGH): Unique AutaPMT function in Axon GenePix Pro ensures
optimal scans using all array features

* Protein array: Non-confocal 64 ym focal depth ensures optimal imaging of membrane-slide protein
arrays, and surface scanning allows the use of non-transparent substrates

# ChiP-Chip and Methylation: Visualize results in genomic context with Axon Acuity® software’s
Chromosome Viewer

7 And many others: if it's fluorescent and fits within a standard skde format, we can accommodate it.

Arcturus® Microgenomics and Axon Microarray Tools
+ NEW! Arcturus Turbo Labeling™: RNADNA labeling for microarrays

o Awon GenePix 41004, 40008, 42004, and 4200AL microarray scanners for the full spectrum of
applications and throughput

ﬂ MD'ECUIEI’ Devices “ Axon GenePix Pro 6 image analysis and Axon Acuity 4 microarray informatics software

now part of MDS Analytical Technologies Expect more. We'll do our very best to exceed your expectations.
Bal, 4 1-800-E0-05TF | wemmakcdadedce com
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WAR OVER WORDS. Pediatncs researcher Fredenck Zimmerman

(left) is finding out that baby tlk can be dangerous. Last week,

the Walt Disney Co. attacked a study he published this month in

the Jorrnal of Pediamics suggesting that baby videos might do

maore harm than good o infams" language development, Robent
[ger. CEO of Disney, which owns the popular Baby Einstein
series of educational videos, said that Zimmerman’s work was flawed and that a
press release from his institution, the University of Washington (UW), Seattle,
misrepresented the study’s findings. UW President Mark Emmert has defended the
work and rejected Disney's call for a retraction of the release,

The studhy, based on parental interviews, found that infants who waiched a lot of
“baby DVDs™ understood tewer words than those who viewed fewer videos under-
stood. Disney savs Zimmerman and colleagues shouldn™t have lumped wgether all
baby videos and that other studies have shown that “the specific nature of content and
the way [the video] is consumed are vitally important.™

Zimmerman says he would welcome data from Disney on the wopic and that his
paper “is not the definitive study in the area.”

On Campus

INSIDE GOVERNMENT
WHO'S THE BOSS? Since its creation in 1950,
the National Science Foundation (N5F) has pro-
vided staff and support to the National Science
Board (NSB), the body that oversees the 56 bil-
lion agency. The arrangement has grown some-
what contentious in recent years, however, as
NSB has sought to assert its independence. This
month, the tension reached a new high when
Lawrence Rudolph (below), NSF's longtime and
influential general
counsel, suggested at

MOVERS

OFF THE RAILS? Three research policy
leaders within the U.S. Department of Health
and Human Services are leaving, and their
posts may remain vacant until the next
Administration, John Agwunobi, a pediatrician
who has been assistant secretary for health
since 2005, is joining Wal-Mart as a senior
vice president overseeing its health division.
Congress doesn't seem to be in any big hurry
to approve President George W. Bush's nomi-
nee for surgeon general, James Holsinger Jr.,

positions are often held on an acting basis by
“pretty competent federal employees ... who
keep the train on the track.”

After 4 years on the job, physicist Robert
Dynes has announced that he will step down as
president of the University of California system
in June 2008 and return to full-time research at
UC San Diego. Dynes’s tenure has been marked
by controversy, including what critics said were
extravagant salaries and perks awarded to
dozens of senior university administrators.

the board's most
recent meeting that
the 2Z4-member presi-
dentially appointed
panel might want to
ask Congress for per-
mission to hire its own
general counsel and
other key staffers if the
board felt its interests
and those of NSF were no longer compatible.
Rudolph's blunt words come in the wake of
recent congressional unhappiness with the
board's behavior (Science, 3 August, p. 579).
And they appear to have caught NSB chair
Steven Beering and NSF Director Arden Bement
off-guard, "I can't take seriously the idea that
we separate the two bodies,” says Beering. "This
relationship has worked for 57 years, and | think
it should be strengthened, not weakened.”
Bement says the board and the agency have
endured some rocky times but are now in sync.
“The board chairman and | pledged upon his
election to do our utmost to improve communi-
cations, and as a result they have improved
considerably,” he notes. Rudolph declined to
G elaborate on his comments.

especially after the previous incumbent,
Richard Carmona, recently denounced his
former bosses for stifling science. And next
month, career fed Bernard Schwetz steps
down as head of the Office for Human
Research Protections. Fortunately, says bio-
medical lobbyist Anthony Mazzaschi, such

Pioneers >>

QUICKENING THE PACE. One of Japan's hottest stem cell scientists is
moving to California, in part because of a more favorable research envi-
ronment. Shinya Yamanaka, who last year conferred the transformative
powers of embryonic stem cells upon skin cells taken from adult mice,
will be joining the Gladstone Institute of Cardiovascular Disease in San
Francisco, where his work will be partly funded by the state’s stem cell
initiative. He'll initially split his time between Gladstone and his current
institution, Kyoto University, and within a few years leave his Kyoto post
and move to San Francisco.

Yamanaka's accomplishment with mouse cells has raised hopes of
developing therapies that avoid ethical concerns about using human
eqgs or embryos (Science, 8 June, p. 1404). He is now racing with other researchers to repro-
gram adult human cells, and he says that work will proceed faster in California than it would in
Japan, where lengthy applications and prolonged reviews slow down research. Yamanaka plans
first to bring his human cell research to Gladstone, where he did a postdoc in the 1990s, and
leave his mice in Japan for now.

William Jeffrey, a physicist by training,
is resigning after 2 years as director of
the National Institute of Standards and
Technology to head the science and tech-
nology effort at the Institute for Defense
Analysis in Alexandria, Virginia.

REDATS (TCR TO BOTTOME SOURCE: FRECERICK ZIMMERMAMN: INSET: MISTY BEDWE LL/DESIGN PICSCORBIS; NSF: CHEIS GOODFELLOW AGLADSTONE INSTITUTE
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PALEOANTHROFOLOGY

All eyes on
the river

Fossil Teeth From Ethiopia Support
Early, African Origin for Apes

Fossils of a new species of large-bodied ape are
giving a rare glimpse of the origins of the

African apes. This week in Nawere, a team of

Ethiopian and Japanese researchers reports the

discovery of nine teeth that resemble those of

modern gorillas—but that belonged to an ape
that ived about 10 million years ago in the Afar
Rift of Ethiopia. The team suggests that the
newly discovered ape. called Chovorapithecns
ahvssinicus, might have been a primitive
gorilla or a close relative. If so. it pushes back
the ongin of gorillas fromabout 8 millon vears
ago w more than 105 million years ago, says
palecanthropologist Gen Suwa of The Univer-
sity Museum of the University of Tokyvo,
Gorilla or not, several experts agree that an
ape of this antiquaty i Africa strikes ablow ata

hypothesis that the common ancestor of

African apes arose in Eurasia and migrated 1o
Adnica. “These are very important fossils,” says
Aldan Walker, a palecanthropologist at Pennsyl-
vania State University in State College. “They
show that apes have always been in Alnca
that they didn’t come from Europe and Asia”

POSTDOCTORALTRAINING

NSF, NIH Emphasize the Importance of Mentoring

Like apprentices in other fields, US. postdocs
work for peanuts and are discouraged from
pursuing their own ideas in return for the
chance to learn the profession. But supervi-
sors must also hold up their end of the bargain
by being good mentors. That'’s what two key
science agencies have reminded investigators
this month in policy directives that emphasize
their role in helpmng postdocs grow into inde-
pendent researchers,

The message is tucked into the newly
enacted Amenca COMPETES Act (Science,
10 August, p. 736). It requires researchers to
melude a mentoring plan in every grant apph-
cation to the National Science Foundation
(NSF). Its also contamed i a statement 1ssued
by the Nanonal Institutes of Health (NIH ) clar-
ifving that its grantees may use some of their
time to mentor postdocs and students, Both

24 AUGUST 2007 WVOL 317

Palecanthropologists have known for
decades that apes (Hominoidea) arose in
Africa, where researchers have found diverse
apes from 22 million to 12 million years ago.
But despite many searches, almost no ape fos-
sils have been found in Africa between 12 mil-
lion and 7 mullion vears ago. with the notable
exception of a 9.5-million-vear-old upper jaw
trom Kenva, Some researchers inferred that
apes went extinet in Africa while other apes
flourishing in Eurasia gave rise to the ances-
tors of modem Afdncan apes.

When the researchers discovered the first

canine of Clavorapithecus on the last day of

their Neld season in February 2006, they real-
ized it came from within the fossil gap. “1
knew itwas some kind of big ape.” says paleo-
anthropologist Berhane Asfaw of the Rift
Valley Research Service in Addis Ababa,
Returning to the site last March, they found
cight molars, The teeth, from at least three
individuals, were “indistinguishable™ in size
and proportions from those of gornillas.
Micro—computed wmography scans showed

mitke 1t elear w unversities that “postdocs are
not just o be treated like workers.” says Alyson
Reed. executive director of the National Post-
dhoctoral Association (N PAY m Washimgton, DuC,
Under the COMPETES Act provision,
NSF grant applicants must document pro-
posed mentoring activities, which could
include **career counseling, training in prepar-
ing grant applhications, guidance on ways o
improve teaching skills, and training in
research ethics.” Although many applicants
already do this. says James Lightbourne, an
adviser in the NSF director’s office, making ita
requirement should encourage principal inves-
tigators (Pls) to take mentoring more seriously.
The provision codifies and expands a pilot
effort started last vear by NSF's peosciences
directorate (Science, 11 August 2006, p. T48).
The NIH statement {grantsl.nih.gov

SCIENCE

Being here
and there

Close match. Ten-million-year-old fossil teeth (feff)
resemble those of modern gorillas (rght).

more simulanties. The team proposed the ani-
mal as an early member of the gorilla clade,
The detailed analysis of the teeth is
“one of the best I've seen.” says paleo-
anthropologist Jay Kelley of the University
of lllinois, Chicago. Still, he and others
say the teeth may have belonged to apes
that had independently adapted to aw

trming/qéca htm#mentor) says that grantees
can count time spent training students and
postdocs as grant-related activities provided
the tramming 1s related to the research bemng
funded. That would enable postdocs o attend
workshops and seminars relevant to their proj-
ect, says Walter Schalfer, senior scientific
adviser for extramural research at NIH. But
Schaffer says itwould not allow Pls to dispatch
their postdocs to teach graduate students.

The policy is a small step forward, says
Keith Micoli, an NPA board member and a
researcher at the University of Alabama, Birm-
ingham. But more steps are needed. "1t post-
docs can™t do work on a project that's not
funded by the grant.” he asks. “how can they be
expected to conduct preliminary experiments
to apply for their own granis?”
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gorillahike diet, Suwa acknowledges in
Nature that the dental evidence for a close
relationship with gorillas is “inconclusive™
but adds that no other living or fossil apes
this big have molars as specialized for
shreddimg fibrous vegetation,

IF Chovorgpithecus is mdeed an early form
of gorilla, it would falsify the Eurasian-origins
hypothesis, savs Walker. It would also push
back the origin of gorillas to between
10.5 million and 12 million vears ago. That is
at least 2 million vears earlier than most large

VIROLOGY

The Great

nuclear DNA studies predict, says Sudhir
Kumar, an evolutionary geneticist at Arizona
State University in Tempe. Such a shift woulkd
also foree researchers to recalibrate when the
human and chimp lineages split to between
7 million and 10 pullion years ago (up from
S mullion to 7 million), and when oranguans
split from other apes to between 13 million
and 23 million vears ago (up from 14 million).

But a key author of the Curasian-origins
hypothesis, paleoanthropologist David
Begun of the University of Toronto in

Canada, says it 15 too soon to “dismiss the
Eurasian evidence,” including traits linking
Miocene apes in Europe to later African
apes—and also too soon to recalibrate the
ape family tree.

Regardless of whether Clovorapithecus 1s
a true protogorilla, it finally provides some
hard data with which to test evolutionary
maodels. “It's mee indeed to have at least some-
thing hominoid from this time and place,” says
Harvard University paleoanthropologist
David Pilbeam. ~ANN GIBBONS

China, Vietnam Grapple With ‘Rapidly Evolving’ Pig Virus

A pig disease ravaging China now appears
to have spilled into Vietnam. Scientists fear
that a deadlier strain of a longtime foe,
porcine reproductive and respiratory syn-
drome (PRRS), or blue-car disease. may be
on the loose.

“We're fairly confident that there has been
an outbreak of PRRS here.” says Andrew
Speedy. who represents the ULN, Food and
Agriculure Organization (FAQ) in Vietnam,
An FAO mission that completed a weeklong
visit to Vietnam on 20 August also uncovered
many secondary infections that increase the
disease death toll, Speedy says. The team
concluded that PRRS can likely be controlled
through vaccination and antibiotic treatment
of secondary infections. -

PRRS was first identified "0
in the United States in the
mid-1980s; the causative
arterivirus was isolated in
1991. The virus does not
infect humans. In pigs, it
attacks macrophages, which
Imngest and remove I[Hll.d.l:l'l:_!
bacteria. With a crippled
IMmune response, pigs are
susceptible to secondary
infections. Adults usually
recover and develop immu-
nity, but the virus and second-
ary infections can kill piglets,
whose ears often turn blue
from the secondary mtections.

“The evolution of the virus 4
is really quite startling. It is
probably one of the most rap-

WWW.SCIENCEMag. Qrg

idly evolving viruses that | know of” says
Trevor Drew, head of virology at the Veteri-
nary Laboratories Agency in Wevbridge,
LLK. He explans that, typieally, a virus eircu-
lating in a new host ininally causes severe dis-
sise and becomes less pathogenie over ime.
With PRRS there is evidence that the opposite
has occurred: A nonpathogenic strain was cir-
culating among pigs in North America before
it evolved and started causing disease,

An even nastier strain seems to be on the
rampage in China, killing sows as wel
piglets, This strain first appeared in the
summer of 2006, China has reported losing
400,000 pigs w the disease through death or
culling in 2006 and another 243,000 this

s

In the pink. A veterinary worker prepares to vaccinate pigs against PRRS in China's
Shandong Province,
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vear. although some contend that official
numbers vastly understate the losses.

In an analysis of viral samples from pigs
in China published online in PLoS ONE on
13 June, a group led by George Gao, amicro-
biologist who heads the Insttute of Micro-
biology in Beijing, described a genetic varia-
tion that may be responsible for the virus's
increased deadliness. Drew, who finds that
claim plausible, says that the possibility of a
new and deadlier strain *is very worrisome.”

Media outlets, including an article last
week in The New York Times, reported allega-
tions that China has refused to share virus
samples and cooperate with international
organizations. Drew says that’s not so, point-
ing to Gao's paper and to
China’s reporting on the out-
break to the Pans-based World
Organisation for Animal
Health. Guo Fusheng of FAO's
Beijing office says that the
organization has not vet asked
China’s Minmistry of Agricul-
ture for samples or o allow an
outside team to investigate,
although it expects to make a
formal request shortly.

Vietnam didn’t wait to be
asked. The disease was first
reported there in March. Last
month. the government asked
FAO for assistance after the
outbreaks increased in June
and July, Samples have been
sent to LLS. labs for analysis.

-DENNIS NORMILE
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RIVER MONITORING

New York Research Institute
Hopes to Go With the Flow

An ambitious plan to monitor the entire Hud-
son River in real time is one step closer to
reality, thanks to a new collaboration with
IBM announced last week. The ultimate goal

15 a system that could track the movement of

PCB-contaminated sediment, for example, or
warn a commercial power plant to shut its
intake valve temporarily because of an
approaching school of fish. “Tt will be the first
real-time. distributed river network in the
wiorld” says John Cronin, director of the non-
profit Beacon Institute for Rivers and Estuar-
1es i New York.

The River and Estuary
Observatory Network (REON)
is part of a new wave of
observing networks, like the
even more ambitious Inte-
erated Ocean Observing Sys-
tem, a federally funded pro-
gram to expand and link
regional coastal networks
(Science. 3 August, p. 591).
Meanwhile, another group of
scientists is hoping o interest
the National Science Founda-
tion in funding a network of
eight to 10 research stations
around the country that would
study threats o water supplics.

Since 2003, the Beacon
Institute has been coordinating
a prototype, called Riverscope. Researchers
from Lamont-Doherty Earth Observatory
and Rensselaer Polyvtechnic Institute have
measured temperature, salinity, and other
variables in a few spots along the Hudson
River. Although REON is still early in the
design phase, heavyweights have already
signed on. The state of New York has commit-
ted $30 million, most of which will support a
new research butlding, Groundbreaking is
expected in 2009 at Denning s Point near Bea-
con, New York, but scientists hope to begin
deploying new sensors this spring.

On 16 August, the Beacon Institute
announced a major partnership: IBM will
pick up the tab for a new computer system
designed to analyze streams of data in real
time—a contribution worth perhaps tens of
millions of dollars. “1t is very. very exciting,”
says ecologist Marzaret Palmer of the Univer-
sity of Maryland Center for Environmental
Science in Cambridge, Marvland,

The river network will be IBM’s first
public application of its System S, a new
tvpe of computer system called stream com-
puting that can handle many tvpes of data-
such as video and sound-—simultaneously.
With processors distributed near the sen-
sors, the system can lilter and classifv the
data in real nme and autonomously decide
whether 1o take more detailed or frequent
readings at a particular site. for example.
during flooding. “The system will learn.”
says [BMs Harry Kolar, who says that IBM

Research platform. Sensors to monitor
the flow of contaminants into the

Hudson River will be part of the

planned REON. L

Is getting a chance to test its technology.

A second phase, at least 10 vears away,
wiould include permanent sensors and per-
haps even robotic submersibles that can
beam back data. This full system will
require another 5150 million of fundraising,
Cronin estimates. Philip Bodgen, who
directs the Gulf of Maine Ocean Observing
System, says he thinks the institute has a
wood chance of finding the money needed
for ongoing maintenance and operations
because the Hudson River is less challeng-
ing logistically than the ocean and the proj-
ect is more visible to potential donors.

Onee running, REON could be used for
everything from studying the impact of fer-
tilizers to monitoring the quality of drink-
ing water, “It will be a net savings to the
state to get ahead of their environmental
problems.” predicts Thomas Harmon, an

environmental engineer at the University of

California. Merced. -ERIK STOKSTAD

(\ Olx

Thais Say Aye to GM?

BANGKOK—Thailand may lift a &6-year-old
ban on field trials of genetically modified (GM)
crops, Concerned that the country's agriculture
efforts are lagging behind those of China and
other neighbors, Thailand s agriculture min-
istry was expected this week to petition the
country’s Cabinet, installed after a coup last
year, o rescind a moratorium on open-air
experiments. Critics of GM crops say the coun-
try lacks adequate biosafety laws and are urg-
ing the Cabinet to stand firm. The ministry’s
top priority is a GM papaya strain resistant to a
ningspot virus that has decimated orchards in
Thailand and elsewhere.  -RICHARD STOMNE

German Physics Facilities
Achieve Fusion

BERLIN—Materials scientists will have a new
one-stop shop in Berlin when BESSY, an
accelerator-driven x-ray source, and the Hahn-
Meitner Institute (HMI), which boasts a reactor-
based neutron source, merge into a single insti-
tute in 2009, Both facilities allow scientists to
probe the atomic structure of matenials, from
protein crystals to high-tech ceramics. The
merger, announced last week, will produce an
institute with 1000 employees and a yearly
budget of 5136 million, almost entirely from
the German federal government. That is a sig-
nificant funding boost for BESSY, which will no
longer have to charge users for beam time. The
fusion will produce one of the few places in the
world with expertise with both types of probes,
says HMI Director Michael Steiner,

~GRETCHEN VOGEL

Mmmm, Beer

Farmers, biofuel enthusiasts, and, yes, brew-
masters could soon get a little enlightenment
from German plant geneticists. Last week, the
German government put up $8 million to
more fully map and partially sequence the
genome of barley, a key crop used worldwide
in animal feed, human food, and beer.
Funding agencies have been slow to tackle
crops such as wheat and barley because of the
daunting size of their genomes. At 5 billion
bases, barley's genome is nearly double the size
of the human genome. But it is only one-third
wheat's size and lacks that genome’s multiple
copies, so it should be easier to sequence, says
plant geneticist Nils Stein of the Institute of
Plant Genetics and Crop Plant Research in
Gatersleben, Germany, whose team will create a
draft sequence of 10% of the genome. Stein
hopes the work, along with a British-led barley
sequencing pilot, will set the table for a large-
scale sequencing project. ~-ELIZABETH PENNISI
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Out-of-Body Experiences Enter the Laboratory

Out-of-body experiences are
associated more with tabloid
newspapers, New Age Web
sites, and large doses of hallu-
cinogenic drugs than serious
scientific discussion. Yet
they re often reported by rep-
utable people who sufter from
migraine headaches, epilepsy,
and other neurological con-
dittons, Intrigued by such
accounts, some rl:m:un:l'u:r:a
are trying to figure out how
the brain creates an aspect of
human consciousness so fun-
damental that we take 1t for
granted: the perception that
the “self™” conforms to the
borders of the physical body,
Now, two teams of cogni-
tive neuroscientists inde-
pendently report on pages
1048 and 1096 methods for inducing ele-
ments of an out-of-body experience in
healthy volunteers. Both groups used
head-mounted video displays to give peo-
ple a different perspective on their own
bodies. Each team also drew upon the
sense of touch to enhance the illusion.
Although details of the experience dif-
fered. the people in both experiments
reported feelings of dissociation from

GENMNETICS

Where am I? Swiss researchers used a video camera to give people wearing display
goggles the feeling they inhabited a virtual body (right) in front of their real location.

their bodies. The researchers say their
findings will pave the way to new brain-
imaging studies of body perception and
could have practical applications, such as
helping virtual-reality programmers
design environments that make users feel
as if they are really there.

1t striking because when you hear
about out-of-body experiences, 1t sounds so
deeply weird” says Chris Frith, a cogmitive

neuroscientist at University
College London who did
not participate in the new
rescarch. “These studies
show you can actually manip-
ulate it experimentally.” The
illusions add to evidence that

the physical body is mal-
leable and can be modified by
information from the senses,
Frith says,

For one of the studies. a
team led by Bigna Lenggen-
hager and Olaf Blanke, both
of the Swiss Federal Institute
of Technology in Lausanne,
asked people to stand in front
of a camera while wearing
video-display goggles. In
one experiment, subjects saw
the camera’s view of their
own back. computer-enhanced to create
three-dimensional “virtual own body.”
When the subjects” backs were stroked
with a highlighter pen at the same time
they saw their virtual back being stroked,
they reported that the sensation seemed to
be caused by the highlighter on their vir-
tual back, making them feel as if the virtual
body was in fact their own body,

Moreover, when the researchers turned »

Epidemiologist Sees Flaws in Papers on Genes and Gender

An epidemiologist who for vears has cri-
tiqued the veracity of published papers has
now tackled a hot area in genomics, sex-based
genetic differences. He argues that most
reporied findings are poorly documented and
that about a sixth may actually be wrong.

As researchers move bevond uncovering

new disease genes and into the realm of

gene-environment interactions, John loannidis,
a clinical and molecular epidemiologist at
the University of loannina School of Medi-
cine in Greece, decided to follow them. He
wondered especially about genetic associa-
tions with diseases that seem to vary by gen-
for example, a particular gene variant
that confers mcreased nisk i women but not
in men, an effect that may be modulated by
hormones. Hundreds of such associations
have been reported. But when loannidis and

der
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two colleagues analvzed data from
77 papers covering evervthing from multi-
ple sclerosis to lung cancer to anger, they
found that19 had at least one claim they
judgzed to be “spurious,” or apparently
incorrect. Only four papers contained nei-
ther spurious nor insufficiently documented
claims, says loannidis.

He and his colleagues searched online for
papers whose titles touted gender variation
in gene effects, then examined each claim
(a total of 432 sex-difference claims in the
77 papers). To determine whether claims
were spurious, they considered the groups
being compared
and older women. which would be appropri-
ate, orolder men and younger women, which
would not. They looked for evidence in the
paper that claims reached statistical signifi-

tor example, older men

cance. Those without were judged not suffi-
ciently documented. The analysis was pub-
lished in the 22/29 August issue of the Jour-
nal of the American Medical Association.

Of the gene-gender Findings, says loannidis,
“there 15 a problem with just accepting them
and believing that they're true.” Proper
documentation was found in only 33 claims,
or 13% of the total.

The loannidis paper reinforees con-
cerns about the quality of published genet-
ies results, says Neil Risch, a genetic epi-
demiologist at the University of Califor-
nia, San Francisco, Stll, he defends some
findings in the field, such as a greater
risk for women with an Alzheimer’s gene
and a greater risk for males who carry a
gene variant linked to rheumatoid arthri-
tis. The loanmidis analysis did not pick up

SCIENCE www.sciencemag.org
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off the video display, guided the subjects
back a few steps. and then asked them o
blindly return to their former position, sub-
jects overshot the spot where they'd actu-
ally been standing and walked to a point
closer to the apparent location of their vir-
tual body.

Adopting a similar strategy 1o attempt to
induce out-of-body experiences, Henrik
Ehrsson of the Karolinska Institute in
Stockholm, Sweden, asked men and women
to sit ina chair and don a video headset con-
nected to two cameras that provided a
stereoscopic view of their backs. As a sub-
ject viewed his or her own back from
behind, Ehrsson used two plastic rods o
simultaneously stroke the subject’s chest
and a location behind the subject’s back.
Although people telt the rubbing on their
chest, in the headset they could only see
Ehrsson’s arm moving behind their back,
remforcing the sense that they were sitting
at a location behind their actual body, The
experience ofien elicited surprised giggles,
savs Ehrsson, who has tried it out himself.
“You really feel that you are sitting in a dif-
ferent place in the room and vou're looking
at this thing in front of you that looks like
voursell and vou know it’s vourself but it
doesn’t feel ke yoursell,” he says. "It's
almost like vou're looking at a dummy.”
Mearly all subjects reported similar impres-
S10NS ON @ questionnaire,

Ehrsson also repeated the illusion with
electrodes attached to each person’s fingers
to measure skin conductance, a physiologi-

cal measure of emotional arousal. Then he
swung a hammer in front of the cameras so
that it appeared to hit the region where
people perceived themselves to be. The
hammer posed no physical danger. but
changes in skin conductance indicated that
subjects registered a threat (they also
reported feeling anxious). By showing that
people respond emotionally as if they were
located at a position behind their physical
body. the findings provide additional evi-
dence that the subjects buy into the illu-
sion, Ehrsson says,

Both experiments show that visual per-
spective and coordination between the
senses of vision and touch are important for
the sensation of being within the body. says
Peter Brugger. a neuroscientist at University
Hospital Ziirich in Switzerland. Yet neither
study rephicated the full-blown out-of-body
experiences in which people report “an
enormously compelling sensation of separa-
tion from the body.” he notes. Even so,
Brugger says, these illusions may be asclose
as it is possible to get in the lab,

Previous research has pointed to several

bran regions. including the intersection of

the temporal and parietal lobes, that may be
invalved in producing out-of-body experi-
ences in neurological patients, Blanke says.
The new illusions can be used o examine
which of these brain regions contribute to
which aspects of these strange experiences.
and that in turn, says Blanke, could lead 1o a
better understanding of how the brain gen-
erates a concept of self. ~GREG MILLER

these papers in its literature search because
it netted only those with “polymorphism™
and either “sex™ or “gender™ in the title.
Some scientists whose papers loanmidis
has critiqued agree that it's difTicult 1o know

“There is a problem with
just accepting [the claims]
and believing that they're true.”
—John loannidis,
University of loannina

whether a finding will hold until it’s been
replicated. “Admittedly, the strength of an
observation such as ours lies not only with
the expenimental design, but with the ability
of other mvestigators to reproduce the obser-
I vation,” wrote Judith Miller. a kidney disease
& specialist at the University of Toronto,
8 Canada. in an e-mail. David Christiani,

wwwsciencemag.org SCIENCE VOL 317 24 AUGUST 2007

an epidemiologist at Harvard School of

Public Health in Boston, agreed inan e-mail
that his 2004 study in Chest on acute respira-
tory distress syndrome had hmited statisti-
cal power but added that this was noted in
the paper.

loannidis, however, thinks that researchers
need to do a much betier job of stating the lim-
1ts of ther findings. “The papers should have
been published” he says, noting that “nothing
is perfect.” But “better transparency™ is
sorely needed.

“People make claims from their data that
just are not there.” agrees Kathleen

Merikangas of the National Institute of

Mental Health in Bethesda, Maryland. Con-
tributing to the problem, she says. 15 that
many studies that fail to replicate a genetic
finding are never published because they're
“not new and exciting, or the scientists
themselves don’t find that 1t's going to
advance their career.” ~JENNIFER COUZIN

(\ Olx

Time Out for Institute Leader

A large number of scientists at the National
Institute of Environmental Health Sciences
(NIEHS) have turned against their embattled
director. DOF 146 staff scientists who responded
to a survey by NIEHS's Assembly of Scientists,
107 said they did not have confidence in
David Schwartz's leadership. This week,
Schwartz (below) stepped down temporarily
as the National Institutes of Health (NIH)
launched a sweeping management review of
the 5642-million-a-year institute in Research
Triangle Park, North Carolina. NIH Director
Elias Zerhouni said
that the review is in
response to congres-
sional inquiries,
which have included
Schwartz's manage-
ment of his personal
lab, his consulting
for law firms, and his
handling of NIEHS's
journal (Science,
6 July, p. 26).
Senator Charles Grassley (R-18) wrote
Zerhouni this week to ask why some NIEHS
employees had recently been given a form for
logging calls received from congressional
investigators. The form could intimidate
potential whistleblowers, which would be “not
only wrong but also illegal,” Grassley says.
~JOCELYN KAISER

U.S. Targets Add-On Patents

In an effort to streamline its operations, the
U.S. Patent and Trademark office is clamping
down on how often applicants can tweak their
inventions, Last year, 30%: of all patent filings
were continuations, in which inventors add
details to a pending application. So this week,
after 18 months of wrangling with the com-
munity, the office decided to limit such filings
to two per patent, with petitions required for
further continuations.

Biotech companies oppose the new limits,
which they believe will deprive the patent
office of information that could strengthen
applications, including results from ongoing
work. But lawyer Peter Zura of Bell, Boyd &
Lloyd LLP in Chicago, Ilinois, thinks the
changes are not an “end-of-the-world thing”
because firms that write biotech patent
applications, including his own, will devise
ways to protect their proposed inventions,
such as more rigorously constructing original
applications. But "it's definitely going to
make life more difficult,” he says.

=ELI KINTISCH
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Once ignored as an obscure
disease, melioidosis and the
frighteningly versatile bacterium
that causes it are drawing
attention as a bioterror threat

Racing to [
Bacterial

UBON RATCHATHANI, THAILAND—A Thai
man with lank black hair and grizzled stub-
ble lolls ona cot parked in a hallway outside
a crowded ward. The 61-year-old farmer
answers tersely as a senior physician,
Wipada Chaowagul, quizzes him. When the
man was admitted on 9 May with sepsis and
an abscess in his chest wall, Wipada fin-
gered an old nemesis: melioidosis. But
although nearly nine out of 10 melioidosis
patients in Thailand with septic shock die,
somehow the farmer beat the odds. After
spending 2 months in Sappasithiprasong
Hospital here in northeastern Thailand, the
taciturn man with watery eves is almost well
enough to go home.

Wipada can’t explain how the farmer, who
stlfers from kidney disease, managed to fend
off a bacterium, Burkliolderia psewdomalled,
that in its fiercest incarnation kills
most ol its victims. Indeed, there is
no shortage of scientific puzzles
surrounding melioidosis. Over
the 2 decades that Wipada has
studied the once-obscure malady,
more and more experts have
become intrigued by the ability of
B. psendomallei to alter its form
and survive in environments as
disparate as soil, distilled water,
and the human body.

“There's something incredibly
interesting and important going
on with psendomallei, and
nobody knows what that 15" says
Colin Manoil, a geneticist at the
University of Washingion, Seattle.

24 AUGUST 2007 VOL 317

Melioidosis is largely confined to
Southeast Asia and northern Australia
and, fortunately for the rest of the world,
researchers don’t anticipate the shape-
shifting bug breaking out of its ecological
cage anytime soon. But its characteristics
make it an insidious threat as a bioweapon,
The bacteria can hide in the body for
decades. Once the time bomb detonates, a
constellation of symptoms allows melioi-
dosis to masquerade as other ailments.
Although many patients are rushed to the
hospital with acute disease, others have
symptoms more akin to tuberculosis or can-
cer, savs Sharon Peacock of the Mahidol-
Oxford Tropical Medicine Research Unit
(MORU}) in Bangkok. Misdiagnosis can
prove fatal: B. pseudomallei is impervious
to all but a few antibiotics.

,_.Ler‘l‘.i'i":; exposure, Rice
> #"_farmers in nartheastan
Thailand are at high
contracting melioid

“It’s not as scary as anthrax or small-
pox,” says Peacock, who has spent 20 vears
on the trail of melioidosis. “But it still has
a significant terror factor. Onee soil is con-
taminated, B. psendontallei is very hard to
get rid of”

Scientists know they are up against a
worthy foe, "Vimuses are very smart. Bacte-
ria are normally not so smart. psewdomallei
acts like a virus™ in its deviousness, says

Surasakdi Wongratanacheewin. director of

the Melioidosis Research Center at Thai-
land’s Khon Kaen University. Hoping to
strengthen their defenses, researchers
launched a drug trial this month at Sappa-
sithiprasong. And a pilot experiment is
under way in Ubon Ratchathani to take the
battle 1o 8. psevdomallei’s home turf: Thai-
land’s ubiguitous rice paddies.

The Great Mimicker

Mehoidosis was first desenibed
from opium addicis in Burma
in 1911, and in 1947, two cases
mvolving POWs held in Siam
were reported in the British
Medical Jowrnal. It wasn't until
the Vietnam War. however, when
LLS. soldiers came home with the
disease, that melioidosis attracted
significant attention in the West,
The first Thai case was reported in
1955, “No one had ever seen this
before,” says tropical medicine
specialist Sompone Punyagupta,
former president of Vichaiyut
Hospital in Bangkok. In the 1960s,

SCIENCE www.sciencemag.org
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Grim prognosis. Burkholderia pseudomallei
colonies in a blood agar dish.

scientists isolated B. psendomallei from soil
throughout Thailand and determined that
about a third of Thai soldiers sampled had
antibodies to it, But with no further confirmed
cases among the Thai population, Sompone
says, researchers “concluded that it was not a
clinically important disease.”

That assessment changed in 1973, when
Sompone took over a tropical medicine unit at
Ramathibodi Hospital in Bangkok and real-
1zed that untold numbers of melioidosis cases
were being overlooked or misdiagnosed as
TB or other ailments. He dubbed the disease
“the Great Mimicker.” The bacterium eluded
detection in part because it grows slowly in
culture. Back then, dishes were typically dis-
carded after 3 days, says Sompone, because
other pathogens of interest form colonies
within hours of inoculation. After giving
B, psevdomalled colomes more time to form, he
says, “we began o see more and more cases.”

Since then, scientists have sketched a
picture of a malady most perplexing. It's
unknown whether B. psendomallei lives
freely in soil, in association with rhizomes
that stud roots, or in a host like an amoeba, "It
infects humans by aceident,” says Peacock. In
northeast Thailand, nearly everyone has been
exposed by age 4, although about 30% of
the population shows no antibody response,
Peacock says. Researchers suspect that
B. psendomallei enters the body through cuts
or abrasions, or through the lungs. In Ubon
Ratchathani province. the incidence fell
3 vears ago when boots were handed out to
curb leptospirosis, a waterborne disease,
says Direk Limmathurotsakul, who runs
MORU Lab Melioid at Sappasithiprasong
Hospital. But the farmers didn’t like wearing
boots, and case numbers shot back up (see
graph, p. 1024). “The incidence looks quite
bad this year,” says Surasakd,

Once the bacterium enters its human host,
illness can set in within hours. “Many
patients deteriorate very fast.” says geneticist
Sirirurg Songsivilai. assistant president of
Thailands National Science and Technology
Development Agency. In other people, the
bacterium lays low for vears. Two years ago,
researchers reported the curious case of an
#2-vear-old U.S. veteran held as a Japanese
POW in Indochina during World War I1. In
2004, he developed an infected ulcer on his
right hand. Lab tests confirmed melioido-
a whopping 62 vears after his presumed
exposure to B psewdomallei (Journal of
Clinical Microbiofozy, February 20035, p. 970).
Although no one knows for sure where the

S5

microbe lurks in asymptomatic people, likely
hideouts include the lymph nodes, reticular
epithelial cells, the spleen, and bone marrow,
“We don’t understand how the body tolerates
it so long,” savs Peacock. Antibodies don't
seem to confer protection.

In more than half the known cases, a
chronic illness such as diabetes or kidney dis-
ease is the spark that ignites a latent infection
or allows infection from a fresh exposure. In
Thailand, about 73% of cases occur during the
rainy summer. when farmers slog barefoot in
paddies, planting rice. Person-to-person trans-
mission is rare, and relapses are common.

“Patients need to be followed up for the rest of

their lives,” savs Sirirurg,
Although melividosis cases pop up spo-
radically around the world (see map), only
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bacterium can survive in sterile conditions
without sustenance. Fourteen years later, to
the astonishment of Lek and her colleagues.
the bactena are still alive,

Scientists are striving to unravel the
genetic machinery that underlies B. pseudo-
mallei’s exceptional hardiness and viru-
lence. Its penchant for morphing—a phe-
nomenon called phenotype switching
appears to be central to its versatility, “There
is unbelievable variability in how it presents
itself. It like a population of several differ-
ent organisms,” savs Manoil, MORU
researchers have identified seven morpho-
types, each with a distinct gene-expression
pattern, Tvpe | is most often cultivated from
people and soil. “If you cause it to switch to
another morphotype by starving it, for

Globe-girdling threat. Although melioidosis is endemic to parts of Southeast Asia and northern Australia,

cases have occurred on all continents except Antarctica.

northern Australia rivals Thailand in preva-
lence. The subtropical climate is similar to
Thailand’s, and in both places the typical
patient 15 someone exposed regularly o soll.
But Australian patients, who are treated in
intensive-care wards, are much more likely to
survive than Thai patients, who are usually
treated in ordinary wards,

An emerging threat

MORU microbiologist Vanaporn “Lek™
Wuthiekanun knows better than most experts
what melioidosis means o victims and to cli-
nicians. *My heart sinks when [ open an incu-
bator and see a psendomaiiei culture. 1 wonder
if'the patient is still alive.” says Lek, who, with
MORU colleagues. has developed immuno-
Nuorescence microscopy as an additional tool
for rapid diagnosis. The more B. psendomallei
colonies that sprout from a single sample, the
erimmer the prognosis.

At MORLs mann lab at Mahidol Univer-
sity in Bangkok, Lek is running a simple
experiment with chilling implications. In
1993, she put some B, pseudomeallei cells in
double-distilled water to see how long the

example. a whole battery of things switches
on or off.” Peacock says.

Three vears ago, Matthew Holden, a
pathogen genome analyst at the Wellcome
Trust Sanger Institute in Hinxton, UK., and
47 colleagues published B. psendomallei’s
genome (Proceedings of the National
Academy of Sciences, 28 September 2004,
p. 14240). It weighs in at a hefty 7.25 million
base pairs on two chromosomes (most bacte-
ria have one), and its chromosomes are dotted
with “genomic islands™ harboring genes
acquired from other organisms. “Much of the
enome 15 devoted o functions that equip it o
survive and thrive in the environment,” savs
Holden. That includes “a well-stocked arsenal
of virulence factors.” he says.

Like salmonella and shigella, the bacterium
appears to use a molecular syringe to invade
host cells. Other elements of 1ts repertory
remain shadowy, “The virulence mechanisms
of this bug are virgin territory.” says Manoil,
who 1s working with Sirirurg at Sirira) Hospital
in Bangkok to probe the relation between
B. prewdomallei’s morphotypes and virulence.
Genetic differences between strains will shed
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light on varianons n virulence and on the bac-
terium’s enigmatic origins, predicts Bart
Currie, head of the melividosis research pro-
gram at the Menzies School of Health Research
in Darwin, Australia. Also intriguing are the
mutational hot spots, called short sequence
repeats, that are found in two-thirds of its genes,
“When I first heard about this, [ was stunned”
says Manoil. The bottom line, Holden savs, is
that 8. psewdomallei 1s “adept at adapting ™

A gnawing fear is that terrorists may
exploit this resourceful bug. Unsettlingly, one
of the few biowarfare agents ever deploved 15
acousin of 8. pseudomallei’s, B, mallei, which
causes glanders, a disease that primarily
affects horses but can also cause an illness in
people that's similar to melioidosis. The bac-
terium, unleashed on Allied forces in World
War L. evolved from B, pserdomalled,

Melioidosis is more sinister than glanders.
“It"s different from most other potential
bioweapons in that mehoidosis 1s actually an
important human disease,” Manoil savs,
There 15 no vaccine. And because it takes
months on antibiotics to eradicate the bac-
terium from the body, treating many patients
in an emergency “would be extremely expen-
sive, difficult to manage, and pose an enor-
mous burden,” says Herbert Schweizer, a
microbiologist at Colorado State University in
Fort Collins who will speak at a biothreat
symposium at the 5th World Melioidosis
Congress in November in Khon Kaen.

Preparedness against melioidosis is sorely
lacking in countries where the disease 15 not
endemic, Schweizersavs, Butis ability to tint
food or water has led the ULS. Deparment of
Homeland Security and two other agencies to
designate “determining the growth and sur-
vival characteristics™ of B. pseudomallei in
foods as a research priority,

At ground zero
Every Tuesday in Ubon Ratchathani, Wipada,
vice director of Sappasithiprasong Hospital,
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runs a melioidosis clinie for survivors.
Relapses can occur years after an initial bout.
Suwan Baoyal, a 36-vear-old diabetic, came
in last December with a fever and abscesses in
her spleen and right armpit. *1 feel strong
enough to work in the rice field now,” she
says. After 7 months of anubiotics, however,
the mass in her armpit has not disappeared,

A short walk away, a technician at
MORUS Lab Melwoid is busy inoculating
agar plates under a safety hood. The lab has
documented more than 3000 cases since
1986, with northeast

the Academic Medical Center in Amster-

dam, the Netherlands, infected two strains of

knockout mice: one deprived of TLR-2,
which detects Gram-positive bacteria. the
other lacking TLR-4, which detects Gram-
negative bacteria. Although B. psendomallei
15 Gram-negative, it has a sugar on its cell
wall that interacts with TLR-2. The TLR-4
knockouts were as likely as normal mice to
succumb to melioidosis, whereas TLR-2
knockouts, surprisingly, had a big survival
advantage. the researchers reported last month

in PLoS Medicine,

Thailand having the il P “We've been puzzling
highest meidence m 300 P over the mechanism,”
=
# L ¥

the world, Thanks to_ 2e04 ” _.-m Wiersinga savs, The
its lnc:{liun. at the im- - et next step, he says, is
disease's epicenter, g ol w . to test whether com-
the laboratory also 2 pounds that muzzle
has been at the fore- ¥ 1007 TLR-2 reduce the
front of drug testing., 50+ severity of melioido-
In a chinical trial pd— . f r , ; SIS 1N mice.

in the late 19805, ML B 008 ,m'”“ oy Avaccine, mean-

researchers found
that the antibiotic
ceftazidime nearly
halved the death rate, bringing overall mor-
tality down from 920% to 50%. (In Thailand,
the death rate of septic shock patients
remains stubbornly around Y%, )

Earlier this month, Lab Melioid launched a
trial pitting ceftazidime against the antibiotic
of choice for treating septic melioidosis in
Australia, meropenem. Scientists expect to
enroll more than 500 patients over 3 vears.
Another team is testing whether granulocyie
colony-stimulating factor, a cviokine that
boosts neutrophil counts, can help save
patients with sepsis.

One counterimtuitive treatment strategy
might be to block a Toll-like receptor iTLR),
an immune system protein, that recognizes
B. psendomallei but appears to interfere
with other components of the immune
response. A team led by Joost Wiersinga of

Ubon Ratchathani region.

Type 1l

Pleiades of death.

Type 1 is the most
commaonly isolated
marphotype af B.
pseudomallei’s seven
known incarnations.

Unhealthy trend. Melioidosis cases are rising in the

while, is a distant
dream. “This is going
to be a tricky one,”
Peacock says. Because the presence of anti-
bodies does not appear to be protective, she
says, 2 vaccine must also stimulate the cellular
immune response. A few groups are scouring
B. prewdomalleds virulence factors For vaccine
candidates. But “there’s stll a long way 1o go,”
Surasakdi cautions.

A different strategy is 1o unleash competing
microbes that knock down 8. peendomalie soil
concentrations to levels that cause few or no
infections. (A high density is correlated with a
high infection rate,) At MORU, Lek added
Eitective Microorganisms—a commercially
available biofertilizer loaded with benehcial
bacteria—to soil that had been sterilized and
seeded with B. psewdomallel. The biofertilizer
suppressed B. psendomalled,

Now Lek is trying this out on arice field on
the outskirts of Ubon Ratchathani, A 10-vear-
old boy, under the watchful eyes of his proud
father. is using a motorized plow to prepare a
paddy for transplantation while his vounger
brother, also bargfoor, stands idly in the mid-
dle of the paddy. The boys are up to their
ankles in mud that is almost certainly teeming
with B. psewdomalled.

Earlier this summer, Lek added Effective
Microorganisms to a nearby paddy and left
another paddy untouched. Over the coming
months, she will compare how B, psendomallei
Fares in the two plots, s too early 1o say any-
thing.” Lek says. But for millions of people at
nisk of falling prey o the Great Mimicker, even
a long shot is one worth aking.
=RICHARD STONE

www.sCiencemag.org
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ARCHAEOLOGY

Curation in Crisis

As the ranks of excavated artifacts grow, museums are running out of space—and

money—to care for them all

[n the storage area at the MceClung Museum
at the University of Tennessee, Knoxville,
row upon row of boxes are stuffed with
brown paper bags, which are in turn filled
with hundreds of thousands of artifacts rang-
ing from 10,000 w 200 years old. The arti-
facts. including stone tools, pottery, and
arrowheads, were excavated during the
19605 and 1970s when the Tennessee Valley
Authority (TVA) dammed the Tennessee
River and its tributaries, flooding archaeo-
logical sites along the banks.

Researchers visit the collections about
10 times a year, but museum curator Lynne
Sullivan, like many of her counterparts
elsewhere, taces a tough job caring for
them. Some of the bags have split, spilling
their contents nto the boxes. And the arti-
facts’ provenance information
they came from. which is vital to their
research value—is written on the bags.
TWA is required by law to care for the arti-
facts, which belong to the federal govern-

where

ment, but the strapped agency doesn™ have
the money. So the University of Tennessee
has stepped up to provide space and
staffing, but it can’t afford to rehabilitate
the collections.

The result; a curatorial crisis, “We don’t
even know at some level what's going on in
those bags,” Sullivan savs, adding that some

WWwW.SCIeNncemagq.org

of the metal artifacts—axes, knives, gun
parts, and hoes—are rusting,.

Sullivan isn’t alone in her plight. Many
collections in other repositories are in
“much worse shape.” she says, Indeed, savs
Dean Snow, president of the Society for
American Archaeology. “the curation
problem is at crisis proportions.” The
effects are being felt not only by
researchers using museum collections but
also by archaeologists in the field, who
worry about where to store the artifacts
they recover
recover any atall, “I think it the end of the
days of endless archaeology.” savs archae-
ologist Teresita Majewski of Statistical
Research Inc., a cultural resource manage-
ment Firm in Tucson., Arizona.

The curatorial problem has been brew-
ing for decades. In 2000, a report on the
U.5. Army Corps of Engineers” collec-
tions—millions of artifacts occupying
nearly 50,000 cubic feet of space that could

and whether they should

fill a dozen tractor-trailers—concluded that
in about 73% of cases, artfacts had been
stored in improper conditions and were
quietly disintegrating; about 10% needed
immediate attention. “If not properly cared
for soon,” the report concluded, “many
[artifacts] will lose their educational and
research value™ As archaeologist and for-
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mer curator Julia King of St. Mary's Col-
lege of Maryland in St. Mary’s City
explains, good curation is essential
because 1t 1s not the objects alone but “the
relationships between the artifacts that are
the critical contribution of archaeology.”
Curating the corps” collecuon, which
includes projectile points and stone tools
from some of the New World’s earliest
inhabitants, would cost an estimated
520 million. officials estimate.

In December 2005, Heritage
Preservation, a nonprofit organiza-
tion in Washington, D.C., made the
First comprehensive survey of LLS.

collecuions held in the public trust,

archacological collections need better

care and that more than 40% of bulk
cataloged archaeological collections
have an unknown status, meaning that
they hadn’t recently been inspected by
archaeological staft,

Lack of space is a critical problem.
Federal and state laws often require archaco-
logical surveys before construction work, so
collections swell wherever development 15
rapid. A repository at the University of Cali-
fornia, Los Angeles” Fowler Museum is
almost full, says curator Wendy Giddens
Teeter. In Arizona, the fastest growing state
in the country, archacologists are doing more
than twice as much work as they did several
vears ago, sayvs Majewski, The governor
recently appointed a commission to study
the curation problem. and the resulting
report predicted that Arizona’s principal
repositories will be full in 3 to 10 vears: the
state’s main repository, Arizona State
Museum in Tucson, 15 now storing some
items offsite,

As a result, archaeologists are thinking
harder about what they collect, “For decades
and decades, people were collecting every-
thing and keeping it all,” says 5. Terry
Childs, an archaeologist with the National
Park Service in Washington, D.C. Now,
archaeologists try to choose a representative
sample of artifacts, she says, “They are
thinking about *“What do | keep?” ™ Those
decisions must be made i the field, and they
aren’t always easy. suys King, She mentions
a dig in Maryvland in which one of her col-
leagues, working pro bono, left the artifacts
in the ground instead of cleaning and analyz-
ing them. He identified them—and the
house he was trving to date—as 20th cen-
tury: later. more detarled excavation showed
that it was 19th century,

One extreme solution is the use of no-
collection surveys, savs Childs, in which
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researchers simply record artifacts” loca-
tion on the surface and leave them there.
“This is just horrible.” she says. adding that
anecdotal reports suggest such surveys are
on the rise. Omitting actual artifacts risks
the disciplines integrity. agrees Christopher
Pulliam of the Army Corps of Engineers.
“Archacology professes to be a science,”
he says. “If one can’t replicate research
results or reanalyze the materials from a
site, then [archacology] can’t proclaim to
be a science.”

Another solution is o remove redundant
items or those with little research value,
called deaccessioning. For example, until a
few years ago, the San Diego Archaeologi-

cal Center in California housed 30 boxes of

30-year-old, decomposing soil samples
owned by the Department of Defense.
Given their minimal research value, center
director Cindy Stankowski kept representa-
tive samples of various soil types and threw
away the rest,

But artifacts uninteresting to some are
valuable to others. Back in the 19905, King
co-directed the excavation ol the 17th cen-

tury home of Charles Calvert. governor of

Maryland, and found many brick frag-

EDUCATION

Who Ranks the

Ready for a rescue. Curators took over this collection
and now keep itin high-quality storage.

ments. Bricks were considered expendable
and most were discarded, but King says
some revealed the earliest evidence ofa dec-
orative technique used in the Chesapeake
Bay region.

The Federal government is drafting new
rules to guide deaccessioning some of
their hundreds of millions of artifacts: the
Department of the Interior alone is respon-
sible for 90 million artifacts. The govern-
ment tried to implement deaccessioning
regulations in 1991 but backed off after
ferocious opposition from archaeologists,

University Rankers?

Everyone would like to score well in an academic beauty contest. But is it really

possible to assess an institution’s worth?

Who gets to take credit for Albert Einstein’s
Mabel Prize? The question seems absurd, but
it’s important for the reputations of two
Berlin universities. The reason: Even Nobels
bagged 90 years ago are counted in the
“Shanghai ranking.” an influential list of the
world’s 500 best universities. Both Free Uni-
versity (FU), founded in West Berlin in
19438, and Humboldt University (HU), on
the other side of the former Wall, claim 1o be
the heirs of the University ol Berlin. the ersi-
while home of Albert Einstein and many
other Nobelists,

The resulting tug of war has had bizarre
results, When the team at Shanghai Jiao Tong
Unversity produced its first ranking in 2003,
it assigned the prewar Nobels to FU, helping
it earn a respectable 95th place. Swaved by
protests from the other side of town. the team
assigned them to HU i 2004, propelling it
to 95th rank and dropping FU by more than
100 places. After FU in wrn ened foul—and
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many e-mails between Germany and China
later—the team simply took both universities
out of the race. Both are still missing in the
2007 edition, published 3 weeks ago.

The controversy is just one among many
in the booming business of university rank-
ings. Invented by the magazine LLS. News &
World Reporsin 1983 as a way to boost sales,
these academic beauty contests—called
“league tables” in the UK . —now existat the
national level in a dozen countries; there are
a handful of European and global lists as
well, Almaost all have come under fire from
universities, scientists. and, in some cases.
fellow rankers.

This year. for instance. presidents of
more than 60 liberal arts colleges refused
to participate in a key component of the
U5, News & World Report rankings. pub-
lished last week. The rankings, they wrote,
“imply a false precision and authority™ and
“say nothing or very little about whether

who said that even artifacts ol no research
value now might yield important informa-
tion when examined with future technolo-
gies. But Childs, who chairs the working
group drafting the guidelines, says the cur-
rent effort is likely to be more successful.
The guidelines are expected to be made
available for public comment in the next 6
months or so.

Despite the gloomy outlook, many
archacologists see signs of progress, as insti-
tutions such as the National Endowment for
the Humanities and Save America’s Trea-
sures, both in Washington, D.C., recognize
the value of certain archaeological collec-
tions and pay to restore them. But there's
much to do. *The problem with collections
is that they're not considered sexy.” says
Childs, She and others note that many more
Ph.D.s are awarded for field-based than
collections-based research, and that few uni-
versities offer classes in collections manage-
ment. She and her collectons-minded col-

leagues hope to change that. The future of

archacology.” savs Childs. “is in excavating
the collections.”
=MICHAEL BAWAYA

Michael Bawaya is the editer of American Archacology.

students are actually learning at particular
colleges or universities.” Last vear, 26 Cana-
dian universities revolted against a similar
exercise by Maclean’s magazine,

The critics take aim not only at the rank-
ings” methodology but also at their undue
influence. For mstance, some UK. emplovers
use them in hiring decisions, says Ellen
Hazelkorn of the Dublin Institute of Technol-
ogy, adding that funding organizations, phi-
lanthropists, and governments are payving
increasing attention as well. France's poor
showing in the Shanghai rankings—it had
only two universities in the first top 100
helped wigger a national debate about higher
education that resulted in a new law, passed
last month, giving universities more freedom.

Measuring up
S0 how do you measure academic excel-
lence? Most rankings start by collecting
data about each university that are believed
to be indicators of quality. After giving each
a different, predetermined “weight,” the
indicators are added up to a total score that
determines a university’s rank. But there are
vast differences in the number and the
nature of the indicators, as well as the way
the data are obtained,

MNational university rankings cater prima-
rily to aspining students about to choose

www.sciencemag.org

CREDT: MARYLAND ARCHAEOLOGICAL CONSERVATION LABORATORY/JEFFERSON PATTERSON PARK AND MUSEUM



SOURCES: LS. NEWS & WORLD REPORT, TIMES MAGMER EDUCATION SUPPLEMENT, SHARMGHALIAD TONG UNNERSITY, CWTS

where to study, which is why they focus on
education. In the U.S. News & World Report
ranking of “national universities,” for
instance (there are separate lists for many
other types of institutions and programs),
student retention rates count for 20%, the
average amount spent on each student for
10%, and alumni donations, believed 1o
reflect student satisfaction, for 3% (see
graph). The University Guide published by
the Guardian newspaper in the UK. has a
formula with some of the same indicators. but
alsoa 17 weight on graduates” job prospects.

Most international rankings, meanwhile,
put a heavy emphasis on research output.
Thats in pant because they are aimed more at
policymakers but also because education svs-
tems and cultural contexts are so vastly differ-
ent from country to country that solid and
meaningful data are hard to come by, Average
spending per student, for instance, doesn’t
tell you much if you compare China with
Germany. Nonetheless, the Times Higher
Educarion Supplement (THTES) tries to cap-
ture education with a few very simple indica-
tors that it believes to be universally valid: the
stafl/student ratio and the percentages of stu-
dents and staff from overseas, regarded as a
measure of a schools international cachet.

Ranking education poses another prob-
lem: Many rankings rely on universities
themselves o provide key data, “which is
always a deal with the devil.” savs Alex
Usher of the Educational Policy Institute
Canada in Toronto, who studies rankings.
There are documented cases of universities
cheating in the 05 News rankings, for
instance, and although U5 News cross-
checks the data with other sources, there are
always wavs to manipulate them. For exam-
ple. colleges are known to encourage appli-
cations just so they can reject more students,
thus boosting their score on the “student
selectivity™ indicator,

Even more controversial are peer-review
surveys. in which academic experts judge
institutions, THES, for instance, assizgns a
whopping 40% to the opimions of more than
3700 academics from around the globe,
whereas the judgment of recruiters at inter-
national companies is worth another 10%. But
when researchers from the Centre for Science
and Technology Studies (CWTS) at Leiden
University in the Netherlands compared the
reviewers' judgments with their own analy-
based on counting citations, an accepted
measure of scientific impact—they found
no correlation whatsoever. “The result is suf-
ficient to seriously doubt the value of the
THES ranking study,” CWTS Director
Anthony van Raan wrote ina 2005 paper.

Bl5

The discrepancy might explain why—ito
the delight of Australian academics and
newspapers—six universities from Australia
ended up in the THES top 50 in 2004, wrote
Van Raan. who suspected “strong geographi-
cal biases™ in the review. Martin Ince, a con-
tributing editor who manages the THES rank-
ing, says that the survey has gotten better
since 2004 and has a good geographical bal-
ance. He believes Australia’s strong showing
may have been the result of aggressive mar-
keting of 1ts universities in Asia. But he con-
cedes that reputation surveys may favor “big
and old universities.”

Peer review is also a major bone of con-
tention in the U, News ranking. “We get a
list of several hundred institutions, and we're
simply asked to rank themon ascaleof | to 5.
That's preposterous,” says Patricia MceGuire,
president of Trinity University in Washing-
ton, D.C., and one of those who boyeotted the

How the Rankings Work

- Data provided by universities

Shanghai Jiac Tong University

Articles in
Science Citation
Index-Expanded,

Social Science
Citation Index
20%%s

Articles
published in
Nature and

Academic Alumni Nobel
performance with Prizes and Fields
respect to the size Medals

of an institution 10%6
10%

Leiden University "Green Ranking”

Average impact of papers,

size-independent
and field-normalized
100%

* for national universities
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reputation survey this vear, The ranking can’t
value what her school excels at, she says: pro-
viding a degree to mostly minority women
from low-income backgrounds.

LLS. News editor Brian Kelly dismisses
the boyeott’s significance. The ranking has
always had uts detractors, he says, but more
than half of university ofTicials still fill out
the questionnaire. And the magazine could
always find other people 1o review schools,

Shanghai surprise

The Shanghai ranking avoids all of these
problems by eschewing university=provided
data and expert reviews. Instead, it uses only

publicly available data, such as the number of

publications in Narure and Science, the num-
ber of Nobel Prizes and Fields Medals won by
alumni and staff, and the number of highly
cited researchers. The result is a list based
almost exclusively on research. Nian Cai Liu,

[ ]pata provided by third party || Expert Reviews

Times Higher Education Supplement

Review by
graduate recruiters
10%

Percentage of | percentage of
overseas staff  gyerceas students
5% 5%

U.5. News & World Report*

 Spending
per student

10%
= Graduation rate
Alumni giving rate performance
5% 5%
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who heads the Institute of Higher Education
at Shanghai Iiao Tong University, started the
ranking 5 vears ago because he wanted to
know how Chinese universities were placed
in the global pecking order, When colleagues
started asking for the data, Liu put them on a
no-frills Web site. which now gets thousands

of visits a day,

But as the Berlin quarrel shows, the rank-
ing has its own problems. For example,

Shanghai credits the institu-

LS. News of changing its method precisely
to shake up the tables and thus boost sales, a
charge the magazine rejects.

In part to boost their credibility, the
rankers have founded the International Rank-
ings Expert Group (IREG). which in 2006
came up with a set of ranking guidelines.
Called the Berlin Principles, they stress fac-
tors such as the importance of transparency,
picking relevant indicators, and using veri-

presents them as not one but four tables,
Each uses a different variable: the vellow
ranking, for instance, looks at the total num-
ber of papers produced. whereas the preen
ranking (billed as the “crown indicator™) is
based on papers’ impact, adjusted so that it
doesn’t reward bigger institutions or those
working in fields in which scientists cite
each other more ofien. The results aren’t as
simple as a single list, Moed concedes. but

they do provide a more com-

ket e e Yy vy cdaton St PSR
uj'.';_t.rd. And that can nm_!-:c a - %HH%EH%% ' i ' | ; u The Centre for Higher Educfj—
difference. Andrew Fire's < puuuuUuUUuuuUuuuo HUnut ' tion Development (CHE) in
2006 Nobel in physiology or el Gilitersloh assesses German
medicine helped his current UK. uuuuuuvuuou vuuyuuvuvououuoy o yniversity departments with-
institution, Stanford Univer- Netherlands uu Uuuuuuul out trying to aggregate them,
sity in Palo Alto, California, Australia uu Uouuuol and the departments are sim-
move up from third to second Japan uuuuuu DUt ply slotted into top, middle,
place, even though Fire did Germany Uuuuuy Uut and lower tiers. It also allows
his groundbreaking work on Switzerland uuu UUuUuu the user to sort universities
RNA in_u:rt‘::rc_ncg \»'Iﬁl:: at th_u Frince uuuu 1 has_ud on thcir_uwn favorite
Carnegie Insttution in Balu- China* : !ndmumrs. Gl:n‘musl:.t a mn}a-
soctal sciences or humanities padan LY magazing uup}- like a Miss
also tend to suffer under the Singapore Universe contest without a
Shanghai system. Recogniz- New Zealand : winner. But a spokesperson
ing that scientists in those dis- India uu for Die Zeit, the German
ciplines gravitate to different Belgium Ul newspaper that publishes the
journals, Liv doesn’t count Italy U CHE rankings, says its annual
Nature and Science papers and Israel U university guide s a bestseller
redistributes that 20% share Denmark U : anyway. and the interactive
a::m::vli.tplhclr indicl:lmn;;l SliIII. Norway U d(:'::‘fu;. ]qrcs many readers to
the effect is noticeable: In 1ts Web site.

2006, the well-respected Lon- Finlarfd 2 With all the complaints, it
don School of Economics and R"K‘m L easy o forget that rankings
Political Science ended up in i : have benefits as well, SAVS
the 201-300 ter (this far down Ireland Moed. Competition spurs uni-
the list, Liu no longer gives South Korea versities to actually perform
individual ranks), whereas the Austria ! better. he savs, and the rankings

THES awarded the school
1 7th place,

Well aware of their influ-
ence, and the eriticisms, the
rankers themselves acknowl-

U = one university in the top 100

universities were |

edge that their charts aren’t the last word.
LS. News & World Repors, for instance,
advises students to take many factors into
account when choosing a college. A pop-up
window on Liu's Web site warns that “there
are still many methodological and technical
problems™ and urges “cautions™ when using
the results.

In response to the critics, some rankers
are also continuously tinkering with their
formulas. But that opens them up to another
criticism, namely, that a university can
appear to become significantly better or
worse in a single vear. Many have accused

ocated.

fied data. Usher, an IREG member, concedes
that the principles are quite general in nature
because they are the “biggest common
denominators™ among groups of rankers with
very different views. Many rankings aren’t
fully compliant with the rules vet, says
CWTS researcher Henk Moed.

DIY ranking

Some believe the way forward lies with more
sophisticated ways of presenting the data,
The group in Leiden, for instance. produces
rankings of European universities based
purely on publication and citation data and

* includes Hong Kong (3 universities)

Wha's right? Although both agreed that the U.S. led the list and the U.K. came second,
the 2006 Shanghai and THES rankings differed markedly on where Earth’s 100 best

provide students and policy-

makers with answers—aeven if

they're imperfect—to legiti-
mate questions about quality.
Other rankers point out that
universities tout the results if they do well, and
they don’t like being excluded. Perhaps that's
why the presidents of the competing Berlin
universities announced shortly after the 2007
Shanghai ranking appeared that they would sit
down again to discuss the legacy of Einstein
and his illustrious colleagues. A compromise
might propel both back onto the list in 2008,
Einstein might have appreciated the irony.
A sign in his office at Princeton reportedly
read: “Not everything that counts can be
counted, and not everything that can be
counted counts.”
—MARTIN ENSERINK
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MOLECULAR BIOLOGY

Cancer’s Perpetual Source?

The discovery of tumor cells that behave like stem cells suggests why cancer may be
5o hard to eradicate—and how new therapies might be targeted

Beginning about 15 vears ago, John Dick’s
team at the University of Toronto in Canada
provided a new clue as to what makes cancer
such a formidable foe. They found that only a
tiny population of leukemia cells could trans-
mit the cancer from one experimental animal
to another. More remarkably, the cells had a
property previously seen only in stem cells: the
ability to produce an exact copy of themselves
sach time they divide, thereby maintaining the
ability to reproduce in perpetuity. These so-
called cancer stem cells, Dick suggested,
might be what makes the disease so hard to
eradicate with radiation or chemotherapy.

Since then, such cells have been found in
many other cancers, including those of the
breast, brain, colon, and head and neck.
*Cancer stem cells are being identified in vir-
wally every cancer,” says Max Wicha of the
University of Michigan Comprehensive Can-
cer Center in Ann Arbor.

Not evervone is convineed that the stem-
like cells found in cancers play such a key role
in wmor growth and maintenance. But if that
idea is correct, “the ramifications could be

huge,” says Craig Jordan of the University of

Rochester School of Medicine and Dentistry
in New York state. In that event, therapies that
target cancer stem cells may prove more
effective than current cancer treatments.
Indeed, radiation and many chemotherapeu-
tic drugs wipe out dividing cells, but stem
cells may be quiescent mostof the time and so

may survive these treatments. *You can
reduce tumor bulk 90%, and in no time at all,
the tumor will take over again,” says Levy
Kopelovich of the National Cancer Institute
in Bethesda. Maryland, which held a work-
shop in mid-May on stem cells as targets for
cancer prevention.

Cancer researchers are beginning to
understand what makes cancer stem cells
dangerous. Among other things, they foster
the formation of new blood vessels needed 1o
feed tumor growth., Recent work 1s also
uncovering the cellular signaling pathways
that control cancer stem cell proliferation,
raising hopes of new treatments that selec-
tively kill these cancer seeds. Indeed, some
existing cancer drugs and others that may
soon be tested in people appear to target the
cells, new studies indicate. “By gaining a
sophisticated understanding of how normal
and cancer stem cells differ, we'll be able o
design a new class of drugs that is less toxic,”

predicts Sean Morrison of the University of

Michigan Medical School in Ann Arbor.

Multiple threats

For the first decade after Dick’s discovery. the
clinical importance of cancer stem cells
seemed himited, because leukemias are much
rarer than solid cancers. But interest in the
cells began to take oft in 2003, That vear, a
team led by Michael Clarke, then at the Uni-
versity of Michigan Medical School, spotted

NEWSFOCUS

Blood vessel stimulator. When transplanted into
mouse brains, glioma stem cells form larger and
more vascular tumors (middle row) than do nanstem
cells {top). As shown by the mouse at right, an anti-
body to the angiogenesis-promoting protein VEGF
greatly inhibits the growth of glioma stem cell
tumars; the mouse at left is an untreated control.

cancer stem cells in breast cancers. and Peter
Dirks of the Hospital for Sick Children in
Toronto and his colleagues identified them in
a variety of brain cancers (Science, 5 Septem-
ber 2003, p. 1308).

In the past several months, that early
trickle of results has tumed into a flood, In the
4 January issue of Narure, for example, two
independent teams. one led by Dick and the
other by Ruggero De Maria of the Istituto
Superiore di Sanitd in Rome, reported the dis-
covery of cancer stem cells in colon cancer,
and others have reported finding them in can-
cers of the prostate, lung, pancreas, head and
neck, and the deadly skin cancer melanoma,
“Cancer stem cell research has gone from an
interesting sidelight to mainstream in a very
short time,” Jordan says,

What's more. cancer stem cells display an

array of traits that aid in their proposed role of

driving and maintaining cancer growth. For
example, Jeremy Rich’s team at Duke Univer-
sity in Durham, North Carolina, looked at
their ability 1o resist radiation,

In one key set of experiments, these
researchers transplanted cells obtained from
human glioblastomas, which are highly
malignant brain tumors, into mice and then
subjected the animals to radiation doses sim-
ilar to those used to treat human patients.
Other than surgery, Rich says, “radiation ther-
apy is the most effective [treatment] for brain
tumors, but it is rarely curative.”

The transplantation results, which

appeared n the 7 December 2006 issue of

Nature, suggest an explanation. In irradiated
tumors, the proportion of cancer stem cells
went up from about 2% to about 8%, as indi-
cated by the number bearing the proiein
CDI133, a marker for brain cancer stem cells.
This shows that those cells survived the radi-
ation whereas other tumor cells succumbed.
The stem cells overcame the radiation,
further analysis suggested, because they
repair the DNA damage it induces more
effectively than nonstem cancer cells do. 1
thought that was a great paper.” says Clarke,
who’s now at Stanford University in Palo
Alto, California. “It provided experimental
evidence for what we've all been predicting.”
A second way that cancer stem cells
may pose a threat is by stimulating angio-
genesis, the formation of new blood vessels
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Dangerous cells. According to current thinking, oncogenic mutations arising either in normal tissue stem
cells or in the more developmentally advanced progenitor cells can produce cancer stem cells. When these
cells divide, one daughter is an exact copy of the original and retains the ability to divide—and to initiate
additional tumors—whereas the other target differentiates to produce nontumorigenic cells.

that support tumor growth. For example.
the Duke team recently found that glioma

stem cells in culture produce much more of

the angiogenesis-promoting protein VEGF
than do other glioma cells.

The VEGF discovery suggests that one
current drug may be a prototype of thera-
pies that target cancer stem cells. Beva-
cizumab {Avastin) is an antibody designed
to block VEGF action that is already used
For cancer therapy. And when the Duke team
transplanted human glioma stem cells into
mice and treated the animals with the anti-
body, “the tumors from cancer stem cells
shrank dramatically,” Rich says. "It looks
like bevacizumab is a kind of anticancer-
stem cell therapy,”

And cancer stem cells may have vet
another dangerous property: the ability to
drive metastasis, the spread of umors in the
body. The presence of tumor cells in the bone
marrow of breast cancer patients is a bad
prognostic sign, indicating that such patients
have a high risk of cancer spread. Last fall,
Marija Balic, Richard Cote, and their col-
leagues at the University of Southem Califor-
nia in Los Angeles reported that roughly
T0% of the tumor cells in bone marrow carry
the surface markers of breast cancer stem
cells. Although it hasn’t been proven that
those cells seed metastatic tumors, such a
possibility is in line with the idea that cancer
stem cells are the tumor-imitiating cells. Other

research has shown that genes involved in cell
migration and tissue invasion are highly
active in breast cancer stem cells.

Searching for vulnerability

In their search for ways to disrupt cancer
stem cell activities, researchers are focusing
heavily on the signaling pathways needed for
their maintenance and development. And
several intriguing connections between
genes already linked to cancer development
have emerged.

At this vear's annual meeting of the Amer-
ican Association for Cancer Research in
April, Hasan Korkaya, a member of Wicha's
group at Michigan, reported that reducing
expression of PTEN, a known tumor suppres-
sor gene. in cultured human breast cancer
cells increased cancer stem cell populations
by as much as fivefold. Boosting expression
of the HER2? oncogene at the same time dou-
bled that increase. In addition, such cells
migrate more in culture, an indication that
they may seed metastases. This might help
explain why women whose breast cancers
have both loss of PTEN and extra IfER2
copies usually have a poor prognosis,

Other work also points 1o PTEN loss as a
trigger for cancer stem cells. Early last yvear.
Owen Witte's team at the David Geffen
School of Medicine in Los Angeles found
that when PTEN is deleted in the prostate
cells of mice, the number of cells bearing a

stem cell marker called Sca-1 increases, and
small premalignant growths form in the
prostate. And Linheng Li's team at the Stow-
ers Institute for Medical Research in Kansas
City. Missouri, has found that deleting PTEN
in cells lining the intestines leads to the pro-
duction of stem cells that form polyps that
can develop into full-blown cancers. Finally,
Morrison’s team has found in mice that PTEN

deficiency promotes the formation of

leukemia stem cells while depleting normal
hematopoietic stem cells,

This suggests, he notes, that it may be pos-
sible to selectively strike cancer stem cells.
Indeed, Morrison and his colleagues have evi-
dence that the drug rapamycein, which can
help make up for PTEN loss, can prevent
leukemia development in their mouse model
while at the same time restoring normal
hematopoietic stem cell function. This is
“exciting,” Morrison says, “because it ofters
the possibility of developing therapies that
kill cancer stem cells but are less toxic in nor-
mal tissue.” Rapamycein is already used clini-
cally as an immunosuppressant and is being
studied in cancer therapy, and the group
hopes to begin a clinical trial to test it in
patients with acute myeloid leukemia (AML).

Researchers seeking to targel cancer stem
cells are also looking at several more path-
ways previously implicated in stem cell main-
tenance. Among these are the Wt pathway,
which 1s implicated in intestinal and other
cancers, and also the Polyvecomb and sonic
hedgehog pathways,

Some surprising aspects of cancer stem
cells may also provide unexpected new targets
for therapies. In a recent sereen ol 1267 com-
pounds in a library of pharmacologically
active agents, Dirks and his colleagues identi-
fied 160 agents that decreased the prolifera-
tion of brain cancer stem cells in lab cultures.
Many of these drugs affected unexpected neu-
ronal functions, such as neurotransmission,

which were supposed to be properties of

mature neurons rather than unspecialized
stem cells. The mechanisms that control can-
cer stem cell growth “may be more diverse
than what we see right now,” Dirks says,

Even a folk remedy 15 showing some
promise against cancer stem cells, Rochester’s
Jordan, working with Dianna Howard's weam
at the University of Kentucky Medical Center
in Lexington, has evidence from both cells in
culture and a mouse model that the drug
parthenolide—the active ingredient in a
herbal remedy called feverfew—specifically
kills AML stem cells.

In additon to simply screening for com-
pounds that kill cancer stem cells, Dick and
his colleagues are going after leukemia stem
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cells with an antibody that binds t a protein
called CD44 that 15 highly expressed on the
surface of AML cells, When the researchers
transplanted human AML stem cells into
mice and then administered the antibody, the
treatment apparently abolished the tumor
stem cells driving the leukemia. Closer exam-
ination showed that the antibody prevents
AML stem cells from migrating to the spleen
and bone marrow, where they would other-
wise reside. “The [leukemia] stem cells still
need to mteract with their niche, and if vou
interfere with their rafficking, they can’t
maintain themselves,” Dick says.

Even if cancer stem cells can’t be killed or
their spread blocked, they might be restrained
in another way: by inducing them to lose their
“stemness” and differentiate into nonrenewing
cells. Last December,
Angelo Vescovi of
the University of
Milan-Bicocea in
ltaly and colleagues
reported in Narure
that bone morpho-
gsenetic proteins
inhibit the tumori-
genic properties of
human glioblastoma
stem cells in this fash-
won. “It's an interest-
ing paper,”
Dirks. “It opens up
the field o consider-
ing differentiation™ as
a therapeutic goal.

says

Lingering questions
Despite the outpour-
ing of results in the
past few years, funda-
mental  questions
remain about cancer
stem cells, One big
issue concerns the
nature of the orginal
cell that gives rise to them. “That's a harder
question than people appreciate.” Jordan says,
“It doesn’t have to start with a normal stem
cell” In work done a few vears ago, Irving
Welssman's team at Stanford University
examined the genetic mutations in human
AML cells and concluded that the original
cancer-causing mutations can strike more
developmentally advanced. although still
immature, progenitor cells.

About a year ago, Scott Armstrong and
colleagues at Children’s Hospital Boston pro-
vided turther support for that 1dea. Many
leukemia cells feature gene translocations in
which two genes. previously separate from

L

one another, become joined and produce so-
called fusion proteins. Human AML cells, for
example, make a fusion protein called MLL-
AF9. When the Children’s Hospital workers
genetically engineered granulocyte-
macrophage progenitor cells to produce
MLL-AF9 and transplanted the cells into
mice, they gave rise to a leukemia similar to
AML. Subsequent isolation of leukemia stem
cells from the mice showed that they resem-
bled the original granulocyte-macrophage
progenitors but had activated genes needed
for self-renewal,

Indeed, work published by the Clarke
team in the 12 June 1ssue of the Proceedings
of the National Academy of Sciences sug-
gests that stem cells ofa given type of cancer
may arise from different cells. For these

-

Staying alive. The PTEN tumor-suppressar gene was deleted from the blood-
forming cells of both mice. The mouse at top is near death due to the resulting
leukemia. But treatment with the drug rapamycin, which can compensate for
PTEN loss, kept the mouse at bottom healthy.

experiments, the researchers looked at colon
cancer stem cells obtained from four differ-
ent patients, There were “subtle differences”
in cancer stem cell characteristics from
patient to patient, says Clarke. “This sug-
pests that the cell of origin varies from
patient to patient.”

Despite the huge growth in the cancer
stem cell field, skeptics remain. One potential
problem is that virtually all the work has
involved transplanting human cancer cells
into immunodeficient mice. This has raised
concerns that the expenments do not accu-
rately reflect what happens during cancer
development in humans. Indeed, Andreas

NEWSFOCUS

Strasser and his colleagues at the Walter and
Eliza Hall Institute of Medical Research in
Melbourne, Australia, have recently chal-
lenged the idea that only rare cancer stem
cells can initate tumor formation,

Instead of using human leukemia cells,
these researchers worked with mice genen-
cally engineered 1o develop leukemia, When
they injected leukemic cells from these ani-
mals into genetically compatible healthy
mice, all the recipients developed leukemia,
even those injected with as few as 10 cells,

Strasser's team reported in the 20 July issue of

Science (p. 337). That could not have hap-
pened if only a tiny minority of tumor cells
had the ability w initiate tumor formation, as
the stem cell hvpothesis holds, Strasser says.
He suggests that the mouse doesn’t provide

the right environment for the growth of

human cancer cells, so that only a few man-
age to survive and multiply, thus creating a
lalse impression that umor-initiating cells
are rare. “Those data have been massively
overinterpreted” Strasser maintains.

Dick disagrees. He notes that the cancer
stem cell hypothesis resis on the prospective
isolation of distinct populations of tumor-
initiating and nomnitiating cells rather than

just on the rarity of cancer stem cells. Dick

points out that his team has re-created human
leukemias in mice by injecting the animals
with normal human blood-forming cells that
had been engineered to carry a fusion gene
known to make cells leukemic (Science,
27 Apnl, p. 600).

These animals, which are more compara-
ble to Strasser’s genetically engineered
mice, developed leukemias similar to those
seen in humans, and the frequency of tumor-
initiating cells was relatively high—one o
two i | 00—rather than the one in a million
seen in the early experiments. Other
researchers have reported similar results.
Dick suggests that different cancers will
vary in cancer stem cell frequency, depend-
ing on the particular oncogenic pathwiys
operating in the cells,

Although others share Strasser’s skepti-
cism about cancer stem cells and many uncer-
tainties remain, there is one sure bet. Given
the possible importance of cancer stem cells
as therapeutic targets, the Field will continue
to grow. And at least one skeptic has already
been convinced. Duke University's Rich says
that he came into the research hoping to dis-
prove the importance of cancer stem cells,
Now, he says, “we are very early in studying
cancer stem cells, but understanding them
may impact the way we diagnose and treat
patients in the near future.”

-JEAN MARX
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Another Threat to Borneo's Rainforests?

-

| WELCOME THE RECENT INITIATIVE BY THE GOVERNMENTS OF BRUNEI,
Indonesia, and Malaysia to commit to conserve the highly diverse
forests on the island of Borneo through the “Heart of Borneo™ initiative
(Last-gasp eflort to save Borneo's tropical rainforests.” Mews Focus,
13 Julv, p. 192). This 1s timely and hopefully will lead toward improved
conservation eflorts and more sustainable land use in this beleaguered
biodiversity hotspot.

However. large areas of Borneo are already under threat from a non-
that of open-cast coal mining. The mining giant
BHP Billiton plans to develop a number of coal-mining areas directly
within the Heart of Borneo (/). [Fthese vast surface nunes are allowed
to proceed. it may lead to a catastrophic destruction of pristine rainfor-

sustainable land use

est and associated loss of plant and animal species,

If efforts to allow countries with tropical forests to obtain carbon
credits from avoided deforestation come to fruition (2), the forests of
Borneo will have value in a different currency, that of their forest-
carbon stocks rather than the coal buried beneath them.

FRANCIS Q. BREARLEY

Department of Enviranmental and Geographical Sciences, Manchester Metropolitan University, Chester Street, Manchester

M1 5GD, UK. E-mail: f.q.breadey@mmu.ac.uk
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Ocean Acidification and
Scleractinian Corals
IN THEIR BREVIA “SCLERACTIMIAN CORAL

species survive and recover from decalcifica-
tion™ (30 March, p. 1811}, M. Fine and
D. Tchernov present an exciting experimental
approach documenting how coral skeletons
dissolve as a physiological response to in-
creased atmospheric CO,. a subject currently
at the height of public concern (7, 2). The fact
that these authors demonstrated that
species of living scleractinian corals could
lose their aragonitic skeletons, in response to
elevated CO,, and then continue o exist
perfectly well as soft-bodied polyps is a
confirmation of the ephemeral or “naked
coral™ hypothesis (3, ). This physiological

five
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response assists our understanding of the sur-
vival potential of corals afier mass extinctions
such as after the devastating one at the end-
Permian (.3). In addition, it explains the previ-
ously unexplained, geologically “sudden™
appearance of order Scleractinia in Middle
Triassic time, when geochemically perturbed
oceans returned to normal, Before this ume,
corals and reefs disappeared from the fossil
record Tor millions of years but may have con-
tinued to exist as “naked corals,” thus remain-
ing paleontologically “hidden™ from our view.

An important implication of this work is
the arbitrary and anificial nawre of the current
phvlogenetic classiticaton of scleractinian
corals and some anemones, Why should Order
Scleractinia be recognized on the basis of a
calcitied skeleton when essentially identical

SCIENCE

PERSPECTIVES

soft-bodied. anemone-like forms such as the
Corallimorpharia belong 1o another group?
Fine and Tchemov's decaleification exper-
iments may not be representative of all vari-
eties of corals. 1 suspect that zooxanthellate
reef-building species would have responded

very differently to the experiment because of

the complex nature of their photosymbiosis
{f5). Readers should not misconstrue this paper
as tacit validation that we need not be as con-
cermed about the growing problem of ocean
acidification with regard 1o corals and reefs,
GEORGE D. STANLEY JR.
University of Montana Paleontology Center, Department of

Geosciences, University of Montana, Missoula, MT 59812,
USA,
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STANLEY HIGHLIGHTS THE DUAL SIGNIFICANCE
of our findings: a confirmation of his naked
coral hypothesis (/) and a plavsible explana-
tion for the enigma of discontinuity in the geo-
logical record of coral reefs (2).

Stanley uses our findings to suggest that
scleractinians and noncaleilving species that
are typically elassified as a different order
{such as corallimorpharians) are probably one
clade. This is supported also by phylogenetic
studies using molecular tools ( 3), demonstrat-
ing that a clade of scleractinians is more
closely related to noncalcitving corallimor-
pharia than w another clade of scleractinians,

Stanley cnncizes our study for usimg two
Mediterranean coral species that he refers to
as “not representative.” Indeed. these are not
classic reef-building corals: however, we
doubt there is a definition of a “typical coral”
The evolution and basic physiology of the
studied species are indistinguishable from that
of ropical reef-building corals (4, 5). Over
495% of the colonies of the studied species are
symbiotic, suffering reduced growth, lower
competitive abilities, and reduced physiologi-
cal state when losing their endosymbiotic
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dinoflagellates (bleach) (4). Hence, there is no
reason to suspect that they have a different
photosymbiosis. as Stanley proposed. We
chose the studied species for their relatively
slow ealeification rate, a preferred condition
for our decaleification experiment.

We share Stanley’s concern that our find-
ings might be misinterpreted by the reader, as
the title suggests “survival” The last sentence
in our paper, however, clearly states that while
wee discovered physiological refugia for corals
under acidified conditions, coral reefs and
their services will be lost. Corals without car-
bonate skeleton do not provide protection from
predators to both the coral host and the numer-
ous species that are associated with it. So even
if corals survive acidifncation, reefs will not.

MAOZ FINE** AND DAN TCHERNOV??

Faculty of Life Sciences, Bar-llan University, Ramat-Gan
52900, lsrael. Department of Evolution, Systematics and
Ecology, The Hebrew University of Jerusalem, Givat Ram,
Jerusalem 91904, Israel. *The Interuniversity Institute for
Marine Sciences, Eilat BB103, krael.
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Trait or State?

IN THEIR REPORT "NUCLEUS ACCUMBENS
D2/3 receptors predict trait impulsivity and
cocaine reinforcement™ (2 March, p. 1267}, J.

W. Dallev ef el show that outbred rats display-
ing high behavioral impulsivity responded
more for intravenously administered cocaine
than less impulsive rats. What they termed
“trait impulsivity™ was defined as high levels
of anticipatory responding before presenta-
tion of'a brief light stimulus predictive of food
availability during a five-choice serial reac-
tion time task of sustained visual attention.
We offer the caveat that a “trait™ as usually
defined in biology refers to a heritable, mea-
surable atribute of an mdividual. Its use here
is an unfortunate choice of terminology, This
Report and many earlier studies demonsirai-
ing a correlation between locomotor activity
in a novel environment and subsequent
propensity to self~administer psychostimu-
lants (/) imply that the impulsivity (or high
activity) ol this subset of rats can be viewed as
an endophenotype (a hereditary charactenistic
that is normally associated with some condi-
tion but 15 not a direct symptom of that condi-
tion) of an inheritable risk for susceptibility 1o
drug abuse. Arguably, however, behavioral
differences between outbred high and Tow
responders might be due entirely 1o effects of
EnVIronment or past experience, not genotype.
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Indeed, exposure to the impulsivity task itself
might have caused subsequently observed
differences in D2/3 receptor availability or
cocaine self-administration. To date, there
15 little evidence that individual behavioral
differences in impulsivity or the activity
response in a novel apparatus can be cotrans-
mitted with tendency to self-administer a drug
to rat offspring. However, in mouse inbred
strains, both activity (2) and a similar measure
of impulsivity, ability to withold nose poking
{3). are clearly hentable. Furthermore. re-
sponse inhibition efficiency shared about
40% of genetic variance with the same strains’
consumption of ethanol solutions (7). Demon-
stration of coordinate genetic nfluence on
such traits as impulsivity or activity and drug
self-administration would be a simple matter
of two to three generations of selective
breeding, and would strengthen the relevance
of these studies w the human condition

considerably.
. JOHN C. CRABBE? AND

CHRISTOPHER L. CUNNINGHAM?

lPortland Alcohol Research Center, Department of
Behavioral Neuroscience, Oregon Health & Science
University, Portland, OR 97239, USA, *Research Service, VA
Medical Center, Portland, OR 97239, USA.
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OVERALL, WE WERE SOMEWHAT SURPRISED
by the wview expressed by Crabbe and
Cunningham that impulsivity might be due

entirely to the effects of environment or

past experience. Impulsivity as operationally
defined on the 3-choice serial reaction time
task is a highly specific behavioral characteris-
tic, which s actually orthogonal to the high
responder (HR) phenotvpe described by
Piazza and colleagues (f). It is, in fact, more
closely related to the form of inhibitory
response control deficit present in attention
deficithy peractivity disorder (ADHD) and
related psychopathology in humans, This is
relevant because avallable evidence suggests
that endophenotypes  linked to
response inhibition per se may indeed be heri-
table in humans (2). in line with recent con-
verging evidence from family, twin, and adop-

specific
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tion studies indicating a strong genetic compo-
nent o ADDHD (3). From these and other twin
studies, nonshared environmental components
of heritability are generally small, while
genetic components are normally much larger.
Indeed. it is becoming increasingly clear that
some environmental influences exert their
effects through genc-cnvironment interactions
either directly through a differential functional
response of a specific genotype to an environ-
mental stressor or via epigenctic modifications
of a DNA sequence motif or polymorphism
[e.z.. (4)]. Nevertheless, we do agree with
Crabbe and Cunningham that we cannot dis-
muss the effects of differential mothenng style
or other environmental variables without first
demonstrating through selective breeding and
subsequent cross-fostering experiments an
enrichment in impulsivity across successive
generations of rat offspring.

Finally. it is disappointing in our view that
Crabbe and Cunningham fail to focus on the
real sigmificance of our work in demonsirating
a potential causal relationship between impul-
sivity and vulnerability to cocaine-taking
based on a common neurobiological sub-
strate, not least a drug receptor target that has
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been extensively implicated in analogous
brain imaging studies in monkevs and humans
(.3, 6). Impulsivity and increased cocaine self-
administration may actually be related psy-
chological processes, for example, expressed
as an inability to bridge delays between future
rewarding events. Indeed. this hypothesis 15
clearly compatible with recent speculations
that D2/3 receptors in the ventral striatum
function o modulate distal versus proximal
rewards ( 7). 1t is precisely this type of study
that lies at the heart of the endophenotype
concept and s utility 1n deconstructing come
plex neuropsyvehiaric disorders (4).
JEFFREY W. DALLEY, BARRY ]. EVERITT,
TREVOR W. ROBBINS
Behavioral and Clinical Neuroscience Institute, Department

of Experimental Peychology, University of Cambridge,
Downing Street, Cambridge (B2 3EB, UK,
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Stepping Down from
the CIHR

| AM WRITING TO CLARIFY MY REASONS FOR
stepping down as president of the Canadian
Institutes  of Health Research (CIHR)
(“Weary,” Newsmakers. 13 July, p. 177). 1 am
not “worn out from battling community oppo-
sitton....”" Actually, 1 have quite emjoved and
appreciated the important discussions that the
CIHR wision has prompted. Such discussions
are necessary for transformative change. The
profound changes taking place in the style and
speed of health research and in the societies
that fund this research are prompting similar
discussions in every country that wishes to be
at the leading edge of health research,

[ am leaving simply because, after seven
and-one-halt yvears as CIHR's first president, |
have accomplished what | set out to do; estab-
lish a new natonal funding agency that funds
research across all aspects of health and dis-
=ase, which is strategic, focused on outcomes,

LETTERS

and based on peer-reviewed excellence in
research. Furthermore, CIHR s umique, cross-
Canada Institute structure s now well in
place. with 13 highly talented and commuitted
Scientific Directors. 13 Institute Advisory
Boards, and a strong senior management.
Finally, I have always felt that it’s not healthy
o be the head of an organization like CIHR
for more than seven to eight years: One tends
increasingly to look backward, not forward.
This is a good time for someone else o ake
the reins of CIHR.

ALAN BERNSTEIN

Canadian Institutes of Health Research, 410 Laurier Avenue
West, 9th Floor, Ottawa, ON K1A OW9, Canada.

CORRECTIONS AND CLARIFICATIONS

Table of Contents: (10 August. The floral image on page
709 was emroneously linked to the News Focus article “The
fellowship of the hobbit.” It should have been linked to
Browsings on page 754.

Newsmakers: "Digging for pride” (27 July, p. 435). The
credit for the photo accompanying this item was incorrect.
It should read “bosnianpyramid.com.”

News of the Week: “Conservationists and fishers face off
over Hawali's marine riches™ by €. Pala (20 July, p. 306). It
was suggested incorrectly that a right-to-fish bill was
passed in the Hawaii House of Representatives this year in
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reaction to a study by marine scientist Alan Friedlander on
marine protected areas. In fact, the bill was a reaction to
anather bill introduced in 2003 that would have set aside a
fifth of Hawaii s near-shore waters for conservation,

Perspectives: “Reassessing carbon sinks” by D. F. Baker
(22 June, p. 1708). In the “Ocean regions” and “Land
regions” columns at the bottom of the figure, the column
titles shauld be reversed. “Land regions” should be on the
left, and "Ocean regions” should be on the right. In line 4
of the figure caption, “1.5 Pg C” should be "0.15 Pg C."” The
auther’s affiliation should be Marine Chemistry and
Geochemistry Department, Woods Hole Oceanographic
Institution, Woods Hole, MA 02543, USA. E-mail: dib@
ucar.edu.

Reports: “Restriction of an extinct retrovirus by the human
TRIMS0x antiviral protein” by 5. M. Kaiser et al. (22 June,
p. 1756}, In the first two full sentences on page 1758, the
word “notably” was placed incomrectly. The sentences should
read, “However, changing the arginine to the ancestral glu-
tamine abolished the ability of human TRIM5o to efficiently
restrict PLERV 1 infectivity (Fig. 2B). Notably, the R3320
mutation had the opposite effect on HIV-1, improving the
ability of human TRIMSc to restrict this virus (15) (Fig, 28)."

Reports: “The vaccine adjuvant monophosphoryl lipid A as
a TRIF-biased agonist of TLR4™ by V. Mata-Haro et al. (15
June, p. 1628). On page 1629, in the 24th line of the first
full paragraph in the first column, the callout should have
been for figure 54 (not figure 53).

News Focus: “Food for thought” by A. Gibbons (15 June,
p. 1558}, In a hypothetical scene, manioc and potato were
suggested as possible tubers roasted and eaten by human

ancestors in Africa about 1.5 million years ago. However,
manioc and potatoes were domesticated in the New World
and did not reach Africa until much later. Yams are a more
likely menu item for ancient African Homo erectus,

Reports: “Replication of genome-wide association signals in
UK samples reveals risk loc for type 2 diabetes” by E. Zeggini
et al. {1 June, p. 1336). In the HTML version of this article, an
incorrect, expanded author list was initially included owing to
an error at Science, The print and PDF versions of the paper

had the correct author list. The HTML version has now been
corrected to match the print and PDF versions.

TECHNICAL COMMENT ABSTRACTS

CommenT on PaPErs by Evans et al, and
Mekel-Bobrov et al. on Evidence for
Positive Selection of MCPHT and
ASPM

Nicholas Timpson, Jon Heron,
George Davey Smith, Wolfgang Enard

Evans e of. and Mekel-Bobrov et al. (Reports, 9
September 2005, pp. 1717 and 1720, respectively) re-
ported that human genetic variants of Microcephalin
WCPHI) and abnarmal spindle-fike microcephaly associ-
afed (5P are under strong positive selection. We geno-
typed these vanants in 9000 children and find no mean-
ingful associations with brain size and various cognitive
measures, which indicates that contrary to previous spec-
ulation, ASP and MCPHI have not been selected for
brain-related sffects.

5841110364

Response To CommENTS by
Timpson et al. and Yu et al.

Nitzan Mekel-Bobrov and Bruce T. Lahn

The lack of association of the ASPM and MCPHI genes
with brain size or intelligence described by Timpson et al.
has been reported previously, including by our own
group. Moreover, as in most studies of selection, our
analyses were entirely independent of phenotypic associ-
ation. We also respond to the previously published com-
ment by Yu el al., which argued that ASPM has not under-
gone positive selection.

Full text at www.sciencemag.org/egifcontentfull3 17/
5841/1036b

Letters to the Editor

Discover your Biomarker

ENZYME PROFILING ARRAYS

Identify substrates
Profile substrate specificities

Annotated Substrate Peptides for

» Kinases (> 5000 peptides)

- Phosphatases (> 2000 phospho peptides)
« Proteases (> 2000 peptides)

Contact us now:

JPT Peptide Technologies GmbH
peptide@jpt.com | www.jpt.com
German Head Office USA/Canada

T +43-30-6392-7878 T 1-888-578-2660
F +49-30-6392-7888 F 1-888-573-2666

CUSTOM & PRE-DEFINED ARRAYS % EPITOPE DISCOVERY ARRAYS

Map antibody epitopes
Map immuno-dominant regions

Choose your technology format

~ Pep5tar™
= High Density (HD) Microarrays
- on glass slides
PepSpot™
» Medium Density (MD) Arrays
= on cellulose membranes
= in microplates

New: Random Compilation Arrays
Unbiased peptides compiled as set
of individual single peptides

JIPT isa DN EN 150 %001 : 2000 certified globally acting company

Profile patient samples systematically
for antibody signatures in

= Infectious diseases

= Allergies & autoimmune diseases
= Cancer and any known proteome

Accelerate developing vaccines

Access now:
Complete proteome-spanning
peptide arrays

Fast & highly flexible




CREDAT: 5T. MARY'S MOSMTAL MEDICAL SCHOOL/PHOTO RESEARC HE RS, INC

PHARMACOLOGY

Tales of the Wonder Drug

Nicolas Rasmussen

Crmin l]ll..':l[l.‘l"l.!l.!l..‘l'.‘\ m
1919 enjoved the premiere
of Das Wundermite! (The

Wonder Dyug), by popular play-

wright Ludwig Fulda. In it, one of

the main characters (a chenist) as

a prank announces the discovery of

a new medicine, “Mirakulin,” that

cures all illness, When he attempis

to retract his discovery claim and reveal the
game. he finds it is too late; his fame and for-
tune, and society’s faith i the drug, cannot be
so easily undone. Thus,
learns, the hope and expectation of such a mir-
acle drug 1s eternal. If he had not announced

Mirakulin, then someone else would have,

and so i every generation. One of the stories

with which Robert Bud opens Penicilfin, this
is a fitting place to begin the drama of that
drug. For with its ternfic efficacy against suit-

e tragicomically

able mbections and remarkably low profile of

harmtul effects at therapeutic doses, penicillin
remains the truest example of a wonder drug
ever produced by science.

Steeped in mythology, penicillin’s history
therefore involves much more than a chemical
entity less poisonous to humans than to cer-

tain bacteria. Penicillin 15 that chemical., of

course, but the drug also has served as an 1con
of scientific medicine, an emblem of the phar-
maceutical industry’s beneficence, and a
politically charged exemplar of good science.
For example. stories making London microbi-
ologist Alexander Fleming the genius of peni-
cillin’s discovery—as a contaminant in his
old Sraphiviococens cultures during the late
1920s5—have tended to support a tradition
of cuniosity-driven, individualistic science.
Stories contending that the lion's share of the
credit for penicillin belongs to the Oxford
group of Howard Florey have tended, in
contrast, o advocate increased state support
for large-scale. high-technology science in
Britan. This same perspective has ofien seen
penicillin as a sorry example of how British
science and industry have traditionally Failed
to cooperate, allowing Americans to “steal™
their national treasure. Meanwhile in postwar
America, where penicillin production by
pharmaceutical firms could not have occurred

The reviewer is in the School of History and Philosophy,
University of New South Wales, Sydney, NSW 2052,
Australia, E-mail: norasmussen@unsw. edu.au

WWwW.SCIeNncemagq.org

Penicillin
Triumph and Tragedy

by Robert Bud

Oxford University Press,
Oxford, 2007. 240 pp. S55,

. ISBN 97

without wartime rescarch by
lifie scientists working at the
U.S. Department of Agri-
culture and universities, the
wonder drug served as a key
arzument for Vannevar Bush
and others advocating that
govermnment science funding
should continue indefinitely,
The United States might never have estab-
lished its present svstem of
grant support for basic science
without it, as the atom bomb
was a considerably less im-
pressive symbaol of social ben-
efit from big science,

To capture the symbolic
dimension of penicillin, the
stories and rich associations
surrounding the miracle drug.
Bud (a historian of science at
the Science Museum, London)
borrows the concept of the
brand from marketing, Thus,
even though infectious dis-
eases had been in sharp de-
cline through preventative
public health measures for a
half-century betore the war, in
the postwar world the peni-
cillin “brand™ embodied scien-
tific medicine and captured all
credit for the conquest ol dis-
case. Henee the dissemination
of penicillin production facili-
ties became a key prionity of
the United Nations and the
nascent World Health Organization in the
late 19405, cementing cooperation in the
postwar international community with the
promise of a better future through science and
modem technology,

At one of these UN-funded facilities in
Rome in the 19505, Ernst Chain of the Oxford
group and collaborators from Beecham cor-
poration made the key breakthrough that led
to methicillin and the range of semisynthetic
beta-lactam antibiotics we have today. These
semisynthetics are also penicillins, and
stretching the brand concept rather thinly
for Bud so too (symbolically) are strepto-
mycin and the early broad-spectrum antibi-
otics such as terramycin and chlorampheni-
col, which the pharmaceuncal industry avidly

99254064,

SCIENCE VOL 317

=10]0]

ferreted from the soil, imitatng the penicillin
discovery even before the original was fully

tested. And this same symbolic power of

the penicillin brand, standing for salvation
through modern medicine. helps explain why
penicillin has been so widely overused in out-
patient practice, the prescniption for smitfles
totemically reinforcing doctor-patient rela-
tionships in aconvenient and time-saving way.

Bud argues that penicillin also ushered ina
new morality in medicine and healih, freeing
both patients and hospital staff from the ngor-
ous self-discipline of vaditional hygiene,
Muost spectacularly, virtually overnight peni-
cillim made syphilis an awkward nuwsance
rather than a dreaded scourge and heritable
taint. Infectious diseases in general lost their

Iconic plate. In 1928, Fleming found that secretions from the fungus
Penicillium notatum destroyed Stephylococcus colonies,

associations with moral laxity, becoming
mere inconveniences with a pharmacological
fix. This ascendance of technology as the
vehicle to health brought with it a nse in the
statws of drug firms and a decline in the stats
of doctors, whom patients came to regard less
as founts of wisdom than as conduts for plls.
And the technological fix of penicillin also
enabled a massive scale-up in factory farm-
ing. making gigantic feedlots and chicken bat-
teries that previously had been foiled by infec-
tious disease not just possible but economical.
Penicillin made the modern world, the book
basically argues: through it man escaped
ancient ecological constraints and reached for
total, rationalistic dominance of living nature.

But the magic potion turned out to have 1ts
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limits, in the evolution of resistant bacteria
encouraged by overly free antibiotic use. This
is the tragedy Bud linds in penicillins tri-
umphant history. The very success ofthe hero,
the penicillin brand. was its undoing. And
there is another element of tragedy, the
tragedy of the commons: The probably unnec-
essary prescription demanded by anxious par-
ents is more likely to benefit than harm their
child, but it surely harms the public health in
the long run by speeding that antibiotic’s
obsolescence. However, the penmicillin aura 1s
Finally changing. Bud believes, thanks in part
o public health efforts o rebrand antibiotics
from miracle cures to limited resources that
require stewardship, In an era that increas-
imgly assumes that seience and technology
bring costs with every benefit and rejects
rationalist fantasies of nature forever domi-
nated by one technological fix after another,
the promise that chemistry will always stay
ahead of bacterial evolution seems hollow. In
any event, prescription demand for anubiotics
appears to be declining in developed coun-
tries. IF our culture’s flagging trust in techno-
logical institutions like the drug industry
means that. after 40 vears, we finally heed
calls to limit antibiotic use in agriculture and
outpatient medicine. then this may be one
tragicomedy with a happy ending.
10.1126/cience, 1144953

ENTOMOLOGY
Pop Fly
May Berenbaum

n September 2004, the US.

House of Representatives

Committee on Resources con-
ducted a field hearing in San
Bernardino County, California, to
evaluate public support for main-
taining the endangered species
status of the Delhi Sands flower-
loving flv, Rbaphiomidas terminaris abdomi-
naliz, the only fly officially recogmized on
the LS, endangered species list, Proponents
of de-listing the species, who claimed that its
fiederal protection compromised major devel-
opment projects in the area, attended the hear-
ings carrying large flyswatters o emphasize
their point (/). Their use of that prop graphi-
cally illustrates the general public perception
problems faced by the msects collectively
known as flies. Although most people equate

Fly

by Steven Connor

The reviewer is at the Department of Entomology, 320
Morrill, University of Illincis, 505 South Goodwin,
Urbana, IL §1801=-3795, USA. E-mail: maybe@uiucedu

24 AUGUST 2007 VOL317 SCIENCE

“fly” with Musca domes-
fica—the house fly com-
monly associated with dung,
decompuosition, dirt, and dis-
case—the word technically
applies to over 120,000 spe-
cies that meet the entomolog-
ical definition: members of
the order Diptera, a tremen-
dously diverse collection of
species united by virtue of
possessing two, instead of
the typical four, wings in
their adult stage. Thus, the
order Diptery comprises not
Just the pestiferous house fly and its dung-
infesting relatives i the family Muscidae but
also members of 28 other families, which
include robber flies, fruit flies, crane flies, and
others even less familiar to the general public.

In Flv, Steven Connor undertakes the mon-
umental task of acquamting a prejudiced pub-
lic with the spectacular diversity of Diptera,
The book is a tour de force (or, for the pun-
inclined. a wur de Forcipomyia) of all manner
of flies through both scientific and culral
lenses. On the scientific side, thies in the broad
sense have played a key role in many of the
most important intellectual advances of the
past half-millennium, ncluding the debunking
of spontaneous generation, the identification
of insects as vectors of human diseases, and
the elucidation of the mechanics of mutation
and development. On the cultural side, while
familiarity in the case of the house fly has
certainly bred contempt, it has also, across the
centuries, produced a grudging
respect and affection. Flies have
been imbued with a spectacular
array of metaphorical mean-
ings, ranging from ephemeral-
ity to metamorphosis and resur-
rection to sexual lubneity, in
virtually every form of human
expression,

Connor, a professor of mod-
ern literature and theory at Birkbeck College,
London, not surprisingly devotes a majority of
pages to cultural aspects of flies. The book is
organized around metaphorical themes, with
science interwoven among histoncal refer-
ences spanning 3000 yvears and cultural refer-
ences involving almost every continent. The
illustrations are an unremitting delight—the
author has done a fantastic job of hunting
down images of all manner of flies in all man-
ner of media. Turning the page might reveal a
flv as portraved n an ancient artifact, a 17th-
century stll life, a close-up photograph, or a
poster of a 19350s science-fiction film.

Although the science is present. the book

domestica.

Disease carrier. The house fly, Musca

may have benefited from
more rigorous scientfic
review. At times, the author
plays a bit loose with
the definition of “fly"
such that in places the
flies under discussion,
although perhaps consid-
ered to be flies prior o
| Sth-century classifica-
tion schemes, today are
classified in entirely dif-
ferent orders (e.g., may-
flies, inthe order Ephemer-
optera, and agents of
“phthiriasis, or lousy disease.” in the order
Phthiraptera). As seems inevitable in popular
books about insects, some scientific names
are misspelled. For example, John Curtis’s
illustration was of Tabanus alpinus, not
Tabines alpines, although today itis known as
Aivlotus frfvees (23, A 1740 1llustration by
August Johann Roesel von Rosenhol s pre-
sented to show that “some flies have a fond-
ness for the sweet nectar of flowers.” despite
the fact that the flower depicted is a
stapeliad, a group best known for attracting
flies with a nauseating stench resembling the
odor of rotting esh. As well, the author
interprets a late 19th century advertising
image “showing a baby frolicking among
Mies™ as suggesting that “{lies acquired their
fearsome reputation relatively recently” The
Fact that the “Mies™ in the image clearly have
four wings (including two colorful elytra)
indicates that the baby is likely frolicking
with ladvbeetles, which have long enjoved
popular approbation.

These criticisms are minor { mere fly-
specks. as it were). Flv isa joy to read, and
it will particularly appeal to entomologists
who have a stake in correcting mispercep-
tions about one of the largest orders of ani-
mals, The “timeline of the fly™ at the end of
the book dramatically illustrates the abid-
ing impact these insects have had on human
affairs. For the record, the Delhi Sands
flower-loving fly remains on the federal
endangered species list: Richard Pombo,
among the architects of the congressional
field hearing to undermine its protected
status, was voted out of office on 7
November 2006,
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SOCIAL SCIENCE

Sacred Barriers to
Conflict Resolution

Scott Atran,' Robert Axelrod,? Richard Davis?

fTorts to resolve political conflicts or

to counter political violence often

assume that adversaries make rational
choices (). Ever since the end of the Second
World War, “rational actor” models have dom-
inated strategic thinking at all levels of gov-
ernment policy (2) and military planmng (3).
In the confrontations between nation states,
and especially during the Cold War, these
models were arguably usetul in anticipating
an array of challenges and in stabilizing world
peace enough to prevent nuclear war. Now,
however, we are witnessing “devoted actors”
such as suicide terronsts (4), who are willing
to make extreme sacrifices that are independ-
ent of, or all out of proportion o, likely
prospects of success. Nowhere is this issue
more pressing than in the Israeli-Palestinian
dispute (3). The reality of extreme behaviors
and intractability of political conflicts there
and discord elsewhere—in the Balkans,
Kashmir, Sri Lanka, and beyond—warrant
research imto the nature and depth of commit-
ment to sacred values.

Sacred Values

Sacred values differ from matenal or instru-
mental ones by incorporating moral beliefs
that drive action in ways dissociated from
prospects for success. Across the world, peo-
ple believe that devotion to core values (such
as the welfare of their family and country or
their commitment to religion, honor, and jus-
tice) 15, or ought to be, absolute and inviolable.
Such values outweigh other values, particu-
larly economic ones (7).

To say thar sacred values are protected
from trade-offs with economic values does
not mean that they are immune from all mate-
rial considerations, Devotion to some core
values, such as children’s well-being ( 7) or the
zood of the community (&), or even to a sense
of fairness (V). may represent universal re-
sponses to long-term evolutionary strategies

LCNRS—Institut Jean Nicod, 29 rue d'Ulm, 75005 Parts,
France; University of Michigan, Ann Arbaor, MI; and Johin Jay
College of Criminal Justice, New York, NY, USA; e-mail:
satran @umich. edu, *University of Michigan, Ann Arbor, W
48109, USA; e-mail: axe@umich.edu. *ATI International,
3040 Comwallis Road, Research Triangle Park, NC 27709,
and ARTIS Research and Risk Modeling, Washington, DC,

USA; e=-mail: richdavis@rti.org.

checkpoint separating the West Bank from lsrael.

that go bevond short-term individual calcula-
tions of self-interest, yet advance individual
interests in the aggregate and long run. Other
such values are clearly specific to particular
societies and historical contingencies, such as
the sacred status of cows in Hindu culture or
the sacred status of Jerusalem in Judaism,
Chnstanity, and Islam. Sometimes, as with
cows (/1) or forests (/£ ), the sacred may repre-
sent accumulated matenal wisdom of genera-
tions in resisting individual urges to gain an
immediate advantage of meat or firewood for
the long-term benefits of renewable sources of
energy and sustenance, Political leaders often
appeal to sacred values as a way of reducing
“transaction costs™ (/2) in mobilizing their
constituents to action and as a least-cost
method of enforcing their policy goals (1 3),
Mauers of principle or “sacred honor,”
when enforced 1o a degree far out of propor-
tion to any individual or immediate material
payoll, are often seen as defining “who we
are” Alter the end of the Vietnam War., succes-
sive ULS. administrations resisted Hanoi's
elfonts at reconciliation until Hanoi accounted
for the fate of US. soldiers missing in action
(14). Granted, the issue was initally entwined
with rational considerations of balance of
power at the policy-making level: The United
States did not want to get too close to Hanoi
and soannoy Beijing (a more powerful strategic

W

Resolution of quarrels arising from conflicting
sacred values, as in the Middle East, may
require concessions that acknowledge the
opposition’s core concerns.

ally against the Soviet Union). But popular
support for the administration™s position,
especially among veterans, was a heartfelt
concern For “our boys,” regardless of numbers
OF SCONOMIC CONSEqUENces.

The “who we are™ aspect 15 often hard for
members of different cultures to understand:
however. understanding and acknowledging
others” values may help to avoid or to resolve
the hardest of conflicts, For example, at the

peaceful implementation of the occupation of

Japanin 1945, the American government real-
ized that preserving. and even signaling
respect for, the emperor might lessen the like-
lihood that Japanese would fight to the death
to save him (/3.

Symbolic Concessions

Our research team has measured emotional
outrage and propensity for violence in
response to peace deals invelving com-
promises over issues integral to the Israeli-
Palestinian conflict with Israeli settlers,
Palestimian refugees, and Hamas versus non-
Hamas students. Our proposed compromises
were exchanging land for peace, sovereignty
over Jerusalem, the right of Palestinian
refugees to return to thewr former lands and
homes inside Israel, and recognition of the
validity of the adversary’s own sacred values
(f). We found that the use of matenial incen-
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tives to promote the peaceful resolution of

palitical and cultural conflicts may backfire
when adversaries treat contested 1ssues as
sacred values. Symbolie concessions of no
apparent material benefit may be key in help-
ing to solve seemingly intractable conflicts.

These results correspond to the histonical
sense of experts. One senior member of the
Mational Security Council responded recently
(16), “This seems right. On the settlers [who
were 1o be removed from Gaza], Sharon real-
ized too late that he shouldn’t have berated
them about wasting Israels money and endan-
gering soldiers” lives. Sharon told me that he
realized now that he should have made a sym-
bolic concession and called them Zionist
heroes making yet another sacrifice.”

As further illustration that sacred values
can be at the heart of deep-seated political dis-
putes, Isaac Ben Israel, a former Israch Aar
Force general who currently heads his coun-
trv’s space agency, told us: “Israel recognizes
that the [Hamas-led] Palestinian government
is stll completely focused onwhat it considers
to be its essential principles. ... For Hamas. a
refusal w utter the simple words “We recog-
nize Israel’s right to exist” 1s clearly an essen-
tial part of their core values, Why else would
they suffer the international boyeott ... and let
their own government workers go without pay,
their people go hungry, and their leaders
risk assassination?” Ghazi Hamad, a Hamas
leader and then-spokesman for the Palestinian
government, wold us: “In principle, we have no
problem with a Palestinian state encompass-
ing all of our lands within the 1967 borders.
But let Israel apologize for our tragedy in
1943, and then we can talk about negotiating
over our right of return to historie Palestine.”
In rational-choice models of decision-
making, something as intangible as an apol-
ogy could not stand in the way of peace.

Apologies may not be so much deal-makers
in themselves as facilitators for political
compromise that may also involve material
transactions. At its founding in 1948, Israel
was in dire economic straits (/7). But Israel
and the World Jewish Congress refused
to demand compensation directly from Ger-
many for the property of murdered European
Jews, Israel insisted that before any money
could be considered, Germany must publicly
declare contrition for the murder and suffering
of Jews at German hands,

An ranian scholar and former top diplomat
remarked recently that “symbolic statements
are important if sincere, [and] without reser-
vation. In 2000, [then-Secretary of State
Madeleine] Albright seemed w apologize to
[ran for past offenses but then said [in a memo-
randumy] “despite the trend towards democracy,
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control over the military, judiciary, courts and
police remain in unelected hands.” Our leader-
ship mterpreted this as a call for acoup™ (f8).

Recent Discussions
We went to the Middle East in February 2007
to directly probe 1ssues of matenal trade-offs
and symbolic concessions with leaders of the
major parties to the Israel-Palestine dispute.
We asked 14 interviewees in Syria, Palestine,
and lsrael to verify statements for citation, No
off-the-record statements contradicted these.
Responses were consistent with our previ-
ous findings (/). with one important differ-
ence. Previously, people with sacred values
had responded “No™ o the proposed trade-ofT;
“No™ accompanied by emotional outrage and

increased support for violence to the trade-oft

coupled with a substantial and credible mate-
rial ncentive: and *Yes. perhaps™ to trade-offs
that also involve syvmbaolic concessions (of no
material benefit) from the other side. Leaders
responded in the same way, except that the
symbolic concession was not enough i itself,
butonly a necessary condition to opening seri-
ous negotiations involving material issues as
well. For example, Musa Abu Marzouk ( for-
mer chairman, and current deputy chairman,
of Hamas) said “Nao™ to a trade-ofl” for peace
without granting a right of return: a more
emphatic “No. we do not sell ourselves for any
amount.” when given a trade-off with a sub-
stantial material incentive (credible offering

of substantial ULS. aid for the rebuilding of

Palestinian nfrastructure); but *Yes, an apol-
ogy Is important, but only as a begimning. It’s
not enough, because our houses and land were
taken away from us and something has to be
done about that.”

Sinularly, Binvamin Netanyahu {former
[sraeli prime minister and current opposition
leader in parliament) responded to our ques-
tion, “Would you seriously consider aceepting
a two-state solution Following the 1967 bor-
ders if all major Palestinian factions, includ-
ing Hamas, were to recognize the right of the
Jewish people to an independent state in
the region” with the answer: “Yes. but the
Palestimians would have wo show that they sin-
cerely mean it, change their textbooks and
anti-Semitic characterizations and then allow
some border adjustments so that Ben Gurion
[Airport] would be out of range of shoulder-
fired missiles.”

For Israel s former chief hostage negotia-
tor, Arel Meran, "Trusting the adversary’s
intentions is critical to negotiations, which
have no chance unless both sides believe the
other’s willingness o recognize its existential
concems.” Indeed. recognition of some “exis-
tential values™ may change other values into

material concerns, e.g.. “since the PLOs[Pale-
stine Liberation Organization’s] recognition
of Israel. most Israelis no longer see rule over
the West Bank as existential™ (/¥).

We urgently need more scientific research
to inform better policy choices. Our findings
about sacred values suggest that there may be
fewer differences than are publicly acknowl-
edged in the material trade-ofts that “moder-
ate” and “radical” leaders in Palestine, Israel,
and elsewhere may be willing 1w make.
Overcoming moral barriers to symbaolic con-
cesstons and their emotional underpinnings
may pose more of a challenge but also offer
greater opportunities for breakthroughs to
peace than hitherto realized.
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A Bacterial Pathogen

Sees the Light

John T. M. Kennis and Sean Crosson

ight, a nearly ubiquitous environmen-

tal signal, regulates myriad develop-

mental and behavioral responses in
plant, fungal, bactenal, and animal cells,
Photosensitive proteins abound in the bacter-
ial kingdom, but their cellular functions often
remain a mystery. On page 1090 in this issue,
Swanz ef al. (1) identify a functional role for a
new type of light sensor in bactena—Ilight,
oxyeen, or voltage (LOV) histidine kinase. In
the notorious pathogen Bracella abortus, hight
increases the enzymatic activity ol this Kinase,
which, remarkably, mcreases virulence of the
bacterium. Related LOV histudine kinases are
conserved across a range of bacterial taxa,
suggesting that this virulence pathway could
be one of many new photosensory pathways
regulating bacterial physiology.

LOV domains belong to the PAS (Per-
Arnt-Sim) protein domain superfamily (2),
and were tially described as the hght-
absorbing region in plant serine-threonine
kinases known as phototropins (3). A compact
protein module of ~ 1 10 amino acids, the LOV
domain is rendered sensitive to blue light
through a noncovalently bound flavin cofac-
tor. Upon absorbing a blue photon, the flavin
cotactor forms a covalent bond with a con-
served cysteine residue in the LOV domain
{4-&). This event triggers a conformational
change within the LOV domain that commu-
nicates photon detection to regions outside the
domain’s core (¥, /(). This umque signaling
mechanism underhies several well-known
photomorphogenic and circadian responses in
plants and fungi (3, /1)

Flavin-binding LOV domains are broadly
distributed across the plant, fungal, and bac-
terial kingdoms (/2, /3), and thus, serve as
evolutionarily conserved sensory modules,
Because they are fused 1o a range of “out-
put” domains including bacterial diguany-
late cyelases and phosphodiesterases, zine-
Finger transcription factors, and histidine
kinases, this flavin-binding protein fold pro-
vides a means for the light environment to

]. T. M. Eennis is in the Biophysics Department, Faculty of
sciences, Vrije Universiteit, 1081HV Amsterdam,
Netherlands. 5. Crosson is in the Department of
Biochemistry and Molecular Biology, The University of
Chicago, Chicago, IL 60637, USA. E-mail: j.kennisg@
fewvu.nl, scrosson@udhicago.edu

Brucello abortus

Infection

In dark conditions...

...bacteria do not proliferate

An unusual photosensitive kinase is discovered
in bacteria, where it increases virulence in
response to light.

Bacterial LOV kinase (light sensor)
FLAVIN COFACTOR

Photoactivated LOV kinase increases virulence

Infectious light. Infection of cells by the pathogenic bacterium B. abortus is accentuated by visible light,
Absorption of light by a photasensory histidine kinase causes a change of its chemical and physical proper-

ties that increases virulence.

control a wide range of cellular phenomena,

Surprisingly, many bacterial species thal
encode LOV domains in their genomes are
nonpigmented heterotrophs (2, £3) with no
known or anticipated response to visible light.
What, then, 1s the function of this widely dis-
tributed light-sensing domain in these species
[LOV domains are encoded in 16% of se-
quenced bacterial genomes (/3)]7 A particu-
larly intriguing family of bacterial LOV pro-
teins is the LOV histidine kinases. Histidine
kinases, along with a response regulator family
of proteins, form the two-component signaling
systems that constitute the predominant mode
of signal ransduction in bacteria (/4).

Swartz er al. show that light increases the

enzymatic (autophosphorylation) activity of

a Brucella LOV histidine kinase (see the fig-
ure). Strikingly, they demonstrate that visible
light increases the virulence of B. abortusina
macrophage infection model: Wild-type
Brucella is 10 times more virulent after
exposure to visible light than bacteria that
were never exposed to light. Deletion of the
gene encoding LOV Kinase from Brucella
abolished this light-mediated virulence
response, reducing bacterial proliferation in
light-exposed macrophage cells to the level
observed in the dark, These results provide a
clear link between B. aborins LOV histidine
kinase and the light-induced increase in viru-

lence. Moreover, mutagenesis of the con-
served cysteine in the LOV domain abolished
the light response. demonstrating that cys-
teinyl-lavin bond formation in the LOV
domain is necessary for light-mediated viru-
lence. The result of Swartz and colleagues
suggests that upon gjection from an infected
animal host, sunlight acts as an environmen-
tal signal that increases the virulence of B,
ahortis. Thus, exposure to visible radiation in
natural reservoirs outside the host could
increase the likelihood of infecting another
host.

In addition, Swarte ¢f af. demonstrate that
light regulates histidine Kinase activity across
multiple bacterial taxa. By cloning, express-
ing, and purifying LOV histidine Kinases from
Bruicelfa as well as from the plant pathogen
Prewdomonas svringae and the marine bac-
terium Ervifirobacter litoralis. the authors
show that each species of LOV histidine
kinase exhibits canonical LOV domain photo-
chemistry as well as light-driven autophos-
phorylation activity.

The study raises many important questions
in what promises to become an important new
field of bacterial photobiology. For instance,
what are the functions of LOV histidine
kinases in other species? What are the down-
stream signaling pariners of these photosen-
sors? How does activation of B. aborms LOV
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histidine kinase increase virulence? And
mechanistically, how does absorption of pho-
tons by the LOV sensory domain trigger enzy-
matic activity?

Although high-resolution structures are
available for a number of histidine kinase
domains, it 1s not known how signal informa-
tion is communicated from the sensor domain
to the kinase domain. and how autophospho-
rvlation is initiated. Because of the pho-
tochromic properties of LOV domains ( /),
LOV histidine kinase activity can be switched
between active and inactive states by a simple
pulse of light, permitting one to monitor the
transition between the ground state and the
signaling state. In this way, the light-driven
structural changes initiated in the LOV
domain that finally result in Kinase phos-

phorylation can be assessed in real time.
Moreover, by combining microscopy with
microfocused laser excitation, intracellular
signaling processes involving a LOV hist-
dine kinase and its signaling partners can be
followed in a single bacterial cell. Certainly,
LOV histidine Kinases are poised 1o enable a
deep understanding ol key processes in signal
transduction at both the molecular and
cellular levels.
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ECONOMICS

Money lllusion and the Market

Jean-Robert Tyran

magine a consumer who discovers o

his surprise that the money in his bank

account and his salary have doubled
overnight. Now suppose that all prices
have also doubled overnight. Will this
consumer be happy about being awash
with money? Will he feel richer today and
buy more or different goods than he did
vesterday”? Notaccording to standard eco-
nomic theory. After all, he has w work the
same number of minutes to buy. say. a loaf
of bread and can therefore afford o buy
exactly the same set of goods as he did
vesterday. In short, the boost in purely
“nominal” terms (which inflates all mon-
etary values by the same factor) should
not affect behavior because nothing has
changed in “real” terms (i.e. when wking
this inflation properly into account),

This is the textbook example that
economists use to explain the standard
assumption that economic agents are free
from money illusion, i.e.. that they think about
economic transactions exclusively in real
terms. But now imagine a situation in which
all prices increase by 3.1% and nominal
wages increase by, for example, 2.3% over |
vear. Do people behave the same way in this
situation as in the effectively equivalent case
when their nominal wages fall by about 0.8%

Theauthaor is in the Department of Economics, University of
Copenhagen, Studiestrede &, DK-1455 Copenhagen,
Denmark. E-mail: jean-roberttyran@econ.ku.dk
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at constant prices? Or do some people per-
ceive these two situatons differently because
of different nominal representations?

Despite increasing evidence that thinking
in nominal terms is common and that purely
nominal changes can atfect individual choices
(1. 2). economists have only started to under-
stand when and how money illusion affects
market outcomes. Economists often claim
that learning and market forces eliminate dis-
tortions from money illusion at the market
level iF irrational agents are swiftly selected
out of the market (e.g.. because they go bank-
rupt) or if rational agents can effectively take

Individuals often pay more attention to price
tags than to real value. Evidence shows that this
may also have important effects on markets.

advantage of irmtional behavior, Yer,
recent evidence. from both the experi-
mental laboratory and the field, sug-
gests that money illusion can affect
market outcomes.

An intriguing example comes from
the housing market. Housing prices
have reached unprecedented heights in
recent years in several countries. Sharp
run-ups followed by busts are a com-
mon feature of housing prices. Re-
cently, Brunnermeier and Julliard pro-
posed that a particular type of money
illusion, which results from conlusing
nominal and real interest rates, could
explain such “housing frenzies™ (7).
They found that falling nominal interest
rates and inflation increased housing
prices, and vice versa, even when con-
trolling for other factors that affect real
housing prices such as construction cosis,
housing quality, property taxes, demograph-
ics, and general economic conditions,

The reasoning for this result is as follows,
When inflation is low, monthly nominal
interest payments on mortgages are low com-
pared to the rent on a similar house. Because
houses seem cheap, illusion-prone investors
entering the market tend to buy rather than
rent and cause an upward pressure on hous-
g prices when inflation declines. How-
ever, decreasing inflation not only reduces
entranis’ current payments on the morigage
but also increases the real cost of future mort-
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sage payments, Investors who base their
decisions on the salient low nominal mort-
gage payments, but ignore the less-visible
effect of inflation on the future real mortgage
cost, are prone to an illusion. Ina sense, these
investors act like a person who thinks that a
car is cheaper if the down-payment s spread
over 4 years rather than 2 yvears because
the monthly payments are lower. Some
researchers have suggested that a similar
relationship between inflation and real asset
prices exists in the stock market. and have
proposed money illusion as a cause (4, 3).

Experimental swdies by Fehr and I on mar-
kets with competition among a small number
of price-senting firms show that money illu-
sion can have pronounced effects on market
prices (6, 7). Decision-makers are presented
with either real or nominal information on
profits under otherwise identical conditions to
test whether money illusion is induced by a
framing effect (i.e., by inflatung all nominal
values) (/, &) Money illusion has strong
effects on market prices when rational agents
have incentives to “follow the crowd” but only
minor effects il ratonal agents have incentives
to "go against the tde™ (V).

One of our studies finds that money illu-
sion can cause a sluggish reduction of nomi-
nal prices in response to a monetary contrac-
tion (i.e.. deflation of all nominal values) (4),

These sluggish downward nominal prices
may be the result of what economists call
“nominal loss aversion™ if lirms are reluctant
to cut prices to avoid lower nominal profits
associated with lower price levels. This stems
from an interaction of money illusion and
“loss aversion,” which 1s a tendency for losses
to loom larger in people’s minds than corre-
sponding gains. Several Neld studies have
shown that real wage cuts are more common
when inflation is positive rather than zero [see
{411y for a review]. This finding 1s consistent
with nominal loss aversion because emplovers
san cut real wages despite increasing nominal
wages in an imflationary environment. but
nominal wages must fall o cut real wages
with zero inflation. Earlier work showed that
nominal loss aversion also affects portfolio
choices in laboratory experiments ([ /) and
seems o be an important factor in housing
markets, Residential home owners seem to be
more reluctant to sell a house at a real loss if
this is associated with a nominal loss rather
than masked by a nominal gain (/2).

There are complications, however. Re-
searchers cannot directly observe money illu-
sion but can only indirectly infer its effects.
Evidence consistent with money illusion may
also be consistent with alternative accounts,
ivolving fully rational agents. Laboratory
work can convineingly rule out such alterna-

PERSPECTIVES

tive accounts, but laboratory economies tend
to be simple. Conversely, field data are rich.
but the relevance of alternative accounts is
often open o debate.

Given that both modes of research have
their advantages and limitations, they ought to
mspire each other. For example. experimental
evidence on the effects of money illusion in
competitive asset markets (e.g., stock mar-

kets) would strengthen the interpretation of

field evidence. Conversely, field studies on
the relevance of incentives to “follow the
crowd” identified in the laboratwory would be a
step forward in understanding when money
illusion matters in markets,
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The Threatened Brain

Stephen Maren

he world is a dangerous place. Every

day we face a variety of threats, from

careening automobiles to stock market
downturns, Arguably, one of the most impor-
tant functions of the brain and nervous system
is to evaluate threats in the environment and
then coordinate appropriate behavioral re-
sponses to avold or mitigate harm,

Imminent threats and remote threats
produce different behavioral responses, and
many animal studies suggest that the brain
systems that organize defensive behaviors
differ accordingly (). On page 1079 of this
issue, Mobbs and colleagues make an impor-
tant advance by showing that different neural
circuits in the human brain are engaged by dis-
tal and proximal threats, and that activation of

The author is in the Department of Psychology and
Meuroscience Program, University of Michigan, Ann Arbor,

M1 48109, USA. E-mail: maren @umich.edu

these brain areas correlates with the subjective
experience of fear elicited by the threat (2). By
pinpointing these specific brain circuits, we
may gain a better understanding of the neural
mechanisms underlving pathological fear,
such as chronie anxiety and panic disorders.
To assess responses o threat in humans,
Mobbs and colleagues developed a computer-
ized virual maze in which subjects are chased
and potentially captured by an “intelligent™
predator. Dunng the task, which was conducted
during high-resolution functional magnetic
resonance imaging (IMRI) of cerebral blood
flow (which reflects neuronal activity), subjects
manipulated a keyboard in an attempt 1o evade
the predator. Although the virtual predator
appeared quite innocuous (it was a small red
circle), it could cause pain (low- or high-inten-
sity electric shock o the hand) if escape was
unsuccessiul. Brain activation in response o
the predatory threat was assessed relative to

The human brain’s distinct reactions to
distant dangers and nearby threats may
be deregulated in anxiety disorders.

yoked trials in which subjects mimicked the
trajectories of former chases, but without a
predator or the threat of an electne shock.
Before each trial, subjects were warned of the
contingency (low. high, or no shock). Hence.

neural responses evoked by the anticipation of
pain could be assessed at various levels of

threat imminence not only before the chase, but
also during the chase when the predator was
either distant from or close o the subject.

How does brain activity vary as a function
of the proximity of a virtual predator and the
severity of pain it inflicts? When subjects were
warned that the chase was set to commence,
blood oxygenation level-dependent {BOLD)
responses (as determuned by IMRI) increased
in frontal cortical regions, including the ante-
rior cingulate cortex. orbitofrontal cortex. and
ventromedial prefrontal cortex. This may
reflect threat detection and subsequent action
planning to navigate the forthcoming chase.
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Topography of fear. As a predatory threat approaches, neural activity in the human brain shifts from the torebrain to

the midbrain.

Once the chase commenced (independent of
high- or low-shock trials), BOLD signals
increased in the cerebellum and periaqueduc-
tal gray. Activation of the latter region is
notable, as it is implicated in organizing
defensive responses in animals o natural and
artificial predators (3. 4). Surprisingly, this
phase of the session was associated with
decreased activity in the amygdala and ventro-
medial prefrontal cortex. The decrease in
amyvedala activity is not expected, insofar as
cues that predict threat and unpredictable
threats activate the amvedala (5, 6),

However, activity in these brain regions
varned considerably according to the proximity
of the virtual predator and the shock magni-
tude associated with the predator on a given
trial (see the figure). When the predator was
remote, blood flow increased in the venirome-
dial prefrontal cortex and lateral amygdala,
This effect was more robust when the predator
predicted a mild shock. In contrast, close prox-
imity of a predator shifted the BOLD signal
from these areas to the central amygdala and
periaqueductal gray, and this was most pro-
nounced when the predator predicted an
intense shock. Hence, the prefrontal cortex and
lateral amygdala were strongly activated when
the level of threat was low, and this activation
shifted to the central amyvedala and periaque-
ductal gray when the threat level was high.

The shift in neural activity from the fore-
brain to the midbrain may reflect increases in
fear as the predator approaches. In support of
this view, Mobbs er al. also showed that
BOLD signals in the periaqueductal gray and
the nearby dorsal raphe nucleus were highly
correlated with the degree to which subjects

?

Central amygdala

feared the predator and how confident they
were that they could escape. In animals. simi-

lar variations in fear define the topography of

behavior along a “predatory imnminence con-
tinuum”™ (7). According to this view, the pre-
frontal cortex and lateral amygdala may coor-
dinate behavior({such as avordance ) in the face
of a distal threat, whereas the central amyg-
dala and periaqueductal gray may coordinate
defensive responses (such as freezing) when
threat is imminent (&), Forebrain systems
engaged by a remote predator may even
inhibit midbrain defense svstems to promote
escape behavior. Indeed, when escape fails
and capture becomes mevitable {when control
15 lost). prefrontal inhibition of amygdala
activity { ¥) and mudbrain defense circuits may
be released to shift behavior into a defensive
mode (/11). Although Mobbs et al. show that
subjects were motivated to escape the virtual
predator, it would be of interest o know
whether the brain activation patterns they
observed predicted fear responses (such as
sweating or tachyveardia) during the task.

The majority of IMRI studies investigating
the neural substrates of aversive emotions—
including fear—have used tasks in which the
imminence of the threat does not vary. or
varies in a way that would elude detection ina
neuroimaging study (/). For example, many
studies have used Pavlovian fear conditioning
procedures, in which a conditioned stimulus is
paired with an aversive event (shock. loud
noise, or a fear-evoking image). In this situa-
tion. the imminence of the aversive outcome
does not vary, at least in a spatial domain,
when the conditioned stimulus is presented.
Although imminence might vary during the

Y
Defense

conditioned stimulus as the uncondi-
tioned stimulus approaches in time.
modern MRI techniques cannot
resolve brain acoivity during the short
conditioned samuli (2 to 4 5) typically
used in these experiments. None-
theless, these approaches have identi-
fied brain responses to stimuli that
predict aversive outcomes, and activa-
tion of the amygdala also figures
prominently in this response ({21 5).

What do the findings tell us about
human anxiety and panic? As the
imminence of a threat increases. the
successive activation of neural circunts
in the forebrain and midbrain may
yield qualitative changes in the subjec-

tive expenience of fear: Activation of

the prefrontal cortex by distal, unpre-
dictable threats might foster anxiety,
whereas activation of the periaqueduc-
tal gray by proximal threats that predict
pain may fuel panic. Dysfunction in
these circuits is therefore likely to vield a vari-
ety of chronic anxiety disorders (/6-15).
Indeed decoupling of the midbrain periaque-
ductal gray from cortical-amygdalowd regula-
tion may contribute to panic disorder, which is
characterized by intense somatic and auto-
nomic fear responses to stimuli or situations
that pose no immediate threat, Mobbs and col-
leagues have now set the stage for future
efforts to explore this intriguing possibility in
patients with anxiety disorders,
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Crowds of Syntaxins

Stephen H. White

n the 19705, Frye and Edidin (/) demon-

strated two-dimensional diffusion of fluo-

rescently labeled surface antigens in the
plasma membranes of fused mouse and
human cells. This observation led to the idea
that membranes are a mosaic composed of a
fTuid lipid bilaver with embedded membrane
proteins, which diffuse freely in the plane of
the bilayer (2—4). This concept received early
support from measurements of the diffusion
of rhodopsin molecules in the rod outer seg-
ment photoreceptors of the eye (5). But ques-
tions soon arose about restriction of protein
maobility as a result of protein-protein interac-
trons or attachment of membrane protemns o
other cell components (6). The guestions have
not abated, as evidenced by the debates about
partitioning of selected proteins into lipid rafis
i 7, &) and restriction of membrane protein
maobility by submicrometer compartments in
the cell membrane (¥, 1),

On page 1072 of this issue, Sieber. Lang,
and co-workers (/1) refreshingly turn our
attention back to the problem of simple dif-
fusion and clustering of proteins in fuid
membranes. They show that the cluster-
ing of syntaxin 1 in the plasma mem-
brane of neuroendocrine PC12 cells
{/2) can be described by a simple
physical model. The work is partic-
ularly notable because of the importance
of syntaxin 1 in the docking and fusion of
secretory vesicles to allow external release of
their contents (exocviosis),

Syntaxins are members of the SNARE
(13) famuly of proteins that mediate mem-
brane fusion events associated with intracellu-
lar membrane traiTicking (/4). All SNARE
proteins contain highly conserved heptad-
repeat amino acid sequences that readily form
coiled-coil structures that link secretory vesi-
cles o target membranes during fusion, The
active link structure, required for exocylosis,
is a four-helix coiled-coil structure known as
the SNARE core complex. This complex is
formed from SNARE proteins on the secre-
tory vesicles (vesicle-associated membrane
protein or VAMP) and a soluble SNARE
protein (synaptosome-associated protein or
SNAP). Syntaxins and VAMPs are anchored

The author is in the Department of Physiology and
Biophysics, University of California at Irvine, Irvine, CA
92697, USA, E-mail: stephenwhite@uciedu

to their membranes by single carboxyl-termi-
nal transmembrane helices. The two proteins
are distinguished from one another by the sub-
domain structures of their amino-terminal
domains, but in both cases the SNARE hep-
tad-repeat sequences are immediately adja-
cent to the transmembrane helix anchors.
Lang er al. (15) have shown that effective
exocviosis of PC12 seeretory vesicles requires
syntaxin | o form clusters. Harkening back to
an earlier time when changes in lipid bilayer
properties—especially lipid composition—
were believed to be pnmanly responsible for
the aggeregation of membrane proteins ( /6),
these clusters disperse when the normally high

I

Amino-terminal dumain[ ff

PERSPECTIVES

Diffusion of the membrane-fusion protein
syntaxin in cell membranes can be explained
by a simple model of attraction and repulsion.

and computer simulations, The results show
that freely diffusing svntaxins exchange
dynamically with syntaxin clusters containing
~T73 densely crowded syniaxins, with a cluster
diameter of 50 to 60 nm (see the figure).

The technically demanding procedure is
simple in concept. First, measure the size and
number of clusters per pm=, This is where
stimulated emission depletion fluorescence
microscopy (f8) s invaluable, because it
allows features with diameters below the dif=
fraction limit to be resolved, Second, deter-
nune the total number of clusters from mea-
surements of the average cell surface area
using confocal microscopy. Third, establish

Syntaxin cluster
=50 nm

Freely diffusing
syniaxin monomers

Htlﬁm,“

How syntaxin clusters form. Syntaxins freely diffuse in the plasma membrane to form clusters of ~75 mole-
cules (11). Clustering appears to obey a simple physical principle: mutual attraction due to SNARE domains
balanced by repulsion due to crowding. The clusters likely play an important role in vesicle secretion processes.

concentration of cholesterol in the cell mem-
brane is reduced. Cluster dispersal through
membrane cholesterol depletion strongly
reduced the vesicle secretion rate. But even
though cholesterol affects clustering. it is
not directly responsible for it. Lang and
co-workers recently showed that the syntaxin
| SNARE motif drives clustering through self-
assoctation (/7).

This observation set the stage for the
experiments presented by Lang and co-work-
ers in this issue. In a technical wour de foree,
they have quantitatively characterized cluster
formation with a combination of sumulated
emission depletion fluorescence microscopy,
fluorescence recovery after photobleaching,

the total number of syntaxin | copies per cell
with quantitative immunoblotting. Combined,
these measurements vield the cluster diameter
and syntaxin:cluster ratio,

Measuremenis of fluorescence recovery
after photobleaching of living PCI2 cells
showed that the mobility of native syntaxin |
wiis highly restricted. In contrast, mutant syn-
taxins that lacked most of the amino-terminal
eytoplasmic domain were highly mobile.
Restricted mobility was recovered when only
the SNARE domain was added back to the
transmembrane domain. Further observations
of small numbers of clusters suggested that
fluorescence recovery occurred via exchange
of syntaxin molecules between the clusters.
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implying a dynamic equilibrium between
monomers and clusters.

The coup de grace was delivered by
Brownian dynamics simulations with a
simple interaction potential between in-
dividual syntaxins. The photobleaching
observations were reproduced perfectly by
a simple model of weak homophilic attrac-
tion between monomers balanced by a
repulsive potential due to sterie repulsion,
One can readily imagine the arms of the
resulting anemone-like structures (see the
figure ) snaring passing vesicles in prepara-
tion for exocytosis.

The image of syntaxin clusters that
emerzes from this study is far more complex
than textbook images, which generally show
only two copies of the SNARE core complex
bringing the vesicle and target membranes

together for fusion. One must wonder how
the components of the core complex can
locate one another in the protein tangle pre-
sented by the syntaxin cluster. How many
SNARE core complexes are necessary for
docking and fusion? Do the interactions pro-
ceed in the coordinated, structurally attrac-
tive manner of textbook cartoons? The
impressions gained from the report by Lang
and co-workers will be influential in design-
ing experiments to answer these questions.,
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The Oldest Fossil or
Just Another Rock?

John M. Eiler

he history of the past 542 million years

of life on Earth can be read from shells,

bones, teeth. and leaf casts preserved in
the geological record, For the preceding 4 bil-
lion vears, more subtle clues, such as remmants
of microbial cells, biomolecules. and the
impressions lefi by sofi-bodied organisms, may
be preserved in sedimentary rocks. But in sedi-
ments deposited in the first billion vears of
Earth history, these traces have been destroved
by metamorphism (recrystallization without
melting, often accompanied by reaction and
chemical exchange). Here, the only widely rec-
ognized evidence for life comes from measure-
ments of carbon isotopes in kerogen and
graphite (/). Because metabolic carbon fixa-
tion discriminates against *C. the “C/2C ratio
m biogenic carbon is ~3% lower than in inor-
wanic carbon, This signawre can be preserved
through metamorphic processes that destroy
microfossils and biomolecules,

In 1996, Mojzsis ef al. reported the oldest
indications of life on Earth to date ( 2) in a rock
collected froma patch of intensely folded and
metamorphosed quartz-rich rocks on Akilia, a
tiny, barren island off the southwest coast of
Greenland. The authors suggested that these

The author 15 in the Division of Geological and Planetary
Sciences, California Institute of Technology, Pasadena, CA

91125, USA. E-mail: eiler@gps.caltech.edu

quartz-rich rocks are banded iron formations
{a type of iron-rich marine sediment) de-
posited more than 3860 million years ago, and
that at least one of them contains BC-poor
graphite denived from organic matier. Rocks
nearly this old from elsewhere also contain
BC.depleted carbon (/).

The graphitic, quartz-rich rocks on Akilia
have been widely discussed and intensely
scrutinized. Much of this scrutiny has been
critical and has eroded confidence in the orig-
inal finding (3-/1). But this vear. the authors
of the original study have punched back in a
pair of papers ({2, 13) that address the eritics”
most serious charges,

The ages of old, metamorphosed sedi-
ments can be constrained through isotope
dating of igneous rocks that cut through. or
contain inclusions of, those sediments, The
originally reported age of the Akilia quartz-
rich rocks [(2) and references therein] was
based on the isotopic age of the mineral zir-
con in such a cross-cutting granitoid (an
igneous rock rich in quartz and feldspar).
But these zircons could be minerals from an
unknown older rock that were entrained in
the igneous rock while it was still liquid (3).
It has also been suggested that the intense
deformation underzone by nearly all Akilia
island rocks prevenis confident identifica-
tion of places where graniteids cross-cut

Recent evidence strengthens the case for signs
of ancient life in rocks from Akilia, Greenland,
but important questions remain.

older voleanic or sedimentary rocks (4).

Manning et al. (12) refute the first eriu-
cism by showing that the trace-element con-
tents of the suspect zircons (redated at 3820
to 3840 million years ago) are consistent with
them having crystallized from their host
rocks: thus. at least some granitoids on Akilia
very likely are as old as originally claimed.
The authors also strive o address the second
critique, but agamst long odds: No cross-
cutting relations between granitoids and the
quartz-rich rocks have been observed. In
some places, granitoids to cross-cut volcanic
strata that are part of the same original set of
strata as the quartz-rich rocks. providing a
minimum age for the whole stratigraphic sec-
tion. However, even these cross-cutting rela-
tions are partially obscured or otherwise
ambiguous. Barring discovery of further
cross-cutiing relations, it s difficult 1o fore-
see how this part of the debate can be more
definitively resolved.

Even if the Akilia rocks are as old as origi-
nally suggested, it is not obvious that any of
them are sediments that could contain primary
deposits of organic matter. Akilia island 15
largely composed of metamorphosed vol-
canic rocks and the granitoids that appear to
intrude them; the thin laver of quartz-rich
rocks is an anomaly (/2). Moreover, the one
sample of quartz-rich rock in which *C-poor
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graphite has been found (2) dif-
fers in mineralogy and trace ele-
ment composition from subse-
quently collected quartz-rich
Akilia rocks (3. 12). The original
sample resembles banded iron
formations elsewhere in Greenland,
but the rest of the quartz-rich unit does
noti 3, /.2). Fedo and Whitehouse have
suggested that the compositions of
most quartz-rich Akilia rocks are
more consistent with volcanic rocks
that underwent metasomatism (chem-
ical modification during metamor-
phism) (/7). If this is correct. then the
carbon was added 1o the rocks after
they formed. is vounger than origi-
nally claimed. and may not be biolog-
ical inorigin.

Attempts to determine the origin
of quartz-rich rocks on  Akilia
through isotopic “fingerprints™ that
only occur in sedimentary rocks have
given mixed resulis. Sulfides in these
rocks contain anomalous deficits in
S, implying photochemical pro-
cessing in the atmosphere and thus
formation of the host rock at or near
the Earth surface (/4). However, it is unclear
how or when this sulfur was mcorporated in
the rocks. Also, one of the attempts to repli-
cate this result found no S anomaly (6). The
iron isotope composition of Akilia quartz-rich
rocks is unlike that of fresh igneous rocks and
resembles that of real banded iron formations
{135). However, metamorphic and metaso-
matic processes could have modified the iron
1sotope compositions of the Akilia rocks, so
this result does not prove a sedimentary ori-
gin. The silicon isotope compositions of the
Akilia rocks are similar to common igneous
and metamorphic rocks and lack the ¥9Si
depletions of banded won formations ( 7). The
Akilia rocks are enriched in "0 relative to
commeon igneous rocks. consistent with sedi-
mentary ongins (/2). but far less so than in
other Archean quartz-rich sediments ( /6);
these data also permit metasomatic origins.

Manning er af. (12} show that the quartz-
rich rocks on Akilia have the same deforma-
tion history as adjacent metamorphosed vol-
canic rocks and were not formed by addition
ol 510, to igneous rocks. Furthermore, if the
quartz-rich unit was a “pipe” through which
S0, -rich luid flowed then the walls of that
pipe should contain specific metamorphic
minerals; the latter are not observed. These
arguments weigh against a metasomatic on-
win but do not prove a sedimentary ongin, The
only clearly demonstrated point is that the
Akilia quartz-rich rocks are peculiar: They do

light gray, finely banded rocks are a quartz-rich unit that some
interpret as a marine sediment (2, 12, 14, 15). The dark gray
bands are metamorphosed volcanic rocks. The field of view is ~5
m across, (Upper right inset) Hand specimen of the quartz-rich
unit, The field of view is ~10 cm across. (Upper left inset)
Photomicrograph of an apatite crystal from sample G92-197b of
the quartz-rich unit. The field of view is ~30 pm acrass. The
white arrows indicate inclusions identified as graphite (13).

not closely resemble common sediments (they
are clearly not normal banded iron forma-
tions), nor do they fit the expected properties
of metasomatic veins. Manning ef al’s sug-
gestion that they are metamorphosed marine
sediments (/2) is the most reasonable and
detailed hyvpothesis to date.

The “C-poor graphite found in Akilia
rocks was originally described as inclusions
in apatite, a calcium phosphate mineral (2).
However. this association was not clearly
documented. Two independent searches for
graphitic inclusions in apatites from Akilia

rocks (8. ¥) failed o find a single crystal of

graphite in hundreds of investigated apatite
crystals, including dozens from the same rock
reported on by Majzsis er al. (2). These stud-
ies refute Mojesis of als assertion that carbon
inclusions are not only present but ubiguitous
(2, 1ty and raise the possibihity that the ongi-
nal discovery was an artifact,

MeKeegan er af. have used Raman confocal
spectroscopy o make three-dimensional images
of carbonaceous inclusions in Akilia apatites
and to establish that the inclusions are graphitic
{£3). This method is less prone to false negative
results than the previous approach of polishing
into each grain until a graphitic inclusion 1s
exposed at the sample surface. lon microprobe
measurements of the newly found graphitic
inclusions demonstrate that they are poor in *C
(13), as onginally claimed. This new report
appears definitive, although it remains difficult

PERSPECTIVES

o understand why the two inde-
pendent searches did not find
any inclusions (8, ¥). Perhaps
apatite-hosted graphite exists m at
least one Akilia quartz-rich rock
but s less common than origi-
nally suggested.

These newest papers (12, 13)
revive hope that Akilia rocks
could contain the first known
record of life on Earth, but ambiguities
remain. First. most efforts to understand the

origin of the guartz-rich rocks by means of

isotopic or trace-element signatures omit min-
eral-specific or in situ data, More data of this
kind might untangle the primary, metamaor-
phic. and memsomatic influences.

Second, the sample in which low-
graphite was discovered is unlike other rocks
recovered from the quartz-rich unit on Akilia,
Fedo and Whitehouse have suggested that this
sample was collected “out of place™ (//)
pejorative geologist slang for rocks that are
not attached to their outcrops. Confidence in
the discovery would be improved if more
rocks closely resembling this sample were
newly collected from outcrop.

Finally, the quartz-rich rocks on Akilia
underwent several periods of metamorphism
long after they were oniginally deposited. The
apatite in these rocks (and the flukes of graphite
they contain) may have recrystallized reacted,
and/or undergone chemical exchange during
these events (9, £0). Thus, the carbon in these
rocks—whatever its origin—may have been
mtroduced at some unknown time after deposi-
tion, This may be the greatest hurdle w upgrad-
ing Akiha graphites from the oldest suggestion
oflife on Earth to the oldest evidence,

!J('
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The Experimental Induction of
Out-of-Body Experiences

H. Henrik Ehrsson

nout-of-body experience (OBE ) has been
defined as the experience in which a per-
son who is awake sees his or her body

from a location outside the physical body (1, 2.
OBEs have been reported in clinical conditions

A

Fig. 1. (A) The setup used to induce the out-of-body illusion. (B) The S5CRs from the 12 participants when the

After 2 min of stimulation, the panicipants
were asked 1o complete a questionnaire on which
they had to affirm or deny 10 possible perceptual
effects with a seven-point visual analog scale.
Three sttements were designed to capture the

p<0.013

-

SCR difference provides objective evidence that

the participants were emotionally responding as it
they were located behind their physical bodics.

The present illusion is fundamemally importam

because it informs us about the perceptual processes

that underlie the sense of being located mside the

body, There are two key components to this pro-

cess, First, visual information from the lirsti-person

perspective provides indirect information about the

location of one’s own body in the environment (4),

The lirst-person visual information ako updates the

proprioceptive representations and defines the ongo

of the body-centered reference frames that are

used to represent near-personal space (7, &), The

second key factor is the detection of

comrelated tactile and visual evenis on

the (illusory) body. Multisensory

comelations are known 1o be impor-

tant for self-attribution of single body

pans in near-personal space (9, [0),

Thus, these correlations, in conjunc-

tion with the fist-person visual per-

spective, are sullicient to determine

the perceived location of one’s own
whole body. This finding represents
a lundamental advance because the
mitural “in-body expenence” forms
the foundation for sell-consciousness,

lllusion
Condition

illusory body was "hurt.” Mean values and standard deviations (error bars) are presented.

thot disturb nonmal brain functioning, such as
strokes, partial epileptic seizures, and drug abuse
(/). Here, | repont that this illusory expericnce
can be induced in healthy participants. 1 repon a
perceptual illusion in which individuals expen-
ence that their cemer of awarcness, or “sell]” s
located ouside their physical bodies and thar they
lpok at their bodics from the perspective of another

person, This illusion demonstrates that the sense of

being localized within the physical body can be
fully determined by perceptual processes, that is,
by the visual perspective in conjunction with
multisensory stimulation on the body.

In the first experiment, participants sat on a
chair, wearing a pair of head-mounted displays
that were connected to two video cameras placed
side by side 2 m behind the participant’s back
(Fig. 1A). The images from the left video camer
were presented on the left eve display and the
images [rom the Aght camer on the right display,
Thus, the person would see his or her back with
the perspective of a person sitting behind him or
her with stercoscopic vision, The experimenter
stood just beside the panticipant (in their view)
and used two plastic rods to touch simultancously
the person’s actual chest, which was out of view,
and the chest of the “illusory body,” by moving
one rod oward a location just below the cameras
in view (5).

experience of the illusion, and the other seven
served as controls for suggestibility and task com-
pliance (SOM text). The participants affimned il-
lusion statements and denied the controls, and the
difference in matings was significant [ < 0,0001,
M1, 170) = 189.92, P < 000001 (fig. 51 and
SOM texty]. Thus, the participants reported the
experience of siting behind their physical bodics
and looking at them from this location,

I hypothesized that the illusion is caused by the
first-person visual perspective in combination with
the comelated visual and tactile information from
the body. To test this and 1o provide objective
evidence for the flusion, | registered the skin-
conductance response (SCR) as a measure of the
emotional response when the illusory body was
“hurt™ by hitting it with hammer after a perod of
stimulation (SOM text). | compared the illusion
condition (with synchronous touches) to an
asynchronous condition in which the person’s real
and illusory chests were touched altematingly, 1
observed significantly greater threat-evoked SCRs
afier the illusion condition (2 < 0.013; paired ¢ 1es1)
(Fig. 1B and SOM text) and stronger ratings of'the
illusion (F* < 0.05; paired 1 1est) (SOM 1ext). A
control experiment was conducted 10 mle out that
the SCR difference was due 1o a conditioned re-
sponse alter a period of synchronously presented
stimuli (SOM text, experiment 3). The observed

Asynchronous
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Mesoscopic Phase Coherence in a

Quantum Spin Fluid

Guangyong Xu,?* C. Broholm,™* Yeong-Ah Soh,* G. Aeppli,® ). F. DiTusa,® Ying Chen,'?
M. Kenzelmann,™* C. D. Frost,” T. Ito,® K. Oka,® H. Takagi **

Mesoscopic quantum phase coherence is important because it improves the prospects for handling
quantum degrees of freedom in technology. Here we show that the development of such coherence
can be monitored using magnetic neutron scattering from a one-dimensional spin chain of an
oxide of nickel (Y;BaNiOs), a quantum spin fluid in which no classical static magnetic order

is present. In the cleanest samples, the quantum coherence length is 20 nanometers, which is
almost an order of magnitude larger than the classical antiferromagnetic correlation length

of 3 nanometers. We also demonstrate that the coherence length can be modified by static
and thermally activated defects in a quantitatively predictable manner.

wave is deemed coherent when it is
Amrﬁml}- periodic in space and time.

Quantum-mechanical phase coherence
means that the corresponding wave function is
actually a coherent wave. Typically, though,
classical disorder hmits quantum phase coher-
ence. The occasions where this 15 not the case and
the gquantum phase coherence length far exceeds
that given by classical consideranons remain a
major theme of physies. The longstanding exam-
ples are superconductivity and superfluidity, in
which macroscopic quantum phase coherence (1)
has been revealed by persistent current and
Josephson junction experiments (2, 3). The
effects of phase coherence have also been scen
recently in the incompressible quantum fluid
phase of two-dimensional (213) electron gas (4)
and in a lasercooled Bose-Einstein condensate
(3). Curiously, although magnetism itsell is a
quantum mechanical phenomenon, originating
from the shell model of the atom, mesoscopic (in
the sense of extending over distances in excess of
10 nm) quanwm coherence i the absence of
classical static order has not been explicitly
demonstrated for a magnet. We show that the
development of such coherence can be readily

'Department of Physics and Astronomy, The Johns Hopkins
University, Baltimore, MD 21218, USA. *Condensed Matter
Physics and Matenials Sciences Department, Brookhaven
Mational Laboratory, Upton, NY 11973, USA, *NIST Center
for Neutron Research, National Institute of Standards and
Technology (NIST), Gaithersburg, MD 20899, USA. "De-
partment of Physics and Astronomy, Dartmouth College,
Hanover, NH 03755, USA. *London Centre for Nanotech-
nology and Department of Physics and Astronomy,
University College London, 17=19 Gordon Street, London,
WCIH DAH UK. *Department of Physics and Astronomy,
Louisiana State University, Baton Rouge, LA 708032, USA.
"ISI5 Facility, Rutherford Appleton Laboratory, Chilton,
Dideot OX11 00X, UK. "National Institute of Advanced
Industrial Science and Technology, Tsukuba, Ibaraki 305-
8562, Japan. *Department of Advanced Materials Science,
Graduate School of Frontier Scences, University of Tokyo,
Kashiwa, Chiba 277-B561, Japan.

*Te whom correspondence should be addressed. E-mail:
gau@bnl. gov

monitored with the use of magnetic neutron
scattering from a 1D spin chain, in the form ol an
oxide of nickel, and that it is limited by static and
thermally activated defects.

One of the best-known magnets that remains
disordered because of quantum uetuations 15 a
chain of integer spins coupled antiferromagneti-
cally (that is, favoring antiparallel alignment) to
their neighbors (6, 7). The two-spin correlation
lunction (8, - 8}, where j and /" are site indices of
the spins, decays exponcentially with large

q(m)
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distances | f — j'| between spins 5, and 5, in the
chamn as m a 1D hgud; whereas in a classical
magnet, statie correlations persist over macro-
scopic length scales when the system orders,
Even so, theoretical work has shown that the
ground state is coherent in the sense that the
more complex “string” correlation function (&),
O~ ') = (& explinE jer<r 557 ). tends 10 a
constant (%) for j — 7 — =, A simple way to
understand the string order is 1o look at the spin
chain in terms of the spin-projection quantum
numbers §° 1,0, and +1 at individual sites.
Correspondingly, for § = |, the basis states are
£13, which has clear classical analogs and can
be used to build a perfect Neel state | .- 1+ 1,1,
+1,-1,+ ... for the chain, and (1), which docs
not. String order is caried by states where sites
with 5 = 0 are inserted into the perfect Néel state
(Fig. 1B). A good approximation to the ground-
state wave function for the Heisenberg S = | chain
is a coherent supemposition of all such states with
a weighting [actor that decreases exponentially
with the number of 0 sites (/0). In general, long-
range quantum coherence is believed to exist in
all 1D systems with spectral gaps (/7).

For the spin-1 chain, the lowest exeited state
above the ground state entails msenmg a defect
nto the string order. The defect can propagate
throughout the latiee (Fig. 1C) unul it en-
counters another defect, and so will have a mean
free path limited by cither static defects, such as

Fig. 1. (A) Map of the
dynamic spin-correlation func-
tion multiplied by energy for
the 1D spin-1 chain Y BaNiOs
at low temperature (T = 10 K).
(B to F) Diagrams of the string
order in the spin-1 chain. The
red, blue, and gray spheres
represent sites with 5" of 1, -1,
and 0, respectively. Chemical
impurities are represented by
large black spheres (Mg). (B)
S=1chainatT= 0 and no
chemical impurity. (C) One
triplet wave packet propagat-
ing on the chain. (D)ALT = 0,
triplet wave packets act as
thermal defects and confine
each other into boxes. (E) Box
confinement by Ca impurities,
which introduce holes (indi-
cated by small black spheres)
into the chain and cause
neighboring spins to form
ferromagnetic pairs. (F) Box
confinement by Mg impurities,
which remove Ni spins from
the chain.

-
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chain terminations (£2, 13} (Fig. 1, E and F), or
other moving, thermally excited defeets of the
same type (Fig. 1D). Thus, the coherence of the
ground state should be manifested in the mean free
path of its wiplet excitations. By imaging these
excitations and their mean free path using inclastic
neutron scattering, we can establish the perfection,
or quantum coherence, of the ground state,
Neutron scattering measures the Fourier
transform S{g.@) in space and time of the
magnetic comelation function (840) - 8,0)). The
experiments were conducted on single crystals of
Y2BaNiOs, which contain an ensemble of spin-1

chains formed by the O-Ni-O backbone of

comer-linked NiOg octahedra (/4, 15). The
systern behaves as a quantum spin liguid because
ol the 1D nature of the magnetic intermctions,
That this liquid is not a conventional classical
liquid, however, is clear from Fig. 1A, which
shows the [ull dynamical structure factor Sig.m),
multiplied by energy transfer i, for YBaNiOs,
Instead of broad overdamped excitations, which
soften toward zero energy as the ordering vector
(g = m in this case) for the comesponding classical
solid is approached. a gapped band of well-
defined modes dominates the data. The lowest-
encrgy mode appears al g = w, and is energy 15
termed the Haldane gap (6, 7). Alhough S(eg.m)
from chemically doped Y .BaNiO, is qualitative-
ly similar, there are important differences (lig.
Sl Our paper focuses on charmcterizing the
mean free path and energetics of the lowest-
energy Haldane gap mode,

The temperature (T}-dependent equal-time
spin comelation length £, is shown as open circles
n Fig. 2. £y is inversely proportional to the peak
width of the equal-time spin correlation function
Slg) = X (8- Sp)explig(j-f)). which in
the =0 limit directly displays the magnetic
comrelations built into the ground state. S(g) is the
magnetic analog of the structure factor measured
by x-rays for ordinary liquids. Represented by the
open circles in the insets of Fig. 2, A and B, Sig)
has a maximum at g = m, indicating that the
underlving classical solid s antiferromagnetic
{AFM) where each spin points in a direction
opposite to that of its two nearcst neighbors, The
peak width, however, docs not vanish even as
F—+ 0, and the correlations between spins remain
liquidlike for T — 0, as anticipated by Haldane
(6, 7y and scen experimentally in severml § =
| chain compounds ( /4, {6-18). The dash-dotied
ling in Fig. 2 is the prediction of the quanium
nonlincar o model ( /%), which is valid only for
T < Alkg, where A is the Haldane gap.

The solid circles in the insct of Fig. 2 arc the
magnetic structure factor measured as a function
of ¢ with the energy transfer fixed, at the
Haldane gap energy for inscts A and B and at
36 meV for inset C, The peak approaches a
resolution-limited dela function at low temper-
ature (inset A). Because we have wned 1o the
gap energy, the process probed is the creation of
a triplet wave packet at rest. The intrinsic width
[hall widih at half maximum (g )] of this peak is

therefore inversely proportional to the distance
over which the wiplet retains quantum phase
coherence. The data show that dg = 0.007x,
implying phase coherence over approximately
30 lattice units a, which is much longer than the
measured correlation length for AFM order S,
The experiment thus provides direct evidence
for mesoscopic coherence in the spin-1 chain,
The peak broadens significantly when the sam-
ple is warmed (inset B) or doped by chemical
impurities (inset C), indicating that quanium co-
herence in this system requires low lemperatures
and perfect erystallinity, The two length scales
obtained from the two types of g scans vary
differently with T2 At high T, the lengths con-
verge to nearly the same value. In contrast, as
T'— 0, the mean free path for the Haldane gap
excitation & nearly diverges even while the
AFM length & approaches a finite value. The
AFM length s the distance between defects in
the AFM order, which at 77 = 0 is simply the
typical distance between sites with 57 = 0. Such
defeets do not disrupt string order. On warming,
excitations in the form of erromagnetic neigh-
bor pairs with 5 both equal to +1 or —1 will
also appear, and these disrupt not only antilero-
magnetsm but the underlying string order as
well, Classical (gapless) AFM chains (20-22),
such as the Mn*" (S = 5/2) chain compound
TMMC (209, behave very differently from
YyBaNiOs in the sense that a single distance,
namely the equal-time correlation length Z;, sets
the scale for both the static and dynamic
correlations,

Detailed analvsis of thermal conductivity
provides estimates of the magnetic mean free
path in various spin chains and ladders (23). The

results (24) for Y,BaNiOg differ considerably
from our direct measurcments in the sense that
they pass through a strong peak of 15q at 100 K
and rapidly decrease below that, with a value of
Taa 70 K, the lowest temperature at which there
was confidence in the measurements. The
discrepancy with our results is nol surprising
given the indirect nature of the thermal conduc-
tivity measurements as well as the fact that the
lower-temperature magnetothermal propenties of
5 = | chains are dominated by the eiffective spins
ofchain ends rather than the triplet excitations of
the entire chain segments.

To quantify the effects of chemical impunitics
on guantum phase coherence, consider an excited
trplet wave packet on the chain. At low temper-
atures, the population of such wave packas is
relatively low and they can travel almost frecly
before encountering a physical impurity, such as
a chain end caused by a chemical defect.
Correspondingly, the mean [ree path is on
average half of the spin chain length, To obtain
an independent measure of the latter, we recalled
specific-heat work (25) on Y,BaNiOs, which
showed the residual S = | degress of freedom
expected for chains containing odd numbers of
Miatoms (£, 13, 26), The outecome was a Cune-
like de magnetic susceptibility O'T, which we
measured for the nominally pure material using
superconducting quantum  interference deviee
magnetometry. The resulting Curie constant O
2ives an average impurity concentration of —1.5%,
or a men distance [ ol =70 lattice spacings
between chain breaks, which is, within emror,
consistent with twice the zero-T coherence length
measured in our inclastic neutron-scatiering
experiments. The same is true for our deliberately

Fig. 2. Equal-time correlation 50
length Z5 (open symbols) and
magnetic phase coherence
length Z (solid symbals) for the
10 spin-1 chain Y;BaNiQ., as
measured with inelastic mag-
netic neutron scattering (inset).
Lines are theoretical results
described in the text. (A) Low-
temperature structure factor
data obtained for the equal-time
spin correlations (o = 8 meV)
{open circles), and the bottom of
the Haldane continuum at fin =
7.5 meV (solid circles, where
instrument resolution is shown
as the red horizontal bar) in a
nominally pure sample. Fits to
such data produced the main
frame data points as described in
the supporting online material.
(B) Higher-temperature data in

Zla

10

Intensity

which the coherence length 0
approaches the equal-time cor-
relation length. (C) Data ac-
quired at a fixed enengy transfer

150
T(K)

200

(36 meV) for the nominally pure (black symbols) and Ca-doped (Y...Ca,BaNiQ., x = 0.1} samples (blue

symbols).
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doped (with Ca and Mg) samples. The coherence
lengths extracted from samples with nominal Ca
doping of 4% and 10% (Y2, CaBaMNiOs) and
Mg doping of 4% (YaBaMNi Mg, Os) were 9(1),
(1), and 1O(1) Ni-Ni spacings a, respectively,
which is consistent with the scenario suggested
above, for which 28k = 1/x,

With increasing temperature and therefore
tnplet population, the mean free path will be
limited by both thermally created defects and
chain ends. In keeping with the physical picture
developed above, the coherence length should
approximately match half the inverse density
of all {chemical and thermal) defeets &la =[x +

p(T] '/2. Herep(T) = 3E.."'I§:_{—_‘-:'"-:xp( -'r}'/.i:a T)

is the thermal trplet density (27) and v = 70 meV
is the triplet velocity ([4). The comesponding
solid line in Fig, 2 shows that this model provides
an excellent description of the -dependent
quantum coherence length,

Another consequence of the above picture
should be a finite temperature blue shifl as triplets
confine each other into boxes. In other words,
quantum mechanics acts not only 1o produce the
singlet Haldane ground state and the associated
gap to triplet excited states, but also gives quan-
wm particlelike propertics o the excited states,
including a kinetic quantum confinement conin-
bution. Instead ol being created with enerzy A,
the wriplet is created with an additional kinetic
energy given by the curvature of the dispersing
mode shown in Fig. 1A, associated with a quasi-
particle of nonzero momentum ¢ ~ LE, Such a
quantum contntbution is found on warming as
well as doping, where the quantum conlinement
is due 1o fixed boundaries. Experimentally, others
have also noticed the thermally induced blue shifi
for YaBaNiO: (24} as well other Haldane
systems (7, 29, 30,

Fig. 3. (A) Haldane gap
energy, and (B) half width of

Figure 3, A and B, show the temperature
dependence of the mean triplet enerey (A) and
the half-width at half~maximum HWHM (i)
of the triplet, assuming Gaussian or Lorentzan
spectral functions, respectively, The measuned
Haldane gap (scc also fig. S2) moves to higher
energics on wamming, which is exactly the
thermal blue shift anticipated. The enengy width
of the triplet excitation in the 7' — 0 limi is
resolution-limited, imposing an upper bound of
AC = 0.1 meV on the excited-state relaxation
rate, This means that the lifetime of the triplet
is =107" s, implying a quality factor for the trip-
let oscillations ()= AN = 100. This represents
the largest (by an order of magnitude) bound on
() reported 1o date for an S = | chain. When we
introduce excited states through warming, the
HWHM increases, thus providing evidence for
an increasing triplet relaxation rate, which goes
hand in hand with the reductions in mean free
path discussed above,

Although the quantum nonlinear o model
(1% provides a reasonable prediction for the spin
cormrelation lengths, it severely overestimates the
thermal blue shifi (the dash-dotted line in Fig.
3A). A more suceesslul approach exploits Monte
Carlo calculations (37), which provide the T7=0
gap energy due to finite chain confinement. By
using twice the coherence length £ obtained in
Fig. 2 as the size of the confinemient “hox™ (top
scale in Fig. 3A), the gap energics can be
caleulated and plotted as the blue solid line in
Fig. 3. The agreement between expenmental data
and the parameter-free calculation is truly re-
markable. It is also worthwhile to note that
introducing chermical impuritics s another ap-
proach to creating the same quantum confine-
ment effect. Average gap energics for 4 and 10%
Ca-doped and 4% Mg-doped YaBaNiOg arc
extracted from measurements done al base tem-

2:/a

the excited triplet mode mea-
sured at different temperatures
for ¥;BaNiOs. The open and
solid circles are results from
assuming Lorentzian and Gaus-
sian spectral functions, respec-
tively, which the data do not
distinguish. The lines in (A) are
model calculations described B

80 60_40

20

in the text. The dashed line in )

(B) is a parameter-free theoret-
ical result (27). The diamonds are
gap energies derived from mea- 3
surements at base temperature
on Ca (red~ and Mg (green}—
doped samples (concentration x)
and placed according to 28/ =
Lix of the top scale in (&), which
indicates the effective thermal
chain lengths for a pure sample
{twice the coherence length from 0
the dashed line in Fig. 2), re-

sulting from thermal defects.

A1 (meV)
(N]

® Gaussian
- O Lorentzian

|
120 140
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perature and plotted as diamonds in Fig. 3A,
which agree very well with the calculated gap
energies based on 25/a = 1ix,

Although we have desarbed all of our 7-
dependent data in terms of a very simple model
whose underlying driver is thermal activation
across a gap o trplet formation, it is important
to realize that this model is largely phenomeno-
logical. Fortunately, there is a rigorous formula-
tion, with similar conclusions, due 1o Damle and
Sachdev (27), whose linite lemperature theory is
based on a semiclassical treatment of scattering
between triplet excited states with a temperature-
independent quadratic dispersion relation. Al-
though this parameter-free theory does not
account for the thermal blue shifi, it determines
the triplet lifetime and leads to the phe-
nomenological expression for £ in the clean
limit (x = 0}, in impressive agreement (dashed
lines in Figs. 2 and 3B) with the data.

Our expeniments have shown that although
quantum spin chains with a gap have a finite
equal-time spin correlation length, the coherence
of excited states at low temperature is limited
only by gquenched disorder At finite temper-
atures, the coherence length decreases and the
excited states acquire a finite mean free path due
to collisions with other excitations, Both effects
are quantitatively accounted for by a semiclas-
sical theory of triplet wave packets scattering
from each other and from defects in the sample.
This demonstration of mesoscopic phase coher-
ence ina magnet adds a Afth example—the other
four are superconductors, superlluids, rctional
quantum Hall states, and opticallv conlined Bose-
Einstein condensates—1o the list of systems in
which guantum phase coherence has been dem-
onstrated in the absence of classical order.
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Electron-Induced Oxygen Desorption
from the Ti0,(011)-2x1 Surface Leads
to Self-Organized Vacancies

Olga Dulub,® Matthias Batzill,” Sergey Solovev,” Elena Loginova,” Alim Alchagirov,®

Theodore E. Madey,” Ulrike Diebold™*

When low-energy electrons strike a titanium dioxide surface, they may cause the desorption of surface
oxygen. Oxygen vacancies that result from irradiating a TiO»(011)-2x1 surface with electrons with an
energy of 300 electron volts were analyzed by scanning tunneling microscopy. The cross section for
desarbing oxygen from the pristine surface was found to be 9 (+6) x 107V square centimeters, which
means that the initial electronic excitation was converted into atomic moetion with a probability near
unity. Once an O vacancy had formed, the desorption cross sections for its nearest and next-nearest
oxygen neighbors were reduced by factors of 100 and 10, respectively. This site-spedfic desorption
prabability resulted in one-dimensional arrays of oxygen vacancies.

esomption of atoms or molecules can
Du-ccur when sufficient encrgy is availa-

ble 1o overcome the potential bamicr
that forms the surface bond. Ofien this process
occurs through thermal routes and the barrier 18
overcome through vibrational cnergy, but clec-
tronic ransitions induced by photons or panticles
itypically clecrons or ons) can Jead 1o rapid
desorption when the atom or molecule 15 excited
1o a higher-cnergy configuration that is repulsive
in nature. This desomption induced by clectronic
transitions (DIET) has imporant fundamental
and technological applications (/, 2). DIET-
related phenomena must be taken into account
in arcas as diverse as the modification of semi-
conduciors (3), the radiation damage of optical
materals (4. 5), nuclear waste storage, and
planctary science (6, 7). By using the tip of a
scanning  tnneling  microscope (STM) as an
clectron source, such processes can be used for
the electronic control of single-molecule dynam-
ics (&40,
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Ceniral to DIET phenomena is the eflicient
conversion ol an initial electronic excitation into
the motion of an atom. One of the carlicst
proposed mechanisms (/1. [2) invokes a Frank-
Condon excitation of an adsorbate 1o a repulsive
potential energy curve; under strong excitation
conditions, such excitations can also be achieved
by multiple clectronic transitions (DIMET) (13).
Desorprion will occur only il the clectronic
excitation is long-lived and the nucleus stans to
maove before the excitation is quenched. Under-
standing the basic physics that quenches such
excitations is important for technical applica-
tions, for example, in processes that convert solar
energy into chemical reactions or elecirical
energy (£4) or in contamination of optical ele-
ments in extreme ultraviolet lithography applica-
tions (/1 5).

DIET processes differ from thermal de-
somption in several important ways, Surface
specics undengoing themal desorption are close
to equilibrium in that the vibrational encrgy can
redistribute mpidly relative 1o the time scale of
breaking surface bonds. Thermal desorption usu-
ally involves neutral species, but the much higher
energics available in DIET processes allow
charged species o leave the surface and over-
come attractive forees, and cascading electron
transler processes can lead 1o desorption of

anions, cations, metastables, and ground-state
neutrals, Because thermal desomption processes
are near o equilibrium, the effect of a desorption
evenl on the remaining surface neighbors is a
small perturbation; rapid diffusion will delocalize
and randomize vacancies created by desomtion,
In DIET processes that occur far from equilibni-
um at low temperature, a vacancy created by
desorption remains localized and cannot diffuse.
One might expect that such immobile DIET-
produced vacancics would be randomly arraved
on the surface.

Wi have investigated one of the canonical
muaterials for studying DIET processes, Ti0s, and
we find highly unusual and unexpected behavior
for vacancy distnbutions on the (2=1) tenmina-
tion of TiOu(011): Electron bombardment leads
to formation of vacancy clusters, one-dimensional
arays of O vacancies. Why? Although the ini-
tial probability for O desorption and the forma-
tion of an O vacancy is nearly unity, the creation
ofa vacancy markedly decreases the desorpiion
probability of its nearest-neighbor and nexi-
nearest-neighbor O atoms. The surface charge
that accompanics defieet formation must be the
factor causing desorption probabilitics 1o
change so greatly.

Scli~organization can be achieved where an
initial process controls subsequent cvenis. A
string of such interrelated events can then lead
to pattern formation. The unexpectedly high al-
teration of the desorption probability upon for-
mation of an O vacancy is an example of this
phenomenon: the initial desorption event is re-
sponsible for the self-organization of subsequent
defects. This process should apply generally 1o
DIET processes. Consequently, the formation of
well-defined O-vacancy pattems must be taken
into consideration in the radiation damage of
msulating surfaces and can be used 1o enhance the
chemical reactivity of DIE T-modificd surfaces.

Wi have investigated the eflfeets of electron
irradiation on T2 not only because it has been
a model system for DIET processes, but because
it is a very promising matenal for solar energy
conversion: il is also the prototypical matenal
for fundamental studics of metal oxide surface
reactivity (16, I7). ls chemical, electronic, and
optical propenties depend strongly on the pres-
ence of steps, vacancies, and other surface defects
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(/&) It was recognized carly on that electron-
induced DIET processes emove oxvgen from a
T surface (79). This allows control of the for-
mation of O vacancies and modification of the
surface reactivity on TiO, (20, 21,

Knotek and Feibelman (K-F) proposed a
mechanism for O desorption from Ti0: and
other maximal-valence oxides (such as Va0,
WOy, and NiO) (/9). Their model is based on
the interesting observation that the threshold
energy for the clectron-stimulated desomition
(ESD) of O from Ti0k corresponds to the ex-
citation energy ol'the Ti 3p core hole. To rational-
tze the formation of an 07 jon from a (formally)
(¥ species in the oxide lattice, it was proposed
that the Ti core hole 15 filled with ¢lectrons from
O 2p orbitals via an interatomic Auger process
from a neighboring O atom, (It was anzued that
an intra-atomic Auger process, which is usually
much faster, is not possible when the Ti 3d band
i5 empiy.) IF three electrons cscape from the
oxygen, for example, in a double Auger decay,
the 0% jon becomes O°. This O ion can be
gjected from the surface by Coulomb repulsion
from the surounding Ti*" lattice ions.

The invoked double Auger decay is not a
very likely process, however, and the K-F model
ignores the high degree of covalency in Ti0,
(22} and many other transiion metal oxides.
Indeed, reeent photo { Auger)-<¢lectron/ion co-
incidence spectroscopy measurements on TiOs
{ 110} indicate that the K-F mechanism needs to
be relined (23), because a Ti atom’s initial and
final states—before and after the core-hole ex-
citation, respectively-—contain mixtures of clec-
tron configurations that have one or more holes
in a neighboring O atom. To date, there exisis
little information about the distribution of the
() vacancics that result from clectron irmdia-

Fig. 1. (A} Model of the Tﬂz{ﬂlﬂ-hl surface.
Titanium and oxygen atoms are represented as
black and gray spheres, respectively; the red spheres
represent one-fold coordinated surface oxygen
atoms. The arrows in the side view illustrate the
direction of 0" ions when desorbed by an electron
beam. (B} Experimental pattern of the angular 0%
ion distribution during electron-stimulated de-
sorption from the Ti0x(011)-2x1 surface,

tion (20}, and no information that suggests sclf-
organization,

We used STM to cvaluate the effeat of

clectron beam imadiation on a TiO(011 p2=1
surface, The (2= 1) reconstruction of TiO-(011)
is produced by sputtering and thermal anncaling
to 1000 K. This surface is stable and stoichio-
metric, and its structure has been imvestigated
extensively both experimentally and theoretically
{24, 25). The model of Fig. | is chamcterized by

singly coordinated O atoms. Although details of

bonding in the lowest-cnergy (2% 1) structure are
currently undergoing study (26), both STM (Fig.
2A) and all theoretical models to date conlinm
that O atoms are amanged in double rows with
Ageag configuration. Whereas we display this
structure in Fig, 1A because it appears to be
consistent with experiment, other models with
multiply coordinated O atoms are under evalua-
tion {26). The desorbing species (07 and some
H") have been monitored with a time-of-Mlight
technique [electron-stimulated desorption ion
angular distribution (ESDIAD) optics] and a
quadrupole mass spectrometer. In the ESD
process, ions are ejected at discrete angles
determined by the orientation of the ruptured
bonds (2). Figure 1B shows the angular
distribution of 0" jons desorbed from the
surface. The ESDIAD pattern exhibits two ofl-
nomal emission lobes symmetrne about the
0711] direction.

Heating TiOs surfaces in vacuum produces
O vacancies (/7): the concentration of O vacan-
cies typically amounts 1o 3 to 9% of surface O
sites for the TiOL(011) sample used. Such ther-
mally induced defects appear as missing bright

REPORTS

spots on TiOx(011)2%1 and do not show any
apparent ordenng (25). The TiOH011)}2=] sur-
face can sustain a large number of O vacancics
without restructunng, which allows monitoring
of O desorption over a large mnge ol defect
densities. This is different from the extensively
investigated TiO2(110) surface (27), which re-
constructs afler a maximum defect concentra-
tion of 10 w0 12% is rcached (20, 28). Using
the TiO{011)-2% 1 surface instead of TiO.(110)
also has another practical advantage: Surface
hydroxyl groups, which form readily when wa-

ter dissociates at O vacancies, appear as brighter

atoms in STM (29) and can be cleardy distin-
guished from the black O vacancies on the Ti0,
{011)-2%] surface. [The similarity of surface OH
and O vacancies i STM images of TiOo 110)
can lead to ambiguitics (28).]

After exposure to 300-¢V electrons, ~55% of

the surface O atoms had been desorbed (Fig, 2B),
This desormption did not oceur in a random fashion:
Most of the remaining oxygen atoms were lined
up along one side of the original #igzag row
{yellow lines in Fig. 2B). These single-atom
strands were up to 12 atoms long, whereas
patches where the orginal zigzag configuration
was preserved were much smaller. The defective
surface was quite reactive: the very bright spots
in Fig. 2B were caused by unknown impurities
from the residual gas of the chamber that reacted
with the defeetive surface.

The effeet of electron irradiation is shown in
more detail in Fig. 3, B to D, The vacancy con-
centration increased with increasing electron
dose, up to a defect density of 70% of a
monolayer (ML) (One monolayer of surface O

Fig. 2. (A) Scanning tunneling microscopy images (170 A by 220 A) of a clean Ti05(011)-2x1 surface.
Surface O atoms are arranged in double rows with a zigzag configuration; O vacancies appear as black
spots. (B) The same surface after irradiation with 300-eV electrons, which causes the desorption of
oxygen. Remaining O atoms are mainly arranged in one-dimensional strands along one side of the
original double-row structure, as indicated by green ovals and yellow lines. Small areas that have
maintained the original zigzag configuration are marked with yellow circles.
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atoms comesponds o My, =4 = 10" atoms em )
Single-atom strands were observed for a wide

range of doscs (sce Fig, 3 and the sketch of

empty and filled O sites in Fig. 3G). Above a
dose of 2.8 = 10" clectrons cm 2, however, the
surface became disordered in low-ecnergy elec-
tron diffraction. Such surface vacancy armays
could not be created through thermal desomption;
indeed, heating the electron-bombarded surface
o 300°C in vacuo vielded the onginal, nearly
stoichiometric surface.

In stimulated desorption a first-order process
is ofien assumed, that is, a random removal of
oxygen with a desorption cross section o that
does not change throughout the iradiation time,
Figure 3F shows a Monte Carlo simulation of a
typical distribution of 55% O vacancics that
would result from a constint desorption cross
section. (From the STM snapshot and the
electron dose in Fig. 3C, a fist-order desorption
vield of one O per 420 incoming electrons was
assumed.) The simulated amangement of the
remaining surface O atoms is very different from
the one observed in the experiment {compare
Fig. 3, C and G, with Fig. 3F). The characteristic,
single-strand O rows that remain on one side of
the original zigeags can only be attributed 10 a
change in the desomption probability as vacancics
are being formed. Morcover, for high densitics
of thermally induced point defects, such long
single-atom strands were not observed, indicating
that these do not represent a low-energy con-
figuration. Henee, electron-stimulated diffusion
{30y can be ruled out a5 a cause for the formation
of the nonuniform distribution of O vacancies,

A site-dependent desomtion process was mod-
eled with a Monte Carlo simulation (Fig. 3H) with
three adjustable parameters. The (st parameter
deseribes the probability for desorbing the first O
aiom from the prstine surface. Cnee a DIET-
induced O vacancy has been produced, the prob-
ability for desorbing an O neighbor on the other
side of the zigeag was reduced by a factor that
was tncated as the sccond paramcter. One-
dimensional strands could also be formed if the
desormption probability for an oxygen neighbor on
the same side of the zigzag row were incressed;
for some systems, an increased probability was
indeed observed next to defects (5). Thus, the
desorption probahility for an O neighbor right
next to a vacancy was treated as the third pa-
rameter in the simulations. As shown in Fig. 3G,
a pood qualiative agreement can be achieved
with a desorption yield of 1:20 for the pristine
surface, which is decrcased by one and two
orders of magnitude for oxygen neighbors ad-
jacent 1o and opposite an existing O vacancy,
respectively. In contmst, an increase in the de-
somition cross section for an O atom adjacent 1o
an O vacancy does not result in the comect dose-
dependent behavior,

To put these simulations on a mone quanti-
ative footing, we analyeed different vacancy
configurations for a large number of images
(total arca 5 = 10° A%) obtained after various

cectron doses. Atoms i high-resolution STM
images were binned in triangles, and three con-
figurations were considered: (o) trangles with
one atom filled and two sites empty (these are
part of the single-atom strands). () iiangles
with three atoms filled (such configurations are
part of zigzag patches), and (7) triangles with
two atoms filled and one empty: such atoms
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would reside at the edge of a zigeng patch, or at
a location where single-atom strands cross over
from one side of a double row to the other side.
The results of a simulation with values of

shiskei ol for the probability of removing the
first atom, the adjacent atom, and the opposite
atom, respectively, show excellem agreement for

the density of the configurations o and 5 (Fig, 4A),
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plot in (B) allows for an evaluation of the average cross section for electron-stimulated desorption.
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the size distribution of the resulting single-atom
strands and z1gzmg patches, and the decrcase of
the total number of surface O atoms as a function
of electron dose (Fig. 4B).

In principle, for a first-order desomption pro-
cess, o semilogarithmic plot of the number of
remaining atoms versus the electron dose would
follow a straight ling; the slope of the line gives
the cross section (tiangular points and asso-
ciated line in Fig. 413), The experimental data in
Fig, 4B deviate from such a behavior, The much
more rapid decraase for low clectron doses,
where atoms are mainly desorbed from pristine
arcas without O vacancy sites, 15 well described
by our Monte Caro results (circles in Fig, 4B8).
Owr statistical analysis allows the detenmination
ol the site-specific desomption probability on an
atom-by-atom basis. In contrast, a signal that is
proportional 1o the otal surface O concentration
isuch as in Fig. 4B8), or 1o the desorbing species,
can only be used o determine an average cross
section that lumps together the probabilitics for
all individual desorption events.

The few average cross sections reported for
ESD of TiO, (31, 32) are of magnitudes similar
to that of the average cross section indicated in
Fig. 4B. The probability for electron-stimulated
desomtion from the pristine surfice 1s very high,
however. A value of | in 20 electrons provides
the best fit o all experimental observables;
taking into account the parameter values that
lie within our confidence value, we determine
the initial cross section 1o be ~9 (+6) = 1077
em? (33).

Why is the desorption from the pristine sur-
face so efficient, and why does the proximity to
a defect site decrease the probability so effec-
tively? Previous measurements have firmly
established that core-hole excitations are con-
nected to O desorption (/9 23 we also find
that irrachation with ~25-cV electrons, an cnenzy
smaller than the core=level binding enengics in
Ti0s, docs not produce any obscrvable defecs
on TiOs(0113-2=1. The cross section for stimu-
lated desorption can be described by o = /= P
where [ denotes the cross section for a cone-hole
ionization, and P is the probability that this
excitation results in a desorption event (i.c., an
excited state that is both repulsive and long-
lived enough to induce nuclear motion). Mea-
sured cross sections for Ti 3p ionization of
Ti ions in the gas phase vary between 1 = 107"
em” and 9 = 107 em?, depending on the
ionization state (34, 33).

Elcetron backscattering can increase the ion-
tzation probability in a solid by up w0 a factor of
2 relative 1o the same specics in the gas phase;
this could be the reason why the measured cross
section for O desorption from pristine Ti0, lics
at the upper mnge of the values for solaed Ti,
However, this value mplics that the desomtion
cross section is comparable in magnitde 1o the
cross scction for jonization (o ~ /) and that the
probability for desomption afier core-hole excita-
tion, £, must be near unity.

In the K-F model (19), the decay of the
nitial excitation results in the conversion of
0" 1o Q. This O ion then finds itsell’ sur-
rounded by positively charged lattice Ti and will
be repelled by the reversed Madelung potential,
(The O jons can also capure an electron on
their way out of the surface and desorb as
neutral atoms, as long as the neutralization docs
nol oceur wo close 1o the original position,
which would quench the emission process.)
Classical trajectory caleulations of the ion
emission process show that cjection from the
surface will only oceur for highly undercoordi-
nated surface O atoms (36); apparently, this is
the case on TiO5(011)-2=1.

What is the probability, then, for a core-hole
excitation resulting in a three-hole linal state in
a surface O atom? Recent clectron-ion coinci-
dence spectroscopy  measurements (23) have
helped refine the K-F picture, which relied on
a (relatively unlikely) interatomic Auger decay,
accompanicd by the [also not highly probable
(37)] emission of two Auger electrons from an
O ligand. Caleulations of core-hole excitations
{38), based on a cluster model in the framework
of the Anderson impurity model, show that a
multihole final state of the ligand is in fact quite
probable for carly transition metal oxides, even
without accounting for a consceutive Auger de-
excitation process. The high degree of co-
valency in ground-state conligurations of TiD-
is expressed as ed” L), where ¢ denotes the
number of clectrons that have been transterned
from the ligand orbital, L, to the (formally
empty) d electron shell on the metal atom. In a
simple physical picture, the ereation of a core
hole, ¢, pulls the 3d band down in energy, and
electrons flow from the oxveen ligand 1o the Ti.
For TiDa the core-hole final state, |ed™ L%,
exhibits configurations with ¢ up 1o 5, with a
fractional parentage for ¢ = 3 of 25% (34),
Similar values have been reponed for other
ransition metal oxides with a high degree of
hybridization (38); thus, an excited stae that
could lead to O desoption is in fact quite
probable. It remains to be tested whether the
unexpectedly high cross section observed for
pristine TiO2(011)-2% 1 is specific to this surface,
or il it will occur on other TiO» surfaces, or
other oxides, as well,

It is well established that an O vacancy on
Ti0s surfaces resulis in a filled-gap siate
located ~0.8 ¢V below the conduction band
minimum (/7). The drastic decrease in the
desorption probability for O atoms next to an O
vacancy is likely caused by these extra clectrons
at defect sites “sereening” the repulsive excited
state. The absence of mobile conduction elec-
rrons is the reason why, in genemal, DIET
processes are much more efficient on semu-
conductors than on metals. The strong sie
dependence of the sercening that results in the
distinct one-dimensional rows needs some ex-
planation, however, given that the scparations
between opposite O neighbors across and parallel
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to the sigzag rows arc not o different (measurcd
values of 4.5 A and 5.5 A, respectively). Yet we
cstimate that the desomption probabaliies are
reduced by one and two orders of magnitude
for an O adjacent and opposite 1o an O vacancy,
respectively. An explanation based on the recemt
observation of anisotropic conductivity in nutile
does not appear o be adequate (39).

One possible explanation is quenching of the
electronic excitation by defect-induced electron-
ic states. Lattice distortions that occur during the
desorption process may enhance this effect, Re-
cent density functional theory calculations give
strong evidence that the degree of charge local-
tation of vacancy electrons is sensitively depen-
dent on small distortions within the lattice (400,
During a desomption event, the lattice stats 1o
distort dynamically (9); this could cause electrons
in the defiect state to flow toward the location of
the O atom as it starts to leave the surface, This
scenano gives a plausible explanation for the
differences in the reduced desomption probability
along and across the row of the O vacancy.
Nearest O neighbors are much more directly
linked, whereas weaker coupling to next-nearest
O neighbors makes a sharing of charges, or a
charge redistribution during the lattice distortion,
less efficient. Thus, the strong anisotropy in the
bonding geometry at this particular surface s
fundamental for the anisotropic quenching of
electronically excited states in the vicinity of O
vaCancics.

In gencral, atomic vacancies on dicleetric
surfaces result in a maodification of the local
electronic structure. We have shown that this
altercd electronic conliguration causes a strong
variation of DIET processes in the vicinity of O
vacancies, as excess electrons from the defects
slosh toward a neighboring atom that has been
put into a repulsive state via a core-hole exci-
tation. Thus, defects have a self=limiting ¢fleet in
the modification of surfaces, and the resulting
sell-organization of defoct structures can be used
1o panem surfaces at the atomic scale, In the case
of the anisotropic TiO.(01 1) surface, the formation
of one-dimensional defect structures s favored:
because O vacancies react strongly with molecular
and metal adsorbates (47, 42), such structures
could be used 1o template interesting overlavers
{c.g., onc-dimensional rows of catalytically active
Au atoms). Quenching of excitations is expected
0 be observable not only in the presence of O
vacancics: other intrinsic or exirinsic electron
donors will have similar effects. This has implica-
tions for materials design 1ssues such as increasing
the radiation resistance of coatings or oplimizing
responses of photoactive materals,
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Dinitrogen Dissociation on an
Isolated Surface Tantalum Atom

P. Avenier,’ M. Taoufik ** A. Lesage,® X. Solans-Monfort,? A. Baudouin,* A. de Mallmann,?
L. Veyre, ).-M. Basset,™ 0. Eisenstein,® L. Emsley,” E. A. Quadrelli**

Both industrial and biochemical ammonia syntheses are thought to rely on the cooperation of

multiple metals in breaking the strong triple bond of dinitrogen. Such multimetallic cooperation
for dinitrogen cleavage is also the general rule for dinitrogen reductive cleavage with molecular
systems and surfaces. We have observed cleavage of dinitrogen at 250°C and atmospheric pressure
by dihydru;lqlen on isolated silica surface—supported tantalumilll) and tantalum(V) hydride centers

[(=5i-0),Ta

"-H] and [(=5i-0),Ta"Hs), leading to the Ta" amido imido product [(=5i0),Tal=NH) (NH,)]:

We assigned the product structure based on extensive characterization by infrared and
solid-state nuclear magnetic resonance spectroscopy, isotopic labeling studies, and supporting data
from x-ray absorption and theoretical simulations. Reaction intermediates revealed by in situ
monitoring of the reaction with infrared spectroscopy support a mechanism highly distinct from
those previously observed in enzymatic, organometallic, and heterogeneous N, activating systems,

mmonia is the almost exclusive nitrogen
Amum: for living organisms, fertilizers
and other anificial chemicals, hence
making the Haber-Bosch process for ammonia
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synthesis from dinitrogen among the most rele-
vanl heterogencous catalytic reactions (f), with
approximately 10% tons of ammonia produced
yearly (2, 3). The catalysts for nitrogen fixa-
tion in biological sysiems are nitrogenase cn-
#ymes, which produce yearly about the same
amount of ammonia (2. 3), These two major
catalytic processes, as well as the only well-
definad, homogeneous catalyst reported so far
{4), are structurally and chemically very differ-
ent. The first s essentially based on a surface of
Fe or Ru atoms (/), the second on high mo-
lecular weight proteins with typically FeMo
sulfur clusters (5-7) and the third on a molecular
monometallic molybdenum complex (4. Ad-
ditionally, these systems use dilTerent sources
ol hydrogen (gas phase molecular dihydrogen,

NADH, and inorganic acids in solution) and
different surrounding “cofactors™ [such as in-
organic promoters (f), coenzymes (5), or an
organometallic redox system ()] w catalyze
the stepwise transformation of dinitrogen 1o
ammonia.

Whether heterogencous, enzymatic, or ho-
mogencous, all these catalvtic processes must
entail a succession of clementary steps—involving
reactant bond cleavage of the very robust N=N
trple bond and N-H bond formation in the
product—possibly mediaied by one or more
melal atoms. Current understanding of the dis-
tinct elementary sieps in heterogeneous (8, V),
biochemical (3, 6, 1), and organometallic (4)
systems 15 summanzed n Fig. 1, We repont here-
in the observed cleavage of dinitrogen by a silica-
supported isolated antalum atwom (/4 12), linked
to silica by two (=51-0)-Ta bonds and ob-
tained by surface organometallic chemistry
(/3). This M5 dissociation pathway is unex-
pectedly different from all the three catalytic
systems described above and, more gencrally,
from previously observed surface and solution
reactivity patierns,

The dinitrogen activation reporied here is
bascd on the use of highly clectrophilic electron-
deficient Ta hydrides: [(=Si-0);Ta"™H] (12) and
[(=Si-0),TavH;] (1b) (11, 12). These hydrides
have already proven very active in the catalvtic
transformation of alkanes (e.g., alkane metathe-
sis) by C-H and C-C bond cleavage (14, 15) and
more recently in ammonia activation by N-H
bond cleavage (/6). In this latter case, the char-
acterized product was the Ta* amido imido
complex [(=SI0RTa(=NH)(NHz)] (2), along
with its ammonia adduct 2-NHj,

The starting tantalum hydrides 1 are ob-
tained in two steps, which have already been
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described (42) neaction of the organometallic
molecular precursor [Ta(CH5-CMeg)z(=CH-
CMes)] with isolated silanols of @ MOM-41
silica surface, followed by treatment with di-
hydrogen at 130°C, This method of preparation
yields a mixture of Ta and 1b, which iner-
convert depending on the dihydrogen panial
pressure, presumably through the intermediacy
of an - dihydrogen ligand. The spacing of Ta
centers precludes substantial Ta~ - Ta ineractions
{average TaTa distance of ~8 A). The forma-

tion of 1 also results in [=5i-0-5i=] brdges and
a [=51-H] moicty in the vicinity of cach Ta hy-
dride (Fig. 2A) (/2). At higher temperatures,
the number of surface silanes [=5i-H] increascs
with concomitamt decrease in the number of
surface tantalum hydrides as a result of hydro-
gen mansfer from the Ta atom o an adjacent
siloxy bridge 10 yield [(=Si01Ta"] and [=SiH]
(Fig. 2B) (1 7).

We found that at 250°C, exposure of the
tantalum hydrdes Ta and 1b o a 1:1 Ny/H,

REPORTS I

mixture at subatmosphenc pressure (Prop = 0.5
bar upon gas introduction in a closed vessel at
room temperature: Proy = 0.9 bar at 250°C)
results in cleavage of the N=N triple bond to
yvield the surface Ta amido imido complex
[=Si0 L Ta(=NHNNH)] (2) (Fig, 2C), the same
product previously observed from reaction of
1 with ammonia (/).

The reaction reaches >95% conversion in 3
days. Under these conditions, panial surface-
embedding of 1a and 1b 1o [(=S10),Ta] also
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Fig. 3. One-dimensional **N NMR spectra of surface -\

complex 2-'*N obtained by reaction of the starting

tantalum hydrides 1 with (A) (**N); and (B) **NH, (16).

The spectra were obtained after cross-polarization from
protons (1 ms contact time). A total of 50,000 and 1024

2000
Wavenumbers (cm™)

E F BT 3375 ™!

scans were acquired for (A) and (B), respectively (with a
recyle delay of 2 s). Two pulse phase modulation (TPPM)
proton decoupling (34) was applied at a radio-frequency
field strength of 80 kHz. For both spectra, the spinning frequency was
12.5 kHz (200, Chemical shifts are given with respect to CH3NO- at O ppm
using NH4Cl as external reference. (C) IR spectra of: (a) starting hydrides
[(=5i0),TaH] and [(=Si0)TaHs] (1) (20mg, T = 15 wt %); (b) after addition
of excess Ny at room temperature; (c} After heating at 250°C for 1h; (d)
After addition of Hz (300 torr) and heating at 250°C (36 hours). (D)
Enlarged portion difference spectrum [(b) — (a)] (2550 cm™ — 1700 cm™?
region) showing the net result of dinitrogen addition at room temper-
ature. Dotted line, v(TaN;) of intermediate species at 2280 cm™; dotted
arrows, decreasing v(TaH,) of starting complexes 1. (E) Enlarged portion
of the difference spectrum [(c) — (a)] (3600 cm™ = 3300 cm™ region)

occurs (Fig. 2B). The final nirogen content of
the sample is 1.34 weight pereent (wi %a), N/Ta

1.1 = 0.8, as measured by clemenial analysis, in-
dicating the coexistence of [(=Si0)kTa™] and
[(=S100); Ta(=NHWMNH,}], 2, in about a 1:1 ratio
(18) In analogy with the hvdndo ransfer from

Wavanumbers (crr')
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showing the net result of dinitrogen activation at 250°C. Dotted line,
viTaN,H,) of intermediate species at 3400 c¢m™; dotted arrows,
increasing v(TaNH,) of final product 2 observed in spectrum (d) (20).
{F) Zoom in to the v(NH,) (above) and 5{NH,) (below} spectral regions of
spectrum (d) (3650 to 3250 and 1600 to 1500 cm™", respectively).
Resulting assignments, after isotopic labeling studies (fig. 56) ecm™:
viNH): 3502, 3461, 3375 [v(**NH): 3494, 3448, 3370; v(ND): 2581,
2525, 2473); B(SiNH,):: 1551 [S(Si**NH,): 1546]; &(TaNH,): 1521
[8(Ta*®NH,): 1516]. The deformation bands 5(SiND;) and &(TaND;) (not
observed) are expected to be obscured by silica absorption region
{calculated deformation at 1131 and 1110 ecm™) (20).

Table 1. *H and **N NMR chemical shifts of [(=Si0);Tal=NH)(NH2)], 2 and 2+NHs. All **N
chemical shifts are referenced with respect to CHsNO, at 0 ppm (20). In the “Assignments”
columns, the atom to which the resonance is assigned is in bold and italics.

15N NMR, & (ppm) 'H NMR, & (ppm)

Ta 1w Si (Fig. 2B), the imido amido specics
[(ESIONTai=NHN¥NH1)] (2) can transfer an
amido ligand to neighboring siloxy brdges
[=5i-0-5i=] to vield a surface silylamido moicty
[ZSi-NHa] and [(=Si001TaiNH)] (Fig. 2D).
Accordingly, under the condition of Fig. 2C, sur-
face silylamido species [=5i-NH,| are also formed
10.25 (=Si-NHa) cquivalemts form for cach
(=510 Ta(=NH}NHz)], as determined by in-
frared spectral analysis) .

The structure of the surface complex 2 and
[E51-NHa] coproduct have been fully deter-
mined by solid-state nuclcar magnetic resonance
(NMR) spectroscopy, extended x-ray absomption

Complex
Resonances Assignments Resonances Assignments
[(=Si0)sTa(=""NH)(**NH.)], -70* Ta=NH 11.0-9.0 Ta=NH
2-15N" -260-230% Ta—NH; 45 Ta=NH
—400 * Si-WH, 0.0 Si—NH,
[(=S5i0)Tal=""NH)("™NH.)(**NHJ)],  -70 Ta=NH 9,0-8.6 Ta=NH
(2-*5N)="5NH,' -260* Ta—NH; 4.0 Ta—NH
-340 TallWHs) 2.4 Ta(NH3)
-400 Si-NH, 0.1 Si-NH,
-385" physisorbed 2.4 physisorbed
NH; NH3
*Obtained from reaction of 1 with N, tObtained from reaction of 1 with **NHy (18).  {Broad signal.  §Only

band that disappears on vacuum treatment.

fine structure (EXAFS) analyses, and mfrared
(1R} spectroscopy coupled with extensive iso-
wopic labeling stwdies, Despite the low content
of active sites on the surface, solid-state NMR
spectroscopy under magic angle spinning (MAS)
proved to be patticularly powerful 1o chamcter-
ize complex 2. Specifically, we applied one-

dimensional (1) proton and nitrogen-15 NMR,
2D "H-"*N heteronuclear comelated (HETCOR),
and 2D prowon double quantum (DQ) MAS
NMR techniques to a fully labeled N sample,
2-"*N, obtained by reaction of "Ny with
antalum hydrdes 1. Through the HETCOR
data (which yield correlations between spatially

close "H and "N spins), the DQ data [which
vield correlations between pairs of dipolar
coupled (e, spatally close) protons, thus
discriminating between amido and imido reso-
nances (16)], and the comparison of these data
with the comesponding data recorded on the
product oblained directly by reaction of “N-

24 AUGUST 2007 WOL 317 SCIENCE www.sciencemag.org




ammonia ({6), we have been able w observe
and unequivocally assign the imido, amido, and
silvlamido resonances (Fig, 3, figs. S1 w0 53,
and Table 1) (/9, 200, Our assignments are in
good agreement with available solution 'H- and
BN-NMR data reported for analogous imido
and amido molecular species (/)

An EXAFS study of surface species
[(=S10RTai=NH}NH2)] (2) yielded spectra
in good agreement with the proposed structure
(fig. 84) (200, Namely, the best-fit structure
was obtained with a model in which isolated
tantalum atoms bond o one nitrogen atom at a
distance of 1.81(2) A, two oxygen atoms at
1.93(1) A, and onc nitrogen atom at 2.04(1) A
[Debye-Waller factors o= 00025100, 0.0007(5),
and 00007 (constrained) A®, respectively; fit
residue: p = 5.5%: kI weighting has minimal
impact on the results of the fit], vielding
measured distances in good agreement with lit-
erature data for similar Ta{V) imido and amido
molecular species (2/). No improvements in
the fit were obtained by taking imto account
the coexistence of 2 with [(=8i0); Ta"]. Second-
shell data, which were tentatively added to im-
prove the fit, are compatible with vicinal SiNHa,
but extra parameters decreased the quality factor.
Given the known capacity of bimetallic systems

H
i1a l

o e o
1
AN

|

H___:t_an
0, \f.':l

N

Mg Intermediate with
H, = | coordinaled M

v (NN = 2280 e

{22-25), including ditantalum hydndes (24, 23),
to activate dinitrogen, we explored possible
TaTa contacts in the EXAFS study, No sig-
nificant Ta-Ta path contribution to the EXAFS
could be found.

The reaction of 1 with dinitrogen was also
studicd by in situ infrared absorption spee-
troscopy (Fig 3). As expected, reaction of the
tantalum hydrides mixture [(=510)2Ta-H] and
[(=Si0);Tatl;] (1) with NyH, under the con-
ditions described above led to the disappearance
of the staning hyvdride stretching bands [viTall,)
centered at 1830 cm '] and to the appearance of
new vibration and deformation bands of NH,
groups in [(ZSiO%Ta(=NH)XNH,)] (2) (/6).
Upon reaction of 1 with "N, and H,, as well
as "Ny and Da, all expected isotopic frequency
shifts ("*N/"®N and H/D) for 2-"*N and 2-d
were observed (g, S6) (16), Surface sily lamido
moietics, [=Si1-NHs], are also formed, with di-
agnostic 5(SiNH,) bands observed at 1550 em
(/&) No evidence for cither coordinated or
physisorbed ammonia was observed in IR and
NMR spectra.

Density functional theory (DFT) periodic
calculations using Vienna ab initio simulation
package (VASP) (26, 27) were performed 1o
add addinonal support w0 our structural as-

HN NH:
Intermediate
with reduced L q:..f
M-M bond ardar ?/ ~o
1

v (NyH,) = 3407 em-t mﬁx_f N

v (NH,) = 3500, 3461, 3375 em-)

H H HH
S Ho Ho M _nEd
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Fig. 4. Final product, 2, and IR evidence for reaction intermediates observed by in situ IR monitoring
of the dinitrogen activation on isolated tantalum hydrides on silica surface 1a and 1b (pertinent
stretching frequencies reported below) and proposed possible structures for intermediates. Not all the
dinitrogen adducts are expected to be IR-active. The hydrazido intermediate is in bracket because
independent experiments have shown that it can be involved in the formation of 2 but cannot be

observed under our reaction condition (32),
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signments of [(Z510);Ta(NH)NH;)] and its
posited stability. The structure of model
[(ES510ETaNHENHL) |, supported on eristobal-
ite (100) surface, 2g, was optimized (fig. S5),
and selected IR frequencies and NMR chem-
ical shifts calculated [yielding noncorrected
calculated IR frequencies of 3602 cm ™' (viu).
3546 and 3418 (vapa) and 1502 cm ' (Snpz),
and calculated "N-NMR chemical shifts of 71
parts per million (ppm) and ~268 ppm for NH
and NH;, respectively (20), in close agreement
with the experimental values], The coordina-
tion geometry of Ta in 24 is caleulated to be
pscudotetrahedral, with L-M-L angles ranging
from 101.1° to 112.2° and M-L bond lengths
in good agreement with the EXAFS spectrum
(2, and similar distances neported for mo-
lecular Ta-0{Si1), Ta-N(R), and Ta-N({Ra) spe-
cies (21). Nombly, the imido (NH) and amido
{NH;) ligands in 2 are coplanar, facilitating
maximal orbital overlap between the metal
orbitals and the ligands, as already discussed
for the isolobal silica-supported d” metal spe-
cies Re(=C'Buf=CH'Bu)(CH,'Bu)0Si=) and
Mo/W({=NR)=CH'Bu)(CH,'Bu)OSi=) (R = Mg,
Ph) {28,

Thermodynamically, formation of 2, from
reaction of N; with either the tantalum mono-
hydnde [(=510Tall] (1a) or amalum trihy-
dride [(=510%TaH;] (1b) supported on the same
cristobalite (100) surface s highly exothermic
{1254 and -80.9 keal mol ', respectively) (fig.
55B). This result substantiates the mechanistic
feasibility of the reaction in Fig. 2C proceeding
through ireversible cleavage of the N=N tnple
bond on isolated Ta atoms,

The capacity of isolated Ta atoms in 1 to fully
cleave the N=N bond is original in the context
ol surface scicnee: The dissociative chemisorp-
tion of dimitrogen on metallic surfaces, which is
the mte-determining step in ammonia synthesis
(& 9, 15 assumed 1o occur on a two-site (or
higher) ensemble of surface atoms, with the
surface acting @ an cleciron reservoir. In con-
trast, the alternative associative pathway-—a
single-site metallic activation to induce full N-N
cleavage through reduction to an amido imido
species (1 )y—was not considered eflicient based
on IR and microkinetic data,

The reactivity of 1 toward dinitrogen is also
distinet from previous observations in homoge-
neous molecular systems. The dinuclear Zr mol-
ecule [( nﬁ—{',Mc.;I 1], nz. nz-N;] relics on
two metal centers for dinirogen cleavage with
dihwdrogen (23). The two-molecule system cis-
[WENzR2(PMePh)y] / [RuCl(n* Hy X dppp)a] PFg
(dppp = 1. 3-bis(diphenylphosphino jpropanc)
is the only other organometallic system capa-
ble of reducing coordinated dinitrogen with di-
hydrogen, presumably by Bu-mediated heterolytic
H-H cleavage (29). More gencrally, when redue-
tion systems other than dibvdrogen are also taken
inte consideration, multimetallic cooperation re-
mains the general mle for Ny activation by in-
organic (30) or organometallic complexes (22-23),
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Likewise, biochemical systems are believed to
require as many as 20 metals—the number of
unique metals in FeMo cofactor, P cluster, and
Fe protein of nitrogenases—to achieve dinitro-
gen reduction 1o ammonia (4).

The only exception 10 mulimetallic cooper-
ation for dinitrogen cleavage is the aforemen-
tioned Mo(lll) organometallic comples (). The
single-molybdenum cemer prevents dimerization
side reactions, presumably through the sirong
steric protection alforded by the hexaisopropyl-
metaterphenyl tnamidoamine ligand around the
Mo™ atom (Fig. 1) Likewise, our surface ongano-
metallic approach vields isolated Ta"™V centers
protected against bimetallic decomposition by
the strong and inert siloxy bonds 1o the rigid
siica surface. Furthermore, the characteristic
chemistry displayed by la and 1b toward dini-
trogen is likely due to the capacity of surface
organometallic chemistry o synthesize highly
uncoordinated, electronically unsaturated, highly
thermally stable, isolated metal atoms. No so-
lution or surface molecular system has so far
achicved all these properties simultancously
(i.c., well-defined isolated Ta"™V atoms, three
or five coordinate, stable up to 250°C), which
probably contributes 1o the capacity reported
here of cleaving the N=N bond on an isolated
metal atom with dihydrogen [rather than with
the judicious altemate additions of protons and
electron sources in solution applied in the Schrock
system (4]

This unusual reactivity raises challenging
mechanistic questions, To gain further insight
into the possible clementary steps involved in
the synthesis of 2 (Fig. 2C), we attempted in
situ monitoring of the reaction by IR spee-
troscopy: A fraction of the tantalum hydrides
appearcd very reactive, enabling observation of
several intermediate specics when starting the
reaction al room temperature (Fig. 3D),

When exposed 1o a hydrogen-free Na ammo-
sphere at oom wemperature, a fraction of the
tantalum sites coondmated dinitrogen reversibly
with concomitant elimination of dihydrogen (0.3
H+Ta) and appearance of a Ta(Na) stretching
band in the IR spectrum at w(TaN,) = 2280
em | (Fig. 3D). The high wave number supports
an end-on coordination motif” of N2 on tan-
talum (3/). The band disappcars on vacuum
treatment. When '*Ns is used, the band shifts
w v(Ta*Nz) = 2197 em ', in agreement with
expeciations using the harmonic oscillator ap-
proximation {fig. S6).

On heating the sample to 250°C the v Tain'-
MN3)] band disappears, accompanied by further
decrcase of the v(TaH), and a new band appears
in the v(NH) region [v(TaNH,) = 3400 L‘ITI.“IL
along with traces of Ninal product 2 (Fig, 3E).
No lurther evolution 5 observed unless di-
hydrogen 15 added to the reaction vessel,
Addition of dihydrogen led 10 the complete
formation of final product 2 (Fig. 3F) no fur-
ther intermediary reduction products could be
observed (32).

This IR spectral evidence is consistent with
the formation of dinitrogen, diazenido and'or
hydnizido metal complexes (Fig, 4) (32), which arc
the expected intermediates of dinftrogen activation
by organometallic compounds, o described by
the Chant (333 and Schrock (4 cvcles (Fig. 10),
with the notable peculiarity that the reaction
does not require the alternate addition of protons
and electrons to a dinitrogen adduct. In our case,
we have the dircet involvement of dihvdrogen,
It is presently unclear whether the reaction pro-
ceeds by, lor example, Ta-promoted heterolytic
H-H cleavage on a Ta dinitrogen adduct in some
analogy with litemture precedents (29), or by
unprecedented N; insertion in a Ta-H bond. The
Chatt cycle relies on a distal N» reduction mech-
anmism  (also known as the d-mochanism) in
which the reduction of the nitrogen atoms occurs
sequentially, involving first only the Pnitrogen
of MiN,), and thereby leading to dianionic
hvdrazido intermediates, M{=N-NH;) (4, 33).
In contrast, the reactivity of the isolated surface
tantalum hydrides 1 with MN5/H, is consistent
with an altemating N, reduction nmechanism,
involving both nitrogen atoms of M{N;) and
proceeding through a monoanionic hydrarido
mtermediates, M{-NH-NH;). Recent evidence
has implicated such an altemating, rather than
distal, N5 reduction mechanism for nitrogenase
(6, I,
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Breakdown of the Born-Oppenheimer
Approximation in the
F + 0-D, - DF + D Reaction

Li Che,** Zefeng Ren,™* Xingan Wang,” Wenrui Dong,” Dongxu Dai,* Xiuyan Wang,®
Dong H. Zhang,* Xueming Yang,'t Liusi Sheng,? Guoliang Li,* Hans-Joachim Werner,*t

Frangois Lique,* Millard H. Alexander*t

The reaction of F with H; and its isotopomers is the paradigm for an exothermic triatomic
abstraction reaction. In a crossed-beam scattering experiment, we determined relative integral
and differential cross sections for reaction of the ground F(°P3) and excited F*(Py) spin-orbil
states with D, for collision energies of 0.25 to 1.2 kilocalorie/mole. At the lowest collision
energy, F* is ~1.6 times more reactive than F, although reaction of F* is forbidden within the
Bormn-Oppenheimer (BO) approximation. As the collision energy increases, the BO-allowed reaction
rapidly dominates. We found excellent agreement between multistate, quantum reactive scattering
calculations and both the measured energy dependence of the F*/F reactivity ratio and the
differential cross sections. This agreement confirms the fundamental understanding of the
factors controlling electronic nonadiabaticity in abstraction reactions.

tion is invaluable in the application of

quantum mechanics 1o molecular spec-
roscopy and molecular reaction dynamies. This
approximation (1) postulates that electrons adapt
adiabatically to the motion of the much heaver
nuclei, so that the forces on the nuclei are
generated by the variation with geometry of
the electronic energy of a single clectronic siate,
The BO approximation allows us to model
molecular dynamics as the motion of multiple
nuclei on a single clectronic potential cnergy
surface (PES).

Diespite its great success, the BO approxi-
mation breaks down whenever two (or more)
electronic states become degencerate (or nearly
s0). This breakdown is responsible for funda-
mental molecular phenomena such as predis-
sociation or intemal conversion in an isolated
molecule (2, 3) and 15 ultimately crucial in monz
complex chemical processes.

In most bimolecular reactions involving an
open-shell reactant, two {or more) clectronic
states are degenerate at large scparations. As
the reaction proceeds, the degencracy is lifted.
Ofien, not all the PESs correlate with the
lowest electronic staie of the products (4, 5).
In the F or F* (F/F*) + H, reaction under
investigation, the BO approximation prohibits

Thc Born-Oppenheimer (BO) approxima-
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the reaction of the excited F-atom spin-orbit state
(6, 7) (Fig. 1). The extent to which reaction flux
can move from one PES to another dunng the
reaction 15 largely unknown.

Interest in the reactivity of spin-orbit excited
F atom with H,, mduced by the breakdown of
the BO approximation, dates back 30 years (8).
Earlier expenmental studies of the F + Hs (9)
and F Dy /0, ) reactions showed no
concrete evidence of F* reactivity. Neshiit and
co-workers (12, 13) did find such evidence by
leoking at the production of HF (v = 3) in rota-
tional levels that are energetically inaccessible
by reaction of ground spin-orbit state F atoms.
Concurrently, in a crossed-beams siudy of the
F/F* + HD reaction, Liu and co-workers also
found experimenial evidence of the HF (v = 3)
product from the F* reaction at threshold col-
lision energies ( f4). The great experimemtal dif-
ficulty in evaluaing the relative F* reactivity is
the separation of HF products produced by the
reaction of F*,

Fig. 1. Relative energies (to scale)
for the F/F* + Dy reaction, after
inclusion of the spin-orbit sphitting,
with a schematic representation of
the three FH; electronically adia-
batic PESs, labeled for both co-
linear and coplanar geometry. The
vibrational zero-point energy (for
reactants and products and at
the barrier) has been included,
Although the F(*P5;) + D, —
DF (v = 0) + D reaction exother-
micity is 31.80 kcal/mol, the
OF (v = 4) + D channel is exoergic
by only 0.088 kcallmol. The po-
tenitial energy surfaces for the two
11 states correlate, in the product

Relative Energy (kcalimal)
[ ] —

F{*Pir} + Dalj = 0)

F(Paz) + Da(j = 0)

REPORTS

Despite the importance of F* reactivity, the
majority of prior theorctical work on the F + Ha
(HD, Ds) reaction has been lmited to calcu-
lations on the lowest, electronically adiabatic
PES. Building on earlier work (/5-17), Alex-
ander, Manolopoulos, and Wemer (7) presented
an exact famework for the fully quantum-
mechanical swdy of this reaction with inclusion
of all three PESs shown in Fig. 1, & well as spin-
orbit and Corolis coupling. Alexander and co-
workers have shown that, as the collision enenzy
decreases, the BO-allowed reaction of F becomes
suppressed by the small reaction barrier (Fig. 1)
more rapidly than the reaction of F*. Thus, at
low encrgy the BO-forbidden reaction becomes
increasingly important because of the additional
intemal energy available in the spin-orbit excited
state (1.2 keal'mwal) (7, 18),

In an effort to delermine the extent of the
breakdown of the BO approximation in this
benchmark system and to test fully our ability to

measure, and predict, the degree of reactivity of

the spin-orbit excited F atoms, we report here a
high-resolution crossed molecular beam study
on the FF* + orthe-Dy reaction using the D-atom
Rydberg tagging method (19). We concentrated
on very low collision energies (0.2 < £, < 12
kcal/mol), where nonadiabatic cffects are ox-

pected o be most pronounced. The choice of

Ds, rather than Ha or HD, was made for several
reswons: The absence of D atom background al-
lows a higher detection signal-to-noise ratio, and
the smaller rotational constant of DF (comparcd
with HF) allows a cleaner separation of the DF
(v} products from the reaction of F compared
with F*. In addition, because of the absence ol a
transition state resonance (20) in the F + Dy
reaction at low collision energy, the investiga-
tion and the comparison with theory can focus
solely on the relative reactivity of the two F
alom spin-orbit statcs, without any additional
complexity introduced by the resonance,

In the cxperimems (2/-24), the F awm
beam was penerated by expanding a mixiure
of 50% NFy2.5% F+/47.5% He through a two-

DFaN+D

Mal1 %A%

n, 42 247

ox s (1749 DF(v = 4)+D

1o DF(v =3, 2,..)+D

arrangement, with DF(@’I1) + D, which lies at least 38 kealimol above the F(®Psz) + D; asymptote.
Consequently, the position of this asymptote is not drawn to scale,
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stage discharge. Smgle photon vacuum ultra-
vioket (VUV) absorption to two autoionizing
states of the F atom (25) showed that the F:F*
ratio in the discharge was 4.8 (fig. SI).
Measurement of this ratio made it possible
for us to extract the relative cross sections for
the F and F* reactions with D,

The o-Dz was made by passing n-Dq gas
through a column flled with an o4 conversion
catalyst cooled down to about 20 K. A neat
o-Dy sample was expanded through a pulsed
nogzele cooled down 1o liguid nitrogen temper-
ature, at which point =93% was cooled down 10
the lowest ( j = 0) rotational state (19). By vary-
ing the crossing angle of the F and oD beams,
we can vary the collision cnergy.

Time-ol~flight (TOF) spectra of the D atom
products from the FIF* + 0-Ds reaction (with an
mitial F:F* mtio of 4.8) were measured over a
rmange of laboratory (LAB) angles varied in ~10°
intervals. Fig. 2 shows two typical TOF spectra
of the D atom product at £, values of 0,55 and
1.12 keal'mol. The most pronounced structures
in the TOF spectra can be clearly assigned to
DF product rotational (ro}-vibrational states from
the F + D2 {j = ) reaction. In addition, we also
see features that can be assigned 1o reaction of
F*. It is evident that the relative F* reactivity is
more pronounced at the lower collision energy.

The spectra, which are proportional o the
DF produet intensity at vanous LAB scattenng
angles, were then converted to relative differen-
tial cross sections (DOCSs) in the conter-ol-mass
(CM) frame by means of a standard Jacobian
transformation to obtain the product kinetic ¢n-
ergy (KE) distributions. Duning the conversion,
deiection efficiencies of the D atom product af
different LAB angles and different velocities
were simulated and included. The KE distribu-
tions obtained expenmenially in the LAB frame
were simulated by adjusting the relative pop-
ulations of the ro-vibrational states of the DF
product. From these simulations, relative popu-
lation distributions of the DF product at cach ro-
vibmtional state were determined at all LAB
angles measured,

Because the D + DF (v = 4, = ) products
are nearly isoergic with F = Dy (v =0, j = 0)
(sce the caption to Fig, 1), complete separation
is seen in the TOF specira for reactions of F
and F* that produce DF in v = 4, which is the
highest encrgetically allowed product vibrational
level. For DF products in lower vibrational lev-
els, any overlap between the signals arising
from the F and F* reactions will cause some
uncertainty i the simulations. Fortunately, in
most of the cases here, the mtational excitation
of the DF product from both the F and F* re-
actions is limited mainly 1o the lowest few mo-
tational states, and so the dominant peaks from
the F and F* reactions are well separmed, There-
fore, we can obtain a decent [it by assuming that
DF product rotational excitation from the excited
state F* reaction & similar to or slightly hotter
than that from the ground state F reaction,

We expect that the F* reaction should pro-
duce DF with shightly hotter rotational distribu-
tions (figs. S2 and S$3) because, for a given
collision energy, the total energy available to the
DF products will be larger (26). We estimated
that the error caused by assuming similar de-
grees of mtational excitation should be about
10% both in the relative integral cross sections
(ICSs) for the F* reaction and in the mtio of the
ICSs for reaction of F and F*. This estimate is
comparable 1o our measurement error.

At all collision encrgics, quantum-state-
resolved DCSs of the DF product in the OM
frame (B4, = 0° o 1807) were then determined
by fitting the above experimental results. Fig. 3
displays the topology of these DCSs at a E, =
048 keal/mol and compares these with the resulis
of the theoretical calculations, which are sum-
marized in the lollowing two pamgraphs. Ex-
cepl for some small forward scattering in the
theoretical simulations, which lies below the
detection limit in our experiments, the overall
agreement in the DCSs between experiment and
theory is excellent, in terms of both scattering

angle and DF product state and for reactions of

both F and F*.

The theordical simulations entailed  time-
independent, fully gquantum, reactive scaftenng
caleulations based on the formalism we presented
carlier (7, 27). These calculations include explic-
itly all three PESs shown schematically in Fig. 1.
The PESs used were fits to a new st of highly
accurate ab initio calculations (24). To correct
for residual emrors, we scaled the correlation en-

ergy so that the calculated F + Hy — HF + H
exoergicity agreed with the currently accepied
experimental value (72) to within the uncer-
tainty in the later, This overcomes the draw-
back (/8) in the carlier set of PESs of Werner
and co-workers (6, 7), namely, the underpre-
diction by -0.7 keal'mol of the F + Hz re-
action exoergicity. Although this error is much
smaller than the typical accuracy of ab initio
calculations of PESs, it is a large fraction of
the F + H; (I;) collision energy in the regime
of low energies where one might expect 1o see
the most noticeable evidence of nonadiabatic
reaction dynamics,

The overall topology of the DCSs displayed
in Fig. 3 is very similar for F and F* reactions,
The F* reaction can oceur only by means of a
non-BO (nonadiabatic) transfer of mcoming col-
lision flux from the PES of the nonreactive
excited state of A° reflection symmetry (labeled
24" in Fig. 1) to the PES of the ground (reactive)
LA" state. Flux transfer will occur most readily at
geometries for which the F-atom spin-orbit
splitting is equal to the energetic splitting
between the PESs of the two states of A'
reflection symmetry (7, 28, 29).

This seam of geometries ocours well out in
the F + Ds reactant valley [see figure 2 of (7).
After undergoing the nonadiabatic 24" — 1.4'
transfer, the initially nonreactive flux will be
subject to the same forees that alfect the ground
state reactants, in particular over the barrier and
oul into the HF + H product arangement. Be-
cause the product distnbutions are a manifesta-

Fig. 2. TOF spectra of the D atom 80- ]
product from the F2P3oF (PPy,) + ve3F) 15
D; (j = 0} reaction at collision en- W
ergies of (A) 0.55 kecalmol at a 10- E"r_i? hid
laboratory angle of 110° and (B) 60~
1.12 kcal/mol at a laboratory angle " I. \ll 4
of 125°. These laboratory angles 1 © '
correspond roughly to D products 40+ % J |['1I|,
scattered in the backward direction | i e WM | ' T
in the center-of-mass frame (relative 30 40 so0 80 70
to the incoming D; beam). 204
o v=2(F}|, v=4{F)
a 1 =4(F*
.E. . — T T T T T
S s004B I ' |
= weiF) 1qu|
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tion of these forces, we would anticipate the
DF + D DCSs arising from reaction of F and
F* to be quie simlar, as observed here.

AEXP (F)

DF{v=3)

DF{v=3)
DF{v=4)
DF{v=2)

~F

The largest F* versus F difference can be
scen mn the DF (v = 4) products (Fig. 3).
Because of the relanve energetics (Fig. 1), for

C THEORY (F)

D THEQRY (F)

Fig. 3. Experimental (A and B) and theoretical (C and D) three-dimensional D-atom product flux
surface plots for the F/F* + D; {f = 0) reaction at £, = 0.48 kcal/mol. The concentric circles comespond
to different HF product ro-vibrational states. The direction of the F atom beam defines the forward

scattering direction.

A0
1 +« expp
084 « EXP(F) .
THEORY (F) -

06| — THEORY (F") .
::]( u
@
8]

0.4 - .

Fig. 4. (A} Collision energy depen-
dence of the overall integral reactive
cross sections, summed over product
vibrational and rotational levels,
for the FF*+D,(j =0) reactions for
0.25 < £ < 1.2 kcalimol. (B) The
ratio of the cross sections shown in
{A), The solid curves are the results of
our theoretical caloulations, whereas
the points indicate the experimental
results. The error bars indicate the
range of measurement errors in the
experiment.

ICS(F)/ICS(F)

Q.0 T T

04 06 08
Collision Energy (kcal/mal)

0.2
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£ = 048 kealmol only the j =0 and j = | DF
rotational levels in v = 4 are cnergetically ac-
cessible m the F + D neaction. The j = 0
products will emerge with a translanonal energy
of only 0,004 kcal'mol. However, at the same
collision cnergy, the first seven rotational levels
in v = 4 arc energetically accessible for the F*
reaction, and the 7 = 0 products will emerge with
a ranslational encrgy of 0,054 kcalimol, sub-
stantially larger than that from the F reaction. It
is for this reason that the DF (v = 4) DCSs from
F and F* show the largest dissimilarity.,

To assess the relative reactivity of the F and
F* reactions, we determined the dependence on
collision ¢nergy of the 1CSs, These are the in-
tegrals of the comresponding DCSs over all scat-
tering angles and so are a measure of the total
reactivity at a particular £, To camy out this
integration over scattering angle, we have chosen
a set of laboratory angles that comresponds to the
backward scattering direction for DF (v = 3)
product at a particular collision energy. We then
measured TOF spectra at these lab angles and
comresponding collision energics back and for-
ward more than 10 times 1o put the 1CS mea-
surcments at different collision energies on the
same scale, such that the relatve 1CS could be
determined expenmentally by just  integrating
over all seattered products. Fig. 4A shows the
experimentally determined 1CSs for the F and
F* reactions in the collision energy range
between 0.25 and 1.2 kealimol. Over the entire
set of collision encrgies, the expenmental 1CS8s
arc scaled o the theoretical values by means of
a single scaling factor for both the F and F*
reactions.

The barrier on the lowest PES (Fig. 1), cor-
recied for zero-point energy, is ~1.2 keal/mol,
Thus, we sec that, over almost the entire range
ol collision energies investigated here, the F
Dy reaction proceeds solely by quanmum me-
chanical wnneling of the D atom,

In Fig. 4 A, the reactive cross scction for the
BOwallowed F atom reaction increases much
more rapidly with increasing £, than that for
the BO forbidden reaction of F*, which was the
gualitative prediction of our carlier calculations
(7, 18). The energy dependence of the mtio of
the 1CSs for the F and F* reactions is shown in
Fig. 4B. The agreement with the predictions of
the present scattering calculations based on the
new PESs is remarkable. At the lowest £
studied here, ~0.25 keal'mol, both experiment
and theoretical calculations show that F* is ~1.6
times mone reactive than F

The excellent overall agreement between ex-
periment and the results of quantum reactive
scattering calculations on a new set of ab initio
PESs (24) indicates that the theorctical formu-
lation and simulations correctly include the es-
sential physics goveming the nonadiabatic
processes of importance in the F + Ha reaction
and 115 isotopomers, OFf particular interest would
be the use of our new set of PESs 1o investigate
the F + HD reaction, for which the HF + D
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chamnel displays a pronounced trnsition-state
resonance at £, = ~0.6 keal'mol (20, 23). Liv and
co-workers ( /4, 30 have mvestigated the F'F* +
HD reaction in some detail but pnmanly at
energies considerably above the resonance,
Studics on an ecarlier st of PESs show that the
resonance is absent in the F* + HD channel (/4),
s0 that the influence of the resonance should be
seen in the energy dependence of the F*TF ratio,

Ultimately, we hope that one will reach a
similadly good degree of agreement between ex-
periment and theory in the investigation of non-
adiabaticity in abstraction reactions of F with
polyatomie targets, such as HyO (37 or CD, (32)

Owur conclusion that at low collision energy
the F* reactivity becomes increasingly more ef-
ficient, relative to the BO-allowed F reaction of
the ground spin-orbit state, agrees well with the-
orctical simulations of similar sophistication for
the homologous CUCT* + H, reaction (33, 34) but
contrasts with prior experimental work (35, 36),
Future theoretical and expenmental study of the
Cl + Hj reaction is necessary 1o reach a level of
agreement similar to what we have reponted
here for the F + D, reaction.
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Glaciers Dominate Eustatic Sea-Level
Rise in the 21st Century

Mark F. Meier,)* Mark B. Dyurgerov,™? Ursula K. Rick,™® Shad O'Neel,™** W, Tad Pfeffer,™*
Robert 5. Anderson,™® Suzanne P. Anderson,™” Andrey F. Glazovsky®

Ice loss to the sea currently accounts for virtually all of the sea-level rise that is not attributable
to ocean warming, and about 60% of the ice loss is from glaciers and ice caps rather than from the
two ice sheets. The contribution of these smaller glaciers has accelerated over the past decade,
in part due to marked thinning and retreat of marine-terminating glaciers associated with a
dynamic instability that is generally not considered in mass-balance and climate modeling. This
acceleration of glacier melt may cause 0.1 to 0.25 meter of additional sea-level rise by 2100.

isintegrating glacier ice constitules a
Dsuhﬁmnlinl and accelerating cause of

global sca-level rise. We synihesized
results from a variety of recent ice mass change
studies in an effort to present @ more accurate
picture of changes and trends in 1ce volume and
associated sca-level rise. This synthesis includes
current results that update the Intergovemmental
Panel on Climate Change (IPCC) Fourth Asscss-
ment Repont (/) stresses the importance of dy-
MEMIC Processes in transporting temrestrial ice 1o
the sca, compares the contributions of glaciers
and ice caps with those from the ice sheets, and
presents new projections of ice mass change to
the end of the 215t century,

We included all glaciers and ice caps
(GIC) We excluded the Greenland and Ant-
arctic ice sheets, but included the GIC that
surround and are peripheral to the great ice
sheets. We focused on present-day behavior
ifrom about 1996 1o 2006) because of its ent-
ical imponance 1o socicty now and its rele-
vance for runofT and sea-level projections 1o
the vear 2100,

A primary drver of recent e loss is the
rapid retreat and thinning of marine-temminating
glaciers, which are susceptible 10 a nonlinear
dynamic instability when their beds are below
sea level, The increased role of this phenome-
non in delivering ice 1o the ocean during recent

warming has been demonstrated for ice sheet
outlets (2-4) but is also important for many
GIC. This instability can markedly raise the
sensitivity of glaciers 1o climaie change. It is
conventionally assumed that under near-sicady
state conditions, the climatically controlled sur-
face balance {(inputs by snow and loss through
melt) controls the geometry of an joe mass, and
geometnc wansinons (changes in thickness) are
forced by changes in surface mass balance. In
contrast, under dynamically forced conditions,
changes in ice velocity are forced instead by
changes in subglacial mechanics, and geometric
transitions are governed by changes in flux
divergence rather than surface balance.
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The whole-glacier continuity equation  for
the rate of change of glacier ice mass, M, is

M= ."i':fb o 3 ."n:ﬂ, + ﬂ.fL = Jp‘.fn{.j
A

[{ Vg )pddA + p,WeHy(ur = u)
"

where dots denote differentiation with respect to
time, My is the glacier-wide net meteorological
mass balance (the local surface mass balance, b,
integrated over the glacier areca, A); My rep-
resents average thickening or thinning  associ-
ated with the local divergence of e discharge,
¢, integrated over the glacier arca; and M
represents net mass change due to extension or
retraction of the terminus govemed by the bal-
ance between calving at a rate w, and terminus
ice speed, e al a terminus of width Wy and ice
thickness Hp. p; 15 the density of ice. The
contribution of mass 1o the sea from a retreating
tidewater glacier (— M) is therefore the sum of
ice losses driven by meteorology (My), by draw-
down of the ice reservoir due to ice dynamics
(M), and by terminus dynamies (M) We re-
port these as mass fluxes in gigatons (G per
year (1 Gt = mass of | km® water = 1/362-mm
sea-level change).

For many manne-terminating outlet and tide-
water glaciers, thinming and henee ice loss as-
sociated with dynamic instability can be
appreciably greater than thinning causad by the
local surface mass balance. Alaska’s Columbia
Glacier provides a useful example. Before the
onsel of mpid retreat around 1980, this glacier

maintained a nearly steady-state elevation pro-
file {a robust proxy for a stcady-state thickness
profile), for which the positive surface mass
balance, estimated at My= 0.37 Guycar, was
closely balanced by dynamic surface lowering,
During the lae 1970s, however, net thinning
began o occur (My + My = 088 Gryear), por-
ending dynamic retreat (5, 6): about 15 km of
erminus retreat ensued. Columbia Glacier's dis-
charge has since increased. In 2000 o 2001, the
ice Mux through the eminus reached 6.6 Guyear
even though the surface mass balance was prob-
ably decreasing ( 7). Arendter al. (8) have pointed
out the cntical role of these effects in the wastage
of other calving glaciers in the westem Chugach
Mountains, Alaska. This switch from balance-
controlled 1o dynamically forced modes must be
understood in companng global jec-wastage
observations and in predicting futre delivery
of glacier ice 1o the oceans. The time scale for
extracting large volumes of ice from tidewater
glaciers as well as from the margins of the major
ice sheets can be notably shorter than one would
predict from surface mass-balance estimates or
climate-balance modeling.

Other calculations of losses due to changes
in iee dynamics are mre. Studies in the Russian
Arctic (Franz Josel Land, Novaya Zemlya, and
Sevemaya Zemlya) over the period from 1952
o 2001 estimate M = —1.3 Guyear and Myt
My = 32 Guiyear (V). Recent studies on the
Devon Island lee Cap (/1)) indicate that iccherg
calving caused up to 30% of the mass loss
between 1960 and 1999, These results sug pest
that, in arcas where tidewater and calving glaciers
occur, the emors in estimating ice loss of GIC
from classic surface observations are likely 10 be

Table 1. Present-day rate of ice mass loss (M), its projected rate of change (M) and rates of sea-
level rise (SLR). The M includes surface mass balance, as well as dynamic effects where known. For
Greenland and Antarctica, we used published results, as in 4], but we subtracted GIC mass balances
[-26 to —50 Gt/year (13), depending on gravity signal leakage pattern] from the Greenland gravity
results to avoid double counting the GIC ice losses. We did not make this adjustment for the
Antarctic because the known major changes in the Antarctic Peninsula are not necessarily reflected

in the gravity results.

M M SLR rate Total Tatal SLR
in 2006 in 2006 in 2006  SLR to 2050 to 2100
G/year Guyear” mm/year mm mm
Glaciers and ice caps
Assuming current acceleration =402 £95 =119=56 11=.24 8143 240 = 128
Assuming no acceleration =402 = 95 0.0 11=.24 49 £12 104 =25
Greenland Ice Sheet
Assuming current acceleration -182 =34 -162=6.3 05=01 65 =28 245 = 106
Assuming no acceleration -182 = 34 Q 05=01 22 =4 47 = 8
West Antarctic lce Sheet
Assuming current acceleration =117 =15 =73 =37 032=0.04 34 =157 120 =507
Assuming no acceleration =117 £ 15 0 032+004 14+2 0+4
East Antarctic lce Sheet
Assuming current acceleration 56 = 26 34 =27 —015= 007 -16 =127 -56 = 40?7
Assuming no acceleration 56 + 26 0 —015+£007 -—T=3 15+7
Global total
Assuming current acceleration —645 = 170 -32 £ 107 18z 0.5 160 = 657 560 £ 2307
Assuming no acceleration —645 £ 170 0 1.8+ 05 78£21 167 =44

REPORTS

higher than stated because of the paveity of data
on ice dynamic contmbutions 1o volume losscs.

Rates of ice mass change (M) from 1995 10
2005 (Table 1, Fig. I, and table S1) show
accelerating rates of mass loss (M = 0) from
almost all glacier inventories. The rates are
indexed to the common year 2006, and the
current accelerations of loss in ice mass (M) are
obtained by lincar regressions of published val-
ues of rate o mass loss versus time, beginning in
2000 or slightly before (figs. 51 10 83). These
rates of ice loss include dynamically foreed losses
where known: because these are not known in
many areas, the values reported must be con-
sidered underestimates. For companison, we also
present recent results from the Greenland and
Antarctic ice sheets in Table | and Fig. 2. The rate
of GIC e loss (+5D) of 402 + 95 Guiyear
dominates the contributions to sea-level rise
from the various ice masses in 2006 (Table 1),
and the GIC around the Gulfof Alaska contribute
substantially (=100 Gu'year; Fig. 1).

The recent mte of wordwide sea-level rise is
about 3.1 + 0.7 mm/year: of this, occan warm-
ing (the steric efleet) accounts for about 1.6 +
0.5 mm/year (). The results given in Table |
suggest that glacier and ee sheot wasiage cur-
rently genertes 1.8 mm'year of sea-level rise,
accounting for slightly more than the remainder
of the nonsterie sea-level change. Our results,
consistent with those in the IPCC Founth Assess-
ment (1), suggest that GIC contribute about 60%%
of the custatic, new-water component of sea-level
rise (Table 1 and Fig. 2} Our GIC wasiage
numbers are slightly greater than those reporied
in a recent conscnsus statement (1) prepared for
the IPCC becavse the Fourth Assessment reports
on an ecarlier perod (1993 10 2003) and the
acceleration of ice loss is very large (Fig. 1).

We explored the future effedt of ice wastage
for two scenarios in Table [: (1) The present
acceleration of mass loss remains constant (M=
present value; figs. S1 to 53) and (i) the
present rate of mass loss remains constant (A=
present value: A7 = 0), The surface mass-balance
contribution to cstimates of mass loss would pre-
sumably be more accumte i linked to atmo-
spheric models incorporating  changes in OO,
emissions, but our emphasis s on dyvnamic
changes to the glacier mass budget. We included
only observed and documented dynamic changes
in our assessment, and made no attempt to
include changes that may be initiated by ice-
ocean interaction in the near future. We note that
dynamic adjustments can be rapid and may twm
on and ofl asynchronously, as demonstrated in
Alaska (/12 and Greenland (3); one should also
assume that with further wanming these dynamic
changes will likely accelerate, These extrapola-
tions suggest that the GIC contribution will ex-
ceed or equal that of either ice sheet throughout at
least the first half of this century, and perhaps all
of this century, and will deplete a most 35% of
the available GIC volume, taken here as 250 =
10* km* water equivalent (13, /4), by 2100,
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Fig. 1. Rate of ice mass loss from all GIC since 1995 (11, 13). Vertical error bars indicate the
published uncertainty; horizontal bars show the years over which the mass balance has been
averaged. (Inset) Rate of mass loss from all GIC for the period from 1950 to 2005. The red dashed
curve exponential indicates the best fit through the total mass loss; the blue dashed curve applies
only to the glaciers in the Gulf of Alaska. Data, method, and authorships are given in table S1.

These projections appear to be larger than those
suggested by the IPCC (), much larger than
suggested by some authors [e.g., (15)], but in
close agreement with other recent work (76). At
the very least, our projections indicate that fiture
sed-level rise may be larger than anticipated and
that the component due to GIC will continue to
be substantial.

The values suggested for the GIC contribu-
tion to rismg sea=level in future vears might be
questioned because they do not consider the loss
of glacier arca. Most previous models of GIC
discharge begin with a fixed “reservoir”™ of GIC
ice that decreases in area and volume as global
warming progresses. Indeed. many of the
smallest glaciers are likely to vanish during the
218t century. However, (i) most of the GIC arca
on Earth is accounted for by a relatively fow
large glaciers (such as subpolar ice caps) that
will not shrink appreciably in arca during the
21st century; and (i) cold glaciers in the polar
regions, which do not now produce runofl 1o the
ocean, will warm to the point where appreciable
runofl to the sca can be expected.

Using a global size distribution of glaciers
combined with volume, arca, and thickness scal-
ing (77, 18), we found that more than half of the
ice volume in GIC 1s contained m ice masses that
are individually =4000 km®, with mean thick-
nesses of =300 m (/9), The cumreml average
global thinning mte of all GIC is about 0.55 m
{ice equivalent)'year and is increasing at about
0.0164 m/year” (Table 1). Total projected thin-

ning by the year 2100 is only 30 and 120 m for
steady and accelerating wastage scenarios, re-
spectively. Although this is heartening, the
median arca of 34 “henchmark glaciers,” which
have time series of glacier mass balance since the
1960s, is only 4.1 % km”, comesponding 1o a mean
thickness of a few tens of meters (60 m). Thus
many of these will likely disappear along with
their valuable long-term records.

Our cstimates mclude many possible crrors,
including measurement errors and area uncer-
tintics, which are difficult o quantly but are
likely only a few percent of the global toals.
Our neglect of warming of polar fim and
subsequent runofl, and of both mass balance
altitude feedback and  ill-understood  dynamic
instabilitics, leads to underestimation of sca-
level rise. Neglecting arca losses and ignoring
the density change comection for ice removed
from below sca-level produce small overesti-
mates, Total errors (Table 1) do not significantly
affect our conclusions.

To improve our understanding of the ice melt
contribution to sea level, we must recogniee that
the GIC, not the big ice sheets, arc most im-
portant today, and will continue 10 be important
throughout this century, Complex processes drv-
ing the behavior of glaciers need better char-
acterization. With the growing emergence of
dynamically forced thinning and retrcat as a
dominant mass-loss process on both calving gla-
ciers and ice sheet outlets, rates ol volume change
have become very nonsteady. Studies of retreat-
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Fig. 2. Contributions of GIC, Greenland, and
Antarctic Ice Sheets to present-day rate of sea-level

rise (s.l.r.), along with their respective volumes and
dreas.

ing tidewater glaciers, completed and under way,
are very helpful in understanding the analogous
phenomenon at ice sheet outlet streams, The GIC
around the edges of the big ice sheets, with wtal
area estimated to be more than 200 = 107 km®,
require detailed examination. Spatial extrapola-
tion 1o obtain regional averages from representa-
tive samples, as well as temporal extrapolation to
predict future behavior, requires better knowl-
edge ol statistical distibutions of glacier arca and
volume, Glacier volume scales nonlinearly with
arca, thus global grids (e.g.. 1° by 1%) must be
applicd with great care to avoid dividing glacier
arcas into picces that do not scale comreetly for
thickness (20).

lee wastage contributions o sea-level nse
will likely continue to increase in the future as
wamming of cold polar and subpolar glaciers
continues. and  dynamically forced responses
continue 0 occur. Our resulis suggest a sea-
level nse of about 0.1 10 0.25 m in this century
due 1o GIC wastage alone. This range can be
compared with the [IPCC projection total sea-
level nse (all sources) of about 0.2 10 (L5 m
depending on the cmission scenario (the full
effeats of changes in ice sheet flow are not
included). Although large ice masscs may
surpass the glacier contribution 10 sca-level nise
in the distant future, the GIC contnbution is
important now and will be for the remainder of
this century,
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The Southern Ocean Biological
Response to Aeolian Iron Deposition

Nicolas Cassar,** Michael L. Bender, Bruce A. Barnett,® Songmiao Fan,?
Walter ]. Moxim,? Hiram Levy II,? Bronte Tilbrook?

Biogeochemical rate processes in the Southern Ocean have an important impact on the global
environment, Here, we summarize an extensive set of published and new data that establishes the
pattern of gross primary production and net community production over large areas of the
Southern Ocean. We compare these rates with model estimates of dissolved iron that is added to
surface waters by aerosols. This comparison shows that net community production, which is
comparable to export production, is proportional to modeled input of soluble iron in aerosols. Our
results strengthen the evidence that the addition of aerosol iron fertilizes export production in the
Southern Ocean. The data also show that aerosol iron input particularly enhances gross primary
production over the large area of the Southern Ocean downwind of dry continental areas.

he rate of organic matter export from the

I surface waters of the Southem Ocean has
an imporiant impact on distributed prop-

erties of the environment. First, it influences
the nesidual nutrient burden of waters that flow
northward in the subsurface to supply nutrients
o much of the extrapolar ocean (7). Sccond,
carbon export emoves COs from surface wa-
ters, thereby influencing the atmospheric CO4
concentration over both  glacial-imerglacial
and anthropogenic time scales, There is coms-
pelling evidence that iron supply [rom a num-
ber of sources (such as coastal sediments,
acrosols, upwelling, ice melting, and enhanced
mixing over high topography) influences mites
of both gross production and carbon export by
Southemn Ocean eccosysiems. Ocean color daia,
for example, show that biomass is clevated
downwind of acolian iron sources, and extra-
ordinary “paich™ experiments have shown that
iron addition enhances primary  production
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and new production in several representative
regions (2).

To understand the potential for acolian iron
fertilization, we compared a large number of net
community production (NCP) measurements
in the Southem Ocean (3, 4 o a modeled Fe
deposition (3). NCP and gross primary produc-
tion (GPP) are calculated as the production rates
required o maintain the observed biological O
supersaturation (denved from Ox/'Ar) and O4
triple-isotope anomaly against equilibration by
gas exchange (parmmetenzed in terms of wind
speed) (6). NCP from Qs is the stoichiometri-
cally equivalent rate of organic carbon produc-
ion in excess ol respiration; it approximales
carbon export from the mixed layer, Our data set
establishes the patiern of this fundamental rate
process in the Southem Ocean at a scale here-
tofore accessed only for chlorophyll, which re-
flects bionmss. We implemented these methods
with samples of water Fom the upper-occan
mixed layer, Samples were collected by us or
collaboritors on cruises of opporunity  and
returned to the labortory for analysis; in this
way, it was possible o assemble a very large
data sct,

Our approach to determining NCP and GPP
has distinct attnbutes and limitations. The meth-
od accesses production over times on the order
of | week, comesponding 1o the mixed-layer
depth divided by the piston velocity. We as-

sumed steady-state mixed-layer depth and pro-
ductivity (clearly a simplification). We ignored
exchange between the mixed-layver and underly-
ing walers. The analysis of Wang er af. (7) sug-
gests that, in the Polar Fromt Zone and the
Subantarctic Zone, this process is of minor im-
portance in the summer and i the spring. When
the flux of O, is into the ocean, we report nega-
tive values of NCP. Although we reffer to the air-
sca biological Os Nux as NCP, we were unable
to determine whether negative values reflect net
heterotrophy in the mixed layer or upwelling of
Os-undersaturmted waters.

Figure 1 shows surmmer NCP values superm-
posed on Southern Ocean propertics (8). Most
of the Southem Ocean can be considered a
high-nutrient low-chlorophyll region, with the
caveat that the arca north of the Antarctic Polar
Front ( APF) is depleted in silicate during sum-
mertime. The strong westerlies around  the
Antarctic continent drve a northward Ekman
transport of nuirieni-rich circumpolar deep wa-
ters that upwell south of the APF. From the
south, the Antarctic Zone lies between the
Southern Boundary of the Antarctic circumpolar
current and the APF, the Polar Frontal Zone
sireiches from the APF tw the Subantarctic
Front, and the Subantarctic Zone extends from
the Subantrctic Front 1o the Subtropical Front,
The Subtropical Front is the boundary between
the warmm and salty subtropical waters and the
relatively cooler and fresher waters of the South-
ern Ocean. The summertime chlorophyll distn-
bution is shown by the background colors of the
map (Fig. 1).

We observed that, in general, NCP nises toward
the north (Figs. | and 2), with considerable spa-
tial heterogencity. Visual inspection, along with
the statistical analysis of Reuer et al. (4), shows
that NCP is weakly correlated with climatolog-
ical satellite chlorophyll cstimates, Our resulis
also show higher NCP and GPP in the spring
than in the summer over most of the Southern
Ocean (9) (Fig, 2). Our approach underestimates
NCP in upwelling arcas, where mixing 1o the
surface of Ox-depleted waters lowers the bio-
logical O; supersaturation. For this reason, the
apparent poleward decrease in NCP could par-
tially be driven by upwelling of upper circum-
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polar deep water south of the APE. However, we
behieve that pant of this poleward decrease accuw
ratcly reflects the gradient in mixed-layer fertility
because chlorophyll concentration, as well as our
"A-based estimates of GPP (which are less af-
fected by upwelling), show a similar trend (Fig, 2),

We considered three properties that, indi-
vidually and in combination, influcnce spatial
variahility of summertime Southem Ocean pro-
ductivity: SHOH),, light, and iron, Si(OH ), un-
doubtedly limits diatom production a1 certain
times but cannot account for the pattern of GPP
andd NCP that we observed: It is replete only in
southern waters, but production is highest in the
north (41 In addition, becavse of diatom Si:C
plasticity, limitation of SHOH), uptake docs not
necessarily entail carbon-speeific growth limita-
tion {/0). The mixed layer is sometimes hght-
limited because deep mixed lavers, with lower
mean imadiance, ane typical of the Southem Ocean,
However, a comparison of our summer NCP mea-
surements o climatological photosynthetically
active mdiation within the mixed layer shows no
statistically significant correlation (fig. S1).

Iron might account for meridional variability
in open ocean production in one of three ways,
Fipst, illthe source ol iron is upwelled subsurface
waters, production should be elevated near the
zome of upwelling —mainly around and south of
the APFE Indeed, there 5 some evidence for
higher production at the APF. However, as water
upwells south of the APF and flows norhward in
the Ekman Daft, we do not observe the predicted
decrease in production, which theoretically would
be caused by removal of iron by scavenging and
carbon export. Furthermone, studics from the Aus-
tralian and Pacific sectors of the Southem Ocean
agree that the mixed-layer Fe concentration in-
creases, rather than decreases, toward the north
{({{-13). This iron increase o the north is ac-
companicd by nsing relative vanable fluorcseence
as measurcd by fast repenion rate {Tuorometry
(44, 13). Relative vanable (luorescence 1s positive-
v comclated 10 m siu Fe concentration i the
Southem Ocean (/4). In addition, phytoplankton
communitics north of the APF do not respond &
strongly in Fe ennchment experiments as the ones
south of the APF (/3).

Second, if the source of ron is scasonal or
annual acrosol input, production should be
comrelaied 10 long-term average Fe deposition.
Gitven a plausible residence time on the order of
5 months (calculated for the Subamarctic Zone
assuming soluble iron deposition = 0.06 pmol
m > day ', mixed-layer depth = 30 m, and
mixed-layer [Fe] = 0.3 nmol kg '), the dissolved
Fe concentration will refleet aerosol deposition
somewhat upstream of the sampling point, a
complication we neglect here. In Fig. 3A, we
plot NCP versus the annual ron deposition rate
at the sampling location computed by Fan ef al,
(5). Their model, driven by analyzed metcoro-
logical properties, simulates chemical changes
occurring in acrosob that increase Fe solubility
with atmospheric mansport time (Fig. 4A). This

increase in Fe solubility exerts a first-order control
on acrosol Fe mput o the oceans (76). Relative
to a model assuming that a constant [raction of
ron dissolves, models mvokmg chemical trans-
formations predict diminished soluble Fe addi-
tion near dust sources and enhanced delivery in
remote regions (Fig. 4B). Uncertaintics in the
entrminment mics of dust in the source arcas and
the fraction of soluble iron in senling acrosols
introduce imporant erors into mtes of soluble
iron deposition simulated by the model. There is
clearly a strong comelation between NCP and an-
nual Fe deposition (i = 0.60, d' = 381; Fig. 3A).

Third, il the source of iron is synoptic-scale
deposition, production should be comelated with
the deposition rmte during some recent period.
The correlation cocflicient between NCP oand
soluble iron deposition is a maximum when iron
deposition is averaged for a period of 14 days
before sampling (r = 0.53, dff = 381; Fig. 3B),
decrcasing only slightly with longer averaging
times (6). This perod may be shorer than the
average residence time. Nevertheless, synoplic-
scale events would lead to variability of about
25% in the ambient iron concentration given tran-
sient doublings and halvings of the soluble iron
mput with a 30-day cyeling ume. Such changes
appear feasible based on the companson of aver-
age Fe deposition at sampling sites durmg the
2-week period before collection and the average

annual Fe deposition at the sites (fig. S2), and the
varability would of course be greater il the rnes-
idence time were <5 months, Fe excursions might
raise NCP by inducing transient increases in phy-
wplmkion growth that would evenmally be cur-
miled a5 greers respond. Alematively, recently
added iron might be more available o phytoplank-
ton than iron that has resided for a longer time in
the mixed laver. A large proportion of Fe in the
mixed layer is organically chelated (17, /8), and
the bicavailability of this ligand-complexed Fe is
poody undersiood (/9). Similar analyses demon-
strate the influence of soluble Fe deposition on
GPP as well (fig. S3).

Thus, our data are compatible with cither an-
nual iron deposition or synoptic-scale ion deposi-
tion that has a significant influence on varability of
NCPR, as well as GPP, in the Southem Ocean. Sta-
tistical tests confirm the link betwoen increasing
iron deposition and mercasing NCP and GPP (6).
Some of the varability in NCP versus Fe deposi-
tion can be explained by other sources of Fe (such
as mehwater, sedimentary, and upwelling sources),
variable phytoplankton Fe:C' quotas, light and
silicate limitations, parameterization of the aimo-
spheric Fe dissolution kinetics, acolian transpon
model emors, and wind parmectenation of the
piston velocity.

To explore the potential ind nature of atmao-
sphieric Fe fertilization, we performed a model

=S - - Sblmpacal front (STF)
==~ Subantarctic fron (SAF)
Polar front (APF)

Southern ACC front (SACCF)

180°W
S ——
0 02 04 06 08 1 1.2

1.6

1.4 1.8 2

Fig. 1. Austral summer NCP measurements in the Southern Ocean. Yellow circles indicate locations of
summertime Ox/Ar samples from which we calculated air-sea O3 Huxes and NCP values. Open circles
denote Oy-undersaturated waters and O, fluxes into the ocean. Closed circles reflect net autotrophy,
with the crcle size proportional to its magnitude. The largest filled circle represents 168 umol O3 m*
day™*. Sea-Viewing Wide Field-of-View Sensor (SeaWiFS) summer chlorophyll a climatology is also
shown (color bar, bottom, in mg m~3). (Inset) Color-coded sampling sites with summer, spring, and fall
in blue, green, and orange, respectively. Dashed lines indicate the dimatelogical locations of fronts that
separate the main water masses associated with the Antarctic circumpolar current (ACC) (35).
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Il least-squares biscctor regression analysis (200
o caleulate the Fe/Cy, mtio (acrosol Fe input/
NCP) implicd by our data (Fig. 3B). We adopied
an O2/C molar photosynthetic quotient of 1.4
for NCP (i.e., NCP is assumed to be mostly
nitrate-derived) (2/). The resulting Fe/Clp,
ratio for the spring and summer scasons is

2.5 umol mol ', This number is markedly sim-
ilar to the oceanic Fe/C ratios in Southem Occan
phytoplankton (22) (1.5 and 2.1 pmol mol Vin
the Ross Sca and Drake Passage, respectively),
For comparison, Fe:(" in laboratory culures of
Thalassiosiva oceanica varies between 2.5 10 34
pmol mol ! depending on Fe availability (23).

REPORTS

In the Southern Ocean, where Fe s laghly hm-
iting, phytoplankton specics are at the lower end
of this mnge (24-28). Denving our estimates for
the cellular Fe quota based on NCP is reason-
able if, in the mixed layer, Fe is stoichiometri-
cally cycled along with organic carbon, mther
than independently exported (28). Stoichiomet-
ric cycling is supported by the Fe/C remineral-
ization ratio, which is also about 2 pmel mol !

:;2;5 i;af:::l“z":v:;_ - ::L A {22). Hence, our msulls.:ehnl-w that _p‘r_'nul.mum-
gional gradient in (A) :? trophs may rely on acolian input of Fe over a
Oa/Ar-derived NCP, (B) = 20 1 broad arca of the .‘-muTth‘n Ocean, .
oxygen triple isotope— 3 Our work, together with other recent studies,
derived GPP (mmol m™  E i provides a comprehensive picture of the ways
day™Y) from available E 04 in which iron fertilization and iron himitation
measurements, and (C) % influence the biomass and fenility of Southem
Fe deposition {umol m™ Z 104 Ocean coosystens, There are five sources of
year ") from correspond- -20 hioavailable ron 10 surface waters of the Southem
ing model grid boxes. Ocean. First, melting of sea ice can release ac-
Standard error bars are 400 cumulated iron that contributes locally to spring-
also shown when a"’_ﬂ“' = B time blooms along the 1ce edge (29). Second,
able. STF, Subirnmc.?l j; 300 the release of dissolved iron or resuspension of
Front; SAF, S“ba,““"m E sediments can supply iron 1o waters overlying
Front; PF, :ﬂ"“'a'{t‘ Polar 'E 2004 shallow sea floor, accounting for high produc-
m&??‘:&'m E tivity in continental shell environments (along
:or:mem bmaw mi o 100 the Antarctic coast, for example) (30). Third,
o e :
the ACC. o upwelling ""'Fr_"l"'"‘_‘ iron and accounts for cle-
0 vated productivity in some areas of the APF (3/1)
_ and along the continental slope. Fourth, vertical
1 50 mixing, mduced by rough bottom topography,
;‘ . c - All Seasons \uppim.» inn to ?-I.II!‘IEIL‘:: waters and enhances pro-
E - Spring ductivity in regions such as the Scotia Sca cast
E - R, prthu: Drake Passage, :u_ui the Kcr'g_ul:luﬂ Platcan
= in the center of the Indian Antarctic sector (32).
S a0 = ok Finally, as we discuss, delivery of soluble iron
= by acrosol deposition supplics that element o
2 104 the Southern Ocean, particularly arcas down-
a wind of substantial dust sources, accounting for
e T - T - T elevated chlorophyll and/or productivity to the
=5TF SAF<  PF< SACCF= SBDY<= <5BDY  ¢asi of Patagonia and to the south and south-
=STF =5AF =PF =5ACCF west of Australia, New Zealand, and Adfnca,
Regions lacking all sources are the least fenile
Fig. 3. Spring (16%) __ 100 in the Southemm Ocean, despite their high bur-
and summer (84%) T, dens of NO3 , PO,* , and Si(OH). These in-
NCP measurements ver- o <SBDY clude waters overlying the Enderby  Abyssal
sus comesponding mod-  E 50 SBDY<>SACCF H  piain (westem Indian sector), South Indian Basin
eled annual (A) and 2- © SNECEE {castemn Indian scctor), and the Bellingshausen
week (B) Fe dEF"??iﬁ“" E ::::;:F abyssal Plain (Pacific sector), all in the Antarctic
rates. Gray pluses, circles, E © 5 SETE Zone of the Southem Ocean,
and triangles represent & Both data and models support the idea that
'“d',"""ma'l observations, = 50 £ the flux of dust to the Southem Ocean wis
regional averages for ! n.05 e 015 much higher during the last ice age than during
E'?r'h ltransa:t. a":f r"ﬁ Feaput (umole:m-=>d"") the present or preindustrial times (33). In the
;mﬁa‘:erage‘s ];E b Subantarctic region, lower 8N of sedimentary
hi‘:rf lirie repl mﬁit : = nitrogen i." gllariullxuiiln‘u:nm (34), along Iwi'[Ih
model Il least-squares bi- = more T:-I[I]l] h]lﬁgh.'llfi: Sily m:tmntuinlinm. indi-
sector regression analysis. E ol cates higher rates of expont production, Increased
The red line represents O i!'un delivery 1s certainly a pl_;luh'ihlc explana-
an Fe requirement of 1.4 E tion for faster export. According to the model
uM Fe/MO, [compatible E Of of Robinson et al. (34), the resultng depletion
with Sunda’s (22) South- o of subamarctic waters in nutrients and TCO,
e Ocean phytoplank- g would have led 10 an atmospheric CO4 draw-
ton’s FexC ratio estimate —505 0.05 01 915 down of up to 40 pans per million, accounting
and a photosynthetic quo- Fe Input (umole m2 d") for nearly half the glacial lowering of atmo-
tient of 1.4 (21)]. spheric CO,. Our work shows that delivery of
www.sciencemag.org SCIENCE VOL 317 24 AUGUST 2007
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Fig. 4. (A) Annual depaosition fluxes of dissolved Fe to the ocean based on the Fan et al. (5) two-step solubility process (umol m™ year™). (B) Ratio of
fluxes shown in (A) and a constant 5% Fe solubility model.

airbome Fe increases production of subantarctic
waters, strengthening the link between enhanced
Fe delivery and lower CO; during the jce ages.
Our work also underscores the importance of
understanding  the implications of the large
change in dust trnsport to the ocean simulated
for the coming centurics (3.3).
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The Evolution of Selfing in
Arabidopsis thaliana
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Unlike most of its close relatives, Arabidopsis thaliona is capable of self-pollination. In other members
of the mustard family, outcrossing is ensured by the complex self-incompatibility (S) locus, which

harbors multiple diverged specificity haplotypes that effectively prevent selfing. We investigated the

role of the 5 locus in the evolution of and transition to selfing in A. thaliano. We found that the 5 locus
of A. thaliana harbored considerable diversity, which is an apparent remnant of polymorphism in the
outcrossing ancestor. Thus, the fixation of a single inactivated 5-locus allele cannot have been a key

step in the transition to selfing. An analysis of the genome-wide pattern of linkage disequilibrium
suggests that selfing most likely evolved roughly a million years ago or more.

amajor theme in the evolution of Mlowering
plants, having occurred independently in
numerous lineages (/). Although it leads 1w

Thu: transition from outcrossing to selling is

mbreeding depression, the ability to sclf’ can be
advantageous when colonizing new termitory and
is therefore associated with weedy and invasive
specics. A. thaliana, a member of the Brassicaceae,
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Fig. 1. (A) Plots illustrating
sequence conservation (18) across

the 5-locus region between C24

and Col-0 (bottom plot) and be-

tween Cvi-0 and Col-0 (top plot). Cvivs.
Colored regions designate the U- ©°
box, "WSCR, ‘PSRK, and ARKS lodi,
respectively. Sequence similarity

is represented on the y axis,
Most of the 5 locus is too diverse

to be aligned for the three
haplotypes. (B) Plot of LD B
[measured as r?, with the darkest

and lightest colors indicating
complete linkage and no linkage,
respectively (19)] across the S-locus
region, See table 51 for a summary

of investigated polymorphisms. Be-
cause the observed polymorphisms

are highly clumped, the spacing in

the plot s nonlinear: Thin lines
connect the actual positions of
polymorphism along the chromo-
some. The highlighted blocks illus-
trate strong LD not anly within the
U-box and ARK3 genes but also (i)
across the 5 locus from Atdg21360

(a transposable element) through
‘WSRK and (ii) across the entire
region from the U-box to ARKZ.

(C and D) Observed LD decay in
genome-wide single-nucleotide poly- €
marphism data (11} as compared
with coalescent simulation results
(20), assuming a constant popula-

tion size (C) or assuming popula-

tion growth (D). The simulations

fit the data only if the transition to
selfing occurred so recently that no
trace would be visible ("no change

in selfing rate”) or s0 long ago that 7
the trace would have been lost 0.1
[“change at T = 1 million years

{My)"]. Ky, thousand years.

0.7

15 a haghly selfing plant that 15 separated from s
closest relative, the selfincompatible A, hrara, by
about 5 million vears (2, 3).

In the Brassicaceae, the main components of
the 5 locus are the tightly linked S-locus cysicine-
rich protein (SCR) and S-locus receptor Kinmse
(SRK) penes, which encode male and female
specilicity determinants of selHincompatibility,
respectively (#). The § locus is chamcterized by
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highly diverged haplowypes, as predicied by
theory ( 5). Because A, thaliana is self-<compatible,
the self~incompatibility system must be inactive,
and both SCR and SRK are pscudogenes (‘PSCR
and "'SRK) in the reference accession Col-0 ().
Because transformation with S-locus alleles
from A, fyrata can restore self~incompatibility in
A thaliana (), mactivation of the 5 locus could
have been the key siep in the transition to selling.
If" this occurred only once, it should have shamly
reduced varability at this locus [a so-called
“sclective sweep™ (7, 8. Even il such an event
happened a long time ago, it should be rcadily
detectable because the ancestral locus would have
been extremely polymomphic (3, 9).

We investigated vanation at the 8 locus using
several approaches. Polymerase chain reaction
(PCR) amplification of " SCR and ‘PSRK failed
inmany of 96 surveyed accessions (J0), indicating
that these genes are either very diverged in se-
quence or missing. These results were suppored

Population growth

‘n\ -Dints
~Mo change in selfing rale
Change a1 T = 40 Ky
Change s T = B0 Ky
Change a1 T = 150 Ky
Change a1 T = 1 My

5 10 15
distance (kb)

by whole-genome resequencing data for 20 ac-
cessions with oligonucleotide arravs (/7). The 5-
locus region of many accessions did not hybridize
well to the arrays, which had been designed based
on the reference sequence. Several, highly diverged
haplotypes exiend throughout the S-locus region
{table S1). About 35 accessions are very similar
o the Cold) reference. Cvi-0, from the extreme
south of the species” mnge, camies a very distinctive
haplotype that ococurs only once in our sample,
Another distinctive group includes nine acces-
sions, with origins ranging from Kashmir (£2) 1o
Spain, The ramaining accessions are characterized
by different but consistent pattems of missing data,
This later group mcludes C24, which camics an
cxtensively reamanged haplotype (see below),

We dideoxy-sequenced bactenal artificial chro-
mosomes (BACS) covering the S locus from two
aceessions: C24, which was the only accession for
which self~incompatibility was restored upon
transformation by S-locus alleles from A, hrata
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(), and the highly divergent Cvi-0 (/3). In C24,
the S locus is extensively rearmanged as compared
with that of Col, and “¥SCR is deleted (14),
whereas in Cvi-0, the S locus is similar in structure
to Col-0 but & highly diverged in sequence (Fig.
IA). Most of the sequence between the U-box
gene and “PSRK cannot be aligned for the three
haplotypes, Cvi-0 SCR camics no obvipus null
mutation, whereas Cvi-0 'WSRK has a distinctive
splice-site change (fig. S1).

Because we found high variation, our data rule
out the fixation of a single loss-ol-function allele
at the S locus as a key step in the mnsition 1o
selfing. Instead, the ancestral balanced polymor-
phism at the § locus is gradually being eroded
through genetie daft, pethaps in combination with
sclection for inactivity: a process that may be very
slow, especially in highly structured populations.
The A. traliane SRK alleles arce shared with closely
related species (15). Given that linkage disequi-
librum (LD} extends throughout the S-locus re-
gion (Fig, 1B}, it seems likely that the same will be
true for SCR. At the same time, the observation that
transformation with S-locus alleles from A, hrata
does not always restore sell-incompatibility (6)
suggests multiple evolutionary routes 1o selling.

Owr results contradict a report of low variabil-
ity at "FSCR (but not "WSRK) resulting from a
recent sclective sweep (12). The disagreement is
not due to differences in the sample that was used:
We were unable to replicate previously published
results (/2) using the published PCR primers and
accessions (table S1 and fig. S2), and the reported
WECR sequence in Cvi-0 disagrees with our BAC
sequence, although the highly divergent 'WSRK is
identical in our BAC sequence and in the se-
quence in the previous meport. We  therefore
conclude that the published resulis are crmoneous.

It has been noted that a selective sweep at SCR,
but not SRA, scemed unbkely (/30 Our data
resolve this contradiction,

Finally, we considered when selfing might have
evolved. It has been estimated that SRK staned 10
become a pscudogene no more than 413,000
years ago (1.5); however, the tmnsition 1o selfing
could have wken place cardier if loss of S-locus
function was not the first step [as suggested by the
discovery of a modilier of seli~incompatibility in
A. thaliaia (16)]. To obtain an allemative estimaie,
we examined the genome-wide pattem of LD (1),
LD in a partially selling organism should decay
like that in an outcrosser, albeit more slowly (/7).
However, a very different pattern 15 expected wath
a recent, dramatic change in outerossing, because
recombination events that ook plce before the
transition o selling would have been more ef-
fective in breaking up LD, As a result, long-range
LD, which reflects recent events, should be too
high relative o shon-range LD, which reflects
more ancient events. This pattemn should be de-
tectable unless selfing evolved cither a very long
time ago (on the order of the coalescence time, or
about 10° years in A thaliana) or very recenthy, in
which case the LD pattem should still look like that
of an outerosser. The LD decay neveals no indi-
cation of a recent change in selfing (Fig. 1, C and
D), and because the LD pattem is very different
from that in an outcrosser, specics-wide selling
miost likely evolved on the order of a million years
ago or more, This would also have provided ample
time for the suite of selfing-associated traits that
distinguish 4. thaliana from A, feeata to evolve (3),
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Anatomy and Dynamics of a
Supramolecular Membrane

Protein Cluster

Jochen ). Sillelzne.-r,1 Katrin . Willigf Carsten I(utzm!r,; Claas sz-n:ling-ltvz-imh!r:s,1
Benjamin H.ﬂrle';.-,z Gerald I:Ir.mmzrt,,z Burkhard Elilmmm!rft Christian Eggl!!.ing,2
Stefan W. Hell,” Helmut Grubmiiller,® Thorsten Lang't

Most plasmalemmal proteins organize in submicrometer-sized clusters whose architecture and dynamics
are still enigmatic. With syntaxin 1 as an example, we applied a combination of far-field optical
nanoscopy, biochemistry, fluorescence recovery after photobleaching (FRAP) analysis, and simulations
to show that clustering can be explained by self-organization based on simple physical principles. On
average, the syntaxin clusters exhibit a diameter of 50 to 60 nanometers and contain 75 densely
crowded syntaxins that dynamically exchange with freely diffusing molecules. Self-association depends
on weak homophilic protein-protein interactions. Simulations suggest that clustering immobilizes and
conformationally constrains the molecules. Moreover, a balance between self-association and crowding-
induced steric repulsions is sufficient to explain both the size and dynamics of syntaxin clusters and
likely of many oligomerizing membrane proteins that form supramolecular structures.

he Muid mosaic model Tor the structure of
biclogical membranes (/) proposes that

individual membrane proteins diffuse

frecly ina sca of lipids, However, it is becoming
clear that most membrane proteins are organized
in clusters that are diverse. Current popular theo-

rics for membrane comparimemalization do not
provide a satsfactory explanation for this degree
of micropatteming. For instance, partitioning sc-
lected components nto lipid rafis is supposed 1o
organize the membrane (2), but whercas glyeosyl-
phosphatidyl (GPT-anchored proteins enrich in
rafts, the large majority of transmembrane
proteins prefer the nonmft phase. Other models
propose subplasmalemmal “fences™ and “pickets™
1o form compartment boundaries (3). However,
these theories can explain formation of only a
limited number of differemt plasmalemmal com-
partments, what is difficult to reconcile with the
large compositional diversity of membrane do-
mains. Thus, the physical pranciples underlying
most membrane protein clusters are not yet ade-
quately understood.

Several observations are consistent with high-
ly specilic clustering mechanisms, Particularly
striking are obscrvations that several integral
membrane protein isoforms or structurally similar
family members segregate in nonoverlapping
clusters, meluding receprors (), lipid phosphate
phosphatases (5}, and members of the soluble
N-cthylmaleimide-sensitive factor attachment pro-
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tein receptor (SNARE) famuly [so-called syntaxins
i, 7). Segregation of syntaxins 1s hkely [inction-
ally mportant because syntaxin 1 and 4 clusters
represent sies for dockimg and fusion of secretory
granules and caveolae, respectively (8-70), In
vitro, syntaxin 1 forms homo-oligomers via its
SNARE motif (/7). and. although most syntaxin
clusters are also stabilized by cholesterol [for
example, (6, 8-1/M)]. it has been shown that for
specilic cluster formation homophilic interac-
tions of the SNARE motifs are essential ( 7), This
renders a sell-organizing system governed by
protein-protein interactions, a plausible biolog-

1cal mechanism, explaming the ligh specilicity of

cluster formation. Unfortunately, the existence, let
alone the mechanism, of such a sell~organiang

process could so far not be established because of

limited knowledge about the size, composition,
and dynamics of the clusters.

To overcome this limitation, we have com
bined the nanoresolving power of stimulated
emission depletion (STED) fuorescence mi-
croscopy (fig. S1) (/2-14) with quantitative
biochemistry, Muorescence recovery alter pholo-
bleaching (FRAP) analysis, and simulations 1o
determine the physical basis of the supramo-
lecular nanostructure formed by syntaxm 1.

'Depariment of Neurobiology, Max Plandk Institute for
Biophysical Chemistry, Am Fassberg 11, 37077 Gatingen,
Germany. ‘zl}epanmem of Nanobsophotonics, Max Planck
Institute for Biophysical Chemistry, Am Fassberg 11, 37077
Gattingen, Germany, 3I:ha-[.manln'lu,:rlI: of Theoretical and Com-
putational Biophwsics, Max Plhmnck Institute for Biophysical
Chemisiry, Am Fassherg 11, 37077 Goltngen, Germany.
Triedensalles 92, 22763 Hamburg, Germany.
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A Density of Sx1 clusters

In neuroendocrme PC12 cells, the density of

syntaxin clusters per surface arca plasma mem-
branc was quantficd by STED microscopy on
membrane sheats (Fig. 1A) STED microscopy
reaches resolutions far below that of conventional
light microscopy (/2-/4) and is able to separate
individual clusters (Fig. 1A). Fearing a local
plane resolution of 30 nm, that is, ~3 times
beyond the diffraction barrier, the STED micro-
scope revealed an average density of 19.6
clusters per um” (Fig. 1A). To estimate the total
number of clusters, we further detenmined the
average ool surface arca by confocal microscopy
{460 um?; fig. $2). Accordingly, a cell contains
about 9000 clusters. Quantntative immunoblot-
tng revealed an average of 830,000 syntaxin
| copies per cell (fig. S3), vielding a syntaxin
cluster mtio of 90, which 15 an upper estimate
(15). STED microscopy also revealed an average
cluster diameter of 50 w0 60 nm (Fig. 1B) {5},
suggesting that within the cluster syntaxin mol-
ccules are densely packed.

To examine the mobility of symtaxin in the
plasma membrane, we performed FRAP experi-
ments in living PCI2 cells expressing groen
Nuorescent protein (GFP)-labeled syntaxin 1AL
This method determines the overall mobility,
although it 15 not able o difTerentiate betwoen
clustered and freely moving molecules. As
shown in Fig. 2, fluoreseence necovery Lmes
ranged from 40 w 60 s much higher than
expected for a Ireely diffusing protein with a
single transmembrane region (TMR) [(76) tor
diffusion cocflicients, see (75)], and full recovery
was not reached in the course of the experiment.
To execlude the possibility that incomplete
recovery is @ bleaching antifact, we performed

FEAP control expeniments on membrane sheets
that enabled us to comeet the signal for bleaching
and laser Nuctuations because the total [Tuones-
cence of the preparation was known., No
difference in FRAP was observed between live
cells and membrane sheets (Ng. 54). This
experiment further indicates that cvtosolic factors
and actin reorganization play no mole in control-
ling syntaxin mobility.

To identily the region of the protein that is
responsible for mobility restriction, we studied
mutant forms and deletion constructs of syntaxin
1A, Syntaxin 1A contains a C-terminal TMR, a
membrane-adjacent SNARE motl, and an nde-
pendently folded N-termmal domam connected
to the SNARE motif via a lmker region (17) (Fig.
2B). It has been previously shown that syntaxin
can form oligomers via s TMRs (/8) and can
adopt a closed conformation in which the N-
terminal domain is lded back onto the SNARE
moltil (/9). In FRAP experiments, mutations that
prevent TMR oligomerization ( /8) or the closed
conformation (/9) behaved indistinguishably
from wild-type syntaxin (Fig. 2B), indicating
that these mechanisms have no strong influence
on syntaxin mobility. However, mobility
increased dramatically afler deleting most of
symaxn’s cytoplasmatic part, and restnction in
mobility could be rescued by adding back the
SNARE mouf (Fig. 2C). Shonenmg the N-
terminal pant of the SNARE motl gradually
increased mobility from region -5 on, with
almost maximal mobility observed after deletion
ol region -3 (Fig. 2, D and F). Thus, the part from

5w -3 is essential for restricted mobility.
Howewver, it is not sullicient, because construct
SA (Fig. 2F), containing —5 0 -3 but lacking the

B Histogram of measured Sx1 cluster size

1604

1204

number of clusters
=

0 20

40 60 B0 100 120 140 180
FWHM (nm)

100 nm

Fig. 1. Syntaxin 1 clusters in PC12 cells. {A) Syntaxin 1 clusters were vi-
sualized by antibody staining for which access to the inner leaflet of the
plasma membrane is a prerequisite. To avoid detergent permeabilization of
the plasma membrane that may lead to artificial protein distribution, we
removed the upper parts of the cells by a brief ultrasound treatment (fig. 54)
and immunostained the remaining plasma membrane sheets after fixation. In

contrast to their confocal counterparts (left), nanoscale-resolution STED micrographs (right) reveal that syntaxin concentrates in clusters at an average density of
19.6 + 5.7 per um? (mean + SD, n = 47 membrane sheets). Bottom images are magnified views from boxed regions in top images. (B) Histogram showing the
distribution of full width at half maximum (FWHM) of syntaxin 1 cluster signals obtained from STED micrographs by line scan analysis (median = 68 nm; 1166
clusters from 25 membrane sheets). The FWHM of individual clusters was determined from the Lorentzian fit {gray line) of the line scan {black line} through the
corresponding cluster, From the median value of 68 nm, we estimated the real average cluster size to be between 50 and 60 nm (15).
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subsequent part from -2 1o +8, shows [ast
recovery (Fig. 2E). These expenments suggest
that SNARE mouls associatmg along almost
their entire length are responsible for the reducad
mobility of syntaxin, whereas its closed confor-
mation and TMRs play no role, The similarity 1o
the mechanism that directs syntaxin i
{7} indicates that reduced mobility is caused by
the assembly of svntaxin into clusters,

As discussed above, FRAP docs not differ-

entiate whether recovery results from difTusion of

entire clusters or from individual syntaxin mole-
cules (or small oligomers) exchanging between
mmobile clusters. To address this question, we
studied the dynamics of syntaxin | A-GFP clus-
ters. In this expenment, diffraction-limited spots,
composed of a few mdividual clusters, wene
momitered that should reorganmize, move, or show
intensity fuctuations if clusters are mobile. To
avold membrane motions caused by cellular dy-
namics as, for example, actin corlex reorganiza-
tion, wie used native plasma membrane sheets in

A Sx1A-GFP

which syntaxin mobility s indistinguishable com-
pared to that of mtact cells (g, S4). Syntaxin
spots did not change over mmutes (Fig. 3), sug-
gosting that luorescence reCovery occurs via ex-
change of syntaxin molecules between clusters,
Together, these data show that free and clustered
syniaxin molecules are in dynamic equilibrium
with each other and all that is needed for ¢lus-
tering are weak homophilic interactions between
plasmalemmal syntaxin molecules. Because
strong overexpression of syntaxin increases
cluster number rther than cluster siec and docs
nol generte a unifomm syntaxin distribution (7,
it s unlikely that other proteins are involved m
We thercfore asked
whether siee and dynamies of such micro-

the clustenng mechanism.

domams could be governed by simple physical
principles rather than by claborate layers of
biological regulation. In the first scenario,
clusters would form by sellForganization solely
depending on weak attractive forces involving
motil imteractions  (likely

homophilic SNARE
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Sx 1A

lqﬁ SNARE

supportad by cholesterol) that are balancad by
repulsive forees that may include stene hindrance
due to crowdmg,

To test whether this is possible, we simulated
FRAP experiments by Brownian dynamics (Fig,
4, A and B) using a simple intermction potential
between individual syntaxin molecules (Fig, 4B
inset, bold line), An additional repulsive com-
ponent was introduced, which strengthens with
cluster size (Fig. 4B inset, dashed lines showing
the resuliing potentials). The known concentra-
tion of syntaxin [about 1800 molecules per um®:
see also (15)]) was used, and syntaxin diffusion
was assumed o be similar o that of the construct
lacking the cyvtoplasmatic part, which had been
shown previously not to participate in syntaxin
clusters ( 7). Of the two adjustable parameters, the
effective attraction and the strength of the repul-
sive component, only those parameter combina-
tions were considered for which the simulations
equilibrated at the experimental cluster density.
For cach of the allowed combinations, the sim-

Fig. 2. Syntaxin 1 mobility is
determined by the clustering
reaction. (A} Confocal images
from the basal plasma mem-
brane of a PC12 cell express-
ing GFP-labeled syntaxin 1A, A
squared region was bleached
and FRAP was monitored. In
one experiment, traces from
individual cells (Fg. 56) were
averaged and fitted, and the
recovery half time was deter-
mined. For each set of experi-
ments [(B) to (E); n from 3 to 5
independent experiments), the
means + SEM of the recovery
half times and the trace ob-
tained by averaging the single
experiments are shown. Syn-
taxin 1A (5 x 1A) was com-
pared to point mutants (B) or
deletion derivates (C). (D and
E) Testing the constructs indi-
cated in (F), we studied the

o
(=] o

&0 mechanism by which the

SNARE motif controls mobility
in further detail. Construct —4
is significantly different from
& =2, =3, and -5 {P < 0.05,
paired t test, m = 5). (F}
Numbers —7 to +8 refer to
amine acids (24) (highlighted
i in blue and red) participating

TMH 54 SMARE

in layers of interaction in a
hypothetical SNARE core com-
plex (25).
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ulation equilibrated at different amounts of syntaxin
molecules per cluster and hence different fractions
of free syntaxin, as mdicated m Fig. 4B. With
proper selection of the free syntaxin fraction, per-
fect agreement with the measured recovery curve
was obtained (Fig. 4B, green curve). This shows
that the observed self~organizing process can be
explained interms of simple ineractions, Further,
an average cluster size of 75 molecules is pre-

Sx1A-GFP cluster dynamics on membrane sheets
Sx1A-GFP

membrane

dicted by the simulation, with the remaming circa
200 molecules j.ll]]: (eomesponding to 16%) diflus-
mg mosily mdmdually between clusters, Exchange
between elusterad and freely diflusing molecules
is governed by a distribution of dissociation time
constants (fig. 55) with an average mte constant
of (kog) = 25,000/s. Although only a small frac-
tion of syntaxin is freely diffusing, a much higher
degree of Nuorcscence recovery is reached be-

Fig. 3. Mobility of
syntaxin clusters. Mem-
brane sheet generated
from a syntaxin 1A=
GFP—expressing PC12
cell. A 5-min time-
lapse experiment using
epifluorescence micros-
copy was performed.
Top left, 144- imethyl-
ammoniumphenyl)-6-
phenyl-1,3,5-hexatriene
(TMA-DPH) staining for
phospholipids of the
membrane sheet. Mid-

dle and last images, first and last images of the GFP channel and coresponding overlay. The Pearson
correlation coefficient of the first and last image was calculated, indicating high similarity [0.82 + 0.11
{mean + SD; n = 16 membrane sheets)]. Bottom images show magnified views of the boxed region (top) at

indicated times,

Fig. 4. Brownian dynamics simulation and in silico reconstruction of
supramolecular syntaxin. (A and B) Simulation of lateral syntaxin
diffusion by Brownian dynamics. Starting from a randomly chosen
distribution [(A), left] and governed by an assumed interaction potential
[(B), inset], spontaneous syntaxin clustering occurred and was followed
in the simulation until thermodynamic equilibrium was reached [(A),
middle]. Subsequently, fluorescence recovery [(A), right] after simulated
bleaching (orange) of the central area [(A), middle] was monitored and
averaged over several runs [(B), solid lines]. The effective syntaxin
interaction strength and the strength of the repulsive component were
varied until agreement with both the experimental cluster density and
the measured recovery kinetics (dashed red line) was reached. Inset in
(B} shows exemplary interaction potentials for various cluster sizes n, at

cause both pools of syntaxin are in equilibrium
with cach other. Moreover, clusters become 1im-
maobile during the simulation within diffraction-
Imited resolution, another charactenstic that 1s
consistent with our experimental data,

Whereas the molecular basis for atiractive
forces can be readily explaingd by homophilic
interactions of the SNARE motif, the origin of
repulsive forces is less obvious, An in silico
model o 75 open syntaxin molecules, oligomer-
ized tightly via their SNARE motifs (Fig. 4C,
lelt), offers a plausible and consistent explana-
tion. In this model, the bulky N-termini would
cause syntaxins o adopt a half-closed conforma-
tion at the nm ol the cluster, resulting i a bunch-
The 530-nm diameter of the
structure formed by the N-tenmani, which contain
the epitope for antibody staining, agrees with the
cluster dimensions measured by STED micros-
copy. In this structure, molecules are confor-
mationally constrained, and steric hindrance
complicates attachment of more molecules with
increasing cluster size. This effect would set an
upper limit for the degree of oligomerization and
provides a molecular explanation for the repul-
sive forces in the simulation. Further, it explains
the immobile frction of syntaxins in tenms of
slow release of iner molecules. Lastly, the
bunchlike structure predicts that overexpression

hke structure.,

Mrmax = 140 (15). Attractive interactions occur at n, < n,,,. Insets in
lower images of (A) (length of 14.7 nm) show the repopulation of a bleached cluster (inset a) with unbleached (white) syntaxins (inset b). Please note
that at diffraction-limited resolution, images of the clusters appear blurred, resulting in spotty signals {Fig. 1A) with diameters of several hundred
nanometers (about the size of the inset box). For this reasen, in Fig. 3 cluster motions over small distances cannot be detected. (C) In silico

reconstructions of supramolecular syntaxin,
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of syntaxin nercases the number of clusters
rather than their size, which s in agreement with
previous observations (7). In contrast, a hypo-
thetical cylindrical syntaxin arrmngement (Fig,
4C, right) would not explain our findings.

The self~organization model shows that a
simple balance between weak homophilic inter-
actions and a repulsive component can explain all
available experimental data on the composition
anl the dynamics of syntaxin clusters,

Syntaxin clustering via selFassembly is likely
a paradigm that applics to a vardety of membrane
protein clusters, Like the syntaxins, many other
membrmne proteins are known both to form clus-
ters and o homo-oligomerize in vitro via their
eytoplasmic domamn. Examples include structur-
ally diverse proteins such as synaptolagmins
{13, 200 and receptors (4, 21) (containing single
transmembrane domains), anion transporiers
[e.g., (22)] contining multiple rnsmembrne
domains, and proteins such as reggie with lipid
anchors [e.z., (231]. The tendency to form homao-
oligomers in solution would be enhanced in
the plane of a membrane where membrane
anchoring orients the molecules ideally for
oligomeriztion. Hence, in the membrane sell-
association is enforced, leading finally to
nanodomains  containing many  copics of the
self-assembled membrane proteins. Thus, just as
for the syntaxins, homo-oligomenzation will
likely lead to cluster formation for any membranc
protein that can self~associate in solution.

The concept of clustering via self~assembly is
not resticted to membmne proteins oligomenz-

ing via their cytoplasmic domain, Rather, it can
be widely applicd to membrane proteins oligo-
mertzmg via therr transmembrane or extracellular
domains, with the only prerequisite being that
in these cases there would be additional protein
domains causing steric crowding or other re-
pulsive lorces, as, for example, accumulating
charges.

As outlined above, the mechanisms underly-
ing the high degree o' membrane micropaticming
are not well understood for most membrane
proteins. With symtaxin 1 as an example, we pre-
sent & conceptual framework for the description
of protein domains in membranes. This biological
principle is expected to explain a considerable
part of the compositional varability of membrane
protein clusters and henee will help to advance
our understanding of membrane micropaticming,
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Domain Architecture of Pyruvate
Carboxylase, a Biotin-Dependent
Multifunctional Enzyme

Martin St. Maurice,” Laurie Reinhardt,” Kathy H. Surinya,? Paul V. Attwood,?
John C. Wallace,” W. Wallace Cleland,” Ivan Rayment*

Biotin-dependent multifunctional enzymes carry out metabolically important carboxyl group
transfer reactions and are potential targets for the treatment of obesity and type 2 diabetes. These
enzymes use a tethered biotin cofactor to carry an activated carboxyl group between distantly
spaced active sites. The mechanism of this transfer has remained poorly understood. Here we report
the complete structure of pyruvate carboxylase at 2.0 angstroms resolution, which shows its domain
arrangement. The structure, when combined with mutagenic analysis, shows that intermediate transfer
occurs between active sites on separate polypeptide chains. In addition, domain rearrangements
associated with activator binding decrease the distance between active-site pairs, providing a
mechanism for allosteric activation. This description provides insight into the function of biotin-
dependent enzymes and presents a new paradigm for multifunctional enzyme catalysis.

be efficiently transferred between enzymes
lo avoid the energetic penalty associated
with their loss to diffusion, degradation, or com-
peting side-reactions, Particularly efficient trns-
fer is afforded by mulifunctional eniymes that
directly transfer products from one reactive site

In biochemical pathways, metabolites must

to the next through wnnels and channels (/) or
through the use of covalently attached prosthetic
groups (2} Although the reactions catalyzed at
the individual active sites of many multifunc-
tional engymes are well understood, fow studics
have detailed their complete domain architec-
e, Consequently, descriptions of intermediale

transfer between active sites in multifunctional
enzymes remain largely incomplete.

The multifunctional enzymes of the biotin-
dependent family use a covalently attached biotin
prosthetic group to directly transfer an activated
CO. intermediate between distinel active sites
in several cssential metabolic reactions (3).
Some members of this enzyme family, including
acetyl-coeneyme A carboxylase (ACC) and pyr-
uvate carboxylase (PC), have recently attracted
interest as potential targets in the treatment of
obesity and twpe 2 diabetes (4, 5). Although
several individual domain structures have been
determined for vanous Tamily members (6-9),
the relative arrangement of these domains in a
complete multifunctional cnzyme remains un-
known. PC is typically composed ol three
distinct functional domains arranged on a single
120- 10 130-kD polypeptide chain. The three
domains are an N-terminal biotin carboxylase
(BC) domain, a central carboxyliransierase (CT)
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domain, and a C-terminal biotin carboxyl carmier
protein (BCCP) domain (Fig. 1A). The enzyme
uscs a covalently attached biotin cofactor to
catalyze the adenosine triphosphate (ATP)

dependent carboxylation of pyruvate to oxalo-
acetate in two steps (J0). Biotin is initially
carboxylated at the BC active site by ATP and
bicarbonate. The carboxyl group is subsoquently
ransferred by carboxvbiotin to a second active
site in the CT domain, where pyruvate is carbo-
sylated to generate oxaloacetate, The BCCP
domain transfers the wthered cofactor between
the two remote active sites. To discover what
distance is traversed by the BCCP domain and
what domain motions facilitate the ransfer of
biotin between active sites, we have determined
the crystal structure of the complete PC eneyme,

The erystal structure of PC from Rhizobiem
efli (RePC) was determined by single-wavelength
anomalous diffraction and solvent Matiening,
followed by molecular replacement (fJ). The
final model was refined to a resolution of 2.00 A
(see table 51 for relinement statistics and fig. S1
for representative electron density). The crystals
contain a dimer in the asymmetric unil. Monomer
A includes the complete polypeptide chain,
composed of the three functional domains [BC
ibluc), CT (vellow), and BCCP (red)], and a
central allostene domain (green) that has not
been previowsly desenbed (Fig. 1B). Monomer B
is nearly complete except for the C-terminal
BCCP domain, which was disordered and could
not be modeled (model completeness 15 de-
scrbed in table 52). The dimer is asymmetric,
and the notable differences in the position and
arientation of the BC domain between the two
monomers have imporant implications in the
mechanism of PC catalysis and regulation.

The two active sites of RePC were identified
through structural homology with related enzyme
subunits and from the position of bound ligands,
The nonhydrolyzable ATP analog, adenosine 5'-
(- 3athioinphosphate) (ATP-y-5), 15 bound at
the active site of the BC domain (Fig, 2A). The
hinding site consists of an ATP-grasp fold (2],
typical of the arangement reported for ortholo-
gous crevmes (6, 13). The overall BC domain

fold is very simalar [1.1 10 1.2 A root mean squarc
deviation (RMSD)] 1o the BC subunits from other
family members (fig. S2A) However, the position
of ATP-y-S in the binding site of RePC reveals
differences with the position of ATP in the BC
subunit of ACC (/3) (fig. 53). The position of
ATP-y-5 in RePC is much more typical of other
ATP-grasp binding sites (/4. [3) [supporting
online material (SOM) text]. The CT domain
of RePC also shares high structural similarity (1.1
w L5 A RMSD) with the equivalent subunits
from othologous eneymes (7, ¥) (lig. S2B). This
domain consists of a core agfls bamel capped by a
funnel that centers on a structurally conserved
metal ion at the active site, The metal ion in RePC
superimposes closely with the acive-site metal
ions of orthologous cniaymes. Metal-ion analysis
indicates that Zn®" is the active-sit metal in
RePC, which is consistent with the observed elec-
tron density, Mutations of residues directly ligating
this Zn™" ion cither eliminate or substantially re-
duce the catalytic activity of PC (/6).

REPORTS

PC is subject to a vanety of allosteric control
mechamisms ( 3), and acctyl-comayme A (acetyl-
CoA) is an allosteric activator for PC enzymes
from many speeics (47). Both acetyl-CoA and
the nonhydrolyzable analog, cthyl-CoA, are
activators of RePC, with activation constamt K,
values of 304 and 360 pM, respectively (table
53} RePC was cocrystallized with ethylCoA,
and the partial electron density allowed the
nucleotide portion of the activator 1o be modeled
into the structure, revealing the location of the
allosteric binding site. The binding site is located
in a previously unrecognized domain that serves
as a mediator among the BC, CT, and BCCP do-
mains. The allostene domain consists of four
antiparallel P strands bracketing a central a helix
{Fig. 1B, green) and superficially resembles the
protein fold and acetyl-CoA binding of the GON-
S-related acetvltransferases (/8) [secondary

structure matching (/9) gives a weak {2 score of

0,053 with a GUN-5-related aminoglycoside 3-
N-acetyltranslerase, 1bod]. The central o helix

A g Fig. 1. (A) Schematic
3;'; E 28523 drawing of the primary

- s — structure arrangement for
BC . CT * BCCP the multidomain PC from

Biotin Carboxylation (BC) Domain
BCCP-blotin + HCO,~ + ATP

BCCP-biotin-CO;~ + ADP + P,

Carboxyitransferase (CT) Domain
BCCP-biotin-COs™ + pyruvate

R etli. The allosteric do-
main, indicated with aster-
isks, includes residues 471
to 489 and 1002 to 1073,
(B) The structure of the R
elli PC monomer A The
BC, CT, BCCP, and alloste-
ric domains are colored
blue, yellow, red, and
green, respectively. The
chemical reactions cata-
lyzed in the individual
domains are illustrated
below the corresponding
domain structure. ADP,
adenosine diphosphate;
P, inorganic phosphate.

|

BCCP-biotin + oxaloaceatate

Fig. 2. (A) The ATP binding site. The revised def-
inition of the precise ATP binding site reveals
several interacting residues not previously noted in
the structure of the BC subunit from ACC. In par-
ticular, the interaction of Lys**® with the y-phosphate
of ATP is consistent with substrate-labeling studies
that suggest that this residue directly interacts
with ATP (30). Several J:-rwi-:-usl.r unrecg?nized
residues, including Glu®®, Glu?*, and Asn®*?, are
now seen to be important for coordinating the two
essential Mg®* ions (depicted as green spheres)
and ATP binding. (B) The ethyl-CoA binding site.
Interactions with the nucleotide portion of ethyl-
CoA include residues from both BC subunits and
from the allosteric domain. Most notably, Arg*™®
of the allosteric domain creates a strong interac-
tion with the 5" a-phosphate of ethyl-CoA.
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Fig. 3. (A) Model of the RePC tetramer showing the movement of the BCCP
domain between neighboring active sites on opposing polypeptide chains, (B)
Surface representation of the top face of the tetramer. For clarity, one of the two
individual monomers has been outlined in black. The distance between ATP-y-5
in the BC active site and Zn®* in the CT active site of the opposing polypeptide

Chain B (- m-.yl Coh)

domain movemernt

Chain A (+ sthyl Caa)

Fig. 4. Ethyl-CoA binding alters the position and orientation of the BC domain. The allosteric domain
of monomer A was aligned with the allosteric domain of monomer B. The superposition shows minor
deviations in the CT domain but substantial deviations in the BC domain. The BC domain begins to
deviate precisely at the three residues forming tight hydmgen—bnndi!;l? interactions with the 5" «- and

[-phosphates of ethyl-CoA: Arg*”? and the backbone amides of Gln®

and Asp*™*. Where ethyl-Col s

unbound in monomer B, the side chain of Arg®’® is pointed away from the position occupied by the
activator, and the backbone of GIn*"® and Asp*™ threads from a radically different direction,

includes Asp*”™" to His™ and connects the BC

and CT domains, whereas Asp'™™ 10 Asp'®
fold around this helix in an antiparallel (fq) sheet
and connect the CT domain to the BCCP do-
main. The allosteric domain displays no se-
quence similanty with other members of the
biotin-dependent cnzyme family, suggesting
that it is specific 1o PC, Ethyl-CoA is bound at
the N-terminal end of the central @ helix, near
the BC-BC dimer interface (Fig. 2B). Residucs
interacting with the nucleotide portion of CoA
arc highly conserved among PC enzymics, ex-
plaining why PC from Corvmebacteri ( 20) and
subunit-type PCs (/7) that have mutations or

deletions in these residues are not activaied by
acety-CoA.

A critical feature of multifunctional enzyme
catalysis is the requisite transfer of ntermediates
between remote active sites. The structure of
RePC monomer A includes a complete BCCP
domain relative 1o the individual catalytic domains
of the eneeyme, which advances our understand-
ing of mtermediate trmsfer, Although the electron
density for the biotin cofactor was disordered, the
global position and structure of the BCCP domain
provide a powerful restmint on the amangement
of the prosthetic group camier (SOM text). It is
clear from the structure that the distance between

chain i 65 A. (€) Surface representation of the bottom face of the tetramer,
after a 180° rotation about the y axis. The BCCP domain is disordered in these
monomers and could not be modeled. The distance between ATP-y-5 in the BC
active site and ;n"” in the CT active site of the opposing polypeptide chain
increases to 80 A as a result of the altered orientation of the BC domain.

active sites greatly exceeds the ~ 16 A length of the
biotin arm. Thus, the BCCP domain itsell’ must
move 45 it cames biotin between the active sites,
The 34 A linker connecting BCCP 1o the allostenic
domain is highly fexible (8, 24), facilitating do-
main movement. The linker is similar 1o those
deseribed for the lipoyl domains of 2-oxo acid
dehvdrogenase (22). I the BOCP domain were 1o
transfer carboxybiotin between active siles on
the same polypeptide chain, a dramatic domain
movement would be requined. Altermnatively, serv-
ing between active sites on opposing polypep-
tide chains necessitaies substantially less motion.
The quatemary struciure and kinetic evidence de-
scribed below suppon the latter scenario.

The RePC crystal laitice comains a ieiramer,
composed of a dimer of dimers. The wetramer s
stobilized by comserved dimerimtion interfaces
between neighboring BC domans and  between
neighboring CT domains. PC exasts predominant-
Iy & a tetramer in solution, and only the tetrmer
catalyzes the overall reaction (23). The tetramer is
asymmetnic, with ethyl-CoA bound to cach of
the two (monomer A) monomers on the top face,
whereas the two (monomer B) monomers on the
botiom face are unbound, On the top face, the BC
active site is positioned ~65 A from the CT active
site of an opposing polypeptide chain, with the
biotinylated BCCP domain positioned equidistant
between the two. Basad on the distance and on-
entation between these opposing active sites, the
BOCP domamn is predicted o swing between
active-site pairs on opposing polypeptide chains
rather than between active sites on the same chain
iFig. 3).

To confirm this prediction, we created two
RePC mutants. In one construct, the biotnybied
Lys"" nesidue was nutated 1o prevent biotinyl-
ation of the BOCP domain, and, in the second
constnuct, a carbamykited Lys"™ in the CT active
site was mutated 10 impair the second hal-reaction,
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When assayved individually, the mutant eneymes
Lys""—GIn"""™ (K1119Q) and K718Q exhib-
ed 0.1 and 4% wild-type activity, respectively
{table 54). Hybrid tetramers were created by mix-
ing and diluting the mutants together before as-
saying for engyme activity, Dikution of PC promotes
cquilibration among monomers, dimers, and -
ramers (23) and allows a mixed heterotetrmer pop-
ukation 1w reassociate, The mixed population of
heteroteramers exhibited 200 wild-type activity
{table S3), nearly five times as much as that ob-
served with either mutant homotetramer and near
1o the maximum predicted activity of 26% (fig. 54).
The recovery of activity on reassoctation is possible
only if' the hybrid tetramens recombine to restore a
functional pair of neighbonng active sites, capable
ol ansleming the ethered carboxybiotin interme-
diate between two opposing chains. The trnster of
a carboxybiotin intermediate between active sites
on separate polypeptide chains is a previously un-
recognized feature of PC eatalysis. Several multi-
functional ereymes have similarly been shown 1o
transfer their tethered intermediates between ac-
tive sites on opposing polypeptide chains (24, 25),
suggesting that intermolecular intenmediate trans-
fer is a common and essential feature ol catalysis.
Ethyl-CoA 15 bound o only one monomer
of the RePC asymmetric dimer, permitting a di-
rect companson of the conseguences of activator
binding on domain arrmangement and onentation,
A superposition of the two monomers reveals a
40° motation and a tmnslocation of nearly 40 A
in the BC active site, centered at the ethyl-CoA
binding site of the allosteric domain (Fig. 4). In
the tetramer, ethyvl-CoA is bound 1o both mono-
mers on the top face, and the BC active site is
positioned ~65 A from its opposing CT active-
site pair (Fig. 3B). On the bottom face of the
tetramer, cthyl-CoA is unbound, and the distance
between the opposing active-site pairs increases
o ~80 A (Fig. 3C). The romton in the BC do-
main inhibits acetyl-CoA binding on the botiom
face of the tetramer, Thus, only two binding sites
are available per tetramer, which is consisten
with the Hill coeflicient observed for yeast PC
(26) and with the observation that only 50% of
acctyl-CoA binding sites are occupied in veast
PC (27). The structure suggests that acayl-CoA
activates PC by decreasing the distance between
neighboring active sites. While the active-site pairs
on the top face of the teiramer are pushed closer
together, the active-site pairs on the bottom face
arc pulled farther apart. This is a mre example of
allosteric activation paired with negative coop-
crativity and implics that half’ of the active-site
pairs are more active than the others. Recent ki-
netic studies and numencal simulations support
halfsites reactivity for the BC subunit of ACC
(24, suggesting that this mechanism is conserved
among cnzymes of the biotin-dependent family,
Such half-sites reactivity may permit PC to aflect
eflicient catalysis while maintaining its in vivo
association with other metabolic enzymes (29),
The allosteric binding site in PC offers a
target for modifiers of activity that may be useful

n the treatment of obesity or type 2 diabetes, and
the mechamistic insights gained from the com-
plete structural description of RePC permit de-
tanled investgations into the imdividual catalytic
and regulatory sites of the enzyme, Furthermaore,
as a consequence of its fully defined domain ar-
chitecture, PC represents a paradigm for under-
standing interdomain arangement and allostenic
regulation in mulifunctional enzymes,
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When Fear Is Near:

Threat Imminence Elicits Prefrontal—
Periaqueductal Gray Shifts in Humans

Dean Mobbs,* Predrag Petrovic, Jennifer L. Marchant, Demis Hassabis, Nikolaus Weiskopf,
Ben Seymour, Raymond ]. Dolan, Christopher D. Frith

Humans, like other animals, alter their behavior depending on whether a threat is close or distant. We
investigated spatial imminence of threat by developing an active avoidance paradigm in which
volunteers were pursued through a maze by a virtual predator endowed with an ability to chase,
capture, and inflict pain. Using functional magnetic resonance imaging, we found that as the virtual
predator grew closer, brain activity shifted from the ventromedial prefrontal cortex to the
periaqueductal gray. This shift showed maximal expression when a high degree of pain was anticipated.
Moreover, imminence-driven periaqueductal gray activity correlated with increased subjective degree of
dread and decreased confidence of escape. Our findings cast light on the neural dynamics of threat
anticipation and have implications for the neurobiology of human anxiety-related disorders.

atical o an organism’s survival is the
‘ ability to switch fexibly between defen-
sive states in response o threat, Within
behavioral ecology, a key componenmt of de-

fensive switching is the “predatory imminence
continuum”™” where distingt threat states are con-
figured according 1o whether a predator is distal
or proximal to the prey (/-5). This continuum
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encompasses three core stages: “pre-cncounter,”
where there 1s nsk m the absence of immediate
danger; “post-cncounter,” where the threat s
detected; and “circa-sinke,” delined as distal or
proximal imeraction with the threat stimulus (2).

These stages, relating to the distance from a
threat, are associated with distinet pattems of ac-
tivity at the neurobiological level (6-8). For
example, distal threat clicits activity in the
prefrontal cortices, which possibly reflects the
complex planning of avoidance strategics. As
threat becomes proximal, midbrain structures
such as the periaqueductal gray (PAG) dominate
(3, 4). This shifi w0 phylogenencally older nud-
bran regions has adaptive value because these

Wellcome Trust Centre for Neuroimaging, Functional Imaging
Laboratory, University College London, London WCIN 386,
UK.

*Te whom correspondence showld be addressed. E-mail:

structures control last reflexive behaviors (e.g.,
fight, (hght, or freeze) as well as lcar-mduced
analgesia. The pamllel neurl dynamices of threat
n humans have yet o be wdentificd.

We hypothesized that brain activity asso-
ciated with threat detection and distal and proximal
distance to threat in humans would mirror those
derived from defense systams models developed
in rodents, We tested a prediction that detection
of distal threat would elicit activity in brain re-
gions associated with value-based and complex
decision making, such as the anterior cingulate
and ventromedial prefrontal conex (vmPFC),
whercas proximal threat would engage low-level
mudbram regions mpheated m reflexive escape
behavior (Le., PAG). To test this model, we used
ligh-resolution functional magnetic  resonance
imagmg (IMRI) to examine bram activity i 14
healthy subjects while they performed an active
“escape-pain” task within a two-dimensional

1o avord a “vinual predator” that had the capacity
1o chase, capture, and cause pan of high (three
shocks: .-IILT:;FMF} or low {one shock: .”,'::jlmll
intensity (Fig. 1)

Avoidance time in the maze was significantly
longer for A/fen " (mean + SD: 24.2 + 1.6 5)
relative o A/N*(194 + 2.0 s) on escaped
conditions (13 = 9,59, I < 0,0005), suggesting
that players were more motivated 1o escape the
.Hﬂ::'“. Speed, delined as number of squares
per second, was significantly different between
the first hall and second hall’ of the conditions
(ALfian ™ 113 =-5.86, P <0.0005; Al 13

5.984, P < 0.0005). However, no sigmificant
difference was found Iitrr‘:ﬂaﬂ between the prox-
- prodaor predator _ ’
mal Al mod Al (3 = 294, P -
0.773) conditions, A trend toward significance
was evident for the number of times the subjects
were captured in the .-h’::'-;h 625 £ 15.9%)

cllalo P
versus the Alf " condition (67.0 + 16.4%:

d.mobbs@fil.lon.uclac.uk maze. The paradigm involved the subject trving  £j3 = 1.5, P < (. 14). Together these results sug-
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Fig. 1. The virtual predator and prey paradigm. Subjects were presented
with a two-dimensional maze containing a 9 x 13 rectangle grid of walls
(black squares) and paths (white squares). All experimental conditions
commenced with a “neutral phase” where a preprogrammed artificially
intelligent (Al} gray circle (Afeumra) appeared at the left-bottom side of the
maze (A). The Al was presented on average for 6 s (jitter + 2 s} and
programmed to wander the maze indiscriminately. After this, the “cue
phase” commenced with the Alpeai changed into a predator (Aleedstor) OF @
yoked control condition. The change from Al,ara; 10 Algegaee Was signaled
by the circle flashing between red and gray. The flashing Alyedaer appeared
for 2 5, and during this time it wandered the maze indiscriminately. Directly
after this, subjects were also informed for 2 s of the amount of cutaneous
electrical shock they would receive if the Alyedasr @ptured them: (B) one
shock (A1 §™™), (C) no shock, or (D) three shocks (Al i), During the
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cue phase, subjects were passive and unable to move the blue triangle
situated in the upper right comer of the maze, The “chase phase” began
with the Alpredaer ceasing to flash and the subject moving the blue triangle
to (E) escape the Aff;,'d”". {F) mimic the movements of the triangle in a
replay of a previous experimental condition, or (G) escape the Alfie™™. (H)
After escape or capture, a rest period was presented before the onset of the
next trial. To ensure that subjects would not anticipate the end of the chase,
we randomly varied the time each Alpedane encounter was played le.g., 16,
20, 24, 28, 32 s). The subjects were not informed that the length of trials
varied or given any indication of how much time they had on each trial. To
enhance the feelings of spatial distance, mazes were intentionally designed
50 that chases were long unimpeded runs with no dead-ends. Each block was
interleaved with 8, 10, or 12 s of black screen. Further details can be found
in the supporting online material.
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gest that subjects were more ellicient m move-
ment planning and execution when escaping

prodator
the Af g

For the analysis of brain activity, we first
examined the evoked blood oxyzenation level
dependent (BOLD) responses to the 2-5 cue that
indicated participants would encounter the
Alpreanior (Fig, 1A and table S1) as compared 1o
the yoked control cue (Fig. 1C). We found
enhanced activity in the rostral anterior cingu-
late cortex [rACC; MNI space coordinates (x, v,
=) 6, 41, 22: 2= 385 P <0.0005] and medial
orbitofrontal cortex (mObfc; 6, 49, —19; £
342, P = 0.0005), ventmal anterior cingulate
cortex (vACC: 13,32, -14; Z=4.56; P < 0.0003
uncorrecied), and the vmPFC (4, 39, -13: £
348; P < 0.0005)

rACGIMPEC

vmPFC

Fig. 2. Statistical parametric maps illustrating
BOLD responses to the aversive cues and activation
for the Al eqane conditions collapsed across blocks.
Mean activity is shown for regions within 4 mm of
peak. (A and B) Activity for the Al q., (red circle)
minus the Alygee (blue circle) cue in (A) rACC and
(B} periaqueductal gray (PAG) activity increased
during all Afprdater blocks minus yoked blocks. (C)
Activity in the rACC/mPFC and vmPFC {table 52} for
yoked blocks minus Alyeaumer blocks.

For the “chase phase,”
activity dcToss all Afegasee blocks (1., .I.i’:::::,u"r
and . ”:::-: conditions) and compared them o
the yoked blocks. For the Afy e condition, we
found increased activity that peaked in the
cerebellum (-3, 63, ~13: Z = 5.48) but extended
across the entire PAG (right: 3, -25, -7, £ = 4.87;
lefi: -2, 28, -8; 72 =4.94) and posterior thalamus
including the pulvinar (3, -22, 11; £ = 4.63) (Fig.
283 A different panern was observed for the
yoked minus the Al blocks, where activity
peaked inthe medial PFC{(mPFC) (5,48, 17 £
5.50), extending to the right vimPFC (3, 37, -%;
Z=4.63) and amypdala (22, -2, —1¥: 2= 4.94)
(Fig. 2C and table 52).

We next asked whether there was a rela-

we st collapsed

tonship between distal and proximal threat
and bram activity for the
.”r,m!".m (Fig. 3 and table S3). We used a
parametric regression between predator dis-
tance and BOLD signal, excluding the period
in which the shock was administered. Thus,
these cffects were independent of whether
shocks were actually received. Distal threat

Distal

“chase phase™ of

was associated with inercased actuvity in the
vmPFC, meluding the subgenual ACC, for
both Affg " (-8, 35, ~13; Z = 3.66; Fig. 3A)
and AT (—10, 38, -11; Z = 3.93; Fig
3B} conditions. Proximal threat was asso-
ciated with increased activity in the PAG for

bt o = =i
both Afgey (lefi: -3, -33, ~15; Z = 3.58:

right; &, -32, -21; £ 73 Fig. 3C) and
AITI0T (6, 33, —14; Z = 3.02: fig. $2)

. redaton -
conditions. Proximal .-H',T”__,,, condition also

elicited activity in the rght dorsal amygdala
corresponding with the central nucleus (CeA)
bed nueleus of the stia terminalis (BNST)
(32, 4, -13; Z = 4.78), whercas the distal

”!ET; " elicited activity in the right lateral

amygdala comesponding to the basolateral
amygdala (BLA; 32, 4, -24; Z=3.77). -

: redoior
rect subtraction showed that the Ay,

activated the PAG 1o a greater exient than
redabor 3

did the Af,, condition (-3, -32, -15: 2

' =k 5
3.33). Conversely, l]u, J.i""" " activated the
antenior vmPFC (-1, 51, <1: £ = 3.81) and

BLA (31, 4, -23: 'f.' 4.09) to a greater ex-

tent than did the .II,,’:::MH condition (fig. S4).

Fig. 3. fMRI results illustrating
the imminence effect in the
predator condition. For distal
threat there was greater activity
in vmPFC thmiz ntal view) for
both, (A) Afig,™* and (B)
Al " shock expectation. (C)
Fur proximal threat there was
gre%ﬁ{nﬁmmy in the PAG for
Align  lleft panel, sagittal
view; center panel, horizontal
view; right panel, schematic
depiction of the midbrain with
PAG shown in orange; modified
from (27)]. See fig. 52 for
images of the PAG activity for
the AF" imminence. See
fig. 54 for coronal view of the
PAG activity.

o | | | | |a

Proximal

EEEEEON
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If this forchmin-midbram threat circuit 1s
mediated by both geographical-temporal and
psychological distance, as predicted by theorists
{4, 5, we would then expect subject-specilic
differences in psychological indices of threat 10
be corrclated with PAG activity. We regressed
post-scan reports of dread of being chased by the
Alpredace (9) and confidence of escaping caplure
with the imminence-driven BOLD signal (Fig,
4). Subjective scores of dread and conlidence did
not correlate (Pearson + = -0016; P = 0.96),
which suggesis that they tap distinet wraits,

Dread of capture comrelated with enhanced
activity in the PAG (11, -32, -18; Z=3.14), but
peaking in the vicinity of the domsal raphe nucle
(DRN; ~1,-26, -19; Z= 4.63), for the Al
condition. A similar pattem was observed for
PAG (—5,-32,-18: Z= 3.313) and DRN (0, 28,

19: Z = 4.29; fig. S5) activity in the 4SS
congition (Fig. 4). Decreased dread was asso-
ciated with medial PFC activity (-3, 48, 24; =
3.56) for the Alf " condition and ventral PFC
activity (3, 38, ~17: Z = 3.37) for the Al
condition (table 54). Likewise. decreased conli-
dence of escape was associated with inercased
activity in the PAG for both the .-Hm'“f““' (2,29,

19; Z=3.19), and AI[5 " (-3, 37, -20; 2=
2.63) condiions. Increased conlidence of es-
cape was associated with increased activity in
the vimPFC for both conditions (table S5).

Owr results show a dynamic configuration of
threat responses that include the PAG and are
akin to what might be predicted from animal

A
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400,
3004 o
- 2004 e >
i 1m -_I_.-"'”
? . .,_-__.-‘ ‘
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200 ®
Dread Ratings
C
Al fl .
2
a
- 1
g oy
T @ @
. 8 . h o 10
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Conlidence Aatings

models of delensive avowdance (6, 7) and fear
(fth. When threat was detected, we observed
enhanced activity in the tACC and mOble. The
rACC activation encompassed the eytoarchi-
tectonic subdivisions of Brodmann areas 32 and
24¢, which have known connections o the amyg-
dala, mObic, PAG, and brainstem reticular forma-
tion; these regions are critical 1© aulonomic,
visceromotor, and opicidengic functioning (/7).
One interpretation is that the rACC activity is
associated with the response conflict between
Necing or staying (3), whercas mOblt activity
represents the threat value of the Alpeodaor (12). 1t
has been suggested that post-encounter antic-
ipatory anxicty promotes behavior that reduces
an aversive stale (e.g., avoidance) and may
recruit the rACC for this purpose (5, 13). The
ACC markedly increases in activity with in-
ereased dread of pain (9) and supports our
findings of a positive correlation between dread
ratings and rACC activity when the ,-Hh"'-':hhm
was proximal (table S4). Notbly, the ACC
produces glutamatergic aversive teaching signals
{4) that may regulate avoidance behaviors (£5).

As hypothesized, distal threat elicited in-
creased vmPFC activity during the chase phase.
It might be arpued that this prefontal activity
represents processes where different altemative
goal-directed behaviors are compared in order 1o
choose the most effective strategy o avoid the
threat or distress (76-18). However, the functions
of the viPFC may also be understood by s
connections to the amygdala, The BLA has direet

F T ot

PAG Actlivity

D
Al
a ©
q 8o 5o o
") 0 - - — . .
<0 2 4 "W v 1
2 - .

Conlidence Ratings

Fig. 4. Subject-specific differences in dread of capture and confidence of escape. (A and B)
Scatterplots of regions of the PAG that correlated with threat distance and increased dread of being
caught by the (A} ME";’“ and (B) Alfes . (C and D) Regions associated with threat distance and
decreased confidence of escaping the (C) Al and (D) Alfpe™. Each point represents an
individual's response on post-scan questionnaire.

connections with the vmPFC and mObfc and s
mmportant in determining the motivational impor-
tance of the stimuli (¢.g., the degree of threat),
whereas the CeABNST of the amygdala are
major entryways into the PAG and are imponant
for comrolling a repentoire of behavioml and
neurovegative defensive states (3, 5, 17, 19, In
this framework, the BLA may be more involved in
active responses in the form of guidance or gating
ol behavior, whereas the CeA/BNST is involved
in aversive conditioning and reflexive responding
through its descending comnmections o the PAG (3, 6),

When threat became proximal, we observed
increased PAG activity. This forebrain-to-
midbrain switch is anatomically credible in hght
of descending connections between the vimPFC/
amygdala and PAG in the primate brain (16, 20, 21),
Elcctnical stimulation of the human PAG can
result in heightened lear and anxiety (22). In rats,
stimulation of the ventrolateral PAG and dorso-
lateral PAG promotes passive (e.g., freczing) and
active (¢.g.. cscape) coping, respectively (24, 23).
The PAG is further divisible along the rostral-
caudal axis, implicated in Might and fight (24).
Although the functional territories of the human
PAG are dilficult to dissociate and should be
interpreted with caution, our study shows that
both the ventral and dorsal portions of the PAG
were active dunng the AIE:::““ conditon,
Morcover, both the Alfy "™ and the Alfg"™
minus Afy,,  comparisons were active in the
dorsal PAG, supporting the putative role of this
region in active avoidance (21).

Activity in the PAG was conspicuously
increascd during the ,-Iffﬂ;‘,h ** condition and for
participants with increased dread and decreased
confidence of escape. Previous swdies have
shown that this forebrain-midbrain circuit is ab-
normal in panic and chronic anxicty patienis who
show decreased vinPFC but increased gray mai-
ter volume and activity in the midbrain encome
passing the PAG (24, 25). Intriguingly, the
infralimbic vinPFC inhibits stress-induced newral
activity in the rodent branstem and is importam
in facilitating escape and extinction learning
(18, 26). Note also that the vimPFC and mObfc
project direatly into the dorsolateral PAG (/7).
Our results therelore support the hypothesis that
the PAG is entical dunng immediate proximal
threat, yet may be suppressed or promoted by
higher prefrontal regions (f6-14).

Our observations concur with the proposition
of a hardwired forcbrain-midbrain network,
which includes the vmPFC at the lowest level
of threat and interacts with the midbrain PAG as
the threat level increases. From an evolutionary
viewpoint, higher cortical systems control be-
havior when the degree of threat s appraised as
non-lifecndangering and guides the onganism to
choose the most effective and resourceful
strategy for instrumental avoidance, At extreme
levels of threat, the PAG may in turm inhibit more
complex control processes when a fast and
indecd obligatory response is required, preparing
the organism for survival and possible tissue
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damage (3, 16-18, 21). Understanding the bal-
ance between forchram and nudbram responscs
to threat might illuminate the pathophysiology of
neuropsychiatric disturbances, including chronic
anxiety and panic disorder, where brainstem
involvement has long been suspected,
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Astrocytes Potentiate
Transmitter Release at Single
Hippocampal Synapses

Gertrudis Perea and Alfonso Araque*

Astrocytes play active roles in brain physiology. They respond to neurotransmitters and modulate
neuronal excitability and synaptic function. However, the influence of astrocytes on synaptic
transmission and plasticity at the single synapse level is unknown. Ca®* elevation in astrocytes
transiently increased the probability of transmitter release at hippocampal area CA3-CA1
synapses, without affecting the amplitude of synaptic events. This form of short-term plasticity
was due to the release of glutamate from astrocytes, a process that depended on Ca®* and soluble
N-ethylmaleimide—sensitive factor attachment protein receptor (SNARE) protein and that activated
metabotropic glutamate receptors (mGluRs). The transient potentiation of transmitter release
became persistent when the astrocytic signal was temporally coincident with postsynaptic
depolarization. This persistent plasticity was mGluR-mediated but A-methyl-p-aspartate receptor—
independent. These results indicate that astracytes are actively involved in the transfer and storage

of synaptic information.

ecent data have demonstrated the exis-
R tence of bidirectional communication be-

tween astrocytes and neurons (/). In
addition 1o responding to synaplic activity, astro-
cvies release gliotramsmitters (), which modulate
neuronal excitability and neurotransmission (3).
To investigate the consequences of astrocyte Ca™
clevations on evoked synaplic transmission ol
single hippocampal synapses, we performed paired
recordings from CAl pyramidal neurons and sin-
gle astrocyies (4). Astrocytes were loaded with
the Ca®'-cage e-nitophenyl-EGTA (NP-EGTA)
o be selectively stimulated by ultraviolet (UV)
Mash photolysis, while we stimulated Schaller
collaterals using the minimal stimulation meth-

Instituto Cajal, Consejo Superior de Investigaciones Cientificas,
Madnd, Spain.

*Te whom correspondence should be addressed. E-mail:
draque@cajal.oices

od that activates single, or very fow synapses
(5, 6).

First, we cstablished that single svnapses
were stimulated in our experimental model by
quantifying the synaplic mnsmission propertics
of the excitatory postsynaplic currenis {EPSCs)
(Fig. 1). Synaptic responses showed failures and
successes in neurotransmitier release [probabil-
ity of release (Pr) was 0.34 £ 0.02; range, 0.13
to 0.54; i = 34]; regular amplitude of successtul
responses (lermed “synaptic potency™: 2009 4
1.3 pA; range, 8.5 w0 37.5 pA: n = 34); and rdl-
atively low synaptic efficacy {ie., the mean am-
plitude of all responses including failures: 6.9 4
0.5 pA [range, 2.8 to 10.2 pA; n = 34 (fig.
S13)}. Paired-pulse stimulation facilitated the
sceand EPSC relative to the first EPSC [paired-
pulse facilitation (PPF) index was 0,48 = 0.05;
n =20 (fig. S1)]. To stimulate astrocytes, we
patch-clamped single passive astrocyies located

in the stratum radiatum near (<50 pm from) the
stimulating pipette. We included NP-EGTA and
fuo-4 in the recording pipette to selectively ac-
tivate single astrocytes and to monitor their Ca®”
leviels, respectively (Fig. 1A), UVeflssh  trains
evoked astrocyte Ca®* elevations that were reliably
repeated by suceessive stimuh [15 out of 15
astrocytes (i 82)).

After the control recording of EPSCs, NP-
EGTA-loaded astrocytes were photo-stimulated,
In IX out of 38 neuron-asirocyte pairs [47%
(Fig. 1D)] astrocytic Ca™ elevations transiently
(=2 min) increased the synaptic efficacy (from
4306 pAto62= 1.0pA n=18 P<0.05).
This was due to a transient enhancement of Pr
rather than a postsynaptic medulation (Fig. 1, F
and G). Indeed, although Pr increased after astro-
cyte stimulation (from 0.24 £ 0L03 10 033 < 0.04;
n =18 F < 0.001), the synaptic polency was
unchanged (from 1532+ 1.3 pAw 157+ 1.9 pA;
n = 1% P = 096). Morcover, the PPF index
changed from 0.64 + 0.06 w0 0.33 + 0,10 afer
astrocyte stimulation [(fig. S3) e = 18 P <0.01],
which is consistent with a presynaptic mecha-
nism of action, Furthermore, the kinetic proper-
tics of EPSCs were unaffected (respective rise
and decay time constants before and after
astrocyie stimulation were ., = 148 £ 022 ms
and 1.45 + 0.23 ms; P = 0.34; 1,5 = 9.80
0.99 ms and 1031 = 1.77 ms; 2= 043; n = 6).
These effects were reliably evoked by successive
astrocyte stimulation (Fig. 2A).

In the absemee of NP-EGTA or with the NP-
EGTA-filled pipette placed owside the cell, UV
flashes did not modify synaptic transmission ( lig.
S4), whach mdicated that the effects were not due
o photo-stimulation of synaptic terminals and
that Ca®" elevation in astrocytes is necessary and
sullicient 1o polentiate the synaplic ransmission,

We funther analyzed whether the astrocyte-
induced neuromoedulation could also be evoked
by stimuli that elevate astrocyte Ca®* through
transmitter receptor activation. We used adeno-
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sinc 5'-tnphosphate (ATP) because, although it
may act on neuronal and astrocytic receptors, it
15 highly effective in clevating astrocytic Ca®™
(3, 7). While recording synaplic cuments, we
locally applied ATP by microionophoresis ( from

pipette placed in the strtum radiatum =150 pm
away lrom the synapsc-stimulating pipetie),
which elevated Ca™ in a large number of astro-
cyles (Fig. 2B). Because ATP s convered o
adenosine by extracellular adenosine triphospha-

tases (ATPascs), these oxpenments were per-
formed in the presence of the Al purnergic
receplor antagomst B-cyclopenty ltheophylline
(CPT; 2 uM), which mereases synaplic transimis-
sion (fig. S5), but prevents adenosine-dependent
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Fig. 1. Caldum elevation in astrocytes potentiates transmitter release at
single CA3-CA1 synapses. (A) Schematic drawing depicting paired recordings
from one pyramidal neuron and one astrocyte, as well as the stimulating
electrode. (B) Responses evoked by minimal stimulation showing regular
EPSC amplitudes and failures of synaptic transmission (20 consecutive
stimuli). (C) EPSC amplitudes from a representative synapse. (D) Pseudocolor images representing fluorescence intensity of a NP-EGTA— and fluo-4-filled
astrocyte (top) and synaptic responses [(bottom) 15 consecutive stimuli] obtained from paired whole-cell recordings before and after UV-flash astrocyte
stimulation. Scale bar, 20 um. (E) EPSC amplitude histograms (bin width, 3 pA) (top); corresponding cumulative probability plot (bottom, left); and average (n =
7 astrocyte-neuron pairs) cumulative probability plots (bottom, right) of EPSC amplitudes before and after astrocyte stimulation (filled and open circles,
respectively). (F) Synaptic efficacy (i.e., mean amplitude of responses including successes and failures of neurotransmission); probability of neurotransmitter
release (Pr); and synaptic potency {i.e., mean EPSC amplitude excluding failures) (bin width, 33 s; 7 = 18 astrocyte-neuron pairs). Zero time corresponds to the
time of astrocyte stimulation. (G) Relative changes of synaptic parameters in the control state, after astrocyte stimulation, and 2 min later {recovery) (n = 18).
***p = 0.001. Error bars indicate SEM.
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seven neuron-astrocyte pairs (bottom, right). Arrows indicate astrocyte stimulation. (B) Infrared differential interference contrast image showing the recorded
pyramidal neuron and the stimulation electrode (left). Pseudocolor images representing fluorescence intensity of fluo-4—filled astrocytes before (pre) and after
(post) ATP application through a pipette placed out of the image. Scale bar, 30 um. (C) Ten consecutive EPSCs before (1) and after (2) ATP-evoked astrocyte Ca®*
elevations, with corresponding Pr versus time. (D) Relative changes of synaptic parameters in the control state, induced by ATP-evoked astrocyte stimulation, and
after recovery (2 min later) (n = 16). **P < 0.01, ***P < 0.001. Error bars indicate SEM.

Fig. 2. Transmitter-evoked caldum elevations in astrocytes enhance the
probability of neurotransmitter release. (A) Ten consecutive EPSCs before
? {basall and after astrocyte stimulation and 2 min later (recovery), with
corresponding Pr versus time (bin width, 20 s) (bottom, left). Averaged Pr from
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neuromodulation (8- /). Under these conditions,
ATP-cvoked nslrix}"u:{'aa' clevations transiently
potentiated synaptic transmission in 43% of the
synapses (L6 out of 37) (Fig. 2C). The analysis of
synaptic responses showed an increase of Pr
[(Fig. 2. C and D) from 0.30 = 0.03 10 0.41 = 0,03
after astrocvte stimulation; »n = 16; < 0,001},
withowt changes of synaptic potency (from
173 £ L1 pAo 178 = L1 pA;s n= 16 P=047),
Consequently, the synaptic efficacy was in-
ereased [(Fig. 3D) from 6.0 £ 0.6 pA 10 8.0 4
0.7 pAs 1= 16; P < 0.01]. Because ATP is not a
specilic agonist [or astrocytes, a direet effect on
neurons cannot be totally excluded. However, the
comparable effects of astrocyte Ca®' elevations
evoked by photo-stimulation or ATP, as well as
their equal sensitivity 1o metabotropie glutamate
receplor (mGIuR) antagonists (see below), indi-
cate that these effects were not likely due to
nonspecific actions of the stimuli,

We next investigated the mechanisms re-
sponsible for the astrocyte-induced neuromodu-
lation. Passive astrocytes release gliotransmitters
that influence neurotransmission (7-/8). Be-
cause some gliotransmitters ane released through
soluble N-cthylmaleimide-sensitive factor at-
tachment protem receplor (SNARE) protein
dependent mechanisms (19-21), we asked if the
cleavage of synmaptobrevin 2 by tetanus toxin
(TeNT) affected the astrocyte-induced neuromod-
ulition. When the light chain of TeNT wis ine
cluded in the recording sstrocyie, photo-stimulation
of the NP-EGTA-loaded astrocyte increased its
intracellular Ca®* but did not alfect the synaptic
properties [(Fig. 3A) # = 13]. Thercfore, the

neuromodulation requires the SNARE proten
dependent ghotrnsmtier release from astrocyies.

Because glutamate s released by astrocytes
through Ca™'- and SNARE protem-dependent
mechanisms (/9-2/) and can facilitate neuro-
transmitter release by activation of presynaplic
group | mGluRs (13, 22, 23), we investigated
their panticipation in the synaplic mnsmission
potentiation, After assessing that UV-flash
astrocyte stimulation transiently increased Pr,
we perfused the group | mGluR antagonists 2-
methyl-6- pheny lethyny l-pyridine  (MPEP, 30
pM) and (4 F2-methyl-4-carboxyphenylglycine
(LY367385, 100 pM), which arc mGluR subtype
5 and mGIluR subtype 1 antagonists, respectively,
These antagonists blocked the transient potentia-
tion of transmitter release without affecting the
astrocyte Ca®” signal [(Fig. 3, Band C) Pr= 041
0011 and 0.37 + 012 before and after astrocyie
stimulation; n = 8; F = 0.28). Likewise, the
synaplic potentiation induced by ATP-evoked
astrocyte Ca™ elevations was inhibited by those
antagonists [# = 7 (fig. 56)].

One of the most-studied forms of synaptic
plasticity is long-term potentiation (LTP), char-
acterized by a long-lasting increase of synaptic
strength cansed by the comeidence of pre- and
postsynaptic activity (24). The results above m-
dicate that astroeytes evoke a short-term poten-
tiation of neurotransmitter release. We then
investigated whether the temporal coincidence
of the astrocytic signal and the postsynaptic
activity could induce a long-lasting modulation
of synaptic tansmission., We analyzed the long-
term effects of pairing the astrocyte Ca™

REPORTS

uncaging with a transient mild depolanzation
(1o -30 mV) of the postsynaptic neuron. We first
established that m the abscence of astrocyte
stimulation, the postsynaptic depolarzation per
se did not modily the synaptic parmmeters [n = 6
(Fig. 4, D and E)]. However, when astrocyles
were photo-stimulated during the postsynaptic
depolanzation, both the synaptic eflicacy and the
probability of transmitter release were persistently
(=60 min) increased in 41% of the synapses (n =7
out of 17)[(Fig. 4, A, B, and E); synaptic eflicacy:
5.01405pAand 155221 pA (P<0.0])and Pr=
0.28 + 0.04 and 0.71 £ 0.08 (F < 0,001}, before
and 60 min after astrocyte stimulation, respective-
y: 1 = 7]. Although two out of seven synapscs
showed a potentiation of the synaptic potency,
on average the synaptic efficacy increase was
not accompanicd by synaptic poteney changes
(181 = 1.3 pA and 21.0 = 2.7 pA, before and
60 min after astrocyte stimulation, respectively:
n =T, P=0.17). The astrocyie-induced LTP was
also evoked by receptor-mediated astrocyte
Ca®' signaling because pairing the neuronal
depolanzation with the ATP-cvoked astrocyie
stimulation (in the presence of CPT) caused a
long-lasting potentiation of synaptic ransmission
in 46% of the synapses (6 out of 13) (Fig. 4C).
This astrocyte-induced LTP was independent of
N-methyl-p-aspantate receptor (NMDAR) activa-
tion because it was unaffected by p-2-amino-5
phosphonopentanoie acid (p-APS; 50 M) [(Fig. 4,
C and E) 42% of synapses showed persistent
potentiation: » = 5 oul of 12].

This form of LTP was associated with the
astrocyle-induced transient increase of Pr be-
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Fig. 3. Astrocyte-induced synaptic potentiation is mediated by activation of group

! | mGluRs. (A) Pseudocolor images representing fluorescence intensity of a single

&00 B0O

astrocyte filled with fluo-4, NP-EGTA, and TeNT light chain, alongside 12
consecutive EPSCs before and after UV-flash astrocyte stimulation. Relative
changes in synaptic transmission parameters after UV-flash stimulation of TeNT
light chain—filled astrocytes (n = 13). Scale bar, 15 um. (B} Pr versus time in
control and during perfusion with MPEP and LY367385. Arrows indicate UV-flash

astrocyte stimulation. (€) Relative changes of synaptic parameters evoked by
astrocyte stimulation in control {top) and after perfusion with MPEP and LY367385
{(bottom) (n = 8). *P < 0.05. Error bars indicate SEM.
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cause 7 out of 17 synapses showed both tran-
sient and long-lasting inercase in Pr and no
synapses underwent persistent potentiation with-
out transient modulation (n = 10) Therefore, we
studied whether astrocyie-induced LTP de-
pended on activation of group I mGluRs, In the

presence of the antagonists MPEP and LY 367385,
astrocyte stimulation did not modify the synaptic
paramcters [n = 6 (Fig. 4, D and E}].

Our results show that Ca®* elevation in
astrocytes modulates transmitter release proba-
bility and evokes long-term synaptic plasticity

A ND + Astrocyte stim ND + Astrocyte stim
Basal ﬂ 60 min Basal ﬂ 60 min
v »
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Fig. 4. Temporal coincidence of astrocyte and neuronal signals evoke LTP of synaptic transmission.
(A} Fifteen consecutive EPSCs (left) and average EPSCs {n = 50 trials including failures) (right)
before (basal) and 60 min after pairing neuronal depolarization (ND) and UV-Hash astrocyte
stimulation. (B to D) Synaptic parameters normalized to baseline and plotted over time. Arrows
indicate astrocyte stimulation. (B} Pairing of UV-flash astrocyte stimulation and ND (n = 7
astrocyte-neuron pairs). (C) Pairing of ATP-evoked astrocyte stimulation and ND in control (black
circles, n = 6) and after administering 50 pM D-APS (white circles, n = 5). (D) Pairing of UV-flash
astrocyte stimulation and ND after administering MPEP and LY367385 (black circles); and ND with
no astrocyte stimulation (control; white circles); (n = 6 for each case). (E) Synaptic parameters
before and after 60 min under different conditions. *P < 0.05, **P < 0.01, ***P < 0.001. Error bars

indicate SEM.

at single hippocampal synapses without affeet-
ing the postsynaptic sensitivity. Although the
astrocyte-induced transient synaptic modulation
15 In agreement with reports of mGluR-dependent
neuromodulation Jeompare (13, 22, 23)], the
NMDAR-independent long-lasting  effects are
more challenging 1o our vision of the clssical LTP
in the CAl region, where postsynaptic changes
undedie its expression [(25), but see (26)].

These data extend the classical Hebbian
model for LTP, which results from concumrent
pre- and postneuronal activity, o include astro-
cylas activity, so that the temporal coincidence
the temporal coincidence of astrocyie and post-
synaptic activitics evokes long-term changes in
synaptic cflicacy. Therefore, astrocytes are di-
rectly involved in the synaptic information trans-
fer and storage by the nervous system.
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CHD1 Motor Protein Is Required for
Deposition of Histone Variant
H3.3 into Chromatin in Vivo

Alexander Y. Konev,' Martin Tribus,® Sung Yeon Park,? Valerie Podhraski,” Chin Yan Lim,**
Alexander V. I-Zl'l'nzlg,r.mmr,1 Elena Vershilova,® Vincenzo Pirrotta,? James T. l{adnnaga,*

Alexandra Lusser,*t Dmitry V. Fyodorov't

The organization of chromatin affects all aspects of nuclear DNA metabolism in eukaryotes. H3.3 is an
evolutionarily conserved histone variant and a key substrate for replication-independent chromatin
assembly. Elimination of chromatin remodeling factor CHD1 in Drosophila embryoes abolishes
incorporation of H3.3 into the male pronucleus, renders the paternal genome unable to participate in
rygotic mitoses, and leads to the development of haploid embryos. Furthermore, CHD1, but not I5WI,
interacts with HIRA in cytoplasmic extracts, Qur findings establish CHD1 as a major factor in
replacement histone metabolism in the nuclews and reveal a critical role for CHD1 in the earliest
developmental instances of genome-scale, replication-independent nucleosome assembly. Furthermore,
our results point to the general requirement of adenosine triphosphate (ATP}=utilizing motor proteins

for histone deposition in vivo.

istone-DNA interactions constantly change
Hduring various processes of DNA metab-

olism. Recent studies have highlighted
the mmportance of histone variants, such as
H33, CENP-A (centromere protein A), or H2AZ,
in chromatin dynamics ({, 2). Incorporation of
replacement histones into chromatin oceurs
throughout the cell eyele, whereas nucleosomes
containing canonical histones are assembled ex-
clusively during DNA replication. A thorough
understanding of the replication-independent
mechanisms of chromatin assembly, however, is
lacking.

In vitro, chromatin assembly requires the
action of histone chaperones and adenosine
triphosphate (ATP)-utilizing factors (3). Histone
chaperones may specialize for cenain histone
varants, For example, H3.3 associates with a
complex contaming HIRA, whereas canomical
H3 is in a complex with CAF-1 (chromatin as-
sembly factor 1) (). The molecular motors known
to assemble nucleosomes are ACF (ATP-utilizing
chromatin  assembly and remodeling  factor),
CHRAC (chromatin accessibility complex), and
RSF (mucleosome-remodeling and spacing fac-
tor), which contain the Snf2 amily member
ISWI as the catalytic subunit (3-7), and CHDI,
which belongs to the CHD subfamily of Sni2-
like adenosine tiphosphatases (ATPases) (8)
These factors have not been shown to mediate
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deposition of histones in vive. We previously
demonstrated that CHDI, together with the
chaperone NAP-1, assembles nucleosome amays
from DNA and listones in vitro (9). Here, we
mvestigated the role of CHDI m chromatin
assembly in vivo in Drasaphila.
We penermted Chdl alleles by P oelement

mediated mutagenesis (Fig. 1A) (/0L Two exa-

REPORTS

sioms, OF2LCHAT 1] and DR2LICHhdl {2, deleed
fragments of the Chdl gene and fragments of
unrclated adjacent genes. Heterozy pous combi-
nations, however, of Chd 11} or Chd {2} with
D2 LI Eel 7014 affect both copies of the Chdl!
gene only (Fig. 1B). We also identified a single
point mutation that results in premature translation
termination of Chefd (Q1394%) in a previously
described lethal allele, §21R23CdfAT4] (1),
Hence, #2)23Cd{A7-4] was renamed Chedl[3].

Analysis of Western blots of embryos from
heterozygous Chdl (3] ruit Mics revealed the
presence of a truncated polypeptide besides Tull-
length CHD (Fig. 1C). Mo tuncated polypep-
tides were detected in heteroey gous Chedlf 1] or
Ched 1] 2{ embryos. Therefore, the corresponding
defliciencies result i null mutations of Chd'f,
Crosses of heterozypous Chd! mutant alleles
with DY 2LUSI 70 or D21 IExel7004/0Cy0
produced subviable adult homorygous mutant
progeny (g, S1). Both males and females werne
sterile. Homozy gous null females mated 1o wild-
type males laid ferilized egps that died before
hatching. Therefore, matemal CHDI is essential
for embryonic development.

When we examined the chromosome struc-
ture of 0- 1o 4-hour-old embryos laid by Chd /-
null females, we observed that, during syncytial
mitoses (eyeles 3 1o 13), the nuelei appeared 1o be

abnomally small. The observed numbers of

anaphase chromosomes suggested that they werne

A s Df2L)Cha1f2)
: ""' Eﬂﬁmcm:m
= : D:'v E i = | e = | m— — [ D DL ] >
B "~ S 2368 T 2307
. = i a o o oOoaa T
 Chet e i
5 | Dif2L)ED198 "
| DI2L)Exel7014 '
DH2L) 517 c ,§ S &8
SIS
B —p Dff2L)Chd1[1]
P 250 = ot p—— -«
“ » Df{2L)Chd1[2] g - z -4
DIf2L)ExelTO14 =
' — | - o 100 — i
CGOG41  CGH64I | CG3733 = Chd! 75 = -
ST Chd1[3] (Q1394%) +Oa
— o — A —
NAP-1

Western Blot

Fig. 1. Characterization of Chdl mutant alleles. (A} Genomic structure of the Chdl locus. Df2L517 and
Dft2LExel7014 uncover Chdl. White boxes, predicted genes; black box, Chdl; black arrows, chromosome
deficiencies; dashed lines, deficiency breakpoints; triangle, P{EPgy2 JEY07 345 insertion that was used for
excisions. (B) The Chd1{1] and Chd1{2] excisions delete 296 and 958 amino acids, respectively, from the C
terminus of CHD1. Chd1[3] has a nonsense mutation resulting in a stop at glutamine 1394. The distal
breakpoint of Dff2L0Exel7014 is located immediately downstream of the Chal 3 untranslated region.
White boxes, predicted genes; black box, Chdl coding sequence; gray box, Chdl ATPase domain. (C)
Western blot of heterozygous mutant embryos. Truncated CHD1 polypeptides are not detected in
heterozygous Chd1{1] or Chd1[2] embryos. Heterozygous Chd1[3] embryos express a truncated (residues
1 to 1394) CHD1 polypeptide. Arrowhead, wild-type CHD1 (250 kD); arrow, left, NAP-1 (loading control);
Cy0, second-chromosome balancer,
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haploid (Fig. 2A). To confinn this obscrvation,
wie mated wild-type or Ol J-null females with
males that carned a green (uorescent profein
(GFP) tansgene. Embryomie DNA was ampli-
fied with [ﬂ'il'll.l.!lh a|i.'1-;|.'[ir:1.1 1I].'1|-...'-.-.pc|.'|'1’l-.' GFP
and a reference gene, Asfl. In wild-type em-
bryos, both primer pairs produced polymerase

Chd1[2]
wild type

Fig. 2. Embryos from homozygous Chal mutant
females are haploid. (A) Propidium iodide (P1)
staining reveals the haploid chromosome content
in CheI-null embryos (right). Cycle 10 embryos are
shown. (B) Propagation of only the maternal
genome is detected by PCR in embryos from Chdl
females that have been mated with males carrying
a GFP transgene. Primers for GFP recognize the
paternal DNA; primers for Asfl amplify sequences
from both male and female genomes. (C) The

absence of maternal CHD1 results in the inability of g hace — Metaphase

one pronucleus (arrows) to enter the first mitosis,

chain reaction (PCR)}-amphlied products,
whereas only the Asfl fragment was amphificd
m the mutants (Fig. 2B). Thus, Chdl embryos
develop with haplowd, maternally derived chro-
MosoIme contenit,

[0 investigate the cawses of haploidy in
mutant animals, we compared distributions of

B Chat(2]
wild lype  Dff2L)ExelT014
Asf1
(-;‘,f’nn:l Q)

GFP If..f'/-.

PCR bemplata
PO &

C Chd1[1]

Dff2L)Exel7014

Fost-Anaphase

The other pronucleus (arrowheads) continues with divisions (left, prophase to metaphase; right, post
anaphase). Labeling above the panels refers to genotypes of mothers. Scale bars, 10 um.

A

wild lype

Motaphaso

nterphasaProphatse

B _ Chaify

Dl 2L )Exeif014

H3
L

various developmental stages insamples of wild-
type and Chal-null embryos (table S1). The lack
ol maternal CHDI drmmancally changed this
distnbution. Most notably, at 0 10 4 hours after
cge deposition, the majority of Chd! embryos
(56%) remained at a very carly stage of develop-
ment in contrast o the wild type (24%) (able S1),
In Drosaphile cpgs, meiosis gives rise 1o four
haploid nuclei. When the egg is fenilized, one of
them is selected as a female pronucleus; the
remaining three form the polar body, Afier
breakdown of the spenm nuclear envelope, the
compacted spenn chromatin is decondensed, and
spemm-speciflic protamines are replaced with
maternal histones. The male and female pronu-
clen juxtapose m the middle of the anbryo and
undergo one round of separate haplord mitoscs,
The resuling products fuse with thar counter-
paris 1o '::i'.:.' Twio x|i|‘||ui1! nuclei (£2). In the
majority of Chdl embryos, we observed partial
decondensation of the sperm chromatin and
normal apposition of parental pronuclei. Then,
however, one pronucheus underwent mitosis: the
other one did not (Fig. 2C) Considenng the
subsequent loss of paternal DNA (Fig. 2B), we
conclude that mitotic progression of the male
pronucleus s hindered in Chal embryos.
Because CHDI can assemble nueleosomes in
vitro, we asked whether the absence of CHDI
affects histone incomoration into the male
pronucleus. Embryos from wild-type or Chdl-
null females were stained with an antibody against
histone H3. In wild-type embryos, we observed
uniform staining in both parental pronuclei (Fig.
3AL In contrast, in Chell-null embryos only the

D Cha1[1]

DI 2L ExelTO T4

Prophase

Anaphaso

Fig. 3. CHD1 s required for incorporation of histones into decondensing
sperm chromatin. (A) H3 colocalizes with DNA in both parental pronuclei
of wild-type embryos (left, interphase or prophase; right, metaphase). (B)
In Chdl mutant embryos, the male pronucleus fails to undergo mitosis
and accumulates abnormally little H3. (€) H3.3-FLAG is incorporated into
chromosomes of the male pronucleus in wild-type embryos. Panels show

24 AUGUST 2007 VOL 317
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the first metaphase. (D) In Chdl mutant eggs, H3.3-FLAG accumulates in
the periphery of the male pronucleus. The female pronucleus proceeds
with mitosis (left, prophase; right, anaphase). (B, C, and D) Arrows, male
pronuclei {m); arrowheads, female pronuclei (f). Labeling above the
panels refers to genotype of mothers. Red, Pl; green, H3 (A and B) or
H3.3-FLAG (C and D). Scale bars, 10 um.
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female chromatin was bnightly staned. The male
pronucleus contamed considembly less histone
H3 (Fig. 3B). These observations indicate that
CHDI1 15 necessary lor nucleosome assembly
during sperm decondensation,

Sperm DNA does not replicate during de-
condensation, and histones are deposited by
replication-independent assembly  mechanisms,
which involve the variant histone H3.3 but not
canonical H3 (/3). It has been shown in
Drosophila and mice thm H3.3 is specilically
present in the male pronucleus (14, 15) We
analyeed the distribution of H33 in embryos
denved from Ched l-null females that carry a
FLAG-tagged H3.3 transgene. In wild-type
embryos, we observed colocalization of the
H3.3-FLAG signal with male pronuclear DNA
during migration and apposition. No H3.3-FLAG
was detectable in the matemal pronucleus (Fig,
30 In CldF-null embryos, the male pronucleus
showed altered H3.3-FLAG saining. The signal
did not co-localize with the DNA but remained
constrained to the nuclear periphery in a sac-
shaped pattern (Fig. 3D).

These findings suggest that in the earliest
phases of Dvosophila development CHDI s
essential for the ncorporation of H3.3 and
normal assembly of patemal chromatin. In con-
trast, CHDY does not appear o afleet the organi-
zation of maternal chromatin. We conclude that
CHDI s required for replication-independent
nucleosome assembly in the decondensing male
pronucleus, but is dispensable for replication-
coupled incomoration of H3.

It was shown recently that the sésame (ssm)
mutation of Dresophila histone chaperone HIRA
caused the development of haploid embryos and
abolished H3.3 deposition into the male pro-

nucleus (f4). Chd! and ssm mutants, however,
differ profoundly in the manifestation of this
phenotyvpe. In ssm embryos, H3.3 15 absent from
the male pronucleus. In contrast, m Chd/-null
embryvos, H3.3 delivery 1o the male pronucleus
appears 0 be unaffecied. Thus, our observations
allow us o mechanistically discem the roles of
CHD1 and HIRA. Whereas HIRA is essential for
histone delivery to the sites of nucleosome as-
sembly, CHD1 directly facilitates histone depo-
sition (fig. 53) Our findings are consistent with
observations in vitro that histone chaperones
either do not assemble nucleosomes or assemble
them at a greatly reduced mate m the absence of
AT P-utihzing factors, Our data provide evidence
that histone deposition in vivo also transpires
through an ATP-dependent mechanism.,

CHDI1 has been implicated in transcription
clongation-related  chromatin remodeling (/6).
We demonstrate that CHD functions in nucleo-
some assembly in the cady Drosophila embryo,
which is transcriptionally silent. The biological
role of CHDI, therefore, is not confined 1o
transcription-related processes. The Schizo-
saccharomyvees pombe homolog of CHDI,
Hrpl, has been shown to function in loading of
the centromere-specific H3 vanamt CENP-A
(17). Smmilarly o H3.3, incomporation of CENP-A
mte chromatm is not restricted w0 S phase.
Therefore, CHD] may have a general role n
replication-independent nueleosome assembly.

Sperm decondensation  involves not only
histone incorporation, but also eviction of prot-
amines. To discem whether CHDI has a role in
this process, we analyzed the fate of protamine B
(Mst35Bb) in Chal-null embryvos, Although we
detected GFP-tagged Msi35Bb in the sperm head
immediately upon fertilization, we did not observe

A B chanyy Fig. 4. Deposition of H3.3 into
wild typo Dif2LJExeiTO14 chromatin during syncytial blasto-

DNA
H1.3

H.3

derm is compromised in Chdl
mutants. (A} H3.3-FLAG overlaps
with DNA in syncytial nuclei of a
cycle 14 wild-type embryo. (B)
H3.3-FLAG colocalizes poorly with
DNA in Chdl mutant embryos.
Labeling above the panels refers
to genotypes of mothers. Red, PI;
green, H3.3-FLAG. Scale bars, 10 um,
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Ms35Bb-GFP signal n the male pronucheus (g,
52). Thus, like HIRA (18), CHDI 1s dispensable
for protamme removal. We have shown that the
male pronucleus i Chaf-null embryos contans
very low amounts of histones (Fig. 3), vet the
DNA is not packaged with protamines, [t remains
an open question whether other DNA-protein
complexes exist in the male pronucleus.

Dvosophila cggs contain stores of both
known chromatin assembly factors CHDI
and ISWI (fig. S4A) (19) Nevenheless, 1SWI
is unable to substitute for CHD1 in the depo-
sition of H3.3. To examine whether CHDI
and ISWI differ in their ability to interact with
the H3.3 chaperone HIRA, we performed comm-
munoprecipitation experiments with extracts
from embryos expressing FLAG-HIRA, CHDI
signal was readily detected in FLAG-specific
immunoprecipitates, whereas ISWI1 did not co-
immunaoprecipitate with HIRA (fig. S54B). Thus,
a fraction of CHDI, but not ISWI, physically
associates with HIRA, This property of CHIDI
may account for its unigue function in the H3.3
deposition process.

A subpopulation of Chd! mutant haploid
embryos survives beyond apposition stage (table
51} Therelore, we asked whether H3.3 deposi-
ton is altered m Chad! mutant embryos duning
later developmental stages. In wild-type nucles,
the H3.3-FLAG signal ongmating rom the male
pronucleus becomes undetectable afier 2 w 3
divisions. Most matemal H3.3 remains distrib-
uted diffusely throughout the syneytium. After
evele 11 (roughly comelating with the onset of
zyvpotic wmnscription) H33-FLAG is redistrib-
uted into the nucler, where it colocalizes with the
DNA (Fig. 4A) In conimst, incorporation of
H3.3 into Chd! mutant nuclei was impaired.
H3.3-FLAG produced a speckled staining with
numerous bright dots that poorly overlapped with
the maxima of DNA swining (Fig. 4B8). It s
imporant 1o note that, in the ssm (HIRA) mutant,
H3.3 mcormporation defects in tissucs or develop-
mental stages other than the apposition stage
were not observed. This result is consistent with
the idea that misincomporation of H3.3 in Chddl
embryos is a direct effect of CHDI deletion rath-
er than a consaquence of haploid development.
We also conclude that CHDI functions in H3.3
deposition during later stages ol embryonic devel-
opment, possibly ina HIRA-independent fashion,

This study provides evidence that ATP-
dependent mechanisms are used for histone
deposition during chromatin assembly in vivo,
Thus, molecular motor proteins, such as CHDI,
function not only in remodeling of existing nu-
cleosomes but also in de novo nucleosome assem-
bly from DNA and histones. Finally, our work
identifics CHDI as a specific factor in the as-
sembly of nucleosomes that contain variant
histone H3.3,
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Blue-Light—Activated Histidine
Kinases: Two-Component

Sensors in Bacteria

Trevor E. Swartz,»* Tong-Seung Tseng,® Marcus A. Frederickson,
Gaston Paris,? Diego ). Comerci,® Gireesh Rajashel{ara,” Jung-Gun Kim,®
Mary Beth Mudgett,” Gary A. Splitter,® Rodolfo A. Ugalde,® Fernando A. Goldbaum,?

Winslow R. Briggs,” Roberto A. Bogomolni't

Histidine kinases, used for environmental sensing by bacterial two-component systems, are
invalved in requlation of bacterial gene expression, chemotaxis, phototaxis, and virulence. Flavin-
containing domains function as light-sensory modules in plant and algal phototropins and in
fungal blue-light receptors. We have discovered that the prokaryotes Brucelle melitensis, Brucella
abortus, Erythrobacter litoralis, and Pseudomonas syringae contain light-activated histidine
kinases that bind a flavin chromophore and undergoe photochemistry indicative of cysteinyl-flavin
adduct formation. Infection of macrophages by B. abortus was stimulated by light in the wild type
but was limited in photochemically inactive and null mutants, indicating that the flavin-containing
histidine kinase functions as a photoreceptor regulating B. abortus virulence.

OV (light, oxygen, or volinge) domains

I are distributed in the three kingdoms of
life (Eukarva, Archaca, and Bacteria)

(/. 21 In most cascs, the LOV domain is the
primary sensory module that conveys a signal to
protein domains with known or putative func-
tions as diverse as regulation of gene expression,
regulation of protein catabolism, and activation
of senne/threonine kinases in cukarvoles and
histidine kinases in prokaryoics (3, 4). The only
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two LOVedomain proicins from bacteria that
have been studied are YivA—a LOV-STAS
(LOV-sulfate transporter and anti-sigma factor
antagonist) protcin from Bacillus subvilis
and a LOV protein {containing no other known
domains) from Psendomenas putida (3-8),

The best-characterized LOY domains belong
to the plant blue-light receplors, the phototropins,
and the closcly related photorcoepior neochrome
(). The LOV-domain x-ray structure shows
the flavin mononucleotide (FMN) chromophore
noncovalently bound to the protein through
hydrogen bonding and hydrophobic interac-
tions, and the sulfur atom of a reactive cysteine
to be within 4.2 A of the C(4a) carbon of FMN
(fih. Light absomtion by the LOV-domain fla-
vin chromophore results in formation of a

cysteinyl-flavin adduct in which the sulfur of

the reactive cysteine forms a covalent bond

Erythrobacter litoralis (EL346-LOV-HEK)
Erythrobacier litoralis (EL358-LOV-HK)

Brucella malitensis/abortus (BM-LOV-HK/BA-LOV-HK)

Pseudomonas syringae (PS-LOV-HEK)

with the C{4a) carbon of FMN. In the photo-
tropin LOV domains, this stable bond sponta-
neously breaks in the dark (in many seconds),
completing a photocycle (/7). This process has
been proposed to be base catalyeed (f2-14),
Cysteinyl adduct formation in the phototropins
produces protein conformational changes (15, 16)
that activate a serine/threonine Kinase domain,
resulting in autophosphorylation (9). The ac-
tivated phototroping mediate several blue-light
responses in plants, ncluding phototropism, chlo-
roplast relocation, leal expansion, and stomatal
opening (/7).

Sequence analysis predicts that the genomes
of the human/animal facultative intracellular
pathogen Brucella melitensis (18, 19, the plam
pathogen Psendomanas syringae (3, 4), and the
maring bacternum Erviipobacter fitoralis code
for proteins that contain a LOV domain at their
N terminus, with a histidine Kinase occupying
the C terminus (LOV-HK). Protein sequence and
structural modeling [Swiss model (20)] of these
bacterial LOV domains predict that all four
LOV-HK proteins will bind a flavin and that
all contain a cysteine within a few angsiroms of
the chromophore, Analysis of published ge-
nomes indicates 24 different sequenced bactenia
contain genes that code for putative LOV-HEKs
il 4.

The full-length proteins (489 amino acids)
from 8. meditensis (BM-LOV-HK) and 8. abormus
(BA-LOV-HK) contain three distinet domains:
a LOVY domain at the N terminus, followed by
a PAS (Per- Amt- Sim) domain in the inter-
vening sequence, and a histidine Kinase at the
C terminus (Fig. 1) Although there are some
silent mutations in the genes that encode the
LOV-HK in the various Brucella species, the
protein sequence is wdentical in 8. melitensis,
8. aborms, and B, swis, The two LOV-HEK pro-
teins from £, liroralis (346 amino acids and 368
amino acids in length for EL346-LOVAHK and

-

— R

LoV __PAS . HK

— I ~ Rec

Fig. 1. Domain alignment of LOV histidine kinase proteins (LOV-HK).
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EL368-LOV-HK, respectively) contain only a
LOV domain followed by a linking sequence and
a C-terminal histidine Kinase domain (Fig. 1),
The LOV-domain protein from the plant patho-
gen P sivingae (PS-LOV-HK) (534 amino acids)
contains a LOY domain at the N terminus, fol-
lowed by a histidine kinase and a putative C-
terminal receiver (Rec) domain (i.c., response
regulator) (Fig. 1) All of these sensorhistidine
kinase proteins are hypothesized o be involved
in two-component signaling at some stage in the
organism’s life cycle.

We have cloned the genes encoding BM-
LOV-HK, EL36K-LOV-HK, EL346-LOV-HK
and PS-LOV-HK, expressed them i Escherich-
i coli, and alffinity-purificd their full-length pro-
teins, The four proteins exhibit chamctenstic
LOV-domain absorption, with two broad absom-
tion bands (450 nm and 370 nm) with sec-
ondary spectral peaks indicative of flavin in a
tight-binding pocket (J6) (Fig. 2A). The flavin
chromophore was extracted from the four LOV-
HKs and analyzed by thin-layer chromatogra-
phy (TLC). All four LOV-HKs expressed in
E. coli bind FMN as the flavin chromophore
{table S1).

Light-induced absomption changes were mea-
sured to study the photochemistry of the isolated

Fig. 2. Absorption A
spectra and absorption
changes for full-length

LOV-HKs. (A} Absorption

of LOV-HKs showing fla- N~

vin binding and char-
acteristic LOV-domain r

absorption spectra. (B)

Light-induced absorption - .
difference spectra. BM- : OV-HK
LOV-HK data collected e
every 5 min for 2 hours
after light excitation. -
EL346-LOV-HK, EL368-
LOV-HK, and PS-LOV-HK
spectra collected every
10 min after light exd-
tation. Difference spectra
are typical of cysteinyl
adduct formation char-
acteristic of LOV-domain
photosensory module pho-
tochemistry. (C) Absorp-
tion changes after light
excitation measured at
450 nm. Decay i fit to a
single exponential with
the half-life shown on 02 |
the graphs. Samples were [
all in phosphorylation 01 4
buffer.

Absorption (OD)
S &
"

—--

o
LX)

03 | PS-LOV-HK

350 400 450 0 500

Wavelength (nm)
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LOV-HKs. IMumimation of the LOV-HKs with a
I-ms camera strobe Nash produced a difference
spectrum that indicates a loss of absorption from
the 450-nm band, with some incrcase n absormp-
tion in the ultmviolet A (UVA) region (Fig. 2B),
These difference absomtion changes are charmce-
teristic of the formation of a favin cysteinyl
adduct that has a broad absomtion band around
390 nm (11, 12).

The BM-LOV-HK adduct state is extremely
stable and docs not decay measurably in 2 hours
{Fig. 2C). This siability is unlike that ol the
other three LOV-domain proteins presented
here, in which the eysteiny] adduct breaks spon-
tancously, with the chromophore/protein ther-
mally returning to the ground state in the dark.
The other three LOV-HKs complete a pho-
tocyvele in which they decay thermally from the
adduct state back 1o the ground state in the dark
with hall-lives of 28 (EL346-LOV-HEK), 32
(EL368-LOV-HEK), and 22 (PS-LOV-HK) min
iFig. 2C) In the phototropin LOV domains, the
spontancous adduct decay is thought 10 be base-
catalyzed (12-14), possibly initiated by abstrac-
tion of the N5 proton. However, the putative
proton acceplor has not been identified:
sequence comparisons of the various LOV
domains do not provide information about the

REPORTS I

residucs controlling the relative rates of dark
decay.

The four LOV-HKs incomorated P from
[v-P)ATP (adenosine triphosphate) in a light-
dependent manner at 7= 0 min (Fig. 3 A-D),
confirming that cach functions as a light-activated
kinase, The BM-LOV-HE-C69A mutant, which
binds FMMN but cannot form the cysteinyl ad-
duct, did not activate the kinase in response to
illumination (Fig. 3E). In addition, an assay
testing the alkali and acid stability of the phos-
phate bond indicated that, in all the proteins, a
phosphohistidine bond most likely formed upon
kinasc activation (fig. S1) (24}

The LOV-HKs we examined all contain a
sensor'histidine kinase and therefore are pre-
sumably mvolved in two-component signaling,
When activated, the histidine kinases operate by
transiently phosphorylating a histidine residuc
on the kinase, and the phosphate from the ac-

tivated kinase is translerred to an aspartate of

a response regulator (22, 23). The activated re-
sponse regulators are generally involved in

control of gene expression or, in the case of

chemaotaxis, in fagellar motor control (22, 23).
The PS-LOV-HK is unique among these four
LOV kinases becanse its putative receiver (Ree)
domain is covalently linked 1o the histidine ki-
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nase al the C termunus (Fig. 1) In two-component
signaling, the Rec should be the final acceptor
of the phospho-relay chain, However, our in
vitro activity assay (fig. S1) indicated that the
histidine of the sensor kinase and not the as-
partate on the response regulator domain was
phosphorylated, because treatment of phos-
phorylated PS-LOV-HEK with alkaline bufler
to hydrolize phospho-aspartates (20) did not
significantly reduce phosphorylation,

Afier irradiation, the BM-LOV-HK kinase
activity correlates with the presence of the lavin
cysieinyl adduct siae (Fig. 3A). For the other
three kinases, the amount of radivactive phos-
phate meorporated deereased with tme - dark-
ness (Fig. 3, B to D) comesponding 1o the
breakage of the cysteinyl adduct (Fig. 2B),
indicating that the LOV-domain adduet state is
the signaling state that riggers activation of the
histidine kinase. When a sccond light pulse was
given 180 min after the first, phosphorylation
was as strong as that from the initial light pulse,
indicating that the decrease in phosphorylation
over time after the initial light pulse was not due
to protein degradation.

The kinase-domain activation results pre-
sumably from intramolecular propagation of a
local structural perturbation generatad by adduct
formation. We do not know whether the LOV
domams m miCroonZanisms use a common mn-
tramolecular signaling mechanism that has been
adapied 1w allow for simple exchanging of sen-
sory modules to different output signaling do-
mains, In the plant receptor phototropin, it
seems that LOV-domain activation disrupts an
adjacent amphipathic alpha helix (Ju), which
then activates the kinase domain (/6). Although
proicin modeling with the Swiss-model program
{20 predicis a close resemblance to phototropin
LOV domains, it does not predict an amphipathic
Ju helix, which suggests thar different intramo-
lecular signaling mechanisms occur,

LOV domain photoactivity implics that light
responses are important for these microorganisms
i3, 4) and possibly required for vimlence (24).
We found that the PS-LOV-HK gene was con-
stitutively expressed in the P svringae pathovar
syringae strain DC3000 grown in minimal me-
dia (fig. 52), a condition known to induce the
tvpe Il secretion/pathogenicity island (25). Con-
versely, we did find about a twolold increase in
ranscription of the BM-LOV-HE. (BMENDGTS)
gene from 8 melitensis at a pH {26) similar to
that within infected macrophages (1able 52),

Two-component signal transduction systems
arc involved in bacterial virulence (29 hence,
we investigated the role of BA-LOV-HK in vir-
ulence by constructing an insertiion-knockout
mutant strnin by the introduction of a kanamycin-
resistant cassette into the gene (27), To deter-
minge whether the B, aghortis LOV-HEK mutant 15
able 10 replicate inside mammalian host eells,
we infected JT74A.1 murine macrophages with
the wild type and the knockowt bacteria and
counted intrcellular bacteria after infection

A 0 mm 10 iman A mn B0 man 120 fran ni
- — S— _—— —
i} L D i D L o L D L
E O vy 3 i B ey 120 ey TED v m b 2
b L B L [ ] L E L [ 2] L
c O man 0 rem B 120 ran BED ran st a2
- e - e - - - -
] L ] L b L L L B L
D 0 30 e [T T Pl ean ini ind
D el o
L] L e L L] 2 4] L
E swiovax BILOVHK-CEIA
— R e e
] L [+] L

Fig. 3. LOV-HKs function as light-activated kinases. Autoradiogram showing the light-dependent
phosphorylation of LOV-HKs. Samples were given a mock irradiation (D) or irradiated with a 1-min white
light (L) pulse at a fluence of 2000 pmol m™2 572, [y-**PJATP was added 0, 30, 60, 120, and 180 min
after the light pulse, and the samples were incubated for 4 min at room temperature. Samples were then
fractionated with 5D5—polyacrylamide gel electrophoresis (PAGE), and the gels were exposed to film. (In
1 indicates a sample in darkness for 180 min followed by a light pulse and addition of [y-*2PJATP. In
2 indicates a sample given light pulse followed by 180 min in darkness, followed by a second light
pulse and immediate addition of [y-*’P]ATP). All manipulations were carried out under dim red
light. (A) BM-LOV-HEK. (B) EL346-LOV-HK. (C) EL368-LOV-HK. (D} PS-LOV-HK. (E} BM-LOV-HK-C69A
shows no light-induced activation of the kinase domain, consistent with the absence of light-induced
photochemistry.
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Fig. 4. LOV-HK protein from B. abortus is involved in virulence. Infectivity of 8. ebortus 2308 and B.
abortus LOV-HK null mutant was tested in the )774A.1 murine macrophage cell line (A). At the
indicated times (4, 24 and 48 hours), cells were lysed and the number of intracellular bacteria was
determined by plating on tryptic soy agar. B. abortus 2308 (white), LOV-HK mutant (light gray), LOV-
HK mutant complemented with plasmid pBBR-BaLOV expressing LOV-HK protein (diagonal hatched)
and B. aborfus LOV-HK mutant transformed with pBBR-BalOV C69A expressing LOV-HK-C69A mutant
protein (horizontal hatched). Data (mean = standard deviation of duplicates) shown are representative
of three independent experiments performed. Light affects B. abortus infection (B). B. abortus 2308
and LOV-HK bacteria given either dark or light treatment were used to infect macrophage cell line
1774A1. At the indicated times, the number of intracellular bacteria was determined by plating in
tryptic soy agar. B. abortus 2308 light treatment (white) and dark treatment (black); LOV-HK knockout
mutant light treated {light gray) and dark treated (dark gray). Data shown (mean + standard deviation
of duplicates) are representative of two independent experiments. In both graphs, data are presented as
relative increase over 1-hour data. All CFU/ml (colony forming units) values were divided by the
corresponding one-hour data,
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(Fig, 4A). Replication of the B, aborms LOV-
HK mutant strin was less than the wild-type
strain as carly as 4 hours after infection. To con-
firm that this defeet in replication wis only due to
the absence of the BA-LOV-HK gene, the LOV-
HE mutam was complemented with a plasmid
expressing the wild-type BA-LOV-HK gene, The
complemented stmin was able to rescue the mu-
tant phenotype (Fig. 4A), confimming that the BA-
LOV-HK gene is required for optimal replica-
tion of B, abortus in macrophages,

Light activation of the LOV-HK roquires a
reactive eysteine (Co9). A CO9A muant in a B,
abortus LOV-HK knockout background did not
retum the replication mte o the wild-type level
{Fig. 4A), indicating that formation of the co-
valent adduct between FMN and the LOV pro-
tein is essential 1o restore kinase function. Thus,
the biological role of the LOV-HK protein is
associated with its capacity to sense light and
transduce the signal o the output Kinase do-
main. The number of intracellular bacteria in-
creased slightly afier 24 hours in culture in the
light (Fig. 4B¥ however, in the dark. roughly an
order ol magnitude fewer bacteria survived, a
survival rte no better than that of the BA-LOV-
HK knockout mutant, which suggests clearly
that the BA-LOV-HK photoreceplor serves as a
virulence factor in Brueella spp. and that light
may prepare the bacteria present i the aborted
placenta for infection of the next host (28).

We have shown that four bactenal LOV-HKs
bind a favin chromophore that, upon illumina-
tion, forms the cysteinyl adduct chamcteristic
of LOV domain photochemistry, Unexpected-
ly, the cysteinyl adduct in Brucella LOV-HK
does not break spontancously in the dark as it
does in the other bacterinl LOV-HK protcins
and the plant phototropin LOV domains (/7).
Upon illumination in the presence of ATP, the

kinases of all four LOV-HKs undergo auto-
phosphorylation, likely on a conserved histi-
dine, and are activated. The ¢lose correlation
between cysteinyl-flavin adduct lifetime and
kinase activity indicates that the adduct is the
signaling state that activates the histidine ki-
nas¢, Furthenmore, the BA-LOV-HEK appears o
function as a photoreceptor that is directly re-
lated w0 Brcelfa survival and replication within
macrophages,

References and Notes
1 5. Crosson, in Haondbook of Photosenzory Receplors,
W. Briggs, ). L. Spudich, Eds. (Wiley VCH, Weinheim,
2005), pp. 323336,
2. A Losi, in Floving Photochemistry and Photebiology,
E. Silva, A M. Edwards, Eds, (Royal Society of Chemistry,
Cambridge, 2006), pp. 217-269.
3. 5. Crosson, 5. Rajagopal, K. Moffat, Biochemistry 42, 2
{2003).
4. A Lesi, Photochem, Photobiol, Sci. 3, 566 (2004).
5. T A Gaidenko, T, | Kam, A L Weigel, M, 5. Brody,
€. W. Price, | Bacteriol. 188, 6387 (2008).
6. M. Awvila-Perez, K. ). Hellingwer!, R Kort, | Bocreriol.
188, 6411 (2006).
7. WL Krauss, A. Losi, W. Gartner, K. E. Jaeger, T. Eggen,
Phys, Chem. Chem. Phys. 7, 2804 (2005},
8. A Losi, E Polverini, B. Quest, W, Gartner, Biophys. | 82,
2627 12002).
9. | M. Christie, Annu, Rew. Plant Biol, 58, 21 (2007).
10. 5. Crosson, K. Moffat, Proc. Mob. Acod. Sci, UL.5.A. 98,
2995 (2001).
11 M. Salomon, |. Christie, E. Knieb, U, Lempert, W. Briggs,
Biochemistry 39, 9401 (2000,
. T. E Swarlz ef al, J. Biol. Chem. 276, 36493 (2001}
. ML T. Alexandre, ). Arents, B Van Grondelle, K. Hellingwer,
|- Kennis, Siochemstry 46, 3129 (2007).
14, T. Kottke, |. Heberle, D. Hehn, B. Dick, P. Hegemann,
Biophys, | 84, 1192 2003},
15. 5. B. Corchnaoy et ol, J. Biol Chem, 278, 724 (2003).
16. 5. M. Harper, L Neil, K. Gardner, Science 301, 1541
2003),
17. W. R Briggs. ). Christie, Trends Plant 5ci, 7, 204
2002,
18. V. G. DelVecchio of al., Proc. Nall Aced. Sci. ULS.A. 99,
443 (2002).

REPORTS

1%. 5. M. Halling er al., } Bocteriol 187, 2715 (2005}

20. T. Schwede, |. Kopp, N. Guex, M. C. Peitsch, Muclaie Acids
Res. 31, 3381 (2003)

21. 5. Klumgp, |. Krieglstein, Eur, ). Biochem, 269, 1067
(2002).

22. A H, West, A, M, Stock, Trends Biochem, Sci. 26, 369
(2001).

23. A M. Stock, V. L. Robinson, P. N, Goudreau, Annu. Rev,
Biochem. 6%, 183 (2000},

24. ]. A. Hoch, Curr. Opin. Microbiol. 3, 165 (2000},

25. |. R. Alfana, A. Collmer, Annu, Rev, Phytapathol 42, 385
2004).

26. F. Porte, |. P. Liautard, S. Kohler, infect. fmmun. 67,
4041 (1999).

27. R A Ugalde, Microbes infect. 1 1211 (1995).

2B, P. H. Elrer, 5 D. Hagius, D. 5. Davis, V. G. Delvecchio,
F. M. Enright, Viet. Microbiol 90, 425 (2002).

29. We are grateful to W.-0. Ng for experimental advice and fo
5. Zulman for crifical reading of the manuscript. Work in the
authors laboratories was supporied by NSF grants MCB
0444390 (RLAB) and MCB 0091384 and 0444504 (WER.
B.); NIH 1US54-A1-057153, Binational Agricublural Research
and Development Fund US-3829-06, and LISDA 35204-
14856 (G.5.); and NIH ROT-GMOSBEES (MBM.), ANPGT
PICT2004-20408 (RAL.), and PICT2005-382 72 (D.].C.).
The research of F.AG, was supported in part by an
Intemational Research Scholars” grant from the Howard
Hughes Medical Institute and by Agencia Macxnal de
Promeciin Clentifica y Tecnoldgica—Proyedios de
Investigacidn Cientifica y Tecnoldgica LANPCYT-FICT2004-
21193). We thank 5. Giovannoni and his laboratory and the
I. Craig Venter Institute {JOV1) for the E litorals HICC2594
genome sequence, which was determined and deposited in
GenBark (CPO00L5T) with support from the Gordon and
Betty Moore Foundation, We are indebted to 5. Kravitz and
5. Ferniera of JCV1 and ), Kitner, |. Tripp, 5. Givan, and
K. Vergin of Oregon State University for ther work on the
E. Brorals genome sequende and for the DNA wed 1o clons
the E. Broralis LOV domains.

Supporting Online Material
ww.sciencemag.ongogiicontentfulli 317/584 1/1090/DC 1
Matenals and Methods

Figs. 51 and 52

Tables 51 and 52

References

26 April 2007; accepled 27 June 2007
10,112 65cience. 1144306

Temporal Fragmentation of
Speciation in Bacteria

Adam C. Retchless and Jeffrey G. Lawrence*

Because bacterial recombination involves the occasional transfer of small DNA fragments
between strains, different sets of niche-specific genes may be maintained in populations that freely
recombine at other loci. Therefore, genetic isolation may be established at different times for
different chromosomal regions during speciation as recombination at niche-specific genes is
curtailed. To test this model, we separated sequence divergence into rate and time components,
revealing that different regions of the Escherichia coli and Salmonella enterica chromosomes
diverged over a ~70-million-year period. Genetic isolation first occurred at regions carrying
species-specific genes, indicating that physiological distinctiveness between the nascent
Escherichia and Salmonella lineages was maintained for tens of millions of years before the

complete genetic isolation of their chromosomes.

he proper identification and delincation

I of bacterial species play critical roles in
medical diagnosis, fbod salety, epidemiol-

ogy, and bioterrorism  mitigation.  Human re-

sponscs arc guided by pereeptions of the
biological properties and capabilitics of a named
species, as well as by an understanding of its
natural variability and potential 1w change. The

biological species concept (BSC) considers a
specics o be a group of organisms that readily
exchange genetic information only with cach
other (F). In cukaryotes, recombination—here
defined as allelic exchange—is often tied w0
reprocluction, wherehy meiosis is followad by
the karvogamy of two entire haploid genomes,
Consequently, as new specics arise, genelic
isolation would occur simultancously for all
loci, meaning that all pairs of orthologous genes
would be diverging for about the same amount
of time. Whereas bactenial speciation is a
complex process (2-4), the BSC has also been
applied to bactena such as E colf (5). Bacterial
rccombination mvolves the occasional, uni-
dircctional transfer of small DNA fragments
from one strain into the homologous locus of
another strmin. Because only a small portion of
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the genomie is transfemed, onthologs would have
diverged for differing amounts of time (fig. S1,
A and B). Interspecics transfer 15 limited by
mechanisms that increasingly ngedt recombina-
tion s donor and recipient sequences become
more divergent (6, 7). Yel this process does nol
speak 1o how recombination ceases within a
group of recombining strains (wherein allelic
differences are few), thereby allowing two
genctically distingt groups o form,

Given the vast range ol recombination rmtes
seen for bacterial populations (&, ¥), we propose
two models for lincage sepamtion afer the emer-
gence of and selection for a differentially adapied
genotype. First, nucleotide  substitutions and
lincage-specilic loci could be acquired quickly,
relative to the rate of recombination (/7). In this
model, genetic solation would be established
almost simultancously for all orhologs (lig.
SIA). Alternatively, niche-specific changes may
be acquired more slowly, relative 1o the rate of
rccombination (fig. SI1B), and gene conver-
sion events would continue at loci unlinked 1o
niche-defining genes (47). In this case, between-
population selective sweeps (12) would occur
freely at loci that are unlinked to genes im-
panting  ecological distinetiveness; in contrast,
recombinants losing niche-specific  functions
would be poorly adapted 1o either environment
and would be counterselected (4). Thus, alleles
may undergo selective sweeps across “specics”
boundaries when not proximate 1o niche-specific
loci; over time, all loci would become gencti-
cally isolated as mismatches accumulate and
the number of niche-specific loci increases. This
fragmented speciation mode]l further predicts
that carly-diverging genes will be linked 1o loci
that interfered with effective interineage recom-
bination, such as those encoding niche-specific
traits or those subject 1o diversifving or frequency-
dependent selection (43, [4). As a caveat, re-
gions of srongly dissimilar DNA can interfene
with recombination at highly similar Qanking
regions, independent of selection against recoms-
hinants (7); the consequences of this issue ane
bevond the scope of this work.

To detect temporal fragmentation of specia-
tion, we must first distinguish between carly- and
late-diverging onhologs. Because divergence is
a fnction of both time and cvolutionary raie,
time may be cstimated from divergence once
the evolutionary mie is determined (fg. S1C).
Al synonymous sites, evolutionary rate can be
estimated from the codon adaptation index
(CAI, an imtragenomic, time-independent mea-
sure of selection (15), Divergence is measured as
the number of synonymous substitutions per
synonymous site (Ke) because Ky decrcases as
CAl increascs (fig. S1C), CAl can generate the
expected value of K, if divergence times ane
uniform among genes (/6). Early-diverging
orthologs will have larger than expected K
values because more time has clapsed since their
divergence, and late-diverging orthologs will
have smaller than expected values (fig. S1C).
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Fig. 1. Influences on synonymous substitution rate. Synonymous substitutions as a function of mean
codon bias of the open reading frames are shown, with polynomial least-squares regression lines. The
dashed wvertical line indicates the value of CAl above which the relationship between CAl on K, was
unclear. (Inset) Scatter plot of third-order regression residuals as a function of distance from the E. colf
K12-MG1655 origin, with a linear least-squares regression line. Mb, megabase.

We applied this method to the genomes of E,
el and 8. enderica; recombination is common
within cither taxon (8, 16, 17), whereas interspe-
cics recombination is inhibited (/8) We ana-
lvzed genes with orthologs present in each of
three different £, ooff and 8. enterica genomes
representing the most diverse available sequences
i(f6). These six strins share a chromosomal
backbone of 2677 seis of orthologs (able S1).
CAl and bevween-specics K, were compuied for
protein=coding  genes, and the relationship was
fit by polynomial regression (Fig. 1) As cx-
pected, increasing selection for preferred codons
thigh CAl) is generally reflected by lower di-
vergence (low Kl We ignored 527 pairs of
genes with <50 synonymous sites, cither because
their K, values were in satumtion or because
the relationship between CAl and K, was un-
clear (Fig. 1). The effect of map position on K,
(/%) was cstimated by treating CAl-corrected
Ks as a lincar function of the gene's distance
from the £ coli K12 replication origin (Fig. 1,
inset), Ultimately, relative divergences of 2150
genes along the chromosomal backbone (Fig. 2)
were calculated as the mtio of observed K, 10
that expected from CAL and map position (/6).

Although stochastic vanation in the accumu-
lation of substitutions will accoumt for much of
the varability in relative divergence, genes that
have recombined more recently should have
lower K values. To detect this footprint of re-
combination, we rely on a mechanistic con-
straint of baclerial gene exchange: Physically

proximate genes will be trapsferred in the same
recombination events, As a result, carly- and late-
diverging genes will not be randomly distrib-
uted throughout the genome but will cluster in
regions delined by the most recent interlineage
exchange. Therefore, physical association among
genes with K values higher or lower than cx-
pecied can be taken as evidence for recombina-
tion. The scale of recombination regions was
estimated from the correlation of relative diver-
genee values for pairs of orthologs (solid linge in
Fig. 2, inset). Adjacent genes showed a strong
intraclass comrelation [intraclass comrelation co-
efficient (ICC) = 24%. P < 107, F test] that
decreased as pairs of orthologs became more
distantly situated on the chromosomal back-
bone, becoming undetectable when separated by
more than 20 genes (=32 kb). These resulis are
consistent with the boundary of recombination
interference observed for the rff locus (20, 21),
To remove any comrelation in K, resulting (rom
transcrption-associated repair or selection for
mRNA stability, we recalculated 1CCs, having
excluded comparisons between consecutive
genes manscribed in the same dircetion. Despite
the decreased sample size, a significant comela-
tion (ICC = 11%, P < 1072, F test) extended 1o
the same distance (dashed line in Fig, 2, insct),
Thus, gencs within the Escherichia and Salmio-
meffe chromosomes diverged at significantly
different times a different locations,

Potential recombination events were delin-
eated with an agglomerative clustering algorithm

24 AUGUST 2007 WOL 317 SCIENCE www.sciencemaqg.org
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Fig. 2. Time of divergence of chromosomal regions. Relative divergence for
orthologs is plotted against E cofi K12-MG1655 chromosomal position,
averaged across a seven-gene window. Dark gray bars indicate divergence
times of regions longer than six genes. Dashed lines delineate 95% of the
range of divergence values. Shared loci are indicated in italics; Escherichia-
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Fig. 3. Relative divergence based on region char-
acter. Bars show the mean relative divergence of
sets of orthologs classified according to adjacency
to loci that distinguish genomes; above the bars are
the number of orthologs (top row) and the number
of loci (bottom row in parentheses). Dashed lines
show the average value for the entire set. Error bars
show 1 SE for the distribution of randomized
samples. *, P < 0.01; **, P < 0.000001.

that minimized vanability of relative divergence
within clusters (/6); the algorithm terminated
when the distribution of cluster sizes most
closcly reflected the magniude of 1C0Cs across
segments of diffening length, The most robust
segments (SE = 0.013; cach longer than six
genes, covering 49% of genes) appear as dark
gray bars in Fig. 2, IF Escherichia and Salmo-
mefla genes have been diverging for ~140
million years on average (22), the disiribution
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of divergence times shows that genetic isola-
tion developed over a period of ~70 My (re-
gion between the dashed lines in Fig. 2). As
expected, among the first regions to diverge
were those containing genes producing sur-
face structures, such as the rfe, rfh, rf, fle,
mipd, and phokF loci, which are often subject
to frequency-dependent or diversifying selee-
tion. Other carly-diverging regions are asso-
ciated with differences in gene content, such
as those adjacent to (i) the Safmonella chi,
pelre, std, and ter operons and (i) the Esch-
erichia lae and xdh operons (Fig. 2), most of
which encode physiological functions that dis-
tinguish the two specics (23). In contrast, the
regions Manking Sadmenella Pathogenicity 1s-
lands 1 and 2 (SPH and SPI12) diverged more
recently, suggesting that they did not promote
the separation of Escherichia and Salmonelic
Even though relative divergence was corrected
for evolutionary rate, the major peaks in Fig, 2
consistently represent clusters of genes with high
CAl values. These slowly evolving regions may
offer longer strciches of DNA with high simi-
larity, thereby posiponing the establishment of
recombination barriers.

As a control, we compared the genomes of
Buchnera aphidicola simins APS and Sg, whose
489 conserved protein-coding genes show
divergence similar 10 those of Escherichia-
Salmonefla comparison. Buchnera are recd-
deficient intraccllular endosymbionts believed 10
recombine rrely (24). We would expect lincage
diversification 1o affect all loci simultancously,
and analysis of these genomes showed no
significant comelation in relative divergence for
adjacent genes (fig. 523, To control for the Tower
sample size, we examined all regions of the
Escherichia-Salmonella  comparative  backbone

16 18

and Salmonella-specific loci are indicated at their corresponding location on
the backbone in inverse and bold-faced type. (Inset} Intraclass correlations
of relative divergence for gene pairs as a function of distance. The solid line
indicates all gene pairs, whereas the dotted line indicates gene pairs not
within runs of consecutive genes transcribed in the same direction.

with equal gene numbers: these regions showed
significant ICC wvalues that were invariably
stronger than the Buchnera 1CC value, suggest-
ing that the lack of comelation for Buclmera
reflects a lack of recombination,

The fragmented speciation model (fig. S1B)
predicts that genetic and ecological difTerentia-
tion developed even as recombination continued
at loci not conferring ccological distinetiveness,
Niche-specific traits often arise by gene gain or
loss, where altered physiology allows cells 1o
thrive in conditions that are hostile 1o parcnial
strains (25). Il recombination between incipient
Excherichia and Salwonella lincages continued
at some loci even after lincage-specific loci had
arisen, then shared regions around the lineage-
specific genes should have been among the first
to become genciically isolated, because recome
bination in those regions would have climinated
the gene-content differences at those loci. Con-
versely, iff the differences in genc content devel-
oped only after mterdineage recombination had
elfectively ceased, then these genes should be
distibuted without regard 1o the divergence time
of the surmounding region,

We defined a locus as a pair of genes in the
Escherichia-Salmonella comparative backbone,
There were 514 dynamic loci (685 genes: some
genes contributed to 2 loci; table 52), at which a
pair of conserved genes was separated by at
least one gene that had been gained or lost in
any genome (@) the remaining 2106 static loci
showed no msertion or deletion events (white
bars in Fig. 3). Genes at static loci have an
average divergence tme that s 4.4% vounger
than the average for the entire genome (P < 1077
by randomization), which is likely because
longer stretches of unintermuptible, slowly evoly-
ing genes allow for continued recombination,
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A fraction of dynamic loci (178 loa, table 52)
show specics-specific differences, whereat the
conserved gene pair wis intemrupted i the three
strains of one species by genes absent from the
three stmins of the other species. These loci
would include sites whereat differences arose
while the Escherichia and Salmonelfa lincages
were diverging, Other dynamic loci (e.g., those
where only a single strin shows a difference)
would have arsen only after recombination had
elfectively ceased between the two  lincages,
Genes adjacent 1o specics-specific loci are 6.2%
older than genes adjacent w0 other dynamic loci
{(# < 1072 by randomization; gray bars in Fig. 3);
thus, specics-specilic gens are not rndomly
distributed but are found preferentially in the
older regions, indicating that the incipient
Escherichia and Salmonella lincages continued
to participate in recombination at loci unlinked
1o lincage-specilic genes,

In contrast to the rapid formation of cukary-
olic specics boundaries, the ~70-My time frame
over which genetic isolation evolved between
Escherichia and Salmeonella represents a tempo-
ral fragmentation of speciation. Because separmte
lincages arise within populations that continue
to recombine at some loci for tens of millions
of years, relationships among species infemred
from few loci may underestimate their underly-
ing complexity. Taxa may show different relation-
ships depending on the genes comparad. Long

penods of partial genctic isolation allow extant,
named specics (such as E coli) 10 contain mul-
tiple nascent specics. Although one can observe
recombination at some genes within £ coli as a
whole, strins also have niche-specific loci that
may acl as genetic progenitors for the creation
of new species, That is, it may not possible 10
make a clear distinction between intraspecific
and imterspecific vanability (26), and clearly
defined species cannot represent newly formed
lincages. Therelore, the species concept proposed
by Dvkhuizen and Green [in which gene phy-
logenics are congruenl among representatives
of different specics but are incongruent among
members of the same species (5)] works 10
delineate long-cstablished species but fails 10
MECOENIAC INCIpicnt specics.
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Video Ergo Sum: Manipulating Bodily

Self-Consciousness

Bigna Lenggenhager, Tej Tadi," Thomas Metzinger,?® Olaf Blanke'**

Humans normally experience the conscious self as localized within their bodily borders. This spatial
unity may break down in certain neurological conditions such as out-of-body experiences, leading
to a striking disturbance of bodily self-consciousness. On the basis of these clinical data, we
designed an experiment that uses conflicting visual-somatosensory input in virtual reality to disrupt
the spatial unity between the self and the body. We found that during multisensory conflict,
participants felt as if a virtual body seen in front of them was their own body and mislocalized
themselves toward the virtual body, to a position outside their bodily borders. Our results indicate
that spatial unity and bodily self-consciousness can be studied experimentally and are based on
multisensory and cognitive processing of bodily information.

ver since William James calegorized dif
EI’-:rcnt aspects of self-consciousness at the
end of the 19th century, these aspects
have been continuously refined and expanded,
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am Main, Germany. *Depantment of Meurology, University
Hospitad, 1214 Geneva, Switzerland,
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olaf.blanke@epfl.ch

including many different sensory, emotional,
or cognitive layers. This has led 1o an excess
of definitions, in the absence of a widely ac-
cepted model of self-consciousness that is
based on empirical neurobiological data (/).
More recemt philosophical and neurological
theorics converge on the relevance of bodily
self~<consciousness (1.¢., the nonconceptual and

prereflective processing and representation of

body-related information) as one promising ap-
proach for the development of a comprehensive
neurobiological model of sell-consciousness
e

We investigated bodily  sell-consciousness
experimentally, and we now describe an illusion
during which healthy participanis experienced a
vinual body as il it were their own and localized
their “selves”™ outside of their body borders at a
different position in space. We modified the so-
called “rubber-hand illusion™ (RHI), during
which synchronous stroking of a seen fake hand
and ones own unscen hand causes the fake
hand 1o be attnibuted 1o one’s body (1o “feel like
it is my hand™; misatribution), Under such con-
ditions of multisensory conflict, vision typically
dominatcs over proprioception and touch (5).
Several studies have demonstrated that the RHI
also induces a mislocalization of onc’s hand
toward the fake hand, which is often refemed to
as “propricceptive drfi” (6-8). Bmin-imaging
studies associated the RHI mainly with the
activation of the muliiscnsory premotor coriex,
posterior parietal ancas (7), and right posterior
insula (9); these arcas have also been implicated
in the integration of visual and somatosensory
signals in nonhuman pramates (/1) These ex-
perimental findings comoborate ancedotal clin-
ical data in neurological paticnts with right
temporo-parictal damage leading to somatopara-
phrenia, during which patients misatinbute
their own hand ar oot as belonging o another
person (f1). The data on the RHI shows that
important subglobal aspects of bodily experi-
ence, such as self-atribution and seli-localization

24 AUGUST 2007 WOL 317 SCIENCE www.sciencemag.org




of body pans, can be mampulated expenmen-
tally (12).

Yet, the fundamental sense of selfhood
{2, 13, 14) that is associated with bodily sclf-
consciousness (but not with cognitive or
emotional layvers of self~consciousness) s
experienced as the transparent content of a
single, coheremt whole-body representation,
mther than as multiple representations of sepa-
rate body parts. Accordingly, the lamer have
been referred 1o as the sense of body-pan
ownership, whereas whole-body representations
or global ownership are directly associated with
the sense of selthood (2). Studics on the RHI
and somatopamaphrenia thus invesogated only
body-part ownership or the attribution and

Participant

-

o
'.f

Fake Body

b ]
¥

Participant

Participant

localization of a body part with nespect 1o the
global bodily sclfs i.e. a pant-to-whole relation-
ship. Thus, these studics did not expenmentally
manipulate selthood per se,

To manipulate auribution and localization of

the entire body and to study sclihood, we de-
signed an experiment based on clinical daa in
neurological patients with owt-of-body experi-
ences. These data sugeest thar the spatial unity
between selland body may be disrupted (15-17),
leading in some cases to the striking expercence
that the global sell is localized at an extra-
corporeal position (13, 17). The aim of the
present experiments was 1o induce out-of-body
experiences in healthy participants to investigate
sclthood. We hypothesized that, under adequate

Virtual Own Body

Virtual Fake Body

- N
¢

Virtual l:JI[Ij ect

Fig. 1. (A} Participant (dark blue trousers) sees through a HMD his own virtual body (light blue trousers)
in 30, standing 2 m in front of him and being stroked synchronously or asynchronously at the
participant's back. In other conditions (study 11), the participant sees either (B) a virtual fake body (light
red trousers) or (C) a virtual noncorporeal object (light gray) being stroked synchronously or
asynchronously at the back. Dark colors indicate the actual location of the physical body or object,
whereas light colors represent the virtual body or object seen on the HMD. [Illustration by M. Boyer]
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experimental conditions, participants would ex-
perience a visually presented body as if it were
their own, inducing a dnft of the subjectively
expericnced bodily self to a position outside
one’s bodily borders. Evidence for this conjecture
stems not just from out-of-body experiences, but
also from carly ancedotal mirror-induced whole-

body illusions (/&) and the phenomenon of

“presence” in virual-reality environments ( /9, 20),

Wi applied virtual reality 1o examine the pos-
sible induction of out-ol~body experiences by
using multisensory conflict. In the first experi-
ment, participants viewed the backs of their bodics
filmed from a distance of 2 m and projected onto
a three-dimensional (3D)-video head-mounted
display (HMD) (Fig. 1A). The participants’
backs were stroked for | min, cither synchro-
nously or asynchronously with respect to the
virtually seen body. Global seli-attribution of the
viriual character was measured by a question-
naire that was adapted from the RHI (6). Global
selflocalization was measured by passively
displacing the blind-folded participants immedi-
ately afier the stroking and asking them to retum
1o their initial position (2/).

As predicted, paricipants showed a drift
toward the virual body (antenor-postenior axis)
in the synchronous condiion [24.1 £ 9.0 em
{mean = SEM)). This position diflered signifi-
cantly from the initial position (P = 0,02,
Student’s ¢ test = 2.67) (21} In the asynchronous
condition, the dnft was smaller (12, = 8.5 cm)
and no longer significant (P = 0.17, 1 = 1.45)
(Fig. 2A) No significant dnft was measuned
along the leftap-right axis (fg. S1) Globhal
tllusory self-localization was comroborated by
high-scll~aninbution scores on the three relevant
questionnaire ftems (Q1 w Q3) (27) also show-
ing signilicant differences between synchronous
and asynchronous conditions (all P values <
0.000) (Fig. 2B). Participmis reported varicd
feclings of “weindness” or “strangencss,” and
some found the experiment iriating. None of the
participants. reported sensations of oven diseme-
bodiment or a change in visuospatial perspective,

In a second study, we examined whether this
illusion depends on cognitive knowledge about
bodics and whether the dnft toward the virtual
body was not due to a geneml motor bias to
overshoot the target position. With the use of a
constant time delay in asynchronous conditions,
we cither presented the participant’s own body
{as in study 1) (Fig. 1A). a fake body (Fig. 1BL
or an object (Fig. 1C) being stroked synchro-
nously or nol. Compared o a motor-control
condition [no visual scene was shown (21)], we
found a significant drift toward the virual own
body (2= 01,02, ¢ = 2.78) and the fake body (P =
0,01, r = 3.02) (21). This drift was weaker and
no longer significant in the case with a non-
corporeal object (P = 0,07, r = 1.95) and absent
when the stroking was asynchronous (all P
values = 0.11) (Fig. 3} There was no dnft in
further control conditions or for the lefi-to-nght
axis (21). Yet, sellaitribution differed between
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the bodily conditions and the object condition,
The first two questions of the questionnaire (1
and Q2) were answered positively in all of the
synchronous condimons (own body, fake body,
and object) and were significantly different and
answered negatively in the asynchronous con-
ditions (F = 0.01, r = 2.56). However, the third
question (Q3: I felt as if the virual chamcter
was my body™) led to different results. Whereas
in both bodily conditions {(own body and fake
body ) the result was the same as in Q1 and Q2
(P < 0.05, 1 = 2.40), this was not the casc in the
object condition where panticipants gave negative
seores i the synchronous condition, revealing no
significant difference between synchronous and
asynchronous stroking (P = 0,05, r = 1.55) (lig.
§2). This suggests that Q3 is important to
evaluate self-identification with virtual bodily
and nonbodily characters, whereas the first two
questions scem more related 1o the feeling and
location of touch,

With the use of virual reality and multisen-
sory conflict, we induced an illusion that makes
it possible o quantily selfhood by manipulating
attribution and localization of the entire body.
Our results show that humans systematically
experience a virtual body @ 101t were their own
when visually presented in their antenior extra-
personal space and stmoked synchronously. This
finding was corroborated by the participants’
mislocalization of their own bodies to a position
outside their bodies, showing that self~attnbution
and localiztion of the entire body rely, at least
parly, on similar visual-somatosensory integra-
tive mechanisms 1o those of body parts (6-8),
Although research of visual-somatosensory inte-
gration has mostly investigated direcily visible
body paris, comparable interactions have also
been found for body pants that humans cannot see
directly, such as the back (22). The overall pattern
of the data from studics 1 and 11 sugpesis thar,
under appropriate conditions of multsensory
conflict between visual signals conveying infor-
mation about a vinual body (on a HMD) and
tactile, proprioceptive, and vestibular signals con-
veving information from the participant™s body,
visual capture is stll present. There were also

differences between both studies. Asynchrony in
stucy I was more predictable (217, and the relation
between lelt and seen events mught have been
perceived as stronger, leading to larger dnfis in the
asynchronous conditions in study 11 This might
have led 1o the diminished effect of synchrony on
the drift in the own-body condition, which is
compatible with higher questionnaine scores for
the asynchronous conditions from study 11 as
compared with those from study 1{Q1 w0 Q3) (Fig.
2C and fig. S2A) (21

By manipulating visual input in the RHL
controversial data have been reponed concern-
ing the influcnce of cognitive constraints on
nultnsensory mtegration, sclf-localization, and
sclfattribution. Whercas some  authors argue
that multisensory comelation is a suflicient con-
dition for self-attribution (23), others argue for
additional cognitive constraints in terms of
higher-level knowledge about the body (8), We
found evidence for higher-level knowledge by
revealing in study 11 a weaker drift toward the
object as compared with the fake-body condi-
tion, as well as a selective effect of synchrony in
the fake-body condition. Because the fake-body
and object conditions are completely compara-
ble conceming the experimental setup (27), and
given the pattem of results, we suggest that in
order W0 investigate the influence of cognitive
knowledge on sell-localization, the comparison
between the lake-body and object conditions is
more relevant than that between the own-body
and object conditions, These effects on illusory
sclFlocalization were corrobormated by illusory
selFattribution. When asked whether it [elt as if
the wirtual character or object was their body
(Q3). participants self~identilied with both bodily
stimuli but not with the object during synchronous
stroking. Collectively, these findings speak in
favor of bottom-up mechanisms as well as cog-
nitive constraint (&), rejecting a pure Bayesian ac-
count (23} for self=attribution and scll=localiztion
of the entire body.

[Nusory seli-localization w a posiion oulside
onc’s body shows that bodily self=consciousness
and selfhood can be dissociated from one’s
physical body position. This finding differs from

Questionnaire
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Fig. 2. (A) Drift measured in centimeters [mean =+ SEM (error bars)] in the synchronous (black) and
asynchronous stroking conditions (gray) on the posterior-anterior axis. Participants showed a significantly
stronger driftin the direction of the virtual body in the synchronous condition. *P < 0.05. (B} Score (mean +
SEM) on the “self-attribution questionnaire” as adapted from (&), **P < 0.01.

the RHI, in which this aspect of selthood
remeained constant and only the attribution and
localization of the stimulated hand was manipu-
lated. Does Mlusory self-localization 1o a position
outside one’s body mean that we have experimen-
tally induced full-blown out-of-body experiences?
Out-of-body experiences are chamcterized by a
disembodiment of the self w0 an extracorporeal
location, an extracorporeal visuospatial perspec-
tive, and the sight of one’s own body from this
selli-location. Because the present illusion was
neither associated with oven disembodiment nor
with a change in visuospatial perspective, we
argue that we have mduced only some aspects of
out-of-body expericnces or mther the closely
related experience of heautoscopy that has also
been observed o neurological patients (/5-17),
During heautoscopy, patients cither constantly or
intermitiently experience a8 il they were seeing
from and were localized at the position of an
illusory body, their physical body, or at an
intermediate position {15, 24). Such patients may
also see themselves from behind (/7)) and often
identify with the illusory body and panly transfer
selthood to the illusory body, even il visual bodily
detail is lacking (/7). Yet, they never repont the
overt disembodiment that is the most characteristic
feature of out-ol-body experiences (25, 26). Be-
cause our healthy participants did not repont
feelings of oven disembodiment, the present data
suggest that other mechanisms in addition 1o
conflicting visual-somatosensory  information,
such as visual-vestibular disintegration, are
involved in generating full-blown  out-of-body
experiences and a more complete transfer of
selfthood 1o an illusory body. These findings are
compatible with clinical data ( /5, 17). Damage to
or ¢lectrical stimulation of the temporo-parictal

junction may lead o out-of-body expericnees

and heautoscopy (/5. 27), and healthy panic-
ipants activate the same region when employing
extracorporeal sell-locations i mental imagery
(28, 24y, Although other imponant aspects of
sell-consciousness are likely 1o involve additon-
al brain arcas such as the amygdala and the right
frontal cortex (3) as well as multisensory areas in
premotor and parietal cortices [representing both

Posterior-anterior drift
e

40 W synchronous

20 T [ asynchronous
: : |
Sm :
£ I

4ol ©own body fake body object

Fig. 3. Drift measured in centimeters, relative to
the pure motor-control condition [mean + SEM
{error bars)] in the synchronous (black) and
asynchronous stroking conditions (gray) for the
different experiments: own body, object, and fake
body. Only posterior-anterior drift is shown, *P <
0.05, **P < 0.01.
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BRAIN INJURY RESEARCH GRANT
AVAILABILITY

Three-Year Individual Research Grant,
maximum of $165,000 per year.

Three-Year Multi-Investigator Project Grant,
maximum of $660,000 per year.

Application form and details contact:
www.nj.gov/health/njchir

New Jersey Commission on
Brain Injury Research
PO Box 360
Market and Warren Streets
Trenton, New Jersey 08625-0360

Tel: 609-633-6465
E-mail: njebir@ doh.state.nj.us

Letters of Intent deadline: October 4, 2007
Closing date for applications: November 2, 2007
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The Linda and Jack Gill Center
for Bic

Gill Prizes for Outstanding Neuroscience
Research - Call for Nominations

The Lindo and Jock Gill Center for Biomoleculor Science ol Indiana
University seeks nominaficns for the 2008 Distnguished Neuroscience
Investigator Award and Young Newroscience Investigolor Award.
These onnucl owords recognize individuals who have made significant
confributions to cellulor or molecular neurcscience. Prizes of 525,000
and $5.000, respactively, will be presented af the 2008 Gl Symposium
on the campus of Indiana University, Bloomington. in May, 2008,
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Past recipients include Richord Tsen, Benjomin Cravatt, Carla
Schatr and Eric Nestier, Award recipients will present lectures on
ther research during the 2008 Gil Symposium, and the winners will
be onnounced in prominent scientific publications. Nominations,
including self nominations, should include a curicuum vitoe and o
brief occount that highlights the contibutions of the nominae.
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MICROARRAY
TECHNOLOGIES:
BENCH TO BEDSIDE

DMA microarray technology has matured to the point where some applications
are deemed reliable enough for use in patient care. At the same time, microarrays
are evolving to help expand the understanding of transcriptome complexity:
single nucleotide polymorphisms, copy number variation, CpG methylations,
microRMNAs —so many genelic and epigenetic variations and a slew of microarrays
to investigale each one. Furthermore, newer DNA sequencing technologies now
threaten to do to microarray technology what automobiles did to the horse
and buggy. For now, however, the two approaches appear Lo coexist happily,
and microarrays remain a perfectly reasonable way to get around the genome.
By Emma Hitt

he first report onmicroarray technology appearedin Science barely more than
a decade ago, and since its inception, microarray technology has been
burdened with issues of reproducibility and standardization, Recently,
however, the technology has received a vote of confidence in the form of
US Food and Drug Administration approval, laying the groundwork for
its broader application in a clinical setting. The newly approved test, the
MammaPrint assay, was developed by Agendia in the MNetherlands and
measures the expression of 70 genes that predict the likelihood of breast
cancer melastasis. Several such tests have already received the “CE mark™ for
clinical use in Europe, and a handful of tests that analyze DNA polymorphisms
(as opposed to gene expression) have been available clinically in the United
States since 2004, when Roche's AmpliChip CYP450 assay became the first to
receive approval.
As is the case for most biological paradigms, the entire transcriptome within
a given cell has turned out to be much more complicated than ever imagined. As
a result, tools to study epigenetic variations and other regulatory mechanisms
within the cell have proliferated. Microarrays can now measure changes in gene
copy number (copy number variation, CNV), changes in the expression levels of
microRNAs (miRNAs), contributions from gene splice variants, and changes in
methylation patterns. “There are really a plethora of new assay types, and each of
these is complementary to one another and informs from a different perspective,”
notes Kevin Meldrum, director of genomics marketing for Agilent.

DNA Sequencing Technologies

Perhaps one of the most exciting new developments in the microarray feld is one
that— paradoxically—may render the technology obsolete. DNA sequencing — the
remarkably robust kind that has allowed a pioneer like James Watson to obtain
his personal genome sequence on a DVD in about two months—is becoming the
five-lane superhighway of genomic analysis. A 454 Life Sciences (now a parl of
Roche Diagnostics) sequencer was used to complete Watson's analysis, but several
other companies now have their own sequencing approaches including Mlumina's
Solexa technology, Applied Biosystems' SOLID System, Helicos BioSciences'
True Single Molecule Sequencing (1SMS), and others.

“An interesting paradigm shift is taking place,” says Steve Lombardi, chief
operating officer and executive vice president with Helicos BioSciences. “You
can do virtually any genetic analysis with sequencing technology—ranging from
quantification of DNA, RNA, or cDNA, to measuring copy number variation and
methylation,” he says. “Microarrays, which require probes with known sequences,
have limitations that simply do not exist with sequencing technology.” o »
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“What this massively parallel
approach to sequencing allows us
to do is to generate about a
hundred-fold more data for about

1 percent of the cost of

current technology.”

1102

According to Lombardi, True Single Molecule Sequencing has the
advantage of a simple sample preparation process that does notl
require amplification, and the image processing software and
informatics will be open source allowing users to innovate,

A popular application of sequencing technology is to replace
classic microarray chromatin  immunoprecipitation (ChIP)-chip
analyses. Microarrays to measure protein binding to DNA surfaced
about five years ago and involve the placementofimmunoprecipitated
DNA fragments as probes on a DNA microarray. There is a wide
range of products from Agilent, Affymetrix, lllumina, Aviva Systems
Biology, Nimblegen Systems, and others for this purpose. With
sequencing technology, the whole process becomes scaled up and
digilized. First, binding proteins are cross-linked in place to DNA, the
chromatin is isolated and fragmented, a protein-specific antibody
is added, and the protein-DNA complexes are purified. The binding
proteins are then chemically removed, and the remaining DNA is
isolated. The DNA strands are then size selected, a process that
isolates short sequences of, say, 25 bases—millions and millions
of them. Finally, binding sequences are identified by virtue of
the fact that their sequences are enriched several-fold relative to
other sequences.

“What this massively parallel approach to sequencing allows
us to do is to generate about a hundred-fold more data for about
1 percent of the cost of current technology,” notes Omead Ostadan
vice president of marketing with lllumina. Some proponents suggest
that the sequencing approach will ultimately replace microarrays.
“Microarrays are most popular for performing gene expression
and genotyping applications, and in some cases, for sequencing
applications such as ChiP-chip analysis. Over time some of these
applications may migrate over to a sequencing platform because of
Lhe added power and quality you get from sequencing. However, we
see these two approaches as complementary, offering researchers
the broadest solutions for studies,” says Todd Dickinson, director of
product marketing at lllumina.

it may not be prudent to throw out the array chips just yel,
however, “Sequencing technology is young, and issues regarding cost
and ease of use still need to be worked out,” notes Steven Bodovitz,
an industry analyst with BioPerspectives. “Nonetheless, sequencing
is certainly more comprehensive than microarray technology, and
gelting a sequence without knowing what you are looking for ahead
of time is a big advantage,” he says. “It will be interesting to see how
the two approaches play oul—the technologies are likely to both
complement and compele with one another.”

Still, microarrays remain ideally suited for experiments that
require analysis of large numbers of samples against known
sequences—and will likely remain the predominant approach in
diagnostic applications. “Mot all companies are jumping on board
with the sequencing approach,” says Bodovitz.

Optimizing Arrays
Of late, developments in gene expression arrays have focused on
optimizing coverage of the entire human genome, which includes

well over 30,000 genes, processed into hundreds of thousands
of different variations. Newer arrays are aiming lo capture that
variability. Affymetrix’s GeneChip Human Gene 1.0 ST Array released
this year measures the overall expression of alltranscripts derived from
a gene, in contrast to traditional arrays that measure only the 3” end
ofagene. "More than 60 percent of human genes undergo allernative
splicing, resulting in multiple transcript variants with potentially
distinct functions,” says Yan Zhang, associate director of product
marketing with Affymetrix. Each of 28,869 genesis represented onthe
array by approximately 26 probes per gene directed at the full length
ofthe gene. “We estimate that the accuracy is greater compared with
the previous generation's 3" approach, and the format is smaller,
which reduces cost without reducing content,” Zhang says.

lllumina's whole-genome expression arrays employ the BeadArray
technology, which uses so-mer oligos attached to 3 pm beads,
allowing six or eight samples to be profiled per BeadChip
simultaneously. This multisample approach provides increased
throughput and decreased cosl per sample. Also allowing for higher
throughput and lower costs, Nimblegen's Human Whole Genome
Expression Microarrays include 60-mer oligo probes for all human
genes, eight per gene, including 47,633 different targets, and Agilent
has a whole human genome chip containing 60-mer oligonucleotide
probes arranged as microarrays in the format of 1 x 244K, 2 x 105K,
4 x 441K, or B x 15K on individual glass slides.

Microarray Manufacture

Arrays can be loosely classified into ready-made versions and custom
“home-brew" forms that contain DNA spotted onto slides. Custom
microarrays are fabricated largely by pin-based direct deposition
printers.

UK-based company Arrayjet recently launched its benchtop Sprint
Inkjet Microarrayer. The new machine can handle 20 microarray
slides and allows printing from two microtiter plates (96- or 384-well)
simultaneously.

“Due to their contact with the surface, pin printers can have
problems with speed, quality, and reproducibility," notes Howard
Manning, Arrayjet founder and technical director. "With the ink
jet approach, the |etspyder enables the inkjet print head to draw
in multiple samples before arraying spots are printed on the slide
without the print head stopping and without making contact,” says
Manning. Anolher advantage of inkjet printing is that spolling pins
may damage some of the newer substrates used for arrays, such as
membrane-coaled substrates and hydrogels.

The processes utilized lo manufacture arrays are also being
enhanced. “Updales to the Agilent SurePrint technology were
implemented lasl year,” Meldrum said, “enabling us to manufacture
arrays with up to 244,000 unigue features. We have also improved
the efficiency of the nucleic acid synthesis process, signficantly
reducing depurination side reactions.” Nanogen NanoChip arrays
use a proprietary technology consisting of individually controllable
microelectrodes that, when positively charged, can altract negatively
charged DNA and RNA molecules. “The use of electronics to drive
the concentration reaction mitigates the variability arising from
spotting small volumes onto a surface,” says Manogen's Elaine
Weidenhammer, “Consequently, the Nanogen system is subject to
less variability than some other formats,” she claims.

SNPs and CNV
A recent publication from The ENCyclopedia OF DNA Elements
(ENCODE), an international research consortium organized by the
National Human Genome Research Institute (NHGRI) indicates
that the DNA-makes-RNA-makes-protein paradigm is too simplistic
and that 99 percent of the genome is not, in fact, junk.

continued »
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BUILDING BLOCKS FOR TOMORROW'S
BIOMIC Ro ‘ MICROARRAY RESEARCH.

Microarray research is today's hero. That won't
last unless researchers stay ahead of growing
expectations for the science and demands from
industry. That's the test.

BioMicro® Systems takes on these challenges with products
that increase the accuracy, consistency, productivity and cost-
effectiveness of your microarray research.

Just as the BioMicro MAUI® Systems revolutionized hybridization,
we now offer new ways to boost the quality of your results:

PROVEMI M AUl Hybridization Systems and MAUI Mixer
Hybridization Chambers. The highest quality hybridization
systems on the market with over 450 installations worldwide.

MEWE Arrayjet Microarray Printers. Rapid and reliable
microarray printing with the flexibility of inkjet technology.

NEWI Kreatech ULS Labeling Kits. Fast and consistent labeling
results made eaqsy.

Great reputations are built on great technology. That's why
scientists looking for innovations to improve their chances for
future success look to BioMicro Systems. And why every day more
microarray research gets done with BioMicro products.

Spot. Label. Hyb. Achieve!

biomicro.com | 1.800.454.1485
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BioMicro®
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Spot-On Solutions™ for Microarray Research D-2-D 2007
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st &8 2007 BioMicro Systems Inc. Al fighls resenved,
ULS is & TM of Krealach Bialechnology.



Science Alerts
in Your Inbox

Get daily and weekly E-alerts on the latest breaking news and research!

Science Magazine TOC
; 1-_“[5“'““ in Science Weekly table of contents
Summaries of research content
\ / Science NOW Daily Alert
Daily headline summary
Science News This Week Science Posting Notification
Brief summaries of the Alert when weekly issueis posted
joumal’s news content /,

Science Express

Motification
Articles published in

ScienceNOW Weekly Alert advance of print

Weekly headline summary

Editors' Choice
Highlights of the
/ recent literature
STKETOC
Weekly table of contents

Get the latest news and research from Science as soon as it is published. Sign
up for our e-alert services and you can know when the latest issue of Science
or Science Express has been posted, peruse the latest table of contents for
Science or Science’s Signal Transduction Knowledge Environment, and read
summaries of the journal’s research, news content, or Editors’ Choice column,
all from your e-mail inbox. To starl receiving e-mail updates, go lo:

http://www.sciencemag.org/ema

RVAAAS




Gene transcripts appear to overlap, and genes, regulatory elements,
and other types of DNA sequences interact as a network in a
nonlinear fashion. New technologies are now evolving to define this
complex variability,

This year, Affymetrix introduced the Genome-Wide Human
SNP Array 6.0, which includes about 1.8 million markers that can
be used to detect genetic variation in whole-genome association
studies. Specifically, the newest SNP Array 6.0 contains 906,600
single nucleotide polymorphisms (SNPs) and about 946,000
nonpolymorphic probes that “will aim to detect CNVs in both known
and unknown regions,” says Jessica Tonani, Genotyping Specialist
with Affymetrix. “The array tiles known CNVs very heavily, with an
average of about 61 probes per known CNV region. For the remainder
of the genome we have tiled probes at a resolution of about a probe
every 700 bases.”

“Our overall hope is to identify the part of the genome that has
previously been considered a ‘genomic wasteland,’ or junk DMA, but
may in fact be involved in regulating gene expression,” she says,
“although we are reaching a point where there is more to be gained
by studying more samples as opposed to putting more SNPs on
an array.”™

Newest to lllumina's Infinium portfolio is the Human 1M BeadChip,
which provides expanded genomic coverage for whole-genome
association studies. This chip adds several hundred thousand
individually selected SNPs in genes and functional areas as well
as CNV content not available on any other platform, according to
llumina. Tag SNPs represent a group of SNPs that tend to be inherited
together. “By largeting tag SNPs, we can vastly increase the power of
the study by looking at the genotype of one SNF, which effectively
represents the genotype of many,” Dickinson says. “The power of
this array is increased dramatically because of this coverage and has
reduced costs for researchers conducting genome-wide association
studies,” he adds. “For example, in 2000, genotyping a single SNP

r’-.— * * -‘\H
Featured Participants
Affymetrix lllumina
www.affymetrix.com www.illumina.com
Agendia Kreatech Biotechnology
www.agendia.com www.kreatech.com
Agilent MicroArray Quality Control
www.agilent.com (MAQC)
Almac Diagnostics WWT"Haign?fr,'c:r'Fmi?t?
www.almacgroup.com/diagnostics centers/todcoinformatics/ maqc
Applied Biosystems :!mmal Inl‘urma:;un about
www.appliedbiosystems.com Icroarvay Experiment (MIAME)
. www.mged.org /Workgroups/
Arrayjet Ltd. MIAME {miame.html|
www.arrayjet.co.uk
Nanogen
Aviva Systems Biology WWW.Nanogen.com
www.avivasyshio.com
Y Nimblegen Systems
BioMerieux www.nimblegen.com
www.biomerieux.com
WM NeL.Lom Pathwork Diagnostics
BioPerspectives www.pathworkdx.com
www.bioperspectives.com
Roche

Helicos BioSciences Corporation www.roche.com
www.helicosbio.com

. - Veridex

A www.veridex.com Y,
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cost $1 or more. Today, the cost is less than $0.001 per SNP.”
Regulatory miRNA
MiRMAs have recently been shown to play an important role in
regulating gene expression. Over 500 human miRNAs have already
been identified and validated, and are thought to regulate about one-
third ofall human genes, Several companies now make kits forlabeling
and detection of miRNAs utilizing array platforms. Agilent recently
introduced its miRNA assay which uses a direct labeling protocol on
as little as 100 ng of total RNA. “Because miRNAs are typically 25-30
nucleotides in length and have high sequence homology, utilization
of conventional probe design methods results in significant cross-
hybridization of RNAs within the sample,” notes Agilent's Meldrum,
“but we have developed novel probe design algorithms that enable
us to achieve extremely high specificity for each unigue sequence.”
Kreatech Biotechnology in the Netherlands recently introduced
its miRacULS Il Kit labeling technology, which uses a nonenzymatic
labeling reaction independent of fragment size. The kit enables
isolation and labeling of miRMNAs from samples of less than 105 cells
or 5 me tissue as well as samples with a low miRNA expression level,

Ready for Prime Time?

Efforts are ongoing to standardize data input and reporting of
microarray experimental data. Minimal Information about Microarray
Experiment (MAIME) standards for microarray experiments have
been put in place to define the minimal amount of information
needed to interpret and reproduce a microarray experiment,

The first phase of the MicroArray Quality Control (MAQC) project,
with participants from academia, government, and industry, recently
concluded that results mostly were reproducible among labs; the
second phase of the MAQC is under way and will try to eslablish
the applicability of microarray data to clinical settings, with results
expected in about a year. “When moving something from the bench
to medical practice, there is an absolute requirement that the
consistency of the performance of the test system can be guaranteed
in different people's hands,” says Uwe Scherf, with the FDA's Center
for Devices and Radiological Health, *The MAQC studies were
one of the first indications that microarrays could be suitable for
medical evaluation.”

The External RNA Controls Consortium (ERCC), established in
2003, is developing a set of external RNA spike-in controls for use in
all microarray platforms and quantitative polymerase chain reaction
(PCR) assays. If successful, this will allow a reliable comparison
of expression profiling among more than 10 microarray and
PCR platforms.

According Lo Affymetrix, at least 20 diagnostic tests are being
developed for use on its platform—mostly expression-based tests
evaluating tumors —and they are partnering with several companies,
including Roche, Almac Diagnostics, Veridex, BioMerieux, and
Pathwork Diagnostics, for the development of molecular diagnostic
tests that useits platform. VeraCode, a new technology introduced by
llumina earlier this year, is available for researchers conducting low-
and midplex biomarker validation studies. Using digital holographic
codes embedded in cylindrical glass beads, VeraCode allows for
efficient and cost-effective screening of hundreds to thousands of
samples against panels of one to 384 biomarkers.

“It will be important to develop tools that can be utilized to
analyze data sets for different applications and start to merge that
information together,” Agilent’s Meldrum says. “Within the next
few years the field is going to go from one-dimensional [e.g.. gene
expression profiling] to a multidimensional view, offering a richer
picture of what's really happening in the cell,”

Emma Hitt is a freelance medical and science writer living in Marietta, Georgia.
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Multiplexed Assay System

The BeadXpress System is a high throughput, dual color laser detection
system that enables scanning of a broad range of multiplexed assays
developed using the VeraCode digital microbead technology. VeraCode
technology features uniquely inscribed digital microbeads that provide
high-quality data, broad multiplexing capability, and assay flexibility.
The instrument scans the VeraCode microbeads for their code and
fluorescent signals, generating data quickly and efficiently. Using the
system, researchers can assay tens to hundreds of analytes in a single
sample at one time. Application areas include biomarker research and
validation, pharmaceutical development, industrial testing, agriculture,
clinical research, and the development of molecular diagnostic assays. For
example, BeadXpress technology can be used to develop screening assays
that profile inherited and complex diseases. Drug discovery researchers
can use it to validate RMA and protein biomarkers. Genetic researchers
can use it to replicate single nucleotide polymorphism studies from large
disease association studies to their own populations, for example, quickly
retesting the top 50 or 100 polymorphisms in very large sample sizes.
The system can scan assays ranging from a single-plex to 384-plex in
asingle well.

DNA Methylation Arrays

NimbleGen DNA methylation analysis arrays allow researchers to rapidly
identify methylated regions in a high throughput manner. These arrays
can be used to correlate promoter and genic methylation with gene
expression and phenotype and detect differential DMA methylation
between normal tissues and tumor samples as potential diagnostic and
prognostic markers. Whole-genome DNA methylation arrays are available
for human, mouse, rat, dog, and chicken genomes, tiling at an average
probe spacing of 100 bp to provide an unbiased approach to DNA
methylation analysis. These arrays survey not anly regions surrounding
known genes but also intergenic regions, allowing distal regulatory
elements to be surveyed and providing the maximum opportunity to
discover relevant biomarkers. For studies focusing on promoter regions,
one- and two-array sets are available for surveying promoter regions of
all known genes in human, mouse, rat, and Arabidopsis.

NimbleGen Systems

For information 608-218-7623

www.nimblegen.com

Network Analysis Tools

The integration of Oncomine Professional and Ingenuity Pathways
Analysis (IPA) will allow users to navigate directly from cancer gene
signatures discovered in Oncomine Professional to the curated pathway
infarmation available from IPA. Oncomine Professional is a rapidly growing
compendium of transcriptome profiles coupled with analysis functions
and a web application for data mining and visualization. Comprised of
thousands of profiles representing every major type of cancer, Oncomine
Professional was developed to exploit these data for therapeutic target
discovery, validation, and prioritization. IPA is software that enables
biologists and bioinformaticians to identify the biological mechanisms,
pathways, and functions most relevant to their experimental datasets or
genes of interest. The inte grated workflow based on IPA’s capabilities for
rapid and reliable biological interpretations of Oncomine's high-quality
cancer transcriptome profiles is expected to provide a powerful tool for
oncology researchers focused on understanding mechanisms of disease,
and on the discovery and validation of cancer biomarkers.

Compendia Bioscience and Ingenuity Systems

For information 650-381-5150

www.compendiabio.com and www.ingenuity.com

Human Genomewide SpliceArray

The SpliceArray provides a unmique approach to detecting all known
and novel expressed transcripts. The Human GW SpliceArray monitors
more than 23,000 human genes covering more than 130,000 expressed
transcripts and requires more than & million probes to help elucidate
the enormous diversity of the human proteome, This new design,
manufactured on the Affymetrix platform, provides researchers the

Hlumina
For information 312-997-2436
www.illumina.com

opportunity to obtain gene expression results at a resolution previously
unattainable on a single microarray by interrogating both exons and
splice junctions.

ExonHit Therapeutics

For information +33 1 5805 47 00

www.exonhit.com

Dynamic Light Scattering Instrument

The DynaPro Plate Reader is a temperature controlled, high throughput
dynamic light scattering (DLS) plate reader. It allows researchers to
perform classical thermal DLS studies automatically on a large number
of therapeutic macromolecules over a wide range of solution conditions.
Conventional DLS studies are laborious and time consuming, with each
solution condition studied manually, one at a time, over several hours.
In contrast, the DynaPro controls the temperature for hundreds of
samples simultaneously, capturing DLS data quickly, easily, and directly
from standard microplates (96-well, 384-well, and 1,536-well formats)
without perturbing precious samples. As little as 5 pl of sample per well
is required in the 1,536-well format. The instrument includes an array of
state-of-the-art technologies, including software controlled, Peltier-based
temperature systems; compact digital attenuators; precision mechanical
stages; proprietary multimode optical fibers; and novel software control
and processing algorithms.

Wyatt Technology

For information 805-681-9009

www.wyatt.com

Microarray Data Analysis

TMA Foresight is a statistical tool for tissue microarray data analysis.
Users can explore the relatedness of prognostic marker expression
and clinicopathological variates with the outcome. Cox's Proportional
Hazard analysis can be used for prognostic marker identification,
Hierarchical clustering can be used to group patients on the basis of
clinicopathological parameters and biomarkers. Kaplan-Meier plots and
log-rank tests are used to identify prognostically significant clusters,
Premier Biosoft International

For information 650-856-2703

www.premierbiosoft.com

Correction

Life Science Technologies Feature:

*Cell Signaling: Phosporylation, Kinases, and Kinase Inhibitors”
(6April 2007, p. 125). The trademark for the homogeneous time-resolved
fluorescence (HTRF) technology was incorrectly attributed to Millipore
Corporation. The HTRF trademark is held by Cisbhio International of
Gif-sur-Yvette, France.

www.sciencemag.org/products
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POSITIONS OPEN

ASSISTANT /ASSOCIATE PROFESSOR
Pharmacology

Applications are mwvited for a tenure-track po-
sitton at the Assistant/Associate Professor level.
Applicants should have a Ph.D. or equivalent de-
gree and evidenoe of rescarch producrivity and cre-
ativity. Applicants are sought with demonstrated
rescarch expertise, induding but not limited to mo-
lecular and cellular bology, genomics, ransgenesis
and gene rargeting, recepror signal transduction
mechanisms, and proteomics, The successful candi-
dare will be expected o participate in graduare and
medical student teaching and to develop a strong,
independent rescarch program. He or she will join
an imteractive faculty with rescarch interests in
molecular biokogy of ion channels, biochemistry, bio-
physics, and molecular biology of cardiae, smooth
and skeletal muscle cells, and cellular and molecular
aspects of nevropharmacology  (website: htep://
www,unr.edu/med/dept,/Tharmacology findex.
himl). The Department consists of fiftcen active fac-
ulty members, ranks in the top 50th percentile of
NIH awards to U.S, medical school pharmacology
departments, and abo receives gencrous support
froom the Department of Defense. Olpportunities exist
for a varicty of collaborative interactions through-
out the University including possible adjunet appoint-
ment in the interdisaplinary Center of Biomoedical
Besearch Excellence. Competitive salaries, startup,
and state-of-the-art instrumentation and fcilities are
available. In addition to partidpating in our growing
Medical School, northerm Nevada also offers grear
natural beauty, with Lake Tahoce a short drive away,
the Truckee Biver offering kavaking and fishing, and
our beanafil mountanous high desert environment,
Reno also has wonderful cultural acrivities, includ-
ing our own symphony, chamber orchestra, opera, and
rich community theatre offerings. The Sare of Ne-
vada has no state income tax. Review of applications
will begin October 1, 2007, and will continue untl
the position &5 filled. Visit website: htop:/ fowww,
unmsearch.com Sapplicants /Central}quickFind=52473
for complete position announcement and require-
ments and to apply online. A finmarive Aaion /Bl En-
et Chpportinity Wonwen and anderpocgented groups ane
r.lmmr.hraf Fik .J”rr;'.

ASSISTANT PROFESSOR

The Department of Biological Scences at the
State University of New York ar Cortland sceks ap-
plications for a tenure-track Assistant Professor star-
ing August 2008. Bequirements include a Ph.D,
demonstrated scholarly productivity, and teaching
expericnoe. The Department welcomes all gualificd
applicants but is especially interested in those whose
specialization is in neurobiology, immunology, en-
docnnology, or other arcas of amimal physiology.,
Teaching responsibilitics include anatomy and phys-
iology, mammabhan physiology, and an upper-level
course in the candidate’s arca of expertise. The suc-
cessful candidate will be commirted 1o excellence in
teaching, develop an active rescarch program invaoly-
ing undergraduates, seek external funding, and con-
tribure to our major in biomedical scicnces.

For consideration, apply online ar website: hrrps: //
jobs.cortdand.edu/applicants /Centrali quickFind=
51506 and artach a lerer of application, curriculum
vitac, and the names, addresses, and relephone num-
bers of three professional references. In additon,
please mail hard copics of statements of teaching and
rescarch interests, three letters of reference, and
unofficial transcripes to: Dr. Louis A. Gatto, Chair,
Department of Biological Sciences, State Univer-
sity of New York Cordand, PO, Box 2000,
Cortland, NY 13045, Review of application mare-
rials will begin October 12, 2007, and continues
unil the position is filked.

SUNY Cortlind is an Affimmntive Actions Equel Emply-
et Opportunity/ ALDA Bnphyer. We hiue a srong oommi-
mont fo e affimmation of diemity and lave intemfisaplinay
dogree proganns am the arca of pudtiodteral studies

POSITIONS OPEN

Tuxas AkM
ﬁal HEALTH SCIENCE CENTER
ﬁ}l.lJ“_rl’. OF MI'.IH{_:INE

FACULTY POSITIONS

The Department of Molecular and Cellular Med-
icine (MCM) in the Texas A&M College of Mcd-
icine inwites applications from individuals wath Ph.D,
M.D., or equivalent degrees for several tenure-track
faculty positions ar the ASSISTANT, ASSOCIATE,
or FULL PROFESSOR nnk, including the poren-
nal for an endowed position at the scnjor level, Ap-
Mications for couples or groups of individuals ane
cnoouraged. The Deparment is principally located
on the Texas A&M campus in College Station and is
expanding in concert with the significant growth
of the entire College. Rescarch in the Department
spans from the structure and function of biomaole-
aules to cell physiology, including many arcas of bio-
chemistry, genetics, and cell and molecular biology.
Senior applhicants should have a vigorous extramural-
Iy funded rescarch program and jumior applicants
will need to develop such a program. Applicants for
junior positions should submit cheir curriculum vitae
and deseriptions of research plans and teaching phi-
losophy and have three lemers of recommendation
e-mailed or sent to: Molecular and Cellular Med-
icime Junior Faculty Search, 440 Reynolds Build-
ing, College Station, TX 77843-1114. Applicants
for the senior position are invited to send their
portfolio to Senior Faculty Search at the saime ad-
dress. Electronic applications are preferred. Our re-
view of applicants will begin immediately and continue
throwgh the Gll, E-mail: mem@medicine tambsec.edu,
Website: hrrpe / /medicine. tamhscedu /basic sdences,”
MCM. The Texw AEM Hedlth Sdence Center &5oan
.-_I;ilirmrrr'w .'||'l'|'n1rj.-1'."|1|r4|lI f.h'!;\'l.ﬂrar]r'fy Er.lr‘!llljﬂ.

ASSISTANT PROFESSOR
Cellular Biophysics
Department of Biological Sciences

The Depanment of Biological Sciences invites
applicants for a tenure-track faculty position at the
Assistant  Mrofessor level to begin September 1,
2008. We are secking candidates with rescarch
intercsts i cellular biophysics that indude but are
not limited o the study of cvioskeleton and motor
proteins, intracellular spnaling, intraceliular eraffick-
ing, excitation-contraction coupling, and cxcitation-
secretion coupling. Individuals applying electro-
physiology or advanced Huorcscence imaging are
encouraged 1o apply. The successful candidare will
have a Ph.D. and postdoctoral expericnce in an
appropriate ficld, will develop an extramurally
funded rescarch program, will supervise F'h.D. and
M.S, students and undergraduate rescarch projects,
and will reach undergraduate and graduate courses
in arca of expertse. This pesition s one of five
tenure-track  positions created for the Integrated
Molecular Lite Scicnces and Biophysacs Program
(IMLSE; website: hitp:/ /www.biochem.du.edu/
IMLSB), a multdepartmental program berween
the Departments of Biological Sciences, Chemistry
and Biochemistry, and Physics and Astronomy, that
will fearure emphases in biophysics, biochemistry,
and neuroscience. All candidates must submir their
application through website: htrps://www.dujobs.
org. The application should include curriculum virae
and statements of teaching philosophy and rescarch
interests, Under separate cover please send two
recent publications and three letters of recommien-
dations (o Bcinlogical Sciences Biophysics Faculty
Search, University of Denver, Department of
Biological Sciences, Denver, CO B0208. The
revicw of applications will begin October 15, 2007,
and continpe untl the position is flled. Contact
Professor Joseph Angleson (e-mail: jangleso@
du.edu) if vou have any questions. The Dniversary of
Denver is commitred to emhancing the diversty of its_ frenlry and
staff and enconrages applications_ from wonten, nrmentices, people
uith disabilities and veterans, DU is an Bl Engploymeent
Chpportimity/Affimmative Action Employer,

1107

online §

2
¢
:
®)
o
=
Iﬂ
@




THE NAT]ONAL INSTITUTES OF HEALTH

ﬂ Investiguiur Recru ﬂment in Cancer Genetics
10na |_ I.- 151

The Cancer Genetics Branch (CGB) of the National Human Genomie Research Institute (NHGRI) is seeking to recruit an outstanding tenure-track
investigator to pursue innovative, independent research in cancer genetics. General areas of interest include, but are not limited to:

*Cancer Gene Discovery *Molecular Profiling of Tumors *Markers for Early Detection
*Comparative Cancer Genomics *Functional Genomics of Cancer *Genetics of Tumor Progression
*Genetic Epidemiology *Genome Instability in Cancer

The successful candidate will be able to take advantage of interactions with a highly collegial group of scientists within NHGRI and the NIH campus as a whole.
In addition, they will have access to NHGRI's outstanding core laboratories, as well as the unparalleled resources of the NIH Clinical Center.

Candidates must have a Ph.D., M.D., or equivalent degree, as well as comprehensive, advanced training and a record of accomplishment in one of the targeted
areas. This position includes generous start-up funds, an ongoing commitment of research space, laboralory resources, and positions for personnel and
trainees.

Interested applicants should submit a curriculum vitoe, a three-page description of their proposed research, and three letters of recommendation through our
online application system at httpJ/research.nhgrinih.gov/apply. The closing date for applications is November 16, 2007.

For more information on CGB and NHGRI's Intramural Program, please see http:/fwww.genome.gov/DIR. Specific questions regarding the recruitment may be
directed to Dr. Larry Brody, the Search Chair, at Ibrody@helixnih.gov. Questions may also be directed to Dr. Elaine Ostrander, the CGB Branch Chief, at
eostrand @ mail. nih.gov.

Interested applicants should also be aware of two concurrent tenure-track faculty searches being conducted by NHGR!'s Genetics and Molecular Biology
Branch (GMBB) and Genetic Disease Research Branch (GDRB). Information on these searches may be found at http:/fgenome.govi11509039. Qualified
candidates are welcome to apply for multiple searches; please note that a separate application must be filed for each search for which you wish to be
considered,

DHHS and NIH are Equal Opportunity Employvers and encourage applications from women and minorities.

NATIONAL HUMAN GENOME INSTITUTE  ivison of lntromure! Research 1XXXX
145, DEPARTMENT OF HEALTH AND HUMAN SERVICES | NATIONALINSTITUTES OF HEALTH | genome gov/DIR v

Q Invest:gutor Recruitment in Genetics and Molecular Biology
Mational Hu Genome Research Institute

The Genetics and Molecular Biology Branch (GMBE) of the National Human Genome Research Institute (NHGRI) is seeking to recruit outstanding
tenure-track investigators to pursue innovative, independent research. The faculty within GMBB are highly interactive and use a variety of approaches to
understand and develop new treatments for genetic and mnplu diseases. Current areas of research include hematopolesis, the genetic disorders of red blood
cells, cellular immunology, gene therapy, leukemogenesis, genomic instability in disease, the genetics of skin diseases, and the genomics of the skin microbiome.
Of particular interest are candidates with research interests in the following areas:

= Clinical genetics = Clinical/translational research
= Application of genomics tools to understanding human disease = Basic genetic/genomics research

The successful candidate will be able to take advantage of interactions with a highly collegial group of scientists within NHGRI and the NIH campus as a whole.
In addition, the successful candidate will have access to NHGRIS outstanding core laboratories, as well as the unparalleled resources of the NIH Clinical Center,

Candidates must have a Ph.D., M.D., or equivalent degree, as well as comprehensive, advanced training and a record of accomplishment in one of the targeted
areas. This position includes a generous start-up allowance, an ongoing commitment of research space, laboratory resources, and positions for personnel and
trainees.

Interested applicants should submit a cumiculum vitae, a three-page description of proposed research, and three letters of recommendation through our online
application system, at hitp://research.nhgrinih.gow/apply.  The closing date for applications is November 16, 2007,

For more information on GMBB and NHGR!'s Intramural ngm-n, please see hitp:/fgenome.gow/DIR. Specific questions regarding the recruitment may be
directed to Dr. Fabio Candotti, the Search Chair, at fabio @nhgri.nih.gov. Questions may also be directed to Dr. David Bodine, the GMBEB Branch Chief, at
[%@ﬂﬂ#{%ﬂ Interested applicants should also be aware of two concurrent tenure-track faculty searches being conducted by NHGRI's Cancer

GB) and Genetic Disease Research Branch (GDRB). Information on these searches may be found at http:i//genome.gov/11509039. Qualified
candidates are welcome to apply for multiple searches; please note that a separate application must be filed for each search for which you wish to be considered.

DHHS and NIH are Equa i ars and encourage applications from women and minorities.

NATIONAL HUMAN GENOME INSTITUTE  Divison of Intramural Resear "*(XXX
1.5, DEPARTMENT OF HEALTH AND HUMAN SERVICES | NATIONAL INSTITUTES OF HEALTH | genome gow/DIf \J

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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The Genetic Disease Research Branch (GDRB) of the National Human Genome Research Institute (NHGRI) is seeking to recruit outstanding tenure-track or

ﬁ Inveshgutur Recrmtment in Genetic Disease Research

tenured investigators to pursue innovative, independent research. GDRE faculty members are highly interactive and use a variety of approaches to study the
genes and proteins involved in normal development and related disease processes. Investigators in the Branch are currently engaged in studies of limb and

skeletal development, pigment cell development and neurocristopathies, T-cell development, function, and defects in host defense; and the role of rare variants

in common disease. 'Of particular interest are candidates with backgrounds in one or more of the following areas:

« Clinical or translational research

* Molecular and genomic approaches to understanding the mechanisms of disease

« Basic genetic or genomic research

The successful candidate will be able to take advantage of interactions with a highly collegial group of scientists within NHGRI and the NIH campus as a whole.

In addition, the successful candidate will have access to NHGRI's outstanding core laboratories, as well as the unparalieled resources of the NIH Clinical
Center. Candidates must have a Ph.D, M.D., or equivalent degree, as well as comprehensive, advanced training and a record of accomplishment in one of the
targeted areas. This position includes a generous start-up allowance, an ongoing commitment of research space, laboratory resources, and positions for
personnel and trainees. Interested applicants should submit a curriculum vitae, a three-page description of proposed research, and three letters of
recommendation through our online application system, at http:fresearch.nhgri.nih.gov/apply. The closing date for applications is November 16, 2007.

For more information on GORBE and NHGRI's Intramural Program, please see http:fgenome.gowDIR. Specific guestions regarding the recruitment may be
directed to Dr.William Pavan, the Search Chair, at bpavan@nhgri.nih.gov. Questions may also be directed to Dr. Leslie Biesecker, the GDRB Branch Chief, at
leslieb@nhgrinih.gov. Interested applicants should also be aware of two concurrent tenure-track faculty searches being conducted by NHGRI's Cancer
Genetics Branch (CGB) and Genetics and Molecular Biology Branch (GMBB). Information on these searches may be found at hitp:/igenome.gov/11508038,

Qualified candidates are welcome to apply for multiple searches; please note that a separate application must be filed for each search for which you wish to be

considered.
DHHS and NIH are Equal Opportunit

NATIONAL HUMAN GENOME INSTITUTE  Divisan of

L5, DEPARTMENT OF HEALTH AND HUMAN SERVICES | NATIONAL INSTITUTES OF HEALTH | genome.gov/DIR

Tenure-Track Position
Vascular Medicine Branch

The Vascular Medicine Branch within the Division of Intramural Research
of the National Heart, Lung and Blood Institute is secking an individual to
dircet an independent research program in lipoprotein metabolism and vascular
therapeutics. Demonstirated research accomplishment and excellence in the
area of lipoprotein metabolism will be considered, however, preference will be
given 1o those working in the area of HDL metabalism and potential therapeu-
tic approaches. The candidate may have an M.D.. Ph.D. or both and have an
outstanding record of rescarch accomplishments as evidenced by publications
in major peer-reviewed journals. The position 15 wenure-track and comes with
generous start up support. Also available s open access 1o various core facili-
ties, including transgenic and knockout mouse facility, confocal and electron
microscopy cores, multi-modality non-invasive mouse imaging facility, siRNA
resources, fluorescent activated cell sorting facility and state of the art genomics,
microarmay and protecsmics facilities,

The successful candidate will be offered a competitive salary commensurate with
experience and qualifications. Appointces must be US citizens, resident aliens or
non-resident alien with a valid employmem visa. Applications must be received
by October 31, 2007, Please submit a curriculum vitae and brief statement of

research interests along with three letters of reference to Ross Heffer at hefTerria

| mail.nib.goy or mail o

Raobert S, Balaban, Ph.D., Scienufic Director. NHLBI, ¢/o Mr. Ross Heffer,
Admimstrative Officer. NHLBI, 10, Cemter Drive, MSC 1670, Buillding 10,
Room TN220, Bethesda, MD 20892-1670.

National Institute ol
Envirenmenial Health Sciences

Mational Institutes of Health

Chemist

Chemist to design, oversee, and report rodent
ADME studies conducted through contracts;
evaluate metabolism data from literature or
other sources; and serve as Program expert
on biotransformation.

Apply online at www.USAJOBS.gov,
Announcement Number HHS/MNIH-2007-
0739 for position title Chemist, GS-1320-13/14
(NIEHS-DE) by September 7, 2007.

For additional information contact

Angela Heard, Office of Human Resources,
at hearda@mail.nih.gov

r‘.r"""_“\.
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DHHS and NIH are Equal Opportunity Employers \Sﬁ {
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FACULTY POSITION IN
GENE EXPRESSION AND REGULATION

UNIVERSITY OF CALIFORNIA, IRVINE

The Department of Molecular Biology and Brochemistiry m
the School of Biological Sciences announces the availability
of a tenure-track position in the ficld of Gene Expression. al
the ASSISTANT PROFESSOR level, Applicants should hold
a Ph.D., M.D. or equivalem degree, and will be expected o
establish a vigorous and internationally competitive research
program in any arca from genome organization 1o post-lrans-
lational control. The successtul candidate will be expected to
teach at the undergraduate and graduate levels,

Applicants should upload a description of their rescarch
accomplishments including future plans, a Curniculum Vitae,
and a list of at least four references. Please see the URL: htep:
Hjobs.bis.uci.edu/showopenjobs tenure.cfm for applica-
tion instructions under “Department of Molecular Biology
and Biochemistry,”

DEADLINE FOR RECEIPT OF APPLICATIONS: Review
ol applications will begin September 30, 2007 and the recruit-
ment will remain open until the posiion 1s filled.

The University of California, frvine is an Equal Opportunity
Emplover committed ro excellence throneh diversine and
strongly encourages applications from all gualified appli-
cants including women and minoriries.

m MAYO CLINIC

For more information, visit our website: www.mayo.edu

Postdoctoral Position
Department of Molecular Pharmacology and
Experimental Therapeutics Rochester, Minnesota

A postdoctaral research follow position is immediately available in
pharmacogencmics and pharmacogenslics lab at Mayo Clinic Rachester.
Candidate should be highly molivated with exporience in phamacoge nomics and
pharracogenetics of cancer chematherapy. The |aboratory focus is peimarly an
irvestigating the phamacogenetics of chemotherapeutic drugs used as Brst and
second ling treatment in colosectal, broast and lung cancers. This laboratory
utilizes @ multitude of mokecular biology techniques. Studies conducted include
the malecular mechanisms (genotic and epigenatic) imlved in sonsitivity and
resistance to chemotherapeutic agents and small molecules, and the expression
analysis and sequence vasiations of geres imolved in the anabolic and catabolic
pathwivys of chamotherapoutic di ugs. Winkmwm fregulements for this posibion
ane aPh.D., previous research experience with publications and famillarity with
malecular biolegy techniques.

Mayo Clinic College of Medicine s a not-for-profit organization that integrates
resoanch with chnical practices and sducation in @ mulli-campus ervronmaont,
Mayo offers an attractive benefil package. Salary will be determined by the
successful candidate's experience. For further information, please visit

ttp/ fwww.mayo,edu,

Applications, including curficulum vitad and bibliography, Summary of past
aeeomplishments and three signed reference Bthers, shauld be samt to:

Ms. Maren ). Hansan

Ressarch Operations Coordinator

Maya Clinie

Gonda 19481, 200 1st 5t 5W, Rochestar, MN 55505
Email: hanson. karen3 @mayo.edu

Phone: 507-266-7T619

Maye Chnic Collage of Madicing ks an alfirmative action and equal opportunity empoyer

U.5. Depariment of Energy
Associate Director
Office of Science for
Biological and Environmental Research
Announcement # SES-5C-HQ-014 (kd)

The U5, Depanment of Energy’s (DOE’s) Office of Science 15 secking
qualificd condidates 1o lead i1s Biological and Environmental Research
(BER) Program. With an annual budget of more than 5500 million, the
BER Program is the nation’s leading program devoted to applications of
biology o bio-energy production and vse and to environmental remedia-
tion. The BER Program suppaorts major research programs in genomics,
proteomics, systems biology, and environmental remediation. The
Program 15 also one of the nation's leading contributors to understanding
the effects of greenhouse gas emissions, serosols, and atmospheric
particulates on global climate change.

The Director of Biological and Environmental Rescarch is responsible
for all strategic program planning in the BER Program; budget formula-
tion and execution; management of the BER office ineluding a federal
work foree of more than 30 technical and admimstranive staff; program
integration with other Office of Science activities and with the DOE
technology offices: and interagency integration. The position is within
the ranks of the LS. govemment's Senior Executive Service (SES);
members of the SES serve in key positions just below the top Presiden-
tial appointees. For more information on the program please go to htip:
iwww.se.doe.goviober/,

For further information about this position and the mstructions on how
to apply and submit an application, please go to the following website:
http:/jobseareh.usajobs.opm.gov/getjob.asp?lobl D=55520806& A
VEDM=2007%2D06% 2006+ 13%3IA44%IA02& Logo=0&q=5ES-
SC-HO-014H{ kd )& Fed Emp=N&sort=rv&vw=d & brd=38Th&s5=0
&FedPub=Y &SUBMITLx=4T&SUBMITILy=18. To be considered
for this position vou must apply online, 1015 imporanmt that vou follow
the instructions as stated on the announcement SES-SC-HQ-014 (kd)
located at the website above.

MICHIGAN STATE
UNIVERSITY

Tenure-track Assistant Professor

Departments of Crop and Soil Sciences and Geological
Sciences and the Environmental Science and Policy Program

The Departments of Crop and Soil Sciences and Geological
Sciences and the Environmental Science and Policy Program al
Michigan Siate University invite applications for a new tenure-
track assistant prolessor position in soil physics and hydrology
with emphasis on unsaturated Oow aned transpon

Elli"'\- II.':-I.'.IILI: .H'.I.l |l..l.l.|::|!.'_:. pPosiion \‘-::: L'.LI'.'li:.,l"-E.:l.' WhleT ||[:~|
solute transport processes in the unsaurated and  capillan

zones. The ideal candidme will combine experiments with
I.['I'i.ll:|:'|.||:'|l' :!II'I.I.I.I"'\- |14 l"‘.'_'llil.'l.' ||'!I.' l.I'::II.i:I.I."'\..I ifl!"l\."'\-."l..l: i |!\.".||:l..|:_
and biological processes thar govern unsaturated flow and
transport across multiple scales. The candidate will be expected

| LR [t T | 11101 lll'Ll.i !'_':I.hlll.l.ll. .|||I.|: _'_:.:.|I.||.|.||I.' COLrse, Lram _;:l.hl“.ltl'
students, and establish an extramurally funded muliidisciplinan
resezirch program

Additional information for submitting complete applications is
available online arr hupy/fwww.ess.msu.edwsoilphysics/
Nominmions and inquiries are encouraged and should be
forwarded 10 Alvin Smucker, Search Committee Chair, by
email: smucker@msu.edu.

Michigan S1ate University is committed 1o achieving excellence
through culwaral diversity. The university actively encourages
applications and/or nominations from women, persons of color

velerans and persons with disabilities.

AL 5 AN AFAIRMATIVE ACTION, EQUAL OPPORTLINITY EMPLOYER.




GKss Unternehmen Grofforschung

FORSCHUNGSZENTRUM Grundlagen fiir morgen
IN DER HELMHOLTZ-GEMEINSCHAFT

Isciencecareers.org

-ﬂu:lmzss Research Centre is located in Geesthacht near Hamburg, Germany, with a further centre in Teltaw close to Berlin. It
is a member of the Helmholtz Association of German Research Centres. With its approximately 700 employees it undertakes,
in collaboration with universities and industry, research and development in the areas of coastal research, materials research,
regenerative medicine, and structure research with neutrons and synchrotron radiation.
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The GKSS Research Centre is running a centre for materials research based on the complementary use of synchrotron radiation and
neutron radiation operating the Geesthacht Neutron Facility GeNF (http://genf gkss.de) in Geesthacht and a growing outstation at
DESY in Hamburg. As a collaborating research group we are operating the high energy beamline HARWI 11 at DORIS 11l and are build-
ing a High Energy Materials Science Beamline (HEMS) and an Imaging Beamline at the new high-brilliance synchrotron radiation
source PETRA Il at DESY.

In this framework we are locking for a

Scientist (permanent position) - Code-No. W 12 (Hamburg)

who will strengthen and further develop our activities in residual stress analysis with diffraction methods using synchrotron radiation.
You will participate in the technical and scientific development of the new state of the art undulator beamline HEMS which will have
a main energy of 120 keV, tunable in the range 50 to 300 keV and will be optimized for sub-micrometer focusing
(http://hasylab.desy.de/site_petra3/content/beamlines/work_packages/e1036/e1557/index_eng html), offering unique opportuni-
ties in the fields of Material Science and Physics. You will be responsible for the design and maintenance of a specialized 3D-XRD
microscope at HEMS for the characterization of the microstructure and strain of polycrystalline materials and assist external users in
preparing and running their experiments there. You are expected to develop an innovative in-house research program for grain map-
ping which should exploit the unique features of the beamline and its various sample environments (fatigue loading, furnace, weld-
ing, cryostat etc.) and strong sample preparation and analysis support from its home institute in Geesthacht near Hamburg. For this
position good skills in instrumentation and experience in high energy X-ray scattering methods at 3rd generation synchrotron radia-
tion sources are essential. In addition you are expected to provide support to external users also of other experiments at HEMS and
of the Wiggler beamline HARWI-II, which is complementary to HEMS. For specific inquiries please contact Dr. Norbert Schell
(norbert.schell@gkss.de)

In addition we are looking for a

Scientist (Postdoc) - Code-No. W 13 (Geesthacht/Hamburg)

for an initial 3 years in the field of residual stress analysis who will take part in performing experiments at the GKSS high-energy mate-
rials science beamlines HARWI and HEMS at DESY in Hamburg as well as at the neutron strain scanner ARES-2 at GeNF in Geesthacht.
In this position you will deal with fundamental problems of diffraction-based stress analysis, you will take part in operating and fur-
ther developing the above mentioned instruments and you will support internal and external users in this field. Ideally, you already
have knowledge in the mechanics of matenals and experience with diffraction methods for residual stress analysis. For specific inguiries
please contact Dr. Peter Staron (peterstaron@gkss.de).

Furthermore we are looking for a

Scientist (Postdoc) - Code-No. W 14 (Geesthacht/Hamburg)

for an initial three years who will support the radiography and tomography activities in our rapidly growing tomography group. You
will perform experiments at the state of the art tomography instruments at the GKSS beamlines HARWI and the new Imaging
Beamline at DESY in Hamburg as well as at the neutron radiography/tomography instrument Genra-3 at GeNF in Geesthacht. In this
position you will take part in operating and further developing these methods and you will support internal and external users during
their experiments. For specific inquiries please contact Dr. Felix Beckmann (felix.beckmann@gkss.de).
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All three positions will allow you to continue and develop your own scientific research program using synchrotron radiation and neu-
trons. You will support external users during the expenment, induding evaluation and publication of results, and deal with orders from
industry. Within this context, international collaborations as well as cooperation with staff members and other scientists at GKSS are
highly encouraged. Opportunities for gaining additional qualifications by cooperation with internal partners, espedally in the field of
joining techniques, are available. Current topics in this field are e.g. friction stir welding as well as laser beam welding for aircraft con-
struction.

For all three positions a Ph.D. or equivalent in materials science and engineering, physics, chemistry or a related field is mandatory.
Beside good communication skills, the positions require excellent experience in the respective scattering techniques using synchrotron
radiation or neutrons, ideally in the field of materials research. We expect good English language skills; German language skills are an
asset.

A fast familiarization with new topics is a personal challenge for you. You should be familiar with complex experiments and control
software. You have adopted a purposeful and result-oriented way of working and are able to realize this in a team. You are flexible
and communicative in your approach with collaborators and you give pricrity to the success of a project and your team. You are famil-
iar with publishing the results of your work and presenting them at international conferences.

The first position is a permanent appointment and the other two will initially be for 3 years with the possibility of extension. We offer
an appropriate salary, related to TV-AVH, as well as the vsual public sector social benefits.

The GKS5 is an equal opportunity/affirmative action employer seeking to increase the proportion of female staff members. Qualified
women are therefore especially encouraged to apply. Handicapped persons with equal qualifications will be preferred,

For general inquiries please contact Dr. Klaus Pranzas (pranzas@ghss.de)

Please send your application with the corresponding code, CV and references to pranzas@gkss.de or to our Personnel-Division. The
closing date for applications is four weeks after publication of this advertisernent.

GKSS « FORSCHUNGSZENTRUM GEESTHACHT
MAX-PLAMCK-STRASSE 1 » 21502 GEESTHACHT = GERMANY
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PENNSTATE

pepnment s CHEMISTIY

THE PENNSYLVANIA STATE UNIVERSITY
DEPARTMENT OF CHEMISTRY

FACULTY POSITIONS IN ORGANIC
CHEMISTRY AND BIOMOLECULAR/
MACROMOLECULAR NMR

Several faculty positions are available for Fall, 2008 at the junior
or senior level in the arcas of organic chemistry and biomolecular
macromolecular structure and function with an emphasis on NMR
spectroscapy. The Chemistry Department has recently moved into a
new state-of-the-art building. Departmental research spans bath tradi-
tional and non-traditional areas. Faculty members have opportunitics
to participate i unversity-wide life sciences, matenals, environimental,
and computational institutes. Appointees are expected to establish an
exceptionally strong and highly visible research program that incor-
porates excellence in undergraduate and graduate education. Senior
appointments should have a previous record ofnational and international
distinction.

Applicants should submit curriculum vitae, list of publications, and
research plans to: Chair of the Search Committee, Box C, Depart-
ment of Chemistry, 104 Chemistry Building, The Pennsylvania State
University, University Park, PA 16802 Junior applicants should also
arrange 0 have three letters of recommendation sent to this address.
Review of applications will begin on October 1, 2007 and continue
until the positions are filled.

o view this position;
http:www.ehem.psu.cdo/Tfaculty/Tacultyad. html

Pemn Stare is committed to Affirmative Action, Equal Opportanity
and the diversine of its workforee.

Chair * Department of Biochemistry

and Cell Biology

Stony Brook University’s Department of Biochemistry and Cell Biology

is an intermationally recogmized interdisciplinary research and education
department with an outstanding record of research achievemenl Currently,
the Department has 20 temred/tenure-track faculty having research inter
@515 covering the broad areas of biochemical and cell biological sciences
The Department also has close relationships with faculty at Brookhaven
National Laboratory and Cold Spring Harbor Laboratory. We are sesking an
outstanding scientific leader Lo direct the future growth of the Depastment
The candidate must alse be committed o the Depariment s undergraduate,
graduate, and medical education programs. Required: Ph.D. or equivalent
degree, the academic rank of Professor and a vigorous research program
that is recognized at both the national and miernational level, as judged by
extramural funding, scholarly publications, and invited presentations. The
successful candidate must have an eagemess Lo pramote multihsciplinarny
interactions and a demanstrated record of success in graduate student
andfor postdoctoral training. Substantial start-up package for the Chair
with resources for the expansion of the Department i both research

and teaching will b2 provaded thraugh the College of Arts and Sciences
and the School of Medicine

The review of applications will begin September 1, 2007, and will
continue until the position is filled, For more information,
pleasa visit: bt www sunysh edu/Biochemy

Interested individuals can apply online at www. stonybrook.edu/cjo
(Reference number: F-4196-07-07) or forward a curriculum vitae to:
Biochemistry and Cell Biglogy Chair Search Committes, c/o Carol Galdi

Department of Biochemistry and Cell Biokogy
450 Life Sciences Building ST ‘NY
"'i;\h
\1
BRQ\SK

Stony Brook University, SUNY
Stony Brook, NY 11794.5215

Equal Opportunity/Affirmative Action Employer.

1 1111 Molecular
m Vmg]maTec-h Microbiclogist
Invent the Future
Department of

Biological Sciences

[he Department of Biological Sciences (www.biol.vt.edu) is recruit-
ing a Molecular Microbiologist for a tenure track assistant professor
faculty position. Competitive salary and stan-up package will be pro-
vided. The depariment 15 interested in hiring an individual from one
of several research arcas, including but not limited to: (1) Infectious
disease; (2) Microbial interactions with the environment; (3 ) Signal
transduction; and {(4) Prokarvotic development. The hire may become
affiliated with the Institute for Biomedical and Public Health Sciences
or the Institute for Critical Technology and Applied Science, which
were created 1o mcrease rescarch trining and research funding through
interdisciplinary initiatives. Core laboratory facilities are available for
DMNA sequencing, mMicroarmys, profeomics, protein structure analysis
and high speed computation.

Applicants should submit a cover letter, curriculum vitee, and a state-
ment of research and teaching interests emphasizing career goals using
ouron-line system (https:fjobs.vt.edw, search posting 070798). Three
reference letters should be sent 1o the chair of the search commaittee,
. Ann Stevens: Department of Biological Sciences: 2119 Der-
ring Hall MC0406; Virginia Tech: Blacksburg, VA 2406 1. Inguirics
concerming the position or application process should be directed to
the chair of the scarch commitice (amsi viedu: 540-231-9178)
Review of applmlmm will begin October 12, 2007 and continue
until position is lled

Virgimia fech is an NSF Advance institation amd hax a strong
LI!J‘J'H”HHFI'I. (P T ¥ ] J'I‘JL If.'r HJI: I'P.Fl. 'r.?,f I:JIJ'H. n“'l l]'ﬂl:l|I HI flrﬁl'.” \-IHH'H'
seeks a0 hmoadd spectrim ef candiclates, fn .I'udm:‘ W, Minarities,
veterans and peaple with dizabifities,

WEST VIRGINIA UNIVERSITY
Eberly College of Arts and Sciences
Position in Applied Mathematics (bioinformatics)

West Virginia University s Depantiment of Mathematics invites applica-
tioms for a tenure-track assistant professor in the general arca of B10-
LOGICAL MATHEMATICS in support of multidisciplinary efforts
in the BIOMEDICAL and LIFE SCIENCES, involving faculty from
the Eberly College of Ants and Sciences, the Robert C. Byrd Health
Seiences Center. the College of Engineering and Mineral Resources,
mnd the Davis College of Agnculture, Forestry, and Consumer Sciences.
The starting date for this position will be August 16, 2008, Applicants
must have a PhD. degree. and should have demonsirated research
potential in svstems biology, computational genomics, data analvsis,
and'or discrete optimization/algorithm design related to biginformat -
ics. Excellence in teaching at the undergraduate and graduate levels
and the development of a vigorous and extemally funded research
program are expected

West Virginia University is a Research-High Activity University enroll-
g over 23,000 students. The University 1s located in Morgantown, an
award winning “small™ ety with a metropolitan population of about
50,000 in easy ravel distance of Pittsburgh, PA, Baltimore, MD and
Washington, DO,

Applicant should submit a curriculum vitae. a description of research
plans, a detsiled start-up budget, and a brief description of weaching
interests, and arrange for three letters of recommendation 1o be sent
1o: Math-Bio Position, Department of Mathematics, West Vir-
ginia University, PO, Box 6310, Morgantown, WY 26506-6310.
(biomathjobir math.wvu.edu). Prionty will be given o applications
received by November 14, 2007,

West Virginia University is an Egual OppeotuioviAffirmetive Action
Emplover, Women and protected class individuals ane
enconraged (o apply,




UNIVERSITY OF MICHIGAN

SCHOLARS PROGRAMS

BIOLOGICAL SCIENCES SCHOLARS PROGRAM
For Junior, Tenure-Track Faculty

The University of Michigan announces recruitment for the Biological Sciences Scholars Program (BSSP) to
continue to enhance its investigational strengths in the life sciences research programs.

Now entering its 11th year, this Program has led to the recruitment of outstanding young scientists in
the areas of genetics, microbiology, immunology, virology, structural biology, pharmacology, biocheistry,
molecular pharmacology, stem cell biology, physiology, cell and developmental biology, and the
neuosciences. The Program seeks individuals with PhD, MD, or MD/PhD degrees, at least two years of
postdoccoral research experience, and evidence of superlative scientific accomplishment and scholarly
promise. Successful candidates will be expected to establish a vigorous, externally-funded research
program, and to become leaders in departmental and program activities, including teaching at the medical,
graduate, and/or undergraduate levels. Primary college and department affiliation will be determined
by the applicant’s qualifications and by relevance of the applicant’s research program to departmental
initiatives and focus. All faculty recruited via the BSSP will be appointed at the Assistant Professor level.

APPLICATION INSTRUCTIONS: Please apply to the Scholars Programs through the BSSP web site at:

(http://www.med.umich.edu/medschool/orgs/bssp). A curriculum vitae (including bibliography), a three-
page research plan, an NIH biosketch, and three original letters of support should all be submitted through the
BSSPwebsite. MoreinformationabouttheScholars Programs,instructions forapplicantsand thosesubmitting
letters of recommendation, and how to contact us is located on the BSSP web site: (http://www.med.umich.
edu/medschool/orgs/ssphome/). The final deadline for applications is Friday, October 19, 2007, 5:00 pm EDT.

The University of Michigan is an Affirmative Action/Equal Opportunity Employer.

The Department of Bioengineering at the
UCLA Henry Samueli School of Engincering
and Applied Science mvites highly qualified
apphcations for TENURE-TRACK and
TENURED faculty positions at the Assistant
Professor, Associnte Professor, and Full Pro-
fessor levels. Candidates wath a Ph.D. and an
excellent track record in research and teaching
in bioengineenng or related science and engi-
neenng ficlds are encouraged to apply.

The application packet should be organized
in the following order:

(1) Curriculum vitac

(2) Research statement

(3) Teaching statcment

(4) References

All applicants: please provide names and
contact information for at least 3 neferces.,
Applicants for the Assistant Professor posi-
tions should also armange forrecommendation
letters o be sent from at least three referecs.
The positions are open until they ane filled.
Applications received by October 15, 2007
will be considered for the first round of
interviews. Please send a hard copy of your
completed application to: Professor Ben
Wu, Chair., Faculty Search Committee,
Department of Biocngineering, Henry
Samueli School of Engineering and Applicd
Science, 7523 Boelter Hall, University of
California, Los Angeles, Los Angeles, CA
DO095-1600; BEscarchig scas.ucla.cdu:
hitp:/fwww. bioeng.uelacdu.

The Universite of California, Los Angeeles is
an Egual Oppartunity Emplover:

U.S. Department of Energy
Office of Science
Deputy for Programs
Announcement #SES-SC-HQ-013 (kd)

The U.5. Department of Energy s (DOE) Office of Science is secking highly qualificd candidates
with outstanding scientific achievements to fill the Deputy for Programs position. The Office of
Science s the single largest supporter of basic research i the phyvsical sciences m the United States,
with a 2007 budget of 53,5 billion. It oversees the Mation's rescarch programs in high-cnergy and
nuclear physics, basic and fusion energy sciences. and biological, environmental and computational
sciences. The Office of Saence 15 the Federal Government’s largest single funder of matenals
and chemical sciences, and it supports unigue and vital parts of U.S. research in climate change,
geophysics, genomics, life sciences, and science education. The Office of Science also manages 10
world-class lnboratones and oversees the construction and operation of some of the Nation's most
advanced R& D user facilities, located at national laboratories and universities, These include particle
and nuclear physics accelerators, synchrotron light sources, nanoscale science rescarch centers,
neutron scattering facilities, bio-cnergy research centers, supercomputers and high-speed computer
networks, More mformation on the Office of Science can be found at http:fscience.doe.goy.

The Deputy for Programs provides scientific and management oversight of the six program offices
by ensuring program activiies are strategically conceved and executed: formulating and defend-
ing the Office of Science budget request; establishing policies, plans, and procedures related o
the mamagement of the program offices; ensuring the research portfolio is integrated across the
program offices with other DOE program offices and other Federal agencies; and representing the
organization and make commitments for the Department in discussions and meetings with high-level
govermnment and private sector officials. The position is within the ranks of the .S, government’s
Senior Executive Service (SES); members of the SES serve in key positions just below the top
Presidential appointees.

To apply for this position, please see the announcement and application instructions at http:y/
jobsearch.usajobs.opm.gov/ses.asp under the vacancy announcement of #8ES-SC-HQ-013 (kd).
CQualified candidates are asked to submit their online applications by August 29, 2007.
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School of Biological Sciences
Stony Brook University's Department of Pharmacological Sciences seeks

Postdoctoral Researd‘ scientists warking in the area of structural biologyX-ray crystallography

Structural Biology Faculty

ISCiENCecareers.org

O‘I‘ﬁl::er to apply for 2 faculty position at the leve! of Assistant, Associate, or Ful
Professor. [he candidate will be expected 1o have or develop and

=2 Project: The evolution of parasitic sex ratio sustain an independent research program in structural biclogy and

L distortion to contribute to the teaching responsibilities of the Department

= | www pharm. stonybrook, edu). State-ol-the-art equipment for X-ray

5 Starting Salary: £24,478 - £28,363 (on R&A Grade crystallography is available at the Center for Structural Biology and
1) pa. ready access to the NSLS at Brookhaven National Laboratory is

$ A 3-year NERC-funded pestdoctoral position is available immediately to guaranteed. Many opportunities are available for collaborative

] work on proteomic or cell biology and cell signal pathway analyses of research. Stony Brook has strong graduate programs in molecular,

¥ host parasite interaction of intracellular reproduciive parasites in Bangor chemical, and computational biology that include researchers at

= in a collaborative project with groups at University of Leeds and the Cold Spring Harbor and Brookhaven National Laboratories

CS Liverpool and University of Poitiers. The study might involve feminisaticn, i ) )
male kiling and cytoplasmic incompatibilty. Previous expenence as a Required: An M.D. or Ph.D. degree {or equivalent) with at least two

o pastdos in call bislegy or microbelogy & preferabla bul not assential. years of additional research experience. The position offers 2 generous

E The successiul candidate will be expected to star as soon as possible. startup-pac kaﬂe and salary support. Review of applications will com-

) mence immediately and will continue until the position is filled,

b | Application forms and further particulars should be oblained by A " §

L% contacting Human Resources, University of Wales, Bangor: To apply. please submit an application electronically to
tel: (01248) 382026/388132; e-mai: personnel@bangor.ac.uk; www.stonybrook.edu/fobs Application should consist of 2 single pdf
wieh: hitpfwww.bangor.ac.uk lile containing (1) 2 C.V. (2) synopsis of major research accomplishments

and future research plans of no more than three pages, (3] names.
addresses, and Email addresses for three individuals who have agreed
Closing date for applications: Monday 3 Seplember, 2007. to write letters of recommendation, and (4) a cover letter indicating
Informal enquiries can be made by contacling whether the applicant wishes to be considered for appointment at the
Dr Henk R. Braig, e-mail: h.braig @bangor.ac.uk Assistant, Associate, or Full Professor level. Applicants at the Associate
or Full Professor level should include

YA MR
l.".:\_{"' H"’ a summary of past and current ‘
b ﬁ"h research funding, administrative, Th"]&._
—— — £ WERETT] and teaching experience
PRIFYSGOL CYMRL ] ; :
wwvissvorwaes BANGOR L/ Equal Opponunity/Alfirmative BR‘\\“\‘I i
Action Employer

Wedl Ymewyma | Gylle Cylartal + Commitied To Equal Oppertuniiias

Please quote reference number O7-7/16 when applying.

.+ BIODURO

FLLORIDA STATE UNIVERSITY

BioDuro is a US-based, fullv-integrated, global life science outsourc-
ing services company. Our priority is providing the highest quality.

Ep'gen'&tms and Evulutmnary Genetics FDA-compliant services at an affordable cost. Our customers are over
30 pharmaceutical and biotechnology compamies, and our services span
The Depanment of Biological Science invites applications for the entire range of drug discovery and development, from discovery
tenure-track faculty positions at any rank in our Integrating chemistry, through pharmacology and drug safety and evaluation, to
Cenotype and Phenotype cluster hire of eight positions. This clinical wrials.
comeides with new construction and an aggressive expansion of BioDuro has openings in Biology and Chemistry in Beijing, and 0t 15
faculty at FSU. For more information sce hitp://www.bio.fsu.cdu/ acively seaking x Gronp Leiden Associise Dirceie posioon in Diotogy
genphensearch/. for our Beijing Laboratory, a newly constructed state-of-the-an facility
comprising approximately 300 scientists,
Epigenetics: Hn.::u.';m.‘_hcrs imvestigating fundamental aspects The successful candidate must have a Ph.D. with > 7 years experience
of chromatin or RNA-mediated regulation of phenotypic in assay development in the Pharmaceutical industry or Biotechnology.
variation, the role of u!:igunnlin:'s in evolution, and those using They also must have:
genomics or computational approaches. » gxperience in independently developing, optimizing, and validating
ASSAYS,
Evolutionary Genetics: Researchers using experimental, compu- = in-depth theoretical and practical knowledge in assay development,
tational, or theoretical approaches to study the genotype-phenotype = familiarity with standard assay technologics including mdiometne,
map, including, but not limited to, evolution of development, flovorescence, and chemilumineseence,
epigenctic svstems, genomics, genetic regu latory networks, or = familiarity with analytical software for data analysis and presentation,
quantitative geneties, = good team management skills and ability 1w lead projects efficiently,
= pood presentation skills and ability to communicate in English.
Please submit one electronic application { PDF files preferred) con- We will offer the successiul candidate competitive salary and the standard
sisting of a cover letter, curriculum vitae, statements of research benefit package such as pension, medical insurance and vacation ete.
and teaching interests, and have four letters of reference sent to according to his/her nationality, Please go to our website for more
genphensearchia biofsu.edu, Review ﬂj"ﬂppl ications will hq:gin. information www.bioduro.com. Please send application to:
October 1, 2007, but will continue until the positions are filled. BiolDuro, Inc.
4350 La Jolla Village Drive, Suite 450
FSU is an AVEQ Emplover. Applications from minority and San Dicgo, CA 92122
female candidates are expecially encouwraged infoi bioduro.com

or email vour application to paul.conlonf@ bioduro.com




T342, Onma, Onna Village, Okinawa Japan 904-0411
Tel: +81 98 @66 8711  Fax: +81 98 %66 8717
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- Principal Investigator Positions

Okinawa Institute of Science and Technology (OIST)

The Okinawa Institute of Science and Technology (OIST: httpa/www.oist.jp) is inviting applications Tor Principal [nvestigator
positions in the helds of Primate Brain Rescarch and Functional Brain Imaging. OIST will open its brand new campus, overlooking
ropical beaches in Onna Village, Okinawa, Japan in 2009, The major facilities will include a non-human primaie laboratory compatible
with cutting cdge molecular technologies and high lield MR scanners (or both non-human primates and humans. MEG, PET and other
imaging facilities are luture oplions,

Appointment is for live vears and is renewable upon successtul evaluation. Temporary oflices near the new campus will be available
until the completion ol the new Tacilities in 2009, An appointee will be able to perform joint research based in another institote while

[acilitics are being completed at the new campus,
Principal Investigator Position in Primate Brain Research

A successlul applicant will play a major role in planning the
non-human primate research facilities, including decisions on
the Moor plan and major equipment. Candidates should have a
doctoral degree. a strong publication record, deep practical
knowledge in non-human primate rescarch, and lresh ideas,
Good commumication skills and the ability w work collegially
will be required [or organizing this new research faciliy.

For the lirst round ol reviews, candidates should send CV,
statement of on-going and [uture rescarch mentions, the names
and contact information of live references, and up 1w live
representative papers in electronie format o phri7 @oist jp
by September 28, 2007, The search will remain open until the
position is [illed.

Principal Investigator P'osition in Functional Brain Imaging

A successiul applicant will play a major role in planning the
brain imaging lacilities, including decisions onthe Noor plan and
major cquipment. Candidates should have a doctoral degree, a
strong publication record, deep practical knowledge in functional
brain imaging. and fresh ideas. Good communication skills and
the ability to work collegially will be required for organizing this
new rescarch Tacility.

For the Tirst round of reviews, candidates should send CV,
statement of on-going and future rescarch imtentions, the names
and contact information of live references, and up o live
representative papers in electronic format to Mhil7 & oist.jp by
September 28, 2007, The scarch will remain open until the
position is [illed.

ASSISTANT PROFESSOR
DEPARTMENT OF GENETICS
HARVARD MEDICAL SCHOOL

The Depariment of Genetics invites applicants for the tenure-
track position ol Assistant Professor. We are scarching for
idividuals with a strong potential for imaginative research in
any area of modern genetic or genomic analyvsis. This position
offers significant scholarly and scientific resources as well as
the opportunity to teach graduate and medical students,

For further information about our Depaniment, please see
our Web Page:
hitp:/genetics.med.harvard.eduo

Applicants should submit electronie copics ol curriculum
vitae, bibliography, a brief description of rescarch accom-
plishments and fiture research imteresis (limit 1o 500 words)
by October 31, 2007, and ask three references o provide
letters of recommendation. These materials should be sent
o the following email address:

faculty searchin genetics.med. harvard.edu

Hearvard Universine is an Equal OpportuminygA ffirmative
Action Emprlever and encowrages the applications
af gualificd wonen and minorities.

NORTHWESTERN
UNIVERSITY

EVANSTON AND CHICAGO, ILLINOIS
VICE PRESIDENT FOR RESEARCH

Northwestern University seeks nominations and applications for the
position of Viee President for Research. The Viee President for
Research is a senior central administrator with primary
responsibility for the quality and vitality of Northwestern
University's research enferprise. The Vice President for Research
develops and implements strategies for achieving the University's
research goals; capitalizes on the interdisciplinary strength of
University research centers; oversees compliance with regulalnr}'
mandates; and ensures that the research infrastructure is robust and
responsive to the needs of Northwestern University investigators.
MNorthwestern's research awards exceed 380 million annually. The
Vice President’s broad portfolio includes 20 University research
centers and the offices and facilities providing University-wide
research services,  The Office for Research comprises 450
administrative and research staff and a budget of over S100 millien.
The Vice President reports to the Provost and serves as a member of
the President’s Staff. For full consideration, nominations and
applications should be received by September 28, 2007, and should
be sent to:
vpsearch@noenhwestern.edu
or
Secretary, Search Commiltee for the VI for Research
Northwestern University
633 Clark Street
Evanston, IL 60208-1119

Narthwesttom i an affirmative actson, l1.|u.1| I.1|."FI.‘I"| uni.'l'!_\.' eduocator and unphr!.'l'r.
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Mekong River Commission

The role of MRC is to co-ordinate and promole co-
operation in all fields of sustainable development,
utilisation, management and conservation of the water
and related resources of the Mekong Basin, MRC is
seeking qualified candidates for two positions for the
Environment Programme, Environment Division:

3 CHIEF TECHNICAL ADVISOR
2, SENIOR ENVIRONMENT SPECIALIST

The above positions are at level L-05, based in
Vientiane, Lao PDR

The Environment Division generates data, information
and knowledge in order to balance economic
development and environmental conservation in
decision-making. In addition to establishing systems
for monitoring the Basin's environmental health,
improving policies and legislation, and encouraging co-
operation among the riparian countries, the programme
is also charged with increasing environmental
awareness amongst the public.

For information, job description and application
details, please visit MRC's web site al
www.mrcmekong.org or send an email to
mrecs@mrcecmekong.org.

Closing date for applications: 10 SEPTEMBER 2007

Northwestern University Feinberg School of Medicine
Director of Clinical Pathology

The Department of Pathology at Northwestern University Feinberg School
of Medicine, Chicago, invites applications for a full-time faculty position
as Director of Clinical Pathology. The successful applicant will be an
established investigator’clinician with a national and intermational reputa-
tion for excellence in clinical pathology. In addition, the applicant will
have excellent interpersonal and leadership skills, and experience training
Residents and Fellows, S/he will oversee the growth and operation of the
clinical laboratories o Morthwestern Memorizl Hospital and play & major
rale in furthering the development of the Depaniment inte a world-class
center for academic pathology.,

The medical school and its main teaching hospital, Northwestern Memo-
nal, are located in the heart of Chicago’s magmificent “gold coast.™ The
environment for hypothesis driven basie research, and for translational and
collaborative research at Northwestern University and the Noerthwestern
Memorial Hospital is omstanding. Applicants must hold MD or MD/PhD
degrees, be certified m Climcal Pathology by the Amenican Board of
Pathology, as well as eligible for an unrestricted medical license in the
State of Nhnos.

We expect the successful candidate will be qualified to be appointed as
a full professor. 11 professional experience warrants, this individual will
also hold the position of Vice-Chair. A very generous salary and benchiis
package will be provided, in addition 1o funds for moving and expanding
a research laboratory. In order to effectively evaluate candidates for the
proposed starting date of January 1, 2008, interested applicants should
submit a letter of interest, cwrricwlum vitee, and names of three references
via c-mail to nstar ksi@northwestern.edu by Octaber 1, 2007, Additional
questions may be submitied to; William A, Muller, MID, PhD), Magerstadi
Professor and Chairman, Northwestern University, Feinberg School
of Medicine, Ward Building 6-204, 300 East Chicago Avenue, Chicago,
IL 6061 1-3008; wamulleria northwestern.edo,

Nerthwestern Universine is an Egqual Opporiminy Affirmative Action
Emplover. Women and minority candidates are encouraged to apply.
Hiring is camtingent upon eligibility fo work in the United States,

PROFESSOR

in Molecular Biology

(www.maolbio.unige.ch)
POST: Full-time research and teaching
position in the general area of molecular
biology. Special consideration given (o
scientists studying important biological
problems uwsing novel chemical, genetic or
biophysical approaches.
REQUIREMENTS: Ph.D. degree or
equivalent. Experience in teaching and
leading an independent research project.
STARTING DATE: 1st July 2008 at the
carliest,
Candidate files must be addressed before
November 15th, 2007 w : Décanat de la
Faculté des sciences, 30, Quai Ernest-
Amnsermel, CH-1211 Genéve 4, from whom
additional imformation can be obtamed
regarding the responsibilities of the post
and other conditions.
The University of Geneva is an equal
opportunity employer and encourages
applications from female candidates.

UNIVERSITE DE GENEVE

Baltimore, Maryland

The Institute of Human Virology at the Univer-
sity of Maryland, Baltimore School of Medi-
cine (http:/f/www.ihv.org) is recruiting highly
qualified individuals with established research
programs ai ranks of tenure-track Assistant,
Associate and Full Professor. Candidates with
MNIH {R01 and'or POL) funded research programs
with expertise i one of more of the fallowing
are encouraged to apply: cell biology, structural
biology, basic immunology, or systems biology
with mierest in chronic human viral diseases such
as HIV-1. These programs will complement the
existing institute programs i molecular patho-
genesis, innate immunity, vaccine development,
and translational clinical research that focus on
chrome viral diseases. The Institute of Human
Virology offers excellent laboratory facilitics,
competitive salary and startup packages, and
access o0 numerous core facilities including
state-of-the-art BSL3 and ABSL3 facilities in
a rapidly growing academic environment. The
level of appointment will be commensurate with
the candidate’s experience.

Interested applicants are requested to forward
a CVoin pdf format 1o: Chairperson, cfo Beth
Peterson, THY Faculty Search Committee,
Institute of Human YVirology, T25'W, Lombard
Street, Baltimore, Maryland, 21201,

The Universine of Marviand, Balrimore is
an Eguad Opportuming Affirmative Action
Emplover

WORKING AT THE [
_ e " g BASIC SCIENCE FACULTY
{NIVERSITY OF POSITIONS AVAILABLE INSTITUTE OF
Institute of Human Virology HUMAN VIROLOGY
The FACULTY OF SCIENCE secks an University of Maryland
University of Maryland
ASSISTANT or ASSOCIATE or FULL School of Medicine y v

School of Medicine
Baltimore, Maryland

The Institute of Human Virology at the Uni-
versity of Marvland, Baltmore School of
Medicine { http:/iwww.ihv.aorg) is secking
o fill a tenure-track faculty position with
an investigator with the ability to establish
an independent research program centering
on the molecular biology/virology of human
papilloma virus and its interactions with
host cell factors, especially those relevant
weancer. The suecess ful candidate will have
ademonstrable track record of relevant pub-
lications in peer-reviewed journals and of
attracting peer-reviewed funding. preferably
related o cancer. The level of appointment
will be commensurate with the candidate’s
experience.

Interested applicants are requested 1o for-
ward a CV in pdf format to:
Chairperson
/o Beth Peterson
IHY Faculty Scarch Committee
Institute of Human Virology
T25 W, Lombard Strect
Baltimore, Maryland, 21201

The Universine of Marvland, Baltimore is
ant Egquueel Cppeartunity, Affirmetive Action
Empfayer:




THE UNIVERSITY

WISCONSIN

MADISON

The University of Wisconsin-Madison School of
Pharmacy, wwvites applications for e fenire-
track Assistant Professor positions in areas of
drug discovery and drug delivery. Applicants
must have a Ph.D. and demonstrate abality to
establish an externally funded research program
af high quality. The successful candidates should
also have 2-4 years of postdoctoral experience
and be willing to engage in productive interdis-
ciplinary research, committed to effective teach-
ing in undergraduate, professional, and graduate
programs that serve a diverse student body, and
be netive in university service.

Successful candidaie will join a world-class
academic institution that encournges, values
and suppornts basic, apphed, and interdisciplin-
ary research and attracts scholars and students
from around the world. The School of Phar-
macy is committed 1o excellence in teaching
and research and its faculty, staff, and students
reflect the global population represented within
the university. We encourage applications from
candidates whose skills and/or background pre-
pare them to work effectively across socially
diverse atmosphere and economic classes, Visil
hupe/wwew, wiseedw/ emplovment/'madison.php
fior working and living in Madison,

Drug Discovery: PVL# 057141, http:
Hwww.ohrwiscedu/pvlipy_05714 1. html:
Applicants for this position must hold a Ph.D.
in chemistry or a related field and possess a
strong back ground in natural products chemistry
(isolation, structure clucidation, semi-synthetic
modification), rational drug design, and/or the
application of chemical toals for drug target
identification (chemical biology) and will be
expected o engage in productive interdisciplin-
ary drug discovery and development research
at the interface of chemistry and biology. Send
materials to; Prof. Jon 5. Thorson, Chair, Drug
Discovery Search Committee, 608-262-3829,
jsthorsonia pharmacy.wis cedu.

Drug Deliveryv: PYLE 054752, htip:
www.ohrwiscedu/pylipy_054752 hitml:
Applicants for this position must hold a Ph.D.
in pharmaceutical sciences, biomedical sci-
ences or biomedical engineering and engage in
creative research in the areas of biopharmacen-
tics, pharmacokinetics, or biological transport
phenomena; innovative drug or gene largeting
strategies; molecular imaging; or drug delivery
tothe UNS. Send materials to: Prof, Glen Kwon,
Chair, Drug Delivery Search Committee, 608-
265-5183; gskwonia pharmacy. wisc.edu,
Applications must be received by November
2, 2007 to ensure full consideration with the
appointment stanting on or around July 1, 2008,
Send a letter, curniculum vitae, names of three
references, o statement of teaching interests, and
a summary of the current and planned rescarch
to the named Chair, School of Pharmacy,
777 Highland Avenue, Madison, W1 53705-
22122, 1 submitting by e-mail, please indicate
“Application for PVLY 05..." i the subject
line. The search will continue until the positions
are filled.

LV Madison is an Equal Oppovtuning
Affirmative Action Emplover. Women arnd
wnrderrepresented minority groups are
especially encauraged o apply. We pramore
excellence through diversity and enconrage all
givenl iffedd inelividuals fo apply.

Q FACULTY OF MEDICIMNE

GREAT MINDS FOR
I

e T

EAT FUTURE

o

R IFEFIILEY J i
Assistant Professor
Laboratory Medicine and Pathobiology
The Department of Laboratory Medicine and Pathobiology, Faculty of Medicine, University of
Toronto s secking applicants for one full-time faculty position, academic microbiologist, either

nog-tenure or tenure-stream. The appointment will commence on | April, 2008 and will remain
apen il filled.

Excellence and recognized expertise in the areas of molecular and biochemical mechanisms of
microbial disease, with preference to virology, Candidates must have an MD or a PhiD degree or
equivalent, have completed significant postdoctoral training, and have an established track record
of high quality research accomplishment. Exceptional candidates with established funded research
programs and a rank of Associate or Full Professor may be considered as well.

The successful candidate is expected to participate actively in graduate and undergraduate teaching
programs, mount an original, competitive, and well-funded independent research progream and inter-
act with other investigators ot the University of Toronto campus and the major affilised hospitals,
Rank and salary will commensurate with qualifications and experience. Additional information on
the Depariment of Laboratory Medicine and Pathobiology can be obtined through the World Wide
Web at: hutp/fwww.lmp. facmed utoronio.ca.

[mterested applicants should nclude with their application: C.V., a desceription of their rescarch
accomplishments and the focus of their planned research program, together with the mames of three
references by October 31, 2007 to: Professor Avrum Gotlich, Professor and Chair, Department
of Laboratory Medicine and Pathobiology, Faculty of Medicine, University of Toronto, 100
College Street, Room 108, Toronto, Ontario MSG 1L.5; E-mail: avrum.got lichd@ utoronto.ca.

The Universioe of Toronto is strongly committed to diversity within its commnity and expecially
welcomes applications from visible minority gronp members, women, Aborigingl persons, persons
with disabilitics, members of sexual minority groups, and others who meay contribute to the further

diversification af ideas. AN qualified candidaes are encomraged to apply. However, Cemaclians

ared permanent residents will be given prioriry,

Nagasaki University
Positions open for:
Strategy for Fostering Young Scientists at a
Local University (Assistant Professor)

Magasaki University in Japan is now actively recruiting about 17 academic rescarchers as assistant
professors for the “Strategy for Fostering Young Scientists at a Local University™.

A assistant professor recruited by this program shall be expected to participate in any of the following
nine major research projects designed by the University, for five years. During a project, the assistant
professor will be able to work on his'her independent research supported by rescarch space, facilities,
fumding. and a respectable salary. I the research achievements are deemed excellent at the end of the
determined period, he/she will be promoted to associate professor follow ing an examination,

Global Strategic Center for Radiation Health Risk Control

Global Control Strategy of Tropical and Emerging Infectious Discases

Restoration of Environment and Resources in East A<ian Estuaries

Estblishment of the Center for Skeletal Basic Research

Research Promotion regarding Drug Development for Infectious Discases

Chronie Pain Research and Control

Imerdisciplinary Research on Communication between Adult and Child. and between
Children

Materials Science Based on Mano-Dynamics

Technology Integration Using Beal-time Information Processing

& & 8 & @ & 8

& &

* For detailed application information of each project. please nefer to our official website at hitpe/
www.nagasaki-u.ac. jp/wak atefindex_e.himl

Scheduled Research Period:
From December 1, 2007 to March 31, 2012

Application Deadline:
5:00 p.m. on Friday, September 28, 2007

Adter a preliminary documentary examinalion, successful applicants will be expected to come to
Magasaki University around mid-October to attend a seminar in which the applicants give a lecture and
undergo an oral examination on their current research. The University will cover airfare and transportation
fees im Japan. In the case of international applicants, a visiting schedule may be arranged with the
University.

* Please refer to our official website below for requested documents, qualifications, contact information,
and address for submitting application.

hittp: www.hnagasaki-u.ac. jp/wakateindex e hitiml
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Microarray Technologie

INTHISISSUE: e

aturing microarray technologies— . KRR
and a synergy with next generation ¢
DNA sequencing—is enabling
rapid progress in our understanding of
many diseases and is even impacting the
diagnostic process. Learn about the latest
developments on p. 1101 of this issue.

UPCOMING FEATURES:

October 19 — Genomics 2: SNPs
i i e Al ilable at:
November 2 — RNAI 2: Therapeutic Applications wm{;Encen,a;?;;?;,fudzfts
November 30 — Protein-Protein Interactions AVAAAS

International Careers Report: Germany

Whether recruiting, creating awareness,
repositioning your organisation, or promoting your
products and services, don't miss the opportunity
to be seen in this issue.

Issue Date:
21 September 2007

Booking Deadline:
4 September 2007

Contacts:
Tracy Holmes, Alex Palmer,

or Marium Hudda T —
ads@E@science-int.co.uk

+d4 (0) 1223 326 500 | the ot S IVAAS |




Coussa b g COLUMBIA UNIVERSITY

&"ﬂ Biomechanics
. Faculty Search
2007-2008

The Department of Blomedical Engineering in the Fu Foundation
School of Engineering and Applied Science at Columbia University is
seeking to fll a tenure-track faculty position at the Assistant or
Associate Proflessor level but exceptionally qualified candidates will
be considered for a higher-level position. Applicants should have a
doetoral degree in biomedical engineering or a closely related disci-
pline, and should be prepared to establish a vigorous and indepen-
dent research program in any of the broadly defined areas of biome-
chanies such as cellular or molecular biomechanics, biomechanics of
growth and remodeling, biofluid mechanics, tissue mechanics.
successful candidates will have demonstrated a strong backeround in
mechanics applied 1o biological systems.

Applicans should send 2 complete curdculum vitae, three publication
reprints, 4 statement of research interests, a statement of teaching
interests and names of four references by March 1, 2008 10:
Professor Barclay Morrison 111
Chair of the Biomechanics Faculty Search
Department of Biomedical Engineering
Columbia University
351 Engineering Terrace. Mail Code 8904
1210 Amsterdam Avenue
New York., NY 10027

The search will remain open until the pesition has been fillied.

Columbia University is an affirmative action/equal opportunity emplover.
Women and minorities are encouraged to apply.

Senior ngr-am Officer

international phibinthropy devoted o biomedical research and scicnce
education, is secking an experienced professional to oversee medical
cducation programs. This position will be locared in Bethesda, MD.

The HHMI-NIH Research Scholars program (or Cloister Program) is
a residential program for medical, dental, and vetennary students who
are housed at the Cloister (Building 60} on the campus of the Nadonal
Imstitutes of Health in Bethesda, Marvland. The Research Traiming
Fellowship for Medieal Students Program nakes awands w in:lirid.h.ln]a.
to conduct research at institutions other than NIH.

In this key position, the Senior Program Officer will be responsible for
the 1L1i|'_l.' OpEratiomn of the medical research LrAling programns, the
development and administraton of budgets, the oversight of program
p-nlic'}' compliance and information sysiom u|1p|.1'|::|l'|um, as wiell as
management of staff members and contractors.

The 1deal candidate must possess a Phul). (or ML) m IJ'mEJ-g'ica] SCHECES
with laboratory research experience in a medical school environment,
abong with at least two vears of experience in adminisiration related o
biomedical research or science education, excellent communication skills,
and demonstraved skall in MATIEINE [roErans and ]'n.'upll;.'.

HHMI is an intelleewally demanding, resulis-orienwed organization
with excellent salaries and benefis. Responses should inchade vour
present position, and a bref summary of your sdentific interests and
accomplehments. Please send vour resume o Ms. Christine Leonhardt,
Howard Hughes Medical Insttute via c-mail at: jobs@hhmi.org, Please
include the job tde in the subject line. All applicitions must be received
by Seprember 17, 2007, 1o learn more about HHMI and this position,
visit our Webs site at www.hhmi.org.

T'he Howard Hughes Medieal Instituee is an Equal Opportunicy

 HHMI

HOWARD HUGHES MEDICAL INSTITUTE

NEUROSCIENCE FACULTY POSITIONS
THE UNIVERSITY OF IOWA

CARVER COLLEGE OF MEDICINE

e Department of Molecular Phvsiology and Biophvsics is seeking out-
standing candidates for tenure- track positions. Successful candidates are
expected to develop anextramurally funded, high quality, and independent
research program. We are particularly interested in neuroscientists who
would complement existing strengths in basic research. This recruitment
is open to all ranks, but we are especially interested in imdividuals with
an established research program, to be appointed to the Associate or
Full Professor rnk.

Candidates should have a Ph.D. or M.D. degree, at least two years of

relevant postdoctoral training, and a strong record of research accomplish-
ment, Substantial starup funds for equipment, personnel suppaort, and
supplics are available. The University of lowa is located on the rolling
hills along the lowa River in lowa City, an affordable university com-
miiity with many cultural and recreational amenitics.

Applicants are asked to submit curriculum vitae, a one page summary
of research accomplishments, and a one page descnption of future plans
and copies of major publications, Applicants should armange to have three
letters of recommendation sent 1o the search committee. Review of appli-
cations will begin November 1, 2007, Send all matenals 1o;

Dr. Kevin . Campbell, Chair

Department of Molecular Physiology and Biophysics
Roy .l and Lucille A, Carver College of Medicine
The University of lowa
5-660 Bowen Science Building
lowa City, 1A 51242
http:/fwww.physiologyv.uiowaedu

Electronic applications may be sent o
physiolegy-recruitment i@ wiowa.cdn

The University of fowa ix an Equal Opportisity A ffirmative Action
Emplover, Women and minorities are encotraged to apply.

Northwestern University Feinberg School of Medicine
Director of Anatomic Pathology

The Department of Pathology at Northwestern University Feinberg School
of Medicine, Chicago, invites applications for a full-time faculty position as
Director of Anatomic Pathology, The successful applicant will be an estab-
lished investigator/clinician with a national and intermational reputation for
excellence in surgical pathology and/or cvtopathology. In addition, the appli-
cant will have excellent interpersonal and leadership skills, and expenence
training Residents and Fellows. S/he will oversee the growth and operation of
Anatomic Pathology at Northwestern Memorial Hospital and play a major role
in furthering the development of the Department into a world-class center for
academic pathology. This will include expansion of our fellowship programs,
developing subspecialty areas of excellence in surgical pathology. and helping
to catalyze tronslational research atl the medical cenier.

The medical school and its main teachmg hospital, Northwestern Memaorial, ane
located in the heart of Chicago's magnificent “gold coast,” The environment
for hypothesis driven basic research, and for translational and collaborative
research at Northwestern Unaversity and the Northwestern Memorial Hospital
is outstanding. Applicanis must hold MD or MD/PhD degrees, be certified in
Anatomic Pathology by the American Board of Pathology, as well as cligible
for an unrestricted medical license in the State of Hlinois.

We expect the successful candidate will be qualified to be appointed as a
full professor. If professional experience warrants, this imdividual will also
hold the position of Vice-Chair, A very generous salary and benefits package
will be provided, in addition to funds for moving and expanding a research
laboratory, il appropriate. In order to effectively evaluate candidates for the
proposed starting date of January 1, 2008, interested applicants should submit
aletter of interest, curricedim vitee, and nomes of three references via e-matl
to mstarksf northwestern.edu by October 1, 2007, Additional questions
may be submitted to; William A, Muller, MIY, PhD, Magerstadt Professor
and Chairman, Northwestern University, Feinberg School of Medicine,
Ward Building 6-204, 300 East Chicago Avenue, Chicago, 1L 6061 1-3008;
wamulleri@northwestern.cdu,

Northwestern University is an Equal Cpportunity/Affirmative Action
Emplover. Woamen and minority condidates are encomraged to apply. Hiring
ix contingent upon eligibilite to work in the United States,
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Informatics Director
(Assistant/Associate/Full Professor)
Clinical and Translational Science
Program
The University of Vermont

The University of Yermont is recruiting for an
Informatics Director for the Clinical and Trans-
lational Science Program. The qualified candidate
will have an advanced degree and/or significant
experience in the use of sophisticated mformatics
systems in translational and/'or clhinical research.
Preferred candidates will have experience work-
ing at the interfaces of different IT systems i dif-
ferent mstitutions with an emphasis on inlercon-
nectivity: experience with an electronic medical
recond would be an advantage. The candidate will
also be expected 1o have a track record and con-
tinue to publish in academic joumals in aspects
conjoining [T and clinical and/or translational
research. The appoiniment will be made at the
appropriate Professorial level with or without
tenure in the Clinical and Translational Science
Program and in the appropriate primary depart-
ment, depending on discipline, Applications will
be sccepted until the position is filled; however,
we strongly encourage the submission of materi-
als by September 30, 2007, Applicants should
send a copy of their OV, a letter oullining their
interests and three letters of recommendation to:
Richard Galbraith, M.D., Ph.D., Chair of the
Search Committee, Associate Dean for Patient
Oriented Research, MCHY/Baird T27A, 111
Colchester Avenue, Burlington, VT 05401 or
by applving at www.uvmjobs.com. Applications
ave encowraged from women and individvals of
diverse rociod, ethric and colnral backgrounds

AN EQUAL OPPORTUNITY AFFIRMATIVE
ACTION EMPLOYER.

Faculty Position in
Cardiovascular Diseases
Columbia University
College of Physicians and Surgeons
Department of Physiology
and Cellular Biophysics
Department of Medicine/Cardiology
We invite applications for tenure-track Assistant
Professor or Associate Professor faculty position
in the Department of Physiology and Cellular
Biophysics and the Department of Medicine,
focusing on Cardiovascular Discases. We seek
candidates with research interests including
cellular and'or animal clectrophysiology, muscle
biology, cardiovascular development, stem
cells and heart failure, which will complement a
substantial interdisciplinary program. Applicants
should have a PhD, MD or MD/PhD, or equivalent
degree and postdoctoral experience. In addition
toa generous start-up package, an endowed chair
is available for a scnior or an exceplional junior
candidate. Successful candidates are expected
to develop/'maintain an innovative, externally
funded research program, as well as participate
in graduate and medical student teaching.
Applicants should include a curriculum vitae,
representative repnnts, a statement of current
and future research interests, as well as three
letters of recommendation. All material should
be sent to: Sheba R. Edwarnds, Department of
Physiology and Cellular Biophysics, Columbia
University College of Physicians and Surgeons;
630 W16Sth Street, New York, NY 10032, Tel:
212-342-4766. Fax: 212-305-3690. E-mail:

se7 1w columbia.edu.

Columbia Universite is an Affrmative Action/
Egual Oppartunity Emplover and welecomes
applications from wommen amd minorities,
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POSITIONS OPEN

CHEMISTRY /ENVIROMNMENTAL STUDIES
at Transylvania University

Transvlvania University (website: hitp: //www,
rransy.edu,/), an independent, residential, Tiberal ars
callege of 1,100, invites applications for a full -time,
tenure-track position at the ASSISTANT PRO-
FESSOR level in chemistry /environmental studics
beginning Scprember 1, 2008, Fh.D. required.
Classes to be taughr include general chemistry, and
COUTSES [0 SUPPOIT an environmental studics minor.
Passible specmlty arcas mdude geochemistry, env-
ronmental toxicology, or environmental biochem-
istry. Teaching opportunities may also include
periodic contribution to the College’s Foundations
of the Liberal Arts Program. Bingham Awards for
Excellence in Teaching may provide substantial sal-
ary supplements for exceptional candidates or smaller
startup awards for recent Ph.DDs. Applications
including curriculum vitac, graduate and undergrad-
uate transcrpts, and three letters of recommen-
dation should be sent to: Dr. Alan Goren, e-mail:
agoren@transy.edu or 300 North Broadway,
Lexington, KY 40508, In vour cover leter please
identify and describe two specialty courses vou
would like 1o reach and how you plan o sctively
engage undergraduates through vour reaching and
rescarch. This positon is open untl filled; but w
assure full consideration, applications should be
received no later than Ocrober 8, 2007, Transylmania
Umversity is an  Equal Opportunity Employer and i

comnritted to building o fenlty thar reflecis ohe diversity of

Awierican J-uh']]‘fr.

ASSISTANT PROFESSOR, MICROBIOLOGY
University of Denver

The Department of Biological Sciences, Universi-
tv of Denver invites applications for a tenure-track
position ar the Assistant Profesor level to begin
September 1, 2008, We are particulardy interested in
MICROBIOLOGISTS with cxpertise in coology,
evolution, or (preferably) both. The successful can-
didate will have Th.D>. and postdocroral expericnce
in appropriate ficlds. $/he will be expected to de-
velop a funded rescarch program, supervise I'h.DD.
and M.S. studenis, and teach undergraduaie and
graduate courses in arcas relared o her /his specialoy,
All candidaves must submir their application through
website: hteps:/ Swww.dujobs.org. The applica-
ton should include curnculum vitae and statements
of teaching philosophy and rescarch interests. Under
separate cover please send two recent publications
and three letters of recommendation to: Biological
Saences Microbiology Faculty Search, University
of Denver, Department of Biological Sdences,
Denver, CO 80208, The review of applications will
begin October 15, 2007, and continue until the po-
sition is filled. Conracr Professor Robert L. Sanford
{e-mail: msanford@duwedu) i vou have any gues-
vons, The University of Denver &5 comnritied to enlucing
the diversity of its facuity amd staff and enconrages applications

Arant wornen, niinovitics, peopde uarh disabilitees, awd veferans

DU i an Egquel Employnrent Oyportinity £Afinnative Ac-
tion Emplayer.

FACULTY POSITIONS: BIOCHEMIST,
INORGANIC CHEMIST

The Depamment of Chemistry and Biochemistry
at California Stare University, Long Beach, invites
applications for two tenure-track positions {Inor-
ganic Chemist, Biochemist) ar the ASSISTANT/
ASSOCIATE PROFESSOR level to begin 25 Au-
gust 2008, Excellence in teaching, scholarly activ-
itv, and service are expected at undergraduate and
Master's degree lovels, For complete position descrip-
tions and application instructions, go o website:
http: / / chemistry.csulb.edu/. For general informa-
tion, contact Dr. Douglas MeAbee (e-mail: dmecabee@
csulb.edu; telephone: 562-985-1558). Hovew of
applications begins 15 October 2007, €S0, Long
Beac, actively encovrnages applications amd ponsimations of off
guiatlified  foddividnls, ond weeleomes aandidates whoe suppori
divewsity.

FOSITIONS OPEN

The Depammment of Biological Scicnoes ar Darr-
mouth secks applicants for a tenure-rrack ASSIST-
ANT PROFESSORSHIP in the arcas of molecular
evilunion, populaton gencics, comparative and evo-
lutionary genomics, or quantitative palcobiology. We
seek candidates who are talang empirical, theorenical,
and Sor statistical approaches o major questions in
these arcas. The successtul candidate wall be ex-
pected to supervise an independent rescarch pro-
gram that will attract extramural funding, to provide
rescarch training for graduvate and undergraduate
students, and o teach ar the undergraduate and
graduare levels. Application marerials should include
curriculum vitae, representative publicanons, stare-
ments of rescarch and teaching interests, and ar least
three lerrers of reference. Please send marerials either
clecrronically 1o e-mail: evosearch @mac.darmmouth,
edu or as hard copics o

Mark A. McPeck, Chair
Evolutionary Biology Search Committee
Department of Biological Sciences
Dartmouth College
Hanover, NH 03755-3576

Application review will begin on October 1, 2007,
and contimuee until the position is filled. For further
information about the Depamment and graduate
programs, sce website: htipr/ Swww.dartmouth.
edu/ ~biology /.

Wil an even distrbuition of mede aund femade stndents and
aver o guieter of dhe wndergradnate student popalisdon members
of mimenity grovps, Durtmontl is compitted to diversity and
enmrages applicativns from womten and iinorities, Dot
f.'nlJ'llrln:r i ar Egual Opportunity  aid .'i_l!ﬁr.lmirl':'r Avtion
I;'m_'l.r.-'r:.

ORGANIC CHEMISTRY
Dartmouth College

Applications are invited for a faculty posinon ar
the ASSISTANT PROFESSOR level starting July
2008. The Chemistry Departmient secks an individ-
ual who will establish a nationally recopnized re-
scarch program in organic chemistry at Danmouth,
and who will excel ar reaching in our undergraduare
and Ph.D. curriculum, We are particularly interested
in individuals with a strong background in the or-
ganic chemistry of materials or iomaterials, Candi-
dares will be expected o be able o wach inroducrory
and advanced courses in organic chemistry, as well
as graduare courses in their arca of rescarch. Appli-
cants should submit curnculum vitae, a descripnion
of their rescarch plans, and a brief statement about
their teaching interests. Applicants should also ar-
range to have three letters of recommendation sent
on their behalf. All inquiries and applications will be
treated confidentially. The Committee will begin to
comsider completed apphications on Ocrober 15,
2007, Application materials should be sent to: Chair,
Organic Chemist Search Commitree, Department
of Chemistry, 6128 Burke Laboratory, Dartmouth
College, Hanover, NH 03755-3564. i an avn
drarrrhution .g.l'm.n'r .hllJ_."rJrlJI'r studenits amd over @ guanter .5.1'
the wrdergmadinate strideit poprlation members ;:f ARy gron,
Dartmionth s commmitted fo diversity and enanrages appliva-
tions froom eromien amd mimorines, Darmonth Colloge 15 an
Equal Opportusrity and Affimative Aaion Employer.

ASSISTANT PROFESSOR, TENURE TRACK,
MEDICAL ENTOMOLOGIST. The Entomology
Department ar Texas A&M University sccks applhi-
cants with a Ph.D. in entomology or related field,
with expertise in ficld-level studics of mosquito
vectors of human disease. A full descriprion and
imtructions for submission of applications are ar
website: hrtp:/ /insects. tamuedu. Closing  date
for applications 1s September 15, 2007,

WWW.SCIEN Cecareers.org




CONFERENCE

Honorary Chairman  His Imperial Highness Prince Hitachi
BioJapan Committea

-17:00

Pacifico Yokohama

sion fee becomes free with online registration

eibp.co.jp/bicjapan/eng/
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POSITIONS OPEN

Faculty Positions in HIV Virology and NeuroAIDS
Center for AIDS Research
Indiana University School of Medicine

The Center for ALDS Research is secking outsianding candidates with a
Ph.D. or M.DUPh.D. degree for faculty positions ot the rank of tenure-
track Assistant Professor, Associate Professor and non-tenure-track
Research Assistant/Associate Professor in the areas of HIV virology and
pathogenesis. Preference wall be given to those with research interests
in HIV newropathogenesis, although all areas of HIV research will be
considered. Academic credentials and experience will determine faculty
rank and appropriate departments for jomnt appointments.

For tenure-track positions, extemal peer-reviewed funding ond peer-
reviewed publications in high mnking jourmals are absolutely required,
and the faculty member will be expected to pursue independent programs
in original basic research, comtinue to secure external grant support, and
participate in teaching graduate and medical students. For non-tenure-
rack positions, highly productive postdoctoral training of a minimum of
3 wears i requored, and the faculty member will be expected to establish
independent and externally funded research program and transition to
tenure-track positions within 2-3 years.

A competitive start-up package is available including new laboratory
space. The environment is highly imteractive and productive with close
ties on compus to all Basic Science and Medical Departments, and
Resecarch Centers,

Interested candidates should email their currieulum vitae, description of
research goals and names, addresses, phone, fax numbers, and e-mail
addresses of three references (in one PDF file) to jjhed@ ivpui.cdu
- Johnny J. He, Ph.D., Professor and Director, Center for AIDS
Rescarch, Indiana University School of Medicine, R2-302,
Indianapolis, 1IN 46202-5120, USA, or o lns assistant, Ms, Cynthia
Booth at choothia iupui.cdu.

Indicma University i an Affirmetive Action/Equal Opportunity
Emplaver, MF/LY,

CONFERENCE

UBOPEARN RESEARCH CONFERENCES

EIENEE ESF-UB Conference in Biomedicing

European Conference on
BETTING SCEWCE AGENCAS FOA EURDIAE Synthetic Biclogy (ECSB):
Design, Programming and
Optimisation of Biological
bl UNIVERITAY D RABCTLONA Systems

Sant Feliu de Guixols - Spain
24-29 November 2007

Synthetic Biology lies at the interface of a variety of disciplines
ranging from biology throwgh chemistry, physics, computer
science, mathematics and engineering. Although undeniably multi-
disciplinary, this nascent field of research has tended to be locked
within the narrow remits of each of its constitutive disciplines. The
specific overarching aim of this conference is to generate new
vigorous interactions batween the disciplines that impinge (and
confribute to) Synthatic Biology.

ECSB 2007 will draw on international expertise from, on the
ong hand, Biological disciplines (e.g. Genomics, Proteomics,
Metabolomics, etc.), and on the other hand, Computational and
Enginesring experts to presant a balanced overview of the very
latest key technologies and research advances as pertaining to
Synthetic Biology ingenaral and the quest for minimal living forms
in particular.

Conference Programme and further information available from

www.esl.org/conferences/07241
Closing Date for Applications: 7 September 2007

European Science Foundation | Research Conferences Unit
149 avenue Louise | Box 14 | Tour Generali, 157 Floor
Brussels | Belgium

Tal: +32 (0)2 533 2020 | Fax: +32 (0)2 538 8486

Email: conferences@esf.org | www.esf.org/conferences

www.esf.org
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POSITIONS OPEN

T

TWO AUXILIARY POSITIONS
Department of Bioscience and Biotechnology
Direxel University, Philadelphia, Pennsvivania
The Department of Bioscience and Biotechnology,

Drexel University in Philadelphia, is secking two
AUXILIARY TEACHING INSTRUCTORS to
teach undergraduate /graduare courses in binlogical
sciences for the 2007-2008 academic vear.

The suecesstul candidate must have a Ph.D. in the
ological sciences or related fickd and wall teach ar
the main campus in University City Philadelphia, One
of these posinons will also be required to teach ar the
Burlingron County Community College campas,

We are secking Instructors with expermise in
teaching in one of the following disaplines: general
bology, biochemistry, molecular/cell biology, phys-
inlogy, and stanstical analvsis, Demonstrated teach-
ing expericnee preferred. One-vear contracts with
possibility of renewal.

The review of the applications will begin August 27,
2007, and continue until the positions are filled. Detals
on the Department can be found ar websive: hitp://
www,drexel.edu Sacademies feoas Shioscience

Applicants are requested to submit full currculum
vitae, statement of edecational interests, and the
contact intormation for three or more refercnces to
the: Department of Bioscience and Biotechnol-
ogy, Aention: Bioscience Auxiliary Search Com-
mittee, Drexel University, 3141 Chestnut Street,
Philadelphia, PA 19104, or fax: 215-895-1273.
Dyvexel 1 'ru'w'J.-:r'r;- i an f.'].lu.f! fJﬂ'h'.ll‘rrrJr]’]' f:-rlr;nln.lj'fr.

FROJECT COORDINATOR
(SCIENTIFIC WRITER)

The Department of Pharmacology in the College
af Medicine at the University of Hlinods ar Chicage is
seeking a Project Coordinator who can assist in
writing and coordinating NIH grants and scientific
documents, Scicnrific /technical writing expericnoe is
required. Primary responsibilitics include the prepa-
ration and editing of scientific progress reports,
proposals, manuscripts, grant applications, slides,
presentations, and other documents. Applicant will
also review the stipulations of grant and program
announcements and assure compliance.  Applicant
will work dircctly with the Department Head to
assst with writing up sacatific plans and reports and
will be responsible for the organization and devel-
opment of documents, with a specific eve toward
clarity, coherence, persuasivencss, and the scicnrific
integrity of the material. A Bachelor’s degree
(Master™s preferred) in natral science and mwo o
five vears of expenience i required. Previous experi-
cnoe in a2 university-based serting is helpful. For
fullest consideration, applications must be submirted
by Seprember 15, 2007, Mease respond to: Aileen
Baker (PCO01), Department of Pharmacology
M/C 868, College of Medicine, University of
Mlinois at Chicago, 835 5. Wolcott Avenue, E403
MSE, Chica.go, IL 60612, LI i o .'I_!'.i'r'rr.lrJrJ'lr
Acraoer L".ru.n' I!!”Hu'nmr'r]' I:'lnpfnr:n'r

MICROBIOLOGIST

Ripon College sceks a tenure-track ASSISTANT
PROFESSOR starting August 2008 to teach micro-
binlogy, an upper-division molecular biology course,
and participate in introductory courses for majors
and nonmajors, The candidate must have a PhD.
and be able to lead undergraduare research. Send
letter of application, curriculum vitae, statements
of instructonal philosophy and rescarch interests,
three letters of reference, and arrange to have sent
official undergraduare and praduare transcripts o
Dr. George H. Wittler, Chair, Department of Bi-
ology, Ripon College, P.O. Box 248, Ripon, WI
54971, Applicant review begins October 12, 2007,
untl position is filled. For more information visic
website:s hope /S www. ripon.edu. E-mail: wittlerg@
ripon.edu. Affimesine Adion/Eqal Opportunity Employr,

1124
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POSITIONS OPEN

FACULTY POSITION
in Gastrointestinal Rescarch

The Digestive Discase and MNutrition Center,
Women and Children’s Hospital of Buffale, Stace
University of New York, s secking a basic RE-
SEARCH SCIENTIST with a doctoral degree and
at least three vears of expencnce or a PHYSICIAN
SCIENTIST for a tenurc-track position. The suwe-
cessful candidate will mun a laboratory studying the
molecular basis for intlaimmation in the gasoro-
intestinal tract and nonalcohohe steatosis and super
vise the rescarch of felows dunng their sccond and
third vears of fellowship. Supervisory skills as well as
firsthand knowledge of molecular bicdogy and cell
culture technigques are necessary, This is a chance o
cstablish an independent rescarch arca with solid
SUPPOIT.

Send cumiculum vitae with references to: Robert
D. Baker, M.D., Ph.D. or 1o Susan 5. Baker,
M.D., Ph.D., Digestive Discase and Nutrition
Center, Women and Children's Hospital of Buf-
falo, 219 Bryant Strect, Buffalo, NY 14222, Or
e-mail: rbaker@upa.chob.edu or shaker@upa.chob,
edu, or telephone: 1-716-878-7198.

Srafe l'rlrl'rr;ulr}- :_f' Nar York @ Hrfﬂ:l‘.l T ] .f.".jur.l'
Chpporturriry, Affrmanve Ao Emplayer/ Recmuiter, [ omren
and maerities ane encourgged e apply

FACULTY POSITIONS
(ASSISTANT /ASSOCIATE,/FULL PROFESSOR)
Molecular Medicine,/
Neuropharmacology,/Molecular Genetics

Dir. Panjwani Center for Molecular Medicine and
Drug Rescarch, University of Karachi, Pakistan, an-
nounces Bculty positions with an initial appointment
of three years (extendable ), imolving rescarch, waching,
and supenision of postgraduate research. Open 1o cn-
didates of any natonality. Ph.D. in the relevane ficlds
along with proven track record of orginal research is
required, Salary; up to USSS 000 per month, along with
on-campus accommuodation, hiboramey space, and an
anmual leave of one month. Generous stanup grant and
project-based financial support (up to USS50.2 mil-
lion ), Contace: Professor D, M. Igbal Choudhary,
Co-Director, telephone: 92-21-4824824-25: fax:
92-21-4819018-19; e-mail: pemd@cyber.net.pk;
website: hirp: //www. jees.edu.

FACULTY IPOSITIONS in population genetics
(ASSISTANT PROFESSOR) and fungal genomics
[ASSISTANT F/ASSOCIATE PROFESSOR) in a
broadly based Mant Pathology Department. Expecra-
tons inclede an independent, extramurally funded re-
scarch program and waching in the arca of expentise.
Detaks at website: hitp: / Swww . plantpath.ksu.edu /.
Send curmiculum vitae, statements of rescarch and
teaching intcrests, reprints of wp to five relevant
publications and three lemers of reference to:
Bikram 5. Gill {Population Genetics) or Barbara
Valent (Fungal Genomics), Department of Plant
Pathology, 4024 Throckmorton Plant Sciences
Center, Kansas Stare University, Manhattan, KS
66506-5502. Kimsas Stte Univenity i an Equal Oppor-
tmity Employer.

The Department of Biological Sciences ar Dart
mouth secks applicants for 2 LABORATORY IN-
STRUCTOR for cell biclogy, physinlogy, genctics,
and molecular biology undergraduate courses. Or-
ganizational ability, strong interpersonal skills, and a
sincere interest in undergraduate weaching are re-
quircd. Applicants that have a M.5. {or higher) de-
gree in molecular/eell biology are preferred, though

plicants without an advanced degree but with cguiv-
alent laboratory and for reaching expericnce will also
be considered. Please apply for position #0596500
at website: hotp:/ Swww . dartmouth.edu / ~hrs /

employment/index.html.

Dhartevonth fx committed to diversity and  enconnnges
applications from wnen and neinoities, Daminonth Collepe
i it Equal Opportnity and Affinnacioe Adion Employer,
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Sheikh Hamvan Bin Rashiv Al Maktoum
Award for MHledical Sciences

Hamdan Award
for Medical Research Excellence

In the field of:
THERAPY IN MALIGNANCY

MOLECULAR THERAPY IN
DRUG TARGETING (PHARMACOGENOMICS)

ORGAN & TISSUE TRANSPLANTATION

The prize amount is AED three hundred thousand (AED 300,000) (Approx.
US$ 82,000) to be awarded equally to 3 winners.

The general secretariat is pleased to invite doctors, researchers, universities,
research centres and medical scientific societies throughout the world to submit
their research work for the awards 2007-2008

Closing Date: November 30, 2007

For further information

The General Secretariat

Sheikh Hamdan Bin Rashid Al Maktoum
Award for Medical Sciences

F O Box 22252, Dubai, United Arab Emirates

Tel: +971 4 3986777

Fax: +971 4 3984579 / 3980999

E mail: shhaward@emirates.net.ae

Website: http://www hmaward.org ae
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POSITIONS OPEN

ASSISTANT PROFESSOR of BIOCHEMISTRY
The University of Akron

The Chemistry Department at the University of
Akron sccks applications and nominations for a
tenure-track Assistant Professor of biochemistry.
The Department currently has 18 full-time faculty
and more than 65 graduate students pursuing the
Ph.IY, and M5, degrees, We have modem instru-
mentation centers in the areas of meclear magnetic
resonance, mass spectrometry, X-ray ervstallography,
and laser spectroscopy. The Department also has a
strong, emphasis on organic and inorganic synthesis
as well s opportunitics for collaboration with the
Ph.12. Program in Integrative Biosciences. More spe-
cific information abour the Deparrment can be
obtamed at the website: http:/ /www,uakron.edu /
colleges fartsci/depts /chemistry,/. Applicants must
possess a I'h 1. in any area of chemistry or biochem-
stry, have postdoaoral rescarch experience, and have
a strong publication recond. The suecessful candidare
will be expected 1o teach biochemistry at both the
graduate and undergraduate levels and to establish an
cxternally funded rescarch program. To apply, submit
a cover letter, current curriculum vitae, a description
of proposed rescarch, a reaching statement, and
arrange to have three letters of recommendation sent
to: Biochemistry Search Chair, Department of
Chemistry, The University of Akron, Akron, OH
44325-3601. Applications will be reviewed from
Qcmober 15, 2007, until the positon is filled. The
Elmiversity of Akron &5 comnitied 10 a policy of Equal Enploy-
et Oypportumity and to the principies qf.']_!ﬁnrumr Aaio i
dacordwiee uThh stare .ll.lﬂ__rr.i'nlﬂ L,

POSTDOCTORAL ASSOCIATE POSITIONS
in Human Cancer Immunology

Two Postdoctoral Associate positions are available
immediately ar the University of Minnesota Cancer
Center. The candidares should have a Ph.D. in
immunology and for molecular biology; or M.D.
with rescarch expericnce in immunology, hematolo
gy, andfor molecular biology, One position will
investigate genetic modification of human hemato-
poictic stem eells with nonviral vectors using skills
i cell culmre, fluorescence activared cell sorer
amalvsis, stem cells, clonng, integranon analysis,
and animal medel. The sccond position will investi-
gate transcriptional regulation of human T cell
development, differentiation and function wsing
skills in cell culture, DNA and RNA isolaton, neal-
time PCR, Southern and Northern blot, microamay,
and bioinformatics. Applicants should have peer-
reviewed publications. Apply online to requisition
number 148967 ar website: hrips:/ /employment.
umn.edu. Submit currculim vitae, letrer of interest,
and contact information for three references w the
attention of D, Xianzheng Zhow. Univerity of
Miprriesora &5 an Eqisal Chpportinity Edviaror and Enployer,

ASSISTANT FROFESSOR
WETLAND ECOLOGIST /SCIENTIST
Utah State University

The Department of Watershed Sciences (website:
htep: / Swww.enr.usu.edu/departments/wats)
and the Ecology Center (websiteshtrp: //www.
usuedu /5 /) ar Utah State University (website:
hitp: /S wwwonsu.edu) seck applications for a nine-
month, tenure-track position in wetland ccology.
We scek a broadly ained Wetland Ecologist”
Scientist with arcas of specialization that comple-
ment those of other faculty ar Utah State Universiry.
Arcas of specific cxpertise include, but arc not
limited to, biogeochemistry, hydrologic processes,
ccosysiem services, food web ecology, restoration,
and tosicology. The complete posinon description
(050942 and instructions for applying are availa
ble at website: hreps:/ /jobs.usuedu. Review of
applications staris 1 October 2007,

Litah Swree Unmivemity & an Affwoatne Action/ Equeal
Clpportunity  Employer and  encosrapes applivations  from
EISARRIETT |I|hi iineies,
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ROCHESTER

UNIVERSITY of ROCHESTER

The Department of Chemistry invites applicarions
for one or more positions in organic and inorganic
chemistry, broadly defined, ar the ASSISTANT,
ASSOCIATE, and FULL PROFESSOR levels.
Candidates are expected to establish an outstanding
program of original rescarch and be effective
teachers ar the graduate and undergraduare levels.
Applicants should send cumculum vitae, a statement
of research plans, teaching interests, and arrange for
three letters of recommendation o be sent, prefer-
ably in electronic form, w Ms. Karen Dean, e-mail;
deani@chem.rochester. edu, or by mail 10! Chemis-
try Faculty Search Committee, ¢/o Ms. Karen
Dean, Department of Chemistry, University of
Rochester, RC Box 270216, Rochester, NY
14627-0216. Review of applications will begin on
Ocrober 15, 2007, The Umiversity of Rodrester 5 am
Equal Opporminity Employer. Wonten and mimonity condi-
dates are strongly encmieraged fo apply

POSTDOCTORAL POSITION is available im-
mediately to stmdy molecular mechanisms of Ale-
heimer's discase uwsing transgenic/knockour mice
and cell lines, The specific projecr, funded by Na-
tional Institute on Aging grants, involves the mves-
tigation of the role of ABCAL and other chodesterol
transporters, LXK receptors, and lipid metabolism in
Alzheimer's discase. Candidates should have Ph.DD.
or M.D. with a strong background in molecular and
cell biology. Experience with molecular biology
techniques, cell culture, fluorescent microscopy,
and transgenic mice are desirable, Interested appli-
cants should send curriculum vitae and names of
three reterences to: Dr. Radosvera Koldamowva
(telephone: 412-383-F197) or Dir, Thiya Lefterov
(telephone: 412-383-6906), Department of En-
vironmental and Occupational Health, University
of Pitsburgh, 100 Technology Drive, Pitts-
burgh, PA 15219; e-mail: radak@pim.edu or
ilival@pitt.edu. The Universry of Pitcsbungh is an Equal
Chyyportuipeicy !:'r.lrpl'u;-u'r.

POSTDOCTORAL POSITION

A Postdoctoral position s available immediately
for a highly motivated individual interested in mo-
lecular mechanisms controlling inumune system ac-
tvation, autoimmunty, and nimor mmunity (website:
http:/ Svww.columbiaedu). We are looking tor
an individual (D, andor MDD} with a strong
background in biochemistry, immunology, and
molecular biology, and ability 1o work independently
and cooperatively with other investigaors in the
Laboratory.

Send a brief statement of vour interest, curriculum
vitac, and names of three references ) Dr, Hua Gu,
Department of Microbiology, Columbia Univer-
sity, College of Physicans and Surgeons, 701 West
168th Strect, HHSC, Room 6-611, New York, NY
10032 UL5.A. E-mail: hg206 5@ colimbia.edu.

e (T T i'llr'n'r:r'J]' is .'!_.fi‘;r:rl.m;llr .'Lin.".ll.'!':'.lln.hl f.?p-
portunity Employer

NIH-funded POSTDOCTORAL POSITION
available in the Molecular Pharmacology Rescanch
Center ar Tufis-New England Medical Center in
Boston, Massachusctts, [rosopiiln mutant lines are
being utilized to ddentify novel genes regulating feed-
ing and far deposition. Follow-up characterization of
corresponding  mammalian homologs as candidare
modulators of metabolic function indudes biochenm-
¢al and molecular pharmacological approaches in vitro
and in vivo, Experience with Drosophifa required.
Please send curriculum vitae and names of three ref
erences to Alan Kopin, M.IY., e-mail: akopin@ufis-
nemcorg. Difrs NEWC i an J:'.pr.ai Clpportuntty Employer,

ANNOUNCEMENTS

INDO-U.S5. SCIENCE AND TECHNOLOGY
FORUM
Fulbright House, 12 Hailey Road
New Dielhi-110 001, India
Website: hp:/Swww.indousstf.org
THIRD CALL FORE TROTOSAL 2007

The Indo-U.S. Saence and Technology Forum
{IUSSTF), established under an agreement berween
the Governments of India and the United Stares of
Amenca, is an autononous, rot-for-profit sodety that
promotes and catalvies the Indo-ULS. llateral collab-
orations in saenoe, technolegy, engineering, and bio-
medical rescarch through substantive mteraction
among government, academia, and industry.

The IUSSTF sceks to support innowative programs
aimed to stimulate interactions that have a strong
potential for generating follow-on activitics and buld -
ing long-rerm Indo-U15, S&T relatinnships,

The TUSSTF solicits proposals thrice a vear (sub-
mission deadline-February, June, and Ociober) jointly
submitted by the US, and Indian Prnapal Invesn-
gators from academia, government funded institutons,/
laboratones and private R&D entities for: ( L) Knowl-
cdge R& D nerworked and public-private nerworked
Inde-US, centers, (2.) Indo-US, workshop, conference,
symposium, (3.) Traning schools, and (4.) Travel
grants (1.) to avail already awarded fellowship and
sabbatical positions in US, /India (ii.) For scleared
LLS. pardcipants to artend intemational conferences /
events in India (3.) For specfic exploratony /planning
visits aimed ar large-seale collaborarions,

Detailed format available ar website: http:/ Swww,
indoussif.org,

For further details and clecronic submission:
Arabinda Mimra, e-mail: amitra@indousstforg, and
Michael Cheetham, e-mail: mcheetham@siedu.

Submission deadline: 15 Ocober 2007, Award an-
nouncement: mid Januany 2008,

Get your career
questions answered.

Careers Forum

Science Careers

Alasns

From the journal Science

www.ScienceCareers.org

ARKETPLACE

8¢fu
Trwmsated
Tag DHA
Palymernse
Withstand 99°C
LS Pot #5,436, 149 e-mail: ngzg:ﬁmsn.:om
Call: Ab -ﬂMﬁl 1sB00= LR kT

Fax: 314=948=8088 MEEMHI

Oligo Synthesis Reagents
L Specialty CPG Supports
¢ Linkers, Spacers, & Modifiers
% Bulk Reagent Pricing Available

Eggﬂ%}&&ﬁ +1.800.GENOME.1
My pi i WWW.btisynthesis.com

WWW,SCI@NCecareers.org




Science is organized
knowledge. Wisdom is
organized life.

Immanuel Kant
Philosopher (1724-1804)

Our core strengths include not only technologies that support superior products and services, but also the spark of ideas that
lights the way to a brighter future. Shimadzu believes in the value of science to transform society for the better. For more than a
century, we have led the way in the development of cutting-edge technology to help measure, analyze, diagnose and solve
problems. The solutions we develop find applications in areas ranging from life sciences and medicine to flat-panel displays.
We have learned much in the past hundred years. Expect a lot more.

www.shimadzu.com é SHIMADZU



Powerful, Multi-modal Imaging

Now so easy
everyone is
lining up to do it!

Novel

KODAK X-SIGHT
Imaging Agents &
Antibody Conjugates

NOW AVAILABLE

Kodak /o ular Imaging Svstems

The KODAK In-Vivo Imaging System FX Pro combines high-sensitivity
Optical Molecular Imaging and high resolution digital X-ray to deliver
precise anatomical localization of molecular and cellular biomarkers.

g

New full precision automation makes complex multi-modal imaging
Ventral position imaging shows protocols easy and repeatable.

two optical signals generating
metastatic lesions located in the
cranial region of the mouse

Automated excitation and emission filters for

outstanding fluorescent imaging sensitivity

and flexibility from 390nm to 830nm

10x optical zoom and auto-focus lens for

Images Courtasy Dr Bohumil, Bednar, Merck Co,

precise and repeatable results

Automated imaging chamber enables remote

switching between optical, X-ray or radioisotopic

imaging without moving the subject

Subseguent lateral position
maging clearly separates the

two lesions to specific jaw and Whether you're performing multi-wavelength fluorescence,

skull locations luminescence, X-ray, radioisotopic or a combination of these imaging
modalities, the In-Vivo FX Pro fully automates the process for an entirely
new level of sensitivity, throughput, repeatability, and ease-of-use.

1-877-747-4357, exp. code 7
www.carestreamhealth.com/go/invivo4
www.carestreamhealth.com/go/X-Sight

Caretiream Helth and X-Sight arerademanks of Careddream Heakh in
Fisdak frademank &0 Trade dresd bre used wded lidende from Eoclal
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