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CLIMATE CHANGE

Discovery of Till Deposition at the Grounding Line of Whillans lce Stream

5 Anandakrishnan, G, A Catania, R. B. Afley, H. . Horgan

Sediments have been accumulating beneath a major Antarctic ice stream where it

begins to float over water, implying that the glacier is extensively eroding its bed.
10.1126/cience. 1138393

CLIMATE CHANGE
Effect of Sedimentation on Ice-Sheet Grounding-Line Stability
R. B. Alley, 5. Anandakrishnan, T, K. Dupont, B. R. Panizek, D. Pollard
Accumulation of sediments where glaciers begin to float stabilizes them against
changes in sea level, implying that changes in temperature, not sea level, have
driven past melting.

10.1126/science. 1138396

IMMUNOLOGY

Asymmetric T Lymphocyte Division in the Initiation of

Adaptive Immune Responses

. T. Chang et al.

Upon antigen binding, immune cells generate pathogen-fighting cells from daughters

arising close to the antigen and memaory cells from daughters away from it
10.112405cience. 1139393

MEDICINE

CREB-Binding Protein Modulates Repeat Instability in a

Drosophila Model for PolyQ Disease

1. Jung and N. Banini

Transgenic fruit flies show many features of a human triplet repeat disease, including

expanston of the repeats, and thus can provide clues for therapeutic intervention.
10.1126/5cience, 1139517

TECHNICAL COMMENT ABSTRACTS

PSYCHOLOGY

Comment on “Detecting Awareness in the
Vegetative State”

P Nachev and M. Husain

full text ot mv soiencemag.org’cgiiconfentfull/I 15581872210

1221

Comment on "Detecting Awareness in the Vegetative State”
D. L. Greenberg

full text at wan soiencemag.org’cgi’contentfull/315/581 471 2:

Response to Comments on “Detecting Awareness in the
Vegetative State”
A. M. Owen et al.

full text ot wwrw sencemag.org/cgl

www.sCiencemag.org

BREVIA

GEOCHEMISTRY

Was There Really an Archean Phosphate Crisis? 1234
K. 0. Konhouser, 5.\l Lalonde, L Amskold, H. D. Holland
High silica concentrations in Archean oceans may have prevented
iron auyhydroxides from depleting the aceans of nutritionally
essential phosphate, as had been thought,

RESEARCH ARTICLES

ATMOSPHERIC SCIENCE

Hurricane Intensity and Eyewall Replacement
R. A Houze]r. etal.

Aircrait observations of Hurricane Rita show that downward winds
outside the eye wall led to its replacement by a new outer eye wall,
causing cyclic strengthening of the storm.

1235

= Perspective p. 123
ARCHAEOLOGY
Chankillo: A 2300-Year-Old Solar Qbservatory in
Coastal Peru
I, Ghezzi and C. Ruggles
Stone towers built on a hill in a 2300-year-old Peruvian temple
imply that careful observations of the Sun were made in the
New World long before the Inca civilization.

lary m 1206

1239

INEWI

NEUROSCIENCE

Human Neuroblasts Migrate to the Olfactory Bulb

via a Lateral Ventricular Extension

M. A. Curlis et al.

As in rodents, adult human neurons barn along the fluid-filled
ventricles in the brain migrate to the olfactory bulb along a
tubelike extension of the ventricle.

1243
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REPORTS

CHEMISTRY

Predictions of the Properties of Water from 1249
First Principles

R. Bukowskr et al.

A purely quantum mechanical potential energy function accurately
predicts many features of water in forms ranging 1rorn an LmLal:n:u
pair of molecules to the bulk liguid.

PHYSICS

The Focusing of Electron Flow and a Veselago Lens 1252
in Graphene p-n Junctions

I V. Cheignow, V. Fal'ko, B. L Altshuler

Balancing the densities of electrons and holes acrass a graphene-
based junction can focus an electric current, potentially leamng to
electronic lenses and electron beam-splitters.

PALEONTOLOGY

Halwaxiids and the Early Evolution of 1255
the Lophotrochozoans

5 Corway Morris and J.-B. Caron

A new species from the Burgess Shale unites two enigmatic groups
important in the early evolution of bilateria and implies that mollusks
diverged early in the Cambrian.

ATMOSPHERIC SCIENCE

Rethinking Organic Aerosols: Semivolatile 1259
Emissions and Photochemical Aging

A L Robinson et al.

Organic aerosols, thought ta be unmodified from their sources,
instead typically evalve through a cycle of evaporation, oxidation,
and refarmation in urban atmospheres,

MEUROSCIENCE

Anti-Hebbian Long-Term Potentiation in the 1262
Hippocampal Feedback Inhibitary Circuit

K. P Lamsa el al.

In an unusual form of plasticity, certain synapses in rat interneurons
are strengthened if presynaptic activity occurs while the postsynaptic
cell is at rest or hyperpolarized.

MEUROSCIENCE

Mucleus Accumbens D2/3 Receptors Predict 1267
Trait Impulsivity and Cocaine Reinforcement

] W Dalley et al.

Rats that tend to abuse cocaine have lower dopamine receplor
availability even before drug exposure, suggesting that this trat

is preexisting and not a result of drug abuse.

CELL BIOLOGY

Reconstitution of DNA Segregation Driven by 1270
Assembly of a Prokaryotic Actin Homoleg

E. C. Garner, C. 5. Compbell, D. B. Weibel, R. D. Mullins

DNA movement dunng prokaryotic cell division can be reconstituted
in a cell-free system by an actin-like protein and a DNA binding
protein, which form a bipelar spindle.

CONTENTS

IMMUNOLOGY

Multiple Functions of the IKK-Related Kinase IKKe 1274
in Interferon-Mediated Antiviral Immunity

B. R. tenQOever et al.

A kinase activated in response to wiral infechon unexpectedly acts
directly on a transcription factor for antiviral genes.

GENETICS

LRPS Mutation in a Family with Early Coronary 1278
Disease and Metabolic Risk Factors

A. Mani et al.

A mutation in a key signaling pathway causes both coronary artery
disease and a metabolic syndrome, explaining why these disorders
are often associated with ane another,

BIOCHEMISTRY

Emulating Membrane Protein Evolution by 1282
Rational Design

M. Rapp, 5. Seppdld, E. Granseth, G. von Heljne

Stepwise modifications to a drug efflux pump show how the bacterial
dimeric pump may have evolved 1hruugh duplication and inversion of
an ancestral protein domain. == Perspective p

EPIDEMIOLOGY

Local Interactions Select for Lower 1284
Pathogen Infectivity

M. Boats and M. Mealor

Amaong caterpillars harboring a virus, the least mobile individuals
harbor the least infective viruses, canfirr 'i:ll:J a I1¢|~J|E hypothesis
about disease transmission. == Perspeciiy !
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Anti-HIV Strategy Backfires in Botswana
Switch from breast-feeding to infant formula leads to
pathogen outbreak.

Fish Mix-Up Complicates Conservation Efforts
Mysterious spearfish may be inflating numbers of
threatened white marlin population.

Evolution: It Does a Body Good
Study of ancient skeletons reveals ability 1o digest milk
arose relatively recently.
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Common network motifs.
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PERSPECTIVE: Book Review—Understandable
Complexity

]. Stelling

The book “An Introduction to Systems Biology ™ offers a look
at the design principles of biclogical control circuits,

FORUM
Share your thoughts in the "Open Discussion of Modeling
and Computational Approaches to Cellular Signaling.”
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MISCINET: Priming the Mind

P Shulman

Grad studen Lawrence Williams studies factors we aren’t aware of
that influence thoughts and decisions.

GLOBAL: Mind Matters—Making the Leap to Independence
l. 5. Levine

Scientists need a mix of science and business skills, plus the right
attitude, lo start up their own labs.

Us: A “Hippocratic Oath” for Scientists?

8. L. Benderly

Ethical commitments could improve the practice of science and the
treatment of early-career scientists,

GRANTSNET: March 2007 Funding News

Grantsiet Staff

Learn about the latest research funding opportunities, scholarships,
fellowships, and internships.

SCIENCEPODCAST
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is spurring new insights on
. .H-w brain evolution, the human and
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regional nuclear conflicts, and
other stories.

WWW_sCient emag.org/about/podicast.dil

Separate individual or institutional subscriptions to these products may be required for full-text access.

www.sciencemag.org SCIENCE VOL315 2 MARCH 2007

1187



CREDITS (TOP TO BOTTOME JEAN-BERNARD CARDM WITH PERMISSION OF THE ROVAL ONTARID MUSELM AND PARKS CANADA: CHELANOVET AL

Insights into
Hurricane Intensity

Predicting how a hurricane’s intensity will
change duing its lifetime is challenging, in part
because of difficulties in forecasting how the
internal structure of the storm will evolve,
Houze et al. (p. 1235; see the Perspective by
Willoughby) examine a key component of that
process, “eyewall replacement.” They document
in great detail the eyewall-replacement cycle in
Hurricane Rita using high-resolution airborne
radar observations of
wind speed as well as
temperature, humid
ity, and pressure
data, and develop a
conceptual model for
this process. They
also suggest how
obtaining specific
data on small-scale
structure of
hurricanes could improve forecasting of
intensity changes.

Water from the Ground Up

The simple structure of the water molecule belies
the extreme complexity of the interactions
responsible for the properties of the bulk liquid.
In general, theoretical analysis of liquid water
relies on potential energy functions derived al
least in part from experimentally measured
parameters, Bukowski et al. (p. 1249; see the
Perspeclive by Stone) present a water potential
function derived purely from guantum-mechani-
cal interaction forces, with no experimental
inputs. Using this function, they calculate the

absorption spectrum of the water dimer to high
accuracy, and also reproduce the radial distribu-
tion functions and thermodynamic properties of
the bulk liquid relatively well.

Electrons in Sharper Focus

The fabrication of metamaterials that give rise lo
negative refractive index for electromagnetic
radiation has been used to image objects smaller
than the conventional diffraction limit, and such
materials hold the promise of creating the “per
fect lens” that
could achieve
extremely fine
focusing.
Cheianov et
al. (p. 1252;
see lhe Per-
spective by
Pendry) carry
over the pring-
ple of the per-
fect lens and negative refraction to electron flow.
They show theoretically that a graphene sheet,
which makes electrical contacts such that one
side is p-lype and the other n-type, should be
able to focus the flow of electrons as they pass
through the pn-junction. They argue that such
an effect could lead to novel applications in
electron optics such as electron-beam splitters
and lenses.

Towers to Track the Sun

Both archaeological sites and written and spoken
records document that the Incas were making
careful solar observations about 500 years ago,
but evidence for earlier observational activity

EDITED BY STELLA HURTLEY AND PHIL SZUROMI

<<Bring Some Order
to an Explosion

The Lophotrochozoa, which comprise mollusks, worms,
brachiopods, bryazoans, and several other animals,
played a large role in the Cambrian explosion. Their ori-
gins and early relations are uncertain, but bear on the
pace and magnitude of Cambrian evolution, and a key
issue has been the origin of several enigmatic lophotro-
chozoans from the Burgess Shale, principally the
halkieriids and wiwaxiids. Conway Morris and Caron
(p. 1255) describe several examples of a new fossil
species from the Burgess Shale that seems to unite these
two groups and implies an early evolution of mollusks.

has been difficult to obtain. Ghezzi and Ruggles
(p. 1239; see the news story by Mann) now
describe a series of 13 stone towers that date lo
2400 years ago that are arrayed north-south
along a hill in the center of a temple complex in
coastal Peru, and show that these towers marked
the annual rising and setting arcs of the Sun and
served as a calendar accurate Lo a few days.
Thus, these towers and the surrounding temple
evidently served as an early solar observatory,

Organic Aerosol Evolution

The abundance and chemical nature of most
urban organic aerosols have been thought to be
primary in nature—that is, determined at their
sources—and essentially static. Robinson et al.
(p. 1259) combine observations and models to
show that the life histories of organic aerosols
are much more complex, and that large numbers
of those particles have gone through a cycle of
evaporation, photooxidation, and recondensa-
tion. Thus, existing theories of organic aerosol
distributions, while in many cases match obser-
vations fairly well, may often be getting the right
answers fortuitously. This improved understand-
ing of organic aerosol behavior could lead to
important changes in the ways that they are
measured and emissions are regulated.

Rejuvenating the
Human Sense of Smell

Active neurogenesis from neural progenitors
continues throughout life in discrete regions of
the central nervous system of most mammals.
However, human adult neurogenesis is still a
Continued on page 1191
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CREDIT DALLEY ET AL

This Week in Science

AAAS Travels

Continued from page 1189

contentious issue. Signs of adult neurogenesis have been reported in the hippocampus, but a second
neuragenic niche described in rodents has not been found in recent human studies. Now, however,
using multiple techniques, Curtis et al. (p. 1243, published online 15 February; see the cover) not
only describe this missing rostral migratory stream in great detail but also show that it is organized
around a tubular extension of the lateral ventricle that reaches into the olfactory bulb.

Prokaryotic DNA Segregation

The prokaryotic actin-like protein ParM is dynamically unstable and is thought to play a role in DNA
segregation. Garner el al. (p. 1270) describe the complete reconstitution of DNA segregation in vitro
using purified components. ParM, together with DNA and a DNA-binding protein, generate a bipolar
spindle that can promaote the directional movement of DNA and can explain in vivo DNA movements,
Thus, a dynamic filament protein can mediate DNA movement in prokaryotes.

The Heart of Metabolic Syndrome?

Patients with coronary artery disease (CAD) often have accompanying hypertension, diabetes, and
aberrant levels of cholesterol and triglycerides. This diverse group of risk factors is collectively known
as “metabolic syndrome,” but the underlying molecular mechanisms that link these disorders are still
poorly understood. Mani et al. (p. 1278), have now identified the causative mutation in a family
afflicted with a rare, inherited form of early-onset CAD that cosegregates with many features of mela-
bolic syndrome. The culprit gene encodes low-density lipoprotein receptor—related protein 6 (LRP6), a
co-receptor in the Wnt cellular signaling pathway.

Drugs, Dopamine, and
Disposition

Individual differences in drug abuse reflect distinet
behavioral and physiological traits. Dalley et al.
(p. 1267) found that, compared to controls, sponta-
neously impulsive rats had decreased dopamine D2/3
receptors in the nucleus accumbens even before
exposure to cocaine. Trait impulsivily in rats was pre
dictive of subsequent high rates of intravenous
cocaine self-administration. Impulsivity is thus an
important mediator of drug abuse vulnerability and
nol a consequence of chronic drug exposure.

Reconstituting Transport Proteins

The few available crystal structures of membrane-transport proteins generally reveal internal sym-
metry, either about an axis perpendicular to the membrane or, somewhat more surprisingly, about
an axis within the plane of the membrane. Transporters in the first class contain two structurally sim-
ilar domains that exhibit the same membrane topology, which yields an even (2n) number of mem
brane-spanning helices, whereas those in the second class have oppositely oriented domains and an
odd (2n+1) number of helices. By making stepwise modifications to the bacterial drug efflux pump
EmrE, Rapp et al. (p. 1282, published online 25 January; see the Perspective by Poolman et al.)
show how a functional dimer might evolve from a monomer {containing n helices) that can have
either membrane topology.

Local Affects on Virulence

For public health purposes, controlling infectious diseases requires a clear idea of the processes that
select parasite infectivity and virulence, One key assumption is that parasites that are circulaling
locally in slowly mixing populations will evolve to be less infective and virulent. The converse is that
a5 the host-parasite world becomes more connected and populations more mixed, more dangerous
parasite strains will be selected, Boots and Mealor (p. 1284; see the Perspective by Buckling} test
the first assumption in an easily manipulated system using a virus that infects caterpillars and verify
that the host populations least able to move harbor the least infective strains of virus.

Www.sClencemad.org
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assistant professor at the
Swiss Tropical Institute in
Basel, Switzerland.
E-mail: jakob.zinsstag@
unibas.ch

Animal Health Research

TODAY'S INTIMATE AND RAPID GLOBAL INTERCONNECTIONS MEAN THAT UNCONTROLLED
infectious diseases in one part of the world threaten animal and public health everywhere, The
good news is that animal health sciences are technologically better equipped than ever before for
detecting new disease outbreaks almost in real time, The bad news is that despite this, there isa
daunting gap in converting these advances into effective actions and policies. particularly in
developing countries. What can be done to remedy this lack of cohesion?

some problems and possible solutions were recently discussed at a conterence held in
Hinxton, United Kingdom.® Experts in amimal health research and policy-makers from high-
and low-income countries reviewed developments and challenges in the field. including vaceine
design, the analysis of host responses o infection, and disease transmission from wild and
domestic ammals to humans, There is much to laud. New approaches
underlie recent progress, including genome-based vaccine discovery
for treating Anaplasmea and post-genomic selection for vaccine
response in chickens. We can also predict the size of outbreaks of
emerging pathogens on the basis of their reproductive ratio, Even
economic losses from livestock deaths may be prevented by a
detatled understanding of the cvclical transmission of pathogens
{such as African Trvpanosome) at the livestock/waldlife interface,

Mevertheless, the conference revealed a growing divide between
knowledge and application. Many strategies to detect and control
disease are adequate in industrialized countries but not transferable to
developing countries, namely sub-Saharan Africa. These countries
often lack traimed personnel and infrastructure (such as labs with water and electricity ) and thus
have no basic diagnostic and surveillance capacity. This includes genome-based surveillance for
avian influenza, which is encroaching on the industrialized and developing world, Contral
strategies cannot be transferred because of insufficient funds w compensate farmers for culled
stock. These deficiencies have resulted in the emergence and reemergence ofimfections diseases
in the developing world,

Could this frustrating gap be bridged through improved public engagement? As discussed at
Hinxton, programs such as the National Centre of Competence in Research North-South, which
brings together research institutions in Europe. Afnca, Asia. and Amenca, indicate that public
participation is key for effective interplay among international scientists, local and national
authorities, and populations confronted with animal diseases, This program, among others, has
shown that by connecting these entities. long-term North-South and South-South partnerships
can surpass results achieved by any institution alone. Scientists can also be effective advocates
for private and public investment in the control of disease transmission [take the scientists who
motivated a private donor to invest in the control of sleeping sickness (trypanosomiasis) in
Uganda). But animal health researchers should also consider new ways of knowledge-brokering
to promote evidence-based policy-making. The Regional East African Community Health
Policy Initiative of Kenva, Uganda, and Tanzania 1s one example of how scientists and policy-
makers can establish prionites tor research and interventions through a cvelical process of
negotiation. Moreover, peniodic communication of research findings by scientists to local
communities leads w a more integrated research process, assuring its validity and social relevance
i a given context. Just such a public engagement approach led the Chad government to propose a
new policy for providing social services to nomadic pastoralist populations, including education,
health, animal health, food security, and water.

Although there is no doubt that progress in animal health research must continue, it must also
respond to societal needs and lead to solutions that can be delivered quickly. When science engages
more with society, neither time nor resources are sacrificed. We can’t afford 1o lose either.

- Jakob Zinsstag

100126/ science. 1141278

*“The Wellcome Trust and Science hosted the conference “Animal Health Research: Recent Developments and Future Directions”
in Hinxton, UK, from 24 to 26 January 2007,
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To Splice.nr Be Spliced?

Spinal muscular atrophy (SMA) is an inherited disease charac-

terized by the selective death of motor neurons, resulting in

generalized muscle weakness that is often fatal in infancy or

early childhood. SMA 15 caused by deletions or mutations in the

gene encoding survival motor neuron 1 protein (SMN1), whose

function is unclear. SMN1 contributes to the assembly of the
pre-mRNA splicing machinery, and loss of SMN1 has been
hypothesized to cause disease through disruption of mRNA splic-
ing. However, this cannot readily explain the selective effect of
SMN1 loss on motor neurons.

An intriguing clue to this selectivity is provided by Setola et al., who
identify a truncated form of SMN1 that arises from an alternative spliced
SMN1 transcript that is preferentially expressed in the axonal projections of
developing motor neurons. Forced expression of this SMN1 variant in cultured non-
neuronal cells induces the formation of neurite-like extensions, a change in cell shape reminiscent of that occurring when
motor neurons send out axons to their muscle targets. Whether this new variant of SMN1 affects axonal growth in vivo and

! o> .J.
Neurité formation i
nof*neuronal cells.

1194

plays a causal role in SMA remains to be investigated, — PAK

BIOPHYSICS
Diffusion Flashing into View

Kinetic measurements with microsecond resolu-
tion have offered substantial insight into the fold
ing mechanisms of proteins. However, befare the
folding event, protein chains undergo diffusional
motion on a time scale of tens of nanoseconds
that has proven challenging to probe. This time
window is of particular interest because of its
ready accessibility to theory. Nettels ef al. have
used single- molecule spectroscopy lo resolve the
nanosecond dynamics of unfolded cold-shock pro-
tein from Thermologa maritima. They labeled the
protein’s ends with fluorophores and then
detected changes in the chain geometries through
shifts in the emitted photon statistics due to
Fiirster resonance energy transfer. By comparing
the resulting autecorrelation functions with model
calculations, they could extract diffusion coeffi
cients and reconfiguration times, which in turn
contribute to a quantitative picture of the free-
energy landscape. A significant (fivefold)
decrease in the diffusion coelficient was observed
on chain collapse, a pre-folded state induced by
lowering the concentration of denaturant, —JSY

Proc. Natl, Acad. Sci. U.5.A 104, 2655 (2007).

GEOLOGY
Superplume in Silico

Rising beneath South Africa from the base of
Earth’s mantle is a giant plume of hot material:
the African superplume. This feature has distinc
edges and rises buoyantly like a plume of smoke
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from the corefmantle boundary, reaching a
height of 1500 km beneath the continent. Sim-
mons f al. have constructed a theoretical model
of the Alrican superplume incorporating seismic
observations, motions of the overlying tectonic
plates, and the elongated shape of the corefman-
tle boundary, as well as detailed mineral physics.
They find that temperature effects can reproduce
most of the plume's properties, but there remain
some anomalies that must be due instead to
chemical dilferences. Notably, a denser material
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3D Model of the African superplume.

seems to lie in the mid-mantle region of the
plume, 1000 km above the core/mantle bound
ary, which is also the site where the temperature
is highest. Thus, this density anomaly counteracts
the density drop that the heat would naturally
produce. This anomaly may be the remnant of a
pile of dense material entrained from the super-
plume’s base, — |8

Geophys. Res, Lefr, 33, 10.1029/2006GL028009

(2007).
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MOLECULAR BIOLDGY
Reading Chromatin Signatures

Regulated gene expression requires a highly
choreographed assembly and disassembly of
transcription factors to segments of DNA, This
process must occur both near gene promoters
and at enhancers, which can be present
upstream or downstream of the gene being
expressed. Specific epigenetic features also
mark the degree of activity of the transcribing
unit. Genes that are being actively transcribed
generally contain nucleosomes with acetylated
histone proteins, H3 and H4, as well as methy
lated H3; in contrast, DNA segments with inac-
tive expression normally have deacetylated
histones. Heintzman ef of. used a combination
of chromatin immunoprecipitation and
microarray analysis to map histone modifica
tions, transcription-factor binding, and nucle
osome density within 30 Mb of the human
genome. The study revealed that active human
promoters were nucleasome-depleted. Further
more, these promoters also showed enrichment
of trimethylation of Lys* of histone H3 (H3K4),
whereas the enhancers showed enrichment of
monomethylated H3K4.

The authors went on to incorporate these
distinct promoter and enhancer chromatin sig
natures into a computational algorithm. Analy-
sis with this model allowed them Lo successiully
predict the identities of several hundred pro-
moters and enhancers of other genes in the
30-Mb region. — BAP

Nat. Gemel. 39, 10.1038/ng1966 (2007).
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CLIMATE SCIENCE
Overturning Ocean Circulation

It has been suggested that Atlantic meridional
averturning circulation (MOC; the northward
flow of water in the upper kilometer of the
north Atlantic Ocean and southward flow below)
could be affected by global warming, in turn
substantially affecting the climate of the North
ern Hemisphere, particularly in Europe. Obser-
vations of the strength of the circulation, taken
over ~1-month periods in different seasons of
@ach of the years 1957, 1981, 1992, 1998, and
2004, have been used lo argue that the MOC
has slowed by about 30% over that interval.
Searl et al. have now analyzed simulations of
the MOC from the HadCM3 climate model and
found no significant trend in the strength of the
MOC over the period in question. Furthermore,
varations in the MOC as large as 30% were
very unusual.

The discrepancy between the model and
measurements may be due not to inherent limi-
tations of the model, but rather to the small
number of observations, short-term variability
of the MOC, and measurement errors, which
together inhibit accurate estimates of multi-
decadal trends from the data. Indeed, after tak-
ing all such factors into account, the HadCM3
resilts are fully consistent with the observa-

EDITORS'CHOICE

uous monitoring of water transport appears to
be needed. — HJ5
Geophys. Res. Left. 34, LO3610 (2007).

PLANT BIOLOGY
Cell Fate and Gametes

Most eukaryotes, including plants, form female
gameles or eggs. In Arabidopsis thaltana, the egyg
is formed from a haploid spore that undergoes
multiple division cycles to create a structure known
as 8 gametophyte that contains eight nuclei in
four different cell types, including the egg. By
examining egg-specific mutants, Gross-Hardt et al.
were able to identily a gene, LACHESIS (LIS), that
controls cell fate in egg
development, inde
pendent of other game-
tophytic tissues. In het
erozygote plants lack-
ing one functional copy
of LS, 50% of the
resulting gametophytes are malformed with multi-
ple eggs, suggesting that LIS fundlions in the
developmental specification of the egg. Further
more, these eggs derive from a specific gamelto
phytic cell type, the accessory cell, which forms
next to the egg, potentially acting as a reserve in
case of reproductive failure, LIS encodes a WDA0
repeat protein homologous to a yeast splicing fac-

Wild-type set of seeds.

tions. To determine with confidence how the tor, which suggests that some aspects of cell fate
MOC may be changing on interannual and sea- | may be controlled by the spliceosome, — LMZ
sonal time scales in the warming world, contin PloS Biol. 547 (2007).
<< The Queen of Dopamine
The queen bee controls the physiology and behavior of her fellow bees
AVAAAS and essenlially determines the workings of the enlire society of insects.
~ 1 The queen exerts this influence by producing a cocktail of pheromones
www StkE m..g known as queen mandibular pheromone (QMP), but it has not been

clear just how the mixture produces its effects. Beggs et al. noted that
one component of QMP, homovanillyl alcohol (4-hydroxy-3-methoxyphenylethanol or HVA) has a
chemical structure similar to that of the neurotransmitter dopamine. The authors therefore tested
the effects of the pheromone on dopaminergic function in worker bees. Exposure of newly emerged
adult bees to QMP for 2 days decreased the amount of mRNA transcript encoding one of the bee's
dopamine receptors. Cultured neurons from the bees’ mush-
room body normally respond to dopamine with an increase
in production of cAMP (adenosine 3°-5 ' monophosphale),
but neurons taken from bees exposed to QMP showed a small
decrease in the production of cAMP. HVA produced responses
similar to those evoked by dopamine. Total amounts of
dopamine in the brain were reduced in bees exposed to HVA
for 2 days. Thus, the HVA in the QMP mixture may interact
directly with dopamine receptors in the bee nervous system,
perhaps decreasing the expression of dopamine receptors
and thus altering the response of the neurons to endoge-

nous dopamine. — LBR
Proc. Natl. Acad. 5ci. U.5.4. 104, 2460(2007).

Queen bee surrounded by workers.

www.sciencemag.org SCIENCE VOL315 2 MARCH 2007

ChemBridge’s
GPCR Library

In-house Validation:
Targeted Library vs.
Diverse Library
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Screening Experimental Results:
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from the ChemBridge ‘control’ diversity
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at 10pM conditions
GPCR Library Properties:

* Comprised of =10 unpublished ‘preferred

templates’ mimicking beta-turns, and
using in-house building blocks,
culminating from a four year R&D effort

* Over 15,000 drug-like, highly pure, small

molecule compounds

» Successful identification of both agonists

and antagonists

* Drug discovery advancements by several

Independant laboratories

* Designed to anable rapid hit-to-lead
optimization with quick follow-up in
medicinal chemistry services

Client Statement

“We are very pleased with the quality of the
ChemBridge GPCR-focused library,
particularly since the library helped us to
resurrect several projects that we had
previously dropped due to lack of leads."
Jaremy Caldwell, Ph.D.

Director of Molecular and Cellular Biology
Genomies Institute of the

Movartis Research Foundation

~ Please contact
‘Sales@ChemBridge.com
‘www.chembridge.com
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ETS Spies Literacy Trouble Ahead

Literacy in the U.5. workforce is ~ SERD ST
eroding and will continue to do so at A N7 20 Frojeclion
least through 2030, according to the :
Educational Testing Service (ETS) in
a gloomy report issued last month.

The economy is becoming more
knowledge-intensive—only about
10% is now manufacturing-based
compared with one-third in 1950.
But workers are getting less liter-
ate—defined by the National Adult
Literacy Survey (NALS), in part, as “using [English] printed and written information to
function in society.” The uneducated immigrant population is growing: Hispanics, who have
the lowest high school graduation rate (50%) of any group, will go from 14% of the popula-
tion to 20% in 2030. And according to U.S. Census projections, 60% of the Hispanic working
population is expected to remain foreign-born, says ETS's Kentaro Yamamoto,

Hopeful trends are hard to find, says the report. High school graduation rates for
both Hispanics and African Americans peaked in 1969. And college attendance among
these minorities has been “stagnant” for more than a decade. ETS labels the confluence of
economic and demographic factors “a perfect storm [which] continues to gain strength with
no end in sight.”
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Nuclear Hazard Has a
New Face

After a 5-year, $200,000 search, the
International Atomic Energy Agency (IAEA)
in Vienna, Austria, has picked a red tri
angle showing a person fleeing from a
skull and bones while being show-
ered with wobbly rays.

A new symbol was needed, says
Carolyn MacKenzie, an IAEA radia-
tion source specialist, because no one gels
the yellow trefoil anymore, She says tests in

11 countries found that "people
do not know what the trefoil
stands for.” The old symbol
will remain on containers
and the entrances to
radiation facilities. But
the new one will go
on dangerous items
the public is
commonly
exposed to, such
as food irradiators, radiation sources for can
cer reatment, and x-ray unils.

The Nano Beat >>

This new series of podcasts from the Exploratorium in San
Francisco, California, is definitely for the small-minded.
Small Talk offers monthly programs on the present and promise of nan-
otechnology for a general audience. Hosted by a physicist and a science
writer, the shows feature conversations with scientists, artists, and other
nano nabobs.

Already on the record is IBM researcher Donald Eigler, who in 1989
became the first person to manipulate individual atoms, arranging them
to spell out “IBM.” And chemist James Tour of Rice University in Houston,
Texas, chats about the nanocars (right) and other minute vehicles his team
has designed. No wider than a strand of DNA, the machines might be able
lo truck around atoms during, for example, the manufacture of computer
chips. The podcasts will run at least through May, with future programs
delving into nanotech products already on the market, nanomedicine, and
other topics. >> www.nisenet.org/publicbeta/podcasts
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Whale Sensing

Research on cosmic neutrinos has led to
the discovery of a sperm whale hot spol
in the Mediterranean.

The Italian National Institute of Nuclear
Physics plans to build a giant neutrine delector,
called NEMO, 3500 meters deep off the coast of
Catania, Sicily. Ordinary detectors look for the
elusive Cerenkoy-light signature. But in 2005,
ltalian physicists decided to test a new method:
acoustic sensing. They deployed an array of
four sensors off Sicily to see whether background
noise is low enough
tov allow for
acoustic delection,

As it happens,
sound frequencies
of interest for neu
trino detection
overlap with those
from sperm-whale
and dolphin calls.
So marine biologists from the University of Pavia
piggybacked a sea mammal-monitoring experi-
menl on the array. The ensuing log, which is still
being analyzed by both biologists and physicists,
indicates hundreds of sperm-whale transits per
year over an area of about 1000 square kilo-
meters—~far more than have been supplied by
visual sightings. Scientists are thrilled with the
new tool. Cruise-based missions provide data
from only a small time window, points out
Giuseppe Notarbartolo di Sciara of the conserva
tion agency ACCOBAMS. “We still don’t know how
many whales live in the Mediterranean,” he says.
“But listening posts like this would be great for
monitoring their seasonal movements,”
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All in the Family

SYMEIOSIS. In 1989, Niles Eldredge of the American Museum of
MNatural History in New York City collaborated with his sons Greg
and Doug to write a children’s book called The Fossil Facrory,
Now the 63-yvear-old evolutionary biologist is teaming up with
Greg to edit a new journal from Springer titled Qurreach and
Edvwcation in Evolution.

Father and son have benefited professionally from each other
over the vears. While writing The Fossil Facrory, Niles recalls, “my
kids made it clear to me what kids could actually respond to. Now
they're teachers and can tell me what teachers can respond 1o.”

Greg, who teaches learming-disabled children in New York City,
savs his father has always been a “fantastic resource.” A {avorite
family story relates to a class visit to the 2005 Darwin exhibit Niles
curated. Seeing a case displaying various mammalian skeletons, one
student was particularly impressed by the hand of a chimp, “That's it,
[ believe the whole thing.” the student exclaimed.

The quarterly journal, which will feature articles by both biologists
and teachers. could debut as early as this fall.

RISING STARS reality show for preteens that debuted last Oregon Governor Ted Kulongoski to take

UP AND UP. What began as an entry for month on PBS. away that title.

a campus competition has earned Nathan Kulongoski—who has made reduction of

Ball an innovation prize from the Lemelson POLITICS greenhouse gases a priority—is cancerned

Foundation and his start-up company a NOT OFFICIAL. George Taylor is the state cli-  that the public will mistake Taylor's contrarian

5120,000 contract from the LL.5. Army. matologist of Oregon. Or is he? view on global warming as that of the govern-
The 23-year-old Since 1991, Taylor has headed the ment. 5o last month, he asked 05U°s presi-
graduate student at Oregon Climate Service, which is based at dent to change Taylor’s title to put an end to
the Massachusetts Oregon State University (O5SU} in Corvallis. the confusion. OSU hasn't decided how it will
Institute of In that capacity, he holds the title of “state respond, but one option may be to transfer
Technology (MIT) climatologist.” But Taylor's apinion that the title to the head of a new climate change
in Cambridge hopes humans are not the dominant cause of center on campus. The state climatologists of
that his invention— global warming has prompted a move by Virginia and Delaware are in a similar fix.

a device that can
rapidly raise heawy

loads hundreds On Calnpus -

of meters above

turnover that occurred during the estrangement will bring "a fresh attitude.”

9

2

& the ground—uwill UNIFIED FIELD. Nine years after §8

; help firefighters and first responders save anthropologists at Stanford University

3 more lives. splitinto two separate departments amid

§ More than 2 years ago, Ball and three bitter infighting, university administra-

% MIT colleagues conceived of the “rope tors want to reunite them. The unenvi-

§ ascender,” in which a rotating spindle able task of overseeing the merger—

¥ continuously pulls rope through the announced last month—has fallen upon

= machine. In addition to its military and res- James Ferguson, current chair of cultural

E cue applications, the device can be used to and social anthropology.

g trim trees, wash windows, and assist recre- The 50-year-old department split in 1998 after cultural and biological anthropologists
w ational climbers. His 2-year-old company, parted company on methodology, values, new hires, and the department’s future (Science,
5 Atlas Devices, is now building prototypes 20 June 1997, p. 1783). The fighting got so intense that a law school professor was brought
;_ for the Army. Last month, he won the in to run the department briefly.

e 530,000 Lemelson-MIT Student Prize. The reunification plan has come as a surprise to many faculty members, who would have
2 Ball also hopes to inspire youngsters to liked a heads-up. “The two departments are further apart than ever,” says biological anthro-
2 follow his innovative spirit by co-hosting pologist Arthur Wolf. "I am very upset by this decision.” Ferguson says the merger was not his
E Design Squad, an engineering-based idea but that he’s optimistic “things will turn out much better.” He's hoping that the faculty
fa}

B

Got a tip for this page? E-mail people @aaas.org
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Penguin declines
in South Africa

Tight Budget Takes a Toll on
U.S.—Funded Clinical Trials

Cancer specialists are reeling from deep cuts
now being made in climeal trals. including
what they say is the first-ever request from
the LS, Mational Cancer Institute (NCI) in
Bethesda, Maryland. to slash patient enroll-
ment. They are anxiously warting to learn in
the coming weeks precisely how 2007 fund-
ing will be divvied up. But already among
the 10 U.S. cooperative groups that run
large-scale cancer trials, many are imple-
menting an NCI recommendation to trim
their costs by 10% because of growing pres-
sture on NCT's budget. Roughly 935 rials are
at risk, and the number of open slots for
patents is bemg reduced by 3000,

Trials for children have been hit hard,
according to pediatric oncologists, Over
several decades. they have built up an efli-
cient network to wring data from a relauvely

small number of patients. More than 50% of

children with cancer enroll in a chimeal trial,
compared with about 3% of adulis, says
Gregory Reaman., a pediatnie oncologist and
head of the Children™s Oncology Group
(COG) that runs pediatric trials.

COGs leaders expect to receive the
next installment of their 3-yvear grant
on | March, as in the past. but Reaman is
still waiting to hear precisely how much
they'll get, NCI officials have told him
to expect about $24.9 million, down from
527 million last year. “The sense 15 that
things will continue to get worse for the next
several vears.” says Reaman, who has tar-
geted 16 of 94 rials to be put on indefinite
hold or to undergo cuts inenrollment levels.,

“We had to play Solomon and try to figure
out which kids would we affectthe least” says
William Woods, a member of COGS scien-
tific council and president of the American
Society of Pediatric Hematology/Oncology.
Affected studies included protocols for
relapsed T-cell leukemia, the brain tumor
medulloblastoma, the Kidney cancer Wilms
tumor, and a rare infanule sarcoma

NCI declined to make officials avail-
able for this story. Press officer Michael
Miller said that the cooperative groups

2 MARCH 2007

Shrinking Support for
Pediatric Cancer Trials

YEAR FUNDING ($million)
2003 529.1
2004 529.0
2005 527.7
2006 527.0
2007 *524.9
* Anticipated.

were advised to “prepare for various con-
tingencies,” and that the details were lefi
up to them. In an October 2006 letter sent
to one of the groups. however, NCI wrote,
“we ask that you submit a plan for an
approximate 10.28% budget reduction.”
According o Robert Comis, president and
chair of the Coaliion of Cancer Coopera-
tive Groups, 2 of the 10 groups received
similar instructions,

NCI's 2007 budget held steady at
54.8 billion. but 1t will have $43 million
more to spend than last yvear because it

WOL 315 SCIENCE

Ancient solar
observatory

won't have to contribute to the “common
fund™ of the Mational Institutes of Health,
The institute will be determining the 2007
budget tor the cooperative groups and other
NCI programs in the next month, said
Miller. But no one 1s expecting good news.,
Although the groups are hoping that NCI['s
slight increase will stabilize funding at last
vear's level, "we have received no word
from the NCI in this regard, and in some
instances have begun implementing the
reductions.” says Comis.

“Even though many trials are stll mowv-
ing forward, they're really stripped down,”
says John Maris, a pediatniec oncologist at
Children’s Hospital of Philadelphia and
head of COG'S neuroblastoma commitiee.
Maris is streamlining a study in high-risk
neuroblastoma. eliminating plans to
test blood levels of chemotherapy drugs.

Mone of the neuroblastoma studies
were among the 16 tareeted by COG, But
pediatric oncologist April Sorrell of the
Cancer Institute of New Jersey in New
Brunswick was “blindsided” to learn from
COG in December that a leukemia tmal that
she'd spent more than 4 years developing
along with 17 other researchers wasn't
zoing to happen, The trial sought o enroll
|80 mfants with Down syndrome who had
developed a preleukemia disease. Sorrell
planned to test whether low doses of
chemotherapy could prevent cancer among
these children. “It's the first study that
we've been able to develop that is asking,
‘Can we prevent leukemia in high-risk
kids?" ™ she says. “I've been given very dis-
mal possibilities™ about the likelihood of
the trial launching in the near future.

Radiation oncologist Jeff Michalski of
Washington University School of Medicine
in 5t. Louis. Missouri. learned last week
that lus medulloblastoma study would have
to reduce its enrollment goal to 435 from
600, Like some other COG trials impacted
by the budget cuts. Michalski’s was
designed to reduce the intensity of treat-
ment—in this case, radiation
astating long-term effects in cancer sur-
vivars, “There is some concern.” he says,
that with fewer patients, the study might not
be able to detect whether lower radiation

to ease dev-

doses are appropriate for this cohort,
COG 1sn't the only clinical program fac-
ing cuts. Another cooperative group._m

waww.sciencemag.org
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Cancer and Leukemia Group B (CALGB),
has dropped or delayved roughly 12 trials,
including programs in melanoma, which it
has shut down, CALGB is also capping the
number of lung tumor samples collected
each month for its tissue bank. The Eastern
Cooperative Oncology Group, which

PARTICLE PHYSICS

Comis chairs, is dismantling its brain can-
cer and sarcoma programs and delaying
activation of most phase I1 studies by at
least 3 months. The Gynecologic Oncology

Giroup is putting on hold 1ts collection of

ovarian tumor samples. which normally
number about 730 a vear,

Protecting redheads
from the sun

“Not in ... almost 13 vears as the chair-

man of my group have we been asked to
plan for a substantial reduction in budget,”

says Richard Schilsky, associate dean for

clinical research at the University of

Chicago in Hlinois and chair of CALGB.
“It’s a bizarre turn.” =]JENNIFER COUZIN

Dreams Collide With Reality for International Experiment

U.S. high-energy physicists are scram-
bling to plug a hole in the long-range plans
of the LLS, Department of Energy (DOE)
for their field after the department’s top
scientist warned them that they may have
to wait vears longer than they'd hoped for
their dream machine.

Three weeks ago, an international team
released a design and cost estimate for the
[nternational Linear Collider (ILC) (Science,
9 February, p. 746). American physicists want
to build the ILC at Fernu National Accelerator
Laboratory { Fermilab) in Batavia, Hlinois, and
researchers had hoped to break ground in
2012 and fire up the ILCS beams of electrons
and positrons in 2019, But last week, DOLE
Under Secretary for Science Raymond
Orbach told the government’s High Energy
Physics Advisory Panel to add 3 vears or more
to that tmeline, extending a projected gap dur-
ing which the United States will not have a
particle smasher (see table, right). Orbach
asked the panel to bridge the gap with smaller-
scale projects, a request that vexes researchers
whose experiments were canceled in part 1o
free up resources forthe [ILC,

"Even assuming a positive decision to
build an ILC. the schedules will almost cer-
tainly be lenzthier than the optimistic projec-
tions,” Orbach told the panel at its meeting in
Washington, D.C. “Completing the R& D and
engineering design, negotiating an inter-
national structure, selecting a site, obtaining
Firm financial commitments, and building a
machine could take us well into the mid-
20205, if not later.” he added.

Scientists at the meeting put the best face
on that hard-nosed assessment. Orbach’s
promise to continue R& D and engineering for
the ILC 15 lus most important message, says
Barry Barish, a physicist at the California
[nstitute of Technology in Pasadena. who
leads the ILC design effort. “If vou're saying,

B AAT S S R SO OV
WWW.SCIENCEMag.org

‘Put [the project] on the shelf for 5 vears and
then come back,’ then of course, you lose
momentum. But he isn’t saying that at all.” A
the same time, Barish and others warmn that talk
of delay “has the danger of becoming a self-
fulfilling prophecy.”

Meanwhile, Orbach’s call for a program of

smaller projects evoked jeers from researchers

ment rather than backing one at a nuclear reac-
tor in Braidwood, [linois.

After decades of leadership. the United
States by 2010 will be left with just a few
accelerator-based experiments to study neus-
trinos. By then, the action will have shified o
the Laree Hadron Collider at the European
lab, CERM, near Geneva, Switzerland. Physi-

2000 2005 2010

2015 2020 2025 2030

HERA A widening gap. Three
(DESY, Germany) U.5.—based experiments will
soon be shutting down,
. _KEH-B decades before the likely
(KEK, Japan) start of the ILC.
Large Hadron
Collider (CERN)
CESR
(Cornell)
PEP-lI
(SLAC, Stanford)
Tevatron -
{Fermilab)
ne
ILC e

gike TE;‘L-

whose experiments had been cut. “This is
really stupid and very frustrating because we
fraed o program,” says Sheldon Stone, a physi-
cist at Svracuse University in New York
who worked on an expeniment called BTeV
that would have run at the Tevatron collider
at Fermilab. In 2005, DOE nixed BTeV
(Science, || February 2005, p. 832), and
months later the National Science Foundation
killed a pair of experiments known as RSVP
that would have run at DOE’s Brookhaven
Mational Laboratory in Upton, New York
(Science, 19 August 2005, p. 1163). Last
April, DOL joined a Chinese neutring experi-

SCIENCE WOL 315

cists expect the world’s new highest-energy
collider w open a realm of discovery that the
ILC would later probe in detail.

Fermilab Director Pier Oddone calls
Orbach’s request for mput “an opportunity™ to
set out in new directions. including, perhaps,
pursuing the lab’s idea for an intense proton
source. But Edward Blucher. a physicist at the
University of Chicago who worked on the
Braidwood neutrino experiment, says “many
of us who have had the expenence [of getting
a project cut] are going to think twice before
frying again.” =ADRIAN CHO
With repaorting by Jefirey Menvis.
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On the move. Some African
penguins are establishing
mainland colonies s as this

one as prey becomes scarcer

around their island habitats,

W

African Penguin Populations
Reported in a Puzzling Decline

PRETORIA, SOUTH AFRICA—ATnican penguin
populations, on the upswing since the mid-
94905, appear to have gone into 8 surprising
nosedive. New data indicate that their num-
bers may have dropped in the past few vears
by as many as 50.000—40% of the popula-
tion. And the birds, which normally breed on
1sland colomes. have puzzled scientists by
establishing a growing number of new
colonies on the mainland.

Marine zoologists see this population pat-
tern reflected in several observations.
“Every piece of information we have
breeding success. breeding counts, diet sam-
ple analysis, and [a bird census during moli-
ing season |—all show the same trend and are
serious cause for concern.” sayvs Samantha
Petersen, who manages BirdLife South
Africa’s seabird conservation program.

Zoologist Rob Crawford, a penguin expert
with South Africa’s Environmental Affairs
Department, agrees that the trend is “quite
disturbing.” He believes that the birds” prime
food sources—sardines and anchovies
becoming scarce around established
colonies. Although overfishing may be part
of the problem, Crawford and South African
fish experts also blame “a large eastward
shift™ in the distribution of the Fish. In a
recent study, they found that the biomass of
those tish species in the regron near the pen-
guins’ largest breeding islands west of Cape
Town Fell sharply atter 2002,

In what Crawford suspects is a “despera-
tion move™ to get closer to their fish prey,
some penguins—apparently from island
colonies—have been moving eastward and
setthing on the mamland, most recently at the
D¢ Hoop Mature Reserve, They normally
shun these locations because of predators,
Les Underhill, who directs the University of

are
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Cape Town's avian demography unit, agrees
that the new colonies reflect a trend of pen-
auns moving l..'il."i'l"p'u':!]'l_! H'I"l.‘l.'ltl'l.l [!'II..' current
fish biomass center, near Mossel Bay.

Adrican penguins, called jackass penguins
because of their braying. once numbered
more than 1.5 million on islands off South
Africa’s western coast, But guano and egg
harvesting a century ago led 1o a 90% decline
in the population: ol spills in 1994 and 20040
also held them back. Even so. South African
penguins chimbed to about 1200000 earlier in
this decade before the most recent downtum.

Long-term oceanographic studies are
needed to assess whether climate change could
be a tactor. For now, South Atrica’s environ-
ment deparment 1s considenng varous short-
term options to try to protect the penguins,
including establishing no-fishing zones around
several breeding islands. Underhill contends
that “setting up areas around breeding colonies
which are closed to fishing is the critical issue
facimg penguin conservation wday.”

This month, Crawford’s group will begin
a new count of nests and. later, of penguins
themselves during molting, Researchers are
also using satellite-tracking and transpon-
ders to analyze the birds’ feeding habits.
Parallel efforts are ongoing in Namibia,
where the number of penguins is now about
24 000, down from TOO0000n 1936,

Life is not likely to get easier for South
Africa’s penguins, threatened by oil
spills, predators, and habitat changes. But
Underhill says the new colony at De Hoop
offers some hope: It shows that the penguins
might be safely relocated. If scientists could
figure out how to start colonies. “then we
could secure a piece of coastling from land
predators and get a colony going nearthe tish.”

-ROBERT KOENIG

(\ O)x

Speaking of Intellectual
Property ...

NEW DELHI—A controversial report arguing
that India’s patent laws are out of line with
global norms has been withdrawn under a
charge of plagiarism, One paragraph of the
report, delivered to the government late last
year by a blue-ribbon panel chaired by India’s
top expert on intellectual property, Raghunath
Anant Mashelkar, states that incremental
innovations to a patented product “may be of
tremendous value ... [and] ought to be
encouraged.” Analysts say that statement
lavors pharmaceutical companies and could
sway a case in Madras High Court in which the
drug giant Novartis has challenged India’s
rejection of its patent application for the
cancer drug Gleevec,

Mashelkar has acknowledged that the
paragraph on incremental innovations was
copied verbatim, unacknowledged, from
another source: A slip did happen, and |
deeply regret it.” Last week, he offered to sub-
mit a new version in 3 months that would fol
low "best ethical practices.” Some in Parlia
ment have demanded that the government
scrap the Mashelkar commitlee and starl over.
The government earlier this week said it is still
weighing its response. ~PALLAVA BAGLA

Europe Launches Its Own NSF

BERLIN—In what many describe as a fresh
start for European science policy, hundreds of
scientists and politicians celebrated the launch
of Europe s new research funding agency here
at a meeting on 27-28 February. Modeled on
U.5. agencies such as the National Science
Foundation (MSF), the European Research
Council (ERC) will focus on funding basic
research and rewarding proposals according
only to their quality—characteristics that set it
apart from the E.U."s existing funding schemes.
“This is a revolutionary development,” says
Imperial College London biologist Fotis Kafatos,
who chairs ERC's Scientific Council. He hopes
ERC, whose annual budget is set to grow to
€1.3 billion, will help retain Europe’s top talent
and lure back scientific stars working abroad.
Staff members at ERC's Brussels bureau are
still working frantically to prepare lor the
expected flood of grant applications. The
agency can handle up to 3000 proposals for the
200 grants it has available in 2007, says Vice
President Helga Nowotny. "If it's twice that
number, we'll have a problem,” she adds. This
year's grants, worth €1.5 million on average,
will go to young scientists; larger grants for sen-
iar researchers will become available in 2008,
=MARTIN ENSERINK
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Mystery Towers in Peru Are an Ancient Solar Calendar

Since the 19th century, archaeologists have
puzzled over Chankillo, a massive, 2300-
vear-old ruin 400 kilometers north of Lima,
with a walled hilltop center and an enigmatic
line of 13 small, reculinear towers, Scientists
have variously interpreted the complex “as a
tort, a redoubt, a temple. and even as the sei-
ting for ceremonial battles.” says archacolo-
st Ivan Gherzn of the Pontificia Universidad
Catolica del Peri {PUCP) in Lima.

MNow, on page 1239, Ghezzi and arch-
acoastronomer Clive Ruggles of the Uni-
versity of Leicester, LLK., demonstrate that
Chankillo was, in part, a solar observatory.
In what Luis Guillermo Lumbreras of the

—

View from the top.
Chankilla's central complex:
was associated with a solars
obsérvatary. . FEl

U.S. INNOVATION

Universidad Macional Mavor de San
Marcos in Lima calls “an excellent scien-
tific contribution, very serious and inform-
ative Ghezzi and Ruggles show that the
sequence of towers marked the summer and
winter solstices,

Jokingly dubbed “the Norelco ruin™ for
the distinctive shaverlike shape of its three
concentric walls. Chankillo was built during
the collapse of a major Andean religious
center called Chavin de Hudntar, in a time
when many population centers were emp-
tied and others were fortified. Among the
most visible of the latter is Chankillo, which
was erected between 200 and 300 B.C.LE.

veah, yeah’

according to new radiocarbon dates also

provided in the paper.
Chankillo’s commanding location and
thick walls suggest a martial purpose, but its

elegant design, many gates, and lack of water

supply raise doubts that itwas a fort, Working
with Ruggles, Ghezzi uncovered two artifi-

cial observation points constructed about

200 meters away from and on opposite sides

of the line of towers, which run along the top
ofa ridge east of the main complex. The east-
ern viewpoint was partly wrecked, but the

western viewpoint was both well-preserved

and to Ghezzi and Ruggles, unambiguous in

function: The two viewpoints are positioned
so that on the winter and summer solstices
the sun nses and sets over the towers on the

opposite end of the line, establishing the

beginning and midpoint of the solar vear, The
western viewpoint was at the end of a

40-meter=-long, windowless corridor that

wrapped around the outside wall of a struc-
ture filled with ceremonially displayed

ceramic figurines of soldiers.

Because the heavens are Filled with celes-
tial objects, researchers often fool them-
selves with coincidental astronomical align-
ments. “When Ivan said [ had to come and
see this site that might be an observatory,”
Ruggles says. “inside I was thinking. " Yeah.
people are always saying thisto
me.” But instead. he found what PUCP

archaeologist Luis Jaime Castillo calls an
“absolutely clear-cut™ example of 4 monu-

mental calendar. 1t is difficult to imagine
what other function the observation struc-
tures could have served”™ says Castillo, >

Democrats Rescue Technology Research Program

Written off as dead by crities and fans alike,
the Advanced Technology Program (ATP ) has
been given a $79 million lifeline from
Democrats in the LS. Congress.

Run by the Natonal Institute of Standards
and Technology (NIST), ATP was begun in
the early 19905 as a way to help companies
conduct research aimed at commercializing
new products. It has supported evervthing
from genomics to materials science. Republi-
cans—including the current Bush Adminis-
tratton—have long derided 1t as so-called
corporate welfare, however, and neither the
Senate nor the House included money in
NIST's 2007 spending bills for the program,

2 MARCH 2007 VOL 315

But after Republicans left Democrats with the
Job of finishing this vear’s budget ( Science,
22 December 2006, p. 1862), staffers staved
off ATP's demise in the spending bill Presi-
dent George W, Bush signed 2 weeks ago.
*This was under the radar.” says lobbyist
Robert Boege of the Alliance for Science &
Technology Research in America in Wash-
ington, D.C.. of the turnaround, which he
savs "defied even metaphysics.” Congres-
sional aides and lobbyists say wp Democrats
on Capitol Hill, including House Speaker
Mancy Pelosi (D-CA), view the program as
an essential piece of the House Democrats’
“Innovation Agenda” introduced nearly a

SCIENCE

vear before they won control of Congress,
Last week. NIST officials said that
details of the competition, including how
much money will be available, will be
announced 1n the spring. "I am actually very
proud. as NIST's director. to be hearing

William Jeflrey told a House science com-
mittee panel last week in testimony on the
agency’s 2008 budget request, which once
again zeroes out the program. But, he added,
“the 1ssue 15, m the Admimistration’s view-
point, whether or not [ATP] 1s the appropri-
ate role for the federal government.”

=ELI KINTISCH
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The practical need for the Chankillo obser-
vatory Is evident, notes Daniel Sandweiss of
the University of Maine, Orono: agriculture,
which required “solar observation to know
when to plant.” Along the bone-dry Peruvian
coast, where farming has long depended on
irrigating rivers, “people need to know the
date with some precision.”

Until recently. the first complex states in
northern Peru were dated to the rise of
the Moche in about 400 C.E. “Now we find
very sophisticated measurement techniques

STEM CELLS

600 years before Moche,” sayvs Castllo, “It
says to us that there may have been more
going on than we thought.”

Most important, says Clark Enckson of
the University of Pennsylvania, “this kind of
discovery really begins to get into the minds
of people inthe past.” The long hallway to the
western observation point, he notes, “only
provides space for a few people o be brought
there and dazzled” Understanding this piece
of architectural theater, he says, “helps make
the past come alive” ~CHARLES C. MANN

Data on Adult Stem Cells Questioned

Just as her team 1s preparing some long-
awaited follow-up papers on multipotent adult
progenitor (MAP) cells, stem cell researcher
Catherine Verfaillie is dealing with accusa-
tions that her landmark study, published in
Narwre in 2002, contains “flaws™ that could
jeopardize 1ts conclusions. Narure has
decided to rereview the
work. Vertailbe, now atthe
Catholic Umiversity of
Leuven, Belgium, says that
although some data are
puzzling, the problems do
not aftfect her findings.

The accusations were
raised last summer but
became widely known only
last week following an arti-
cle m New Scieniist, They ve
received a furry of attention
because of the big splash
Verfaillie made when she
originally reported that her
team had cultivated a new
type of cell that appeared to
have the potential to grow into most cell types in
the body (Science, 9 February, p. 760).

Last vear, two New Sciemtist reporters
noticed that the Narere paper and another
the team published at the same time in the
Jowrnal of Experimenral Hemarology con-
tained identical data on flow cytometry—a
technique for identifying cells—even
though the two papers described different
cell populations. They notified Verfaillie,
who in turn notified the journal editors and
the University of Minnesota (UMN). Twin
Cities, where she did the research.

At Verfaillie's request, UMN convened
three experts to review the flow-cytometry
data. They concluded last August that the
duplication was an “honest error” Verfaillie
subsequently had an erratum published in the
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Hot seat. Cathenne Verfaillie sticks up
for her cells.

hematology journal.

However, the panel also said it had reserva-
tionsabout the “validity™ of the flow-cytometric
analysis data in the Natwre paper. Flow cytom-
etry involves the use of antibodies to recognize
proteins on cell membranes. Some of the fluo-
rescent signatures generated by antibodies
showed a variability “far
outside what would be

experiment.” said the panel.
It those data are unrehiable,
it could mean that the MAP
cells do not have all the
characteristics deseribed
in the paper.

The experts said they
couldn’t Judge whether the
problem would affect the
paper’s conclusions about
the versatility of MAP cells.
One of them told Science
that “problems are ram-
pant” in flow cytometry,

and 1t would be hard to find
a paper without some law.

UMN then asked two unnamed stem cell
experts to address the validity of the conclu-
sions of the Narre paper. Their comments
have not been made public. but the universitys
vice president for research, Tim Mulcahy, says
that one of the expents felt the problemanc data
“weakened” the paper. The other said the data
were “not eritical” to the conclusions. Mulcahy
savs the university plans no further action and
will let the scientific community judge the
matter for nself.

Verfaillie says her team has “no explanation
for why™ the data werned out as they did. =1 per-

sonally don't think it aftects the conclusion of

the paper, and I've spoken 1o many people who
personally don’t think so.” she says, But its “up
to Nemre 1w decide.” ~CONSTANCE HOLDEN

expected for this Kind of
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Ethics atIssue in China

BEIJING—China's largest research body is
getting serious about misconduct. Earlier this
week, the Chinese Academy of Sciences (CAS)
unveiled guidance on what constilutes mis
conduct and set up a high-level academy
commitlee Lo investigate allegations.

In recent months, a series of high-profile
misconduct cases has tarnished the reputa-
tion of China's scientific community (Science,
9 June 2006, p. 1464}, CAS this week ordered
each of its 100 institutes to set up their own
committees to probe allegations against their
researchers and to educate stalf about ethical
behavior. The CAS panel will investigate
higher profile allegations. With Chinese sci
ence becoming more competitive and well-
funded, the new rules should deter mis
conduct, says Zhou Xingjiang of CAS's
Institute of Physics in Beijing. =JIA HEPENG

Those Crafty Europeans

Next stop for the European Space Agency
(ESA) Mercury, perhaps the least well known
of the planets. Coming on the heels of recent
missions to Mars, Venus, and Satum’s moon
Titan, ESA last week approved construction of
BepiColombo, which will launch in 2013 and
reach Mercury & years later. Only NASA's
Mariner 10 spacecrall has visited Mercury
before, in 1974-75, and NASA has dispatched
another craft, dubbed Messenger, to arrive in
2011. BepiColombo is designed to split into
two orbiters upon arrival at Mercury: one to
study the planet and the other—provided by
Japan—its magnetosphere.  ~DANIEL CLERY

South Africa Listens Hard

PRETORIA, SOUTH AFRICA—South Africa’s
new proposed budget aims to improve the
country's chances of beating out Australia for
the world's most powerful radio telescope, the
Square Kilometre Array (SKA). About 40% of
the government's proposed $172 million
budget increase for science and technology
(S&T) would fund an upgraded pilot instru
menl, the Karoo Array Telescope (KAT).

The nation’s SKA project manager, Bernie
Fanarof, says an expanded version of the
demonstrator array, called the MeerKAT, will
“optimize the science we can do” with available
funds. Although some scientists question devot-
ing s0 much of the budget to KAT, zoologist
Robin Crewe, who is president of South Africa’s
leading science academy, predicts that a suc-
cessful bid's information network would benefit
other areas of South African research.

=ROBERT KOENIG
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What makes the human brain unique? Researchers are coming up with
new answers to that question as they shift their focus from large-scale
brain structures to individual neurons and their complex wiring

NEW YORK CITY—When it comes to brains,
Patrick Hol has plenty. Plastic containers
Filled with the brains of macaques, zorillas,
chimpimzees, bonobos, and humans cram the
shelves of the walk-in refrigerator in his lab
at Mount Sinai School of Medicine here.
During the 19905, Hof and his team were
studving human brams when they spotted a
tvpe ofnerve cell they had never seen before,
in a small area associated with lhigher cogni-
tion. At first they thought the long, narrow
cell was an artitact. But then they reahized
that they had rediscovered a cell type first
described during the 19205, S0 Hof turned to
his collection and got an even bigger sur-
prise: These cells were found only in apes
and humans. not other primates.

His discovery was the first demonstra-
tion that the ape hneage had evolved an
entirely new tvpe of brain cell, Since then,
he and other neuroscienusts have been put-
ting primate brains under the microscope,
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looking for clues to how the extraordinary
information-processing capabilities of the
human brain evolved,

On the macro level, many of the differ-
ences between human and other primate
brains have long been obvious. Researchers
have known since the early 19th century
that the average human brain 1s nearly four
times as large as that of a chimpanzee, And
tor decades. anthropolomists have analvzed

the relative sizes and visible structures of

brain regions such as the frontal and tempo-
ral lobes in humans and in other living and
fossil primates.

Yet in recent years, a growing number of

researchers have become convineed that
size isn’t the whole story. Work over the
past decade by Katerina Semendeferi, an
anthropologist at the Umiversity of Calitor-
nia, San Dicgo (UCSD), sugzests that the
human frontal lobes, the seat of many
advanced cogznitive functions, are not pro-

SCIENCE

Vive la différence! Neuroscientist Todd
Preuss holds the brain of a chimpanz

portionately larger than those of other apes
(Science. 5 May 2000, p. 798). Her work
remains controversial. but it has spurred
many scientists to look elsewhere for expla-
nations, “Having a big brain is necessary
but not sufficient”™ w explain human cogni-
tion. says UCSD glycobiologist Ajit Varki.
“MNeandertals had brains bigger than ours,
but they did not paint on cave walls.”

Now, armed with new histological and
imaging techniques to idenufy and trace
individual nerve cells, a growing number of
researchers have begun looking for signs of
human uniqueness that can only be spotied
under the microscope. They are discovering
microanatomical structures and enhance-
ments n the wiring and connectivity of
nerve cells that our ape cousins lack. “Brain
size is one thing, and brain organization is
something else.” says neuroscientist Todd
Preuss of Emory University in Atlanta,
Georgia, a leading member of this avant-
garde movement in evolutionary neu-
roanatomy. “There 15 a whole microuni-
verse of human nature for us to explore.”

Like Hot''s slender newron, some small-
scale innovations are shared by humans and

wWwwL sciencemad.org
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great apes but not other pri-
mates. implying that they arose
after the great apes evolved
about 15 million years ago but
before humans came on the
scene, about 5 million to 7 mil-
lion years ago. Yet in nearly all
cases—including Hols discov-
ery—these novelties show addi-
tiomal differences between apes
and humans. Indeed most of the
ape-human distinctions are seen
in parts of the brain implicated
in advanced functions such as
social cognition and language.
“This is the st set of [micro-
scopic] differences that define
the human brain as more than
Just another great ape brain,”
says Chet Sherwood, an evolu-
tionary neuroanatomist at
George Washington University
in Washington, D.C.

Despite considerable pro-
gress, the field is still in the
basic discovery stage. identi-
fying new features and trying
to decipher their functions,
Researchers can’t point to a
recently evolved nerve cell
type and say with confidence
that it helps humans to plan
ahead or negotiate delicate
social situations, for example.
On the other hand, the emerging micro
differences are encouraging new hypothe-
ses about brain evolution. These studies
“have a beautiful potential and open a
whole new window on the evolutionary
history of [primates] that we never had
betore.” says anthropologist Ralph Holloway
of Columbia University.

Of apes and whales
Although researchers have long studied the
anatomy of the brain, until
recently many had assumed that
all mammalian brains are basi-
cally the same at the microscopic
level. “Many neuroscientists
haven’t wanted to imagine that
the human brain 15 anything more
than a rat or mouse brain done a
little differently.” Varki says. As a
result, researchers have over-
looked important differences
between humans and their close
primate kin. Preuss says. He adds
that the roots of the problem go all
the way back to Charles Darwin,
whao argued that humans were

Arga 10

Broca’s aea

essentially big-brained apes. Well into the
19805, he says, neuroscientists continued to
argue for what they called the “basic unifor-
mity™ of the mammalian brain.

This simple picture began to change dur-
ing the 1990s, when researchers began to find
subtle differences in the shapes and biochem-
ical properties of neurons across mammalian
species. They were greatly aided by new his-
tological technigues that allowed them to
label specific nerve cells and neurotransmit-
ters. In 1999, Preuss and his co-
workers were the first to show
more significant microscopic dif-
ferences in brain organization
between apes and humans. They
reported in the Proceedings of the
National Academy of Sciences
that one layer of the human pri-
mary visual cortex, which is
located in the oceipital lobe in the
back of the brain (see diagram),

Built for speed. Slender Von
Economo neurons may relay nerve
impulses swiftly,

differs markedly from that of

NEWSFOCUS

. monkeys as well as apes
such as chimps and orang-
utans. In this layer. which
helps relay visual informa-
tion from the retina to the
panetal lobe, nerve cells are
organized in a complex
meshlike pattern very dif-
ferent from the simpler ver-
tical arrays of cells found in
other primates. Preuss’s
team concluded that the
meshlike arrangement was
an evolutionary innovation
on the human line and
might help explain humans”
superior ability to detect
objects against a back-
ground. “This was very nice
work,” says Holloway.

That was the same year
Hof reported the elongated
neurons he had rediscov-
ered called spindle neurons
because of their tapered
shape or Von Economo
neurons (VENs) after the
Austrian neurologist who
originally spotted them.
Work by Hof, neuro-
scientist John Allman of
the California Institute of
Technology in Pasadena,
and Semendefen has shown
that these neurons are located in only two parts
of the brain: the anterior cingulate cortex. deep
in the center of the brain, and the frontoinsular
cortex, located inside the frontal lobes. In
humans, both of these structures appear to be
involved inaspects of social cognition such as
trust, empathy, and feelings of zuilt and
embarrassment. Mot only were VENs unique
to great apes, but humans had many more
WENs than other apes. And the human VENs
were markedly larger.

What do humans use those big VENs
for? No one knows for sure, but a few hints
are emerging. Last vear, Allman’s team
reported in Newroscience that human VENs
seem o make fewer connections with adja-
cent nerve cells than do other types of neu-
rons. And because the speed of nerve
impulse conduction generally increases
with the diameter of a nerve fiber, Allman
hypothesizes that the large VENs might
relay information rapidly from the anterior
cingulate and fronteinsular cortices to other
parts of the brain. *We think of them as a
Ferrari relative to a Chevrolet,” Allman
savs. “They are really stripped-down. high-
performance kinds of cells”

Planym femparged
(Wernbcke's aneal
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Brains aplenty. Patrick Hof's extensive collection helped him rediscover a specialized nerve cell.

He and others think that one target for

nerve impulses from the VENs 15 a part of

the frontal lobes called area 10 (see dia-
gram, p. 1209), which is involved in taking
initiative and advance planning; Semendeferi
has argued that this region, unlike the
frontal lobe as a whole, is expanded in the
human line relative to its counterpart in
other apes. Allman hypothesizes that the
big VENs nught help humans adjust behav-
1or swiftly in response to rapidly changing
social situations,

MNew data on dementia seem to fit that
notion. Last December, ateam led by William
Seeley at UC San Francisco reported in
Annals of Newrology that subjects afflicted
with a type of dementia that causes inap-
propriate and impulsive social behavior had
T4% fewer VENs in their antenor cingulate
cortex compared to normal controls,

2 MARCH 2007

But other researchers note that it's too
early to draw funcoonal conclusions about
the role of VEN3 in the normal brain, “They
do have a [shape] that suggests they are
designed for conduction of more rapid out-
put than surrounding cells,” Sherwood
savs. “But what they are connected o we
don’t know vet.”

Whatever the VENs do. primates may
not be the only creatures domg it In a sur-
prise finding last year. Hof and his Mount
Sinai co-worker Estel Van der Gucht found
that some large whales—including hump-
have VENs too, as they
reported in the Anatomical Record. This
apparent case of parallel or convergent evo-
lution could help explamn the cogmuve tal-
enis of some whale species, including
singing and other forms of complex com-
munication, savs Hof.

backs and fins
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Marching in column

Whereas VENs seem to be restricted lo certain
mammal species and specific brain regions,
other researchers are explonng the uniquely
human specializations ol a feature shared by
all mammals: the minicolumn. Discovered in

the 19505, each minicolumn is comprised of

80 to 100 nerve cells bundled together verti-
cally in the cerebral conex. Most neuroscien-
tists now consider the minicolumn to be the
basic modular unit of neural information pro-
cessing. one that can respond to many simul-
taneous stimuli at once. “The mimcolumn
serves as a parallel processor in the brain,”
explains neurologist Manuel Casanova of the
University of Lousville in Kentucky.

And certain human minicolumns appar-
ently have unusually great processing capaci-
ties. In 2001, Casanova and biological anthro-
pologist Daniel Buxhoeveden, now at the Uni-
versity of South Carolina in Columbia, exam-
ined minicolumns in the left planum tempo-
rale, a part of the temporal lobe involved in
uniquely human activities such as language
and perhaps music. As they reported in the
American Jowrnal of Physical Amthropology,
they found that human minicolumns in this
region were organized much differently than
those of chimps and rhesus monkeys. Human

mimicolumns were much wider, an average of

51 micrometers compared to about 36 microm-
eters in both chimps and monkeys. This
increased size was apparently due to an
increase in the so-called neuroml space at the
minicolumn’s periphery, which contains the
axoms, dendrites, and synapses that make neu-
ral connections. The neuropil space was

expanded even more by a tighter packing of

nerve cells in the center of the minicolumn in
bumans compared to other primates.

This suggests that the organization of

nerve cells in the planum temporale has
evolved smee the human-chump split, says
Casanova, In a follow-up study, the team also

showed that in humans, the minicolumns of

the left planum temporale are wider and have
more neuropi] space than those of the right
planum temporale, whereas in chimps and
rhesus monkeys the left and rght sides are
similar. And recent unpublished work by
Semendeferi’s graduate student Natalie

Schenker shows a significant enlargement of

minicolumns in area 10 as well as Broca's
area. an area on the left side of the brain
involved in language processing.

These microlevel asymmetries Fit with
macrolevel resulis: In most humans, certain
areas are bigger on the left side of the brain
than on the right, and some of the lefi-side
regions, such as Broca's area, are apparently
ivolved in language, Sherwood suggests that

www.sCiencemag.org
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the macrolevel asvmmetries may reflect an
underlying left bias at the micro level.

All this work suggests that the human
minicolumn has reorgamzed during evolu-
tion to allow greater connectivity, says
Casanova. That reorgamization may have
helped make the expansion ol the human
brain possible. he says: “To have a big brain,
you need more connections.”

Making connections

In the nervous system, making connections 15
evervthing—and usually. the more the better.
Until recently, however, little was known

about what triggered the formation of

synapses between neurons, Then in 2001, a

team led by neurobiologist Ben Barres of

Stanford University in Pale Alw, California,
reported that specialized neural cells called
astrocytes—which make up nearly half the
cells in the human brain, but whose functions
had remained a mystery—must be present for
synapses to form, Astrocytes do not form
synapses themselves, but Barres’s work
showed that they play some sont of supporting
role in creating synapses between the axons
and dendrites of impulse-carrving nerve
fibers. Later, Barres and his colleagues
reported that astrocytes trigger synapse for-
mation by secreting large proteins called
thrombospondins (Seience. 21 November
2003, p. 1323).

i

Cellular stars? Human ast
peyrons to cofineéct up.

“Thrombospondin secretion is an astro-
cyte function with a high impact on the
capacity for neural processing,” agrees
Maiken Nedergaard a neurologist at the Uni-
versity of Rochester Medical Center in New
York. In general, the more synapses, the
greater the brain’s ability w transmit mes-
sages and process information.

Intrigued by Barres's results, Preuss won-
dered whether there were any differences in
thrombospondin secretion among primates.
He and co-workers looked at the gene expres-

sion of thrombospondins in the brains of

humans, chimps, and macaques. The team hit
the jackpot: As reported online last December
in Cerebral Cortex, human brains produce up

NEWSFOCUS

to six times as much thrombospondin mes-
senger RNA and protein than do either
chimps or macagues. Moreover. the differ-
ences were seen in the cerebral cortex but not
in the cerebellum and nonbrain tissues.
“Todd’s findings are extremely interest-

ing.” Barres says. “They raise the question of

whether the human brain can form more
synapses,. at least in adulthood. Varki agrees:

“This work is excellent. It is exactly the kind of

approach needed for the fumre.” Semendeferi
adds that these results are completely consis-
tent with her lab’s finding that mimicolumns in
area l0—one region where Preuss found
enhanced thrombospondin expression—have
Larzer neuropil space and thus more room for
SYIEPLC connections.

Just how much the relatively new field
of I.:"'l'l'l["-llr-iﬂl.\'t.' H'Ii'-.'F"Illi.‘l.'lTl-’-ill'IZl"i”“}" will
contribute to our understanding of human
brain evolution remains to be seen, “Some
of it may work out, and some might not,”
Holloway says. “What we need now 15 to
establish a solid relationship between these
structural elements and actual behavioral
varations” between humans and other pri-
mates, NMevertheless, savs Holloway, a pio-

neer in macrostudies of brain evolution, *If

I were 42 vears old instead of 72, [ would
throw all my brain endocasts away and get
right into this new field.”

-MICHAEL BALTER

ONCOLOGY

Recruiting the Cell’s Own
Guardian for Cancer Therapy

Reactivating the p53 tumor suppressor gene has given promising results in mice,
reversing and even temporarily eradicating some tumors

Within the past few years, biologists have
begun to see their study of cancer cell genet-
1cs pay oft in the best way possible: through
the development of new drugs that can
improve patient survival. Some specifically
block the oncogenic proteins that drive twumor
growth: Herceptin is a recent example. But
oncogenes are only one part of the equation.
Many if not all human cancers also have
detects in so-called tumor suppressor genes
that would normally restrain cancer develop-
ment. And now, researchers are increasingly
turning their attention to the tumor suppressor
genes to see whether 1ts possible to develop
therapies that work by restoring their activity,

The hon's share ofattention has focused so
far on the wumor suppressor gene known as

www.sciencemag.org SCIENCE VOL 315

p33. This work, still in its very early preclini-
cal stages, looks promising. One line of evi-
dence comes from three recent studies show-
ing that restoring p33 activity can halt the
growth of cancerous tumors i mice, and in
SOME Cascs, even cause lumors o ljiﬁil]'.l]'.ll'il.l'.
The papers “eloquently show that restoration
of p33 function in every cell 15 effective in

suppressing twmors.” says Walik El-Deiry of
the University of Pennsylvanmia School of

Medicine in Philadelphia.

In addition. researchers are hot on the
trail of the field’s Holy Grail: the develop-
ment of small molecule drugs that reactivate
the p33 protein. Some of this work was
sparked by the discovery 3 vears ago of a
drug called nuthin that has shown promise in

preclinical testing; now several additional
drugs are also i the pipehine. “The whole
field 1s in a stage of very serious optimism,”
savs p A3 pioneer David Lane of the Institute
of Cell and Molecular Biology in Singapore.

The reason drug developers are so inter-
ested inp 33 is that mutations in the gene con-
tribute to the development of about 30% of all
human cancers. In addmon, twmors lacking
mutations in 233 itsell often carry mutations
in other genes that produce proteins that mter-
act with and regulate p33. Indeed, Lane says,
one way or another, the p33 pathway may be
inactivated in all human cancers.

The p33 pathway may have evolved as a
protection against cancer, helping cells cope
with stresses such as DNA damage triggered
by exposure to environmental toxins or radi-
ation. When activated. the p53 protein turns
on genes that can halt cell division until the
DNA damage is repaired. or it can set off a
torm of cell suicide called apoptosis. Thus,
£33 can help prevent the accumulation of
potentially cancer-causing mutations and
also put the brakes on abnormal cell growth,
That’s why Lane once christened p33 “the
cuardian of the genome.”

2 MARCH 2007
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The cancer cells didn’t laugh

Although a great deal of evidence links inacti-
vated p33 o cancer, researchers were unsure
whether turning the tumor suppressor gene
back on would actually halt tumor growth
once it was under way. “p33 mutations could
simply set the stage for other [cancer-causing |
mutations,” says Tyler Jacks of the Massachu-

setts Institute of Technology in Cambridge. If

s, he adds. “vou could put p33 back into can-
cer cells, and the cells would si mply laugh.”
There was also the possibility that umors
could lose other proteins needed for normal
P33 pathway function, and that these would
need repair. too.

Three independent teams, one led by
Jacks and the others by Gerard Evan of the
University of California, San Francisco, and
Scott Lowe of Cold Spring Harbor Labora-
tory in New York. have now found
that p33 reactivation can indeed
halt wmor growth. (Evan’s results
appeared in the 29 December 20006
1ssue of Cell and those of Jacks and
Lowe were published online by
Natwre on 24 Janvary and also
appear in the 8 February issue.)

Both Evan’s and Jacks’s teams
used mice that had been genetically

Prima-1 —=

lost, This adds a cautionary note 1w etfors
to treat human cancers by activating
P33, Assuming that can be done, Evan says,
“wie don't know how long a remission will last™
Jacks and his team also saw lymphoma
cells die by apoptosis. But the cells of the sar-
comas went into growth arrest. The liver tumor
cells in the Lowe team's mice stopped growing
and became senescent. The Cold Spring Har-
bor group saw an additional feature as well:
The changes that occurred in the senescent
cells riggered a strong inflammatory attack
on—and the destruction of—the tumor cells.

Early clinical trials

These results clinched the case that
p53 activity can squelch tumor growth at
least temporarily—a possibility hinted at by
early gene therapy efforts to restore p33 in

Cell stresses
Dnmgene activity
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engineered so that the p33 gene (P-31398

could be turned on and ofFat will in j \ Nutlins

the animals” cells, The mice also

carried oncogene mutations to Cell death Growth arrest

facilitate the development of can-
cers—Ilymphoma in the case of the
Evan team’s mice. and lymphomas
and sarcomas in the Jacks team’s
animals, Lowe and his team took a
somewhat different tack, geneti-
cally engineering liver tumor cells
so that the researchers could turn the cells’
£33 gene on and off. These cells were then
transplanted into the hivers of mice.

In all cases, the researchers kept the
P33 gene “oft™ until the tumors grew to an
advanced stage in the animals, Then, they
turned the gene back on. “We all came to the
same conclusion. ... When p33 is restored 1o
the svstem. [cancer] cells respond.” Jacks
savs. Depending on the wimor type, the exact
mode of the responses differed, however,

The lymphoma cells in the Evan team’s
mice died by apoptosis, with the tumors
beginning to shrink in about |2 hours, *The
effect on the tumor appears to be quite cata-
strophic.” Evan says. The effect was not per-
manent, however. Eventually the tumors
grew back in all the animals, and this time
P33 could not be reactivated, either because
that gene or the one for a protein called
MDM2 that's known to inhibit p33 had been

Drug targets in the p53 pathway. Some of the drugs being developed
to fight cancer, including PRI MA-1 and CP-31398, aim to reactivate
mutant p53 proteins, possibly by helping them fold more normally.
Others, like nutlins, were designed to foster p53 activity by preventing its
interaction with the natural inhibitor MDM2.

human cancers. Clinical trials conducted
about 10 years ago, which used adenovirus
to carry a normal copy of p33 into the
tumors of patients with head and neck can-
cer or non-small cell cancer of the lung, led
to reduced tumor growth in some patients
and even tumor shrinkage ina few.

Another approach using adenovirus doesn't
try to reactivate p33 but instead takes advan-
tage of the virus’s ability 1o kill the cells it
infects. To achieve this cell-killing, the virus
must replicate. Normally, p53 can inhibit that
replication, but adenovirus has a defense: a
gene that makes a protein that stops p53 from
doing that. In work also done in the mid-
1990, Frank McCormick and his colleagues,
then at Onyx Pharmaceuticals in Richmond
California, identified a natural adenovirus
mutant that can’t inhibit p33, This virus, they
reasoned. should only be able to replicate .
and kill, cancer cells that lack p33, whereas

the active p33 of normal cells should block the
mutant virus’s replication. thus sparing the
cells from its lethal effects,

Although later research showed that the
mutant adenovirus's failure to replicate in
normal cells was due to a different defect.
the virus has shown promise in early clini-
cal trals, including one from a team led by
Tony Reid of Stanford University in Palo
Alto, California, that was published online on
| December 2006 by Cancer Gene Therapy.

In that study, the liver tumors of seven of

|7 patients with metastatic colorectal can-
cer who were treated with the virus either
stopped growing or shrank, and there were
few signs of iver toxicity,

Even so, these viral-based therapies aren’t
ideal, mainly because the agents have to be
injected directly mto the tumors or, as in the
case of the liver tumors, into the

artery leading to the liver. Cancer
surgeon Gary Clayman of M. D.
Anderson Cancer Center in Hous-
ton, Texas. who conducted an early
trial of p33 gene therapy, says that
one of the problems with this
approach is that it's not possible to
get sufficient quantities of the
virus into every cell of every umor
a patient might carry. *More effec-
tive delivery systems are needed”
Clayman says,

Small is beautiful

To avoid such drug-delivery prob-

lems, researchers are now concen-

trating more on the development

ol small-molecule drugs that can

be taken by mouth and trans-
ported by the bloodstream to the
entire body. *“You really need systemic deliv-
ery to reach all the targets,” says Klas
Wiman of the Karolinska Institute in Stock-
holm, Sweden. Some of this work aims to
block the natural p33 inhibitor, MDM2,

A few years ago, researchers including
Lane showed that small peptides that bind
o MDM2 can prevent its interaction with
p33. thus turning up the activity of the
tumor suppressor protein. But the biggest
boost came 3 years ago with the discovery
ol nutlins by Lyubomir Vassilev and col-
leagues at Hoffmann-LaRoche’s labs in
MNutley, New Jersey.

These compounds, called imidazolines, fit
neatly into the small pocket where MDM2 con-
tacts p33 and prevent the interaction between
the two proteins. In experiments conducted at
the time, the Roche team found that nutlins
inhibit the growth of human tumors trans-
planted nto mice by 90%, apparently without
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causing harmful side effects, Thats an impor-
tant issue because a few months ago Evan and
his colleagues reported that activating p33 in
mice lackimg a functional mdm? gene 1s fatal o
the animals. (The results appeared in the
December 1ssue of Cancer Cell.)

In the absence of this natural brake on
P33 activities, the tumor suppressor triggered
massive apoptosis and growth arrest, “A drug
that completely took out MDM2 would be dis-
asirous to the patient,” Evan says. He and oth-
ers note, however, that a drug 15 unlikely to be
that efficient. and 1t may be possible o adjust
the dose of a nutlin or other MDM2 inhibitor
so that it works in the tumor without causing
unacceptable side effects,

Roche spokesperson Darien Wilson says
that for competitive reasons. the company
does not want to discuss 1ts current work on
nutlins, but that it is “still very involved in
doing research™ on the compounds and hopes
to initiate clinical trials at some point,

Because the nutlins are directed at MDM2,
they will only work on tumaors that still retain
functional pi 3. That, of course, 15 not the case
for the 50%: of cancers in which the p53 gene
iselt is mutated, but researchers are also iden-
tfying small-molecule drugs that can restore
p53 activity in such cells. Mutated p33 pro-
teins often fold abnormally and thus lose the

ability to regulate their target genes. Some of

the new p53 acuvators are thought to work
partly by helping p33 fold into a more normal
configuration.

These include two drugs, called MIRA-1
and PRIMA-1, that Wiman and his colleagues
identified by screening a library of low-
molecular-weight compounds {rom the
U.5. National Institutes of Health in Bethesda,
Maryland. The Karolinska team found that
tumor cells, both in culture and transplanted
into mice, respond to the drugs with increased
p33 activity and tumor shrinkage, “We've
shown that we can restore wild-type activity 1o
some p33 [mutant] proteins.” Wiman says.
Provided the needed regulatory approvals
come through., he hopes w start clincal tmals
with PRIMA-1 in about a vear and has also
started a company to commercialize the drug.

Another small-molecule activator of p33,
a drug called CP-31398, was identified
8 vears ago by Farzan Rastingjad and col-
leagues at Plizer Central Research in Groton,
Connecticut. Researchers originally thoughi
that it, too, helps mutant p53 fold more nor-
mally. That would require that the drug bind
to the wmor suppressor, but studies by Alan
Fersht of Cambndge University in the United
Eingdom failed to detect such binding.
Despite that. “this compound has antitumor
effects and may have potential for clinical
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days
Melting away. With the p53 gene off, liver tumors transplanted into mice grow to an advanced stage
as indicated by the red color, but the tumors begin to shrink as soon as p53 is activated.

development.” says El-Deiry, who has done
some work on CP-31398,

[t presumably has other mechanisms of

action. For example, El-Deiry’s team, working
with the Pfizer group, has shown that it stabi-
lizes both normal and mutated p33, apparently
by inhibiting it degradation. Currently, how-
ever, Plizer has no plans to develop the drug.

Still, these early successes inidentifving
activators of the p53 pathway have encour-
aged other researchers to attempt thear
own screens. Last summer, for example,
El-Deiry and his colleagues reported on a
search for drugs that mimie p53%s effects in
activating gene transcription. The screen
turned up more than two dozen candidates.
Some of them worked even in cells that lack
p33 expression altogether because they
increase production or stabilization of a
P33 relative called p73. which also has
tumor suppressive effects. Lane says that, in
as-yet-unpublished work, his team has also
screened for, and wdentified. candidate
drugs that activate the p53 system.

As things are shaping up. researchers now
have several p53 activators in hand. with
more on the way. But not everyone is trying
to activate p33 to help fight cancer. In some
circumstances hibiting its actions, particu=
larly 1ts ability to induce apoptosis, could be
beneficial. The side effects of gene-damaging
cancer therapies, including radiation and
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some types of chemotherapy, are largely due
to cell death triggered in normal tissue by
pS53 actvation. Last September, Evan and his
colleagues reported evidence that tumor sup-
pression by ps3 does not depend on this
response o gene damage but is instead due to
its activation by a different path tnggered by
oncogens activity.

IF so, Evan says, “we might be able o split
the bad eflects of p53 away from umor sup-
pression and protect cancer patients during
therapy™ by temporarily shutting down
p33. Andrei Gudkov and colleagues at the
Cleveland Clhinie Foundation i Ohio have
come to a similar conclusion. This team has
identified a drug called pifithrin that can
inhibit p33-induced apoptosis without alter-
ing its effects on gene transcription,

Much more work will be required before
cancer therapies targeting the p33 pathway
make it to the clinic. And if they do make i,
climerans will hikely need 1o fine-tune thera-
peutic regimens to the specilic p53 muta-
tions being treated. But that may not be too

much of an obstacle. because the held of

cancer therapy is headed in that direction:
indeed. “personalized medicine” is already a
buze phrase, “You might have to genotype
the tumor [to decide on a therapy].” Jacks
says, “But | expect that you're going o have
to do that anyway.”

-JEAN MARX
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SKIN BIOLOGY

A Healthy Tan?

A dark natural tan offers unparalleled protection against skin cancer. So scientists are
developing compounds that trigger tanning without the sun's damaging effects

Anyone who relies on sunscreen knows it is
sticky. inconvenient, and easy to forget. But
sunscreen has a lesser known, and more seri-
ous, downside: It doesn’t adequately protect
acainst the deadliest form of skin cancer.

Although ultraviolet (UV)-blocking
sprays and creams protect people against sun-
burn and the milder forms of skin cancer
squamous cell and basal cell carcinoma—
they do not form an effective shield against
melanoma, which doctors diagnose in
| 32.000 people worldwide each vear. Ironi-
cally, says a growing cadre of skin biologists.
what seems to protect best against melanoma
15 something that sunscreens efficiently
thwart: a deep, dark tan.

Dark-skinned people. who also tend to tan
well, are up to 500 times less likely to get
melanoma and other skin cancers than are
fair-skinned individuals. The ability to tan
confers protection, researchers say,
regardless of the skin's background level
of pigmentation. This is due in part to the
UV=shielding effect of melanin, the pigment
that makes skin cells dark. and perhaps in
part to an acceleration of DNA repair that

some believe accompanies tanning. But tan-
ning in the sun is a fools wager. dermatolo-
oists say, because it causes dangerous DNA
damage, which may lead to cancer before it
can be fixed. To provide a sun-independent
alternative. scientists are now developing
compounds that trigger tanning and DNA
repair by acting on molecules that control the
melanin production pathway.

One key molecule 1s the melanocortin

I receptor{ MCIR), a protein on the surface of

melanocytes that heads a major tanming path-
way. Some researchers are targeting MCIR
directly 1o stimulate tanning, whereas others
are bypassing it and aiming at downstream
targets in that pathway—a strategy that could
help fair-skinned people who have mutations
in the receptor’s gene and thus normally don’t
tan (see sidebar, p. 1215). Still other investiga-
tors are concocting skin-cancer preventatives
that promote MC I R-independent DNA repair
within the skin, in some cases while also pro-
moting melamin production.

“We hope to develop something that
works far better than a sunscreen.” says pig-

ment cell researcher Zalta Abdel-Malek of

Skin problem. There are a variety of human skin
types, but pale people who don't tan seem to have
the least pratection from sun-induced skin cancers,
including deadly melanomas.

the University of Cincinnati College of Medi-
cine in Ohio, who is developing an MCIR
stimulator, “Itwill allow your pigment cells to
make melanin and protect themselves against
subsequent sun exposure.” Adds pediatric
oncologist David Fisher of Harvard Medical
School in Boston, who is aiming elsewhere in
the same pathway: “By switching on pigmen-
tation, we may be able to mimic the epidemi-
ological groups that have the lowest nsk of
melanoma,” which are people with dark skin
or who tan easily.

Mone of the candidate tanning compounds
or DNA-repair agents has yet been proven safe
and effective in large numbers of people. And
there remain some who question the cancer-
protective aspects of tanning alone, noting that
tanned skin has a sun protection factor (SPF)
of just 2 to 4. These skeptics argue that dark-
skinned people may have other physiological
features that protect them from skin cancer
and that a pale person with an artificially
induced tan may enjoy minimal cancer pro-
tection. “Even if you increase tanning, the
improvement in photoprotection is likely to be
small” suggests dermatologist Jonathan Rees
of the University ol Edinburgh, UK.

Tanning tales
Cosmetic companies as well as researchers
have been experimenting with skin-darkening
agents for decades. There are many tanning
agents on the market today, but they only dye
the skin without engaging the natural tanning
process or protecting the skin from UV rays.
The first scientific step toward a true ari-
ficial tanning agent came in the 1960s, when
Yale University dermatologist Aaron Lerner
discovered that injecting people with crude
extracts from the hypothalamus containing
the newly discovered melanocyte-stimulating
hormone (MSH) increased skin pigmenta-
tion. Then in 1991, a team led by biologisi
Mac Hadley of the University of Arizona,
Tucson, reported that injecting a long-lived
analog of MSH increased skin pigmentation
without sun exposure in 28 Caucasian men.
But no one understood how MSH acted on
skin cells. In 1992, Roger Cone and his col-
leagues at Oregon Health Sciences University
in Portland reported cloning the hormone’s
receptor, MCIR, in humans and mice. They
also showed that mutations in that receptor
zene underlie varyving coat colors in mice: If
mice nhented two defective receptors, they
were vellow, whereas mice with at least one

2 MARCH 2007 WOL 315 SCIENCE www.sciencemag.org

CREDITS: JURTER MAGES



CREDIT VICTORLA VERMON

highly efficient MC IR protein were black or
partially black. In 1995, Rees and several col-
leagues reported a similar association
between aberrant forms of the receptor and
variations in skin and hair color in people.

But it wasn't clear until recently that MSH
and MCIR play an integral role in the skin's
natural tanning response, In a report in the
21 September 2006 issue of Natwre, Fisher,
along with John D' Orazio, then a postdoc in
Fisher’s lab at the Dana-Farber Cancer Insti-
tute in Boston, and other colleagues, proved
that connection. They studied a mouse that,
like redheaded people, has two defective
copies of the gene for MCIR. Unlike mice
with working receptors, the pink-skinned
“redheaded™ mice could not tan at all, show-
ing that a functioning MCIR is necessary for
the process, at least in rodents,

In cell culture experiments, the group
demonstrated that UV radiation prompts the
release of MSH from keratinocytes, the

dominant cell type in skin. The MSH then
tnggers MC IR on melanocyvies. which pro-
duce melanin after a cascade of chemical

reactions that begins with the activation of

the enzyme adenyl cyelase, vielding an
upsurge in cyelic adenosine monophos-
phate, Once melanocytes transfer the
melanin to Keratinocytes, the pigment
torms caps over cell nuclei. shielding their
DNA and creating the skin's tanned look,
The pigmented keratinocytes protect the
melanocytes below them as well.

Activation of the tanning pathway by MSH
also seems to initate DNA repair. Skin biolo-
gists Markus Bohm and Agatha Schwarz of the
University of Minster in Germany and their
colleagues reported in 2005 in the Jowrinal of

Biological Chemistry that the application of

MSH reduced amounts of eyclobutane pynimi-
dine dimers, asign ofDNA damage, inculred
melanocytes exposed to UVB rays. These
results and others indicating an enhanced DNA
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repair ability in wnned skin may explain its pro-
tective capacity bevond its simple SPE “If vou
are genetically blessed with skin that tans well,
only part of that is the melanin; you also have a
repair mechanism that jumps to the challenge.”
says Barbara Gilchrest. a dermatologist at
Boston University (BU ) School of Medicine.
“When you tan, you increase the level of DNA
repair proteins by a factor of 2 or 3.7

Protective potions

An agent targeting MC IR or other molecules
in the tanning pathway might confer hoth
advantages: the protection provided by pig-
ment production and better DNA repair. For
example, scientists at Clinuvel Pharmaceuti-
cals, based in Melbourne, Australia, are test-

ing a slow-release formulation of one of
Hadleys mnjected MSH analogs, with the idea
of inttially using it as a preventive treatment
for various sun-related ailments such as the
common sun rash called polymorphous light

Why | Have Red Hair, Need to Avoid the Sun,
And Shouldn’t Commit a Crime

| am a redhead who cannot tan, and so are my two children. My husband,
on the other hand, has dark brown hair and lans reasonably well. Surpris-
ingly, red hair and the inability to tan are largely endowed by variations
in a single gene: one for a receplor on the surface of melanocytes dubbed
MC1R. Epidemiologists have discovered about 75 alleles for the MC1R
gene, a handful of which disrupt the function of the receptor. In 1995,
Jonathan Rees of the University of Edinburgh, U.K., and his colleagues
reported that more than 80% of the people with red hair or fair skin they
tested had such defective MCIR alleles. By contrast, these versions of the
gene were present in fewer than 20% of study participants with dark hair
and in less than 4% of those who tanned well.

Since then, larger studies, including one by Richard Sturm at the Uni-
versity of Queensland in Australia, have confirmed the association
between faulty MCIR alleles and light skin and red hair. Redheads like me
almost always have two alleles encoding defective MC1R proteins.

As parl of my reporting on artificial tanning agents (see main text),
genelicist Greg Barsh of Stanford University in Palo Alto, California, agreed
to help me learn my MCIR genotype. Barsh's postdoc, Linda Ste. Marie,
identified what appear to be two different alleles for a malfunctioning
receptor, suggesting that | am a so-called compound heterozygote, One of
these alleles, known as R151C, is fairly common, appearing in 10% to
20%% of people with European ancestry, It is caused by a single-nucleotide
exchange that inserts the amino acid cysteine in place of the usual arginine
at codon 151. The result is that cells produce fewer of the receptor or it has
diminished function, or both.

Barsh had never heard of my other allele, in which a single-nucleolide
swap at position 456 produces a genetic stop sign that would halt MC1R's
manufacture early. A receptor that is missing half of its amino acids can
hardly be expected to work.

In 2000, Sturm’s group reported that any of three alleles associated
with red hair, including my R151C, double a person’s risk of melanoma.
To me and other redheads, this is not a big surprise, because dermatolo-
gists have already shown that our typical pale skin color is a reliable pre-
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dictor of increased skin cancer risk.

Maore important, MCIR status may help size up melanoma risk in peo-
ple who do not have the physical characteristics associated with that
greater cancer threat. In the 28 July 2006 issue of Science (p. 521), Maria
Teresa Landi of the U.5, National Cancer Institute in Bethesda, Maryland,
and her colleagues reported that possessing just one allele for a poorly
functioning MC1R raises the risk of a dangerous type of melanoma more
than threefold in people who have darker skin or hair. My husband may be
one of these people, because my redheaded children presumably received
one of their inactive MC1R proteins from their father,

MC1R genotype mighl also inform decisions about which of the exper-
imental tanning compounds could work best. In theory, MSH analogs
might nol be the choice in people like me with defective MC1R receptors.
Mysteriously, however, redheads have responded with tans in trials of such
drugs. Spelling out a person’s MCIR genes could also help crime-scene
investigalors, Rees suggests. If the analysis of biological tissue left at
the scene reveals two aberrant versions of MCIR alleles, there is a
90% chance that its owner has red hair. That little fact should keep me on
the straight and narrow. =LW.
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eruption, In the August 20006 Jowrnal of fnves-
rigative Dermarology, a team led by dermaiol-
ogist Ross 51C. Barpetson of Royal Prince
Alfred Hospital in Camperdown, Australia,
reported that three 10-day eyeles of the Clinu-
vel treatment increased skin melanin content
by 41% in 47 healthy, fair-skinned people,
preventing them from sunburn and signifi-
cantly reducing signs of DNA damage in
their skin. The drug will soon be tested in
fair-skinned organ-transplant recipients to
see whether it reduces the number of pre-
cancerous lesions such patients typically
develop from the transplant’s regimen of
immune-suppressing drugs.

Clinuvel’s drug must be injected every
2 months to maintamn a tan. By
contrast, Cincinnati’s Abdel-
Malek and her colleagues have
developed potent MSH analogs
small enough that they might be
administered topically, Two such
peptides stimulated melanin pro-
duction, reduced programmed
cell death, and enhanced DNA
repair in melanocytes exposed o
UW light, the researchers reported
in the July 2006 FASER Jownal,

MSH analogs may not work in
redheads with two damaged genes
for MC IR proteins, however,
Other teams are therefore amng
compounds downstream in the
MCIR pathway. Fisher, D'Orazio,
now at the University of Kentucky
College of Medicine in Lexington.,
and their colleagues created a

spectacular artificial tan in their  Might ear darkened after a com-
redheaded rodents by smearing the pound that triggers the tanning
: = pathway was applied to the skin,

shaved animals daily with the
small molecule forskolin, a natural
product in some teas that stimulates adenyl
evelase actvity in cells. The forskolin-induced
tan protected UV-exposed mice against sun-
burn and the production of DNA adducts. a
sign of DNA damage. In redheaded
MC1 R-lacking mice that also had defective
DNA repair enzymes, and thus are prone o
UV-induced tumors. forskolin significantly
reduced the number of such tumors com-
pared to similar mice in a control group,
Fisher savs. Fisher has co-founded a firm,
Magen Biosciences in Cambridge, Massa-
chusetts, that is now trying to develop
drugs that hit molecules more specific to
the tanning pathway, because virtually all
cells contain adenyl cyclase.

Damage signal
The MCIR pathway is not the sole arbiter of
tanning, In addition w sumulating release of

An earful. This mouse’s

MSH. UV light riggers DNA damage. and
many researchers believe that such damage can
itself induce tanning and DNA repair by a sep-
arate mechanism. Gilehrest theonizes that this
DNA-damage response revolves around telom-
eres, looplike structures at the ends of chromo-
somes that contain repetitive DNA sequences.
Starting in the 1990s, Gilchrest and her col-
leagues found that exposing skin cells to DNA
fragments with specific sequences triggered
both tanning and DNA repair. Gilchrest con-
cluded that the fragments that triggered tan-
ning. which she dubbed T-oligos. were eliciting
restorative DNA-damage responses in healthy
skin cells by imitating the exposed end of dam-
aged telomeres that had lost its Joop structure.

In a recent study reported in the September
2006 FASEB Journal, the BU researchers
applied T-oligos over 5 days to patches of
human skin in culture from 18 Caucasian
donors. The treatment boosted the melanin
content of the skin samples three- to fivetold,
comparable to UVs effects, and greatly accel-
erated the removal of markers of DNA dam-
age i the skin afier exposure to UV light com-
pared to untreated, UV-exposed skin samples
from the same donors. The T-oligos also
increased levels of the cancer-suppressor pro-
temn p53 after UV irradiation. These findings,
Gilchrest says, support the idea that sunscreen
lotions incorporating T-oligos could produce
tans in people, protecting them against sun
damage and skin cancer. BU has patented this
strategy, and Gilchrest is now trying to get
funding for additional animal tests that could
pave the way for human trials.

Meanwhile, other researchers are experi-
menting with lotions that rigger DNA repair
without promoting a tan. Scientists at AGI
Dermatics in Freeport, New York, have been
testing a skin lotion called Dimericine that con-
tains a bactenial DNA repair enzyme, T4NS,
packaged into liposomes, microscopic lipid
spheres that help cells absorb the enzyme. Mol-
ecular biologist and AGI head Daniel Yarosh
envisions his product as a “morning-alter
cream” that could reduce the risk of cancer and
other skin problems after a person has spent too
long in the sun. Sunburned skin cells ordinarily
repair half the DNA damage within 24 hours,
whereas Yarosh cites published studies indicat-
ing that Dimericine-treated cells eliminate
most of the damage within 6 hours.

In 2001, AGI Dermatics
reported in the Lancer on a study
of the lotion in people with a rare
disease called xeroderma pig-

DNA repair enzymes leads to very
high skin cancer rates. Compared to
10 XP patients who received a
placebo lotion, a vear of Dimericine
treatment in 20 XP patients lowered
the rate of precancerous lesions and
basal cell carcinomas by 68% and
30%, respectively. {Currently under
waty are company-sponsored skin-
cancer prevention trials in renal
ransplant patients and people with
a history of skin cancer.)

A skin lotion instead of an
imjected drug like Clinuvel’s.
Dimericine has displaved few side
effects so Far in its wsis on people,
although some could crop up in
larger trials. Some experts worry
about anificially triggering the tan-
ning response using agents that target players in
the MCIR pathway. especially via drugs
administered to the whole body and not just the
skin. The Clinuvel compound, for instance. has
caused nausea and vomiting in study subjects.
Therearemore serious hypothetical concerns as
well. “If vou add MSH to melanocyies, they
divide more quickly™ in culture, raising the
specter of cancer, Rees says. Then, of course,
there’s a sociological question of how many
pale-skinned people would actually darken their
skin to protect themselves against skin cancer,

On the other hand. the incidence of

melanoma has tripled in the past 40 years
despite the increased use of traditional
sunscreens. Given that, DOrazio, for one,
thinks it’s worth trying to develop novel ways
to protect people against a ubiguitous, known
mutagen-—that 1s, UV Light.

=INGRID WICKELGREN
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CLIMATE CHANGE

Hazy climate driver. The cloud

of pollutant particles over Asia

may shift climate over Australia.

Pollutant Hazes Extend Their
Climate-Changing Reach

New studies show aerosols from burning fuels altering everything from rainfall to
great ocean currents, with effects that can girdle the globe

The microscopic aerosol particle has long
been recognized as a mighty agent of climate
change. At a nucrometer or less in size, this bit
of combustion crud from power plant, tilpipe,
or farmer’s fire can reflect sunlight back to
space and cool the polluted eastern United
States, Or it could suppress rainfall over
smoggy Houston, Texas, But for vears, atmos-
pheric scientists generally assumed that pollu-
tant aerosols worked locally or regionally.
Most dramatically, the brown hwee over Asia
weakens both the Indian and Asian monsoons
that bring essential ramns to the continent,
Mow. scientists are linding that the effects
of aerosols can range far from their source
region and well beyvond the wind-blown trav-
¢ls of the acrosols themselves, The trick lies
in the well-known heating and cooling
effects of acrosols, which in turn can shift the
way the wind blows, For example, “Aus-
tralians have tended to assume [pollutant
aerosols] are a Northern Hemisphere phe-
nomenon, [because] our skies are quite blue

here.” says climate modeler Leon Rotstayn of

Commonwealth Scientific and Industrial
Research Organisation (CSIRO) Marine and
Atmospheric Research in Aspendale, Aus-
tralia. Yet Rotstayn sees signs in his model
that heavy aerosol pollution over Asia is
increasing rainfall over distant Australia,
Such aerosol action-at-g-distance 1s tuming
up in the Western Hemisphere as well,

50 far, the expanding reach of aerosols 15
being documented primarily in global climate
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models. with tantalizing parallels with what’s
been happening in the real world in recent
decades. In the case of Australia. Rotstayn and
colleagues ran a global climate model to sim-
ulate the changing climate of the 20th century.

In the past decade or two, production of

aerosols over Asia has soared as developing

cconomics cranked up, especially those of

India and China. When Rotstayn and col-
leagues plugged increasing Asian aerosols
into their model along with mcreasing green-
house gases. rainfall and cloud cover
increased over Australia, especially in the
northwest. Yet when they omitted the distam
aerosols, rainfall and cloudiness decreased,
contrary to observations,

In the model, at least, the acrosols increase
Australian rain and clouds by altering atmos-
pheric and oceanic circulation, as the group
will soon report i the Jowrnaf of Geoplivsical
Research. Differences in atmospheric pres-
sure can drve winds, and pressure can depend
on temperature. 5o when aerosols produced in
Asia blow downwind toward the Pacific and
intercept sunlight. they can warm the sur-
rounding air. At the same time, they cool the
surface by blocking sunlight. Both those
effects, in wrn, can change how the winds
blow. especially the rising air of atmospheric
convection and the horizontal flow of air
toward that convection. Around Asia. aerosols’
net effect was o move more moisture-laden
marine air into Australia. especially the
northwest part of the continent, and thus
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increase cloudiness and rainfall,

Morth American aerosols seem to hold
sway over a far more massive moisture flow:
the great “conveyor belt” of currents that car-
ries heat from the Southern Hemisphere into
the far North Atlantic, called the mendional
overturning circulation (MOC). That's accord-
ing to modeling reported in a January 2006
paper in Geopfvsical Research Letters (GRL)
by Thomas Delworth and Keith Dixon of the
CGieophysical Fluid Dynamics Laboratory in
Princeton. New Jersey. Increasing greenhouse
gases should be slowing the MOC, according
to araft ofmodels, but in their model, Delworth
and Dixon found that aerosols counter the
effect of the strengthening greenhouse on the
MOC. By counteracting the greenhouse’s
warming and its enhancement of precipitation
at high latiudes, the aerosols have delayed the
MOC slowing by roughly 40 years, they
find. Modeler Wenju Cai of CSIRO Aspendale
and colleagues found a similar aerosol-
induced MOC slowing in their model, as they
reported last November in GRL.

The record for long-range effects may go w
natural. dusty aerosols over the Sahara, abetied
by sooty aerosols over East Asia, according
to a report last September in the Jowrnal of
Climate by Maeng-Ki Kim of Kongju National
University in South Korea and colleagues. The
group found that in their model, dust raised
over the springtime Sahara warms in sunlight,
inducing air to rise there. That air eventually
falls over southern Europe, warming the
region. Then, much as an El Nifo's tropical
warmith can torm an “atmosphenc bndge™ to
change distant weather., this aerosol-induced
circulation transmits some of its energy east-
ward, That shift alters atmosphenc eirculation
to the east. bringing unusually cold air down o
the Caspian Sea region.

The sunlight-absorbing aerosols of East
Asia extend this atmosphenic bnidge as far as
the western Pacific, bringing added warmth o
central and northeastern Asia. The model’s
resulting pattern of springtime cooling and
warming relative to broader trends bears a
strong resemblance o actual rends, say Kim
and his colleagues. Perhaps the thickening
brew over Asia is also driving temperature
changes over Eurasia, they say.

Untangling the web of acrosol effects will
take a while. In the meantime, acrosol emis-
stons are changing. North American and west-
ern European hares have faded as developed
countries reduced their emissions for health

reasons, When will the developing nations of

Asia follow suit? What will be the effects?
Rescarchers will likely sull be playing catch-
up as the air clears.

=RICHARD A. KERR
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To Sleep, Perchance to Dream

IN HIS PERSPECTIVE "WHAT DO ROBOTS DREAM OF?” (17 NOV. 2006,
P 1093), C, Adami provides an imteresting iterpretation of the
Report “Resilient machines through continuous sell-modeling™ by
1. Bongard eral. (17 Nov, 2006, p. 1118). Bongard e af. designed a
robot with an algorithm of its stored sensory data to indirectly infer
its physical structure, The robot was able to generate forward motion
more adaptively by manipulating its gait to compensate for simu-
lated injuries. Adami equates this algorithm to “dreams™ of prior
actions and asks whether such modeling could extend to environ-
mental mapping aleorithms, IF this were possible, then a robot could
explore a landscape until it 1s challenged by an obstacle: overnight,
it could replay its actions against its model of the environment and
generate (or synthesize) new actions to overcome the obstacle (i.e..
“dream up™ alternative strategies). It could then return the next day
with a new approach to the obstacle.

This work in robotics complements current findings regarding
sleep and dreaming i humans. There 15 now strong evidence in
human sleep research showing that performance on motor (f) and
visual (2) tasks 15 strongly dependent
on sleep. with improvements consistently
areater when sleep oceurs between test and
retest. This 15 generally believed to be
related o neural recoding processes that are
possibly connected to dreaming during sleep
(3). However, when one considers human

Response
CONDUIT DISCUSSES RECENT WORK BY
Bongard er e, in light of dream research, |

argued in my Perspective that the periods of
action synthesis that are interspersed with
periods of physical testing of actions could
be interpreted as “robotic dreams™ and spec-
ulated about a future discipline of experi-
mental robotic psychology. Conduit sug-
gests that, more than replayving the past days’

dreaming. 1t 1s not a simple replay of
daily scenarios. It has complex, dis-
torted images from a vast variety of
times and places in our memory,
arranged in a random, bizarre fashion
(4). I we are to model such activity in
robots, we would need to have some form
of “sleep™ alzgorithm that randomizes memory

and combines it in unique arrays. This could be a way to
generate unique approaches to scenarios that could be simulated.
Otherwise, how else would scenano replay be an improvement over
repeated trials in the environment?

The study of human phenomena can be extremely difficult, and
the study of sleep and dreaming 15 no exception (5). Robots would
be ideal experimental subjects in many ways. Robots do not forzet
things. do not censor what they report, will not have problems sleep-
ing, will not be bored by the tasks, are not going through life crises,

and are not distracted by the laboratory or experimenter,
Adami states that the discipline of experimental robot psychol-
ozy may not be tar off. [ say, “Bring it on!™
RUSSELL CONDUIT

Lecturer, School of Psychology, Psychiatry and Psychological Medicine, Monash University,
Clayton, VIC 3800, Australia.
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events, but rather imagining possible self-
maodels in light of the day’s events. Only
after this phase does the robot look for
actions that could discriminate between
maodels. 1fwe would translate this algorithm
into one where a robot is o infer a model of
the environment rather than self, it would be

necessary o generate as wide a variety of

But the periods
between physical act-
tons n the algorithm
of Bongard er al. are
by no means just re-
plays of the previous
days” events. Rather,
during those periods
the robot is evaluat-
ing candidate mod-

environments as possible, so that mental tri-
als of actions would have a better chance of

events, human sleep consists of arrayvs of
apparently randomly juxtaposed memories
from different times and places in memory,
and that these unique experiences (that do
not ¢xist n I'L‘.'I|.]|.:\'F dre F?‘L’Il]'.lrl.\' the reason
tor the “creative leap™ that sometimes fol-
lows restiul sleep.

www.sciencema.org

els of itself and its ability to respond, that is,
it is checking whether a particular physical
action (say, “move leg forward ™) 15 compati-
ble with the remembered result (say. “tlt
sensor | increases, all others the same™)
given the robot’s self-modeling. In other
words, the robot 1s not rethinking the dav’s

SCIENCE WOL 315

generating a response compatible with what
15 remembered. In such a case, perhaps the
jrgeed and discontimuous nature of dreams
can be viewed as a combmatorial algorithm
designed to create as much diversity inenvi-
ronment models as possible. But to generate
behaviors that discriminate between these

Z MARCH 2007

1219



LETTERS

1220

potential models. we would have 1o imagine
living and navigating in them. Which, it
seems to me, we do, but only in our dreams.

CHRISTOPH ADAMI

Keck Graduate Institute, Claremont, CA 91711, USA.

Response

THE ANALOGY BETWEEN MACHINE AND
human cognition may suggest that reported
bizarre, random dreams may not be
entirely random. The robot we described
did not just replay its experiences to build
consistent internal self-models and then
“dream up” an action based on those mod-
els, Instead, it synthesized new brief actions
that deliberately caused its competing inter-
nal models to disagree in their predictions,
thus challenging them to falsify less plausi-
ble theories and, as a result. improving its
overall knowledge of self. It is possible that
the mangled experiences that people report
as bizarre dreams correspond to this uncon-
scious search for actions able to clanfy their
self-perceptions. Many of the intermediate
candidate models and actions developed by
the robot (as seen in Movie 81 in our
Supporting Online Material) were indeed
very contorted, but were optimized none-
theless to elucidate uncertainties. Edelman
(/). Calvin (2), and others have suggested
the existence of competitive processes in
the brain. Perhaps the fact that human
dreams appear mangled and bref is exactly
because they are—as in the robot—"opiti-
mized” to challenge and improve these
competing internal models?

Indeed, analogies between machines
learning from past experiences and human
dreaming are potentially very fruitful
and may be applicable in both directions.
Although robots and their onboard
algorithms are clearly simpler and may bear
little or no direct relation to humans and
their minds. it may be much easier to
test hypotheses about humans in robots,
Conversely, ideas from human cognition
research may help direct robotic research
bevond merely serving as mspiration.
Specifically, it i1s likely that as robots
become more complex and their internal
models are formed indirectly rather than
being explicitly engineered and represented,
indirect probing techniques developed for
studying humans may become essential for
analyzing machines too.

HOD LIPSON, VICTOR ZYKOV,!

JOSH BONGARD?
‘Department of Mechanical and Aerospace Engineering,
Comell University, Ithaca, NY 14853, USA. ‘Department of
Computer Science, University of Vermont, Burlington, VT
05405, USA.
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Online Versus Hardcopy
Textbooks

SEVEN YEARS (2000-2006) OF ANALYSIS OF
1751 introductory lab science students in 10
separate semesters at Arizona State University
reveals no statstically significant differences
in class performance between online (81.2 +
11.0) and hardeopy (80.8 = 10.8) textbook
users, In a required physical geography lab
science class, students were given the option
of using either an online (= 760} or a hard-
copy (r = 991) text to reinforce leaming such
topics as Wien's law, invading species, disso-
lution of minerals, Chezy-Manning equation.
and glacial processes. By any measure, the
hardcopy texts were more sophisticated than
the online alternative, even though the basic
information remained similar. Yet, even after
disaggregating data into different semesters,
texts, disciplines, class, GPA, age, ethnicity.
and whether the student is a first-generation
college student, no statistically significant dif-
ferences emerged. Given the importance of
required lab courses in shaping opinions of
college-educated citizens about the impor-
tance of science. and given the growing re-
sentment expressed by students over increas-
ingly high-priced textbooks, similar studies in
other general education lab science disci-
plines would seem justfied.

RONALD |. DORN

School of Geographical Sciences, Arizona Siate University,
Tempe, AZ B5287=0104, USA,

Is the EC Afraid of
Its Own Visions?

IN A VISIONARY PHASE OF POLITICAL
decision-making. the European Commis-
sion (EC) initiated new instruments of
research funding within its 6th Framework
Programme (FP 6), including the Integrated
Projects (IPs), large-scale interdisciplinary
programs. The first ones started in early
2004 with several tens of partner organi-
zations and funding beyond 10 million
Euro. In FP 7, launched on 22 December
20006, this instrument was scaled down
and—at least for the First funding cycle—
nearly abandoned.

Why has this change been made? Will
most of these [Ps, which have at least two
more years to go. be failures?

Since February 2004, we have coordi-
nated the TP ALARM (), which is made up
of 67 partner organizations and 250 scien-
tists from 35 countries and receives EC
funding of nearly 13 million Curo. ALARM
focuses on some of the main drivers of
biodiversity change [¢limate and land use
change, environmental chemicals, invasive
species. and loss of pollinators ( 2)] and com-
bines ecological, environmental, and eco-
nomic research. The consortium includes
many leading scientists, who increasingly
appreciate the opportunities offered through
a project of such size and scope, e.g., by
forming new teams conducting inter- and
transdisciplinary research.

Thisis exactly what is urgently needed in
science. as expressed by Carpenter ef al. ( 3):
“Meeting the research needs descnbed will
require new coalitions among disciplines
that traditionally have been isolated. .. The
[Millennium Ecosystem Assessment] has
provided a road map; now, we need to start
the journey.” We think that large integrated
projects have the clear potential to fulfil
these requirements,

By initiating the IP instrument. the
European Commission created considerable
support to get the journey started. Do they
now intend to stop halfway?

JOSEF SETTELE, INGOLF KUHN, STEFAN KLOTZ,
VOLKER HAMMEN, JOACHIM SPANGENBERG

Helmholtz Centre for Environmental Research=UFZ,
Theodar-Lieser-Strasse 4, Halle (Saale) D-06120, Germany.
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CORRECTIONS AND CLARIFICATIONS

News of the Week: "New Swiss influenza database to test
promises of access™ by M. Enserink (16 Feb,, p. 923), Amos
Bairoch is not the director of the Swiss Institute of
Bininformatics (S18), as the article stated, but director of the
Swiss-Frot group at 518, as well as director of the Structural
Biology and Bioinformatics department of the University of
Geneva, The SIB's director is Ernest Feytmans.

Special Section: Sustainability and Energy: News:
"Catalyzing the emergence of a practical biorefinery” by
A Cho (9 Feb., p. 795). The Pacific Northwest National
Laboratory is in Richland, Washington, not Hanford.

Mews Focus: "Judging Jerusalem” by A, Lawler (2 Feh.,
p. 588). Dr. Eilat Mazar is a senior fellow at the Shalem
Center, an academic research institute in Jerusalem. She
heads its archacalogy institute, which sponsored the dig in
the City of David.

Reports: “Highly siderophile element constraints on acere-
tion and differentiation of the Earth-Moon system” by ] M.
D. Day ef af. (12 Jan,, p. 217). In the first sentence of the
second full paragraph on page 218, LaPaz, Bolivia, was
incorrectly named as the location of meteoritic samples.
The corrected sentence should read, “We report pracise
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Os-isotope— and HSE-abundance data (table 51) for five
basalts from the Apollo 15 mission, six from Apollo 17, and
six lunar basalts of meteoritic origin from LaPaz Icefield,
Antarctica, that were obfained by using an ultra-low—blank,
isotope-dilution digestion technique (12)."

This Week in Science: “Rubidium-rich stars™ (15 Dec.
2006, p. 1653), Both instances of ""Ru” should have read
“STRb." Rb is the symbal for the element rubidium.

Mews Focus: “Getting a read on Rett syndrome” by G.
Miller (8 Dec. 2006, p. 1536). Due to an editorial emror, the
article implied that a genetic manipulation that restored
Mecpd gene expression in mice could potentially be used to
treat people with the disorder. This manipulation was only
passible because of the way the gene was initially turned off
inthe mice. It cauld not be used to undo the mutations that
cause Relt syndrome in humans.

Letters to the Editor

Perspectives: “Breaking the H, marriage and reuniting the
couple” by G. ]. Kubas (17 Nov. 2006, p. 10%6). In line 8 of
the first paragraph, “10%° tons of ammonia fertilizer”
should instead read “10° tons of ammania fertilizer.”

Brevia: “The 160-kilobase genome of the bacterial
endosymbiont Carsonelfa”™ by A. Nakabachi et al. (13 Oct.
2006, p. 267). The last semtence of the second paragraph is
incorrect. It shauld read, “The gename size, which was fur-
ther confirmed by long-range electrophoresis, & only about
one-third that of the archaeal parasite Nanoarchaewm
equitans (which is 491 kb) (3) and that of a Buchnera strain
{which has the second smallest bacterial genome, at 422.4
ki) 44)." The cument reference (4) should be replaced by the
following reference; V., Pérez-Brocal et all, Science 314,
312 (2006).

TECHNICAL COMMENT ABSTRACTS

Comment on “Detecting Awareness in
the Vegetative State”

Parashkev Nachev and Masud Husain

In a report of a single patient in a persistent vegetative state,
Owen et al, (Brevia, B September 2006, p. 1402) claimed
that the presence of task-specific brain activation in
response to verbal command implies both covert conscious
awareness and a capacity for intention, We argue that nei-
ther can be securely inferred from the evidence presented.
Full text at www.sdencemag.org/cgiicontentTul/315/5816/
1221a

LETTERS

Comment on “Detecting Awareness in
the Vegetative State”

Daniel L. Greenberg

Owen ¢f al. (Brevia, & September 2006, p. 1402) claimed
that a patient’s brain activity revealed that she was con-
sciously respending to commands despite being in a vege-
tative state. However, several altemative explanations were
not eliminated. Specifically, the activity could reflect uncon-
saous reactions (o the Last word in the command, not con-
scious decisions to respond. A refined experimental design
could clarify these issues.

Full text at wwwescdencemag.ongfcgifcontent/ full3 15/58 16/
1221b

Response T0 ComMmeNnTS onN “Detecting
Awareness in the Vegetative State”

Adrian M. Owen, Martin R. Coleman, Melanie
Boly, Matthew H. Davis, Steven Laureys,
Dietsje Jolles, John D. Pickard

Additional data, supported by relevant functional neu-
roimaging literature, confirm that the “normal” patterns of
brain activity reported in a patient who was clinically diag-
nosed as vegetative could not have ocourred “automati-
cally” in the absence of conscious awareness. The most par-
simonious explanation remains that this patient was con-
sciously aware despite her diagnosis of vegetative state,
Full text at www.sciencemag.ongitgifcontent full315/5816/
1221c

UPCOMING FEATURES:
April 6 —

EUROPE’S BRAIN GAIN

ithsignificant increases in funding, and the cre-

ation of the European Research Council, Europe

is quietly making its presence felt as a science
and technology hub. We track the expansion of funding
and career opportunities as the European Union contin-
ues to grow and strengthen as a global science leader.
For the full story turn to page 1289.

Careers in Cancer Research
April 20 — Postdoctoral Careers: Transferable Skills
April 27 — Biotech and Pharma

www.sciencecareers.org/businessfeatures

Science in Europe
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Looking Beyond Corn and Petroleum

Tobias Plieninger

ew MNorth Americans would consider

corn their staple food of choice, But

a look at some figures suggests a
different reality: cornfields cover around
330,000 kn? of ULS. farmland. corn produc-
tion amounts to 430 million m? per year. and
one out of four supermarket 1tems are based
on corn. The only thing that seems more
impressive than the extent to which corn has
found 1ts way into our food is the subtlety
of this process. People do not direetly con-
sume maost of their corn: instead, it appears as
a component in the production of steaks, ham-
burgers, milk, solt drinks, snacks, and count-
less other foods. Recently. it has entered the
production stream in another form, as the
source of ethanol tor fuel.

In The Cummivores Difemma, NMichael
Pollan explores the food chains that link two
biological svstems, the soil and the human
body, to address the queston of what to eat.
Moting the conflict between “neophilia™ (the
comfort of variety ) and “neophobia® (the fear
of ingesting anything new). he examines the
pleasures and pains that flow from our having
a wide range of diet options. Pollan (a profes-
sor of environmental and science journalism
at the University of California, Berkeley)
begins by describing America’s “national
eating disorder.” manifest in “a notably un-
healthy people obsessed by the 1dea of eating
healthily” Using his personal experiences and
a review of ecological and anthropological lit-
eratures, he tnes o help orent disonented
consumers by tracing the origins of three
dramatically different diets: the industrial,
organic, and hunter-gatherer diets, With the
help of three protagonists—lowa corn farmer
George Naylor, Shenandoah Valley “grass
tarmer”™ Joel Salatin, and Ialo-Amencan food
aficionado Angelo Garro—DPollan devotes
each section of this multifaceted book to trac-
ing a complete food chain from the earth w
the plate.

I particularly enjoved the first chapter’s
comprehensive analysis of the political ecol-

ogy of corn. Corn, the “keystone species of

the industrial food chain.” scored a triumph
unchallenged in the plant world by both colo-
mizing agncultural kindscapes and mhabiting

The reviewer 15 1n the Rural Land Uses Research Group,
Berlin-Brandenburg Academy of Sciences and Humanities
and Brandenburg University of Technology, Jagerstraie
22/23, 10117 Berlin, Germany. E-mail: plieninger@
bbaw.de
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human bodies. It has become a
hasic commodity for animal
feed, complex foods. fiber, and
fuels. As Pollan shows, our
interdependency with com is
s tightly woven that it seems
a question whether we really
have domesticated corn or
whether corn has changed us to
distribute its genes across the

Dilemma
A Nat
Four Meals

globe and w dedicate large areas
of land to its cultivation

a thought that he elaborated on in his previous
book, The Batam: of Desive (1),

The journey along the industrial food
chain starts in a cornfield in lowa, a state that
has seen an astounding increase of agricul-
tural productivity and efficiency over the last
100 years, Pollan notes that despite (or per-
haps because of) corn yvields increasing 10-
fold since 1920, today s corn prices are consis-
tently low. But he argues convineimgly that this
cheap corn comes at a steep price: fammers go
bankrupt in the footrace to break even. When
corn prices decrease, taxpayers bear the bur-
den of the federal farm policy subsidizing
com production, while the environment has 1o
endure land degradation and water pollution,

Atan important stopover on the way along
the industnal food chain, corn s refmed to
meat. This eccurs in places so different from
the traditional understanding of a farm that a
discrete term had to be invented: the confined
animal feeding operation. These feedlots
exhibit alarming parallels to a medieval ety

SCIENCE

The Omnivore's

sral History of

by Michael Pollan

before the days of modern sanitation (with the
exhaustive application of antibiotics being the
main difference). They are highly efficient in
the production of cheap meat, But agam,
Pollan presents a persuasive case that this
meat is not cheap at all, if the
societal costs (e.g. antibiotie
resistance and the environ-
mental costs of animal wastes)
are considered.

Another comie strand of
the industrial food chain that
Pollan traces throughout the
book is petroleum. We learn
that LS, agriculture, once
fully dependent on the energy
from the sun, has become so
reliant on fossil fuels that it
now takes more than a calorie of tossil fuel o
produce a calonie of food, Mearly 200 of the
current ULS, consumption of fossil fuels goes
to the production and distnbution of food.

The author presents a varety of visions for
alternative agriculture as countermeasures to
the conventional corn- and petroleum-fed food
chain. He outlines compelling advantages to a
comprehensively sustainable, “pastoral” farm-
ing system for human health and the environ-
ment: Monocultures can be replaced by poly-
cultures; soil nutrition can be derved from farm
watstes instead of from imported [ertilizer entire
agriculural systems can be oriented on biologi-
cal rather than mechanical principles. However,
the book leaves unanswered the crucial guestion
ofhow alternative farming models can be scaled
up o supply a growing and increasingly urban-
ized population.

It is clear from The Owmnivore s Dilenmme
that Pollan favors more sustainable and nutri-
tious agriculture, but he leaves the choice of
food chains open to his readers—albeit he

WWW.sSCIence mag.org
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does not hide his preference for grass farming,
He acknowledges that food consumption is a
trade-ofT thatone has to personalize according
to one’s ethical standards, However, that per-
sonal approach is complicated by the Fact that
the average consumer rarely has the informa-
tion necessary to reach a carefully considered
decision, Therefore Pollan argues in favor of
the “right to look™ and advocates shorter, less
complex, and more visible food chains: “Were
the walls of our meat industry 1o become
transparent ... we would not long continue to
ranse, kill. and eat ammals the way we do”

Reference
1. M. Pollan, The Botany of Desire: A Plont s-Eye View of the
World (Random House, New Yark, 2001},
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ANTHROPOLOGY

Showing Some Skin

Qais Al-Awqati

o organ reflects our inner life and

culture more than the skin. Our heart

My FRICE On $eeing our
beloved, but it is our flushed
face that gives our emotions
away: although vou might con-
vince your neighborhood sur-
geon to tattoo your liver as
a way of advertising that vou
belong o some gang, that won't
protect you from being knifed.
Mina Jablonski's Skin promises
to show how skin reflects our age,
health. ancestry. and cultural entity.
An author contemplating writing a book
about an organ is faced by two choices. Does
she want to write a guided tour of its structure
and functons” Or would she prefer to concen-
trate ona few things she thinks are emblematic?
Tablonski, a physical anthropologist at Penn-
sylvania State University, chose the former. She
has written what can be described as an inro-
ductory text to the study of the skin, a slim vol-
ume of 175 pages of ext supplemented with an
additional 63 pages of notes, glossary, and bib-
hiography. The reader learns, for example. the
skin’s cellular components, the role of sweat in
human evolution, and the importance of touch
in human commumnication. The author also dis-
cusses the consequences, pood and bad of hav-
ing different skin colors and the many ways

N 978052

state of

The reviewer is in the Department of Medicine and the
Department of Physiology, College of Physicians and
Surgeons, Columbia University, 630 West 168th Street,
MNew York, NY 10032, USA. E-mail: gal@columbia.edu

tural His
by Nina G. Jablonski

sity of California
, Berkeley, CA
pp. 524.95,£15
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humans have used the skin
as billboards of the sell to
advernse group solidarity or
difterence,

In its discussion of the hu-
man skin, the book’s principal
theme is evolution, and almost
every page contains that word,
There have been many splen-
did examples of books focused
on the evolution of an organ
or one of 1ts functions, One
that comes to mind 15 Ashley
Montagu's Tovching: The Heonan
Sionificance of the Skin, an
insightful and influential ac-
count of the cultural aspects of
the sense of touch (/). A best
seller in 1ts time, 1t remains
print decades alier its publica-
tion. One reason for its success
is that Montagu avoided writing a “textbook,”
with all its connotations of dry academic
prose and a lack of narrative drive, Jablonski,
on the other hand, seems 1o lack a clear view
of the level of expertise of her intended audi-
ence. Too often, technical medical terms pop
up in the text never to be men-
tioned again.

Although the author wants
to provide an evolutionary per-
spective on all attributes of skin
bialogy, the accounts she pro-
vides seldom nise above the pro-
vision of plausible hypotheses,
Is it really true that we were
selected to be hairless sweaty

lory
Lory

creatures? That sounds possible, but what is the
actual evidence for such an assernon? Is 1t also

trise that vitamin D synthesis, a major locus of

interaction between sunlight and diet. is the
dominant factor in the natural selection of skin
color! This idea 1s simply presented without
any of the documenmation that would make a
comnvincing story. One would like to see the evi-
dence of how rickets (vitamin D deficiency)
might act as an agent of evolutionary selection.
For many subjects where an anthropologist
could have provided an exciting narrative
such as the roles of wattoos, body piercing,
scars, or henna drawing—the book offers
something closer to extended definitions than
to in=depth considerations of their roles in
social interaction. [ would have loved. for

example, a rifl on the recent explosion of

tattoos and plercings among young people
from economically privileged backgrounds,
The topic 15 only touched on 1 the chapter
“Statements.” and the search for individual
difference 1s not placed in 1ts social context.
The thorny issue of the social construction of
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BOOKSET.

Skin shaped through time.

the roles of skin color is reduced again 1o a
brief survey of skin color biology and its evo-
lutionary implications.

Scenusts writing for broad audiences end
to write about the focus of their own work.
Although only a few of Jablonskis research
papers address skin evolution, the lack of deep
expertise need not prevent a nonspecialist from
pulling together findings from different fields
to generate an exciting, even {resh view
of natre. An enviable example 15 Jared
Diamond’s Guns, Germs, and Steel (2). (Dia-
mondd imcidentally. has provided a very positive
blurb tor the book jacket.) Unfortunately, Skin
sufters by companson. as it lacks the narratve
drive. coherent theme, and telling anecdotes
that so enrich Diamond's book. However, the
book’s extensive notes and references testify to
Jablonskis hard work and wide reading; their
diversity encompasses the mutational analysis
of the melanocortin-1 receptor, identification
of new genes m zebratish, chemistry of mela-
nin, and anthropological studies of warriors,
That breadth may be the books prnincipal
strength, Skin offers an accessible and well-
referenced overview of many aspects of the
biology of human skin. Although none of the
sections 15 comprehensive enough 1o serve as a
primary resource, the book asa whole explains
why we should care about its subject. Beauty
may only be skin deep. but Jablonski shows us
that the skin, be it thin or thick, is the true
murror of the soul,
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NUCLEAR WAR

Consequences of Regional-Scale

Nuclear Conflicts

Owen B. Toon,'™ Alan Robock 2* Richard P. Turco? Charles Bardeen,! Luke Oman 2!

Georgiy L Stenchikov?

he world may no longer face a serious
threat of global nuclear warfare, but
regional contlicts continue, Within this
milieu, acquiring nuclear weapons has been
considered a potent political, military, and
social twol (1-3), Natonal ownership of
nuclear weapons offers perceived interna-
tional status and insurance against aggression
at a modest financial cost. Against this back-
drop, we provide a quantitative assessment of
the potential for casualties in a regional-scale
nuclear conflict, or a terronst attack. and the
associated environmental impacts (4, 5),
Eight nations are known to have nuclear
weapons, [n addinion, North Korea may have
a small, but growing. arsenal. Iran appears o
be seeking nuclear weapons capability, but
it probably needs several vears to obtain
enough fissionable material. OF great
concern, 32 other nations—including
Brazil, Argentina, Japan, South Korea, and
Taiwan—have sufficient fissionable maten-
als to produce weapons (/. 4). A de facto
nuclear arms race has emerged in Asia
between China, India, and Pakistan, which
could expand to mclude North Korea. South
Korea, Tarwan. and Japan (/). In the Middle
East, a nuclear confrontation between Israel
and Iran would be fearful. Saudi Arabia and
Eovpt could also seek nuclear weapons to
balance lran and Israel. Nuclear arms pro-
grams in South America. notably in Brazil
and Argentina, were ended by several treaties
in the 19905 (#). We can hope that these
agreements will hold and will serve as a
model for other regions, despite Brazil's new,
large uranium ennchment facilities,
Muclear arsenals containing 30 or more
weapons of low vield [ 15 kilotons (kt), equiv-
alent to the Hiroshima bomb] are relatively
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easy to build (/. 6). India and Pakistan, the
smallest nuclear powers, probably have such
arsenals. although no nuclear state has
ever disclosed its inventory of warheads (7).
Modern weapons are compact and light-
weight and are readily transported (by car,
truck. missile, plane, or boat) (§). The basic
concepts of weapons design can be found on
of the Internet. The only serious obstacle to
constructing a bomb is the limited availability
of purified fissionable fuels.

There are many political. economic, and
social factors that could trigger a regional-
scale nuclear conflict, plus many scenarios for
the conduct of the enswing war, We assumed
i) that the densest population centers in
each country—usually in megacities—are
attacked. We did not evaluate specific military
targets and related casualties. We considered a

nuclear exchange involving 100 weapons of

15-kt vield each, that is, ~0.3% of the total
number of existing weapons (). India and
Pakistan, for instance, have previously tested
nuclear weapons and are now thought to have
between 10Y and 172 weapons of unknown
vield (¥).

Fatalities were estimated by means of a
standard population database for a number
of countries that might be targeted in a
regional conflict (see figure, above). For
instance, such an exchange between India
and Pakistan (/#) could produce about 21
million Fatalities—about half as many as
occurred globally during World War 11, The
direct effects of thermal radiation and
nuclear blasts, as well as gamma-ray and
neutron radiation within the first few min-
utes of the blast, would cause most casual-
tnes. Extensive damage to infrastructure,
contamination by long-lived radionuclides,
and psychological trauma would likely
result in the indefinite abandonment of large
areas leading to severe economic and social
TCPercUssions.

Fires ignited by nuclear bursts would
release coplous amounts of light-absorbing
smoke into the upper atmosphere. [ 100 small
nuclear weapons were detonated within cities,
they could generate | 1o 5 million tons of car-
bonaceous smoke particles (), darkenming the
sky and aftfecting the atmosphere more than

SCIENCE

Numerous deaths and dangerous climate
effects would result from use of low-yield
nuclear weapons being stockpiled in many
parts of the world,

Argentina
Brazil
China
Eqypt
France
India
Iran
Iorael
Japan
Pakistan
Russia
UK. .
1S, Fatalities
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Fatalities predicted due to immediate radiation,
blast, and fire damage from an attack using 50
nuclear weapons with 15-kt yield on various coun-
tries. Airbursts were assumed. Estimates for ground
bursts, including early radioactive fallout, are about
25% less (4).

major voleanic eruptions like Mt. Pinatubo
(1991 ) or Tambora ( 1815) (3). Carbonaceous
smoke particles are transported by winds
throughout the atmosphere but also induce
circulations in response o solar heating,
Simulations (3) predict that such radiative-
dynamical interactions would loft and stabi-
lize the smoke aerosol. which would allow it
to persist in the middle and upper atmosphere
for a decade. Smoke emissions of 100 low-
vield urban explosions in a regional nuclear
contlict would generate substantial global-
scale climate anomalies, although not as large
is In previous “nuclear winter” scenarios fora
full-scale war ({1, [2).

However, indirect effects on surface
land temperatures, precipitation rates. and
growing season lengths (see figure, page
1225) would be likely 1o degrade agricul-
tural productivity to an extent that histori-
cally has led to famines in Africa, India.
and Japan after the 17831784 Laki erup-
tion {/3) or in the northeastern United
States and Europe after the Tambora erup-
tion of 1815 (5). Chimatic anomalies could
persist for a decade or more because of
smoke stabilization, far longer than in pre-
vious nuclear winter calculations or after
volcanic eruptions.

Studies of the consequences of full-scale
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Change in growing season (period with freeze-free days) in the first year alter smoke release from 100 15-kt nuclear explosions [modified from figure 11 in (5)].

nuclear war show that indirect effects of the
war could cause more casualties than direct
ones, perhaps eliminating the majority ofthe
world's population (17, 12). Indirect effects
such as damage to transportation, energy,
medical. political. and social infrastructure
could be limited to the combatant nations in
a regional war. However. climate anomalies
would threaten the world outside the combat
zone. The predicted smoke emissions and
fatalines per kiloton of explosive vield are
roughly 100 tmes those expected from esn-
mates for full-scale nuclear attacks with
high-vield weapons (4).

Unfortunately. the Treaty on Non-
Proliferation of Nuclear Weapons has failed
to prevent the expansion of nuclear states. A
bipartisan group including two former U.S,
secretaries of state. a former secretary of
defense, and a former chair of the Senate
Armed Services Committee has recently
pointed out that nuclear deterrence is no
longer effective and may become dangerous
(3. Terrorists. for instance. are outside the
bounds of deterrence strategies, Mutually
assured destruction may not function in a
world with large numbers of nuclear states
with widely varying political goals and
philosophies. New nuclear states may not
have well-developed safeguards and con-
trols to prevent nuclear accidents or unau-
thorized launches. This bipartisan group
detailed numerous steps to inhibit or prevent
the spread of nuclear weapons (3). Its list,
with which we concur, includes removing

nuclear weapons from alert status to reduce
the danger of an accidental or unauthorized

use of a nuclear weapon: reducing the size of

nuclear forces in all states: eliminating tac-
tical nuelear weapons; ratifying the Com-
prehensive Test Ban Treaty worldwide:
securing all stocks of weapons. weapons-
usable plutonium. and highly enriched ura-
nium everywhere in the world; controlling
uranium enrichment along with guarantee-
ing that uranium for nuclear power reactors
could be obtained from controlled interna-
tional reserves: saleguarding spent fuel from
reactors producing electricity: halting the
production of fissile material for weapons
globally: phasing out the use of highly en-
riched wranium i civil commerce and
research facilities and rendering the maneri-
als safe: and resolving regional confronta-
tions and conflicts that give rise to new
nuclear powers.

The analysis summarized here shows
that the world has reached a crossroads.
Having survived the threat of global
nuclear war between the superpowers so
tar, the world 1s increasingly threatened by
the prospects of regional nuclear war. The
consequences of regional-scale nuclear
conflicts are unexpectedly large, with the
potential to become global catastrophes.
The combination of nuclear proliferation,
political instability, and urban demograph-
ics may constitute one of the greatest dan-
gers to the stability of society since the
dawn of humans.
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Negative Refraction for Electrons?

J. B. Pendry

hance or i.'l.l..‘"| CIMC S SOMe-
times brings together two
research

that otherwise would proceed

exciting areas
along separate paths. In the world
of optics, for example. researchers
have been studying negative re-
fraction. a phenomenon that al-
lows “perfect”™ optical lenses (1, 2)
that can focus light beams to
extremely fine points. Condensed
matter physicists, on the other
hand. are unraveling the unusual
properties of graphene, a matenal
that consists of single sheets of
carbon atoms (3). Now, a report by
Cheianov er af. on page 1252 of
this issue (4) combines these two
areas in a potentially fruitful way.
On the basis of theoretical resulis,
the authors claim that the electron
equivalent of negative refraction can be
achieved in a monolayer of graphite (graph-
ene) and exploited to focus electrons with
high precision,

In graphite, carbon atoms are arranged as
sheets comprising planar hexagons, each
atom connected by three bonds to its neigh-
bors. The bonding between the sheets 1s rela-
tively weak, however, so that graphite 1s easily
sheared. which is what makes it a good lubri-
cant. Recently, it has been reported that indi-
vidual sheets of graphene can be isolated (3)
and sophisticated experiments can be per-
formed on them.

Ciraphene 15 an weal two-dimensional sys-
tem, and interest in it is compounded by the
unuswal nature of 1ts electronic spectrum, The
basic concept that physicisis use o understand
such electron behavior in sohds 15 called the
Fermi surface. This is a boundary that sepa-
rates the unfilled orbitals from the occupied
ones and has a structure that depends on the
symmetry of the atomic lattice. Metals are
conductive because the Fermi surface inter-
sects a set ol electronic enerey bands (the con-
tinuous ranges of allowed energy created
when many atoms having discrete energy lev-
els are jomned together). That 1s, the electrons
can flow easily among the orbitals. In semi-

The author is at the Bladkett Laboratory, Imperial College
London, London SW7 2AZ, UK. E-mail: j.pendry@imperial.
ac.uk
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conductors, two energy bands interact with
one another and split apart generating an
energy gap. The Fermi level lies in this gap,
making them insulators, unless the semicon-
ductor is doped or heated so0 as 1w fill the con-
duction band with a tew electrons.

However. graphene 1s neither metal nor
semiconductor, A semiconductorcan be doped
with impurity atoms. creating two different
tvpes of matenals, p-type or n-type, essentially
forming the basis for all semiconductor tech-
nology. But the peculiar hexagonal symmetry
of graphene. in which the unit cell contains two
equivalent carbon atoms, means that symme-
try forbids the interaction and bands cross at
the Fermi energy without creating a gap. An
infinitesimal perturbation will move the Fermi
energy into either the upper or the lower band,

miaking the system either a p=tvpe conductorif

the Fermi energy 1s lowered into the valence
band or an n=type conductor 1 1t 15 rmsed into
the conduction band. In fact. the Fermi energy
can be moved simply by applying a gate volt-
age to the graphene layer.

Symimetry has another consequence in the
graphene system. [Fwe launch a pulse of elec-
trons into a conventional material such as cop-
per. the maxima and minima of individual
wavelets making up the pulse move in
the same direction as the pulse. Techmcally
speaking. the group velocity and the wave
velocity have the same sign. This statement 15
also true 1f we launch electrons into the con-

VOL 315 SCIENCE

The peculiar properties of graphene, which is
neither semiconductor nor metal, may allow
its electrons to be focused like light.

Focusing electrons. (Left) Veselaga's lens: A negative refractive index medium (n = =1) bends light 1o a negative angle
relative to the surface normal. Light formerly diverging from a point source in the object plane is set in reverse and con-
verges back to a point. (Right) Computer simulation of electron charge density on graphene showing similar focusing.
[Adapted from (4)]

duction band of graphene. However, although
the valence band is closely related to the con-
duction band by symmetry. there is a twist:
States in the valence band have a group veloc-
ity antiparallel 1o the wave vector. This pro-
vides the link with the optical effect of nega-
tive refraction, which requires groupand waves
velocities o be oppositely directed,

In 1968 (7). Veselago investgated the prop-
erties of a medium that showed negative refrac-
non of light. Under conditions in which both
the magnetic (W) and electric (£) responses are
negzative, he showed that the group and phase
vielocities point in opposite directions, just as is
the case for the valence electrons in the new
material, He went on to show that a negative
angle of refraction gives rise to focusing of light
by a simple slab of the matenal. The Veselago
lens was later shown to have the extraordinary
property that the perfection of 1ts focus is lim-
ited not by the wavelength, as ina conventional
lens, but by the degree of perfection in its man-
ufacture (2). The lens 15 sometimes referred o
as a “perfect lens” Several expeniments have
now demonstrated that the lens is capable of
subwavelength resolution (5, 6).

In their report, Chelanov er afl. examine a
i unetion i graphene, These kinds of struc-
tures are among the most basic electronic
devices and are wsually made with semicon-
ductor materials. Such a junction could be
made by two almost-touching metal plates
above a graphene sheet, one biasing the sam-
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ple to a positive voltage (n-type). the other o a

negative voltage (p-type). A point source of

electron current in the #-type hall'( see the fig-
ure) radiates electrons to the interface, where
they are negatively refracted into the p-type
medium and brought to a focus, just as light is
Focused in Veselago's lens,

The ana

ogy with Veselagos lens is not
complete: His lens matched both the refrac-
tive index and the impedance of the two
media. and as a result the interface between
them was perfectly transmitting, This perfect
transmission also led to the property of a per-

fect focus. The pm interface in the new
araphene lens is perfectly transmitting only
when electrons strike the surface exactly at a
perpendicular angle, but otherwise not so. As
a result, the graphene lens does not show sub-
wavelength resolution, In fact, it is a require-
ment that the g junction be as sharp as possi-
ble because the resolution of'the lens is related
to the diffuseness of this intertace. However,
because electron wavelengths are generally
very small, subwavelength resolution 1s less
of an issue than it is for photons.

This remarkable theoretical result now

PERSPECTIVES

stands as a challenge w experimentalists. We
know that graphene can be prepared inoa rather
perfect form., but can a sharp. straight pa junc-
tion be prepared and its imaging demonstrated?
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EPIDEMIOLOGY

Keep It Local

Angus Buckling

hy are some parasites more in-

tectious than others? This much

debated question has spawned sev-

el theories about parasite transnission and
virulence, A study by Boots and Mealor on
page 1284 n this issue () indicates that the
social network of host orzanisms is a key deter-
minant of how parasite infectivity evolves, This
implies that as the world become more con-
nected and human populations more mixed,
more dangerous parasites could be selected for.
The study was motivated by theoretical
work predicting that pamsite imfectiviny
should decrease when host (and parasite)
movement is resiricted. Under these condi-
tions, the theory predicts that infected hosts
soon become surrounded by other infected
hosts. described as “self-shading™ (2). Once
this happens, infected hosts rarely encounter
susceptible hosts, so the average rate at which
current infections lead to new infections
{transmission) dramatically decreases. A
mutant parasite that is intrinsica

v less infec-
tious is predicied to cause less selt-shading,
thereby increasing the average contact rate
between infected and susceptible hosts. The
mutant parasite would therefore spread
throughout the whole host population more
efficiently than a highly infectious parasite,
despite having reduced short-term and local-
ized transmission, This contrasts with condi-
tions in which host and parasites can freely
mingle. In this case, the theory predicts that
parasites are much less likely to be surrounded
by hosts that they have already infected, and

The author is in the Department of Zoology, University of
Creford, Culord 0X1 3PS, UK. E-mail: angus buckling@aoology.
ouford.ac.uk
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the most infectious parasites will spread more
rapidly both locally and throughout the whole
host population.

Boots and Mealor put this theory to the test
by studying the real-time evolution of a para-
sitic virus that infects, primanly through can-
nibalism, caterpillars (see the figure). The
authors manipulated the social network of the
caterpillars by allowing them to live in their
own food (a wholesome blend of organic
cereal, yeast, glycerol, and
honey), The unadulterated
food had a thin consistency,
allowing caterpillars 1o
interact with each other
throughout the food box.
By addmg water to the
food, a thicker texture was

Plodra interpunciela

created that greatly linited
caterpillar movement, re-
sulting in caterpillar ¢lus-
ters. Both uninfected and
parasite-infected caterpil-
lars were added 1o the different food boxes.
After 40 weeks. the authors extracted virus
from the current crop of caterpillars and
measured infectivity by treating uninfected
caterpillars with the harvested pathogen. The
results are entirely consistent with theory:
Virus in the denser food that restricted cater-
pillar movement evolved to be approxi-
mutely one-third as infectious as viruses har-
vested from caterpillars in the less viscous
food source,

Despite the quirkiness of the experimental
system. these results are hkely to have very
broad applicability. The behavior of less infec-
tious viruses in the more viscous food source
can be viewed as “prudence.” That is. viruses

b=
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Studies of virus evolution within caterpillars
and bacteria show that greater host mobility
is associated with the emergence of more
infective parasites.

are trading off short-term competitiveness
with the long-term producuvity (3). Such a
strategy works when movement is limited
because prident viruses reap therr ownreward
by creating an environment with more avail-
able hosts. IFmovement 15 unrestricted. every-
one will gain equally from the behavior of
prudent individuals, in which case prudence
Versus |I'I'I|'||'l|1.11.‘lll.:L' carries a shor-term cost,
but no long-term benefit,

The importance of restricted move-
ment for the evolution of prudent para-
slfes was recapt ured in another recent

Prudent parasites. By studying a virus that infects
the larva of the moth Plodia interpunctella, Bools
and Mealor (1) determine that parasites evolve lo
maore infectious forms when their hosts are maore

mobile and disperse within a population. Less infec-
tious, more “prudent” parasites result when poten-
tial host movement is restricted within a population.
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experimental evolution study of viral parasites
{bacteriophage) of bacteria (#). Bacteriophage
invade bacteria after a mndom encounter,
reproduce inside the host, and then burst out,
killing the bacteria in the process. The experi-
mental design for this study involved nearly
200 individual media-filled “wells” some of
which were inoculated with either bacteria or
bacteriophage. Dispersal was manipulated by
moving samples of bacteria and phage
between different wells. Where dispersal was
limited to only neighboring wells, clusters of
wells containing only phage formed. This
reflects “self-shading™ by the phage, because
they quickly killed bacteria in a well. As
expected, this favored the evolution of prudent
phage, which in turn reduced the rate of phage
reproduction. Because this allowed more
growth of the bactenial “resource.” there was
an increase in total bacteriophage yvield from a
well. This in tum increased the probability of
bacteniophage infecting new bactenial wells. In
contrast, when the bacteriophage and bactena
could disperse to any well, the authors argue
that there was a much higher chance of
encountering i bacterial well, so prudence was
less beneficial.

Prudence, when considered a form of
cooperation. is open to cheating. Regardless
of the long-term benefits to the group of pru-
dent behavior, a faster exploiting “cheat™— an
individual that reproduces more rapidly in
the short term—that invades a patch of pru-
dent individuals is likely to have an advan-
tage, What prevents such cheats from joining
patches of prudent individuals in the limited-
dispersal conditions in the above examples?
On the one hand, it could be chance: some
pathogen populations simply don’t contain
cheats. However. limited dispersal also means
that viruses within a localized patch are more
likely to share the same immediate ancestors
than would viruses between patches, The ben-
efits of prudent behavior are therefore most
directed toward close kin, which themselves
are likely to be cooperators, causing genes for
cooperation to spread throughout a population
(3. 6). This process of kin selection ( 7) is likely
to be an important determinant of many coop-
erative traits,

However, when there is greater dispersal,
there will be much more interaction between
individuals of different immediate ancesiry,
and hence between cheats and cooperators. OF

course, it s impossible w know the impor-
tance of kin selection in explaining the results
of Boots and Mealor because dispersal and the
likelihood of viruses interacting with their
closest relatives are necessarily correlated.
Independent manipulation of these two varni-
ables would provide fascinating insights into
the mechanisms responsible for the evolution
of parasite infectivity.

Regardless of the precise details of the the-
oretical explanation, there is now, for the first
time, some very convineing experimental data
that parasites are likely to evolve to be less pru-
dent when they get to travel. Less prudent can
mean various things: more infectious, more
disease-causing, and more likely o kill. None
of which is likely to be very good for hosts.
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CHEMISTRY

Water from First Principles

Anthony J. Stone

he water molecule is very simple. yet

waler in its vanous forms s one of the

most complicated substances. Its anom-
alous behavior, such as its expansion on freez-
ing and other more subtle properties. is related
to the detailed form of the interaction between
its maolecules, which is sull imperfectly under-
stood. For more than 70 years, scientists have
been rying o understand the behavior of water
in its different forms from first principles—that
i, based on the fundamental properties of the
water molecule. Much progress has been made
in this task in recent years, and the report by
Bukowski er al on page 1249 of this issue (/)
miarks an important step,

For some substances, the properties of the
bulk solid liquid, or gas can be deduced with
reasonable accuracy once one knows the pair
potential—that is, the function that describes
how the energy of a pair of molecules depends
on their relative geometry. For molecules like

The authar is with the University Chemical Laboratory,
Lensfield Road, Cambridge CB2 1EW, UK. E-mail:
ajsl@cam.ac.uk

water, this function depends on six coordi-
nates: the position ( three coordinates) and ori-
entation (three more) of either molecule rela-
tive to the other. The energy of an assembly of
molecules is then taken to be a sum of all pair
interactions in the assembly.

For water, and for many other substances,
however, the pair potential is not enough. The
energy of an assembly of water molecules
cannot be described adequately as a sum of
pair potentials. The interaction between any
two molecules leads to a distortion of both
molecules, which in turn modifies their imter-
actions with a third molecule (see the figure).
A three-body function is needed to take such
effects into account. The three-body correc-
tion is a function of 12 coordinates: the posi-
tion and orentation of two molecules relative
to the third. Even this is not enough: In princi-
ple. there are four-body and five-body correc-
tions, and 50 on. These are smaller, but are
thought to be important for the tetrahedral
structure of Liquid water (7). Most of these
many-body corrections can be accounted for
by a careful description of the polarization of

It has been hard to reproduce some of the
properties of water starting only with the basic
laws of physics. A description of water derived
entirely from theory now succeeds in this task.

each molecule by s neighbors { 3). There are
other many-body effects that are not included
in this way—~for example, the three-body cor-
rection to the van der Waals attraction (4)

but they are smaller and can often be ignored.

For simulations of liquid water and of bio-
logical systems in the presence of water, very
simple descriptions are needed because
of computational constraints. They usually
approximate the many-body effects by modi-
fving the pair potential, typically by enhanc-
ing the molecular dipole moment, These
maodels are quite successiul in modeling
liguid water at ambient temperature and pres-
sure, but give a very poor account of the
water dimer, because the modified pair poten-
tial is incorrect.

In recent years, several research groups
have tried to obtain a deseription of water that
gives a good account of the water dimer, small
clusters of water molecules, and the bulk liquid
{37} Such a comprehensive task requires a
much more elaborate potential, Traditionally,
the intermolecular potential has been deter-
mined from experimental data, but experimen-
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tal properties are averages over the potential
surface, and it is difficult or impossible
to extract the details of the potential surface
unambigzuously from such propertes. Aler-
natively. the intermolecular potential can be
calculated from first principles. The most accu-
rate method in current use is coupled-cluster
theory with inclusion of single. double. and
triple excitations, the triples noniteratively.
Unfortunately, this CCSD{T) method gives
only the total pair potential energy, and only
at isolated points, It provides no information
about the functional form of the pair potential,
which is needed for most applications.

Perturbation theory, on the other hand,
does give information about the functional
form, but is very complex and computation-
ally demanding. and cannot yet achieve the
same accuracy. Recent practice has been to
refine the details of the potential by fitting to
experimental data.

Fitting 1s a well-established technique in
many fields of science, but it has pitfalls: It

may Improve some properties at the expense of

others. For example. in the case of the simple

potentials mentioned above, enhancement of

the molecular dipole moment improves the
calculated properties of the liquid but ruins the
description of the dimer. In that case, however.
the form of the potential is known to be inade-
quate. Careful use ol perturbation theory can
give the right functional form. and the numen-
cal parameters can be refined by fitting to the
viery accurate experimental data that have been
obtained from high-resolution spectroscopy
on the dimer and small ¢lusters. This approach
can lead to potentials that give a good account
of both small ¢clusters and the bulk liquid { 7).
Nevertheless, the challenge to obtain a
good intermolecular potential energy function
entirely by calculatnion from first principles,
using experimental data only as a test of 1ts
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Three-body effects. The two hydrogen bonds may act cooperatively, each reinforcing the other (top),
or they may oppose each other (bottom). The top configuration is bound more strongly than the bot-
tom one. Three-body effects of this kind play an important role in water clusters and liquid water.
Bukowski ¢t al (1) describe a potential derived entirely from First principles that captures these and

other properties of water.

quality, has not been met, This 15 what
Bukowski er af. have been able to do,
They have used perturbation theory to
determine the form of the potential
function, and fitted the parameters in it
using data points for the water dimer
calculated by the CCSD{T) method.
An advantage of this approach is
that the CCSD(T) data ponts cover the
enerey surface much more completely
than the spectroscopic data, which
describe only the region in the neigh-
borhood of the energy minimum and
the barriers o neighboring minima. The
CCSINT) calculations were carried out only
tor the dimer, but with a good functional form
the resulung potential is able to give a good
account of the many-body interactions and
hence of the ligquid properues as well as the
dimer spectrum.
This work 1s not the end of the story. The

caleulated properties are good, but leave room
tor improvement, The form of the potential
function omits some of the smaller terms.
Ideally, one would wish to obrain accurate
numbers as well as the functional form from
perturbation theory, Mevertheless, Bukowski
et al. have been able to show that a good
deseription of water from first principles is
becoming feasible.
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BIOCHEMISTRY

A Missing Link in Membrane

Protein Evolution

Bert Poolman, Eric R. Geertsma, Dirk-Jan Slothoom

Discerning the orientation of subunits of an unusual bacterial membrane protein suggests how the
particular topology of other membrane proteins may have evolved.

ost proteins embedded in biological

membranes have vectorial func-

tions, such as transporting mole-
cules into or out of cells or transducing signals,
[t is thus essential that these membrane pro-
teins have unigque onentations in the lipid
bilayer. To achieve a unigue orientation, mem-
brane proteins carry signals in their amino acid
sequences that are recognized during the
membrane insertion process. Intriguingly,
some membrane proteins have structurally
similar, homologous regions with apposite
orentations in the membrane, raising ques-
tions about their evolution. On page 1282
of this issue, Rapp ef al. (1) offer a com-

The authors are in the Department of Biochemistry,
Groningen Biomolecular Sciences and Biotechmology
Institute, and Zernike Institute for Advanced Materials,
University of Groningen, Nijenborgh 4, 9747 AG
Groningen, Netherlands. E-mail: b.poalmang@rug.ni

pelling explanation for how such proteins
may have evolved,

One of the best-understood signals for
membrane protein topology is the “positive-
inside rule™ Positively charged residues such
s lysine (K) and arginine (R) tend 1o be most
abundant (“K+R bias™) in loops located at the
eyvtoplasmie side of plasma and endoplasmic
reticulum membranes (7). Crystallography
has shown that many membrane proteins
contain homologous domains with opposite
{antiparallel) membrane orientation, leading
to proteins with a quasi-two-fold axis in the
plane of the membrane, Well-known exam-
ples are the members of the aquaporin Family,
in which the first three transmembrane seg-
ments are homologous to the last three but
with opposite membrane onentation, Exactly
how such quasi-symmetrical proteins have
come about has been puzzling. Rapp er al,
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POSSIBLE PATHS FOR THE EVOLUTION OF TRANSMEMBRANE PROTEINS

Antiparallel (dual) topology

i

Parallel topology

X

Gene duplication and (K+R) drift |

| Gene duplication and fusion

(K+R) drift|

 Quasi-two-fold axs in the plane of the membrane

Plausible evolutionary paths. Membrane proteins with multiple homologous domains may have evolved through gene dupli-
cation, gene fusion, and drift events [bias to lysine (K) and arginine (R} residues in cytoplasmic regions of the protein]. The
resulting proteins have similar domains with either antiparallel topologies (bottom left), or parallel topology (bottom right).
Shaded cylinders depict additionally inserted transmembrane segments. Bold arrow indicates the evolutionary path simulated

6‘-

EEené %usim

|
.

dual-topology protein could
evolve via genetic drifi toward
a K=+R bias, whereby the sub-
units obtain a fixed orientation
(see the figure). A subsequent
gene fusion event would allow
a single polypeptide to accom-
modate all functionalities, For
proteins with an even number
of transmembrane segments,
this requires the insertion or
deletion of a ransmembrane
segment. In principle, the order

and (K+R) drift

 Gene duplication and fusion |

of these events could be re-
versed. Either pathway leads

L d

by Rapp et al. (1); dashed arrows indicate hypothetical events.

reinforce their earlier proposal that rare “dual-
topology™ proteins form a missing link in the
evolution of membrane proteins with antipar-
allel domains. They trace the evolutionary path
by examining the multidrug transporter Emrl
from Escherichia coli and demonstrate that
antiparallel dual topology of the transporter’s
subunits is required for its functioning.

EmrE is a well-characterized protein with
four transmembrane segments, [ts functional
unit is & homodimer, but the membrane ori-
entation of the two subunits of EmrE is a
matter of fierce debate. The protein does not
have strong topological signals (weak K+R
bias), and evidence has been presented for
both an antiparallel (dual topology) and par-
allel orientation of the subunits (see the fig-
ure) {3-7). The possibility of oppositely oni-
ented subunits in EmrE was first proposed by
Tate and colleagues (7) on the basis of a
eryo—electron microscopy analysis of two-
dimensional (2D) crystals. A model consis-
tent with most of the available biochemical
and biophysical data was proposed in which
EmrE could be arranged as an antiparallel
homodimeri&). On the other hand, a rigorous
cross-linking study pointed toward a parallel

orientation of the EmrE subunits (5). Re-
erettably, some of the assumptions in the lat-
ter work were based on a structural model
that has recently become obsolete (V).

Rapp et al. now present strong evidence
for dual topology of the EmrE subunits as a
requirement for its function. They forced the
subunits to insert into the membrane in a
single orientation [with the carboxyl termi-
nus either mside. EnwE(Cy). or outside.
EmrE(C_,)] by manipulating the number of
positive charges in the loops connecting
the transmembrane segments, resulting
in a stronger K+R bias. EnrE(C,) and
EmrE(C_,) were inactive when expressed
independently in bacteria. However, expres-
sion of both subunits simultaneously restored
drug resistance to the level observed with the
wild-type EmrE. which is indicative of a func-
tional transporter. Thus, oppositely oriented
subunits of EmrLE are required for its drug
efflux activity.

This work explains the occurrence of anti-
parallel domains observed in the 3D structures
of many membrane proteins by providing a
plausible path for the evolution of such wans-
membrane proteins: Afier gene duplication, a

l Quasi-twa-Told axis perpendicular to the membrane

to @ membrane protein with
a quasi-two-fold axis in
the plane of the membrane
{see the figure).

For comparison, a protein
with a quasi-two-fold axis
perpendicular to the mem-
brane plane could evolve from
the tusion of proteins with a
parallel topology (see the fig-
ure). Prototypic of this class
are the members of the major
facilitator superfamuly. The
currently available 3D strue-
tures of channels and trans-
porters indicate that proteins
with quasi-symmetry, result-
ing from the duplication and
fusion of ancestral proteins
with either parallel or anti-parallel topologics,
are the rule rather than the exception.

In a proteome-wide screen of the topol-
ooy of transmembrane proteins in £, colf,
von Heljne and colleagues previously show-
ed that the vast majority of the proteins
exhibit a unique topology (10), Obviously,
for many membrane proteins, a unique ori-
entation is required. For instance. domains
that bind o ligands, possess certain enzy-
matic activities. or are chemically modified
{such as by phosphoryvlation) need o be
located on the physiologically relevant side
of the membrane. However, the EmrE case
shows that in principle. transporters could
have dual topology.

So why are dual-topology proteins so rare?
EmrE is a dimerie protein. and ideally. the
subunits for such a dual-topology dimer
should insert exactly 50% EmrE(C, ) and
500 EnmrE(C_ ). A large excess of either ori-
entation would be a waste ol cellularresources
and might exert a detrimental effect if
“unpaired” subunits are toxic to the cell. The
realization of equal amounts of oppositely ori-
ented subunits may well be bevond the control
of the membrane insertion machinery and. in
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addinon, would put strong constraints on the
evolution of such proteins. Any mutation that
would alter the optimal insertion ratio would
be a selective disadvantage, even though it
could improve the catalytic activity. The dual-
topology organization of EmelE likely repre-
sents an evolutionary transitional form. The
work by Rapp eral. tips the balance in the con-
troversy about one protein’s unusual orienta-

tion in the membrane. A broader consequence
of this observation may be a plausible evolu-
tionary path for membrane proteins with
antiparallel domains.
References
1. M. Rapp, 5 Seppdld, E Granseth, G. von Heijne, Science
315, 1282 (2007); published online 25 January 2007
(10.1126/5cience. 1135406).

2. G, von Heijne, BMB0 I, 5, 3021 (1986).
3. 0.0, Daleyet of,, Science 308, 1321 (2005).

PERSPECTIVES

4. 5. Minio, ¥, Elbaz, 5. Schuldiner, FEBS Lett, 562, 193 (2004).

5. M. Soskine ef al., . Biol. Chem. 281, 36205 (2006).

&. A, Rath, R. A. Melnyk, C. M. Deber, | Biol. Chem. 281,
155446 (2006).

. L Ubarretzena-Belandia ef of., BHED |, 22, 6175 (2003}

. 5.], Fleishman ef af,, |. Mol, Biol. 364, 54 (2004},

. . Chang ef al., Scfence 314, 1875 (2005).

. M. Rapp et of, Nat. Struct, Mal, Biel. 13, 112 (2006,

. We acknowledge the EU E-Mep program for funding,

55#&‘4

10.11 26/ science. 1140073

ECOLOGY

How the Wood Moves

Katriona Shea

t first glance, an obvious difference

between animals and plants is move-

ment: Elephants move, trees don't,
This 15 in part why Tolkien’s ents (/). Wynd-
ham's tritfids (29, and the march of Birnam
Wood in Shakespeare’s Macheth (3) elicit
such a strong response. But in fact plants do
move, although only at cerntain life stages and
usually with outside help. For example. dan-
delion seeds blow and sycamore samaras hel-
icopter in the wind, acorns and berries are
moved by mammals and birds, and pollen is
spread by wind and insects. These movements
spread plant genes across the landscape, gen-
erating the spatial patterns of distribution and
abundance of species that we observe in
nature. Recent work demonstrates just how

The auther is in the Department of Biology and the
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“POLLEN DISPERSAL

complex the web of pollinators and fruit-eat-
ing animals that determine tree gene flow can
be ( see the figure).

For both planis and ammals, studying
movement is just as difficult as it seems.
Animal ecologists have radio-collared cheetahs
and lions, attached satellite-linked tracking
devices to seals, and painted marks on beetles
to track their movements. Plant ecologists,
however, are usually faced with a problem of
scale. How can we follow the movement of
smaller diaspores (dispersal units), such as
seeds and pollen grains? Approaches broadly
fall into two categories—tracking of diaspores
from a source. or relocation of diaspores at dif=
feremt distances from parent plants (4)—and
scientists have become very creative in their
quest (3). Nowble approaches include observa-
tonal studies of dispersers at the parent plant
for animal-dispersed species; studies of the
environmental conditions promoting  seed
release of wind-dispersed species: trapping of

Recent studies show that the movement of plant
genes across the landscape involves a complex
web of pollinators and fruit-eating animals.

seeds at different distances from possible par-
ents: marking of seeds on the parent plant with
ink, Nuorescent powder, or radioactive markers
to allow later relocation and identification of
seeds; zenetic methods to link seeds or pollen
to possible parents: and even chasing individual
seeds as they blow across the landscape.

Over the past decade. Jordano and collabo-
rators have been patiently disentangling the
gene flow story for a key tree species in south-
eastern Spain by combining several of these
methods (6). Mahaleb cherry, Privnes nrahaleh,
15 a tree with delicate white flowers and black
fruits. Some trees are hermaphrodites (with
both male and female functions); others are
functionally female. Thus, both types of trees
are potential seed sources, but only the her-
maphrodites can provide pollen. Jordano er al,
have studied nine distinet populations of these
trees and determined the genotypes ol all repro-
ductive individuals, Their observational studies
show that mahaleb cherry fruits (each contain-

| AR
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Gene flow in trees. Mahaleb cherry pollen and seeds are moved over short and long distances by strikingly different assemblages of pollinators and fruit-eating
animals. This has important implications for gene flow within and between populations and for the establishment of new populations.
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ing a single seed) are consumed by a wide vari-
ety of animals. Most seeds are eaten by frugiv-
orous (frutt-eating) birds such as warblers,
robins, redstarts, mistle thrushes, woodpi-
geons, and carrion crows. However, a small
proportion of fruits are also eaten by otherwise
carnivorous mammals such as badgers, stone
martens, and red foxes. Pollen is dispersed by a
wide range of bees and flies,

A seed contains a mix of genes from both
its mother and father and, as potential parents
in a population may themselves be related, it
can be hard to work out parentage with any
degree of certainty, even with the latest molec-
ular genetic methods. Jordano ef al. exploited
a key factor o get around this problem, In
some species. maternal tissue is attached to
the seed. For example. the samara or “pro-

peller” of a sycamore 15 actually made up of

maternal tissue. Similarly, mahaleb cherry
seeds have a maternally derived seed coat, the
endocarp. which 15 not digested with the rest
of the fruit. Analysis of the seed coat by
maolecular genetic techniques allows direct
identification of the mother tree.

Jordano er af. trapped or collected seeds
from animal feces across the landscape. From
this they recorded which dispersal agents
excreted each seed, direetly identified the
maother tree, and hence determined the dis-
tance the seed was dispersed. By combining
these complementary methods, this work has
been able o document what moves seeds, how

far they are moved. and even into what sorts of

habitats they are deposited by different dis-

persers (6). Similarly, they have studied the
pollinators and the pollen they deposit on the
two sexes of tree (7). Eventually, they will be
able to link the two components directly, by
genotyping both seeds and their endocarps.
This unusually thorough understanding of
seed and pollen movement is a real break-
through for the study of gene flow in trees,

As expected, birds remove most mahaleb
cherry fruits, whereas mammals take rela-
tively few. However, smaller birds move seeds
only relatively short distances (usually
depositing them within the boundaries of the
local population); larger birds and mammals
are overwhelmingly responsible for longer-
distance dispersal, particularly movement
between populations (6). Additionally, larger
birds and mammals are more likely to disperse
seeds to open habitat, where new populations
may establish. Pollinators prefer female trees,
and different assemblages of pollinators visit
the two sexes. As a result, pollen on female
trees on average comes from farther away and
from more pollen donors (7). Intriguingly.
there is much less long=distance pollen move-
ment than long-distance seed dispersal.

The implications For this species are note-
worthy, Although smaller birds dominate the
dispersal system numerically, loss or extinetion
of camvorous mammals in this system would
lawve serious consequences for gene Tow (with
a large reduction in interpopulation movement )
and would likely lead 1o increased isolation of
populations (with fewer new populations being
initiated). The ramifications for other ecosys-

tems are also considerable. [t s not only the
obvious or putative dispersal mechanisms that
are important (4), and the composite pattems
arising from these multiple dispersal vectors
may be very complex indeed (). Relatively
rare events may dominate certain cntical
processes such as establishment of new popula-
Hons, range expansions, or invasions, Par-
ticularly large effects may be seen in tropical
rainforests, where mpid fragmentation dramat-
ically mfluences loss of large frugivores.
Jordano er al. show the way forward: Only with
amultipronged and synthetic approach can we
hope to disentangle the multiple drivers of
observed plant genetic diversity or o denufy
possible consequences of changes in animal
communities or habitats on plant populations.
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ATMOSPHERE

Forecasting Hurricane Intensity

and Impacts
Hugh E. Willoughby

n 2005, meteorologists embarked on an

ambitious hurricane research project,

RAINEX. to investigate how rainbands
affect hurricane intensity. Flying radar-
equipped aireraft right into the storms—
including the infamous Hurricane Katrina
before they made landfall, the scientists
recorded wind speed and direction, tempera-
ture, humidity, and other data. On page 1235
of this i1ssue. Houze er al. report exciting
results from this project (/). The authors

The author is in the Department of Earth Sciences, Florida
International University, Miami, FL 33199, USA. E-mail:
hugh willoughby@ fiu.edu

observed Hurricanes Katrina, Ophelia, and
Rita and then simulated them numerically on
spatial scales of less than 2 km. These highly
realistic simulations represent substantial
progress on the vexing problem of hurricane
intensity prediction.

In the United States, 2004 and 2005 were
the most devastating seasons as measured
by inflation-adjusted damage. and 2005 was
the deadliest since 1928, Forecasts of US,
hurricane landfalls made as long as 60
hours before the event were excellent, but
LEarth’s atmosphere is still fiendishly unpre-
dictable. It was a meteorologist who insti-
gated the modern appreciation of sensitivity

Hurricane structure and intensity can now be
predicted with sufficient accuracy to support
guantitative assessment of human and
economic impacts.

to mitial conditions in deterministic mathe-
matical systems (2). Thus. both uncertain-
ties in the initial state of the atmosphere and
limitations of the numerical models can
cause forecasts that started from nearly
identical representations of today’s weather
to diverge after just 3 to 10 davs. Hurricane
prediction remains an unforgiving enter-
prise with constant threat of public and
costly failure.

There are two crucial aspects to hurricane
prediction: forecasting the path it will take
(the hurnicane wrack) and forecasting the
strongest wind anywhere in the storm (the
hurricane intensity). Track forecasts have
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improved steadily over the yvears,
but intensity predictions have
lagged a generation behind track
forecasts.

Track forecasts are important,
because storm surge—{looding
by wind-driven water from the
sea or lakes

13 Sept
23:15 UTC

usually  causes
most hurricane deaths; this was
the case also for Hurricane Katrina,
Timely evacuation from the surge
zone based on track forecasts
therefore has the potential to save
many lives. Hurricane tracks
depend mainly on the steering
fMow, that is. the prevailing wind
around the storm.

MNumerical weather prediction
maodels form the basis of modern
forecasting, They tabulate mete-
orological variables on rectangular
erds and use the dynamical equations
of motion to advance them forward in
time. The steering flow has character-
istic spatial dimensions of more than
1000 km and takes over 24 hours
to change appreciably, Progress in
numerical weather prediction and re-
mote sensing has focused on these
seales, facilitating advances in track
forecasting.

In contrast, to simulate hurricane
intensity changes, numerical models

need Finer grid resolution to represent
the small-scale. rapidly evolving org-
anization of convection in the hurri-
cane core, For this reason. improve-
ments of intensity forecasts have been
slower. Numerical hurricane simula-
tions (3) of individual hurricanes with
resolutions of over 5 km predict cy-
clones that are geometrically larger,
weaker cartoons of their counterparts
in nature, Intensification and weaken-
ing also depend on ocean temperature
beneath the storm (#), interactions
with vertical shear of the steering flow
(3}, and rainbands, eve structure, and

Wind speed (mis)

Wind speed (m/s)

other manifestations of the internal
dvnamics of the storm.

Evewall replacements, in which a
ring of new thunderstorms forms around a
preexisting eye, are probably the most diffi-
cult phenomena to model. The outer eve-
wall supplants the inner by intercepting the
energy-laden air as 1t converges toward the
original evewall in contact with the warm
ocean. Collapse of the inner evewall re-
duces intensity. Subsequently, the hurri-
cane may reintensify if conditions remain
favorable.
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Timing and magnitude of these evewall
replacement cveles are crucial to impacts at
landfall. In 1992, Hurricane Andrew com-
pleted an evewall replacement, intensified
rapidly as it crossed the Gulf Stream, and
ripped into Miami-Dade County (6), By
contrast, evewall replacements and a less
favorable environment reduced Hurricane
Flovd of 199 (see the Nigure) from a poten-
tially catastrophic windstorm to a rainstorm

PERSPECTIVES

Hurricane eyewall replacement. (Top) This radar
image of Hurricane Floyd shows the eye sur-
rounded by outer and inner concentric eyewalls.
The yellow line indicates the approximate aircraft
track for the wind profiles below. Image dimen-
sions, 360 km by 360 km. (Bottom) Successive
profiles in Floyd (yellow curves) of the wind speed
at an altitude of 3 km show how an outer eyewall
forms, contracts in the course of 51 howrs, and
replaces the former inner eyewall. Time increases
downward and is indicated as date and time next to
the axis for each profile. Red lines connect features
across time. Image and data from the National
Dceanic and Atmospheric Administration’s Hur-
ricane Research Division.

that caused widespread fooding in the
Carolinas. Modeling weakening during eye-
wall replacements is challenging, but the
crucial forecast problem i1s rapid intensifi-
cation or reintensification.

The accurate representation of individual
bands of convective rainfall in the 1.67-km-
resolution RAINEX simulations (/) sugzests
that hurricane modeling may have advanced
to the point that sensitivity w initial conditions
rather than model shortcomings is the limiting
Factor. Sensitivity to initial conditions may be
overcome by running ensembles of forecasts
starting from slightly different initial condi-
tions (7). The ensemble mean outperforms
individual members, and the ensemble spread
provides a measure of forecast reliability.

Windstorm insurers employ catastrophe
models based on Monte Carlo simulations
of thousands of clhimatologically representa-

tive hurricanes (&), The calculated impact of

these virtual hurricanes on the actual distri-
bution of insured properties allows insur-
ance companies o estimate underwriting
risk on an annual basis. The very realistic

RAINEX simulations suggest extension of

this well-established technique to predict
human and economic impacts of individual.
real hurricanes as they approach the coast
and pass onshore,
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Was There Really an Archean

Phosphate Crisis?

Kurt O. Konhauser,™* Stefan V. Lalonde,® Larry Amskold,! Heinrich D. Holland?

of femic oxvhydroxide may have stripped dis-

solved phosphate from the ocean’s photic #one
duning the Archean (/). when massive amounts
ol'iron were deposited in the form of banded iron
formations (BIF). Hvpothesized phosphate con-
centrations of only 10 to 25% of the present-day
values would have led 1o a reduction in plivioplank-
ton productivity and, therefore, 1o lower mies of
oven production and organie carbon bunal. This
mode] is predicated on the observation that femc
oy hydromde particles, resultmg from the oxidation
of Felll) in some modem submarine hydrother-

II has been suggestad that sedimenting panticles

mal systems, sorh phosphate with a distnbution
coeflicient (Kp) value of about 0.06 uM ™' (2).
However, compared with the modem ocean,
the Archean ocean had substantially higher
concentrations of dissolved silica, at least as high
as al satumtion with cristobalite (0.67 mM at 40°C
in scawater) and possibly even at satwration with
amorphous silica (2.20 mM) (3 modem occans
average <010 mM (). Silica strongly sorbs 1o fomic
oxvlvdroxides, and, at the proposed concentmtion of
plsphate 1 the Archean ocean Jranging from 0.03

Al"

2]

Molar P/Fe(Ill) Ratio

o 029 uM (1)), silica could ellectively compete
with phosphate for available somion sites [on the
basis of a-FeOON adsomption constants ()], Fur-
thermore, iron-silica coprecipitation diminishes the
resulting panticle™s point of oo net cage (PZNC)
(), rendenng it less reactive o dissolved anions,
We determinad the signilicance of high silica
concentrations on phosphate sorplion in two ways:
(1) by using preformed fembydne paicles w dem-
onsirate the competitive adsorption between silica
and phosphate at different pH values and (0} by
oxidiang Fell) o precipitate fembydnte, mthe pres-
ence ol silica and phosphate. for the determination
of Kp values (7). In the first instance, maximum
phosphate adsorption onto preformed lerribydrite
particks oceurs at pll < 7 and in the absence of silica
(Fig. 1AY silica ovtcompetes phosphate as silica
concentrtion increases. Furthermore, ferrlvdrite
incorporating silica shows a consistent decrease
in PZNC (Fig. 1B} and comespondingly adsorbs
even less phosphate (stippled lines in Fig. 1AL
Coprecipitation experiments with an mitial Fe(1T)

concentration of0.2 mM revealed that the peesence of

silica reduced the phosphate content of the resuliing

0.15 4

° 2 . . s 10
Dissolved Phosphate (uM)

L] l-:l |.:|' I:I- :‘:-
Dissolved Silica (mM)

Fig. 1. (A) Adsorption iotherms demonstrate, as a
function of pH, the competition between silica and
phosphate for the surface sites of ferrihydrite (solid
lines) and silica-containing ferrihydrite particles
(stippled lines). Data for ferrihydrite shown as circles;
for particles formed in 0.67 mM SiDy, triangles; and for
particles formed in 2.20 mM 5i0,, squares. (B) Particles
precipitated at various silica concentrations possess a
lower PZNC than “pure” ferrihydrite as a result of silica
incorporation. (C) Coprecipitation experiments per-
formed at pH = 8 with 0.2 mM Felll) yield Ky values

as relating solid-phase and dissolved equilibrium phos-

phate concentrations. As a comparison to our results, data
for modern deeg-sea hydrothermal plumes [from (2)], and

previously used to estimate Archean ocean phosphate concentrations (1), are plotted (plus signs). Also shown
are the range of P/Fellll} values in BIF [gray box; compare with (1}]. It is apparent from the copredipitation data
that the particles incorporate decreasing amounts of phosphate with increasing dissolved silica concentrations,
and consequently the data suggest higher dissolved phosphate concentrations during BIF deposition.
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particles (Fig. 1C). In the complete absence of silica,
we calculated a Ap value of 075 = 0003 uM ot
similar o the Ap valwe wad by Bjemum and
Canficld (/) for panticles formed at modem
submanne hydrothenmal vents [compare with (2],
whereas K values decreased 10 0011 = 0,004 M ™!

and 0,002 = 0002 uM ™" for solutions ner cris-
tobalite and amorphous silica saturation, repectively.
Additionally, we observed silica o exent an cven
greater ellect m bower dissolved Fe concentrations
[(LO2 mM Fe (Gig. S6)]. Consequently, our cal-
culmed Ap values are consenative at 0.2 mM Fe,
especially considering that provious estinales of
dissolved Fe concentrations for the Archean ocean
are around 0.05 mM (&), Only at much higher dis-
solved Fe concentrations (eg., <2 mM), such as m
sone hydrothenmal vent flusds, docs the efioct of silica
on phosphate sorption become neghigible (g S6).
With the use of the P-Fe mtio m BIF as a proxy
for dissolved phosphate concentrtions i the A
chean ocean [as the authors of { 1) used, with whom
we compare our data), we calculated that average
dissolved phosphate concentrtions would have
ranged from (L14 < 001 uM (no silica) to 5.25 +
263 uM in an amomphows silica-saturated ocean.
The latter vabue is of the same order of magnitude as
modem oceans (2.3 pM) (). Imponantly, there
would have boen dingenctic remobilization of phos-
phate during bunal (probably leading 1o lower PFe
ratios i BIF). Thus, the actual dissolved phosphate
concentrations could have boen even higher 11 the
Archean oocan contained abundmt disolved silica,
a5 s gencrally belicved, sedimenting fembwdnte par-
tickes would not have been a megor sink for phos-
phate, It is unlikely that there was a phosphate enses,
and a relaed reduction i phytoplinkton productiv-
iy, cawsed by BIF deposition in the Archean occan.
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Hurricane Intensity and
Eyewall Replacement

Robert A. Houze Jr.,** Shuyi S. Chen,? Bradley F. Smull,* Wen-Chau Lee,® Michael M. Bell?

Observations made during the historic 2005 hurricane season document a case of “eyewall
replacement.” Clouds outside the hurricane eyewall coalesce to form a new eyewall at a greater
radius from the storm center, and the old eyewall dies. The winds in the new eyewall are initially
weaker than those in the original eyewall, but as the new eyewall contracts, the storm reintensifies.
Understanding this replacement mechanism is vital to forecasting variations in hurricane intensity.
Processes in the “moat” region between the new and old eyewall have been particularly unclear.
Aircraft data now show that the moat becomes dynamically similar to the eye and thus is converted
into a region inimical to survival of the inner eyewall. We suggest that targeting aircraft to key
parts of the storm to gain crucial input to high-reselution numerical models can lead to

improvements in forecasting hurricane intensity.

he tragedy of Hurrcane Katrina in 2003

redoubled attention 1o the problem of

tropical cyelone forecasting. Although
forecasts of hurricane tracks and landfall loca-
tion have improved in recemt decades, fore-
casting ol hurricane intensity (how strong the
wind will be at landfall) has not (/). This com-
parative stale of progress is nol surprising, be-
cause o stom’s ek is primanly determined by
the large-seale environment in which the ropical
cyclone is embedded. Improvements in models
that forecast sumrounding large-seale wind pat-
terns, combined with extm aireralt and saellite
observations m the environments ol storms, have
thus led 1o improved wack forecasts.

Changes of intensity (as measured by maxi-
mum surace wind swength) are more chal-
lenging 1o anticipate. Rapid changes of stonm
intensity are connected with the detailed spatial
arrangement and unsteady pattern of smaller-
scale cloud and precipitation features intemal 1o
the storm, These features are not resolved by
large-scale models and are panticularly difficult
to observe because data must be obtained in the
active central portion of the storm, where in-
ternal structural changes are taking place, while
the storm is stll over the occan.

Eyewall replacement—a key process in
hurricane intensity change. In a topical
cvelone, the mdius of maximum wind is located
in a circular region of heavily precipitating cloud
called the “evewall,” which encircles the rela-
tively calm “eye” of the storm. Outside the eve-
wall are lines of convective cloud that spiral in
toward the evewall and are called “minbands.”
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Inthe 19605 and 1970s, B H. Simpson and 1. S,
Malkus hypothesized that cloud seeding could
reduce hurficane intensity (2). The strategy was
to use aircrafl o seed rambands located owside
the original evewall in such a way as to form a
circular ring of deep clouds around the storm that

would take over as a new evewall and choke off

the old eyvewall. Onee the inner eyewall weakened,
the outer eyewall would contaim the strongest
winds i the storm, but because the new eyewall
formed fanther from the stonm center, these winds

would be weaker than in the onginal evewall. I

this change ol stonm intensity could be induced

Just before landfall, a storm moving ashore

would produce less damage.

The cloud-seeding approach ultimaely
proved ineflective (3, ). Many sirong, mature
tropical cyclones exhibit a natural “evewall
replacement” process (.3) in which a new (outer)
cvewall akes over from the original (inner) eve-
wall, just as had been hypothesized - but with no
cloud seeding aking place. Theoretical studies
further show that the new eyewall’s dynamics
may cause it to contract over time (6). Afier an
outer evewall forms and envelops the inner
cvewall, and the stonm deintensilies, the new
larger-diameter evewall itsell may shrink in
radius, so that the stonm reimtensifics. This pro-
cess may repeat isell. As addivonal new eve-
walls fonm, the stonm may undergo one or more
large oscillations inintensity by natural processes
alone, Therefore, the focus has changed: Insicad
of producing such changes arificially, by
sceding, the goal is w forecast the intensity
changes occurring as a result of natural evewall
replacement,

A field experiment revealing the process
of eyewall replacement. The difficulty in fore-
casting when evewall replacement will and
will not occur was a key factor motivating the
Hurmricane Rainband and Intensity Change
Experiment (RAINEX) in 2005 (7). in which
an innovative set of aircrafl measurements

were obtained i Humicanes Katrina, Ophelia,
and Rita. The premise was that the vanations in
intensity occumring in conjunction with evewall
replacement involve interactions of the rain-
bands with each other, with the cyewall, and
with the large-scale environment. The aircrafi
therefore focused on documenting  detailed
aspects of the specific minbands and eyewalls
that appear most likely to interact and affeat
intensity changes.

In camying out this mission, RAINEX did
three things dilTeremily from past hurricane
observational efforts (7). Firsi, RAINEX de-
ploved the Naval Rescarch Labomtory™s (NRL)
P-3 aircraft equipped with the National Center
for Atmosphene Rescarch (NCAR) ELDORA
{Electra Doppler radar) (%), the lighest quality
metcoralogical airbome Doppler available, nev-
cr before used in hurncanes. This research plat-
form was lown m coordination with two
Doppler-radar-cquipped P-3 aircrafl operated
by the National Occanic and Atmospheric Ad-
ministration (NOAA) (9). Second, satellite
communications and specialized imeractive vi-
sualization technology were used 1o transmil,
accumulate, and combine the data from airerafl
radars, coastal radars, and satellite data onto a
continuous]y updated master chart in the opera-
tions center with all the aircrall positions and
tracks. This integratad map, which provided a
wider and more comprehensive view of the
detailed storm structure and siuation than is
possible from a single aireraft’s mdar, made 0
possible for a ground controller o optimally co-
ordinate the Mights of the three P-3 airerali o
observe those small-scale features most likely
associated with imensity changes. Third, high-
resolution (167 km) model forecasts of the
investigated storms were made in real time 1o
aid Might planning. These forecasts used inpul
fronm larger-scale models (7). In the future, high-
resolution forecasts of tropical cyclone imensity
can potentially make use of the son of detailed
real-time ground-controlled aircrali observations
obtained in RAINEX, Ground contmol can sys-
tematically target the measurements 1o small-
scale features deemod most likely 1o altecot
intensity  changes and assimilate these key
observations back nto the models.

Figure | shows a sequence of the highe

resolution model forecasts of the structure of

Humcane Rita made dunng RAINEX. They
show three stages of the storm’s developmenit,
during a period when evewall replacement oc-
curred over the Gulf of Mexico. Companson
with radar data shows that the simulated struc-
tures and sequence of events were very similar
1o those captured by airbome observations ol the
actual storm. Figure 1A shows a closed annulus
of heavy rain in the center of the panel, This was
the original eyewall, To its west and cast were
spiral minbands, mtense cores of heavy rain
aligned in curved bands angling in toward and
becoming tangent to the evewall. Figure 1B
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shows that 28 hours later, evewall replacement
had begun, The rainbands had organized ino a
coherent circular feature, A more weakly pre-
cipitating annular zone, which we call the moat,
separated this new outer evewall from the inner
eyvewall, which itsell had begun to weaken, The
process by which the sccond evewall forms,
although it happens frequently in nature, i1s not
fully understood. One school of thought is that
circular low pattern around the center of the
storm spawns small-scale disturbances called
“voriex Rossby waves,” which propagate radi-
ally ouwtward from the original eyewall region
(I, Depending on the exact structure of the
hurricane vortex, the waves muy acl o concen-
trate angular momentum at a cntical madius
where their phase velocity matches the mean
swirling flow and m this way coalesce to fom a
new outer evewall, Another idea is that the
large-scale humidity lield sumounding the stonm
can aflect the structure ol the rminbands at a
cedain radius, which may lead 1o a second
evewall formation (/f). Figure 1C shows that
the inner eyewall had nearly vanished, while the
outer eyewall, which was replacing il was
taking shape at a somewhat greater radius. The
maximum winds in the storm had decreased
from about 70ms ' 1052 ms ', Also notable is
that the new evewall had a smaller radius in
Fig. 1C than in Fig. 1B, indicating that it had
begun to contract, as expected from theory (6).

Fig. 1. Forecast of surface rain-
fall intensity in Hurricane Rita.
(A} 0715 UTC 21 September, (B)
1115 UTC 22 September, (C)
1715 UTC 22 September. Colors
show the rainfall rate (mm h™?)
at the sea surface generated by
the University of Miami's high- o5
resolution, vortex-following, cou-
pled atmosphere-wave-ocean
version of the fifth-generation
Pennsylvania State University/
NCAR nonhydrostatic mesoscale
madel (MM5) (34) operating at a
horizontal resolution of 1.67 km.
Initial fields at 0000 UTC 20
September 2005 and lateral
boundary conditions are from
the NOGAPS global numerical
forecast model (35).
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Adircraft radar data collected in Rita (Fig. 2)
confimmed the double eyvewall structure sug-
gested by the model torccast. The NRL P-3 with

ELDORA concentrated on the mner portion of

the storm by (ving in a circular fashion, re-
peatedly circumnavigating the inner core of the
storm (Fig. 2A). Figure 2B shows the radar echo
detected by ELDORA. Because the mdar re-
ceives microwave radiation backscatered from
precipitation particles in the path of the beam
(12), the echo imensity patern (color shading in
Fig. 2B) indicates the precipitation pattern. The
dana clearly show two concentric eyewalls with a
circular moat of weak echo between them. This
pattern compares favorably to the simulated pre-
cipitation pattern (Fig. 1B), although the model
timing was -6 10 7 hours oo fasy

The mner eyvewall (Fig. 2B) was sull fairly
strong, although its southeast side had weak-
ened, just as it did in the model forecast once the
new evewall surrounded 11 (Fig. 1B A distinet
wind maximum accompanied cach eyewall (7).
Because the Doppler radar scanned approxi-
mately orthogonal (+707) 1o the wack (8), the
circular flight path gave a continuous view of the

two eyewalls and their interactions. The cells of

heavy precipitation in the outer eyewall seen in
Fig. 2B are of a scale of detail not seen in hur-
ricanes before the use of ELDORA in RAINEX.
The cells produced by small-scale intense air
motions tend to be clongated and distributed in-

SCIENCE

termittently around the outer evewall. Recent
theoretical studies (e.g.. /0, [.3) have shown that
as a new eyvewall forms, small-scale ar motion
features generated in mmbands gather nto an
incipient eyewall. ELDORA indicates that this
process was likely wking place in this young
secondary cyewall.

The moat takes on the characteristics of a
hurricane eye. Figure 2C shows the detailed
wind field inferred by established methods
(14, 135) from ELDORA's measurement ol pre-
cipitation particle motions (12). This cross section
is a snapshot of the profound new information
gained in this study, The moat region between the
two eyewalls is occupied throughout its volume
by downward air mouon, An carlier study of
arcraft mdar datn obtined on mdial Mght legs
crossing a storm with two evewalls had shown
some indications. of downward motion in the
moal { J6). However, because the aareralt with the
ELDORA in Rita was ground-controlled 1o 1y in
a circle between the two eyewalls (Fig. 2A), we
were able o show that the downward motion n
the moat extended from upperto lower levels and
all around the storm, Figure 2D is a composite of
all the data collected during the ELDORA
circumnavigation of Rita. [t shows quantitatively
how this pervasive downward motion deter-
mined the mean structure of the entire moat.
The dynamics of the moat were transitioning 1o
those of an eye.
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The eve is a region of singular dynamics
determined by the spinning motion of the air in
the evewall, the buoyancy of the cloudy air
the evewall. the large-scale environment of the
storm, and the thermodynamic and turbulent
characier of the occan surlace, In the initial
stages of a tropical cyclone, before a closed eye-

large-scale atmospheric conditions in the region
(7). Onee tormed, a circular evewall effectively
fences ofl a portion of the environment air. The
trapped air is then modified by the near-ficld
effect of the eyewall. Latent heat released in the
sumrounding evewall cloud induces a circulation
that draws low-level air out of the eye region

wall forms, convective clouds occur in ambicnt
air, whose condition 15 chamcieristic of the

(18}, causing air farther aloft within the cye w0
subside. Consequently, the air in the eye is very
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Fig. 2. Aircraft data collected in Hurricane Rita between 1800 and 1820 UTC 22 September 2005.
(A) and (B) are plan views; (C) is a vertical cross section across the northwest side of the storm
{along the white line in the plan views). Colored lines in {A) denote the flight tracks of the three
RAINEX aircraft: yellow and red are the NOAA aircraft tracks; blue is the NRL aircraft, which was
instrumented with ELDORA. The dots show aircraft locations as of 1830 UTC, The yellow track
segment is for the 80 min preceding that time; the red and blue track segments are for the
preceding 45 min. The yellow NOAA track was part of a wide pattern to determine the broad-scale
structure of the cyclone vortex. The red NOAA track was part of an intermediate pattern, with
shorter legs across the center of the storm to monitor the two eyewalls. The blue NRL track was the
circumnavigation that obtained the key radar and sounding data referred to in this article. The
color shades in (B) and (C) correspond to values of radar reflectivity (@ measure of precipitation
intensity). (D) depicts a comprehensive mean of dual-Doppler storm-relative winds derived from
ELDORA data obtained during the period 1800 to 1820 UTC while the NRL aircraft that was flying
in the moat circumnavigated the storm. Vectors show the component of air motions within the
cross-sections [(C) and (D))
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dry (/¥)yexcept for the layer of air in contact with
the occan. Tempermture and moisture profiles
obtained every 30 to 60 kim by dropsondes (20)
along the NRL aircraft track (Fig. 2A) show the
dryness (relative humidity generally well below
100% %) above 1000 m inthe eyve of Rita (Fig, 3A,
green and red curves), Similar doyness scen above
1000 m in the moat (Fig. 3A, bluc curve) together
with the downward motion throughout the zone
between the old and new eyewall (Fig, 2, Cand D)
suggests that the moat region was nol a passive
void between the two evewalls, [t was a dynamic
entity that would take on the chamcteristics of an
eve and join with the onginal eve. thus snulling
ot the orginal evewall,

Conceptual model of a hurricane under-
going eyewall replacement. Figure 4 concep-
tualizes our view of the evewall replacement in
Rita. The center portion consisting of the cve
and the old evewall rellects a conventional pic-
ture of eye dynamics. Immediately outside the
original storm core, the new eyewall and moat
mimic the old evewall and eve, respectively. To
deseribe the replacement, we lirst consider the
conventional eye structure in the center of the
diagram. The old evewall circulation draws in
near-surface air both from outside the evewall
and from within the eye itsell’ (6), The air in the
eve sinks o compensate for this tansler of air
into the evewall (18). Also contributing 1o the
subsidence in the eve is turbulent mixing of an-
gular momentum at the interface of the rmpidly
rotating eyvewall and more quicscent ove region
{21). The subsidence warms and dries the air
within the eve, thus producing the cloud-free

hole commonly characierizing the center of

these stonms in satellite imagery (Fig. 2A0). Near
the ocean surface the drying is counteracied by
strong turbulent mixing, which transfers water
vapor and sea spray from the wamm and choppy
sea surface upward and maintains high humidity
in the lowest laver of the eve. The air at low
levels within the inner eyve draws encrgy from
the sea more effectively because it is ot low
pressure (so that the moist enthalpy in equilib-
rium with the sca is elevated) and because strong
winds whipping the moisture off the sea surface
often extend well inward from the evewall. The
moisture in the lower layer is also maintained by
air near the ocean surface that Nows under rather
than turning upward into the eyewall, and by a
thin layer of moist air cascading down the inner
edee of the eyewall. This cascade is produced by
cloudy air mixing with the dry air at the inner
edge of the eyewall (/%) In simplest tenms, the
eve of the storm thus has a two-layer structure:
moist at low levels, with dry descending air
above. Capping the maist layer is a stable layer
produced by the subsidence. In strong stonms,
the stable laver capping the lower moist mixed
laver takes the form of an “inversion™ (lemper-
ature increasing with height),

Our conceplual model (Fig. 4) depicts the
moat during the replacement as taking on the
dynamic behavior of a hurricane cye when
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environmental air trapped in the zone between
the old and new cvewalls is forced 1o sink,
warming and drving in the process—just as the
eve itsell formed dynamically when air from the
environment was surrounded by and responded
to the onginal eyvewall Dropsondes obtained
along the circular Might track in the moat (Fig.
2A) suppont the idea that the moat was under-
going just such a ransition, Depicted dropsonde
data was obtained in the cye of Rita al
approximately the time the humicane became
the founh strongest ever observed in the Atlantic
basin (Fig. 3, green curves). The eve exhibited
high humidity in the first 300 m above the
acean, 'l.'IlPF'H.‘L{ h‘}' an- extreme lwemperature
inversion (lempemiure nereasing upward 1o
=27°C a1 2 km). Dropsondes in the eye on the
next day (red curves) showed that as the storm
weakened owing 1o the observed evewall re-
placement process. the capping stable layer in
the eve became less pronounced (22) and
turbulent mixing at low levels was able 1o
extend the moist laver up 1o about 1200 m. In
the moat (blue curves), the humidity and

temperature structure were essentially identical
to those in the eye atthe time of the replacement,
Thus, beth the mborne Doppler radar data (Fig.
2, C and D) and dropsondes (Fig. 3) obtained in
Rita on 22 Scptember show conditions within
the moat taking on the charmacieristics ol an ey,

Onee the dynamics of Rita’s moal negion
resembled those of an eye, the inner eyewall could
only weaken with time, The bulk of the low-level
inflow of high-cnergy air from the large-scale
environment was robbed by the new outer eyvewall
{note that inflow wwand the eve is absent at low
levels between the new evewall and old evewall in
Fig, 2. C and D). The old evewall was ultimately
destroyved by this lack of anvironmental inflow
combined with active downward motion induced
by the new eyvewall, which evaporated the evewall
clouds and warmmed the air surounding the inner
eyewall so that the old evewall's buoyvancy
decreased. The progression ol the eyewall replace-
ment m Rita observed by mdar (Fig. 2) was
forecast accurately (Fig. 1) However, when the
model resolution was degraded lrom 167 km 1o
about 5 km, simulated eyewall replacament failed
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Fig. 3. Relative humidity (A) and temperature (B) profiles measured by dropsondes launched from
aircraft in Hurricane Rita. The green curves show data obtained on 21 September (1601 UTC) in the
eye of Rita, when the storm was reaching category 5 strength and was still intensifying. It reached
its minimum observed pressure of 897 mb about 12 hours later. The red and blue curves show data
obtained in Rita 24 hours later, during the eyewall replacement on 22 September 2005, when the
central pressure had risen to 915 to 920 mb. The red curves (1619 UTC) show data obtained in the
eye, The blue curves (1801 UTC) show the data from one of eight soundings obtained in the moat,

Fig. 4. Inner region of a —— cloudlop~ 18 km

hurricane undergoing eyewall
replacement. The structure of
the eye and innermost (origi-
nal) eyewall are based primar-
ily on (18} and (21). The
structure of the rainbands is
based on (36). The double-
eyewall structure, including
the moat separating the two
interacting eyewalls, is based
on RAINEX observations.
Arrows at the bottom indicate
that both eyewalls were contracting inward. The density of vertical lines below
the clouds indicates relative precipitation intensity. Thin arrows show the
direction of air motion relative to the storm. Dashed segments indicate
partially interrupted flow. Small, wavy arrows at the sea surface indicate water
vapor mixing upward from the ocean surface. The broad arrows indicate the
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to occur, which indicates that the evewall replace-
ment dynamics are lundamentally small-scale and
roquire high-resolution modaling 10 be accurately
represented and forecast,

Even though Rita’s second evewall had en-
closed the orginal evewall by the time of Fig, 2,
the inner evewall remained stong for 12 hours
{indicated by tall and intense nner-cyewall radar
echoes, as in Fig. 203 This slow demise of the
inner evewall is typical of hurricanes undergoing
evewall replacement (5). Because the inner eye-
wall was cut of from the large-scale environmen,
we conclude that the inner evewall was drawing
some energy from within the storm’s inner core,
As indicated in Fig. 4, the evewall dravws warm,
moist ar from the lower portion of the eve mio its
upwird circulation (/&) This air provides fuel o
the old evewall. The inner evewall can apparently
survive through this mechanism for several hours
betore fnally expiring. Recent work (23, 24) has
suggested that when small-scale vorices fomm
along the mner evewall (25), the low-level eve ar
is more efficiently entrained into the evewall.
ELDORA data in Rita docurment the existence of
a well-defined snall-scale vorex on the inner
edge of the inner evewall at about the time of
Fig. 2. We suspect it contributed to maintaining
the intensity of the inner eyvewall,

Possible new approaches to forecasting
hurricane intensity changes. Evenally, Rita’s
inner eyewall died and was replaced by the outer
evewall, In conjunction with this evewall re-
placement, Rita decrcased from category 3
intensity (26, 27y on 21 September, with maxi-
mum winds of 77 m s, 1o category 3 or 4 on 22
September 2005, with maximum winds of 30 1o
60 ms ' (28). Figure | suggests that with a suf-
ficiently high-resolution model, the eyewall ne-
placement and accompanying intensity decrease
can be forecast. In addition. the successful
documentation of the eyvewall replacement pro-
cess in Rita during RAINEX by ground-controlled
aircrafi-targeting of the small-scale features inter-
nal o the wopical cvclone vorex could be a
harbinger of improved forecasting ol huricane
intensity. The adoption of rcal-time targeting of

Oid New Rain
eyowall Moaf eyewall band

downward motion induced by the heating in the eyewall and (possibly)
momentum mixing across the inner edges of the eyewalls. The hatched zone
shows the top of the near<surface moist layer, which is capped by the
stabilizing and drying effect of subsiding air above. The moist layer is not to
scale; its depth is exaggerated to show details of the airflow at low levels.
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aircrafl onto small-scale stomn features likely to be
associated with storm intensity  change  could
provide tmely mput that would improve opera-
tonal forecasts of hurmcane mtensiy.
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Chankillo: A 2300-Year-Old Solar
Observatory in Coastal Peru

Ivan Ghezzi'*?* and Clive Ruggles®

The Thirteen Towers of Chankillo run north to south along a low ridge within a fourth-century
B.C.E. ceremonial complex in north coastal Peru. From evident observing points within the adjacent
buildings to the west and east, they formed an artificial toothed horizon that spanned—almost
exactly—the annual rising and setting arcs of the Sun. The Chankillo towers thus provide evidence
of early solar horizon observations and of the existence of sophisticated Sun cults, preceding

the Sun pillars of Incaic Cusco by almost two millennia.

he idenuification of places from  which

I astronomical observations were made in
prehistory, together with evidence on the
nature and context of those observations, can
reveal much about the ways in which people
before the advent of wrlten reconds perceived,
understood, and attempted 10 order and control the
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world they inhabied (f, 2). Evidence of sys-

tematic observations of the changing position of

the rising and setting Sun along the horzon (3), in
particular, can provide information on the de-
velopment., nature, and social operation of ancient
calendars (4). Solar horizon calendars were
certainly imponant among indigenous Americans,
with one of the best-known modem examples
being at the Hopi village of Walpi (5). In Meso-
amenca before European contacl, systematic
stuclics of the orientations of sacred buildings

and city plans strongly suggest the existence of

horeon calendars in which special meaning was
attributed to certain key dates. It has been argued
that these dates included not only the solstices but

also the dates of solar @enith passage (6) and dates
counted ofl from bath at intervals that were
imporiant in the intermeshing cyveles of the Meso-
american calendar round (7). In South America.
accounts going back 1o the 16th cenmury C.E.
record various details of indigenous  practices
relating w0 Inca state-regulated Sun worship and
related cosmological beliels (8. %), Various
schemes of landscape timekeeping have been
suggested, which are supported by a combination
of historical evidence and analyvses of the spatial
disposition of sacred architecture: in panticular, the
system of shnnes placad along Iines {cegries)
conceived as radiating out from the central Sun
temple, the Concancha, in Cusco, Peru (10-12),
“Sun pillars™ are described by vanous chroniclers
as having stood around the horizon from Cusco
and been used 1o mark planting times and regulate
seasonal observances (/31 but all the Cusco pillars
have vanished without trace and their precise
location remains unknown. Here, we describe a
much earlier structure in coastal Peru that secms
1o have been built to facilitate sunrise and sunset
observations throughout the seasonal vear

The group of structures known as the Thirteen
Towers 15 found within Chankille, a ceremonial
center in the Casma-Scechin River Basin of the
coastal Peruvian desert (fig. S1). Seventeen ¢
dates fall between 2350 and 2000 calibrated yvears
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before the present (B.P) (Fig, 1) and point 1o the
begimning of eccupation at the site in the fourth
B.CE., durmg the lae Early Hormeon

century

Fig. 1. Calibrated years B.P. date ranges
(+SE) for samples from Chankillo,
prepared by means of the program OxCal
version 3.10 (30, 31) with the use of
Southern Hemisphere atmospheric data
(32). For each sample, the first column
represents the laboratory (NSF-Arizona
Accelerator Mass Spectrometry Laborato-
ry} identification number, The shaded
area refers to the probability distribution
of possible intersection points with the
calibration curve, and the horizontal line
below represents the 2-sigma calibrated
age range. Five dates (AA57020 to
AR5 7025) were sampled following dendro-
chronological principles from the outer
sapwood rings preserved under bark in
algarrobo (Prosopis sp.) lintels found still
plugged into the architecture; these give a
firm date for the construction of the site.
The rest were obtained from the remains
(including seed and fiber) of plants with

period (14) The site contains multiple standing
structures and pleas distnbuted over -4 kni® of
rock outcrops and sand mmps. 1 s onented south
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minimized. CalBC, calibrated years B.C.E.; CalAD, calibrated years C.E.
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short life spans. Thus, the "old wood” problem, especially troubling on the coastal desert of Peru, was

of cast (aamuth 118%), [ts best-known feature is a
Jm-long lallop structure built In a remote
location and heavily fortilied with massive walls,
restricted  gates, and parapets (fig. 52). This
lfamous structure has been discussed olien as a
fort, a redoubt, or a coremonial center (£3), How-
ever, recent rescarch supports an altermative
interpretation as a fortificd wemple (74, A lesser-
known pant of the site is a ceremonial-civic arca to
the cast, which contains buildings, plazs, and
somge [aciliics. The Thineen Towers form the
st outstanding feature within this arca: a row of
13 cuboidal constructions placed along the ndge
of a Jow hill (Fig. 2BL The towers nn nonth o
south, although wwers 1w 13 are twisted around
shightly oward the southwest. As scen from the
buildings and plazms below this hill, on either side,
the towers form an artificial tothed horzon with
narrow gaps al regular intervals (Fig, 3).

The towers are relatively well preserved: their
comers have mostly collapsad, but enough ol the
original architecture survives o allow a recon-
struction. They wene flat-topped and rectangular 1o
rhomboidal in shape. Their size (75 1o 125 m®) and
height (2 10 6 m) vary widely. Nonetheless, they
are regulardy spaced: The gaps between the towers
vary {rom 4.7 10 5.1 m. Each tower has a pair of
inset staircases leading up o the summit on the
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Fig. 2. Plan of the Thirteen Towers and adjacent buildings in Chankillo {see materials and methods). (A) Location within Peru. (B) The Thirteen Towers.

(€} The external corridor and western observing point. (D) The eastern observing point.
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north and south sides (Mg, S3) Most of the
norhem staircases are centered along this side,
although not all are aligned with the general
onentation of the tower. Most of the southem
staircases are offset towand the cast. The staircases
are mamow (1.3 10 L3 m wide), but because the
heiglis of the towers vary, they are of different
lengths (1.3 10 3.2 m). Most of the wwer summits
are well preserved; no anitacts remain on these
surfaces, though it is clear from the staircases that
the summits were foci of activity.

A group of enclosures is [ound 200 m 1o the
west of the wwers (Fig. 2). The southernmost
enclosure contains a building comprising two
courtyards, The southeast countvard s 336 m
long and 36.5 m wide and is well preserved.
Runnmg along its southem side 5 2 unigue
construction: a 40-melong exterior comidor (Fig,
20, The comidor, like the rest of the building, was
carclully constructed, plistered, and painted white;
however, 1t never led mto the bullding. Insiead, o
connected a doorway on the northwest side, 1w
which acoess was restricted by a blocking wall,
with an opening on the southeast side that directly
faced the wwers 235 m away. The southeast
opening, unlike every other doorway at Chankillo,
did not have the typical barholds, or small niches
where a pin wis linnly ticd into the stone masonry
and proesumably used o attach a wooden door
(£, We infer that the pupose of the corndor was
to orchestrate movement from it restricted
entryway 10 a doorless opening directly Bwcing
the towers. Considenng the onginal height of the
comridor walls, estimated a1t roughly 2.2 m, only
when the opening was reached would there have
been an unobstructed view of the full row of
towers. Archacological excavations revealed
offerings of pouery, shells, and lithic arifacts
within 3 m of, and in stratigraphic association

with, the loor level of the opening. No other
offerngs were found associated with |5 openings
excavated elsewhere at the site (16). This suggests
that riwalistic practices were involved in the
process of passing through the comidor and stand-
ing @ the end of it 10 observe the towers, Con-
sequently, we designate this opening the “westem
observing poinl”™

Tor the cast of the wowers (Fig, 2) is a large arca
(14 km®) with several buildings, including an
impressive complex of interconnected patios and
roons, com beer (clicha) storage facilities, and a
large plaza (0,16 knv®), In several places within the
plaza, there were surdace offerings of cermmic
panpipes and thomy ovster (Speschilies princeps)
shells, and middens near the plaza contained
remains of serving vessels, more commic panpipes,
and abundant maree renams. This whole arca was
probably a sciting for lange ceremonial feasts,

From several Jocations around this ceremo-
mial area, the Thireen Towers are the dominant
leature of the landscape and could be used as

solar horzon markers, but one building is of

particular interest{ Fig. 2D, 1t is a small, isolated
building in the middle of a large, open space. lts
position in relation to the Thineen Towers is al-
most an exact miror of the westem observing
point: The two lie almost exactly on an east-west
ling, are at the same clevation, and are at roughly
the same distance from the towers. When viewed
from inside this building. the spread of the
towers forms an arificial horizon as well,
Only an incomplete outline of a rectangular
roomn, 6 m wide, i1s preserved from this building.
Like the comdor leading 1w the westem ab-
serving pomt on the opposite side of the wowers,
this oom had a doorway (in this case on the
southeast side) that was resiricied by a small
blocking wall. We hvpothesize that this doorway

Fig. 3. The Thirteen Towers of Chankillo, as viewed from the fortified temple. Tower 1 is the
leftmost tower in the image.
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was the castern obscrving point, but ils exact
pesition cannot be known with the same
cerainty as that of the westem observing point.

We determined the locations of the two ob-
serving points, together with the comers of cach
tower, using hand-held differential Global Po-
sitioning System equipment. This enabled cach
point on the “fals¢” horzon formed by the
towers, as viewed from cach observing point in
turn, 1o be defined in terms of its azimuth, al-
titude, and (astronomical) declination (1ables S1
and 52). Independemt compass-clinometer deter-
minations of azimuths and aliitudes, calibrated
by means of a direct observation of sunrise
azainst the wwers, provided consistency checks,
By “altiude.” we mean the vertical angle be-
tween a viewed point and the horzzontal plane
through the observer, with “elevation™ being the
height of a location above sca level (/7).

Declinations of +23.75% and -23.75° corne-
spond 1o the center of the Sun at the extreme po-
sitions of sunnse and sunset n 300 B.CE., at the
June and December solstices, respectively, with
the Sun's disk extending between +23.5° and
+ 2407 (Junc) and between -24.0° and -23.5°
(December) (18), Intenmediate declinations cor-
respond W sunrise and sunset on other dates,

Notably, as viewed from the two observing
points, the spread of the wwers along the horizon
comresponds very elosely o the mnge of movement
of the Asing and setting positions of the Sun over
the wvear This in itsell argues strongly that the
owers were used for solar observation. From the
westemn observing point, the southem slopes of
Cerro Mucho Malo, at a distanee of 3 km, meat the
nearer horzon (formed by the nearbyy hill on which
the wwers are constructed) just o the left of the
northernmost wower (lower 1), providing a 13th
“pap” of similar widih to those between cach pair of
adjacent towers down the line (Fig. 4).

From the eastem observing point, the south-
emmost tower (tower 13) would not have been
visible at all, and the wop of ower 12 would only
just have been visible (it is only panially visible
now in its ruinous condition). From here, the
December solstice Sun would have been seen 1o
set behind the lefi side of the southemmost
visible tower (tower 12), whercas the June sol-
stice Sun sct directly 1o the nght of the north-
cmmost tower (lower 1) (Fig, 5). In cither case,
once the Sun had begun 1o move appreciably
away [rom cither of 15 exireme nsing positions a
few days afier cach solstice, the vanous lowers
and gaps would have provided a means to track
the progress of the Sun up and down the horizon
to within an accuracy of two or three days,

I we accept that the towers were uwsed as
foresights For solar observations. then does their
disposition suggest anything about the way the
ancient calendar vear might have been broken
down? The m tops of the wwers onginally
formed their own smooth, false horizon, with
their varying heights compensating o some cx-
tent for the slope of the hill on which they were
built, This false hortzon was broken at intervals
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by deep. narrow cuts formed by the gaps be-
tween the towers. When viewed from the west-
crn observing point, the Sun rose for just one or
two days n cach gap. One possibility, then, s
that ernitical sunriscs were observed in the gaps,
However, the regularity of the gaps angucs
against this, suggesting instead that the vear
was divided o regular imtervals, The sunnses
in the gaps between the central towers (tlowers 3
to L were all separated by tume imervals of (or
close to) 10 days, implving that a 10-day interval
may have been a [Rature of the solar calendar,

However, the time intervals are longer between
the outer towers in the line, where the sunnsc
moves along more slowly. Furthermore, the
situation 15 dillerent from the castern obsarving
point, because no gaps would have been visible
between the southemmost towers in the line as
far as tower 10 (and possibly tower 9), and the
remaining gaps comrespond to time intervals be-
tween sunsets of 11 or 12 days (table 52).
From the castern observing point, the Decem-
ber solstice Sun set into the lefi side of'the lefimost
visible wower, wheneas the June solstice Sun st inlo

R
i
ln

Fig. 4. The Thirteen Towers as viewed from the western observing point, annotated with the po-
sitions of sunrise at the solstices, equinoxes, and the dates of zenith and antizenith passage in ~300

B.C.E. Tower 1 is the leftmost tower in the image.

Fig. 5. The Thirteen Towers as viewed from the eastern observing point, annotated with the po-
sitions of sunset at the solstices, equinoxes, and the dates of zenith and antizenith passage in
~300 B.C.E. Tower 1 is the rightmost tower in the image.
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the nght side of the rightmost tower. From the
westem observing point, the December solstice
Sun rose up from the top of the nghtmost ower,
whercas the June solstiee Sun rose a little way up
the slopes of Cerro Mucho Malks. There s an evi-
dent symmetry here also, suggesting that this natu-
ral hill was perceived as the kefimost “tower™ in this
profile. Midwinter would have been the one tme
of year when the Sun was seen o emenge from a
ratural hill rather than from a human construction.

Equinoctial sunrise (declination 0,0°) occurad
in the central gap dircctly between towers 6 and 7.
11 Cerro Mucho Malo is included, so that there are
13 gaps, then this gap s the comral one, In the
lI1Jl-|.'1' :,Iiru.,'ﬁﬂn, u,'n.il,]ijlm.‘l.i;,tl sunset l.l¢l,,'|,||‘:|1:d j;ln[ Iy
the nght of this sume gap, which as seen from the
cast 1s the central gap within the 12 visible towers,
However, the apphcabiliy of the coneept of the
cquinoex oulside a Western conceptual frame-
work is highly questionable (79). At Chankillo,
there is clear evidence that a mechanisamn existed
to help count ofT the days, which might suggest
that the mud-days between the solsnees (the
“temporal equinoxes” or “Thom equinoxes™) are
more likely to have been imponant. However, in
300 B.C.E.. the Sun’s declination on these days
(i 10",
evidence that these days were specially marked.

A '.'.lliu.'1'_'. ol evidence sUgoests that the date
ol solar zenith passage wis important to carly
cultures in the American tropics in general and
in the Andes in particular (21). It has also been
suggested that the dates of solar anmtizenith pas-
sage might have been of imponance in Incaie
Cuseo (21), although this idea has been debated
(221 However, there 1s nothing in the pattern ol
disposition of the owers 1o sugeest that it was

was between and and there is no

deliberately preconceived in relation to sunrise
or sunsct on these dates. Only zenith passage
sunset falls close to (and even then, not exactly
within) a gap between two towers.

Astronomical “explanations™ can be fitted no-
torously casily wo proexisting alignments. Repeated
instances of solar and lunar alignments can provide
strong evidence of intentionality, as among many
local groups of later prehistonc tombs and templhes
in Brtin, Ireland, and mainland Europe (23, 24).
However, at a unigue site, there is always a danger
ol supporting a circular angument 15 the judgment of
what mught have been imponant o poople i the
past 15 made sokely on the basis of the alignmen
evidence sl Foruitous sicllar alipnments are
panicularly likely, given the number of stars in the
sky and the fact that their positions change steadily
over the centuries owing 1o precession. The
Chankalle wwers, on the other hand, just span (1o
within a couple of degrees) the so
sefling arcs as seen [rom two observing points, cach
cleardy defined by a distnctive structure with o
other APPRECHL LTRSS s, we are not w:]n,.\'li]lg
putative astronomical targets from  innumerable

ar rising and

possibilities but secing direct indications of all four
solsial nsme and scling points: astronomical
“targets” whose broad importance across cul-
tures is self~evident and widely attested.
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It is uncontroversial o postulate direct ob-
servations of the anmual movement of the nsing or

setting Sun along the honeon for the purposes of

regulaing scasonal cvents such as religious
festivals or for maintaining a scasonal calendar,
Nonetheless, 1t 15 not simple 1o evaluate the nature
of the observations made and the socal and
ritualistic context within which they operated and
denved their relevance, This point is well illus-

trated by recent debates conceming the function of

the so-called E-group structures in the Mayan
hearlands of the Peten in Guatemala (23-27),
In the case of the Thineen Towers and nearby
plzas, we can infer that they provided a setting for
people participating in public muals and feasts
dircctly linked 1o the observation and interpreta-
non of the scasonal passage of the Sun. By
contrast, entry o the observing points themselves
appears to have been highly restriciad. Individuals
with the status 10 access them and  conduct
ceremonies would have had the power 1o regulate
tme, deology, and the nwals that bound ths
society together. Additionally, the excavations at
Chankillo have uncovered ceramic warmior Lgu-
rines holding a great varety of offensive (and
defensive) weapons (14) (g 55). The wamiors
depicted wear signs of distinetion, such as head-
droesses, shins, and especially neck, chest, and

nose omaments. The anistic representation of

these wamiors, holding specialized weapons and
weanng the symbols of their high status, indicates
the possible nse of a class of war leaders and the
centralization of power and awthority in the hands
of a few. Thus, Sun worship and related cos-
mological beliets ot Chankillo could have helpad
o legitimizae the authonty of an elite ¢lass, just as
they did within the Inca empire two millennia
later. And this, m wrn, implics that the towers were
not a simple instrument (or solar observation but
the monumental expression ol existing —and
therefore by implication even older— knowledge.,

There is increasing evidence that the Sun cult,
which, as the official cult of the Inca cmpire,
regulated calendrical ceremonics and supporied
the established social hierarchy. had precursors,
For example, historically attested sunnse cere-
monies al a sanciuary on the Island of the Sun in
Lake Titicaca (28], surrounding a crag regarded
as the origin place of the Sun, almost cenainly
had pre-Incaic roots (29), Given the simularity
between the solar observation deviee m Chan-
Killo and the Cusco pillars documented some two
millennia Jaer (123, it seems likely that similar
practices were common within many of the greai
states that developed in the Andes before, as well
as including, the Inca empire.
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Human Neuroblasts Migrate to the
Olfactory Bulb via a Lateral
Ventricular Extension

Maurice A. Curtis, ™ Monica Kam, UIf Nannmark,? Michelle F. Anderson,?
Mathilda Zetterstrom Axell,” Carsten Wikkelso,” Stig Holtds,* Willeke M. C. van Roon-Mom,”
Thomas Bjdrk-Eriksson,” Claes Hurdhort:],& Jonas Frisén,” Michael Dragunow,?

Richard L. M. Faull,™ Peter 5. Eriksson

The rostral migratory stream (RMS) is the main pathway by which newly born subventricular
zone cells reach the olfactory bulb (OB) in rodents. However, the RMS in the adult human brain has
been elusive. We demonstrate the presence of a human RMS, which is unexpectedly organized
around a lateral ventricular extension reaching the OB, and illustrate the neuroblasts in it. The RMS
ensheathing the lateral olfactory ventricular extension, as seen by magnetic resonance imaging,
cell-specific markers, and electron microscopy, contains progenitor cells with migratory characteristics
and cells that incorporate 5-bromo-2 -deoxyuridine and become mature neurons in the OB.

itor cclls that migrate from the subventneular
zone (SVZ), adjacent o the lmeral ventnicle,
out to the OB. The RMS akes a course mostal 10
the stratum, and then the cells migrate forward in

I|,| the rodent brun, the RMS contains progen-

VOL 315 2 MARCH 2007

the olfactory wract o the OB, The human forebrmin
follows the basic structuml organieation of the
mammalian brain but s extensively developed
compared with that of roedents. The human OB,
and hence the olfactory intemcuron replacemen
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system, is comparmtively smaller than that in
rodents and is anatomically organized differently:
theretore, the RMS has remaimed clusive in the
human bram.,

Many specics possess an open tube between
the lateral ventricle and olfactory ventricle, and
this allows the free low of cerebrospinal Muwd
(CSF) as well as a continuous SVZ between the
two regions ([, 2) This structure has not been
previously shown in the human brain,

In the present study, we provide a characten-
gation of the human ventriculo-ollactory neur-
genic system (VONS) containing the SVZ, the
RMS, the olfactory ract, and the OB, We dem-
omstrte that the human BRMS is organized around
a lateral ventricular extension reaching the OB,

The anatomical location of the RMS in the
human brain. Analysis of proliferting cell nuclear
antigen {PCNA)-stained sagittal human forchrain
sections (counterstained with Nissl) showed the
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Fig. 1. The human RMS takes a caudal path en
route from the SVZ to the olfactory cortex. (A)
Nissl staining of human seral sagittal human
forebrain sections reveals the intense stained cells
that delineate the path of the RMS behind the
frontal cortex white matter of the gyrus rectus
(GR} and in front of the CN and anterior per-
forated substance (APS); arrows indicate the
pathway. LV indicates lateral ventricle; gCC, genu
of the corpus callosum; and OT, olfactory tract.
Scale bar indicates 5 mm. (B) A montage of PCNA
labeling of the human RM5 shows the presence of
numerous proliferating cells in both descending
and rostral limbs of the RMS. Scale bar, 5 mm.
(€} Schematic diagram demonstrating the path-
way of the RMS as viewed laterally. (D} Diagram
demonstrating the RMS from a frontal-oblique
angle where the wide dorsal descending limb (DL}
of the RMS descends and namows to form the
rostral limb (RL), which enters and courses rostrally
in the OT toward the OB. (E} High-magnification
photomicrograph of the PCNA-positive cells in the
funnel part of the RMS. The area the photo was
taken from is highlighted with a red box in (B).

presence of an BMS-like pathway. Proliferating
cells were observad from the SVZ adjacent to the
lateral vemincle overdymg the caudate nucleus
(CN) to the olfactory tract in the base of the

forchrain (Fig. 1, A and By A cleti in the floor of

the anterior hom of the lateral ventricle contained
large numbers of PCNA-positive cells that were
continuous with the PONA-pasitive cclls in the
SVZ that overdic the CN, The stream of cells list
takes a caudal and ventml track along the
undersurface of the CN, caudal 10 the gemi ol the
compus callosum and the frontal contical white
matier of the gynus rectus (Fig. 1. A w D). When
the desconding limb reaches the vemral ON, the
stream takes a rostral wm to form the rostal limb
of the RMS that passes ventrally and rostrally 1o
enter the amenor ollactory conex (AOC), wiich
gives nse o the olfactory ract that leads w the OB
(Fig. 1A) Near the SVZ, more than 20 serial
sagittal sections extending mediolaterally over 2.1
mm had PCNA-positive cells evidemt m the
descending limby; at the level of the rostral limb,
profiferating cells only extended mediolaterally
over 06 mim. Thus, the overall mediolateral exian
of the RMS is 2.7 mm from the SVZ 10 the
olfactory tract, and the total length ol the RMS
pathway lrom the SVZ 1o the stant of the olfactory
tract is about 17 mme High-magni fication photo-
micrographs revealed the specilic nuclear localiza-
tion of the PONA protein ot the funnel where the
RMS begins (Fig. 1E), in the decending limb (Fig
1F), and in the rostral limb (Fig. 1G),

Serial coronal PCNA-stained sections revealad
that the RMS tikes a path from medial, by the
SVZ, 1o lateral, bencath the CN: elose 1o the SVZ
the RMS is very wide in the coronal plane (Fig. 2,
A and B). Coronal sections taken from the AQC

region revealed two small oval bundles of PONA-
positive cells: the more dorsal bundle represented
the descending hmb of the RMS, and the more
ventral bundle, the mostral himb of the RMS (Fig.
2C). Toval cell counts throughout the entire lengths
of the descending limb and the rostral limb of the
BMS conducted on three ciscs showed that the
BMS compnised 108300 = 13,310 cells (mean -
SD), Over 90% of the PONA-positive cells were
present in the descending limb and under 1074 in
the rostral limb, suggesting differentiation and
dispersal along the stream (Fig. 2C). In the core of
the olfiactory wract, PONA labeling formed a Na
band. POCNA-labeled cells were present in the
olfactory tract throughout s extension from
the caudal region near the AOC (Fig. 2D o the
rostral extent, where the olfactory tract enters
the OB,

Cell death is not the fate of most of the RMS
progenitor cells. To cxamine whether PONA was
bemng expressed in the RMS cells because of DNA
repair or apoptosis and not proliferation (3), we
performed terminal deoxynucleotidy] transferase
mediated deoxyuridine tnphosphate nick end
labeling (TUNEL) to detect DNA fragmentation.
No TUNEL was present in the descending limb off
the RMS despite the presence of many TUNEL-
positive cells in the adjacent ON (fig. S1)

Progenitors in the RMS have migratory
proteins and a migratory morphology. Immu-
nostaining for polysialvlmed neural cell adhe-
sion molecule (PSA-NCAM), which is expressed
by migrating cells in the rodent RMS (4, 5), was
investigated in the SVZ near the ¢left. the
descending and rostral limbs of the RMS, the
ollactory et core and periphery, and the OB. In
cach region exammned, PSA-NCAM-positive

Sagiltal sections

PCNA

Scale bar, 50 pm. (F) Photomicrograph of the PCNA-positive cells in the DL of the RMS. The area the photo was taken from is highlighted with a red box in
(B). Scale bar, 15 um. (G) Photomicrograph of the PCNA-positive cells in the funnel part of the RMS. The area the photo was taken from is highlighted with

a red box in (B). Scale bar, 30 pm.
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cells were present. In the SVZ, the cell bodics
faced the ependyvmal layer, and the processes
were orlented away from the ependymal layer,
The cell bodics were abowt 100 to 15 um in

diameter, and the length of the processes was hall

the width of the SVZ (Fig. 3, A 1o D). The gap
region showed substantial background labeling
and some small fiber staiming (Fig. 3A). In the
descending limb and the rostral limb of the RMS,
there were also numerous bipolar and clongated
PSA-NCAM-positive cells (Fig. 3, E 10 G). The
olfactory tmet core and periphery were also
abundant in PSA-NCAM-positive cells that had
a momphology and a staining pattern similar 1o
those seen in the descending limb (Fig. 3, H
and 1) PSA-NCAM-positive cells m the OB
were more randomly onented, had  fewer pro-
cesses, and were Jarger than the cells in the
olfactory tract core, indicating possible carly

Coronal sections

Fig. 2. The dorsal RMS is a broad band of pro-
liferating cells, but ventrally there are fewer cells in
the RMS. (A) Schematic diagram showing the
orientation and location in the RMS of photomicro-
graphs (B) to (D). (B) PCNA labeling in a montage of
coronal serial forebrain sections showing the DL
{arrows) as it courses laterally from the SVZ, then
ventral to the CN. Scale bar, 1 mm, (C) PCNA labeling
in a coronal section of the ventral forebrain showing
a cross section of the DL (arrow) and the RL (arrow) of
the RMS. The graph shows the total number of PCNA-
positive cells in the RL compared with that of the DL
of the RMS (n = 3). Scale bar, 200 um. Error bars
indicate SEM. (D) A longitudinal section of the OT
very close to the ADC, showing large numbers of
PCNA-positive cells. Scale bar, 100 um.

www.sciencemag.org SCIENCE

stages of maturation (Fig. 31 The descending
limb had the largest number of PSA-NCAM

positive cclls (the most PONA cells were also
presenth within the BMS; the cell body labeling

was mainly confined to a discrete bundle of

bipalar cells (which showed leading and trail-

ing processes) between the white matter of

the gyvrus rectus and the ON (Fig. 3E). Inad-
dition, small numbers of scattered PSA-NCAM
positive cells were seen just outside the main
bundle, coursing into the surounding white
matier. In the rosiml limb of the RMS, the
momphology of the PSA-NUAM cells was similar
1o the morphology of those in the descending
limb (Fig. 3, E and F). BlI-twbulin, an immature
neuronal marker, was examined in the SV, the
descending hmb, and the olfactory tract. Fiber
staining was observed in the SVZ bencath the
gap region and close to the SVZ, as well as in
the descending limb of the RMS (Fig. 4, A o
C) In the descending limb, the fibers were
particularly long and discretely located in the
same place that PONA immunoreactivity was
located (Fig. 3. B and C). We performed double
labeling and laser scanning confocal micros-
copy for PSA-NCAM and plT-tubulin, which
demonstrated that in the SVZ PSA-NCAM and
[IT-tubulin are colocalized on the same bipolar
cells (Fig. 4, D 1w F). Double-labeled PSA-
NOCAM- and pHl-tubulin- positive cells were
scen in the olfactory tmct (Fig. 4, G 1o J), as
well as in the OB.

Ultrastructural studies verify that the human
SVZ contains cells with migratory-like morphol-
ogy. In the adult mouse bran, where neuronal
migration from the SVZ is common, ulirastrc-
! and immunolabeling sdies demonstrated
that migrming neuronal precursors in the SVZ
express PSA-NCAM { Doctsch classification, wpe
A cellsy in, 7). We sought to detenmine whether
the human 5VZ had similar migratory, type A
cells. Electron microscopy (EM) revealed dilfer-
ent types of cells that could be identilied on the
basis of their nuclear morphology and overall
shape (Fig. 4K). Type A cells had an clongated
cell body and a smooth comtour. Their muclei
contained lax chromatin with one or two small
nucleoli. They were located between the myelin
lver and the ependymal Laver. Positioned at the
mterface of the SYVZ and myelin laver were
the wype Bl cells. These cells contained ir-
regular nuclei with frequent invaginations and
clumped chromatin [sec (¥) for a detailed anal-
ysis of type A, B, and C cells in the human
SVZ]. We also detected an astrocytic ribbon in
the SVZ ol the adult human brain that contained
dividing astroevies (lig. 52), confinning previ-
ous work ().

Progenitor cells become neurons in the OB.
We used human OB from patiems that had been
administered  5-bromo-2"-deoxyunidine (Brdll)

for the pumose of macing the development of

laryngeal and pharyngeal carcinomas, Brdl is a

thymidine analog and labels cells in the S phase of

the cell eyele (9, 10). We double-labeled the OB
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with neuronal nucler (NeuXN ), a mature neuronal
marker, and an antibody against Brdll. Laser
scanning conlocal 2-sencs analysis revealed the
colocalization of Brdl and NeuN in the same
cells in the penglomerular layer (Fig, 4L).
confinming previous work (/).

The human RMS is organized around a
tubular extension of the lateral ventricle that
reaches the OB. We performed gross dissection
of the OB that revealed that the rostal OB
region contains a hollow ventricle (Fig. 5, A
and B). A the light microscope level. the wall

of the olfactory ventricle was a scamt layer of

cells, although some of the cells were aligned in
an ependymal-like layer (Fig, 5C) Ulrastruc-
turl analysis also revealed a loose cell structure
i the wall of the olfactory vemricle; cells in the
wall of the ventriele were noncihated, The core
of the ollactory tract also contaimed a hollow
tube with predominantly acellular walls and
associated blood vessels (Fig. 53D) Immuno-
histochemistry for PONA at various anatomical
planes of the descending limb of the RMS also
revealed the RMS o be organized around a
hollow tubelike structure (Fig. 5E).

By using magnetic resonance imaging (MR}
scans, we observed a central high signal con-
sistent with fluid in the center of the OB. Sur-
rounding the coemral core there was low-signal
iblack) OB tissue that was in the shape of the
OB overying the cribriform plate (Fig. 5, F 1o
H) The visualized (with MRI) olfactory ven-
tricle measured about T mm in length (Fig. 5,
F and (i), with a transverse diameter of about
1.5 mm (Fig. 5H).

Ultrastructural studies reveal progenitors at
all levels of the RMS that have migratory
morphology. Next, we wanied o determine the
cell types present in the human VONS compared
with the rodent brain, focusing on the OB, the
olfactory tract, and the AOC with light micros-
copy (LM) and transmission electron microscopy
ITEM). Figure 6A shows the location of samples
for TEM and LM examination. In the OB on the
ventral side, there were numerous large glomenular
structures that had a prominent nerve fiber with
multiple smaller branches and abundant synapses
(Fig. 6, B and C). In the core region of the OB,

caudal to the olfctory ventricle, a large number of

progemitor-like cells were observed that had round
nuckel and widespread cuchromatin, These cells
tended w0 be clustered in comparison with the
mature cells in the OB that had irregularly shaped
nuclei and predominantly heterochromatin (Fig. 6,
D w G). The olfactory tract also contained
pumerous round progenitor cells that ofien
appeared in groups (Fig. 610, LM ad TEM
examination of longitudinal olfaciory tract
sections revealed groups of cells with clongated

nuckei that were always onented in the long axis of

the olfactory tact (Fig, 6. 1 o K} In longiudinal
sections, the cells often overlapped cach other
{Fig. 61}, and the leading end of the cells was

usually prominent and for the most pan free of

organclles (Fig. 613 EM of the longitudinally cun
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tract revealed that progenitor cells had a pointed,
namow  leading process that contained a few

mitochondna, whereas the truling arca of the cell

PSA-NCAM

s

[euoion

Fig. 3. Neuronal precursors in the human RMS express the migratory protein
PSA-NCAM. (A) PSA-NCAM 15 expressed by precursors in the SVZ, suggesting
the presence of migratory cells at the start of the RMS. Scale bar, 100 um. (B}
PSA-NCAM with a Hoechst nuclear counterstain in the SVZ. Scale bar, & um., (C) A
PSA-NCAM DAB-stained cell in the SVZ with short processes and a small cell body.
Scale bar, & pm. (D) PSA-NCAM cells are mostly located beneath the gap region
of the SVZ. Scale bar, 6 um. (E) PSA-NCAM—positive cells are present in the DL
of the RMS and have a bipolar morphology. Scale bar, 25 pm. PSA-NCAM cells
are in both the periphery (RMSp) and the core (RMSc) of the RMS. (F) PSA-
NCAM-positive cells are also present in the RL of the RMS and have a bipolar
marphology, just as is in the DL. Scale bar, 40 um. (G} Darkfield imaging of the
DL of the RMS reveals threadlike fibers that make up a chain of cells in the core
and periphery of the tract. The borders of the tract are delineated with
dotted lines. Scale bar, 40 um. (H) Fluorescent immunolabeling for PSA-
NCAM (red) and Hoechst (blue} staining of the OT reveals PSA-NCAM-

wis densely packed with cell organelles and was
much wider than the leading process (Fig. 6K). In
the AOC, progenitor cells were present i a single

laver (Fig. 6L ). Collectively, progenitor cells in the

RMS shane some ultrastructural features with cclls

undergoing chain migration 0 the odent RMS
PSA-NCAM
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positive cells in the OT periphery (tract p, arrow). Scale bar, 25 um. (1) The OT core and the OB have many PSA-NCAM—positive cells; in the bulb, the cells are
more randomly oriented and larger than in the tract, suggesting early stages of maturation (high-magnification inset). Scale bar, 40 pm.

[3-tubulin

PSA-NCAM

Fig. 4. Immature neurons that express both [Hil-tubulin and PSA-NCAM are
present in the RMS, and some mature in the olfactory bulb and express Neul.
(A} The immature neuronal marker Blll-tubulin forms a2 meshwork in the SVZ
beneath the gap region. Scale bar, 20 pm. (B} The DL of the BMS has a
bundle of Bll-tubulin fibers that follow the same path as the PSA-NCAM

positive cells. Scale bar, 20 um. (C) High magnification of a plll-tubulin—
positive cell that reveals a cell body and two long processes that are oriented
along the long axis of the DL of the RMS. Scale bar, 10 um. (D) PSA-NCAM
and (E) Bl-tubulin are colocalized in the same cell in the SVZ, as evidenced
by the merged picture in (F). Scale bar, 20 um. In the OT, (G} PSA-NCAM, (H)
[illl-tubulin, and (I} Hoechst are colocalized ()} in the same cell in the
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periphery of the tract. Scale bar, 25 pum, (K} The rodent 5VZ & enriched in
type A cells that have an ultrastructure corresponding to the PSA-NCAM
positive cells that migrate in the RMS. This is an electron photomicrograph of
cells in the human SVZ. Type A cells had an elongated cell body and smooth
contour. Their nuclei contzined lax chromatin with one or two small nucleoli.
They were located between the myelin layer (ML) and ependymal layer (EPL).
Positioned at the interface of the SVZ and myelin layer were type B1 cells.
These cells contained irreqular nuclei with frequent invaginations and dumped
chromatin. (L} A cell expressing the mature neuronal marker NeuN (red) and
the thymidine analog BrdU (green), indicating that adult-bom neurons exist in
the OB. Scale bar, 10 um.
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i 7). Furthermore, immuno-TEM revealed that the
cells with a migratory-like momhology were also
positive lor PSA-NCAM (fig. 53) There was an
clectron-dense cell membrane as a result of the
PSA-NCAM contrasting; furthermore, there were
many contmsted processes showing  immuno-
positivity for PSA-NCAM (fig. 53}, In the AOC,
the progenitor cells were plentiful and tghly
packed wogether with myclinated nerve ibers and
mature cells

Paxé, Olig 2, and DCX gene expression is
consistent with differentiation along the VONS.
Next, we investigated the differential gene ex-
pression pattem in different parts of the olfactory
system, We performed reverse tmnscription poly-
merase chamn reaction (RT-PCR) on fresh human
bram homogenates from the AQC, the olfactory

trmct, and the OB, We chose 1o examme mes-
senger RNA (mRNA) for three factors that regu-
late differentiation of olfactory neurons: Paxé,
which mduces diferentianon; Ohg2, which in-
hibits ditferentiation; and double conm (DCX),
which promotes cell migration (Fig. 6, M and N).
Glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH) was used as an imemal control (/2-14),
As expected, Paxh was highly expressed in the
OB and weakly expressed in the AOC and the
olfactory tract (Fig. 6M). This is consistent with
previous studies showing the importance of Paxb
for the fate specilication ol progenitor cells imo
pretiglomerular neurons in the OB (/2) In con-
trast, expression of Olig2, a wanscription Gctor
thought 1w inhibit olfbctory neuron differen-
tiation, was much higher in the olfctory trct
comparad with in the OB (Fig. 6M). RT-PCR for
DCX revealed exiensive expression in each

oB

region of the VONS examined, although the ex-
pression was higher in the OB than in the
olfactory tract and the AOC (Fig. 6M). In the
rodent bram, DOX s expressed throughout
the ollactory system by progenitor eells that are
migrating from the SVZ toward the OB (/3).
Therefore, 11 s not surprising that we see DOX
mBRNA evenly abundamt in all regions of the
VONS in the human brain. To confirm the PCR
results, we immunostained varous pans of the
VONS with antibodies 1o Paxé, Olig2, and DUX
(fig. S4).

Our work demonstates a remarkable simi-
ity between human and modent olfactory svs-
tems, However, because of the pronounced
enlargement of the frontal cortex in the human
forebraun, most of the rostral CN, SVZ, and frontal
cortex are located at levels mosiml o the ollactony
tubercle. The RMS in the human brain must,
therefore, ke a caudal path before entening the
olfactory ract. In fact, forward motaton of the
rowdent forchram by about 75% shows the RMS 10

be situated m an onentation comparable o tha of

the human: the lareer frontal cortex and relatively
stmaller OB in the human accounts for this
seometnc dilference between the human and the
rodent RMS. Because the human RMS is
relatively small and takes a caudal path belore
entering the olfactory tract (Fig, 1C), rigorous
serial saginal sectioning of whole forcbrains was
requined to see the long axis of it { for example, Fig.
1A versus Fig, 2C) Previous attemipls to find a
huran RMS (J6) were probably  unsuceessiul
because of the use of coronal sections in these
studies. Our group has the aceess 1o large numbers
ol nomal, well-preserved, perlused, whole human

—E

Fig. 5. The OB contains a hollow CSF-filled ventricle. (A) Diagram showing
the hollow OB and part of the human olfactory sytem. (B) Dissections of the
human OB reveal a hollow OB. The double arrow indicates the width of the
olfactory ventricle. (€} LM of thin Richardson-stained sections showing
unciliated, loosely packed cells in the olfactory ventricle wall (arrows), Scale
bar, 100 um. (D} Cross sections of the OT core reveal a hollow tube (double
arrow). Blood vessels are indicated by single arrows. Scale bar, 10 um. (E} A
coronal, PCNA-stained section reveals a tubelike structure {double arrow) in

RESEARCH ARTIC
brains that was necessary for this extensive
analysis of the VONS.

The VONS contains an extension of the lat-
cral ventricle, the ventneulo-ollactory extension
(VOE), that appears 1o be fuid-filled and s
connected via a patent duct o the OB in the
ventral forehrain, Thus, it appears that the human
brain contains a continuous SVZ onzanieed
around the VOE that connects the lateral and
the olfactory ventricles, The organization of the
RMS around the VOE could support the notion
that the migrtion of neuroblasts may be in-
fluenced by CSF circulation, as recently sug-
gested (/7).

Progenitor cells in the human VONS cxpress
PSA-NCAM and DOX, two proteins importan
for cell migration i the rodent RMS (f4-20),
These cells have many ultmstructural character-
istics that have previously been used as reliable
indicators of neuroblast migration in the rodem
RMS (17, 21). The close association ol the pro-
gemtor cells w0 one another suggests that the
progenitors may migrate m chams, as m rodents:
alternatively, the progenitors may use the extr-
cellular matrix surrounding the VOE (2/). On

the basis ol the morphological chamcteristics of

cells within the human VONS, the expression
of migratory proteins, the orientation of the
leading processes in the direction of migration,
and the emerzence of new neurons in the OB,
we conclude that the cells within the human
VONS probably undergo dirceted migration
toward the OB. Studies in higher mammals
have established that insults 1o the brain can

induce neurogencsis via the reeruitment of

progenitor cells from the RMS (22). Our study

Sugml F

the DL of the human RMS. Scale bar, 50 um. (F} Sagittal, high-resolution
heavily T2-weighted MR images of the rostral part of the human forebrain
reveal that the elongated olfactory ventricle is in fact fluid-filled {(arrow and
red ring around the OB). (G) Axial MR image demonstrates fluid in the OB
ventricle {red ring around the OB and arrow pointing to the central fluid
compartment). {H} Coronal MR image shows two small fluid-filled compart-
ments, one in each OB {red ring around the OB and arrow indicating the
central fluid compartment).
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Fig. 6. Morphology and transcription factor expression in different parts of
the VONS. (A) Diagram of the human VONS illustrates the location and
orientation from which images (B) to (L) were taken. (B) A 0.5-um-thick
Richardson-stained section of the olfactory nerve fibers (arrows) in the OB.
Scale bar, 100 um. {C) Fibers of an olfactory nerve close to the surface of the
OB {arrow) and a synapse with another nerve fiber (red ring). Scale bar, 2
wm. (D} The central region of the OB core contains progenitors (arrows) and
more mature cells with iregularly shaped and densely stained nuclei (red
ring). Scale bar, 100 pm. (E) Progenitor cells (three cells to the left) with
aligned euchromatin and a mature cell {right) with heterachromatin and an
irregular nucleus. Scale bar, 5 um. (F) A mature cell with dense chromatin
and an irregular nucleus, features of type B2 astrocytic cells. Scale bar, 2
wm. (@) The interface between an active (young) cell and an inactive (old/
heterochromatin} cell is made clear by the nuclear density. (H} The OT
contains round progenitor cells (arrows) that appear to be clustered together.
Scale bar, 25 um. (1) Progenitor cells with migratory features: elongated cell
bodies and nuclei close to each other, with the leading process of one

ENprog. Differeatiation ﬂ'n?rﬂl
cell N

progenitor overlapping another progenitor {arrows). Scale bar, 25 um. () A
long leading process on a progenitor cell in the OT {arrow}. The nucleus is
elongated in the direction of the tract. Scale bar, 25 um. (K} The
ultrastructure of an elongated progenitor cell. The cells have an oval-shaped
nucleus (in this plane), and cytoplasmic organelles are mostly located in the
thickened trailing component of the cell (arrows indicate the cell
membrane). Scale bar, 5 um. (L) The ADC has many nerve fibers (parallel
pair of arrows). The progenitor cells are present in one layer (single arrows).
Scale bar, 100 um. (M) Paxé mRNA is highly expressed in the OB but not in
the AQC or the OT. Qlig2 & highly expressed in the OT and weakly expressed
in the OB. DCX mRNA is expressed in ADC, OT, and OB. The housekeeping
gene GAPDH is expressed equally in each region examined. (N} Scheme
illustrating the relative abundance of Pax 6, Olig2, and DCX during the
differentiation of progenitor cells.

provides a foundation for this possibility in the
adult human brain.

The olfactory svstem has evolved as an im-
portant survival system to detect signs of danger
such as smoke or contaminated food. The
addition of new neurons i the human OB in
adulthood may coninbute 1o plasticity in this
system. In rodents, the wmover of newrons in
the aduli OB is regulated by expericnce and
modulates the circuitry in response to external
stimuli. Some indications on the functional role
of adult OB neurogenesis in humans may be
gained from pathological conditions, Progenitor
proliferation in the SVZ and neuroblast migra-
tion is reduced both in animal models and in
paticnts with Parkinson’s discase (23, 24)
Reduced OB neurogenesis in rodents results
in impaired odor discrimination (23), a com-
mon and carly sign of Parkinson’s discase in

humans, The presence, but also the function, of

2 MARCH 2007 WVOL 315 SCIENCE

adult neurogenesis may be conserved from lower
mamnmals o humans,
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Predictions of the Properties of
Water from First Principles

Robert Bukowski,* Krzysztof Szalewicz,® Gerrit €. Groenenboom,” Ad van der Avoird®

A force field for water has been developed entirely from first principles, without any fitting to
experimental data. It contains both pairwise and many-body interactions. This force field predicts
the properties of the water dimer and of liquid water in excellent agreement with experiments,

a previously elusive objective. Precise knowledge of the intermolecular interactions in water will
facilitate a better understanding of this ubiquitous substance.

ater has been extensively studied on

account of its ubiquity and impor-

tance for so many aspects of human
activity. The deceptively simple water molecule
forms one of the most complex liquids and
solids, and investigations continue o [veus on
all forms of pure water, including small clusters
[e.g.. (F, 23], bulk liquid [eg., (3-6)], and a
multitude of ice polymorphs. Siilardy numer-
ous are theoretical analyses of water, all of
which require knowledge of the imermolecular
potential (the derivatives of this potential give
the foree field that governs the dynamics). Most
such investigations wse empinical pair potentials
fined o reproduce certain measured bulk prop-
erties in Monte Carlo (MC) or molecular
dynamics (MD) simulations of’ water. These
“effective” potentials account for the imporant
many-body interactions in water by (non-
physical) deformations of the true pair potential,
The well-known result is that such potentials
poorly describe the water dimer, give very in-
accurate second virial cocflicients, and Gl to
reproduce experimental spectia of small water
clusiers, Therefore, studics of molecularscale
propentics of water with cmpirical potentials, such
as the molecular jump mechanism of water ne-
orentation (7), may sufler from an inadequate
representation of the force field. Another known
drawback of empirical potentials is that the quality
of their predictions deteriorates quickly bevond
the range of thermodynamic parameters used in
the fining procedure. Morcover, there does nol
appear 1o be any svstenuatic method 10 improve
the predictive accuracy of these potentials,

"Department of Physics and Astronomy, University of
Delavare, Newark, DE 19716, USA. “Theoretical Chemistry,
Institute for Molecules and Materials, Radboud University
Nijmegen, Toemooiveld 1, 6525 ED Nijmegen, Netherlands.
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Another way of obtaining the force fields
which does not require prior knowledge of any
experimental data-—is by quantum mechanical
ab initio caleulations, Such an approach can
provide the most reliable foundation lor an
understanding of water and other substances.
However, the accuracy of ab initio foree ficlds is
limited by unavoidable approximations in the
level of theory and mcompletencess of basis sets,

A Nirst-principles  approach can procecd
cither “on the y™ (e, by computing the elee-
tronic energy tor each configuration of the N
molecules present i a simulation of bulk water,
where N at least equals 32) or by computing the
interaction encrgy as a sum of relatively simple
analviic many-body potentials (pair, three-body,
ete.) fined beforchand o ab initio daw. The
former approach can be realized only with the
fastest electronic structure methods such as den-
sity functional theory (DFT). Although for some
time the published results suggested that this
approach weproduced the propertics of  liquid
water very well, recent work has shown that this
agreement was due o fortuitous choices ol the
DFT functionals (). Even for the same func-
tional, differem values of some parumcicrs in
the simulanons may lead o markedly dil¥erent
predictions |e.g. the resulis in (%) and (/).
Morcover, the current DFT approaches cannod
describe the dispersion component of the inter-
melecular interaction energy. which is non-
negligible in water.

The many-body expansion of the potential
requires ab initio caleulations on dimers, timers,
and larger clusters, 15 the many-body expansion
converges sulliciently rapidly, such caleulations
can be restricted 1o only a few small clusters and
can make use of accurae clectronic structure
methods, In practice, the interaction  encrgy
must already be well reproduced at the three-

body level, because calculations of the complete
four-body potential for water would be oo
ime-consuming. An important advantage of
using the many-body expansion approach is tha
it can be systematically improved by extend-
g the level of theory, using larger basis sets,
calculating more gnd points, and improving the
form of the ung function. A large number of
ab ity water dimer potentials have been
published [e.g.. (Jf-16)). However, so far no
first-principles  approach has  simultancously
reproduced the experimental results for both
the water dimer and the condensed phases of
water. Here we present substantial progress
towand this goal,

We developed a pair potential for water on
the basis of the coupled cluster method with
single, double, and noniterative tnple excitations
[COSINTY, genermlly regarded as the most ac-
curnte of practically applicable clectronic struc-
ture methods, We have vsed the same set of
2510 carclully sclected gnd pommts as in the
SAPT-55 potential developed previously by our
group (£2). The HaO monomer was msumed 1o
be ngid in the averaged ground-state vibrational
peomeiry, as in (12). For cach gnd point, we
first computed the interaction energics with the
use of sccond-order perurbation theory based
on the Moller-Plesset panitioning of the Hamil-
tomian (MP2). The MP2 energics were com-
puted in augmented wiple- and quadruple-scta
quality basis scis supplemented by midbond
functions. The encrgics were then extrapolaed
to the complete basis set (CBS) limit by mcans
ol the well-established extmpolation  oomula
that assumes a convergence rate proportional
tor the inverse third power of the cardinal num-
ber of the basis set. The CCSINT) contnbution
beyond the MP2 level was compuied in the
tnple=zvta guality basis set and added o the extrap-
olated MP2 values. We also performed single-
point calculations i a quintuple-=zcta quality
basis. The basis set converzence patterns indicate
that the uncertainty of the computed interaction
energies s about 0.07 keal'mol, For compari-
son, the uncertainty of the SAPT-3s potential
was 0.3 keal/mol, The accuracy of the current
calculations is vinually the same as that of the
most extensive published ab initio work [e.g.,
(/7). However, the cited calculations have been
perdommed only for a few selected geometrics of
the dimer, whereas we have obtained the com-
plete six-dimensional potential surface,
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We fited the computed interaction energics

by an analvtic potential function. The form of

this lunction 15 analogous o that used for the
SAPT-55 potential (/2), except for an added
“polarization” erm to streamline molecular simu-
lations. This temm also fis the induction encrgy
more accurately than did the site-site expansion
used in SAPT-5s, A single polarizable center,
almost identical 10 that used in the SAPT three-
body potential of (18, 19, was placed 0.1 946906 A
away from the oxygen atom toward the hydro-

gens and had an isotropic polarizability of

9,922 bohr’. During the fit of the asymptotic
coelficients of the potential [in a manner analo-
gous to (121, the contribution of the polarization
term wis subtracted from the long-range imterc-
tion enenzics. The mot-mean-square deviation
(RMSD) of the fit for the points with negative
energics was (L09 keal/imol. The analvtic polariez-
able potential produced by this it s hercafier
termed CC-pol. The funcional fomm of CC-paol
represents a good compromise between the ac-
curacy ol reproducing the computed points and
the simplicity needed for molecular simulations,

The CC-pol potential was used in nearly
exact quantum mechanical caleulations o pre-
dict the spectrum ol the water dimer. The inter-
molecular vibrations of this dimer are strongly
anhamonic, and its ro-vibrational levels are
split by quantum mechanical tunneling between
cight equivalent equilibrium geometries (20).
The largest splitting @l K) is due 1o the scceplor
switching wnneling: smaller splittings iy and &
onginate rom the donor=aceeptor interchange
twrmehng. The vibmation-rotation-tunncling (VRT)
levels for stnes with overall motation quanium
numbers S and K equal 1 0, 1, and 2 were com-
puted by an approach described in (27) that is
similar to a coupled-channel scaticring method,

well converged with respect 1o the number of

channels included. It has been shown (22) by
calculations with various water potentials from
the literature that the VRT levels of the water
dimer are extremely sensitive 10 such details as
the shape of the anhanmonic poiential wells and
the bariers between these wells.

The CC-pol dimer levels agree very well
with the levels deduced from the measured
spectra, both for the ground state and for the
excited intermolecular vibranons (Fig. 1), The
only substantial cmor occurs for the mierchange
splivting e{0) + a1}, which is 1%% wo lage,
This observable is paricularly sensitive 1o mono-
mer flexibility effects that decrcase its value
(231 Thus, rigid-monomer potentials such as
CC-pol should overestimate this splitting,

The CC-pol prediction of the dimer spec-
tra is markedly betier than those of the carlier
ab initio potentials: ASP-W, ASP-5, SAPT-35,
TTM2.1, and SDFT-5s (Table 1) The empirical
TIP4P and MOCY-KW potentials fail completely,
even though the latter is polanzable and was
partly fitted to ab initio data. The agroement of
the CC-pol spectra with expenment represents
an improvement over the predictions of the

2 MARCH 2007 VOL 315 SCIENCE

VRTIASP-WIIl potential, containing parame-
ters fitted to these specir Only SAPT-5st,
which was wned 1o reproduce the measuncd
splitting a(0) + «(1). and VRT(MCY-50) give
somewhal better agreement with the measurcd
dimer levels. The VRTIMCY-50) potential is
1 2-dimensional {ic., it includes Mexible mono-
mers), and all of s parmmeters were optimized
to i the Hz0 dimer spectr. It has not yet boen
tested in simulations of liquid water (sce below),
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The second vimal coellicien computed from
CC-pol agrees very well with the compilation of
cxpenmental results by Harvey and Lemmon
{24 (Fig. 2). For temperatures lower than 500 K,
il proves even more accurte than SAPT-5s,
which was sufficiently accurate o guide the ex-
peamental determination (24),

The CC-pol potential was also applied 1o-
gether with the SAPT three-body potential from
(I8, 19 in NVE (constant number of panticles,
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Fig. 1. VRT levels of the Ho0 dimer (in cm ™) from converged calculations with the CC-pol ab initio
potential (first number, in red), in comparison with experimental data (31, 32) (second number, in
black). Virtually all the measured levels have been shown except for some data for the ground state
nearly redundant with those presented. The symbols 4™ and B/ are standard spectroscopic notations for
VRT states [see (21}]. Abbreviations for moedes; GS, ground state; DT, donor torsion; AW, acceptor wag;
AT, acceptor twist; DT, donor torsion overtone. The individual G5 splittings a(K) for K = 0 and K = 1 could
not be measured, so their sum is used in the comparison, The excited levels are drawn at a smaller energy
scale than the GS levels and the small splittings are omitted, that is, the origins 1 and 2 (the averages of
the A,™, B," and A;", B;" levels, respectively) are shown.
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vodume, and energy) MD simulations of liquid
water in ambicnt conditions. The three-hody
prdential used was fined w ab o caleulations
for the water rimer. It is the only such potential
that includes three-body exchange terms in ad-
dition 0 polarzation cffects, The four- and
higher-body effects were computed with the
polarization model included in CC-pol (apply-
ing proper subtractions 1o avoid double counting
ol two- and three-body induction effects). Up o
512 molecules were used and the velocities
were scaled during the equilibrtion to achieve
the ambient tempermure, Most calculations were
performed with 236 molecules in a box size of
19.71 A, corresponding 10 a density of | giem”,
The time step was | 5 and the simulation time
was 30 ps, including a 10-ps equilibration period.
The radial atom-atom distribution functions gxy
obtained in these simulations are shown in Fig. 3,
The simulations with only the pair potential result
i gy values quite different from the measured
ones, thus revealing the crucial mle of par-
nonadditive forees in water. Including the many-
body nonadditive potential with the pair-only
CC-pol potential (CC-pol+ NB curves) strongly
improves agreement with experiment. In par-
ticular, the positions of the minima and maxima
on the goo curve, which are measured most
accurately, are in near-perfect agreement. The
Zon and gy nctions from CC-polt NB ealeu-
lations reproduce the experiment equally well,
The CC-polt NB(ind) modelwhich represents
Both the pair and many-body polanzation effects
Just by the simple polanzation term m CC-pol

also gives gy functions that agree very well with
experiment. This observation is encouraging
because many-body eflects beyond the polariza-
tion model are very difficult to compute. We note
that the agreement is likely as good as possible

considering the neglected quantum and monomer-
Nexibiality effects. In particular, there are indica-
tions (S8 that the Jatter make the fimst mimimum m
£oo decper, which would improve the agreement
with experiment, although quantum effeats (25)
may panly cancel this trend,

The gy tunctions obtamed from OC-pol
reproduce the expenmental data virually as well
as the empirical potentials fined 1o bulk water
observables, We computed RMSDs from experi-
ment for three charactenistic poims on cach curve:
first maximum, first minimum, and second maxi-
mum. This quantity amounts to 0,13 for CC-pol
and 015 for TIP4P (26).

The empincal potentials fined 1o speciral data
were recently used in simulations of liguid water
with the many-body effects desenbed only by a
simple classical polanation model (27, The
empirical VRTIASP-WHIT potential  performed
rather well. Thus, among all published potentials,
VRTIASP-WII provides the bestoverall (e, for
both clusters and hgquid water) agreement with
experiment. Although VRTIASP-WIIL gave radi-
al distribution functions in good agreement with
experiment, overall the CC-pol potential compares
more favorably, The RMSD for the three charac-
teristic points on the three gxy VRTIASP-W)I
curves is 021 In particular, the first peak on
the VRTIASP-WHIl gog curve is about 19%
too low, whereas it is within 3% ol experiment
in the CC-pol simulation. The 1 2-dimensional
VRTIMCOY-50N potential his not been used in
simulations so e s rgid form with added
polarization effects, VRTIMCOY-5r/pol), per-
fommed poordy i simulations, producing  pair
distribution curves similar o those given by the
two-body-only CC-pol (e, the dotied curves in
Fig. 3. Also, SAPT-3st perfonmed mather poorly in
liguid water simulations, similarly 0 SAPT-35.

REPORTS

We also computed the intemal energy, the
seli=diffusion coeflicient, and the coordination
number of hguid water. The inernal energy Tor
the CC-poltNB model 15 10,89 kealimol,
compared w0 the expenmental value of -9.92 -
0.3 keal'mol [see (28)]. Our value is in still betier
agrcement with experniment 1f the comection for
quantum clloets, equal o 086 keal'mol (253, is
added. The classical and quantum values for the
TIP4P potential are -9.81 and 8,95 keal/mol,
respectively (23). For the diffusion coefticient,
a value of 24 = 107% ems was obtained. in
perfect agreemen with experiment (2¥). This
agreement is panly fonuitous, a5 quantum
elfects may increase the theoretical value by
about 0% (235). The TIP4P potential gives the
classical and quantum diffusion cocflicients of
3.6 = 1075 an®s and 5.5 = 107% em?s, respoc-
tively (253, The so-called coordination nume-
ber was determined by integrating the function
oo up 1o the firsd mummum The wesult for the
CC-pol+NB model 15 5.6, whencas the experi-
mental curve (30) gives 48, We have not cal-
culated the number of hydrogen bonds for the
CC-pol models, but such numbers are known
for the SAPT-35 models (18, 9. We found
that the number of hyvdrogen bonds is well
correlated with the coordination number be-
cause hydrogen bonds lead to a more struc-
tured liquid and narrower gop peaks. For
example, for the SAPT-5513B, SAPT-35tNB.
and SAPT-3s models, the numbers of hvdrogen
bonds are 331, 334, and 2.77, whercas the co-
ordination numbeers are 7.9, 8.6, and 11.3, respee-
tively. Because the relation between the number
ol hydrogen bonds and the coordination nume-
ber was found 10 be approximately lincar, we

Table 1. Root-mean-square relative percentage errors in various properties of Hx0O dimer from
calculations with different potentials, compared with experimental data from (31, 32) and references
therein. The following properties are used in this analysis: ground-state rotational constants 4 and B + C,
ground state tunneling splittings al0) + a(1) (acceptor switch), /; and 7 {donor acceptor interchange),
and frequencies of the intermalecular vibrations DT, AW, AT, and DT? for K = 0 (see Fig. 1). For more
information on these properties, see (21).

Potential Rotational constants Tunneling splittings Vibrational frequencies kol
MCY-KW* 2.1 87 37 I
TIP4PY 14 81 23 5
ASP-WH 7.4 325 17 §
ASP-5% 5.2 110 15

TTMZ.15 14 72 12

VRT(ASP-Wl | 6.6 38 71 1200
SAPT-5s1] 4.9 26 7.8

SDFT-5s4 2.9 35 6.6

CC-pol 2.1 12 4.4

VRTIMCY-5f)** 3.8 11 17 | "
SAPT-5sttf 17 2.3 5.8 4
*From energy bevels caloulated in 122) with potential of (330 tFrom eneegy levels caloulated in present work with potential of =

24, FFrom enengy levels cakulated in (25 with potential of (1) §From energy levels caloulated in present work wsing the
potential of (15) with monomer geometries fixed in the equilibrivm position. Ime enemgy levels caloulated in (31, 22, 34) wsing
ASP-W potential form with parameters fitted 1o spectral data, except for rotational constants cakculated in present work. AFrom energy
levels caloulated in (21) with potential of (12, extited levels caloulated in present work, FFrom enesgy levels calculated in (16) and
in present work with potential of (18). **From energy levels calodlated in (31, 32, 35) wing an extended MCY potential farm
with all parameters fitted to spectral data. +1From energy kevels calculated in (21) with potential of (1.2) tuned to reproduce the
measured interchange splitting o{0) + af1).

T

Fig. 2. Comparison of theoretical and experimen-
tal second virial coefficients. Theoretical data were
computed including quantum effects to infinite
order. Experimental data are from (24).
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r(d)

1 1 3 4 L] ] 7

r(h)

Fig. 3. Atom-atom radial distribution functions from MD simulations based on the CC-pol potential. See
text for explanations of acronyms. The experimental curves are from (30).

could extrapolate this dependence to obtain 3.8
hydrogen bonds for the CC-pol+NB model,
Thus, this model supports the standard picture
of water, wherein cach molecule 15 on average
almost tetrabedrmlly coordinated, rather than the
lower coordination geometry proposed in (3, 5).
With the use of only the CC-pol pair potential,
the simulations gave a very large coondination
number, 11.9 (the extrapolated number of hy-
drogen bonds equal 1o 2.7). Henee, the many-
body intcractions play an imponant role in
determining the structure of liguid water, partic-
ularly in predicting tetrahedral coordination.
The ab initio water pair potential developed

in this work recovers well a diverse range ol

experimental data from water dimer 10 liquid
water. It predicts dimer specira and second virial
cocilicients thai not only agree well with exisi-
ing expenmental data, but also can be con-
sidered to complement experiments in spectral or
temperature mnges inaccessible o measurcment,
When the CC-pol potential together with an
carlicr representation of three-body forees (f8, 19)
was uscd in simulations of hgued water, the pre-
dictions agreed well with the neutron and x-ray
diffraction data. These predictions, made entirely
from first principles, are of comparable accuracy
to results of simulations with empirical potentials
fitted 10 liguid water expenmental data.

We believe that the ab initio force ficld
presented here will find numenous applications in
predicting the properties of water. It can be usad,
for example, o resolve the cument controversics
about the coondination of water molecules in the
liquid (3-6). The analysis of the wemporal struc-
wres in MD simulmions should provide the ul-
timate picture of liquid water. The force ficld can
also be usad w0 investigate the numerous poly-
morphic forms of ice, Imponant applications can

2 MARCH 2007 WVOL 315 SCIENCE

be made in extreme regimes where empirical
potentials il completely, such as supercritical,
overcooled, or confined water,

Further improvements in the list-principles
predictions for water should take account of the
monomer Nexibility and of quamum effects in
the liguid simulations. For the former case, the
lirst step has recently been attained (23). Quan-
tum ellects in molecular simulations can be ac-
counted for by either path-integral MC or centroid
MD (235) methods.
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The Focusing of Electron Flow
and a Veselago Lens in Graphene

p-n Junctions

Vadim V. Cheianov,’* Vladimir Fal'ko,? B. L. Altshuler®?

The focusing of electric current by a single p-n junction in graphene is theoretically predicted.
Precise focusing may be achieved by fine-tuning the densities of carriers on the n- and p-sides of
the junction to equal values. This finding may be useful for the engineering of electronic lenses
and focused beam splitters using gate-controlled n-p-n junctions in graphene-based transistors.

here are many similantics between optics
and electronics, Rays in geometncal oplics

are analogous 1o classical tmjectorics of

clectrons, wheras dlectron de Broglic waves can

interfere. The electron microscope s one example
of the technological mplementation of this
similarity, The analogy with optics may also hold
considerable potential for semiconductor ¢lec-
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tronics, In oplics, transparent interfaces between
matenals are used in lenses and prisms o
manipulate light beams, So farn mierfices have
played a mather diflerent role i samiconductors,
where the central place was, lor a long tme,

occupicd by the p-n junction (PN L As a result of

a depletion region near the comact between two
semiconductors with dilferent types of charge
camiers (and a large cnenzy gap), conventional
PNJs are not suitable for precision manipulation
of clectron beans, which, if realized, may kead w0
a new functionality in microelectronics. From
this perspective, a o of promise is offered by the
recently  discovered (/) two-dimensional (213)
gapless semiconductor, graphene (2), Fine-tuning

of the camier density in graphene by means of

clectmcal gates (3-3) or dopmg of the under-
lving substmte (6) was demonstrated, thus
paving the way toward controllable ballistic
PMIs. On the one hand, the PN in graphene is
highly transparent for the charge carmiers (7, X).
On the other, the
through the p-ninterface may resemble opuical
refraction (9) at the surface ol metamaterials

transmssion of  electrons

with negative relfractive index (J0-12): The
stright imerlace is able 1o locus electric current,
whercas a ballistic stripe ol p-type graphene
separating two p-bype regions acts as a lens,

A feawre of the band structure of grphene
[monolaver of grphite (2, £3)] is that its va-
lence band (w) and conduction band (=* ) ouch
cach other. In the absence of doping, the Fenmi
level in graphene is at the energy that belongs
o both bands and corresponds 1o the Bloch
states in the comners of the hexagonal Brillouin
zone of this 2D honeyeomb erystal. For the
states with a small quasi-momentum hK counted
from the corresponding comer of the Brlloum
gong, the dispersion #(k) and group velocity V

de/eli hk) of clectrons are given by e (Kb = Tk,
Ve = vk/k in conduction band and £,K) = Ik,
L vk in valence band (h s Planck™s

constant, /2wy Figure 1 illustrates such a
dispersion for electrons in n-tvpe graphene
(on the lefi) and p-tvpe graphene (on the right),
In a split-gate structure (Fig. 1), voltages = U
applied to the two gates shift the degeneracy
poant of the electron dispersion cones down
by lwk, on the lefl and up by hidk, on the right,
thus formmg a PNJ sepamting the s-region with
ﬂ'f noand the p-
region with the density of holes py, .&'F . Here,
ks 1% the mdius of the Fermi circle in the con-
duction (valence) band.

The mansmission of charge through the PN
bears resemblance 1o the refraction of light by lefi-
handed metamaterals (/0-/2) with refractive
index oqual 10

the density of clectrons p,.

l. As a wave enters such a

1F'ﬁ-:.--::rzs Department, Lancaster Unmversity, Lancaster LAL
4YB, UK. *Physics Department, Columbia University, 538
West 120th Street, Mew York, NY 10027, USA. *NEC-
Laboratories America, 4 Independence Way, Princeton, N)
085540, USA.

*To whom correspondence should be addressed. E-mail:
v.cheianov@lancaster.ac.uk

meaterial, the relative direction of s group velocity
V and the wive vector K of the wave neverses
from parallel (in vacuum) to aniiparallel. There-
lowe, upon refraction, the sign of the tngential
velocity component ol the propagatmg  wave
mverts, and the nommal component remains the
same. As a resull, mys that diverge in vacuum
become convergent alter entening the metamatenal
(¥} For elecirons in the PNJ, the Fermi momen-
tum kg,
index in geometrical optics, with the sign dater-
mined by the type of band-—positive Tor the con-
duction band and negative for the valence band.,
Indeed. et us consider, in Figs, 2A and 3 A,
a de Broglie wave of an clectron approaching
the PN from the w-side with the velocity 'V
(weosBisint,) and the wave vector K
(kcosB ksmB.). At the miedace, this wave 15
partly reflected 1o the state with the wave veclor
k' = ( kcost & sinb) and parly transmitted 1o
the valence band state with the veloeny ¥V

3 plays the same mle as the refractive

source

n e

L gate2
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(vcost,vsind,) and the wave wvector k
(—hcosth.hsint) on the pside. For a shamp
PN, the probability of the transmission s
0570, /cosT (40, + 4B (7. &
component of the clectron momentum along a
straight imerface should be conserved, £sind,
k.sin®, which determines Snell's law for
transmitted electrons,

Because the

s, ky
- — =N (1}
sinfl,. k

The negative sign of # in Eq. | implics tha
the PNJ mansforms a divergent flow of electrons
emitted by a source on the p-side o a con-
vergent flow on the p-side. This mesults in fo-
cusing (Fig. 2A) for a symmetnc junction, pg
pe corresponding o a = 1. Under the latter con-
dition, ¢lectrons injected at a0} in the w-region
at the Fenmi energy meel again in a symmeiric

spot at (a0,

probe

£

Fig. 1. Graphene p-n
junction (PN]). Monolayer
of graphite is placed over
the split gate, which is
used to create n- (left)
and p-doped (right) re-
gions. The enerqy dia-
gram shows the position
of the Fermi level with
respect to the touching
point of the valence and
the conduction bands.

-

1.0 <05

Fig. 2. Focusing of elec-
trons by symmetric PN],

and D) "Quantum mi-

Py = Pe (A) Classical
trajectories of electrons
diverging from a source
at distance a from the
junction become conver-
gent after refraction. (B)
Interference-induced pat-
tern in the charge cur-
rent near the focal image
of the source-contact. {C

rage” in graphene, LDOS
oscillatons around the
image of a perturbation
applied on the other side
of PN], created by (C) a
small island of bilayer
and (D) potential of a
remote Coulomb charge.
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In an asymmetric junction (Fig, 3A) for, ¢.z.,
n (.82, which corresponds to py/pe = 6T, a
shap focus transfonms inte a pair of caustics
that coalesce m a cusp—a singulanty m the
density of classical rpectones. Similar smgu-
laritics in my and wave optics wene investigated
and classificd (/4) with generml catastrophe
theory (45). Ballistic wajectories of electrons in
the p-region of an asymmetric PNJ are rays v
atanfl, + xanB,, where 0, is relaed 1© 0, by
Eq. 1. The condition for a singularity, /08,
0, determines the form of caustics Veaualy) as
well as the position vesp of the cusp,

g % .3
[x — i)
— ____°F na (2]

VeapulX) 11. s Veusp

nt -1

To detect focusing by a single at imerface m
graphene, one can use a small elecine contaet as
a source of clectrons while another local probe
located on the p-side plays the mole of a
Elcctric conductance between the
two contacts would reflect the probability for

detector.

a carrier to get from the source to the probe.
When the concentration of carriers is low, their
de Broglie wavelength is big enough 1o en-
visage contacts smaller than the wavelength,
To study electron transmission in a phase-
colerent system between contacts of such a
smill size, the above-deseribed classical pictune
should be complemented with the analysis of
quantum interference pattern of electron de
Broglic waves. Figures 2B and 3B show the
result of ull quantum mechanical caleulations of
the current of clectrons amitted ot (a0} and
detected by a point contact near the focal point in
the symmetric PX) (Fig. 2B) and in the viemity
of a cusp (Eq. 2) that appears when the sym-
meiry py pe is lifled off (Fig. 3B). The
calculation was performed by applying the
Kubo formula to the single-particle Dirac-like
Hamiltonian (2, 7, ) of electrons in graphene, It
is assumed that the sample is ballistic, that is,
that both the elastic and inelastic mean free path
ol electrons is larger than the tvpical size ol the
structure, Around, but not too close to the fo-
cus (k== 1), the analytically calculated current
15 =~ (x ay J'"t[.l' \/ (X a.lr: +1* stands for
the distance from the probe to the focus]. The
anisotropy of the current disinbution is caused by
the dependence of the ransmission coeflicient
on the incidence angle and is smeared at shorter
distances & = 1. The current map calculated
in the vicinity of the cusp for pgy £ pe shows
characteristic patterns described by the canon-
ical diffraction function for this type of wave
catastrophe (/4. The maximum of the current
would be when the probe is a the tup ol the
cusp, (na,0). The width v, of the bright spot
ncar the cusp (Fig. 3B) or the focus (Fig. 2A)
in the v dircction can be estimated as vk, -
max| 1.(Yakon ' — 0y For a junction with
i = 1 {py = peh the pattem near the cusp s

mirror-reflected as compared with that shown in
Fig. 3B for i) < 1.

It has been discoverad (14) in the scanning
tunneling mucroscopy (STM) studies of cllipu-
cally shaped corals on the surface of copper that
the presence of an impurity at one focus of the
cllipse is reflected by the STM map in the
vicimity of the other focus. Theretore, oscilla-
tions of the local density of states of electrons
formed around a static local perturbation (17)
can be replicated through focusing by a care-
fully engineered ence of atoms. Similarly, fo-
cusing of clectrons by a shamp PNJ in graphene
could create a “mirage” that mimics the effect of

Fig. 3. Wave singular-
ities in an asymmetric
PN, puipe = 0.67. (A

S\ e,

a penurbation on the opposite side of the B
interface, Consider, for example, a small island
of a bilayer (5, [8), which locally distinguishes
between two sublattiees (A and B of the honey-
comb lamce for clectrons m the sumounding
shea [due w Bemal stacking of two adjacent
monolayers ([9, 200 It induces a change in the
local electron density of states (LDOS), which is
differem on sublattices A and B, The long-range
oscillations of the allernating LDOS can be
detected, with STMW, as a difference of &/4-p -
.n".;:'_'n:ri:u 26y between the wnneling  current
from the STM tp 1o the A and B sites. Figure
2C shows the resulis (obtained with the Green's

Formation of caustics
by refracted waves. (B)
Characteristic interfer-

N

ence pattern for the cur- I

rent near the cusp. (C

alnd D) lDCIIS oscllaions | g iﬂ[ﬂ
{in the region between sy

caustics) created by (C) a
small island of bilayer

and (D) a remote Cou-
lomb charge on the oth-
er side of PN).

Fig. 4. (A) Electron
Veselago lens and (B
and C) prism-shaped
focusing beam splitter in
the ballistic n-p-n junc-
tion in graphene-based
transistor.

botlom gate
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functions technique) of a quantumemechanical
analysis of oscillations of &fa-p around the mi-
rage image of a bilayer island formed on the
other side of symmetine PN n the monolayer
sheet, To compare Fig. 2D shows the caloulated
mirage image of a spike of clectrostatic potential
{smooth at the scale of the luuee constant in
graphene), which induces LDOS  oscillations
equal on the two sublattices. The difference be-

tween these two images is caused by the lack of

backscattering oflf A-B symmetric scaterers
specific 1o graphene (21),

Unlike the ideal lefi-handed metamaterial
(1, Tocusing in the PN is not perfect. In sym-
metric junctions, it occurs only for electrons ex-
actly at the Fermi level, and 1t is spread imo
caustics for electrons excited o higher encrgies.
Therefore, the shapness of electron focusing
decreases with temperature. 11 the focused clee-
tron ow is detected by a contact of siee o ==
A o pronounced signal in the focus will per-
sist up to T - hv b d'a. For example, in a bal-
listic structure with e ~ 1 pm, o - 0.1 pm, and
Pe= Pp ~ 3 % 10" em 2, focusing may persist
up to the nitrogen emperature. The interference
effects shown in Figs. 2 and 3 are washed out at
a much smaller wemperare scale, - hvla,

Focusing of clectrons by a sharp p-n june-
tion in graphene can be used to tum the w-p-n
junction into a Vesclago lens for electrons. In
such a device (Fig. 4A). the density of charge
carriers in the p-region (with width w) can be
controlled by the top gate. [Fthe densitics in the

n- and peregions are equal (py = pe). charge
carriers imjected into graphene from the contact
§ shown in Fig. 4A would meet again in the
focus at the distance 2w from the source
{contact 5 in Fig. 4A). Varying the gate voli-
age over the p-region changes the ratio #® =
Pr'pe This enables one o transform the focus
into a cusp displaced by about 2(/n — 1w along
the v axis and, thus, to shift the strong coupling
from the pair of leads SDy to cither SDy (for
Pa < pe) or 5D (for py, = p). Fig. 4, B and C,
illustrate another graphene-based device in
which a prism-shaped top-gate may be used
as a focusing beam splitter. For example,
electrons emitted {rom comtact 8 (Fig. 4B) are
distributed between the contacts b oand 3,
whereas the signal semt from contact A (Fig.
40} is replicated into the pair of contacts o and
o, Giraphene has recently been brought into con-
tact with a superconducting metal, and the
Josephson proximity effect through graphene has
been observed (22). Consequently, a beam
splitter (Fig. 4, B and C) can be used 1o ex-
periment with  Einstein-Podolsky-Rosen (23)
pairs of panticles.
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Halwaxiids and the Early
Evolution of the Lophotrochozoans

Simon Conway Morris™

and Jean-Bernard Caron

s

Halkieriids and wiwaxiids are cosmopolitan sclerite-bearing metazoans from the Lower and
Middle Cambrian. Although they have similar scleritomes, their phylogenetic position is contested.
A new scleritomous fossil from the Burgess Shale has the prominent anterior shell of the halkieriids
but also bears wiwaxiid-like sclerites. This new fossil defines the monophyletic halwaxiids and
indicates that they have a key place in early lophotrochozoan history.

urgess Shale-tvpe faunas house numer-
ous taxa that are phylogenctically con-
roversial and open 10 widely different

interpretations, One approach 15 1o incompomie
these taxa into the stem groups of major phyla

(), but this often presupposes homologies of

disparate structures and tvpically depends on an
attenuated fossil record. Allernative views re-
gard such taxa as ecither belonging to extant
phyla (2, 3) or representing extinet phyla (4).
These differences have major evolutionary im-
plications, For example, the assignment of axa
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to cither extant or extinet phyla implics that
body plans arose by macrocvolutionary mecha-
nisms. This is consistent with body plans having
a scemingly abrupt appearmnee and potentially
with claims of a protracied (albeit crvpiic) his-
tory (F). In contrast, hypotheses based on the
construction of stem groups generally imply mi-
croevolutionary  processes. The component taxa
would be initined in the latest Neoproterozoic,
with body plans emerging by functional tran-
sitions that were connected 0 feeding, locomo-
tion, and defense (6, 7). This view is consisient
with an explosive diversification of metazoans
(&, ),

Numerous Cambrian groups have mulu-
plated skelewons (or sclertomes) (10). Tvpically,
the sclenmomes of these groups ocour as dis-

articulated fossils, noably in the small shelly
assemblages. Burgess Shale -tvpe faunas, how-
ever, vield articulated material such as the
halkicnids, which are probably related w0 the
siphogonuchitids [known only rom disassoci-
ated sclerites (f0)), and wiwaxiids. However.
the wider relationships ol these groups, the
members of which are similar 10 armored slugs,
are unceriain. One hypothesis imempreis the
halkieriids as stem-group  lophotrochozoans,
closcly linking them to the origin of annclids
and brachiopods (/7).

The evolutionary route o the annclids was
hypothesized to be via the related wiwaxiids
(/2), and the peculiar halkicrnd arrangement
of a prominent anterior and posterior shell
presaged the bivalved brachiopods (1), More
recently, the micrinids and annuolinids, known
only as isolated shells, have been interpreted as
key intermediates (/3) between the halkicriids
and brachiopods. Altemative hypotheses have
assigned the halkienids w the crown-group mol-
lusks (33, questioned the relevance ol the
micrnids and 1annuohnids (/4 and rejecied
the wiwaxiids as stem-group annelids (/3), One
substantial contrbution 1o this debate is the
identification of Odomrogreiphus and Whwaxia as
stem-group mollusks (/6). Despite these
conflicting hypotheses, the Cambrian fossil
record, in principle, will be central to unravel-
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Fig. 1. O reburrus from the Middle Cambrian Burgess Shale. (A to D} Dorsal view. (A) Holotype, ROM
57197; (B) ROM 57837; (C) ROM 57835; (D) ROM 57839. White arrow in (C) indicates a bended spine.
(E to F) Ventral view. (E} ROM 57836; (F) ROM 57838. Only the doublure of the shell & visible in (E).
Images were obtained by light microphotography on uncoated material Scale bars, 1 mm. Cu, cultrate;
Gu, gut; 5¢, dorsal sclerites; Sh, shell; Sp, dorso-lateral spines.

ing many aspeets ol early  lophotrochozoan
evolution, even though substanial lacunae
remain, not least those conceming the orgins
of the nemeneans and sipunculans.,

Here we describe a new taxon [sclentomomh
C in (I7) Ovthrozanclus reburvus (18), based
on 11 specimens recovered from the Burgess
Shale] that shares characters with both the
halkicriids and wiwaxiids (Figs. | 1o 3). Like
other Bungess Shale fossils (/9). they are ex-
ceptionally preserved, although their small size
and degree of having been crushed result in fine
detals sometimes being difficult w0 discem.
Some specimens also have abundant diagenetic
pynte (Figs. 1A and 2, A, D, and E). Including
their spinose sclenies, the specimens are 6 o
10.3 mm long, The central zone of the dorsal
body is strongly convex but is Nanked by {latier
margins. The ventral side was evidenily sofi-
bodiad and tapered to a broad termination. The

scleritome consists of three zones or scls of

sclerites and at least one shell (Fie. 1), One sa
extends around the entire body, At the amerior
end, two types of sclerites project forward: Most
are blade-like and slightly recurved abaxially
{(Fig. 2A), but much more clongate spines arc
also interspersed. This antenor army of sclentes
then extends posteriony 1o form a lateral com-
ponent of symmetrical sclerites (Fig, 1E),
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whereas, at the postenor end, the amy compnses
abaxially recurved sclerites (Fig. 1A). The prom-
inent second set of sclerites consists ol about 16

1o 20 elongate, recurved spines on cither side of

the body, which are inseried abaxial 1o the
lateral sclentes (Fig. 1), Disal 1o the body, these
sclerives may lie ai slightly differem levels in the
sediment and overlap. This disposition suggests
that, although these sclerites arose from a
nammow zone, their armangement may not have
been as a single row. These sclentes aper quite
strongly  but individually appear to have an
expanded base (Fig. 2, F and H). Externally,
they may bear one or two ndges. Pyvntized
matenal indicates that they probably had an

internal cavity (Fig. 2, D and E). In cases of

heavy pvritization, these selerites reveal a cir-
cular cross section, which may be the original
configuration in life. A few sclerites are kinkead.,
which is suggestive of a nonmineralized com-
position (Fig. 1C)L The third set of sclenites
covers the conves central region and, as a result
of crushing, is the least well preserved (Figs. |
and 2, F and G). These small sclerites appear 1o
have formed a posteriorly imbricated aray.

In addition to the sclertes, the anterior bears
a prominent convex shell (Fig. 1), In outline, it
is roughly wangular, with an anteror umbo, an
arched posterior margin, and a medial rdge ex-

panding posteriorly (Fig. 2, B, C, and F). Finely
spaced growth lines indicate aceretionary growth
(Fig. 2, C and F) The shell also bears coarser
ndges (Fig. 2, A 1o C and F); they may repre-
sent cither the internal surface of the shell or
more probably metamensm, races of which arc
also discemible more postenory. In the ventral
view, the shell is largely obscured by sofl tissue,
but the anterior margin is fairdy acute and bears
a prominent doublure (Fig. 1E) A relatively
prominem stand (that begins close 10 the mar-
gin of the anterior shell and can be traced in-
distinctly toward the posterior) may represem
the gut,

In life, this animal was evidenly benthic
(Fig. 3), and 1 15 assumed o have moved on a
muscular fool, Feeding habits are conjectural,
but the convex central region of the onzanism may
have howsed a voluminoes  sadiment-filled  gut.
The sclentome, especially the clongate spines,
was presumably protective andior sensory in
function. The shape of the spines suggests that
they extended outward and then upward. Given
their relative position in the seleritome, the
spines are less likely to have provided any
snowshoe-like suppont on the surface of floceu-
lent sediment. The function of the anterior shell
is conjectural, but, as hypothesized in the
halkicriids {/7), it could have provided a
platform for the attachment of muscles associ-
ated with a leeding apparatus. Ovtlhrozanclus
combines features of both wiwaxiids and
halkienids. The smaller size and partial crushing
in Orthozanclny make precise  comparisons
with the wiwaxiid scleritome (200 somewhat
tentative, but both were evidently unmineral-
teed, and the overall amangement s similar.
There are convincing equivalents 1o both the
culwraie (lateral) sclerites (including those that
exiend around the anterior) and the larger spines
in Miwavia. The dorsal sets of spines are equiv-
alent as well, but, in Ortfrozancius, the sclerites
are smaller and do not seem 10 have any ob-
vious segmental patiem. The most substantial
difference appears 1o be the absence of siculate
(ventro-lateral) sclerites in Ortlrozanclus, The
halkienid scleritome is also comparable, in par-
ticular with marked similaritics between the
cultrate sclerites. The sclertes of halkiernds
are, however, mmermlized. Nevertheless, unlike
Wiwaxia (24), both Ortfrozancius and the
halkieriids have prominem shells. The shells of
the halkicriids arc best known in aticulated ma-
terial in which they consist of a prominem
anterior and posterior shell, the former being no-
tably more convex (/). Although Cvifirocanclig
seems 10 lack a posterior shell, its anterior shell
is similar in shape o that of the halkienids, In
comrast, the direction of growth, as inferred
from the location of the umbonal region, is ne-
versed, presumably o allow the arched posterior
margin to match the convex dorsal region, The
shell of Orthrozanclus 15 also similar o a num-
ber of solied small shelly fossils, notably
cruramus (a5 well as Eolalobia) from the
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Lower Cambrian of China (/0, 22) that are
alse likely to be halkicrnd (22, 23).
Orthrozanclus may also shed Light on the
Burgess Shale taxon (ikezeretes (24). This
taxon was desenibed on the basis of two
shell morphs (A and B), which were sug-
gested to derive from a halkieriid-like ani-

mal. The shell of morph B s similar to that of

Cthrozanclus, apan from lacking the medial
ridge (23).

The sclerites of halkieriids and wiwaxiids
are similar in terms of mode of construction
and extenal omamentation (24), and mem-
bers of both groups have a triparntite scleritome
(41). Wiwaxiids, however, have unminer-
alized sclentes (12, 200 and lack shells (21),
In combining key features of halkicrids and

wiwaxids, Orthrozanelus provides evi-
dence for the monophyletic halwaxiids
(/&) The importance of this group to the

understanding of the carly evolution of

lophotrochozoans depends, however, on a
number of eritical assumptions, especially
concerming the origin of mollusks. The dis-
covery that seriality in monoplacophorans
and polyplacophorans. long thought 1o be
amongst the most primitive of mollusks,
may be highly derived could undermine

long-held assumptions about the natwre of

the ancestral mollusk (27). Indeed. this
question may be most readily answered on
the basis ol fossil material. In this context,
the best candidate appears to be the
Kimberefla-Odomtapriphus clade (16), bui,
although the dorsal zone presumably had
the potential o biomineralize, 11 remains
difficult w establish convincing homologies
between any molluskan shell or spicule array
and the halwaxiid shell or sclerite field, re-
spectivelv. It is also clear that shochorning
the halkieriids into the crown-group mol-
lusks (3) fails on account of inappropriate
comparisons of scleriie structure and uncon-
vincing homologics with vounger multipla-
cophorans (28).

Further discussion of the phylogenetic
position of the halwaxiids, and hence their
role in carly mollusk evolution, depends cnu-
cially on the assumed polarity of the three
component taxa (Fig. 4). Taking Odoniogripines
as a steme-group mollusk would suggest that
the acguisition of a shell in Orthrozanclus
and the biomincralization of sclerites in
halkieriids were later events. This scheme,
however, makes it difficuli to accommodate
the stratigraphically older siphogonuchitids,
which have a simpler scleritome (/0 29)
and a shell composed of fused sclerites
(23). An aliernative phylogeny is to take
Kimberella and Odontogriphus as stem-group
lophotrochozoans, with the halwaxiids form-
ing a distinct clade with a polarity opposite w
the first scheme. Accordingly, we hypothe-
size that mollusks had already diverged
belore the evolution of the halwaxiids, This

REPORTS

Fig. 2. O. reburrus from the Middle Cambrian Burgess Shale. (A} Close-up view of the anterior
cultrates. (B and ) Close-up views of the shell. (D) Pyritized spines. (E) Close-up view of (D) showing
octahedra. (F) Entire individual. A composite of three images is shown. (G) Detail of the dorsal sclerites.
White arrows in (F} and (G) point to dorsal sclerites. (H) Close-up view of the posterior spines from (F).
In (&), (B), and [(D} to (H}], images were obtained by environmental scanning electron microscopy on
uncoated material. In (C), image was obtained by light microphotography; specimen was coated with
ammonium chloride. Scale bars, 0.5 mm except (E}, 0.05 mm. Gl, growth lines; Mr, medial ridge; Py,
pyrite; Ri, ridge; Um, umbo.

Fig. 3. Reconstruction of O. reburrus by M. Collins. The precise arrangement of the anteriormost
region remains somewhat conjectural.
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Mollusks
Crewngoup Halwaxilds

Fig. 4. An outline of lophotrochozoan phylogeny showing the two most plausible positions of the
halwaxiid O. reburrus, depending on the assumed polarity of sclerite acquisition and bio-
mineralization in the associated taxa Kimberella (Kim.), halkieriids {(Hal.}, Odontogriphus (Odo.),
siphogonuchitids (Sip.), and Wiwaxia (Wiw.). Dashed lines indicate alternative interpretations of
the phylogeny (see the SOM). The first hypothesis (hypothesis 1) accepts Odontogriphus (and
probably Kimberella) as stem-group mollusks (16), with the halwaxiids as a sister group of
mollusks. In this latter clade, chitinous sclerites are first acquired (in Wiwaxia), followed by their
biomineralization in the siphogonuchitids. Members of this latter group, however, are
stratigraphically older and appear to have a simpler scleritome (10). Halkieriids would then
reacquire a more complex scleritome [similar to that of Wiwaxia (11)] and shells. In the sister
qroup represented by Orthrozanclus, the sclerites demineralize, and the posterior shell is probably
lost for highly reduced). The second hypothesis (hypothesis 2} treats the halwaxiids as
monophyletic, with the further implication that Odontogriphus {and probably Kimberella) are
stem-group lophotrochozoans. In hypothesis 2, the earliest halwaxiids are the siphogonuchitids
with a mineralized scleritome of two types of sclerite (10) and with a shell composed of fused
sclerites (23). Shells are then acquired, along with a third type of sclerite, in the halkieriids.
Demineralization of sclerites occurs in Orthrozanclus, and (finally) complete shell loss occurs in
Wiwaxia. A cladistic analysis gives some support for hypothesis 1, but the best tree is not robust
(see the SOM).

scheme is more congruent with respect 1o the 7. D-G. Shu, 5. Cormway Marris, ). Han, Z-F. Zhang,
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sclerites and subsequently losing the shells. 10 Y. Qian, 5. Bengtson, Fasils Stralo 24, 1
A cladisiic analysis (with the use of Phylo- {1988).
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Eaohalobia, Hatkieria, lomasuicachites, Ninella,
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Oikoretetes. Genus Orthrazenclus Conveay Marris and

References and Notes

L G. E Budd, 5. Jensen, Biol. Rev. 75, 253
(2000).

2. J. W. Durham, ] Paleantel. 48, 750 (1974).

3. |. Vinthes, C. Nielsen, Zool. Ser. 34, B1 (2005)

4. 5. | Gould, Wonderful Life: The Burgess Shale and the
Noture of History (Norton, New York, 1989).

5. ). £. Blair, 5. B. Hedges, Mol. Biol Evol. 22, 2275
(2005).

6. G. E Budd, Lethaie 31, 197 (1998).

2 MARCH 2007 VOL 315 SCIENCE

Cargn gen. nov. Qrthrazanclus rebusrus sp. nov,
Etymology: Generic name is compound, based on
sickle-like (Greek sonclon) sclentes and oblique
reference to ancesiral nature (Greek arthros, or
“dawn”); specific name refers to hairy (Latin reburus)
appearance, Holotype: Royal Ontario Museum (ROM}
57197, Other material: ROM 57833 10 57840, National
Museum of Natural Histary (USHM) 213695 and
213496, Stratigraphy and locality: Burgess Shale
Formation, Walcott Quarry Member, Middle Cambriamn.
All specimens are from the Greater Phyllopod Bed, Fossil
Ridge, near Maunt Field, British Columbia, Canada (17).
Diagnasis; Cataphract metazoan, scleritome of
individual slerites, and at least one shell, Sclerites form
at least three rones: small dorsal sclerites, prominent
dorso-lateral spines, and lateral (cultrated, including
elongate, anterior spines. Anteror shell corves, anteror
umba, arched posterior margin, ventrally anterior
doublure.

19. Slerites show similar preservation to co-occurning
wiwadids, which are known to be unmineralized and
probably were oniginally chitinows (12). The shell shows
procvinent relief and clear growth lines and was almost
certainly composed of calcium carbonate, although it is
now demineralized.

20. 5, Conway Morris, Philos. Trans. R Soc. london Ser. B
307, 507 {1935}

21. In one disarticulated specimen of Wavaxa [figures 46
and 47, A 10 D, in (17}, there is a shell-like structure,
but this is unlike those in either Ovthrozancius or
Qikazetetes and appears to be an occumence known only
in this case. It may be a fortuitous association,

22, H. Siegmund, Lethaio 30, 285 (1997).

23. §. Bengtson, Lethara 25, 401 (1992).

24, 5. Conway Morris, Neves Johrb, Geol. Poloeontol. Abh.
195, 319 {1995),

25. The holotype of Orkoretetes seilocheri was based on
morph A (24), so synonymy with Orthrozancius & not
appropriate. Although earlier tematively placed in the
Halkieriidae {24), these two genera are almost certainly
closely related (18D, The relationships, however, between
ihese two taxa are difficult fo resolve on present
evidence, in particular because Orthrozancius only
shows one definite shell. Morph B could be another
speces of Orthrozancius or, alternatively, Oikozefetes
may be correctly identified. In contrast to the
interpretation of (24) and consistent with the evidence
presented here, it is more likely that morph A
represented the pasterior shell (and s0 & possibly
equivalent to the tentatively identitied and much
smaller posterior shell in Orthrozanclus), and,
correspondingly, marph B would be equivalent to the
anterior shell.

26, P, A Jell, Alcheninga 5, 85 (1981},

27. G. Giribet ef al., Proc. Naf. Acod. Scii ULSA 103, 7723
(2006},

28. 5. Conway Mereris, Philes. Trans R Sec. london Ser. B
361, 1069 (2006).

29. 5 Bengtsen, m Evolving Form and Funciion: Fossils and
Development, D, E. G. Briggs, Ed. (Peabody Museum of
Matural History, Yale University, New Haven, CT, 2005),
pp. 101-124.

30. We thank V. Brown for technical support in Cambridge;
0. Evans, C. Schander, A, Scheltema, and D. Zanatta for
asistance and comments on the cladistic analysis;

M. Collins for drafting the reconstruction; and three
ananymous referees for constructive criticism. This work
is supported by the Royal Society, Cowper-Reed Fund,
5. Jehn's Callege, Parks Canada, and the Royal Ontario
Museum. Collections were made under the direction of
0. Collins. This is Royal Ontario Museum Burgess Shale
Research Project #10.

Supporting Online Material
www_sciencemag.org/icgifcontentfull315/5816/1255/0C1
Analysis 51

& November 2006; accepted 16 January 2007
10.1124/schence. 1137187

WWw.sciencemag.org



Rethinking Organic Aerosols:
Semivolatile Emissions and
Photochemical Aging

Allen L. Robinson,™ Neil M. Donahue,™ Manish K. Shrivastava,® Emily A. Weitkamp,*
Amy M. Sage,® Andrew P. Grieshop,” Timothy E. Lane,” Jeffrey R. Pierce,” Spyros N. Pandis™®

Most primary organic-particulate emissions are semivolatile; thus, they partially evaporate with
atmospheric dilution, creating substantial amounts of low-volatility gas-phase material. Laboratory
experiments show that photo-oxidation of diesel emissions rapidly generates organic aerosol,
greatly exceeding the contribution from known secondary organic-aerosol precursers. We attribute
this unexplained secondary organic-aerosol production to the oxidation of low-volatility gas-phase
species. Accounting for partitioning and photochemical processing of primary emissions creates
a more regionally distributed aerosol and brings model predictions into better agreement with
observations. Controlling organic particulate-matter concentrations will require substantial
changes in the approaches that are currently used to measure and regulate emissions.

wrhome particles pose senous health risks
Aulu] have a controlling influence on

Earth’s climate. Organie acrosol (OA) is
a major component of fine-particle mass through-
out the atmosphere (/) OA comprises prmary
organic acrosol (POA, panicle mass dircctly emit-
ted lrom sources such as motor vehicles and
forest fines ) and secondary onganic scrosol (SOA,
particle mass fommed in the atmosphere from the
oxidation of gas-phase precursors) (f). The
relative comribution of POA and SOA 1 the
overall OA budget remains  controversial, Re-
scarch using individual onganic compounds o cs-
timate POA (2, 3), organic-to-clementa] C matios
W estimate SOA (4, 5) and mmosphene chem-
istry models (6, 7y indicates that POA dominates
the urban OA budget. However, recemt field mea-
surcments indicate SO0A dominance, even in heav-
ilv urbanized arcas, that cannot be explained by
the oxidation of known SOA precursors (8- £0),
The persistent discrepancics between measured
OA concentrations and  predictions of  atmo-
sphenc chemisiry models underscore the sub-
stantial uncertainty regarding the sources of OA
(n 11, 12).

Combining laboratory, field. and modeling
results, we propose two major amendments o
the current OA conceptual frmework: (1) account-
mg for gas-particle partiioning of POA and (i)
cxplicitly representing gas-phase oxidation of all
low=volatility vapors i curment SOA-production
mechanisms, This replaces the curremt static rep-
resentation of POA emissions with a far more
dynamic picture in which low-volatility material
evaporates, oxidizes, and recondenses over time,
This paper presents experimental results sup-
porting this revised ramework, first showing that
primary emissions indeed evaporae substantially
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upon dilution o ambient condiions and  then
showing that photo-oxidation of those vapors in a
smog chamber produces SOA far exceoding that
from traditional precursors. Finally, we imple-
ment these amendments in a chemical mnspon
model 1w illustee their implications  for our
understanding of OA in the atmosphere,

Fig. 1. Partitioning data and
volatility distribution of die-
sel POA measured at 300 K.
The circles in (A} indicate
POA EF data from previously
published dilution-sampler
measurements (21) and new
results obtained at higher
levels of dilution. The data
are plotted as a function of
OA concentration (Cgp), fol-
lowing the principles of
partitioning theory (17, 18).
The values are normalized by

1.0

0.8 -

0.6-

0.4 -

0.2 -

MNormalized Organic Aerosol
Emission Factor

A - Amblent ____ @ Measured /
1 Conditions
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Sources emit thousands of organic com-
pounds, ranging from CHy to species with 30-
or-more C atoms (/315 The amount of POA
depends on the gas-particle partitioning of this
complex. mixture (/6. 17), However, emission
inventories and models treat POA o nonvolatile,
implicitly mssuming that standard cmissions tests
represent the full range of atmosphenc condi-
tions. This is wrong (/7), To illustre the semi-
volatile character of POA, Fig. | presents a
compilation of diesel exhaust data memsuncd m
different levels of dilution, extending from con-
ventional emissions sampling 1o typical aimo-
spheric conditions, The POA emission factor (EF)
decreases with increasing dilution because of the
evaporation of scmivolatile organic compounds
(SVOCs) (7). Thas evaporation causes POA con-
centrations o decrcase considerably more than
docs dispersion alone. Furthermore, the data fol-
low well-established partitioning theory (/7. 18),
indicating that POA levels also vary with tam-
perature. This dyvnamic picture complicates the
defmition of POA and underscores the need for
our lirst amendment to the cumrent OA concep-
tual framework: explicit treatment of gas-particle
partitioning of primary emissions,

Partitioning depends on the volatility  dis-
trbwtion of the emisstons, Figure 1B shows the

Dilution Ratio

10000 1000 100

—— Fit of data
- = 95%Cl X7

Organic Aerosol
Emission Factor (g kg-fuel”)

the traditional POA EF, mea-

sured by means of a quartz 0.0 +—rrrm——rrr——rrr——rrr——-0
filter at low levels of dilution. 10° 10’ 10° 10’

The results show substantial C..lug m?)

evaporation of POA with ¥ 1.0+ SVOC—— = ta— IVOC—=t— =
decreasing Cog and that enly # | B Volatility Distribution -
a quarter of the traditionally “w D_H.-! B Fit of Data (X bars = 1) — <
defined POA exists in the  § | 72 Inferred (% bars = 1.5) irz 2
particle phase at atmospher- i 06 'l | L]
ically relevant Coa. The curve E 1 sabdl =
shows a fit based on absorp- 5 0.4 | = AL E
tive partitioning (19), along 8 ; f 41 pr
with a 95% confidence in- & 0.2 ’ 171
terval (Cl). The red bars in E } 11 -
(B) are the volatility distribu- 2 ' 1dl, &
tion determined by this fit 10 10" 10" 10" 10° 10" 10 10° 10°

(19), plotted in terms of C C* (igm)

(related to effective satura-

tion vapor pressure). These bars reveal the volatility distribution of traditionally defined nonvolatile POA
emissions and therefore sum to one (X bars = 1}(19). The hatched bars show an assumed volatility distribution
of additional IVOC emissions estimated from other data (1315, 19) that indicate that IVOCs contribute one to
three times the POA emissions (here, we assume 1.5 times) (19). Secondary axes show un-normalized fuel-

based EFs and levels of dilution for our experiments.
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violatility distribution tor dicsel exhaust at 300 K.
It 15 presented in tams of lumped specics that
span a volatlity basis set of effective saturation
concentrations (C* ) allowing a physacally mean-
inglul weatment of partitioning for all organics
(/&) Conceptually, a volatlity distribution can
be constructed from spediated emissions data by
lumping specics with similiar situration vapor pres-
sures, However, this is not possible because kess
than 107 of the condensed and semivolatile
mass has been speciated (/3-15) We deter-
mined the distribution in Fig. 1B by litling iso-
thenmal dilution data with absorptive partitioning
theory (/9), as done in well-established analyses
of SOA data (20,

The distribution shown in Fig. 1B comprises
emissions of all orgamies less volaule than ap-
proximately a Cpz s-alkane, covering the range
of matenial that can change phase between the
high-temperature conditions at the end of the
exlaust pipe and the cool, highly dilute ambient

Total mass A

Unexplained SOA
Traditional SOA

—_
w
Il

Aerosol mass (g m™)

] 1 2 3
Time from UV on (hre)

Residual OA

|

Diesal OA

POA Estimate 1

0 1 2 3
Time from UV on (hrs)

atmosphere. Based on partitioning at typical at-
mosphenc conditions, this distribution includes
“nonvolatle”™ (C* < 0.1 pg m Y, “semivolatile”
(SVOC; 0.1 pgm A [111] pg m %, and
“imermediate-volatility™ (IVOC: 1000 pg m 3.
C* < 100,000 ug m™) organic compounds, Even
moe volatile speeies dominate the overall emis-
sions of reduced organic C (f3-15); however,
these species ane largely accounted Tor in models,
cither as part of ozone chemistry mechanisms or
as traditional SOA precursors,

The red bars in Fig, 1B show the volatility
distribution ol the tmditionally defined POA emis-
stons that are currently treated as nonvolatile in
models and invemories. The majonty of these
emissions have a C* = 100 pg m * and there-
fore exist largely i the gas phase at typical atmo-
sphene conditions. Some of the emissions are
misclassilicd as POA because  dilution-sampler
measurements are typically conducted a1 un-
realistically lugh concentrations, which biascs

12 i Residual QA
— 8
Ej L ; .
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Fig. 2. Results from the photochemical oxidation of diesel exhaust in an environmental chamber. (A}
The wall-loss—corrected aerosol mass, measured with a scanning mobility particle sizer, assuming a

density of 1 g cm™

? The wall-loss correction is based on measured loss of the particle number,

accounting for the effects of coagulation, and it assumes that semivolatile vapors are in equilibrium
with both the suspended aerosol and the material deposited on the wall during the experiment (19),
The gray area indicates the primary aerosol (POA + other species). The red area shows the upper-bound
estimate of the contribution of known SOA precursors to the suspended aerosol mass (19). We attribute
the blue area to 50A formed from SVOC and/or IWOC oxidation. AMS results are shown in (B) to (D).
The AMS OA spectrum can be described by two components: the initial diesel spectrum (diesel OA) and
an oxidized residual spectrum (residual OA). The relative contribution of these two components to the
overall OA spectrum is shown in (B). The spectra of these two components are compared to reference
spectra obtained from factor analysis of ambient AMS data in (C) and (D). The spectrum of the diesel OA
component is quite similar to the hydrocarbonlike OA (HOA) factor (8, 9). By the end of the experiment,
the spectrum of the oxidized residual OA component is quite similar to that of the O0A factor (8, 9). The
solid line in (B) indicates the fractional contribution of POA to the suspended OA, based on the initial
particle mass and the wall-loss rate and analogous to the results shown in (A). The excellent agreement
between this line and the relative contribution of the two AMS components indicates that these two
independent approaches yield the same estimate of SOA. miz, massicharge ratio.
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gas-particle panitioning relative to much more
dilute atmospheric conditions /7, 2/).

Most of the enussions shown i Fig. 1B are
vapors i the atmosphere, but given their low
volatility, they may be imporant SOA precur-
sors, The first severml genemtions of oxidation
typically produce compounds with lowered va-
por pressures (79 22) Low-volatility vapors
should also produce SOA much more elficiently
than the traditional high-volatility SOA precur-
sors (such as monoterpenes and light aromatics)
that are thought 1o dominate ambient SOA pro-
duction (6, 7, 23). Figure 1B indicates that the
aegregate cmissions of low-volatlity vapors are
substantial compared with the POA emissions,
However, these vapors are largely uncharacter-
tzed, instead appeanng as an unresolved complex
mixture of presumably branched aliphatie and
cychic hydrocarbons (3, £4),

To investigate this hypothesis, diluted diescl
exhaust was exposed o ultrmaviola (UV) light
mside our environmental chamber at mitial acro-
sol loadings near typical ambient conditions (/9).
The evolution of both the gas and the panicle
phase was monitored. Typical results are shown
in Fig. 2. UV illumination initiated photochem-
istry, which caused an initial burst of SOA foma-
tion, followed by sieady production through the
remainder of the experiment. After 3 hours of
azing, SOA has almost doubled the initial acro-
sol mass. Approximately hall’ of the rimethyl-
benzene was oxidized over the course ol the
cxpenment, indicating roughly one gencration
of processing and =2 = 10° molecules em ™ of
OH, which is typical of a summer day (24).

We examined the potential contribution ol
traditional-S0OA  precursors  empirically by
spiking the chamber with additional aromatics.
Adding enough oluene 1o roughly double the
potentinl SOA production from the measured
aromatics caused only a slight infllection in the
acrosol-mass time senies. Oxidation of wadition-
al precursors can thus explain only a small frac-
tion of the SOA formed in the chamber.

We also calculated the traditional SOA pro-
duction using measured precursor consumption
and published SOA vield curves (79), Our model
acoounts for 58 SOA procursors, but ~90% of
the calculated SOA production is from the mea-
sured docay of hight aromatics, such as wluene.
Imitial comcentrations of these specics were al
most a few parts per billion by volume. The
calculation is complicated by losses of particles
and vapor to the wall of the environmenial cham-
ber (/9). Our maximum estimate of the contribu-
ion of S0A from the oxidation of known
precursors s shown in Fig. 2A. U indicates tha
traditional SOA contributes at most 13% of the
new acrosol, we hypothesize that the majority of
the substantial unexplained SOA production s
due 10 the oxidation ol low-volanlity gas-phase
specics—our second amendment o the cument
OA conceptual lramework.

SVOC and IVOC vapors constitute a polen-
tially large source of SOA, Their mass emission
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rate is several times that of condensed-phase com-
pounds (Fig. 1B) {/¥); theretore, SOA produced
froum the oxadation of these vapors will probably
exceed the POA enussions, These vapors also
oxidize on atmosphencally relevant time scales,
Large saurated organics have OH re constants
on the order of 3 = 107" em? per molecule 57
(25) and therefore will undergo one gencration of
oxidation every 4 hours at typical summertime

O levels. Winter OH levels are thiee 1o live
times lower (26), resulting in slower but still
significant processing over multiday me scales
associated with regional wransport. Finally, the
total non-CHy hydrocarbon burden in urban
environments can exceed 1000 pg m ™ (27), as
comparcd 10 tvpical OA concentrations o less
than 10 pg m . Therefore, even at only a few
percent of the total hydrocarbon budget, SVOC

Fig. 3. Maps of pre-
dicted ground-level OA
concentrations for four
PMCAMx simulations: (A)
a traditional model with
nomvalatile POA emissions
and (B to D) three simu-
lations that account for
the partitioning of primary
emissions—one assuming
nonreactive emissions and
two considering photo-
chemical aging. In (B),
the red bars in Fig. 1B
are used to represent the
volatility distribution of all
POA emissions, and the emissions are allowed to partition but not react; this results in substantial evaporation
of the POA (19). In {C) and (D), gas-phase primary emissions are also aged by OH (19). (O shows the same
emissions scenario as (B), whereas (D) includes additional WOC emissions by applying the entire volatility
distribution shown in Fig. 1B to the existing POA emissions (19). The explicit representation of photochemical
aging of WOC and SVOC vapors used in (C) and (D) substantially increases the amount of anthropogenic SOA.
In the traditional model, the oxidation of low-volatility vapors contributes only 25% of anthropogenic SOA, as
compared to 85% in the revised model shown in (D). The balance of the anthropogenic S04 is from the
oxidation of aromatics, which contributes essentially the same amount of SOA on an absolute basis in all
simulations. The maps present averages over an 8-day period in July 2001 and show only a subset of the
modeling domain (19).
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A Fraction SOA Traditional
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Fig. 4. Predicted changes in the POA/SOA split and total OA between the current framework and the
revised model (results shown in Fig. 3, A and D). (A) and (B) show the ratio of SOA to total OA for the
two cases, respectively. (C) shows the ratio of the OA predictions for the two cases. (D) compares
average measured urban-to-regional OA ratios to model predictions for four large cities. The
measured ratios (yellow bars) are based on data from the U.5. EPA Speciation Trends Network. The
regional concentrations are estimated with the use of a site located upwind of the city. The predicted
ratios are based on the average OA concentrations for the grid cells in which the monitoring stations
are located. For all cities, the base-case model significantly overpredicts the urban-to-regional ratio,
whereas the revised model shows much better agreement. Balt, Baltimore, Maryland; NYC, New York
City, New York; Pgh, Pittsburgh, Pennsylvania; Phil, Philadelphia, Pennsylvania.

www.sciencemag.org SCIENCE

REPORTS

and IVOLC vapors could be an impomant source off
ambient A,

The panticle composttion dunng our cham-
ber expermments was chamctenzed with an
Acrodyne acrosol mass spectrometer (AMS).
The measured OA mass spectra can be de-
scribed as a combimation of two components
(199 () diesel OA, whose spectrum is the same
as that of the fresh primary emissions (Fig, 2D),
and (i) an oxidized residual that becomes
progressively more oxidized during the experi-
ment, By the end of the experiment, the
oxidized residual s quite similar 10 the oxy-
genated OA (OOA) factor that often dominates
ambient OA levels in Pittsburgh, Pennsy lvania,
and elsewhere (8, 9. This oxidizcd residual
docs not look like the mass spectm of SOA
formed from aromatics (28), confiming that
traditional precursors are a minor source of
SOA in these expenments. Figure 2B shows that
the relative contribution of these two mass-
spectum components evolves over time. This
evolution matches the independent estimate of
the primary-secondary split, based on the
measured wall loss. Therefore, the relative
contribution of the oxidized residual spectrum
provides a good estimate of SOA, supporting
the conclusion drawn from ambient AMS data
that SOA dominates the ambient OA burden
(8, 9},

To investigate the implications of our two
nejor amendiments, we used a three-dimensional
chemical ranspon model, PMCAMx, to simu-
late pollutant concentrmtions across the castem
hall of the United Sttes (79). The model was
micdditicd 10 account for the volaility distribution
and gas-particle pantitioning of POA and 10 more
cxplicitly represent SOA production from the oxi-
duion of IVOC andior SVOC vapors by means
ol a framework that is consistent with our ex-
perimental daia (/4),

Figure 3 presents maps of ground-level OA
concentrations from four simulations. The wadi-
tional model with nonvolatile POA (Fig. 3A)
predicts high POA concentrations (=3 pug m %)
in heavily urbanized arcas and substantial urban-
to-regional concentration gradients, Allowing the
primary emissions 1o parition but not react
(Fig. 3B) dramatically reduces the POA levels
throughout the modeling domain, indicating that
the majority of the traditional POA cmissions
are actually evaporated at ambient OA levels
(Fig. 1A). Photochemical aging of the SVOC
and IVOC vapors creates a considerable amoumnt
of megional SOA (Fig. 3, C and D). If one ac-
counts only for partitioning and aging of the
existing POA emissions (Fig. 3C), the predicied
OA levels are lower than the imaditional model.
Therefore, even with aging, evaporation of radi-
tional POA reduces OA concentmtions, The
most comprehensive simulation (Fig. 3D) adds
additional IVOC emissions o the model. This
creates large amounts of regional SOA. The net
result 1s that regional (but not urban) OA levels
excead the taditional model,
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The effeets of our amendments on both the
POASOA split and the total OA burden are
shown i Fig, 4. The tradimional moedel predicts
substantial contributions from POA, whereas the
revised model predicts that ambicnt OA is dom-
imated by SOA during the summer, Such a shili
15 consistent with recent ficld measurements
indicating  dominant contributions  from SOA
(8-11 while remaining consistent with POA
estimates based on low-volatility tracers. In erms
of the overall OA budget, the revised model
decreases predicted OA in wban arcas by as
miuch as 30% and increases itin many rural arcas
by 1510 30% (Fig, 4C), reducing the large urban-
to-regional gradients predicted by the raditional
model and resulting in considerably  better
agrecment with measured urban-to-regional OA
ratios (Fig. 4D).

This work has severl implications lor our
understanding of OA. The semuvolatile chameter
of primary emuissions requines that instead of mea-
sunng lixed POA EFs. we must measure the
volatility distribution of the emissions. Models
and inventones must account for these distabu-
tions and their evolution with photochemical
age. Regulations and control technologies may
also need o be revised 1o control SVOC and
IVOC emissions because of their importance as
SOA precursors. The results also imply that,
exoept for people living close W sources, the
majonty of the population (even in urban arcas)
is exposed mostly 10 SOA. Ulimately, a rela-

tively local wban emissions problem is trans-
formed into a regronal source of oxidizcd and
presumably  hydrophilic OA. The health con-
sequences and chimate eflects of this oxideacd
matenal arc almost cenainly dramatically differ-
ent from those of primary cmissions,
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Anti-Hebbian Long-Term Potentiation
in the Hippocampal Feedback

Inhibitory Circuit

Karri P. Lamsa,* Joost H. Heeroma, Peter Somogyi,? Dmitri A. Rusakov,! Dimitri M. Kullmann*

Long-term potentiation (LTP), which approximates Hebb's postulate of associative learning, typically
requires depolarization-dependent glutamate receptors of the NMDA (N-methyl-D-aspartate) subtype.
However, in some neurons, LTP depends instead on calcium-permeable AMPA-type receptors. This is
paradoxical because intracellular polyamines block such receptors during depolarization. We report that
LTP at synapses on hippocampal interneurons mediating feedback inhibition i “anti-Hebbian™ It is
induced by presynaptic activity but prevented by postsynaptic depolarization. Anti-Hebbian LTP may
occur in interneurons that are silent during periods of intense pyramidal cell firing, such as sharp
waves, and lead to their altered activation during theta activity.

ssocintive N-methy l-D-aspariate receptor
Ai?\'?‘h’ll]."ti{} dependent LTP is induced
by coincident activity in afferent path-
ways sullicient 10 depolarize postsyvnaptic neu-

rons (f). However, the voltage dependence of

Ca?-permeable ct-amino-3-hydroxy-5-methyl-<4-

Yinstitute of Meurology, University College London, Queen
Square, London WC1IN 3BG, UK. “Anatomical Neurophar-
macelogy Unit, Medical Research Council, Oxford Uni-
versity, Mansfield Road, Oxford DX 3HT, UK.
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isoxazolepropionic acid receptors (CP-AMPARSs)
is opposite o that of NMDARs (2, 3). Because
CP-AMPARs are blocked by evioplasmic poly-
amines upon depolarization (4, 5), maximal Ca™
influx occurs when the membrane potential is rela-
tively negative. LTP dependent on CP-AMPARs
occurs in imemeurons of the spinal cord and
amyedala (6, 7) but s possvnaptic voltage
dependence has not been exploned. In hippocampal
imtemeurons, CP-AMPARs have been implicated
in long-term depression (8-/0), and contribute 1o
synaptic Ca®" transients, especially in the stratum

ofcns‘alveus (1) Many imermneurons in the
onens‘alveus also show NMDAR-independem
LTP (/2. We therelore looked for associative
LTP in these cells, while recording with the
gramicidin perforated patch technique 1o preserve
intracellular polvamines (/.4).

Stimulation of pyramidal cell axon collaterals
in the alveus evoked monosynaptic excitatory
posisynaptic potentials (EPSPs) subthreshold
for evoking action potentials. Afier recording a
bascline, we paired high-frequency burst (HFB)
stimulation (fve pulscs at 1000 He, repeated 20
times) with stimulation of a second. supra-
threshold, alveus pathway, “In-phase™ associa-
tive painng (phase difference Adv = 0°) failed 1o
clicit associative LTP in either pathway (v = T7;
Fig. 1, A and B). Ina funher sct of experiments,
we altemately sumulated two weak pathways,
and then delivered HEFBs 1o both pathways
antiphase (A = 1807), This evoked a persistem
increase in EPSP initial slope in one or both
pathways in all cells (v = 7; Fig. 1, C and D).
LTP was elicited even when HFB stimuli were
delivered 1o only one weak pathway (0 = 7;
Fig. 1. E and F). Thus, LTP m excitatory
synapses on intemeurons in the onens/alveus is
prevented by associative pairing, in direct
comrast o NMDAR-dependent LTP (/).

Can dircet manipulation of the postsynaptic
membrane potential similarly gate LTP induc-
tion? We delivered HFBs to one pathway

WWw.sciencemag.org



coinciding with the trough (somatic voltage:

S0 V) ol an imposed 4-He sinusoidal somatic
membrane potential oscillaton, HFBs were then
delivered to the other pathway comeiding with
the depolanzing phasc. In 8 out of 11 cells,
pairing with hyperpolarization, but not with
depolarization, resulted in LTP (Fig. 2, A and
B). One cell showed the opposite behavior, and
the other two showed no elficet of cither pairing
(g 51y Single alveus stimuli in phase with
maximum  hypempolarization (100 times) also
induced LTP (s = 10; Fig. 2C). but pairing with
depolarization was ineflective (Fig. 2Dy Thus,
even low-frequency stimulation can tnigger LTP
il imtemeurons are hyperpolarized,

Because the induction requirements for
LTP in most interneurons in the ornens/alveus
are diametrically opposite to Hebb's postulate
(/4. 15), we refer to it as “anti-Hebbian.™ We
tested the same LTP induction protocols in
mterneurons i the strtum radiatum. Hebbian
LTP could be clicited in about half of these cells,
many of which mediate feedforward inhibition
(16). whereas pairing either HFB or low-
frequency stimuli with hyperpolanzation was
uniformly unsuccessful (figs. 51 and 82). Anti-
Hebbian LTP is thus characteristic ol excitatory
sviapses made by local pyramidal cells on

intemeurons in the oriens/alveus bt not of

A

Schafler collateral synapses on interneurons in
the strtum rdiatum.

Can differences in syvnaptic glutamate receptors
explain whether Hebbian, anti-Hebbian, orno LTP
is elicited? When intemeurons in the orens/alveus
were recorded in whole-cell valiage clamp [with
y-aminobutyric acid (GABA) reoeptors blocked,
and with spermine included in the pipette
solution], synaptic AMPARs activated by alveus
stimulation were generally strongly rectitving (Fig.
2E), consistent with expression of CP-AMPARSs
(11, Furthermore, only small NMDAR-mediaed
synaptic currents were detected at a positive
holding potential, consistent with low svnapic
expression of the NR 1 subuni (/7),

We tested inerneurons i the oriens/alveus,
recorded n perforated patch mode, with a further
anti-Hebbian protocol High-frequency stimu-
lation of one alveus pathway (100 He, 100
pulses, delivered twice) paired with hyper-
polarzztion, with NMDARs blocked, chcned
LTP in 25 out of 31 cells (Figs. 3A and 4C). We
repatched 11 of these cells i whole-cell
voltage-clamp mode and found pronounced syn-
aptic AMPAR rectification in every cell where
anti-Hebbian LTP was evoked. The rectifica-
tion index did not diller detectably between
control and potentiated pathways (Fig, 3B),
vielding no evidence foran LTP-related change

REPORTS

in the permeability of synaptic AMPARs 10
Cat (48).

In contrast, repatched mtemeurons e the
stratum adidum generally showed nonrectifying
AMPARs and a large NMDAR-mediated com-
ponent of Schaller collateral-evoked synaptic cur-
rents (g, S23(9), The anti-Hebbian LTP induction
protocol was successful inonly 2 out of 20 ¢ells in
the statum mdiaum, AMPARs at Schaffer collat-
eral synapses on 1 cells (none of which showed
anti-Hebbian LTP) were nonrectifving (lig. S3).

Anti-Hebbian LTP thus typically occurs
synapses on interneurons in the orens/alveus
equipped with rectifving CP-AMPARs. Are these
a uniform subgroup? Seven infemeourons were
regular-spiking  oriens-lacunosum moleculare
(O-LM) cells (Fig. 30, fiz. S4), which mediate

leedback inhibition of the apical dendrites of

pyramidal neurons (/9). Twelve other interneu-
rons had horzontal dendntes and clectrophysio-
logical propertics ypical off O-LM cells, b
axon visualization was incomplete (g, 55). Anti-
Hebbian LTP, however, also occurred in 17 out
of 24 fast-spiking interneurons in the strata

oricns or pyramidale, including one anatomi-
cally confimmed axo-axonic and two basket cells.
which are innervated by CAL pyramidal cells and
target their perisomatic arca, Scven other cells
could not be classified.
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Fig. 1. Associative pairing precludes LTP in interneurans in the stratum
oriens/ialveus. (A) Left: Schematic illustrating in-phase high-frequency burst
(HFB) stimulation of weak and strong alveus pathways (filled and open
symbols, respectively). Sample traces (1 to 5) show action potentials evoked ==
by pairing in one cell. Right: Baseline-normalized EPSP initial slopes (mean +
SEM). (B) Top: Averaged EPSPs recorded before (blue) and after (red) pairing v
in one cell, showing the interval used to measure the initial slope, Bottom: L —
Baseline-normalized EPSP initial slopes (25 min after pairing) in the two &

pathways, plotted against one another. (€) Antiphase pairing of two weak

pathways induced LTP in seven out of seven cells. Sample traces (left) are 3 pr—

il

3

- 4

1=

’-
'ﬁi
2

w

EPSP (weak 2)
~

from one cell. (D} EPSPs before and after pairing and summary of results, 2 e — 2! ——

plotted as in (B). (E) Burst stimulation of one pathway also induced LTP. im ,'m 1% o
AMPAkainate receptors were blocked at the end of the experiment (NEQX), 5 A { -

to verify that EPSP initial slopes were not contaminated by monosynaptic L L P P l:m 5. 10 %o 0 % = 3 4
inhibition. (F) Effect of HFB stimulation of one pathway (weak 1), plotted as 50me Time (min) EPSP (weak 1)

for (B) and (D). Traces (top) also show the effect of NEQX. Data in (O (right}
and (E) (right) are shown as the mean = SEM. Vm, membrane potential
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Anti-Hebbian LTP is, however. rare at
Schafler collateral swvnapses on interneurons in
the stratum radiatum, which generally mediate
feedtorward inhibition and express nonrectifying
receptors (Fig. 3, D and E). Synaptic responscs
evoked by straum mdiatum stimulation in fst-
spiking intemeurons in the stmtum pyramidale,
however, had strongly rectifving AMPARs and a
small NMDA component, and the Hebbian LTP
induction protocol was uniformly unsuccessiul
(o = 4: Tig. S6H).

Docs rectification of CP-AMPARs fully ex-
plain the ami-Hebbian nature of LTP in intemeu-
rons in the oriens'alveus? We first venfiad that
AMPAkainate receplors are necessary for induc-
tion, by pairng HFS with postsynaptic hyper-
polarzaton while AMPA kainate receptors were
blocked with 2 3-dilvdroxy-6-nitro-7-sulfamoy]-
benzo| Nguinoxaline (NBQX, 5 pM ) Adter wash-
out of the antagomst, EPSPs in the tetanized and
control pathways recovered o the same extent
(i=T: Fiz. 3F). We then explored systematically
the voltage dependence of LTP. In five cells in
the oriens/alveus where anti-Hebbian LTP was
evoked in one alveus pathwav, subsequent
paidng of the other pathway with depolanzation
only evoked shon-lived post-tetanic potentiation

Fig. 2. Postsynaptic membrane potential gates
anti-Hebbian LTP induction. (A} LTP was evoked by
pairing presynaptic stimulation with the hyper-
polarizing but not the depolarizing phase of an
imposed sinusoidal membrane potential oscilla-
tion. Left: Schematic and sample membrane
potential traces during pairing in one cell (five
sweeps superimposed for each pairing protocol).
Right: Baseline-normalized EPSP initial slopes in
eight cells showing LTP after anti-Hebbian pairing
of HFB stimulation of cne pathway with hyper-
polarization. Subsequent Hebbian pairing of the
other pathway with depolarization was ineffective.
AMPA/kainate receptors were blocked at the end of
the experiment (NBQX). Data are shown as the
mean = SEM. (B) Averaged EPSPs in one cell taken
at the times indicated and after NBQX addition.
Top: Anti-Hebbian pairing. Bottom: Hebbian
pairing. (C) LTP was induced by pairing single
stimuli at 5 Hz with hyperpolarization. Left: Sample
traces during pairing. Right: Averages of all cells
tested. Data are shown as the mean + SEM. (D)
Pairing with depolarization failed to induce LTP.
Left: Sample traces during pairing. Right: Averages
of all cells tested. Data are shown as the mean +
SEM. (E} Repatched interneurons recorded in
whole-cell voltage-clamp mode show rectifying
AMPARs and a negligible NMDAR-mediated
component (GABA receptors blocked). Traces:
Averaged EPSCs at +60 and —60 mV, showing
the times at which the two components were
measured. Bottom: current-voltage -V} relation of
AMPAR-mediated EPSCs in six repalched inter-
neurons (left). /- relation for the NMDAR-
mediated component, normalized by the AMPA
EPSC at 60 mV (right).
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(Fig. 4A). In six other cells, pairing the second
pathway with hypempolanzation elicited robust
LTP in all cases (Fig. 4. B and C) We then
adapted this expenmental design 1o explore the
effeet of manipulating the rectification propentics
of CP-AMPARs, Having demonstrated anti-
Hebbian LTP in one pathway, we repatched the
interneuron in whole-cell mode either with or
without spermine in the pipetie solution. Follow-
ing a shon baseline recording (=7 min from patch
rupture), we then paired HFS of the second path-
way either with depolariztion (+200mV) or with
hyperpolarization (90 mV) When spermine
was omitted, pairing with depolanzation evoked
LTP in five owt of five cells (Fig. 4D}, consistent
with Ca™ influx via CP-AMPARs rendered non-
rectifying by removal of polvamines (). In
contrast, HFS paired with depolanzation failed
to clicit LTP in five cells that were repatched with
a spermine-containing pipette (Fig, 4E) In five
other interncurons repatched with a spermne-
containing solution, pairing HFS of the sccond
pathway with hyperpolarization to % mV
evoked LTP (Fig. 4F).

Polyvamine-mediated rectilication of AMPARs
(and/or Kainate receptors) thus explains the
voltage dependence of LTP induction in these

intermeurons and  reconciles our results with
previous reports that a Hebbian protocol induces
LTP m mtemeurons in the onens‘alveus when
recorded with a polvamine-free whole-cell pi-
petie solution (12). Also consistent with these
repons, blockade of group 1 metabotropic
glutamate receptors prevented LTP induction in
intemeurons with horzontal dendrites in the
orens'alveus (fig. 57) Finally, we looked for
evidenee that anti-Hebbian LTP is accompanicd
by an increase in glamate-release probability
12y, by applving exiracellular polyamines,
which also block CP-AMPARs in a usec-
dependent manner (20, Afier inducing anti-
Hebbian LTP in one pathway, bath perfusion of
N-(d-hydroxyphenylpropanoy] l-spermine (5
10 pM) caused a progressive deerease in EPSP
initial slope, which was signilicantly faster in the
paired than in the control pathway (0 = 7; lig.
S8}, Given that anti-Hebbian LTP did not alier
AMPAR rectification (Fig. 3B), this result 1s
consistent with presynaplic expression.
Anti-Hebbian LTP may play distinet roles in
neurons that show chamcteristic phase relation-
ships in different network states (24, 22). During
shap-wave ripples, O-LM cells are typically
silent, while many of their input pyrmidal neu-
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Fig. 3. Anti-Hebbian LTP occurs in interneurons with rectifying AMPARs in
the feedback circuit. (A) High-frequency stimulation (HFS) paired with
hyperpolarization evoked LTP in 25 out of 31 interneurons in the oriens/
alveus [NMDARs blocked with 100 uM o,-2-amino-5-phosphonovalerate
(APV)]. Insets: Averaged EPSPs before and after LTP induction, and
membrane potential during pairing, in one interneuron. Data are shown as
the mean = SEM. (B) Repatched interneurons recorded in whole-cell voltage-
clamp mode revealed strongly rectifying synaptic AMPARs (rectification
index < 0.3). Gray and open symbols show cells that did and did not exhibit
LTP, respectively. Insets: Averaged EPSCs at —60 and +60 mV in one cell that
showed anti-Hebbian LTP. (C) O-LM cells were the commonest identified
interneuron type exhibiting anti-Hebbian LTP (left: schematic, with dendritic
and axonal arborizations for one cell shown in red and blue, respectively).

Time (min)

Three fast spiking perisomatic-projecting neurons were also identified,
including a basket cell {right). Scale bar: 200 pum. Firing patterns in response
to current injection (1) are shown below. (D) Typical layer- and pathway-
specific properties of EPSCs in experiments where NMDARs were not
blocked (n, number of repatched interneurons). Interneurons were
recorded in the stratum radiatum (1), stratum pyramidale (2}, and stratum
oriens/alveus (3). (E) Success rates for eliciting Hebbian or anti-Hebbian
LTP at synapses made by axons illustrated in (D). (F) Anti-Hebbian LTP
requires activation of AMPA/kainate receptors. HFS stimulation of one
pathway (filled symbols) was paired with hyperpolarization in NEQX (5 uM)
(inset). After wash-out, EPSPs in both pathways recovered at the same rate.
Inset: Averaged EPSPs before pairing (blue) and after recovery (red) in the
two pathways in one experiment. Data are shown as the mean + SEM,

rons fire at high frequency (21), possibly satis-
fying e induction conditions for ant-Hebbian
LTP. Binding of pyramidal ncurons 1o a spatial
map may occur during periods of high-frequency
firing (23), similar 1o sharp-wave ripples. In
contrast, during theta activity, which is associated
with exploratory behavior (24), O-LM cells fire

in phase with pyramidal cells (27) and may
contribute 1o this oscillation through phase-
locked dendrine inhibinon (25). Anti-Hebbian
LTP induced during ripples may therclone result
in a long-term aliertion of pyramidal eell
excitation of O-LM cells, which persists during
theta activity, and may therefore contibute 10

spatial memory formation, the carly stages of

which have been shown o withstand NMDAR
blockade (26).
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Nucleus Accumbens D2/3 Receptors
Predict Trait Impulsivity and
Cocaine Reinforcement

Jeffrey W. Dalley,“®* Tim D. Fryer,™* Laurent Brichard,'f Emma 5. ]. Robinson,$

David E. H, Theobald,»? Kristjan Liine,? Yolanda Pena,’s Emily R. Murphy,™? Yasmene Shah,*
Katrin Probst,™? Irina Abakumova,*® Franklin 1. Aigbirhio,™* Hugh K. Richards,® Young Hong, 13
Jean-Claude Baron,“® Barry ). Everitt,™? Trevor W. Robbins™?

Stimulant addiction is often linked to excessive risk taking, sensation seeking, and impulsivity,
but in ways that are poorly understood. We report here that a form of impulsivity in rats predicts
high rates of intravenous cocaine self-administration and is associated with changes in dopamine
(DA) function before drug exposure. Using positron emission tomography, we demonstrated that
D273 receptor availability is significantly reduced in the nucleus accumbens of impulsive rats that
were never exposed to cocaine and that such effects are independent of DA release. These data
demonstrate that trait impulsivity predicts cocaine reinforcement and that D2 receptor dysfunction
in abstinent cocaine addicts may, in part, be determined by premorbid influences.

ceumulating evidence suggests that cer-
A'Luin pesonality traits, including sensa-

tion (or novely) seeking, impulsivity,
and antisocial conduct disorder, may predispose
humans o drug abuse and addiction (/-4).
However, from studics of human drig addicts
alone, it is difficult to detenmine whether comor-
bid impulsivity and cognitive dvsfunction (35, 6)
pre-date the onset of drug use or ameree as a con-
sequence of chrome drug use, Current hyvpotheses
suggest that long-term drug use impairs inhibitory
control  functions mediated by the prefrontal
cortex and the associstad limbie brain circuitry,
leading 0 a loss of inhibition or o mpulsivity
(7. 8). However, there is little evidenee to date that
chronic exposune o cocaine and other psyvcho-
stimulant drugs leads o long-ierm increascs in
impulsive behavior in animals (9-17).

The view that individual dilferences in drug
abuse reflect distingt behavioml and physiologi-
cal traits is richly supponed by siudics in animals
(12-17). Ras that are selected for high novelty-
imduced locomotor activity more resdily acquire
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intravenous amphetamine and cocaine sclf-
administmation at lower doses than do rts that
show reduced levels of activity (12, £3). In addition,
rats that are impulsive on a delay-ol-reward task,
choosing a small immediate reward over a large
bunt delaved reward, show an increased propensity
to selladminister cocine, @5 compared to low-
impulsive mts (J8)L Finadly, the existence of trait
varables related 10 drug-abuse valnermbility s
encourazed by stedies in nonhuman primetes in
which cocaine is more readily self-administered by
subordinate, rather than dominant, monkeys (/%)

A key nearal substate undedving individual
differences in drug vulnerabiliny s thought o

Fig. 1. Behavioral A
attributes of trait impul- 80-
sivity on the 5-CSRT task.

(A) Impulsive rats exhib- g 80
it high levels of prema- &
ture responding on days £ .4
when visual targets are é
= 20
a*

presented either 5 s after

trial initiation (days 1, 2,

4, and 5) or 7 5 after trial o

initiation (day 3), as com- 12 345
pared to non-impulsive baseine day

rats. Two-way analysis of
variance (ANOVA) of pre-
mature responses revealed
a significant main effect
of day [F(4,40) = 144.9, £ %5
P < 0.01] and a signifi- |
cant main effect of group
[F1,100 = 261, P < #
0.01]. However, there
were no significant effects

on other measures of task
performance, including

(B} attentional accuracy

Sy

- T
1 2 3 4 5
baseling day

[F(1,100 = 1.17, P = 0.306), (C) latency to collect food reward [F < 1, not significant (ns)], (D} omissions
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involve the brain dopamine (DA) systems, in
particular the mesolimbic and mesocortical DA
pathways imnervating the nucleus accumbens and
prefrontal contex (/9-22). Positron emission
tomography (PET) studies in nonhuman primates
have indicated a mwle for DA D2 peceplors in
determining individual differences in intravenous
cocaine sell-administration (19, 20, Specifically,
low D2 receptor availability in the stratum
inversely predicts subsequent levels ol intra-
venous cocaine sell-administration i rhesus
monkeys (200, a result apparently similar o that
seen in studies of human cocaine abusers (2.3),

However, it is not clear how individual
differences in D2 recepior availability relate 10 a
spect fic behavioral endophenotype or behavioral
process that confers vulnembility o drug addic-
tion. In addition, there have been few, if any,
sudics where DA release in vivo has been
combined with PET estimates of D2 receplor
avalability. This 15 imporant because D2
receplor availability is influenced by both recep-
tor density and competing DA release (24, 25).
Thus, there isa need o conduct analogous PET
studies in animals to investigate the predictive
relationship between D2 receptor availabiliy
and trait behavioral markers ol drug-abuse
vulnerability.

We investigated the relevance of a spontane-
ously occumring form of mpulsivity in outbred
Lister hooded (LH) mis to intravenous cocaine
self~administration and to underlying changes
in stratal DA function, as measured by micro-
PET and in vive microdialysis (26). We de-
fincd mpulsivity as high levels of anticipatory
responses made before the presentation ol a
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(F = 1, ns}, (E) latency to respond correctly [F(1,10) = 3.0, P = 0.113], and (F) the time required to
complete both standard and challenge (long-ITl) sessions (F < 1, ns). Black circles, high-impulsive rats;

white circles, non-impulsive rats.
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food-predictive, brel light stimulus in a five-
chotce serial reaction tme (5-CSRT) task of sus-
tamned visual attention (27). Tymically, 5-CSRT
task impulsivity occurs i ~7% of male LH rats
and, omee Wenubed, 5 a stable tan that persists
throughout adulthood,

We first investigated the behaviorml specific-
ity of tail mpulsivity on the 3-C5RT sk and
the correspondence of this it w the lugh-
responder (HR) drug-vulnerable phenotype
described previously in rats by Piazsa and
colleagues (12}, Trait impulsivity on the 53-CSRT
task was charactenzed by a near-twoltold increase
in premature responding under both standard test
conditions and when the imertnal merval (ITT)
was inereased 1o 7 s (Fig, 1A). In contrast o the
HR rmat, in our study trait impulsivity on the

S5-CSET sk was inversely related o the level of

locomotor activity measured in a novel environ-
ment [correlation coctlicient (1) = 0,49, P = (0.02)
(fig. S1).

Twelve cocame-naive adull male rals were
then wsed 1w nvestgate DA DY receplor
availability in the ventral and domsolateral siria-
tum by means of micro-PET and the selective
high-alTinity DA D23 receptor antagonist ["*F)
Gillypride (28) Six non-impulsive mats and six
high-impulsive mts were prepared  previously
with an intravenous catheter. The ventral striatum
was included as a region of imterest (ROI),
bocause the primary reinforcing and psycho-
stimulant effects of drugs of abuse depend on the
functional integrity of DA aflerents 1o this region
(20-37). In contrast, DA neurotransmission in
the dorsolateral stnatum medines the persistent
or compulsive forms of drug-secking behavior
(32), which 15 consistent with a role for s
region in stimulus-response habit-based leaming
mechanisms (33, 34),

We lound significantly reduced D273 recepton
availability in the ventral striatwm (P = 0037 ) but
nol the dorsolateral stiatum of high-impulsive
rats as compared w0 non-impulsive rats (Fig. 2),
and we also found a signilicam inverse comrela-
tion between D23 recepior availability in the
ventral striatum and impulsivity (¢ = 0,38, P
(L0448 (. 520 An example of the quality of the
data it obtained with the simplificd reference
tissue model (35) 1s shown in lig, 53,

We also mvestigated the possibality  that
reduced !'N[-' Jlallypride binding potenuial in the

ventral stristum was due o excessive release of

DA in the nucleus accumbens. We postulated
that enhanced DA release may have displaced
I’IF [lallypride from D23 neceptors in this region,
leadmg 1w an apparent reduction m D273 receptor
availability, DA release and metabolism [inferred
fronn levels of 3 A-dihydroxyphenylacetic acid and
homovanillic acid (4-hydroxy-3-methoxyphenyl-
acetic acid)] in the nucleus accumbens were not
significantly different between impulsive rats and
non-impulsive mts. There was also no significant
dilference in levels of the S-hydroxyiryplamine
metabalite S-hydroxyindoleacetic aeid in this
bram region (table 511 Thus, the most likely

explanation for the signilicant reduction in D273
receptor availability i rai-impulsive mis was a

i

decrease m the number of D273 receptons,

We next investigated the consequences of
trait impulsivity for the acquisition and mainte-
nance of intravenous cocaine self<administration.
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Fig. 2. Reduced binding potential (BP) of the selective D2/3 receptor antagonist [**F)fallypride in the
ventral striatum of drug-naive trait-impulsive rats (n = 6 rats) as compared to drug-naive non-
impulsive rats {n = &). (Top) ROIs are shown in the schematic coronal sections of the rat forebrain
[adapted from (46)]. Dorsal and ventral striatal ROIs are depicted by the shaded and striped circles,
respectively. Anterior-posterior coordinates (in millimeters) relative to bregma are shown on each
coronal section. The ROIs have diameters of 2 mm in the transverse plane. BP values are averages of left
and right striata. (A to D) Horizontal MR coregistered PET images of [*®Flfallypride binding in the dorsal
{upper panels) and ventral (lower panels) striatum of a non-impulsive rat [(A) and (C)] and a high-
impulsive rat [{(B) and (D)]. The images are 4.5 mm [(A) and (B)] and 7.0 mm [{C) and (D}] below the
dorsal brain surface (BP threshald = 9).

3

Fig. 3. Differential escalation of intra-
venous cocaine self-administration in
high-impulsive rats (n = 8) as compared
to non-impulsive rats (7 = 8). On the first
5 days, access to cocaine was restricted to 5
hours and a maximum of 50 infusions.
After a withdrawal period of 9 days, access
to cocaine was increased on each of the
following 5 days to 8 hours and a max-
imum of 150 infusions. This pattern of
intermittent cocaine self-administration
was repeated on two further occasions. Im- T .
pulsive rats showed a differential increase 0 5 10 15 20
in their rate of cocaine seif-ad_minislra!iun cocaine self-administration session
after extended access to cocaine [session:

F(19,133) = 2.04, P = 0.01; group: F1,14) = 32.82, P < 0.001; session = group: F(19,133) =192, P=
0.017]. Subsequent pairwise comparisons revealed significant differences (P < 0.05) between the first
session and sessions 10, 13, 14, and 15 for the non-impulsive group and between the first session and
all sessions but nos. 2, 3, 4, 10, and 16 for the high-impulsive group. Black circles, high-impulsive rats;
white circles, non-impulsive rats.
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Intravenously catheteriacd mts that were screenad
previously for impulsivity on the 3-CSET task, as
well as ther non-impulsive controls, were tramed
to acquire intravenous cocaine scll-adminstmation
under a cominuous-reinforcanent schedule (g,
S4). Impulsive rats exhibited a clear incnsase in
their mte of ntrvenous cocaine sell-administration
as comparced 1o non-impulsive rts (Fig, 3), as well
as a vertical shifl in the cocaine dosc-response
curve (fig. 55).

In a linal experiment, we investigated the ef-
fects of repeated intemittent withdrmwal of co-
caine on pretrmined performance of the 3-CSRT
task (Fiz. 43, Our objective was o determine
whether high mtes of cocaine selli-administration
exhibited by trait-impulsive rats resulted i dil
ferential imparrments n sustaned visual anen-
tion, as compared to non-impulsive rats. We

post-cocaine test session

% omissions

post-cocaine lest session

found that prolonged exposure of trmit-impulsive
rats o cocaine decreased levels of premature
responding on the 5-CSRT task when the ani-
mals were tested in withdmwal (Fig, 4), but that
it had no effect on other measures of perform-
ance, including attentional accuracy, omissions,
and response latencies. Thus, one clear conse-
quence of Tong-access cocaine exposure and sub-
sequent cocaine withdrawal in trait-impulsive
rats was a selective nommalization of premature
responding on the 5-CSRT sk, relative 1o non-
impulsive rats,

W have shown that individual dilferences in
impulsive behavior on a lve-choice task of sus-
tained visual attention strongly predict mdividual
vanation in the mic of intmvenous cocaine self-
admimstration. Specifically, rats exhibiting trt
impulsivity on the 5-CSRT task (27) showed a

choice accuracy (%)

0o 1 20 30
pOSt-cocaine test session

15004

1000+

response lalency (ms)

0 . T S
0 10 20 30
post-cocaine tes! session

Fig. 4. Effects of intermittent intravenous cocaine self-administration in high-impulsive rats (n =
8) and non-impulsive rats (n = 8) on sustained visual attention on the 5-CSRT task. (A) Rats were
withdrawn from intravenous cocaine self-administration on four occasions and tested 24 hours
later for 7 consecutive days on the 5-CSRT task. ShA, tested after short access to cocaine over 5
days, when rats received 50 cocaine infusions over 5 hours; LgA-1, tested after long access to
cocaine, when the daily number of cocaine infusions increased to 150 and the session duration to 8
hours; LgA-2, tested after a second long-access exposure to cocaine; LgA-3, tested after a third
long-access exposure to cocaine. ANOVA of premature responses revealed significant group x cycle
[F(3,42) = 7.86, P = 0.023] and group = cycle x session [F(18,252) = 4.29, P < 0.001]
interactions. Subsequent analyses revealed that premature responding was higher in high-
impulsive rats as compared to non-impulsive rats during the ShA cycle [group: F(1,14) = 20.58, P <
0.001] but not during subsequent LgA-1 [F(1,14) = 0.62, P = 0.44], LgA-2 [F(1,14) = 3.82, P =
0.071], and LgA-3 [F(1,14) = 0.51, P = 0.49] cycles. There were no significant differences between
non-impulsive and high-impulsive rats with respect to (B) attentional accuracy, (€} omissions, and (D)
correct response latency (F < 1.44, P > 0.24 for all comparisons). Black circles, high-impulsive rats;

white circles, non-impulsive rats,
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greater tendency for escalation ol intravenous
cocaine sell-admimstmtion than did their non-
impulsive counterparts. We also lound un-
equivocal evidence for a significant inverse
relationship between D23 receptor availability
in the ventral stmatwm and wait impulsivity that
could not be explained by abnormalitics i pre-
synaptic DA release and function in this region,
These results expand on previous findings in
abstinent human cocaine addicts (23, 36) by
demonstrating that decreased D2 receptor avail-
ability in the striatum may be a predisposing
neurobiological trit and not only a consequence
of chronic cocaine exposure. They also add 1w the
finding that D2 receptor availability in the
strigtum mversely predicts rates of intravenous
cocaine selFadministration in previously cocaine-
mive thesus monkeys (20), by definmg the
charactenstics of a dug-vulnerable phenotype in
terms of a specilic behavioral construct, as well as
by underdying abnormalines i D2 receplor
function in the strigtum. Thus, the present data
demonstrate that trait impulsiveness is a drug-
vulnerable phenotype and highlight a potential
overlapping involvement of’ D2-like DA recep-
tors, which have been previously implicated in
genetic studies of both impulsivity and vulner-
bility to drug-abuse disorders (37, 38).

Trait impulsivity on the 5-CSRT sk is
negatively correlated with novelty-induced loco-
motor activity and so is unlikely to be equivalent
to the HR drug-vulnerable phenotype (120, In
contrast o HR mts (£2, 13}, the high-impulsive
rits in the present study did not acquire cocaine
selfadmimstmtion faster than the low-impulsive
rats. Although impulsive female mis screened by
means ol a food-motivated delayed-discounting
task acquired cocaine self-administrmtion more
rapidly than did low-impulsive rats ( f8), the high-
impulsive mis acquired the delaved-discounting
task more readily, suggesting that a more funda-
mental difference in instumenial leaming may
undemin the difference in the nitiation of drug-
taking behavior. HR rats also self-administer high
doses of stimulants (/2, £3), and s0 it is con-
ceivable that this phenotype overlaps with the
present high-impulsive animals 0 some extent.
However, our findings specifically link it im-
pulsivity, rather than hyperactivity, to the mainte-
pance and escalation of cocaine self-administztion
and to reduced D23 receptor binding in the nu-
cleus accumbens,

Mutant mice lacking D2-like recepiors
show high rates of intravenous cocaine sclf-
administration when high doses of cocaine are
made available (39). Thus. D2 receptors may
play a mole in regulatory processes that nor-
mally act to limit excessive rates of cocaine
self-admingstrmion, The decreased D273 receplor
availability in the nucleus accumbens of high-
impulsive rats may therefore comribute 1w n-
creased cocaine sell-administration, This finding
may have broad relevance to a number of abused
drugs in humans, including nicotine and opiates,
where high consumption rates have also boeen
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linked to reduced D2 receptor function, specili-
cally because of the presence of the D2 Tag | Al
allele (440, 411, which has previously been shown
by PET 10 be assocuted with reduced D2
receptor density in the striatum (42),

Our results are consistent with the hypothe-
sis that dystunctional DA neumtransmission
at D2-like reeeptors in the nucleus accumbens
confers susceptibility 1o increased cocaine self-
administrtion in high-impulsive rats. Recent
findings in rhesus monkeys tmined w0 sell-
administer cocaine suppont this view (19, 20),
but there has been linle evidence o daie that
D2 receptor dysregulation that is present either
as a trait marker or induced by chronic cocaine
exposure is restricied 1o the nucleus accum-
bens. Indeed, analogous PET studies in monkeys
(19, 20, 43) and abstinent human cocaine addicts
{23y report generalized reductions in D2 receptor
availability throughout the stnatum. In contrast,
as in the present study, D2 eceptor density and
D2 mRNA content were found 1o be signilicant-
Iy reduced in the nucleus accumbens but not in
the dorsal striatum or medial prefrontal cortex of
HR rats (44).

The contrast between specilic reductions in
D2 receptor availability in the nucleus accumbens
in rats before cocaine self-administration, as
comparcd 1o the more divergent effects in the
strimum after chronie exposure 1o cocaine scll-
administration, suggests the hypothesis that the
veniral statal changes confer susceptibility 1o
cocaine taking, which subscquently affects DA
neuroiransmission in the dorsal striatum, with
comesponding effects on the number of D2
receplors in that region (240, 23, 43). Thus, the
development of psyehostimulant drog addiction
may represent a progression from initial impul-
sivity mediated by the nucleus accumbens io the
development of compulsive habitual responding
mediated by the dorsal striatum (32, 435),
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Reconstitution of DNA Segregation
Driven by Assembly of a
Prokaryotic Actin Homolog

Ethan C. Garner,™*? Christopher S. Campbell,™*? Douglas B. Weibel,>* R. Dyche Mullins™***

Multiple unrelated polymer systems have evolved to partition DNA molecules between daughter
cells at division. To better understand polymer-driven DNA segregation, we reconstituted the three-
component segregation system of the R1 plasmid from purified components. We found that the
ParRiparC complex can construct a simple bipolar spindle by binding the ends of ParM filaments,
inhibiting dynamic instability, and acting as a ratchet permitting incorporation of new monomers
and riding on the elongating filament ends. Under steady-state conditions, the dynamic instability
of unattached ParM filaments provides the energy required to drive DNA segregation.

v oensure [ideliy of gene transmission,

I DNA molecules must be evenly distrib-
uted among daughter cells before division,
Eukaryotes haress the polymerization of tubulin

2 MARCH 2007 WVOL 315 SCIENCE

to drive alignment and scgregation of chromo-
somes (/) chromosome segregation in some cu-
bactena requires assembly of actin-like filaments
(2, 3 and some extrachromosomal DNA ¢le-

menis have evolved their own polvmer-hased DNA
segregation machinery (4, 5). Plismid R is a
larze (100 kb, low copy number plasmid with
segregation machinery encoded by the par oper-
o (6, 7). This operon s composed ol three
clements: parC, parR, and parM (6) parM
cncodes an acun=like protemn that assembles mto
dynamically unstable filaments (&), parf encodes
a proiein that binds coopemtively 1© sequence
repeals within parC, forming a complex that
binds ParM filamems (Y3 It has been proposed
that products of the par operon assemble into a
bipolar spindle-like structure whose elongation
drives plasmid segregation (9), but it is not yet
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known how these components assemble and how
they convert the free energy of ParM polymeri-
Fanon into useful work.,

By atomuc structure, Pard s simular to actin
(110, but by hlament assembly dynamics, Parh
is distinguished from actin by three important
propertics: (1) rapid, rather than slow, spontane-
ous nucleation; (1) symmetrical, bidireetional
clongation rather than polanesed growth; and (un)
dynamic instability [the tendency o switch
spontancously (1) between phases of steady
clongation and rapid shortening] mather than
steady-state |I|,,'.I~,.EII1|]||:'|_L' {8 In vitro, the comba-
mat ol 1.Il..'.‘u\..' L.]!Il.'lll\' |\.IIiLIIIL'|.x'I:‘\ IL':‘\.:|||‘1 I i
steady-state population of short (<1.5 pm) and
unstable (hfeume =20 s) ParM (ilaments (8)

o understand how ParR and g hamess
[lament assembly o segregate DNA, we punfied
.I” I|'.I;'L' '.'-.'II'I:IF"-\."I'I;.'I'.L‘- .lIIl.I |'L'."1|'L'l.| Il‘:L'iI .I|'li|i‘._\ CN]
self-assemble m vitro, We -.'\|1I'L".xhx'n| and |1|||'il-:-.'~.1
ParM and ParR protems from Esclericliia coli
ifig. 51) We attached Muorescent (Cy3-labeled)
DNA contaming the parC sequence 1o 350-nm
spherical beads. We then mixed the par(-
coupled mucrospheress with ParR. added Nuones-
cently labeled (Alexa 488) ParM, and induced
[lament assembly by adding adenosine tri-
phosphate (ATP)

Parh flaments formed small radial AITay's
surrounding  isolated perC beads (Fig. 1A),
Il\'!l1illl'-1.'\'l'.| ol I'.II|._'II.'I'|I,I|'|.I|I..' aslors |.l."l1'.|\.'l\| 1!'!I.H.II!I,1
i=olated centrosomes (/2). Aster formation
required ATP, ParR (fig. S2A), and DNA
containing the parC sequence (g, S2B). Asters
were dynamic, with flaments growing and
shrinkmg from the surface ol the bead, and prew
o o max imum radies of 3 pmed Fig. 1B and movie
S10. similar to the maximum lengths of individ-
wal Par®M hlaments in solution (%) In the
presence of the nonhvdrolveable ATP analog
adenylyl-imidodiphosphate (AMP-PNP), astral
Pard projections grew much longer (Fig, 10,
fie. 53, and movie 52), indicating that the dy-
namic instability of Pard limited flament length
even when one end of the filament was bound o
the ParR parC complex

In addition to dynamic asters, Pard filuments
also formed long, stable bundles connecting pairs
ol prarC beads (Fig, 1, D w G}, similar o bipolar
structures previously observed in vive (7). The
bundles and attached beads moved as a single
unit with fluid Now, indicating that ParM
[laments were tightly attached w the ParRpar
complex. By electron mucroscopy (EM) we ob-
served parC beads connected by Par®M bundles
ol varying thickness. We tracad mdividual hila-
ments from one paeC bead 1o the other (Fie. 1TE),
indicating tha both ends of the ParM filament
mteracted with the Park parC complex, In time-
lapse movies, the |11'l..!|\':||l_\. attached ParM bun-

I.I]L".\ L'lll 'iI[L'I.l A 9 COnsliml rale, ',"'Ii.‘-!lll'.:.' I|".I'-"ﬂ

beads m opposite directions (Fig. 1, D and F, and
mowics 53 and 540 over long distances (=120 pm).
Thus ParM, ParR, and prearC are suflicient 1o fonm
a bipolar, DNA-segregating spindle. In addition,

Fig. 1. In vitro reconstitution of the R1 plasmid spindle. (A) Individual ParR/parC-coated beads
with radiating fluorescently labeled ParM asters (red, Cy3-labeled DNA; green, Alexa 488—labeled
ParM). (B} Left: Time-lapse sequence of an Alexa 488-labeled ParM aster. Right: Maximum in-
tensity projection of the time-lapse sequence, illustrating fall-off in fluorescence at 3 um. (C)
Inhibition of ParM dynamic instability with AMP-PNP produces substantially larger asters. (D) Two-
color images and time-lapse sequence of bipolar ParM spindles segregating ParR/parC-coated
beads. (E) Individual ParM filaments run from bead to bead, as shown by EM of negatively stained
R1 spindles. (F) Time-lapse series of bipolar spindle elongation. (G} Elongation of a multipolar
ParM structure.
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multiple gt beads offen interacted to form
multipolar lincar chains and polveons of ParM
bundles (Fig. 10 and movies 55 and 56),
structures that also expanded equilaterally as each
bundle clongated at the same rate,

The fact that we observed long, stable ParM
f[ilaments only between pais of parC beads
argues that both ends of cach filament are sta-
bilized against catastrophic disassembly by

interaction with the ParlparC complex. This is
supported by the observation of a “scarch-and-
capture” (/3 ) process of spindle formation: When
twor unconnected ParM asters come mto proxime-
iy, they stabilize a hilament bundle whose elon-
gation pushes the asters apan (Fig. 2A, fig, 54,
and movies 87 and 58). We tested whether
bipolar attachment was required for stabiliztion
by wsing laser madiation © cut through ParM

Fig. 2. ParM filaments are stabilized when bound at each end by the ParRiparC complex. (A) ParM
spindles form by “search and capture.” Sequence shows isolated ParM asters forming bipolar
spindles that subsequently push the beads apart. Red arrows indicate capture events. (B} ParM
filament bundles are stabilized a both ends by interaction with ParRiparC beads. Cutting a Parf
spindle by laser irradiation {red box) results in depolymerization of severed ends. (€) The R1
spindle finds the long axis of a channel. Time-lapse sequence shows R1 spindles confined within a

microfabricated channel.

2 MARCH 2007 WVOL 315 SCIENCE

spindles. Afer cutting, both severed ends of the
bundle depolymensed back 1o the parC beads
(Fig. 2B, lig. S5, and movies 59 and S10). This
requiremient for bipolar stabilizaton of ParM
spindles provades an explanation for the apparent
plasmid counting observed in vivo, where ParM
spindles occur only i cells containing two or
more plasmids (%),

To determine whether the BRI spindle was
sulficient o find the long axis of a bacterium-
sizad space, we assembled spindles in micro-
fabricated channels of various shapes. Spindles
ong axis of the channel

always aligned with the
and p|.|.-||'.|.'~,i it beads in u|'lpu.-|il1.' dirccuons
(Fig. 2C and movie S11), demonstrating tha
onentation of BRI spindles can oceur withowm
cellular landmarks, Spmdles elongated  freely
until they encountered resistance.  Elongation
salled at the ends of the channels and slowed a
bends. Thus, the R1 spindle could find the long
axis of a rod-shaped cell by a simple Brownian
richel-type mechanism.

We next vsed photobleaching and speckle
microscopy 1o determine where new ParlM mono-
mers incomorated into the R spindle. We first
used low-intensity laser irmadiation 1o photo-
Bleach pairs of reference marks onto elongating
spindles (Fig, 3A, fig. S6, and movie S12). In all
cascs (n 6), the distance between the two
bleached marks did not change with time,
whereas the distance between each mark and
the nearest parC bead increased at a constant
rate (Fig. 3B). We never observed recovery of
Muorescence within a bleached 2one. which
suggests that no polyvmenzntion ook place in
the middle of the ParM bundle and that indi-
vidual Nlaments did not shide past cach other.
Speckle microscopy (/4) of elongating spindles
indicated that monomers incomporated exclu-
sively at the surface of parC beads (Fig., 3C and
movies 513 and 514).

Interaction with the ParlparC complex did
not affect the mte of ParM fGilament growth. From
the photobleaching and speckling experiments.
we determined that filaments within a spindle
clongate at a mtcof 1.6+ 1.7 monomers s Lin
Sends). From the elongation mte and steady-state
monomer concentration of 2.3 uM (/3), we cal-
culate a mie constant for elongation of bead-
attached ParM ilaments of 5 pM P! identical
tor the rmte constant {or clongation of [ree ParM
lilaments (&).

In PardM mwtants defective in ATP hydrolysis,
the crtical concemration or assembly is 006 pM
(). This is the free monomer concentration above
which ATP ParM filaments clongate and below
which they shonten. The critical concentration of
adenosine diphosphate (ADP) ParM Glaments is
greater by a factor of more than 200 (=120 uM),
:Ir'|'.,|. |.|!'Ii.'~ I'I|Il,'i\."'l[.ll,ik"—dl.,"r"':['lﬁl.i.'l|.|. i]li,'ll.,.':l:-&,' i:‘1 [EI\,‘ |'I:I:\i,'\
for dvnamic instability of ParM filaments, An
steady state, in the presence off ATP, the mie of
filament nucleation s balanced by the rae of
[ilament catastrophe, and the combination of grow-
ing and shrinking lilaments produces a steady-
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Fig. 3. R1 spindles elongate by insertion of ParM monomers at the ParR/
parC complex. (A) Photobleaching (indicated by red arrows) of ParM
spindles reveals symmetrical, bipolar elongation at the bead surface. (B)
ParM spindles elongate at each end at the same rate as free filament
ends. The distance between the two photobleached stripes or distance
between the stripe and the bead in {A) was measured on a per-frame

Fig. 4. Dynamic instability of free ParM filaments
provides the energy for R1 spindle elongation. (A)
The ParRiparC complex stabilizes ParM filaments
down to the ParM-ATP critical concentration.
Spindle assembly reactions were performed at
the indicated concentrations of Alexa 488
labeled ParM. (B) By abolishing the difference in
critical concentration between free and ParR/
parC-bound ParM filaments, AMP-PNP eliminates
sustained polymerization on ParRiparC beads. (C)
Small amounts of ATP added into AMP-PNP
restore sustained polymerization on ParRiparC
beads. (D} Hydrolysis-dependent ParM tail elon-
gation occurs specifically at filament ends bound
to ParR/parC complexes and not at free filament
ends. Assembly reactions as in (C) were initiated
with Alexa 488—FarM (green); at indicated times,
the reactions were spiked with Cy3-ParM (red).
Results were visualized after 50 min. Two
examples of each time point are shown. (E) Rates
of ParM tail elongation scale with the fraction of
hydrolyzable nucleotide. Reactions as in {C) were
performed at various ATP/AMP-PNP ratios. The
rate of tail elongation was plotted against the
percent of ATP within the nucleotide mixture.
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basis, and the change in distance was plotted against time. (C) By speckle
microscopy, all new ParM monomers add to the spindle at the ParRiparC
interface. Green, Alexa 488—ParM; red, rhodamine-ParM doped at
1:1000 to produce fluorescent speckles. Left: Time-lapse sequence of an
elongating spindle end (80 s per frame). Right: Kymograph of the time-
lapse sequence,
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state monomer concentration of 2.3 uM. Beneath
2.3 uM, no Nlamenms are detectable by Nuores-
cence microscopy, [luorescence resonance cner-
gy rnsler (FRET ), or high-speed pelleung (4).
To determine how binding to the ParR parC

complex alfects the critical concentrmion of

ParM lilaments, we investigated the concentra-
tion dependence of R spindle fonmation. Al
concentrations above 2.3 M, ParM  formod
numerous dense and stable spindles connecting
pairs of parC beads (Fig. 4A). Below 2.3 uM,
ParM formed spindles between beads, but their
frequency and lifetime decreased with decreasing
ParM concentmtion. Below 0.6 pM, ParM failed
to lomm any detectable spindles, even between
prart” beads e close comact. Thus, interaction
with the ParR/parC” complex stabileeed ParM
filaments down to, but not bencath, the ATP
critical concentration of 0.6 pM, presumably
because the ParRpard complex simply inhibits
dynamic mstability.

One consequence of our results is that the
energy o segregate pard beads must be supplhied
by dynamic instability of unattached ParM fila-
ments. For polymerization w0 perform useful
work, the monomer-polyvmer balance at the load
must be kept away from equilibrium (/6). We
found that ParM filamems in the spindle ane sta-
bilized 1o the ATP critical concentration (0.6 uM)
(Fig. 4A) vetelongate at a mate determined by the
steady-state monomer concentration of 2.3 uM
{Fig. 3B), a concentration that is maintained by
dynamic instability of unattached ParM fila-
ments ().

To demonstrate this direetly, we vaned the
energy dillerence between attached and un-

attached filaments by adding differem ratios of

ATP and AMP-PNP 10 our reconstituted DNA

segregation system. In 1% AMP-PNP, the
ParRiparC-ottached and unattached  filaments
had the same criical concentration (0.6 pM),
and the system quickly reached equilibrium
{~2 min) with parC beads surrounded by a
small, nondynamic shell of ParM filaments
(Fig. 4B). Reestablishing an energy difterence
by adding small amounts of ATP produced sus-
tained ParM polvmenzation at the bead surface.
In 5% ATP and 95% AMP-PNP, slow-growing,
stable, monopolar tails assembled on the surface
ol large par beads. propelling them through
the medium at a constant rate for up 1o 2 hours
(Fig. 4C and movies 515 and S16) By using two
colors of labeled ParM, added at different times
(Fig. 4D), we found that filament clongation
oceurred exclusively on ParlUpar associted
ends and not on free ends. Henee, the unattached
flament ends are at steady state, whereas Parll)/
parC-associnted ends clongate in a hydmolyvsis-
dependent manner. The clongation rate of sta-

bilized tals mercased with the proportion of

hydrolveable ATP (Fig. 4E), demonstrating that
the energy difference drving bead motility was
proportional o the amount of hydrolysis-capable
monomer that could be stabilized by the Parll/
part’ complex,

In response 1o evolutionary pressure, the
R1 plasmid has evolved a sell-contained, three-
component system o ensure its segregation. All
key functions of the R1 spindle require dynamic
instability of ParM Glaments. Dy namic instability
enables unbound filaments 10 wm over without
disassembly factors (8). Filaments stabilized at
one end by ParfUparC can search for additional
plasmids (Mg, S8 and mowvie S17)% filaments
bound at both ends are stabilized against dvnamic
instability, forming a productive spindle. Finally,

the dwvnamic instability of unbound filaments
prowides the excess monomer o dnve elongation
of the stabilized filaments within the spindle.
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Multiple Functions of the IKK-Related
Kinase IKKe in Interferon-Mediated

Antiviral Immunity

Benjamin R. tenOever,! Sze-Ling Ng,* Mark A. Chua,>? Sarah M. McWhirter,®

Adolfo Garcia-Sastre,®* Tom Maniatis™

IKK# is an IKK (inhibitor of nuclear factor «B kinase)—related kinase implicated in virus induction of
interferon-|3 (IFN[}). We report that, although mice lacking IKKs produce normal amounts of IFNf,
they are hypersusceptible to viral infection because of a defedt in the IFN signaling pathway.
Spedfically, a subset of type | IFN-stimulated genes are not activated in the absence of IKKe because
the interferon-stimulated gene factor 3 complex (I5GF3) does not bind to promoter elements of

the affected genes. We demonstrate that IKKe s activated by IFNJ} and that IKKe directly
phosphorylates signal transducer and activator of transcription 1 (STATL), a component of ISGF3,
We conclude that IKKe plays a critical role in the IFN-inducible antiviral transcriptional response,

civation of innae immunity by vins
infection begins with tvpe | IFNa and
IFNB gene expression  [ollowed by

induction of the Janus Kinase-signal wransducer
and activator of transcription (JAK-STAT)

2 MARCH 2007 WVOL 315 SCIENCE

pathway, leading to the expression of a large
family of IFN-stimulated genes (15Gs) (1), The
initial response is rigeered by pattem recog-
nition receptors that bind to virus-speeilic mo-
lecular signatures and activate latent Kinase

complexes such s the stress-activaied protein
kinases (c-Jun N-erminal Kinase and p38), the
IKE complex (KK IKKFIKKy), and the TKK-
related kinases TANK-binding kinase | (TBK 1)
and IKKe [also called IKKi (2)] (3) These
kinases coordinate the assembly of the IFNp en-
hanceosome, a multisubunit complex. composed
of the transcription factors ATF2  (activating
transcription factor 2)elun, NFxB, and micr-
feron regulatory factors 3 and 7 (IRF3 and
IRFT7) (3). IFNB induces dimenzation of the
type | IFN receplor and activates the asso-
ciated kinases tymsine kinase 2 (TYK2) and
JAKL (/). leading to the tyrosing phosphoryl-
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ation of STAT] and STAT2 and STAT associa-
tion with IRF9 to form the ISGF3 complex. This
complex binds to ISREs (mtederon-stumulated
response clements) in the promoters of a large

group of 1S0s, resulting in their transcnptional
activation (),

Initial charactenzation of the Kinases respon-
sible for IFNE tansenption suggested that the
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Fig. 1. |[KKe knockout mice are hypersusceptible to influenza virus infection. (A} Mice were ad-
ministered increasing amounts of WSN intranasally and observed over a 7-day period {n = 5 mice
per cohort per dose). (B) Cohorts of mice were administered 7 x 107 pfu intranasally and weighed
daily (n = 20 mice per cohort per dose). Values represent average scores of overall weight loss

compared with initial body mass.

REFO

virus-inducible expression of IKke functions in
a redundant mole to s ubiquitous counterpar.
TBKIL, m the activanon of IRF3 and IRFT ex
vive (3-8) To investigate the luncton of [TKKe
i vive, we generated mece dehicient in [IKKe
(fig. S1A) Disruption of Mibke™ (the gene en-
coding IKKe) resulted in a complete loss of the
kinase in both mice and embryvonic {ibroblasts
(EFs) (fig. S1B). To determine whether IKKe is
required 1o protect against virus infection in vivo,
we infected wild-type (WT) and Kbke™ mice
with increasing doses of influcneza AWSN/33
virus (WSN)L Alhough inoculations of more
than 7 = 107 plagque-forming units (pfu) resulted
in 100% monality of both cohorts, fibke ™ mice
displaved an mcreased susceptibility 1o WSN m
lower titers (Fig. 1A, Adter moculation with 700
plu, both WT and Mkbke ™ mice displayed
greater than 1096 body weight loss, although
unlike WT controls fihke

dechne below 8006 of thaer original body mass

mice continued 1o

belore succumbmg 1o the mbecton (Fig. 1B).

Fig. 2. IKKr is required for the normal A
host response to infection. (A) Viral
expression from infected mice (7 = 107 % % y
pfu} was determined by Q-PCR from 3 a lkbke - FA—
pooled lung samples. Values deter- £ % | mikbke™" ./ '
mined as ratios of viral nucleocapsid i 5
protein (NP} relative to Hprt, (B) Lung £ P
transcriptional profiles of IFNG (fnb), E§ ™° /! o =
IfNc (ifna), Adorl, tumor necrosis = 1o //
factor « (Tnfa), NP, lkbke, and Hprt = ;
as determined by RT-PCR. (C) ADAR1 g ) //
activity as measured by influenza - — . = = =
matrix (M} RNA sequencing. M was .
reverse transcribed from pooled lung SN Ot inseckan
samples (8 dpil and sequenced for A
to G substitutions (n = 96 transcripts c
per cohort). Underlined adenosines é‘:;
represent positions of base transitions. @ C
(D) Viral titers of primary EFs infected 5 %0 :ﬁwm E_:[(:"G Aa
with WSN (multiplicity of infection = é 25 ” LE;;GC%,
0.01) as determined by plaque assay, - 20 'E' G99
Values represent the mean average of E 15 Al G(mcﬁ'i-_g,r, 6 cecac Ve A(C{GLEI:&
triplicate experiments. Error bars indi- & 10 G, 060U GUCC, CGCUC, UGGG, ACGG-262
cate standard error of the mean. (E) EF . 5 uu W L[j;" A
transcriptional profiles of Ifnb, Adarl,
IFN-activated gene 203 (fi203), NP, T ™
{kbke, and Hprt by RT-PCR.
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Quantitative polvmerase chain reaction
(Q-PCR)Y ftor virus nucleocapsid mRNA and
virus plaque assays from lung tssue mdicated
that fkbke ™ muce had an clevated viral load
compared with that of their control littermates
(Fig. 2A and hig, S2A) Hiswopathology of lungs
at seven days post infection (dpi) revealed tha
imfected Mbde™ mice exhibited an inflammatory
infiltrate consisting of lvmphocytes, macrophages,
and neutrophils (g S2B). However, everse tan-
seription PCR (RT-PCR) and enzyme-linked
immunosorbent assay (ELISA) analvses ol Jung
and serumy respectively, revealed no obvious de-
ficiency i vinus-induced eviokines, such as IFN
a, [§, and y, RANTES, and IL2, or in the amounts
of vius-specific antibodies (Fig. 2B and figs, 53
and S4A) By commast, amay (Aflvmctnx, Santa
Clara, CA) analysis of RNA from pooled primany
lung samples revealed a subset of 19Gs, mcludng
ffied, 1203, and the double-simnded RNA
(dsRNAY activated  adenosine  deaminase gene
(Aekeard), that were poorly mduced m the absence
of IKKe as coroborated by RT-PCR analyses
(Fig. 2B and fig. S48). To detenmine whether the
resulting loss of ADARD has functional conse-
quences, we amplilied and sequenced a siem loop
structune present in WSN matrix (M) mRNA lrom

infected lung tissue. ADARID binds double-
strmndod RNA (dsRNA) and deaminates aden-
osine residues, thus converting adenine 1o
guanme and therchy mutagenizang viral RNA
(9). Analysis of over 95 individual clones from
cach cohon revealed that greater than 30% of
the viral M mBNA bears at least one or more
A-to-G transitions in control mice, compared
with less than 5% in fhbke™ mice (Fig. 20).
We conclude that IKKe is required tor the in-
duction ol a subset of 15Gs such as ADARI,
which displays antiviral activity in vivo,

To determine whether the in vivo phenotype
of bke ™ mice could be recapiulated ex vivo,
we compared the rates of influenzn vins rep-
lication m primary EFs from WT and [&hke
mice. Comparable replication mtes were ob-
served at 2 dpa, although the tter continued 1o
increase in Mbke™ cells relative 1o WT cells
thereatier (Fig. 2D} RT-PCR analyses from the
WT and f&hke™
imduction of [FNB but revealed a decrcase i the

samples showed compamble

expression of a subsat ol 1SGs (Fig. 2E). A low
amount of virus-inducible ADART mBNA was
observed in fihke
of other 1SGs such as [FI203 was complaely
Blocked. Thus, it appears that IKKe controls the

EFs: however, the induction

optimal expreasion of a subsct of [SGs requirad
to control viral boad both in vive and ex vivo,
Cenain [SGs are mducible by both vinus
mfection and IFN treatment, whercas others are
nducible only by IFN dircctly (10} To daarnune
whether the IKKe-dependent 1SGs are defective
in IFN signaling, we weated WT and Mhke™
EFs with recombinant IFNB (dFNB). About 3(0Fw
of the IFN=-inducible 15Gs were poorly induced
in Mbke™ EFs (Fig. 3A) This result was
confirned by RT-PCR analyses (Fig. 3B).
Although the amount of [FN induction of sev-
eral 1SG genes, such as Adard, 103, and Ji203,
decreased in the absence of IKKe, others, such as
If 7, Prira (RNA-activated protein kinase), and
Sran !, were unaflected. Alignment of the DNA
sequences of IKKe-dependent ISREs denulied a
consensus sequence similar o previously char-
acterized ISGF3 hinding sites (4. /1) (g, S5A).
Electrophoretic mobility shift assavs (EMSAs)
using these 1SREs dentified an IFN-inducible
DNA-protein complex that fuled 10 bind 1o
IKKe-dependent promolers i exiracts from
IFN-treated fibke ™ cells (Fig. 3C) This com-
plex was shown o be ISGF3, because 1RFY,
STATL, and STAT2 antibodics all disrupled
DN A-protein complex formation (Fig. 3D) Ex-
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Fig. 3. The type | IFN response is defective in /kbke™" EFs. (A) Gene
expression profile in primary EFs treated with fIFNG (0.1 Wml) for 6
hours. The heat map depicts the average mean induction of 15Gs from
triplicate Affymetrix samples. (B) Transcript quantities of Adarl, IFN-
induced protein with tetratricopeptide repeats 3 ([fit3), Ifi203, IRF7 (rf7),
Statl, Ikbke, and Hprt as determined by RT-PCR from rIFN[-treated EFs.
hpt, hours posttreatment. (C) Cell extracts from rIFNf-stimulated EFs
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were analyzed by EMSA with ISRE elements derived from the 2'-5
oligoadenylate synthetase 1B (Oas1b), myxovirus resistance 1 (Mx1), and
Adarl genes. The ns band denotes nonspecific binding. (D} Protein
composition of ISGF3 was analyzed by antibody (Ab.) competition assays
with IRF9, STAT1, and STATZ antibodies. CTRL, control. (E} /kbke™ EFs
were transfected with vector, IKKe, or K3BA. Transfections were untreated
or treated with rIFN[ and analyzed by EMSA on an Adarl ISRE.
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pression of [KKe but not a dominant negative
mutant of IKKe |I.:.-r'um-----."‘n.J:l:ut (K38A)] rescued
IFNB induction of ISGF3 binding m ibke™
cells (Fig. 3E). Thus, 1SGF3 binding to IKke-
dependent promoters requires IKKe  Kinase
activity, To detenmine whether IKKe can be ac-
tivated by IFN treatment, we tansfected EFs,
which express minute quantitics of IKKe, with
WT IKKe or the K38A mutant and treated the

EFs with dFNB. Beause The™ (T501) of

IKKe has been implicated in virus-induced ac-
tivation (/2), we used a phosphospecific T301
antibody 1o observe a mapid induction of IKKe
phosphorviation in IFN-treated cells (Fig. 4A0).
TBK1, which is not activated by IFN treatment,
does not contain this TS01 residue. On the basis
of the ammo acid sequence of the phosphoryl-
ation site in IKKe and previous studies that
implicate p38 kinase in IFN- and vimus-inducible
phosphorylation, we speculate that IKKe acn-
vation may be mediated through p38 Kinase
signaling (/3).

The fkbke™"
Statd™" mice, which also displays an increased
susceptibility to influenza virus infection both in
vivo and ex vive, However, in contrast to Jkbke
celk, where 30% of 1SGs il o be induced by
IFN, no 1SGs are induced in Stard ™ cells (14, 15).
This suggests that STAT] signaling is not com-
pletely compromised in the absence of IKKe.
This observation is consistent with EMSA and
chromatin immunoprecipitation (ChIP) analyses
of IKKe-independent ISREs showing nommal

+ S708A
+ A744/747]

«wi
+wt
+ AA
:

Adar1 ISRE

IRF7 ISRE
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phenotype is similar o that of

binding to ISGF3 in Mbke ™ celbs treated with
IFNB (Fig. 4. B and C} In addition, bone mamow
derived macrophages from Mhbke ™ mice dis-
play nomal induction of IFNy-stimulated genes
(fig. S3B).

As critical components of ISGF3, STAT! and
STAT2 are potential targets for IKKe, We there-
fore mvestigated the status of these two tran-
scription factors in response 1o IFN in lbke™"
mice, Initially, we caricd out Westem blot ex-
periments with primary lung extracts from mice

infected with different vimses, The quantitics of

both STAT1 and STAT2 increased normally in
response W infection: however, discrete break-
down products of STATI were observed in WT
mice but not in Mbke ™ mice (fig. S6. A and B).
In primary EFs, the amount of STAT in Jkbke ™
IFNB-treated cells excecded that of WT cells
ilig. S6C). In considenng these results together,
we suggest that STATT appears © be subject 10
IKKe-dependent processing and 'or degradation, an
event that has bean aseribed to STAT] previously
(16). This explanation also suggests the possi-
bility that STAT1 may be a target of IKKe.
To determine whether IKKe acts directly on
STATL, we carried out in vitro phosphorylation
studies with recombinant IKKe. Mass spectrom-
-.ln analyses revealed that IKKe phosphorylates
Ser'™ t‘h.?{]"\} STH, and S747 (g STA) To
determing the function of these serine residues,
we ereated STATT mutants and transfected them
into Star] " EFs. Transfocted cells were ireated
with IFN and assayed for ISGF3 binding (Fig. 4,

B
Adar1 ISRE IRF7 ISRE
IIII-.J- “!I-'IL “IIvn"vl "II-'L
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Dand E) The substiution of STO8 with alanine
(STOSA )} dramatically decreased 1SGF3 bind-
ing to the IKKe-dependent Adarl ISRE but
not o the IKKe-independent Inl7 ISRE, as de-
termined by both ChlP and EMSA experi-
ments, In contrast, the binding of ISGF 2 10 both
ISREs was unaflected by a C-terminal deletion
of STATI that removed serine residucs 744 and
T47 (AST44/747),

Examination of the three-dimensional struc-

ture of STATT predicts that phosphorvlation of

STO8 would favor the formation of STATI-
STAT2 heterodimers, rather than STAT1 homo-
dimers (/7). Heterodimer formation is necessary
for the asscembly of ISGF3 because STAT2 s
thought w wether STAT] and IRF2 1o the ISRE
(15 ISGFY binds 10 adjpcemt GAAA repeats
recognized by STATL and IRFY, nspectively. on
complementary major and minor grooves, STAT2
in turn, contacts both proteins while making addi-
tonal contacts with sequences upstream from  the
GAAA repeats (fig. STB) (4, 11, 17, 19). Come-

putational analyses of the DNA sequences of

IKKe-dependent and -independent ISREs idemi-
fy a purine-rich region upstream of the [KKe-
independent ISREs This purine tract could serve
as an additional STAT2 hinding site, permilting
specific contacts with DNAL In the absence of
this purine-rich sequence, [SGF3 binding may
require & more stable STAT1-STAT2-IRFO inter-
action, which in twrn may require the phospho-
rvlation of STAT1 S708 by IKKe. Although the
structural consequences ol this phosphory lation

ny 1 F'
‘|r-l- l{t

=+ fIFNp -

Q- !

E

1 2 3 4 5 6 7 B
Statt’- EFs
Chromatin Input STAT1 IP

1 2 3 4 5 6 7 8 8

-+ rFNB
ADAR1 promoler

IRF7 promoter

GAPDH promoter

3 4 5 6 7

Fig. 4. IKKe is activated by IFN[ and
determines 1SGF3 binding specificity.
(A) IFN[-treated whole cell extract
from Ikbrke ™ EFs, transfected with hu-
man IKKe WT or K3BA, were immu-
noblotted with [KKe phosphospecific
7501, IKKs, or pB-actin. (B} rIFNp-
stimulated EFs were analyzed by EMSA
using Adar1 and Irf7 1SREs. (C) rIFN-
stimulated EFs were cross-linked and
assayed by ChiIP assay. (D) flFNj-
simulated cell extracts from Stat1™
EFs transfected with STAT1 WT, 57084,
AT44/747, or the double mutant (AA)
were analyzed by EMSA using Adarl
and Iif7 ISREs. (E) Stat1™ EFs treated
as in (D) were cross-finked and as

sayed by ChiP assay.
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remain 1o be determined. the function of IKKe in
tvpe 1 IFN signaling s to guide the transcnp-
tional machimery o a subset of 1SGs required tor
a direct antiviral response. By contrast, the 1Kke-
independent genes may  {unction primarily in
regulating the IFN signaling machinery, which
is required for the imtegration of innate and
adaptive immune systems. These resulls empha-
siac the importance of the interplay  between
local and systemwide antiviral mechanisms,
Even when the systemwide antiviml response
is intact, defects in the local response lead 1o an
increase in viml load, ulimately overwhelming
the immune defenses.
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LRP6 Mutation in a Family with
Early Coronary Disease and
Metabolic Risk Factors

Arya Mani,* Jayaram Radhakrishnan,® He Wang,? Alaleh Mani,®> Mohammad-Ali Mani,*
Carol Nelson-Williams,* Khary S. Carew,’ Shrikant Mane,’ Hossein Najmabadi,®

Dan 'ﬂu,z Richard P. Lifton*

Coronary artery disease (CAD) is the leading cause of death worldwide and is commonly caused by
a constellation of risk factors called the metabolic syndrome. We characterized a family with
autosomal deminant early CAD, features of the metabolic syndrome (hyperlipidemia, hypertension,
and diabetes), and osteoporosis. These traits showed genetic linkage to a short segment of
chramosome 12p, in which we identified a missense mutation in LRPS, which encodes a co-receptor
in the Wnt signaling pathway. The mutation, which substitutes cysteine for arginine at a highly
conserved residue of an epidermal growth factor—like domain, impairs Wnt signaling in vitro. These
results link a single gene defect in Wnt signaling to CAD and multiple cardiovascular risk factors,

Cmun:tt’} anery discase (CAD) due
atherosclerosis resulis in myocardial in-
farction (M) and is the leading cause of
death wordwide (). Epidemiologic studics and
clinical intervention trials have established the key
roles of specific nsk factors for CAD, including
smoking, hypartension, high low-density lipo-
prodein (LDL) cholesterol, high mnglyeendes, low
high=density lipoprotein (HDL) cholesierol, and
diabetes mellitus (2-4). Surprisingly, many of these
risk factors cluster with one another more often
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than expectad by chance (5, 6). This metabolic

syndrome is recognized o be a common cause of

CAD: however, the molecular mechanisims that
unify their association have been obscure,

The marked increase in nsk of carly candio-
vascular mortality o a second monoeyzolc twin
when the (it has dicd from caly CAD provides
evidence for a strong zenctic effoct and supporns
investiigation of familics with carly disease (7).
Such studies have the capacity o denufy penes
and pathways whose altered function impan large
cffects on CAD outcome; these may  provide
insight into basic mechanisms that are also
involved in common Toms of discase and that
may be manipulaed for health benefit

From a screen of patients and familics with
CAD, we identified one extreme outlier Kindred
with an extraordinary prevalence of carly CAD,
Kindred CAD-100 is of Iranian ancestry, as-
certained via Subject -7 (wble S1), who pre-
sented with M1 a age 48, CAD nsk factors
included hyperension, hyperlipidemia, and dia-
betes mellitus; he had never smoked and his

body mass index (BMI) was 24, Evaluation
revealed entical stenosis ol all three major coro-
nary anenes, which led o coronary artery by-
pass grafling. His course was complicated by
progressive atherosclerosis of the gralis and in-
temal carotid arteries. Al age 62, he sullered a
low-impact hip fracture and was found o have
very Jow bone mineral density ol unknown cause
{z scome of - 3.4 at the femoral neck of his inact
hip}. He died from a stroke at age 72,

Among 3% blood relatives of the index case, 28
were diagnesed with cardy CAD (ML, anging, or
sudden candiae death) at or before age 50 (men) or
55 (women) (Fig. 1) OF these, 23 have diad from
CAD {mean age of death, 532 yews). In contrast,
kindred members without carly CAD died at a mean
age of 81 This familial chsterng is notewonhy
given that carly CAD and carly CAD death are
uncomnmon in the general popukition (&, ).

Detailed clinical data were oblained for all
available kindred members, including 13 alfected
with carly CAD, § free of carly CAD at or
bevond the age threshold of 30 vears (men) and
35 (women), and 9 vounger asympiomatic
members (CAD phenotvpe unknown:; mean age
35 vears) (tabke S1). Cardiac risk factors before or
at presentation among  affected  subjects were
suprisingly homogencous, ncluding high Gisting
LDL cholesterol m all {mean 1764 medl, nl <
130 mgdl), high Estng mglveendes in 9%
(mean 240 mgidl, ol < 1530 mgdl), marked
hypertension in all (mean 175103 mum Hg, nl -
[40/44), typically diagnosed alier age 400, and
tvpe [ diabcies mellitus in 77% (fasting blood
glucose = 126 mg/dl typically diagnosed alier
hyperension and hypedipidemia). Despite high
triglycerides, HDL kevel were nonmal in all. and
only one had a history of smoking. Neary all of
the affected subjects mat crmena of the NIH
National Cholesterol Education Progmm for
metabolic syndrome based on the presence of
diabetes, high tnglyeendes, and hypertension (/1)
Although obesity s strongly associated  with
metabolic syndrome and cach of these nsk factors,

WWw.sciencemag.org



it is nofeworthy that obesity is absent among
affected subjects (mean BMI 2406, none greater
than 26). In contrast to these alloctod subjects, the
five unatlected fanuly members all had nonmal
levels of blood pressure (mean 11681 mm Hg),
LDL cholesterol (mean 978 mgdl), and n-
glycerides (mean 60.75 mg/dl), and wtpe 2
diabetes mellitus was absent. Finally, among
yvounger subjects with CAD phenotype un-
known, all nine had high LDL levels and seven
had high triglveeride levels, whercas hyper-

tension and glucose intolerance were less fie-
quent (table S1),

The marked chstenng of carly CAD and nsk
factors in this kindred suggests a strong genetic
component. Among sibships in which all subjects
are beyvond the age threshold for onset of CAD,
the offsprng of single affected parents yielded 17
affected and 15 unaffected subjects, and male-to-
male trnsmission is presents in addition, the
union of two aflected first cowsins vielded six
affected and one unaffecied offspring. Similarly,

REPORTS

LDL levels are strongly bimodal in the kindred,
with all members having cither high levels (157 1o
195 me/dl) or low levels (92 to 105 mg/dl), and
these levels coscaregate with carly CAD. This ex-
treme Familial clustening and segregation of pheno-
types within the kindred s unlikely 1o be explaimed
by chance or mulnfactonal detenmination and pro-
vides strong evidence that carly CAD is tmnsmitted
as a highly penctrant autosomal dominant tait,
Nincteen [amily members were available
lor genetie studics, including seven with carly

Marker cM Mb

DH251887 17 13 3 H

DA251608 28 1% 11 1

Di281626 742 39 2

DH251808 T8 38 H 1

Di3siTiE 88 43 y

128314 1137 48 T [

DI28366 142 ET 1

GATAADS 15 B0 3 1

MmN 18 107 [

MIMNTT 163 18 A

relIeEnEl 175 119 &

LRPY w123 L

D183 18 123 1

mT4TTIE 19 118 AA (]

mATHTT 86 139 B8 AA

mIsTIM 16.2 A& B8

D125373 3% 149 11 41

g reEEpUrsrees:
D1ZS1EMT 17 13 3 3 14 2 14
Di1zSi6eE 28 18 1 1 1 13 13
DIZE1E2E  Ta2 34 2 H 3 13 23
D12816RE T8 LN 1 T (1]
DI281TI6 88 43 o HL ]
0128314 1137 48 & 1 18
D128366 143 6T 1 1 4 T6
GATAADY 45  BD 1 1 T 11
mANE 1 107 2 A AA
mINNTT 163 118 A & L
1266861 476 119 A A AR
LRPS 1. 113 He
D1zsIM ¢ 123 1 i1
mTaTTIE 18 128 A A AR
mATIETT 195 139 AA & L] B @88
rIBATIZe 24 163 e n A AN
DII53T3 35 164 Lk z 4

Fig. 1. Relationships of members of kindred CAD-100 are shown. The
index case is indicated by the arrow. Numbered individuals correspond to
those in table 51. Individuals with early CAD are indicated by black
symbols; individuals without CAD who are beyond age 50 (men) or 55
(women) are shown as unfilled symbols; and individuals who are without
symptomatic CAD, are below these ages, and have high LDL levels (range
157 to 192) are shown as half-black, half-gray symbols. Individuals who
were not studied are indicated by symbols with dots. Circles represent
females; squares represent males. Symbols with a slash through them
indicate deceased subjects. Genotypes of informative microsatellite and

www.sciencemag.org SCIENCE

SNP markers are shown in their chromosomal order below the symbol for
each individual and their distance in centimorgans and megabases from
12pter is indicated. Segments of the haplotype seen in the index case
which segregate with CAD andfor high LDL levels are indicated by shaded
boxes. The presence of the wild-type LRP6 or LRP6gzp;c mutation is
indicated by a plus sign or a red asterisk, respectively. Subjects 1l1-6, III-7,
and -8 are offspring of a homozygous mutation carrier and hence
obligate mutation carriers; subjects WI-3, -4, and IlI-5 are also
statistically likely to be offspring of a homozygous carrier. This explains
the high proportion of mutation carriers in generation Ill.
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CAD, five unaflected subjects, and seven with
CAD phenotype unknown due to young age.,
A genome-wide analysis of linkage was per-
formed using Affymeatnx 10K Gene Chaps, We
analyezed linkage wsing all single-nucleonde
polymomphisms (SNPs) by applving two pre-
specilicd models of the wait locus—a conscry-
ative model that specified 90% penetrance, 1%

phenocopies, and disease allele frequency of

0,001 and a stringent model that specilicd 99%
penctrance, 0.1% phenocopies, and allele fre-
quency of (001 (1), Results under both maod-
els demonstmted significanm evidence of linkage
o a segment of chromosome 1 2p, and no other
imterval vielded a logarithm (base 10) of the
odds ratio (lod scorc) greater than L5, Under
the strmngent model, the maximum multipomt
lod score was 4.4 lor linkage of CAD within
the 2.7-cM interval Nanked by loci rs2213177
and rs747726 (Figs. | and 2A; odds ratio
25,000:1 in favor of Iinkage). Results of linkage
under the conservative model were similar.
Linkage was confinmed by genotvping 11 highly
polymorphic di- and tetranucleotide repeat
markers this interval of 12p (Fig. 1) and vir-
tually indistinguishable resulls were obtained
when all markers were combined in the analvsis,
The abserved lod scores approximate the theo-

:

A

rs1073305
rs1989218
221177
re1 504584
s4TTH

rsTZE189
si72677

s

Lod Score

-2 =

cM from 12pter

Fig. 2. Mutation in LRPS cosegregates with early CAD and high LDL. (A)
Multipoint lod scores for linkage of early CAD and high LDL cholesterol to
12p. Multipoint lod scores for linkage of early CAD (solid line) or high LDL
cholesterol (dashed line} to proximal 12p are shown under the stringent
model of the trait locus (27). Lod scores were calculated with the use of all
chromosome 12 SNP data from Affymetrix 10K chips (27). SNPs tightly linked
to the location of the maximum lod score are indicated and the location of
LRPE is shown, The lod score peak occurs at zero recombination with marker
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retical maximum under the specified models. It
15 worth noting that the index case, who was the
offspring of allected first cousins, was homozy-
gous across this imterval, implying that he was
homozygous for the undedying discase-causing
mutation,

The lod-1 imerval spans only 730,000 base
pairs and contains only six annotated  genes:
ETV6, BOL2LI, LRPS, MANSCI, LOHI2CRI,
and DUSPIS (fig. S1) Among these, LRPA
(LDL receptor-related prowin 6) is noteworthy,
LEPA and its close paralog LRPS serve as co-
receptors with fieled proteins (members of the
G protein-coupled recepror family) for Wit
ligands (/2). Mice deficient for LRPS develop
hypercholesterolemia and impaired  glucose
tolerance on a high-fat dier (/3), and LDL
levels are markedly mereased on the apo-
lipoprotein E-deficient background (/4). In
addition, deficiency LRPS (n the
human and mouse) or LRPS (in the mouse)

for either

results in carly severe osteoporosis (15, fo)
This latter observation recalls the unexplaned

osteoporosis of the index case. Evaluation of

two  additional
aflected males with carlv hip fraclures (ages
48 and 68) and low bone density in the three
additional affected subjects studied: in contrast,

kindred members identified

bone density was nonmal in the one unaftected
subject studied (able S1)

These findings motivated lurther evaluation of
LAPA. Direct soquencmg of all exons and mtron-
cxon boundanes of LAPS m the mdex case
revealed a single vanant, a homozygous mutation
that mtroduces a missense substitution, Re11C
(Fig. 2B). R611 lies in an epidermal growth Gactor
(EGFy-like domain (fig. 82) and 5 conservad
among LRPG orthologs ranging from Xeropns 1o
human (Fig. 2C% it is also found in mammalian
LRP5, LRP2, and LRP3. This mutation precisely
cosgpregated with carly CAD i the Kindred, was
absent among 400 unrelated Tranin and 3600
LLS. Cavcasian control chromosomes, and is pre-
dicted 1o be delaenous by the PolyPhen and
Sift programs. Sequencing of the other five
genes n the lod-1 mierval wennlied no other
missense or splice sile mutations,

We next comsidered the impact ol this mu-
mtion on CAD nsk ctors. Analvsis revealed
complete hnkage of LRMgg e and high LDL,
with a lod score of 55 (Fig. 2A. odds of
316000:1 in Evor of linkage). The difference in
mean LDL levels between mutation camiers and
poncarmers is sienilicam (170 © 12 ma/dl versus
98 £ 5 mgidl, P =6 = 107" Table 1). Because
high LDL levels are found in all mutation camiers,
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r5958812 and the lod-1 interval spans 2.7 oM for both traits. (B) The DNA
sequence of a segment of LRPS exon 9 is shown from an unaffected kindred
member (left), a heterozygous mutation carrier (middle), and the homozygous
index case (right). A single base substitution (asterisk) changes the wild-type
cytidine to thymidine leading to substitution of cysteine for arginine at codon
611. (C) A portion of the amino acid sequence of the second EGF-like domain
of LRP& is shown from diverse vertebrate species. This segment is highly
conserved and arginine is completely conserved from Xenopus to human.
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Table 1. Comparison of phenotypes in carriers and noncarriers of LRPgsiac. Means + standard
deviation are shown for quantitative traits. All kindred members with measured values were
included for LDL, triglyceride, HDL, and BMI measurements. For blood pressure, fasting blood
glucose, and diabetes, results for subjects over age 40 are shown,

Trait LRPrgyyc carriers Noncarriers P value
LDOL {mg/dl) 170 = 12 98 £ 5 6 x 107°
Triglycerides (mg/dl} 209+ 71 68 = 20 110>
HOL (mg/dl) 57+8 567 0.4
BMI {kgfmz} 243+ 26 244+ 1.6 0.13
Systolic BP {(mmHg) 168 = 21 116 =5 8 x 10°°
Diastolic BP (mmHg) 100 = 14 8l =7 0.0025
Fasting blood glucose (mg/dl) 159 = 43 80 =3 0.001
Diabetes (yes/no) 11/4 /s 0.005

regardless of age, this tran can serve & a bio-
miarker of the mutation in subjects 00 young 1o
mamfest CAD. Sinilarly, LRPhgae imparts
significant effects on righeende levels, blood

pressung, asting blood glucose, and prevalence of

diabetes (Table 1), No significamt effects were
seen on HDL levels or body mass index. Finally,
all five mutation camers studied have low bone
densities, each with values expected in less than
12.5% of the population (7 < 0.001 ).

The functional significance of this LRPS muta-
tion was cxplorod by expression in NIH3T3 cells
{17y (Fiz. 3) In these cells, expression of LRPG
potemintes Wit signaling, assayed as LEF-]
mediated expression of luciferase. In the ab-
sence of added Wit 3a, LRPHgg e showed a
49% reduction of induced signaling compared
with that of wild-type LRPG6 (P < 0.01). The
addinon of low doses of Wit 3a also showed
markedly reduced signaling with LRPOgg e

(42% reduction, P < 107%). At high doses of

Wm 3a, however, Wit signaling through
LEPoggye does not differ significamtly  from
that of the wild type (7
tolal LEPO expression by Western blotiing and
cell surface expression measured by specific

binding 10 Dkk-1 demonstrate similar levels of

wild-type and mutant LRP6 (fig. 53, A and B).
These findings are consistent with an impaired
biochemical function of LRPOgg e

Our findings cstablish a causal link between
LRP6 mutation and carly CAD with high LDL,
high triglveendes, hyperiension, diabetes, and
low bone density. The evidence includes strong
a prior evidence of sceregaton of the discase as
an autosomal dominant trait in this kindred,
linkage of this trait and undedying risk factors
to a single small genomic interval, identification
of a single rare mutation in the linked interval
that alters a highly conserved amino acid, bio-
chemical evidence that the mutation impairs
function of the encoded prowin, and evidence
from mouse models that mutations in orthologs
and paralogs of the idemified gene conler sim-
ilar effects on risk factors, We anticipate that the
mutation we idemified is very e in the pop-
ulaton; w0 date we have found no other sug-
gestive mutations in LEPS among 400 unrelated
subjects with CAD. Nonctheless, as for other
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0.48). Measurement of

Mendehan forms of mponant medecal rans
including cardiovascular risk factors, newro-
degenerative discases, and pain perception,
among many others (18200 the findings from
this rare kindred may provide Key insight into
pathways that cause discase and that may be
manipulated for health benefit. These findings
motivate further investigation of the genes and
activity of this pathway to scarch for inherited or
acquired varation in Wit signaling in common
forms of CAD and metabolic syndrome.

The impact of the LRPS mutation on multiple
CAD risk factors is notable. Most mutation
camiers over age 45 meet entenia for e meta-
bolic syndrome. Alhough the observed effects on
these risk Betors are substantial, they are not
individually as larpe as those seen with many
previowsly defined Mendelian s, For example,
the mean LDL kevels among LRPS  mutation

camers are 170 mg/dl, versus a mean level of

about 300 mg/dl among carmiers ol heteroeygous
loss-ol-function mutations in the LDL receptor
(21). Similarly, the hyperiension and diabetes in
this family typically appear m middle age, at ages
that could easilv be mistaken for “garden variety™
forms of these risk factors. These observations
sugpest that it is the combined eftects of these nsk
factors that accoum for the wery high cardio-
vascular risk 10 mutation carmiers,

Because loss-of-function mutations in LRPS
(f2. 15) and LRPS (16) result in reduced bone
density, the osteoporosis among LRy car-
riers lends further support to the functional
significance of this mutation. Moreover, recent
epidemiologic swudics have found strong associ-
ation of osteoporosis and CAD (22). Our obser-
vations suggest that osteoporosis and CAD can
be pleiotmopic consequences of impaired Wit
signaling, raising the question of whether the
co-occumence of osteoporosis and CAD might
commonly idemify individuals with inherited or
acquired impainment in Wil signaling.

Our lindings underscore emerging evidence
implicating effects of alered Wit signaling on
cardiovasculor sk factors, Common  intronic
variants in the Wnt-responsive transcription ac-
tor TCFTL2 result in alered insulin seerction and
tvpe 11 diabetes mcllis (27). Similardy, rare
mutations in other Wnt-related  transcription

REPORTS
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Fig. 3. LRPéggyc impairs Wnt signaling. NIH3T3
cells were transfected with plasmids encoding wild-
type (WT) or mutant hemagglutinin-tagged LRP&
and Wnt reporter genes and incubated with indicated
concentrations of purified Wnt 3a protein followed
by an assay of Wnt signaling (LEF-1-dependent
expression of luciferase) (27). The results are shown
as mean and standard emor of the mean of
quadruplicate experiments. RLU, relative light units.

factors couse maturity onsct diabetes of vouth
(24, 25). The LRPasme mutation confers effects
not only on many risk fctos but on CAD
outcomes as well. The ubiquitous expression of
LRPA (26) supports the possibility of pleiotropic
clfects in diverse tssues. Further investigation of
Wit signaling in patients with carly CAD, meta-
bolic syndrome, and its components moy provide
new  insight o discase pathophysiology and
approaches o prevention of these disorders.
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Emulating Membrane Protein
Evolution by Rational Design
1.!1_

Mikaela Rapp,’* Susanna Seppild,’ Erik Granseth,™® Gunnar von Heijne

How do integral membrane proteins evolve in size and complexity? Using the small multidrug-
resistance protein EmrE from Escherichia coli as a model, we experimentally demonstrated that the
evolution of membrane proteins composed of two homologous but oppositely oriented domains
can occur in a small number of steps: An original dual-topolegy protein evelves, through a gene-

EmvE: has only a weak K+R bias (24), as would
be expected For a dual-topology protein, and it is
encoded by a singleton gene with no homologous
genes nearby on the chromosome, In contrast,
many genes encoding SMR proteins, in both
E. coli and other bacteria, appear as pairs on the
chromosome, and the two encoded proteins have
larze but opposite K+ R biasces and therefore likely
insert into the membrane with opposite orenta-
tions (J6) These lndings immediately suggest an
evolulionary scenano in which a singleton gene
encoding a dual-opology protein undergoes a

duplication event, to a heterodimer formed by two oppositely oriented monomers. This simple
evolutionary pathway can explain the frequent occurrence of membrane proteins with an internal
pseudo—two-fold symmetry axis in the plane of the membrane.

embrane protein evolution is often ac-
complished by gene-duplication and
gene-fusion events (/). and high-

resolution membrne protein struciures have dis-
closed an unanticipated number of cases where
homologous N- and C-terminal domains are
related by an approximate two-fold symmetry
axis either permpendicular o or in the plane of the
membrane. In the former case, each domain has
an even number of tmnsnembrane helices and
the o domains are oriented parmllel 1w cach
other in the membrane, whereas in the latter case
cach domain has an odd number of transmem-
brane helices and the two domains are antiparallel.
Representative examples of membrane proicins
with parallel domains are LacY (2). GIpT (3).
the Savises ABC transporter (4). AcrB (5).
EmrD (6), and the ADP/ATP carrier ( 7); among
membrane proieins with amiparallel domains are
LeuT (%), SecY (9), BiuCD (), AQP1 (11, GlpF
({2 AmiB (/3. the CIC HYCIT exchange
transporier (/4), and NhaA (/5)

A particularly notable mode of gene
duplication-based membrane protein evolution
was suggested recently by an analysis of proteins
in the small mulidug-resistance (SME) family
(40, The best=studied SMR protein 15 EmrE from
E eoli, an inper-membrane drog=clilux pump
with four tramsmembrane helices. Enek: likely has
a dual wopology with identical copies of the pro-
tein forming an antiparallel homodimer (or higher
oligomer) composed of Ny-Cyy and Ngg-Cou
monomers (6-200 although some data suggest a
parallel Niy-Cig dimer (24, 22). Membrane protein

YCenter for Biomembrane Research, Department of Biochem-
istry and Biophysics, Stockholm University, SE-106 91 Stock-
halm, Sweden. “Stockholm Bicinformatics Center, AlbaMova,
SE-104 91 Stockholm, Sweden.
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gene duplication, afier which the two resulting
profems become fixed i opposite onentations by
evolving opposite K+ R biascs. Possibly, oppo-
sitely orented proteins occasionally mutate back
to a dual wpology (25). In a final step. the two
oppositely ofented proteins may fuse inlo a single
polypeplide that folds inte an antiparalle] structure

topology is largely govemed by the positive-
inside rule (23)—ie., loops rich in Lys and Arg
residucs tend to orient toward the cvtoplasm.

A EmrE{wt) N EmrE(C,) EmrE(C..)
g N G /
Bl s o f -
Sl
B
Al a
. . | WTE‘L == .“

Normalized PhoA activity

Fig. 1. (A) Conversion of the wild-type (wt) dual-topology protein EmrE to two oppositely oriented
proteins, EmrE(C;,) and EmrE(C,,,). Black circles indicate positively charged residues present in
wild-type EmrE; white circles indicate positively charged residues added by mutagenesis. The
mutations in EmrE(C,) are R29G, R&2S, and S107K, and the mutations in EmrE(C,,} are T28R,
L8SR, and R106A. (B} Phof activities and GFP fluorescence levels for C-terminal Phof and GFP
fusions to the indicated EmrE mutants [normalized against the median PhoA activity or GFF
fluorescence of a large set of E coli inner-membrane protein PhoA and GFP fusions (26)]. High
Phof activity and low GFP fluorescence indicate a periplasmic localization of the C terminus,
whereas low PhoA activity and high GFP fluorescence indicate a cytoplasmic localization. Error bars
show standard errors in the mean value determinations.
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with a pscudo-two-fold symmetry axis in the
plane of the membrane (/6L

EmrE provides an ideal case to test this evo-
lutionary scenario. According to the dual-topology
model, two oppositely onented EmeE monomers
form the active homodimer. We reasoned that
mutants of EnrE designed to insert into the inner
membrane with & unique Nip-Ciy o8 Now-Cou
orentation should therefore be nonfunclional
when expressed alone but should complement
cach other when coexpressed, hence emulating
the proposed gene-duplication and topology-
evolution steps. In contrast, should the active
protein be a paralle] homodimer, as has been sug-
gested (27), molecules with MNig-Cip and Ngw-Con
onmentations would not be expected w com-
plement each other. Funher mutaton of [unction-
ally important residues in the Nig-Cyy or Now-Cou
mutant might allow the design of active hetero-
dimers incorporating single-site mutations  that
would mactivate wild-tvpe homodimene EmrE,
reflecting a wider scope for evolutionary fine-
tuning of oppositely orented heterodimers as com-
parcd with dual-topology homodimers.

To push Emel toward the Ng-Cy, and N,
Cou Oriemiations, we manipulated the K4R bias
(Fig. 1AL The oriemation in the inner membrane
of the various EmrE mutants was probed by mak-
ing C-terminal fusions to the topology reportors
green fluorescent protein (GFP) and alkaline
phosphatase (PhoA) (26). The different fusion
constructs all express to similar levels (fig. S1A),
and the GFP and PhoA activitics show that con-
struct EmrE(C, ) indeed has an N, -Cy, topology,
whereas construet EmirE(C ) adopis the opposite
onentaton (Fig. 1B

Expression of EmrE makes E colfi resistant to
high levels of ethidium bromide (EiBr) and other
cationic hydrophobic drugs (27). We found that
cells expressing wild-type EmrE (that was not
fused w GFP or PhoA) grow well in 0.25 mM
EiBr (Fig. 2A and fig. S1B), whereas cells trns-
formed with empty vector do not (see fig. 52 for
growth at different concentrations of EtBr and fig.
S3 for growth curves in 0.25 mM EiBr). The ex-
pression of EmrE(Cy,) and EnrE(C,,,,) individu-
allv (in single or double copy) docs not conler
resistance o EtBr. Notably, however, coexpres-
ston of EmrE(Cg, ) and EneE(C,,,) restores EiBr
resistance o the same level as seen with wild-
tvpe EmuE (Fig. 2A, green bar), strongly sug-
esting the formation of a functional, antiparallel
heterodimer.

The EtBr-resistance levels conferred by ex-
pression of the mutants that are imermediate
between wild-type EnwE and EmrE(Cy,) or
EmirEiC ) are also consistent with the proposed
evolutionary scenario (Fig. 2A). For cells ex-
pressing the two intermediates on the way 1o
EmrE(C ) EmrE(L*¥*—R*) (hercafier. LYSR)
and EmrE(L8SE, R106A) the growth rate
drops with the number of mutations, as ¢x-
pected. For cells expressing the imermediates
on the way o EmrE(Cyp ) EmrE(R29G) and
EmrE(R29G, RE2S)—the growth rate remains

www.sciencemag.org SCIENCE

close to that of wild-type EnrE and only with
the addition of the final mutation (S107K) in
EmrE{Cip) does the growth rate drop to near
zero, mimoring the GFP/PhoA lusion protein
results that indicate a mixed orentation of both
intermediates.

Although these results are in lull agreemem
with the proposed dual wpology of wild-type
EmiE, taking the activitics of the wild-type EnuE

A .

0Dy

e

REPORTS

CFP and PhoA fusions at face value suggests that
these fusions have a predominantly  Naw-Con
orientation (Fig. 1B). This prompted us to
mcasure growth mtes in the presence ol E1Br also
for cells expressing the GFP-reporter usions. In
comtrast 10 the results for the nonfused constructs,
cells expressing wild-tvpe EmrE-GFP grow less
well in EtBr than do cells expressing the O, in-
termediates EnrE(R29G)GEFP and EneE(R290,

Topology mutants
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Fig. 2. (A) Optical density at 600 nm (0ODgpg) after 4 hours of growth in 0.25 mM EtBr of cells
expressing the indicated EmrE mutants (not fused to GFP or PhoA). See Fig. 1 for color code. Green
bar, coexpressed EmrE(Cy,) + EmrE{C,). The dashed line indicates the ODggg of cells transformed
with empty pET Duet-1 vector (gray bar). Bars wt(1) and wt(2) show results for wild-type EmrE
cloned into the first and second multiple-cloning site in the vector. (B) ODgsq after 4 hours of
growth in 0.25 mM EtBr of cells expressing the indicated EmrE-GFP fusions. (C) OD g after 4 hours
of growth in 0.25 mM EtBr of cells expressing the indicated EmrE mutants (not fused to GFP or
PhoA). In all panels, error bars show standard errors in the mean value determinations.
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RE25FGFP: cells expressing EmrE(Ci FGFP do
not grow, as expecied (Fig. 2B). Among the Cyy
mtenmediates, EmrE(LSSR -GFP conters the same
level of EiBr resistance as wild-type Emel=-GEFP,
whenesas cells expressing EnwE(LS5R, R106A)-
GFP grow less well; those expressing EmirE(C o, -
GFP grow no better than background.

The simplest explanation for these growth
patterns s that the C-terminal GFP moicty causes
a shift oward more C,y orientation, which s
“corrected” by the Cy-promoting mutations
R2OG and RE2S, precisely as indicated by the
GFP and PhoA activity measurements in Fig. 1B,
It is not unexpected that C-terminal reporter fu-
sions, although normally highly reliable indicators
of Caenmunal onentation (28), can have a subile
elfiect on the onentation of finely balanced dual-
topology protems. Indewd, the same reasoning
might also explain the predominant Cy, orientation
seen lor an EnwE-Mye-His, construct with
reduced i vivo activity (22, i which positively
charged His and Lys residues m the C-temmuinal tag
may favor the G, topology but keave enough C,
onented protein 1o confer a cerain degree of drug
resistance.

A small number of residues are conserved
throughout the SMR family. To test whether such
residucs are required in both or only in one
subunit of the dimer, we focused on Gl in
EmvE, a residue intimately imvolved in the proton-
driven extrusion of substrate from the cell (29).
Glu" is totally conserved in all SMR proteins
with low K+R bias, but s replaced by Asp in a
small number of N, -C ., homologs that presum-
ably form active heterodimers (g, 54). Indeed,
cells coexpressing constructs EnrE(C,,/E14D)
and EmrE(Cy,) grow in EiBr at the same rate as
cells expressing wild-tvpe EmeE (Fig. 2C and
figs. 52 and 53). Cells coexpressing the alicrnate
combination EmrE(Cae) and EmrE(Cy E14D)

are also EtBr resistant but grow more slowly than
the first combination, possibly explaining why
,-"u-.p“ has so far only been found in Naw-Cap
onented EmrE homologs. As scen tor the homo-
dimeric EmE(E14D) mutant (29), cells coex-
pressing EmeE(Ci E14D) and EnwE(C,, /E14D)
do not grow in EtBr. Thus, Glu™ can be replaced
by Asp in one but not in both monomers in the
Emil dimer. Mutations in the EmilE(C,y,) or
EmilE Cyy) monomers that do not conserve the
negative charge at residue 14 (E14Q and E14C)
do not support growth in EtBr when coexpressed
with either EmrE(Cig) or EmirEiC o).

Our resulis show that an evolutionary path
connecting a dualopology protein o a pair of
oppositely onented homologs can be emulated by
rational protem design based on the positive-
mside rule, and that once a heterodimer of op-
positely onented subunits has appeared, additional
mutations that render the origimal dualtopology
protem nonfunctional can be selected inone of the
two monomers. With such a rweadily aceessible
evolutionary pathway available, it is no sumprise
that many membrane proteins show signs of
internal duplication and approximate two-lold
in-plane symmetry in their three-dimensional
SUUCIURes,
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Local Interactions Select for
Lower Pathogen Infectivity

Michael Boots® and Michael Mealor

Theory suggests that the current rapid increase in connectivity and consequential changes in the
structure of human, agricultural, and wildlife populations may select for parasite strains with
higher infectivity. We carried out a test of this spatial theory by experimentally altering individual
host movement rates in a model host/pathogen system by altering the viscosity of their
environment. In our microevolutionary selection experiments, the infectivity of the virus was, as
predicted by the theory, reduced in the most viscous populations. We therefore provide empirical
support for the theory that population structure affects the evolution of infectious organisms.

ecause of the importance of the evolution
B:hl' parasites and pathogens o0 human,

agriculural, and wildlife systems, there 1s
a well-developed theory that focuses on how
tansmission and increased monality due to in-
tection (virulence) may evolve (1), The classic
theory of parasite evolution shows that natural

2 MARCH 2007 VOL 315 SCIENCE

selection will act to maximize the epidemiological
basic reproductive number Ry the number of
secondary infections resulting from one infected
host in a naive host population (/-4). Clearly,
parasile mnsmission acls W mencase Ky, whercas
virulence acts o0 decrease it by neducing the
infectious period, One component of transmission

that may evolve in the parasite is the probability off
successfully infecting a susceptible host upon
contact (infectivity), In the absence of consiminis
on selection, we would predict that the parasite
wiould evolve maximal infectivity and zero vine
lence (/-4). This classic theory makes the
assumption that the host populations arc homo-
gencously mixed, and therefore cach susceptible
host has mn equal probability of being infected by
any infections individual within the population.
However, many natural host/pamsiie systems can
be characierized by both localized transmission,
where secondary infections are more frequent in
individuals neighbonng infected hosts, and patchy
host distributions, Theory that examines the im-
portance of local interactions (3-¥) has predicisd
that spatial structure in host populations can con-
strain the evolution of parmsite infectivity, When
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*To whom correspondence should be addressed. E-mail:
m.boots@sheffield.ac.uk

WWw.sciencemag.org



mteractions are predominamly local, highly infec-
tious strains fend to “self=shade” so that sus-
ceptibles are rapidly exploned bocally, causing
infectious individuals to be sumounded by other
infecteds. In contrast, strains with a lower infec-
tivity produce, is they spread, a structure within the
host population in which there s a higher local
proportion ol susceptible individuals next 1o in-
fecied oncs. In this way, stains with lower in-
fectivity gain an advaniage as stmins with high
infectivity pay the cost of surrounding themselves
with infected individuals (5-7). There is therefore
an optimal tmnsmission mte that balances mas-
imizing infectivity with the maximization of sus-
cepiible individuals i the vicinity of the infocted
ones, Neighbonng ifected individuals may also
tend o be mftected by the same strn or closely
related struns, and therefore local ineractions tend
W merease competition with offspring and Kin,
leading 1o different evolutionary outcomes ([0 3),

Up unul now, the study of parasite evolution
in spatially structured populations has pre-
dominantly been a theoretical exercise, That
said, there are some empircal host/parasite
systems in which differences in spatial structure

have been implicated as possible causes of

differences in parmsite charmctenstics. For exam-
ple, serial passage experiments frequently result in
incremsed parssite virulence (14, 15). One expla-
nation: for this s that cach passage involves
mixing the host population and disrupting any
spatial restrictions on transmission (3). Also,
there is some correlative evidence that parasites
with the capacity for long-distance dispersal
tend 1o possess a higher virulence than para-
sites transmitted over short distances (/6-18).
Evolutionary expenments with [ragmented pop-
ulations have also shown the importance of spatial

structure and extinctions 1o the evolution ol

pathogen life histories (/¥ However, we know
ol no manipuliive evolutionary ex periments that
alter the spatial structure within host populations
and examing the evolution of a parasite. Here we
present the resulis of a microcvolutionary selec-
tion experiment in which the infectivity of an
insect larval virus was examinad in replicated host
microcosns having environments with different
viscositics. The susceptible host individuals Tived
within therr food medium, and theretore the more
viscous environments led 1o lower individual
movement mics HIHJ, s COTEAUCTIOY, TR I'I.'K.d.l
interactions. We show that, a8 predicied by the
spatial theory, infectivity was indeed reduced inthe
more viscous populations, where there were more
local interactions and localized ransmissions,
Larvae of the phycitiid moth specics Plodla
interprumctelfo {( Plodia) are infeoed with a species-
specilic granulosis vinus (PIGY), The vins per-
sists in microcosms with Plodia and usually has
minor effects on the host population dynamics
{20-22), Natural infection occurs orally, with the
cannibalism of PiGV-infected host cadavers being
a magor oute of infection (23), The susceplible
larvac live within the food medium, and therefore
the movement of the larvae can be alicred by
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using [ood mediums of different viscosities, This
in wm changes the spatial structure of host
parasite populations, with the ligh mobility in
solt mediims allowing greater laval mixing as
individuals disperse across a larger pant of their
total environment, In contrast, larvae with lower
movement will end 1© encounter more of the
same indiv iduals and therefore PIGY transmission
will be more localized, We manipulated the vis-
cosity of the larval medium as described in the
methods in the supporing online material (SOM)
to ereate three levels of food viscosity: soft, in-
temmediate, and hard. We then measured the
movement rates of Plodia larvae within the three
food mediums, Increasing the viscosity of the
food caused a significant change i the distance
that the larvac moved (Fig. 1) [analysis of
varmnes (ANOVA) square root{distance) Fa g =
576, P < 0.01]. Pairwise compansons reveal that
movement in soll food was signilicantly faster
than in both intermediate and hard food, whercas
movement in intermediate food was fhster than in
the hard food (Fig. 1) Our manipulation of the
food medium therefore had the desired effea of
significantly altering the movement rates. How-
ever, our aim was also not 1o aftect the quality of
the food in any other way, In a second set of
experiments, we showed that the differem me-
diums did not afleet the individual perfommanece of
larvae, in terms of cither developmeont time
(ANOVA F; 177 = 023, = 0.79) or pupal weight
(ANOVA F 5y = 022, P = (LRD).

In order to test the theoretical predictions, we
camried out microcvolutionary  laboratory  ex-
periments in which the virus was maintained in
populations with different spatial structures, Hosy

a 10

Dispersal distance (cm)
]

|
- l
.
o : )
soft imermediale hard
Food viscosity

Fig. 1. Distance that larvae moved within the
different food mediums. Increasing the viscosity of
the food caused a significant change in the
dispersal distance of the larvae [ANOVA square
rootidistance) Fzgz = 57.6, P < 0,01]. Pairwise
comparison reveals that movement in soft food
(mean = 1 SE = 10.63 + 0.73 cm) was significantly
faster than in both intermediate (5.09 + 0.61 cm)
(t =6.42, P < 0.01) and hard food (2.8 + 0.26 cm)
{t = 1057, P < 0.01), and movement in inter-
mediate food was faster than in hard food (t =
3.36, P < 0.01).

REPORTS

parasitec microcosms were established (see
methods in SOM) and maintained on the oods
of three different viscosities for 40 wocks (about
cight host generations). They were then destruc-
tively sampled, and the infectivity of the extractad
viral panticles was assessed (SOM) by challenging
Plodia larvae from the onginal large outbred stock
population with vins extracted from cach of the
microcosms. Infectivity is casily determined by
recording the proportion of host individuals that
show infection after exposure, because in this
system there is no recovery from this overt infec-
tion and the infected larvae neither grow nor
nmeture, We can accurately estimate the concen-
trtion of the vinus solution with which the in-
dividuals are challenged and therefore calculate
the infectivity per vimus particle (SOM), With
infection occumng through cannibalism of in-
fected larvae within the microcosms, kirge num-
bers of virus particles are likely 10 be taken up, and
the nsk ol infection will be dependent on the
infectivity of the paricles themselves. This may
contrast with many other systems in which the
number of infective particles released into the en-
vironment is the major component ol transmis-
sion, and therefore productivity is mone imporant.
The theory would predict that reduced movement
and the consequent increase in local interactions
in the population would sclect o lower transmis-
sion itsell and therelore in our system may act on
individual virus infectivity.

A comparison of the average infectivity of
single virions within the three food madiums
revealed a clear effeet of food medium viscosity
(Fig. 2) [ANOVA log(infectivity), Fag = 11.83,

g ;

o
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sot  intermediate  hard

Fig. 2. Bioassay results indicating the infectiv-
ity of PiGV taken from Plodia populations fed
on soft, intermediate, and hard food. The mean
infectivity (calculated by dividing the percentage
of mortality within bioassays by the number of
virions present within the solution) of PiGY from
soft and intermediate populations was 0.00164
(+SE 0.000183) and 0.00185 (+0.000295),
which were both significantly greater than the
mean infectivity of 0.000518 (+£0.000117)
from hard food (soft/hard coefficient compari-
son, [ = 4.04, P < 0.01; intermediatethard, t =
4.37, P < 0.01) [ANOVA loglinfectivity), Fa6 =
11.83, P < 0.01].
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£ < 0.01). From Fig. 2 and from pairwise
contrasts, 1 s clear that the vinus in the hard food
microcosams was sclected o become less micctive
than the vius i the other food mediums. We
therefore have evidence for selection for lower
infectivity in populations with the lowest move-
ment rates, The infectivity of the vins in the sofl
and intermediate ood types remained at the level
ol the original stock virus (Fig. 2), which suggests
that although the virs in the hand food was
selected for lower infectivity, there was no change
in ¢ither the soft or the internmediate food me-
diums. Our soft treatment is the standard food
medium on which Pledia is rominely maintained
in the labomtory and is therefore the environment
that the onginal virus will have experienced. We
would not therefore have expected selection of the
virus in the solt food. The lack of response in
the intenmediate food may simply indicate that the
selection pressure was nol strong enough in this
trcatment. However, the theoretical work (3) 15
indicative of a nonlinear effea of local imeractions
on transmission, and the lack of a response at the
intermediate level supponts this. Overall we have
evidenee that the hard food medium reduced the
movement of the individual larvac. and the data
are consistent with the prediction that this change
in population structure selectad the onginal virus
for lower infectivity,

Spatial structure is often modeled with non-
modile host individuals regularly spaced on a
lattice and parasite tansmission as either com-
pletely local or completely global (f, 2). Clearly,
the spatial chametenstics of the Pladia popula-
tions are much more complex than the simple,
olten regular spatial populations that are assumed
in theordtical models (4-6) However, in our mi-
crocosms, resincting the movement of the larvae
does lead 10 more localized ransmission. YWe
would argue that the small number of hosts locally
available for infection causes self-shading by the
more infective strains and favors the evolution of
lower infectivity (/-3). The restriction in larval
movement also forces individuals 10 remain in
aggregations that are initially created in larnge pan
by females laving their cggs in baiches. Our
manipulation resulted in some changes in the

2 MARCH 2007 VOL 315 SCIENCE

population dyvnamics in the viscous populations
and may have had other effects that we have not
measured. However, we have shown that there
wis o elleat of our mampulation on mdividual
larvae apart from on their movement. It seems
unlikely that genetic drift or bottlenecks can ex-
plain the results, given the sizae of the wotal viral
population, Moth population slecs were some-
what Jower in the hard food microcosms, but
significant numbers of individual larvae were still
infected (SOM), and we found no evidence of
overall maladaptation in the virus from the hard
food, with no significant dilference in the concen-
trations of viuses extracied (SOM). Increased
local adaptation to related host individuals in the
more viscous populations, leading o increased
maladaptation to the stock host population, is also
unlikely because host reproduction is global. This
lasst point emphasizes the fact that our spatial ma-
nipulation is relatively subtle because only the
larval movement was manipulated while the
adults still mixed within the populations. We
would arpue that this is therefore a particulardy
imporant result because it shows that such a rela-
tively subtle change in mixing. within otherwise
highly mixed systems, can lead 0 measurable
changes in the evolution of parasites.

Our study shows how an experimental ap-
proach that changes the dispersal ability of in-
dividuals allows the empirical manipulation of
population structures within a homogenous en-
vironment, Because spatial structure is increas-
ingly recognized in theoretical models 10 be
crucial 1o evolutionary outcomes (24), there is a
pressing nead for more manipulative experiments
1o fest these predictions in other contexts. Given
that miost systems have an importam spatial come-
ponent and that many natural svsiems are more
“spatial” than the one we used. we would argue
that even more attention to population struciure in
evolutionary  studies is wamanted. In terms of
pathogens, processes (including  globalization)
that increase the conmectivity within host popula-
tions may alier the selection pressures on infoc-
tious onganisms. As populations become more
mixed, we might expect that not only will there be
an increase in the extent of discase outbreaks bt

also the potential emergence of more infective
strains of pamsitcs.
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Stepper Motor Controller

The PriorPCI2 High Speed Stepper Motor Controller features a new compact (175 mm by
106 mm) design, standard six-axis control of XY, focus, and three filter wheels, shutter
control for three shutters, and a 16-bit analog (0 to 10 V) output for piezo control. Other
significant upgrades include four transistor-transistor logic (TTL} inputfoutputs for com

plete TTL macro control of all axes. As with the original PriorPCl, the new device Teatures
encoder inpults for the high-precision stage and focus movements, microstepping resolu

tion down to 0.01 pm for XY and 0.002 pwm for focus, and compatibility with the complete

line of Prior microscope automation products.,
Prior Scientific For information B00-877-2234 www.prior.com

Cell Culture Flasks

MUNC Cell Culture Flasks are pre-coated with
either poly-D-lysine or collagen | to save time and
increase productivity in cell culture laboratories.
The uniform application of the surface treatments
facilitates reproducible cell culture performance
by enhancing cell attachment, growth, and differ-
entiation in serum-free and serum-containing
media. The Cell Culture Flasks have an angled
neck to enable easy access to the entire growth
surface with pipeltes or cell scrapers. The neck
also allows for complete drainage of the flask and
prevents the contents from splashing into the
neck when stacked horizontally. & unique closure
system allows for opening and closing the flask by
a one-third wm of the cap.

Thermo Fisher ScientificdNUNC

For information 800-446-2543 www.nuncbrand.com

Spectrophotometers

The Biowave Il+ and the Lightwave |+ ultravio-
letivisible spectrophotometers feature enhanced
3 nm bandwidth and the manufacturer’s novel
Gifford optics with no moving parts. The xenon
source combines high energy output and longer
lamp life. A large, wide-view graphical display
and integral menu-driven software make these
instruments easy to use and provide flash scan
capability, lixed wavelength, and kinetics and
concentration measurements, all with flexible
data manipulation options. Up to 90 methods
can be stored. Resulls can be printed to the
optional printer or exported lo a compuler via
USE or Bluetooth,

WPA For information +44 (0) 1223 873318
www.wpalid .co.uk

Gel System

The E-Gel CloneWell SYBR Safe gels and E-Gel
iBase Power System, when used together, allow
users to extract DNA bands of interest from gel

without additional purification steps, saving
time while maximizing the amount of DNA recov
ered, The gels feature two rows of wells; samples
are loaded into the top row and electrophoresis
carried out until the band of interest moves into
the bottom row, from which it can be retrieved
with a pipette. The power system has a buill-in
power supply and fits on the Safe Imager Blue-
Light Transilluminator so the user can safely
waltch the DNA bands migrate on the gel. DNA
recovered from CloneWell gels is compatible with
all common cloning methods.

Invitrogen For information B00-955-6288
www.invitrogen.com

Mass Spectrometry

Identification Tool

SimGlycan is an innovative glycan mass fin-
gerprinting tool that matches mass spectrom-
etry spectra data with its own comprehensive
fragmentation database to predict the struc-
ture of glycans. It makes use of a proprietary
search algorithm and generates a ranked list
of the most likely glycan structures. |t provides
complete information for each structure,
including glycan class, reaction, pathway, and
enzyme. The program is supported on Win-
dows 98/2000/ME/XP.

Premier Biosoft International For information
650-856-2703 www.PremierBiosoft.com

TIRF Microscope Illuminator

A new multicolor, multi-angle illuminator allows
simultaneous multi-channel laser total internal
refllectance fluorescence (TIRF) illumination. The
TIRF illuminator allows up to three discrete laser
lines to be used simultaneously for illumination,
each with its own critical angle. In TIRF, the
light's angle of incidence dictates how deeply
the evanescent wave penetrates into tissue, and
lasers of different wavelengths require varying

angles to operate at their peak. In comparison
with other TIRF systems, in which laser light of
various wavelengths passes through a single
fiber, necessitating switching lasers and adjust-
ing the critical angle to achieve maximum per-
formance, the Olympus illuminator makes use
of three separate fibers to maximize results, It is
easy to operate because the lasers are adjusted
once, al the beginning of the experiment, and
do not need to be adjusted again. The illumina-
tor allows more efficient TIRF ralio experiments
and faster measurement of rapid intracellular
processes because the only temporal limitation
on taking measurements is the 1-millisecond
time it takes to switch lasers on and off. The illu-
minator is compatible with a wide variety of
common gas and diode lasers.

Olympus America For information 800-455-8236
werw.olympusamerica.com/microsoopes

Literature

Precision Optical Filters for Fluorescence Micro-
scopy isa multi-media CD catalog of fluorescence
filter sets. It introduces QuantaMax, a line of
durable, stable, high signal-to-npise sets, as well
as a variely of new sets for fluorescent protein and
fluorescence resonance energy transfer applica-
tions. These new products complement an exten-
sive selection of dye-specific filter sets for all sin-
gle and multi-label microscopy applications.
Omega Optical For information 802-254-2690
werw.omegafilters.com

Newly offered instrumentation, apparatus, and laboratory
meaterials of interest 1o researchers in all disciplines in academic,
industrial, and government erganizations are featured in this
space. Emphasis is given to purpose, chief characteristics, and
availability of products and materials. Endorsement by Science
of ARAS of any products or materials mentioned is not implied.
Additional infarmation may be abtained from the manufacturer
or supplier by visiting www.science. abvelocity.com on the Web,
where you can request that the information be sent to you by
e-mail, fax, mail, or telephone.
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Science in Europe

EUROPE’S BRAIN GAIN

With major boosts in science funding, Europe hopes to become a
hot spot of innovative science and technology. By Gunjan Sinha

glimpse at the numbers and one can understand why Europe's

scientists migrate toward richer pastures. European countries spend

far less than the United States and some Asian countries on research

and development—widening the innovation gap. Two years ago, the
EU's statistical office Eurostat showed that government and industry invested
1.9 percent of gross domestic product (GDP) on research and development in
2004 —significantly less than Japan at 3.18 percent and the United
States at 2.66 percent.

The bad news, however, has instigated change. Late last
year, legislators firmed their commitment to the Lisbon
strategy of 2000, which set a goal to transform the EU into
a compelitive knowledge-based economy. The European
Councilapproved the 7" Framework Programme (FP7) —the
EU's chief instrument for funding science and technology
research from 2007 through 2013.

FP7 allocates €53 billion {currently €1 = $1.32) over seven
years to better integrate Europe's fractured research scene—a
40 percent increase over the previous program. While most money will go to
applied research projects, FP7 allocates more than €7 billion to another agency
for which scientists have fought hard: the European Research Council (ERC), an
agency akin to the US National Science Foundation. Run by scientists, the ERC
will dole out money solely for basic research.

FP7 is part of a suite of initiatives intended to spur innovation across Europe.,
Mot only is the European Parliament offering more money to scientists to
encourage them to collaborate, individual member countries are also expanding
their budgets. That means more grant money and fellowships will be available
to scientists in the near future.

Biotechnology is also gelting a boost. In some countries, new legislation

is making it easier for European companies to grow. In others, programs that The European Parliament
teach young scientists how to be entrepreneurs are expanding. The hope is that
within a decade not only will science drive innovation, but the continent will also has pledged mare money for

become a destination hot spot for the world's most talented scientists.
collaborative research projects,
EU's Push to Compete

Antonio Rothfuchs knows firsthand the challenges of working as a medical and individual member countries
scientist in Europe. He earned both his undergraduate and graduate degrees
al the Karolinska Institutet in Stockholm before landing at the US Mational are also boosting their budegets.

Institutes of Health for his postdoc in 2004,

Rothfuchs wanted to experience working abroad. But many young scientists
in Sweden face temporary unemployment after finishing their Ph.D.'s

“In Sweden there is a lot more competition for funds that cover, at best,
only part of your research costs,” Rothfuchs wrote in an essay published
in Euroscience News last year., After completing a postdoc, finding financial UPCOMING FEATURES
support to set up your own research lab is difficult, he says, even if you have
finished successfully. In the United States, the odds are greater that a scientist
will be able to launch his or her own lab, sometimes with startup money from Careers for Postdoc Scientists: Transferable Careers — April 20

Careers in Cancer Research — April &

a university. _ Biotech and Pharma — April 27
The problemisn't one of neglect but one of scale. Sweden,in continued »
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fact, leads Europe in R&D spending— the nation spent
3.74 percent of GDP in 2004, But with only 9@ million
citizens, Sweden is tiny. Consequently grants tend to
be much smaller. In 2006 the US National Institutes of
Health had a 528 billion budget — 80 times larger than
that of the Swedish Research Council,

Rothfuchs's experience is typical of many European
scientists. And while countries do support young
scientists or full professors with various special
grants, junior level scientists face sparse choices.
Permanent positions or grant money to transition from
warking under a supervisor o independent research
are scarce— many leave and don't return,

Europe Boosts Funding and Other Initiatives
By making more money available on top of what
governments already offer, the EU's new funding
schemehopestoatleast slowtheexit stream. Scientists
initially criticized FP7 because the proposed budget
falls €20 billion short of the amount anticipated. The
budget will, however, increase incrementally. By 2010
FP7 sets a goal to spend 2.6 percent of the EU’s GDP
on R&D projects. By 2013, FP7 calls to raise that value
to 3 percent. Taxpayers will contribute one-third of the
funds; the rest will come from businesses.

Most grants will go to applied research projects,
which are organized into categories. The largest,

“We would prefer

it if contract
decisions were
made based on
the quality of the
science and not
on the scientist’s
age or how long
they've been
working."”
—Birgit Miiller

European scientists. Obviously to reach that goal,
stronger countries will have to make up for weaker
ones, Some countries such as Germany, France, and
Britain, however, do stand out in this regard.

Germany

In 2006 the Deutsche Forschungs Gemeinshaft
(DFG) —Germany's primary research funding body—
increased its budget to €1.6 billion. The nation spent
2.5 percent of GDP on R&D, a figure comfortably
above the EU average of 1.9 percent, and the federal
governmenl pledged to boost R&D spending to 3
percent of GDP by 2010,

In 2005 DFG also implemented an initiative to
encourage German universities to compete for funds.
Called the Excellence Initiative, it dedicates €1.9
billion of DFG's budget from 2006 through 2011
toward programs to raise the international profile of
German science. These include: up to €1 million per
yvear for new graduate schools, €6.5 million yearly
for each of 30 “excellence clusters™ that increase
cooperation between universities and other research
centers, and money available to universities that
develop strategies to boost themselves to world-class
status. The federal government covers 75 percent of
the program and state governments cover Lhe rest
An accompanying “pacl for research and innovation”

“Cooperation,” gels €32.4 billion and addresses
information and communication technologies, health, and transport.
The “People” category, which includes the Marie Curie grants for
young scienlists, provides €48 billion for training, work abroad, and
luring expatriates back to Europe. *Capacities” contains some €4.1
billion for new research infrastructure such as radiation sources,
data banks, and telescopes.

The last category, “ldeas,” covers the ERC, a new agency that
funds basic research. The ERC additionally offers grants to support
scientists at different career stages. A European postdoc, for
example, can now apply for a Starting Independent Researcher grant
to launch his or her own lab. Applicants who are two to eight years
postdoctorate are eligible and the grants amount to up to €2 million
over five years —as many as 250 of these might be offered each year.
Grants will also be available to support advanced scientists and are
not restricted to European scientists. Researchers must, however,
conduct their research within the EU.

The ERC “is a greal thing,” comments Birgit Milller, a geoscientist
at Geophysical Institute, University of Karlsruhe in Germany, “In
most grant proposals you have to show the immediate application
of the research and most grants are for one to three years. In terms
of basic research, that is very short.”

But some are skeptical that the EU will achieve its investment
goals. While some countries such as Sweden and Finland already
spend more proportionally than the EU average on R&D, others
such as Bulgaria and Romania spend less than 0.5 percent. “I think
we will struggle as a union to reach 2.6 percent,” says Tony Mayer,
governing board member at Euroscience —an agency representing

1290
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guarantees 3 percent increases for Germany's
nonuniversity research institutes, including the Max Planck Society,
through 2010,

Changes are also under way to support the country’s mid-career
scientists. Under current regulations, scientists with temporary
posts at publicly funded institutions can only work a maximum
of 12 years in the public system. The rules were intended to
promote maobility. But with so few permanent positions available
and industry’s preference to hire young scientists who are more
trainable (Germans, who typically do not finish continued »

4 A
» EuropaBio
www.europabio.org

» European Research Council
erc.europa.eu

# Euroscience
WWW.BUrosCience.org

» Institute of Biotechnology at Cambridge
www.biot.cam.ac.uk

» Mational Institute of Allergy and Infectious Diseases
wwiw.niaid.nih.gov

# The Wellcome Trust
www.wellcome.ac.uk
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MINISTERIO

DE SAMIDAD Instituto

¥ CONSUMO de Salud
Carlos 1l

RESEARCH
PROGRAM LEADERS

The “Carlos lII" Institute of Health {ISC M) - the
public body responsible for promoting biomedical
and health -science research in Spain - has
positions available for Six Research Directors (o
direct programs in the following key research areas:

J Nanomedicine (Ref.:Mano)

J Epidemiology and Public Healthcare
(Ref..EPSP)

Jd Infectious Diseases of the Respiratory Syslem
(Ref.: EISR)

J Rare Diseases ( Ref.: ER)

 Stem Cell Biology (Ref:BCT)

d Cell Therapy (Ref..TC)

Responsibilities

Include the planning, development and initiation
of strategic lines of research and the direction and
coordinated management of research projects.

Successful
candidates

Will be experienced investigators accustomed to
taking on scientific challenges, leading teams
of researchers, and managing resources.

The ISC 11l offers

- An opportunity to join a prestigious institution
at a critical stage of its development.

d Integration into a highly qualified and
motivated team.

d Independence in research and management.
J € 60.000 gross per year

(basic + performance-related bonus).

J A human, economic and technical resource
infrastructure to support the establishment

of new research teams.

J Immediate incorporation.

Reqgquirements

A PhD in biomedical discipline,

An oulstanding scientific record, with proven
research experience in al leasl one of the areas
indentified above, verified by an excellent record of
publications in international scientific journals.

Social skills and experience in strategic
planning, resource management, leadership
and research training.

Excellent communication skills in English, both
spoken and written.

Complete terms and conditions of this
offer and instructions on how to apply
can be found at www.isciii.es
Closing date for the applications:
March 23, 2007.

Max Planck Institute
for Nt‘*umlugh'ul

Research

with Klaus-Joachim-Ziilch-Laboratories
of the Max Planck Society and the Faculty of Medicine
of the University of Cologne

Director Prof. Or. 0. Yves von Cramon

lllli\-’[‘l‘ﬁil}' ol {':nlngne

Medical Faculty
Dean Prof. Dr. Joachim Klosterkotter

The Max-Planck-Institute for
Neurological Research invites
applications for
a Group Leader position

Selbstandige Nachwuchsgruppe
der Max-Planck-Gesellschaft
(Independent Junior
Research Group)

The Max Planck Institute for Neurological Research and
the Medical Faculty of the University of Cologne has
opening for a Group Leader position, funding for a re
search group (Selbstindige Nachwuchsgruppe der
Max-Planck-Gesellschalt  /  Independent  Junior
Research Group) dedicated to neurological and oncolo
gical research, While there is no particular restriction
on the research area, there is the expectation that the
successful candidate has a particular expertise in mole
cular imaging.

Currently, the following technologzies / methods are
available at the Institute: human brain PET and MRT,
animal PET and animal MRT, optical imaging, auto-
radiography, electron microscopy, histology,
immunohistochemistry and invasive imaging /
neuromonitoring, In 2007, a combined human
brain PET-MR Svstem will be installed,

Cologne and its rich scientific environment in North
Rhine-Westphalia provide many opportunities of inter
actions with the University of Cologne and the
Universities in the region, including the teaching of
CIIrSeS,

The Group Leader position and funding is guaranteed
for live vears with the possibility of exiension,

The Max Planck Society and the University of Cologne
aim o increase the representation of women and there
fore explicitly encourage applications from lemale
seientists,

Deadline for applications is March 28, 2007, For further
details and the application procedure please visil
www.nl.mpg.de/careers.

MAX-PLANCK-GESELLSCHAFT



schooling until their early 30s, are at a disadvantage in this regard),
mid-level scientists are often left with little choice except to go
abroad, says Miiller. *We would prefer it if contract decisions were
made based on the quality of the science and not on the scientists
age or how long they've been working.”

France

Two years ago thousands of French scientists marched through the
streets of Paris to protest what many saw as a crisis. Even though
France already spends 2.16 percent of GDP on R&D, studies were
showing that both the quantity and quality of French research was
declining. Relative to other countries, France produces fewer new
patents and biotech startups. Put off by low wages and scarce lab
resources, young people were choosing other careers.

The French government responded by passing a package bill last
year that includes several measures to lure young people into labs
and to spur innovation. The research budget will grow from €19.9
billion in 2005 to €24 billion in 2010, Along with providing more
maney, the new law simplifies research management and empowers
a new National Research Agency (ANR) to grant funds for projects
based on merit reviews, a novelty in France. The proposed ANR
budget for 2007 is €1 billion.

With ANR grant money, researchers can allocate funds to employ
postdocs or technicians on temporary contracts and also to purchase
equipment and consumables. As such ANR's model departs from
traditional funding. To date most funds have been distributed via the
public research organizations (PROs), quasiautonomous institutes
with their own laboratories and permanent staff. These institutes
typically fund groups on a yearly basis, but there is little relation
between scientific results and funding.

The government also created a new Industrial Innovation Agency
with a budget of €1.7 billion through 2008. Its aim is to support
large-scale industrial R&D programs aimed at new technology-rich
products or services that target a significant market.

i )

Career Initiatives
sponsored by The Wellcome Trust

» Sir Henry Wellcome Postdoctoral Fellowships enable
newly qualified scientists to embark on independent
research careers.

» Flexible Travel Awards to enhance opportunities for
collaboration, mobility, and interdisciplinary training for
experienced scientists.

» Ph.D. programmes for clinicians to provide world-class
training for clinical academic researchers to complement
existing Research Training Fellowship support.

» Fellowships in Public Health and Tropical Medicine
supporting researchers from developing countries to
gain research experience and training relevant to health
in those countries.,

Y .
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Science in Europe

“The framework money is

forcing countries to come up

with matching money.”

-Tony Mayer

The United Kingdom
By contrast, the UK lags behind Germany and France. Public and
private sector investment in R&D hovers around 2 percent of GDP.

But the numbers don't account for funds available through
charitable trusts such as Wellcome and Cancer Research UK —two
foundations with annual budgets that together add another £1
billion.

After the Bill and Melinda Gates Foundation, The Wellcome
Trust is the second largest charitable trust in the world. It invests
85 percent of its annual budget in bioscience projects in the UK,
of which 20 percent goes toward fellowships. “You could pretty
much go from cradle to grave on Wellcome Trust Fellowships,” says
Sohaila Rastan, director of science funding. Because the trust is
independent, it can be flexible, Grants are available to scientists
without permanent positions and can run as long as seven years
{see the Career Initiatives box for a list of new fellowships). The key
criterion for winning a grant is excellence, says Rastan.

Money from charitable trusts, however, doesn't typically pay
for research infrastructure such as laboratory upgrades and new
equipment. In Europe, the primary source for facility upgrades and
new equipment—the type of resources likely to attract top-notch
scientists—is government money, In 2004, the British government
published a 10-year plan for science and innovation that calls to
boost science spending to 2.5 percent of GDP by 2014.

In a sense, “The framewark money is forcing countries to come
up with matching money,” says Mayer of Euroscience. “And that's
a good thing because the bulk of research investment is from the
member countries in the form of salaries, equipment, bricks and
maortar.”

Biotechnology

The same force that has held back European science has also
worked against European biotech—a lack of funds. While biotech
startups are able to access seed money through private sources
or government, many are unable to raise subsequent cash to
grow. A study by UK-based Critical Limited, a consulting company,
shows that while the number of biotech companies in Europe and
the United States is almost equal, European companies are much
smaller and have very few products in later stages. The industry
employs over 190,000 people in the United States. In Europe the
industry accounts for about 97,000 jobs. American companies also
spend three times more on R&D and receive almost three times more
venture capital funding. Two-thirds of European companies employ
20 or fewer people.

In terms of size and number of products, continued
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Max Planck Institute for
Marine Microbiology

Research Scientist Position(s)
in Marine Biogeochemistry

The Max Planck Institute for Marine Microbiology, Bremen, Germany, invites applications for
two scientist positions in our Biogeochemistry Group. The Biogeochemistry Group studies
geochemical and microbiological processes in marine sediments with emphasis on carbon,
sulfur, oxygen, and metal cycling. We are looking for highly motivated scientists with post-
doctoral expenence who demonstrate an interest in collaborative research, the participab-
on in ocean-going research cruises, and exposure to diversa research fields represented at
the Max Planck Institute for Marnne Microbiology, The successful candidates will be invited
to develop their own projects as well s join ongoing and planned multidisciplinary resaarch
projects at the institute.

Candidates for either position should have a relevant background in biology, geology or che-
mistry, preferably wath post-doctoral expenence in marine geochemistry, microbiology,
and/or stable isotope mass spectrometry. We are seeking to fill at least one of the positions
with a scientist who has experience in stable isotope mass spectrometry and its applicati-
ons to geochemical and/or microbiological problems.

We offer 2- to 3-year full-time appointments. The salary is according to the German system for
public employees (E 13 TVGD ). One position is available immediately and the other will beco-
me available in July 2007.

Further information can be obtained at www.mpi-bremen.de or from Dr. Timothy Ferdelman.

Applications should include & curriculum vitae, a list of publications, a description of future

research objectives, and a list of three references. Electronic applications will not be accep-
ted. Written applications are invited until April 13, 2007 and should be sent to:

L FNP

Foundation
for Polish Science

Homing
Programme

2nd Call for Proposals

The Foundation for Polish Science
invites  apphications from Ph.D.s
returning  from  an extended
scientific stay abroad. Homing
Programme is a X-year grant with
possible  extensions, awarded 1o
facilitate the return of voung rescarchers
to Poland, It consists of a stipend for
the laureate and a subvention [or
scientific project and international
cooperation

The closing date for applications is 30
April 2007

For further mformation and application

) . . . g forms visit: www.fnp.cu
Max Planck Institute Tor Marine 's||1~|'¢:||1:-|=:gx

Administration, Celsiusstr. 1, D-28359 Bremen, Germany The programme is cofunded through

the EEA Financial Mechanism

MAX-FLANCK-GESELLSCHAFT
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Grant for Postdoctoral | ||:
Positions in Sweden

The grant will enable researchers with
Swedish or non-Swedish doctorates
(PhDs or equivalent) to work at Swedish
higher education institutions or research
establishments. The programme will span
two years. Research areas: Natural Sciences,
Engineering Sciences, Humanities, Social
Sciences and Educational Sciences.

- Targeted Delivery of Nanomedicine -

MediTrans s a mullidisciplinary Integrated Progect dealing with largeted
nanomedicines. Within ils framework, plalform lechnologies will be developed
wilh broad applicabiily lowards disease trealment, as exemplified by the
choice for chronic nflammalory disorders (ke rheumaloid arhritis, Crohn's
disease and multiple sclerosis) and cancer as target pathologies. Novel and
rationally designed nanomedicines will be prepared by locading emerging,
candidate and established carrier systems (like fullerenes, polymeric micelles.
and lposomes, respectively) with different types of drugs. and by endowing
the agents with supenor targeting properies and oplimized (lriggerable)
release profiles. In paraliel, MRI probes will be developed that report on the in
vive localisation of the nanomedicines, on the kinetics of drug release and on
the efficacy of the intervention (mage-guided drug dedivery )

The MediTrans consorium consisls of 30 pariners from 9 EU member states
{including 1 new member stale) and 3 associaled states, and il comprises 13
ndustral companies, 11 universilies and 6 research institules. Its lolal budget

Application documents will be posted on is 16.1 ME, with 11 M€ as an EC contribution and 5.1 ME as induslrial supporl.

the website at the end of February. The
last application date is 29 March 2007.

The MediTrans project has clear polential lo forward targeled nanomedicines.
lo the clinke and i will conlribwde o an improved structural collaboration
balwesen industry and academia, The Department of Phammaceutics at Utrecht
Universily & involved in almost every work package of MediTrans, A is in
charge of WP1 (Manocamiar design; Prof. Wim Hennink) and i i responsible
for the overall co-ordination of the project (Prol. Genl Storm). For several work
packages and project lines of MediTrans, the Deparimenl is now recruiling
talented, motivaled and intemmationally orienled PhD studenis with a (bbo-)
\ ‘/, chemical, a (bio-) pharmaceutical, or a (bio-) medical background,
—

WWW.VT.5€

Interested and properly qualified candidates are invited to send their
application, including a CV, a letter of motivation, and the names and
contact details of two independent referees to Prof. Gert Storm,
Department of Pharmaceutics, PO Box B00B2, 3508 TE Utrecht, The

Vetenskapsradet Netherlands (Email: G.Storm@pharm. uw.nl].




“European biotech is about 10 years behind the US,"” says Adeline
Farrelly at EuropaBio.

Several governments have, however, launched initiatives to help
biotech companies grow faster and remain in business. In 2004,
for example, the French government adopted legislation that gives
startups a tax break. Any company that raises more than €5 million
through an IPO and spends more than 15 percent of its operating
costs on R&D is exempl from paying social security tax for employees
involved in R&D projects. The measure can save companies up to 20
percent in employee costs, which they can reinvest in the company.

Called Young Innovative Company Status (Y1C), the measure was
initially conceived by France Biotech—an umbrella organization
representing the industry in France —and the French Strategic Council
for Innovation. Other European countries are following France's lead.
Belgium adopted a YIC scheme in 2006; Sweden, Portugal, and
Hungary also are considering similar schemes.

France biotech has proposed other initiatives that would offer
shareholders who invest in small and medium sized enterprises tax-
breaks (see the Biotech Tax Breaks box for details).

Such incentives are steps in the right direction, says Christopher
Lowe, director of the Institute of Biotechnology at Cambridge
University. “Governments need to make sure that the regulatory and
financial climate is right Lo allow these developments to take place.”
Lowe points to the UK as an example, Forty percent of all publicly
traded European biotech companies have roots in the UK, making it
the clear leader in Europe's biotechnology scene. The closest rivals
are Germany and Swizerland at 11 percent each. Many companies

N
Biotech Tax Breaks

Young Innovative Listed Enterprise (YILE) status is a new
initiative proposed by France Biotech and the French
Strategic Council for Innovation to encourage public
investment in biotechnology. To qualify a company would
need to have raised more than €5 million via an IPO on
a regulated or managed European market; spend more
than 15 percent of its operating costs on R&D; employ less
than 250 employees; and have a turnover of less than €50
million or a balance sheet total of no more than €43 million.
I adopted by the French government, YILE companies will
be able to offer shareholders the following tax benefits for
the eight years following listing on market:

» full exemption from capital gains tax for direct or indirect
shareholders.

» full exemption from France's net wealth tax (ISF) for
shares held directly or indirectly.

» full exemption from inheritance tax for shares held

“In Britain, there’s a long
history of entrepreneurship.”

—Christopher Lowe

sprung up 10 years ago, says Lowe, when startups were especially
unconstrained by political policy.

Lowe also points to culture’s role in Britain's relative success.
“There's a long history of entrepreneurship here,” says Lowe, who
has experienced a similar spirit in Scandinavia. Many of Sweden's
universities, for example, have set up technology transfer divisions
to promote entrepreneurship. Last year Karolinska Institutet began
offering undergraduate courses in bio-entrepreneurship and plans
to expand the courses into a graduate program.

Integration Issues Still Loom

While the influx of cash will certainly improve the profile of European
science, it's not enough, says Helga Nowolny, vice-president of the
ERC. Despite the European Commission’s efforts to harmonize laws
among member countries, regulations still vary, Researchis fractured
and that holds back frontier science,

“Even if R&D funding goes up, there is no direct way to translate
this into more innovation,” she cautions. “"R&D policies don't stand
alone." Governments need tofacilitate, she says. To start, that means
working harder toward greater legislative harmony, especially in the
life sciences, and toward mobility-friendly pension systems and tax
incentives for business, for example.

These issues don't negate the need for funds, they only highlight
the need to nurture Europe's potential in other ways, Nowotny says.
Europe very well may become a scientific powerhouse in the future.
“We have some very good research institutions and much to offer in
terms of quality of life.” And many changes already under way reflect
steps in the right direction. Germany’s Excellence Initiative, which
promoles competition among universities to create elite institutions,
is a good example she says.

“| also see the ERC contributing with new opportunities to lure
European researchers back,” Nowoltny adds. “We have to transform
the brain-drain of scientists into ‘brain circulation” both within
Europe and beyond.”

directly or indirectly.

\. S

www.sciencecareers.org/businessfeatures

Gunjan Sinha is a freelance writer living in Berlin, Germany.

® Visit www.sciencecareers.org and plan to attend upcoming
meetings and job fairs that will help further your career.
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EMBL .

The European Molecular Biology Laboratory (EMBL) is an international research organisation with its
Headquarters Laboratory in Heidelberg, Germany and four additional Units in Hinxton (the European
Bioinformatics Institute, EBI), Grenoble, Hamburg, and Monterotondo. For our Outstation in
Monterotondo we are searching for a

Group Leader

Mouse Biology Unit at EMBL, Italy

The Group Leader will lead an independent research group in the EMBL Mouse

Biology Unit in Monterotondo, near Rome. We seek a dynamic, independent group

leader with an excellent track record and demonstrated experience or interest in

mouse genetics and physiology, and a desire to join a multidisciplinary environment.

We encourage applicants working on diverse questions in organismal biclogy with an

emphasis on models of human disease, using modern genetic and genomic

approaches, To apply, please email a
CV with a concise descrip-

EMBL offers a highly collaborative, uniguely international culture. It fosters top quality,  tion of current research

interdisciplinary research by promoting a vibrant environment consisting of young interests and future plans

independent research groups with access to outstanding graduate students and post-  as well as 2-3 recommen-

doctoral fellows. dation letters, guoting ref.
no. 3/06/173 in the subject

Further information on the position can be obtained from the Head of Mouse Biclogy line, to:

Unit, Nadia Rosenthal (rosenthal@embl.it). application@embl.de

EMBL is an inclusive, equal opportunity employer offering attractive conditions and
benefits appropriate to an international research organisation. www.embl.org

GRANTS

Call for Fellowship Applications

Templeton Research Fellows Program:
Philosophers and Physicists Collaboration
on the Nature of Quantum Reality
at
1Q0QI - The Institute for Quantum Optics
and Quantum Information
Austrian Academy of Sciences, Vienna, Austria

[S¥
o
o
o
2
v

Set up your laboratory
in Croatia, Czech Republic, Estonia,
Poland, Portugal or Turkey

EMEBO Installation Grants Program Director: Professor Anton Zeilinger

Theaim ':'{_ H_is E'I:K:hEﬂ'IE is .lI:I strengthen 5':.'_'3“':& Scientists and philosophers who have been engaged at the junction
in the participating countries. The grants will help of physics, philosophy, and religious studies are invited 1o apply for
sclentists to 'E!ma.te- set up their labs a".ﬂ rapidly a Hesidential Templeton Rescarch Fellowship in Vienna, Physicisis
-E.'Etﬂtﬂ|'5|'|_ﬂ reputation in the European scientific should have a strong philesophical background or inclination, and vice
community. versa. Applications will be considered as openings occur. The start of a
Award I}']In“r.ll.ip term is flexible 1o .|L'|.'u|1}|:|1n_1.l.:l.'.: 1|_1 ¢ |'.u|;u1:|. nt'!:lu.' il.ulu itll.l..:ll
- €50,000 annually for three to five years fellow. Applicants should send a full CV with publication list, 2 list

of scientific 1alks and conference contributions, and a recent photo,
together with a statement of specific research interests, and any relevam
accompanying material. The selection of Fellows wall be made by an

=+ Participation in EMBO Young Investigator
networking activities

Eligibility mternational and mult-disciplinany panel of judges.
= First-class scientific background and ) . ) .
publication recond For further information, please refer io:

http:www.igogi.atmews‘opportunities files/templeton_fellows, pdf

=+ Job offer in participating country at time of
application Please send application materials by e-mail or regular mail 1o the
Initial participating countries following address:
=+ Croatia -» Czech Republic = Estonia Templeton Research Fellows Program
= Poland - Portugal = Turkey Attn: Ms. Andrea Aglibut
Institute for Quantum Optics and Quantum Information
Application deadline: 15 April 2007 Austrian Academy of Scicnces

Boltemanngasse 3
A-1090 Vienna
Austria

wWwWw.em bﬂ.ﬂrgfsd ig e-mail: andrea.aglibutia ocaw.ac.at

M.BE. Applicants must apply jointly with
the receiving institute,
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We know science Raaas

Project Leader in Vascular
Biology

Who we are:

Al Roche, we believe passionalely in what we do, and thal
our products make a difference in people's lives. We are a
successful business that can ofler exciling career opportuni-
lies to you, both locally and internationally, in a supportive
and rewarding cullure. We know that our people are respon-
sible Tor our success and we value our employees, aiming la
creale a work environmenl where feeling valued, respected
and empowered is a daily experience.

Headquartered in Basel, Switzerland, Roche is one of the
world's leading research-lfocused healthcare groups in the
lields of pharmaceuticals and diagnostlics. As a supplier of
innovative products and services for the early detection,
prevention, diagnosis and treatment ol disease, the Group
contributes on a broad range of fronts o improving people’s
health and quality of lile. Roche is a world leader in diag-
noslics, the leading supplier of medicines for cancer and
transplantation and a markel leader in virology.

The Position:

You will lead a multidisciplinary team of technicians and associ-
ale scientists with a proven track record in drug discovery and
basic research. The Lleam’s mission is o identify and evaluate
polential drug targets in vascular inflammation, in the pursuit of
truly novel medicines lor atherosclerosis.

Who you are:

You have a PhD and/or MD and a strong background in
drug discovery, with at least live years' experience in phar-
maceutical research and significant experience in
atherothrombosis rescarch. Your area of expertise is physi-
ology/pharmaceology, with a strong background in animal
models of atherosclerosis. Successful research on mecha-
nisms of atherosclerotic lesion instability is documented by
your excellent publication record. Previous exposure Lo ther-
apeculic approaches using apolipoproteins or apolipoprotein
mimetics would be an advantage.

You should also have experience in working with high-pro-
file scientiflic leaders and be able o represent Roche at sci-
entific meetings and in academic and industry consortia.
Previous experience in working in cost-effective, cross-func-
tional, interdisciplinary groups in a matrix organisation and
the ability to work in a goal-oriented manner within strict
time constraints are additional pre-requisites for Lhis posi-
lion.

If you are interested in this position please apply online at:
http://careers.roche.com, Job 1D 3385 and attach full
supporting documentation (CV, diplomas).

[
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EUROPE

Friedrich-Miescher Institute

Applications are invited for internally funded PhD student
fellowships at the FMLin Basel, Switzerland. The FMI is_part
of the Novartis Research Foundation. Ouriresearch focuses
on epigenetics, growth control and neurobiology. We emplay
state-of-the-art technologies to explore basic molecular
mechanisms of ‘cells and organisms'in health and disease.

POSTDOCTORAL RESEARCH
FELLOWSHIPS

Ten Post-doctoral rescarch Fellowships for ltalian citizens
{ Ph.D. or M.D. ) are sponsored by the lalian Mimistry of Welfare/
Provincia di Benevento and are immediately available to perform
bio-medical research in the Institute for Cancer Geneties (1CG)
al Columbia University in New York, The 1CG provides a new,
outstanding environment in which to study molecular oncology.
The positions are funded to perform rescarch m the regulation of
cell evele and differentistion in normal cells and their alterations in
cancer of the nervous system, The ideal applicant should be highly
motivated and able o sustain a high-pressure environment. She'he
must have a strong publication record, have recognizable expenise
with molecular biology, cell biology, protein biochemistry and
transgenic models. Previous work with neural cell cultures will
receive high consideration. Candidates without the required
qualifications are discouraged 1o apply.

Applicants should send their curriculum vitae and the names and
addresses of three referenees wo:
Dr. Antonio lavarone

Institute for Cancer Genetics

Columbia University

1130 50, Nicholas Avenue, New York 10032
Phone: 212-851-5245. FAX: 212-851-5267
E-mail: ai2 102 columbia.cdu

Further information and application forms are available on:
www.provineia.benevento.it

OPPORTUNITY AT THE
UNIVERSITY OF GENEVA

In the context of the 2007 call for applications for
SNF professorships (comparable to assistant professors)
by the Swiss National Science
Foundation, the
Section of Basic Medical Sciences
of the Faculty of Medicine,

University of Geneva
wishes 1o recruit lwo new

SNF PROFESSORS

The Section of Basic Medical Sciences comprises more than 50 rescarch
teams active in genetics, developmental biology, neurosciences,
pathology, immunology, cellular physiology, metabolism, bioanfommatics.
http:/fwww.omedecine.unige.ch/recherche/ fr/seetions-instituts/
fondamentale.php

The selected candidates will be provided with generous laboratory
space. a salary for a research assistant, start up funds and will have full
access 0 all departmental equipment as well as to all core facilities of
the medical school.

Call for applications by the Swiss National Science Foundation can be
accessed on s Web site: http:fwww.salch/en/ fopawa'awa_pfs.asp

Imerested candidates should submit a dossier including a CV and a
summary of research mterests o) Prof. Jean-Dominique Vassalli,
Chairman. Basic Medical Sciences. CMU, 1 rue Michel-Servet,
CH- 1211 Genéve 4, Suisse.

Applications must be sent before Mareh 31, 2007,

Woumen are encouraged to upply. _ﬁg\\ UNIVER EITE
DE GENEVE

FACULTE DE MEDECINE




TECHNISCHE
UNIVERSITAT
MONCHEN

The Department of Chemistry at the Garching campus of the Techmische
Umniversitiit Miinchen invites applications for a

Professarship in the field of Protein Chemistry
(W2 tenure track).

The successful candidate s expected to work on fibrillar proteins, with a
focus on the analysis of the underlying structural and functional principles,
their assembly, pathogenic fibri] formation, or material properties. Candidates
are expected to have demonstrated excellence in research in one or several
of these arcas.

the Excellence Initiative of the federal government of Germany. The successiul
candidate will complement the research focus “Biological Chemistry™ of the
Department of Chemistry, A commitment to teaching (at least partly in Genman)
is essential, Promotion to tenure is possible afier a maximum of' 5 vears,

Preconditions for employment are successiul completion of academic studies
at an instituie of higher education, pedagogical aptitude, Ph.D./dociorabe and o
postdoctoral lecturing qualification or certification of an equivalent academic
schievement, which may have been obtained both in line with an Assistant
Professorship and outside a university environment, At the time of appoiniment,
applicants should not be older than 52 yvears. Under certain circumstances the
age limit may be lifted {see Ar. 10 Abs. 3 Satz 2 BayHSchPG).

In cases of equal chgibility, preferentsl consideration will be given 1o dhisabled
candidates,

The TUM is striving to increase the proportion of women in rescarch and
education and thus expressly invites qualified female scientists o apply for
this position,

Applications with the usual supporting information {curniculum vitae,
certificates, list of publications, indicating the five most relevant publications,
and a resume of planned research activities, etc.) should be submitted by 15
April 2007 to; Techmnische Universitit Minchen, Dekan der Fakultit fiir
Chemie, Lichtenbergstr. 4, 85747 Garching, Germany, and in parallel
clectronically to: w2proteinf ch.tum. de.

The professorship is associated with the newly established Clusier of
Excellence “Munich center for integrated protein science, CIPS-M" as panl of

GRADUATE PROGRAM

Wamimmei Cantun @ Comprrinet oo Bpmass

¢, Genetics Fuimii

International Doctoral Training Program

Frontiers in Genefics proposes an infernolional program for docloral trai-
ning suppoared by the Swiss Mational Science Foundation. The pragram is
bosed of the University of Geneva but includes participating members ot
the Universities of Lausanne, Zurich and Basel, ot the Swiss Federal Institules
of Technology in Lousonne ond Zurich, ot the Swiss Institute for Experimental
Concer Research (Lousorne) ond the Friedrich Miescher Institule (Basel).
The program occepts students lowards a PhD degree starting in October
2007 and provides o strang background in molecular genetic, genomic
and profesmic uppmchas?m the study of modemn biclogical problems.
We ore seeking outstonding condidates with o degree in biological or phy-
sical sciences ond o commilment fo o coreer in research. The students
selected will receive stipends for four years, subject to completion of all
program requiraments.
Applicants should download and send the application form, o letter descri-
bing their interasts, bockground ond research experence, an official
transcript of their university curriculum with gredes, and contact information
of 3 persons who con supply letters of recommendation, to:
Dr Caroline Loemmli, NCCR Executive Officer
Mational Center of Competence in Research Frontiers in Genefics
30, Quai Ernest-Ansermet
CH - 1211 Geneva 4, Switzerland

The application deodline is April 30, 2007 for admission in Fall 2007,

Application form and odditional informafion an:
www.frontiers-in-genetics.org

Parficipating members: Stylianos E. Antonarakis, Silvia Arber, Konrod
Basler, Denis Duboule, Suson Gaosser, Marie Gomez, Emst Holen, Pedro
Herrera, Frongois Korch, Ulrich K. Loemmli, Joochim Lingner, Serge Nef,
lvan Rodriguez, Ariel Ruiz | Alloba, Botond Rosko, Ueli Schibler, David
Shore, Pierre Spierer, Frongoise Siutz, Bernord Thorens, Didier Trone, Jean-
Dominigue Vossalli, Walter Wahli.

P taha N The Ruhr University Bochum invites applications for

& ;31& .".' the positions of
ju y I
AL p

««*  three Directors (W3)
of the Interdisciplinary Centre
for Advanced Materials
Simulation (ICAMS)

in combination with Professorships in the areas of

Micromechanical modelling of macroscopic material behaviour:
The main focus of this depariment is modelling materal behaviour at
the macroscopic scale. Continuum methods are extended and combi-
ned with atomistic and masoscale concapls. A proven track record in
research on mesoscale processes such as dislocation dynamics, tex-
ure evolution, microstructural damage accumulation and fracture
mechanics is expected.

Scale-bridging thermodynamic and kinetic simulations at the
mesoscopic scale: This department covers the mesoscale with spe-
cial emphasis placed on microstructura, phase transformations, preci-
pitation processes and interface dominated material propedies, Simu-
lation tools include statistical mechanics, Monte Carlo simulations and
phase field modalling.

Simulation of material behaviour at the atomistic scale: The re-
search objective of this department is the description of fundamental
material properias, thermodynamic quantities and surface reactions at
the atomistic scale. A strong focus on coupling atomistic level simula-
tions to mesoscale materials properties is expected. Phenomena such
as defect properties and microstructural evolution are in the focus of
interest. Knowladge in the areas of DFT, empirical potentials and MD
andfor the development of empirical potentials is requirad.

For all three positions (starting date: January 2008) proven track records
in bridging length and time scales and the willingness to collaborate
with the other two groups and with industry are expected. ICAMS is a
newly founded interdisciplinary institute for modalling and simulation of
advanced enginearing materials including soft matter. ICAMS aims at
predicting the macroscopic behaviour of enginearing materials from
atomistic properties and microstructure with the intention to provide
tools allowing improved and accelerated development of new materi-
als. ICAMS is funded and financed by leading German companies, the
Federal State of MNorth-Rhine Westfalia and the Ruhr University
Bochum. ICAMS is designed lo be a strong mullidisciplinary centre
consisting of three endowed chairs (encompassing several positions
for rasearch assistants and PhD students) and three associated advan-
ced study groups which link ICAMS-activities with existing thecretical
and axperimental experise. ICAMS' mission is to astablish naw ra-
search and educational programmaes in the area of materials simulation,
combining expertise from natural sciences, mathematics and enginee-
ring. ICAMS will have strong interactions with the material scientists at
the Ruhr University Bochum, with leading institules in materials re-
search and with industry. ICAMS will also educate a new generation of
materials engineers trained in advanced materials simulation techmni-
ques. We seeck candidates with an outstanding international reputati-
an, the ability to lead an institute and to collaborate with industry, expe-
rience in the acquisition of research funds and in teaching at the uni-
versity level. The Ruhr University Bochum is committed to equal oppor-
tunity in employment and gender equality in its working environment.
To increase equal gender distribution in all job categories and at all
levels, we strongly encourage applications from qualified women.
Femala applicants will be given preferential consideration when thair
level of gualification, competence and professional achievemenis
equals that of male candidates, unless arguments based on the per-
sonal background of a male co-applicant prevail. Applications from
appropriately qualified handicapped persons are also encouraged.

Applications, including a curriculum vitag, a list of publications and a
statemeant of research interests and plans, should be sent by April 137,
2007 to: Dr. E. Weiler, Rector of the Ruhr University Bochum, con-
cerning ICAMS, Ruhr-Universitit Bochum, D-44780 Bochum.
Potential candidates will be invited to participate in a scientific collo-
quium on 15%-17" of May 2007.
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C r e a CATALAN INSTITUTION FOR RESEARCH AND ADVANCED STUDIES

Insttheoid Catalana de Recerca | Estudis Avancats

Senior Research Positions 2007

Junior — Academia Research Contracts 2007

ICREA announces the opening of 23 senior research positions in different
fields,

Minimum requirements are a Ph.D. degree obtained before May 2003,
preferably with four vears of imternational exposure at the docioral
andior post-doctoral level. However, only those eandidates with an
outstanding research record and excellent leadership capabilities
will be considercd.

Successful applicants will have a permanent contract with ICREA
and will work at waiversities, rescarch centres and other cooperating
institutions in Catalonia. Salaries will be in line with those paid at Catalan
universitics.

ICREA research professors will be subject to an evaluation of research
progress and general performance afler a three-year penod, and
subsequently every five years. A positive evaluation will lead o a salary
INcrease.

For further details visit www. icrea ey,

Applications and deadline

ICREA announces the opening of 1.5 junior — academia research contracts
m different ficlds,

Minimum requirements are a Ph.D. degree obtained before May 2005,
preferably with two vears of international exposure at the doctoral and/or
post-doctoral level. Applicants should be around 34 years old at the time of
therr application, although consideration will be given to older condidotes
in special circumslances.

Successful applicants will have a five-vear contract with ICRE A and will
work al universities, research centres and other cooperating institutions in
Catatonia. Salaries will be at the level of a first-year professor {(Professor
Titdlar) m the Catalan public university system.,

ICREA researchers will be evaluated after thewr contracts have been
effect for four years, Researchers whose performance 15 outstanding may
b eligible for a permanent ICREA senior position at the end of their five-
vear contract, The number of such positions will be limited.

For further details visit wwwhicrea ey

Applications for both calls must be submitted electronically via ICREA’s website www.icrea.eu. The website provides all the information needed to

apply. Deadlines: Senior Call = 20 April 2007 - Junior - Academia Call

27 Apnl 2007.

*ICREA is a foundation jointly sponsered by the Ministry of Innovation, Universities and Enterprises of the Govermment of Catalonia { Ceneralitar o
Caterfinvar) and by the Catalan Rescarch and Innovation Foundation. ICREA’s main goal 15 w0 support high-level research in Catalonia by creating new

rescarch positions.,

MEETINGS

s ,J Vizier

Irduseetal platform

1" Industrial and Scientific Meeting of the European

Project VIZIER
27 April 2007 — Marseille, France.

VIZIER MEETING

Viruses, crystal structures, and drug-design

PRIZES

BODOSSAKI FOUNDATION

PRIZEANNOUNCEMENT
2008

For the year 2008, the Bodossaki

The Evwropean integrated project VIZIER (for Comparative Structural Genomics of
Viral Engyvmes Involved in Replication) involves 23 European laboratories and
targets = 200 RNA viruses genomes i order to determine three-dimensional structures
of protems invalved i their replication. These enzymes are high priority targels lor
the development of new antiviral compounds. RNA viruses are a major health
concern: they are responsible for the majority of viral diseases (Hepattis, Dengue,
Flu, Measles... ), and potential bio-terrorism agents. The VIZIER project Federates
complementary scientilic specialtics encompassing bioinformatics, virology, genomics,
protein engingering, crystallography, biochemistry, and medicinal chemistry,

The audience of the “special event™ on Friday 27 April will leam about progress made
during the lirst two vears of VIZIER. Epidemiological aspects of emerging diseases
will be debated in the perspective of viruses and vectors adaptation to climatic and
way of life changes. The VIZIER scientists will describe the last struetural genomics
results. The industry will present recent advances in the development of antiviral
compounds. Some “success storics” involving VIZIER results will be detailed (SARS,
Chikungunya, Wesi-Nile and Dengue, Caliciviruses).

For more information on the VIZIER project, including list of partners, and list of
invited speakers, please sce: WWW.Vizier-europe.org

Foundation has decuded o award four

i4) prizes. of 22,000 Euros each, 1o

scientists of up o 40 years old, of Greek

nationality. parentage or descent. in the

lollowing Hields:

i1y Mathematics

i2) Theories, Methods and
Technigues, of Bivnedical
Applications of Informatics and
Telecommunications

i3} Economucs/Poltical Scence

4y Targeted Drug Development

For further information please contact:

The Bodoessaki Foundation
23A, Vassilissis Sofias Avenue
(rE-106 74 Athens
tel:+30 210,322 2042
Fax:+30.210.3237971
e-mail:katerina@bodossaki.gr

www.hodossaki.er




e NATIONAL INSTITUTES OF HEALTH

DIRECTOR, PSI STRUCTURAL GENOMICS KNOWLEDGEBASE
National Institute of General Medical Sciences (NIGMS)

NIGMS issecking an individual to serve as the Director of the PSI Structural Genomics Know ledgebase (SG-KB), a key component of the Protein Structure Initia-
tive (PSI). The PSI is a natiomal research program in the emerging field of structural genomics. The long-range goal of the PSI is to make the three-dimensional
atonic-level structures of most proteins casily oblainable from knowledge of their corresponding DNA sequences. The PSISG-KB will serve as a headguarters
for scientific data and knowledge generated by the PSI-funded centers, so that they may be widely available to the scientific community, Information about the
PSI may be found at: hitp:/www.nigms b, gov/ Initiatives PSLhim,

Requirements: The position will be a pari-time temporary assignment for up 1o two years, with the possibility of an extension for up to iwo additional years,
Individuals at an aceredited U.S. public or private college or university, or technical institution of higher leaming are eligible o apply. Students and employees
from foreign universities are not eligible for consideration.. Individuals detailed 1o the NIGMS remain emplovees of the ouiside organization, and may only serve
in an advisory or consultative capacity.

Candidates must have a Ph.D. or equivalent degree in a field relevam to the position. The ideal candidate will have scientific knowledge and rescarch experience
in one or more of the following fields: molecular biophysics, structural biology, genomics, biomformatics, and computational biology. In addition, candidates
should possess experience m broad networking mteractions and collaborations in the above research fields, a proven track record in directing and 'or managing a
large scientific database or larnge research project, as well as sirong leadership ability and e ffective commumcation skalls,

How to Apply: To be considered for this position, send 1o the e-mail address below a CV, bibliography, and avision stalement (not 1o exceed three pages) that
presents vour views on how o maximize the usefulness and impaci of the Knowledgebase for the greater biological commumnity.

NIGMSCV fmmail.nih.gov

Applications must be received by the closing date: March 30, 2007, The National Institutes of Health inspires public confidence in our science by maintain-
ing high ethical principles. Individuals detailed 1o NIH are subject to Federal govemnment-wide regulations and statutes, as well as agency-specific regulations
described an hup://ethics.od.nih.gov. We encourage you to review this information. You may contact Kimberly Allen with questions regarding this announcement

on 301-594-2755.

{\Q}}I;lllﬁ:"

Department of Health and Human Services
Mational Institutes of Health
MNational Cancer Institute

The Center for Cancer Research (ECR), Mational Cancer Institute
(NCI), National Institutes of Health (NIH). is seeking applicants for an
available Stafl’ Scientist position.

The selected individual will provide senior seientific support for Drs.
Carol Clayberger and Alan Krensky on studies related to the regulation
ofexpression of the chemokine RANTES (Mol Cell Biol, 2007; 27:253-
66; J Clin Invest. 2002;110:119-26; ] Biol Chem. 2002;277:30055-65;
Imimunity, 1999:10:93-103). The successful candidate will have a
doctoral degree with at least five years experience post degree. Candi-
date must have astrong back ground in molecular biology with training
in trnseriptional regulation and epigenectics.  Experience with animal
maodels and/or immunology is preferred. Al applicams should submit
a letter indicating their mterest; a statement of research interests; cur-
rent curriculum vitae and complete bibliography; and the names and
addresses of five references (include email addresses) by March 30,
2007.

Applications should be sent w: neicerjobsiamailnih.gov. Please
indicate “Clayberger Stafl Scientist™ in the subject line.

vy

Staff Scientist (Core Laboratory)

The National Institute of Allergy mnd Infectious Diseases (NIAID), a major research
component of the NIH and the Department of Health and Human Services, is recruiling
for a Stall’ Scientist (Core Laboratory) in the Bacterial Toxins and Thempeutics
Section, Laboratory of Bacterial Diseases (LBO) The LBD has an active program in
hasicresearch secking (o understand genetic and biochemical mechanisms underlving
microbial pathogenesis. The rescarch has the long term goal of developing vaccines
and therapeutics for bacterial infections, Currently, a principal focus is anthrax,

Responsihilities of the positon nclude: 1) demonstrate detailed knowledge of the
genetics and physiological behavior of Bacillus anthracis, 2) develop genetic tools for
alteration of bacterial genes and siudy of gene expression, 3) study the role of toxins,
capsule, and proteases in the vinulence of B. anthracis, 4) develop procedures for the
safe siudy of highly virulest bacterial agems in BL3 laboratory conditions, and 3)
instruct and supervise others in safe operation of BL3 laboratores.

The successful individual will ideally possess an M.D. or Ph.D. degree and have proven
experience with genstic manipulation of B, anthmcis. Furthermore, the individeal
should have the ability and prior ex perience in working with highly infectious agents
under BL3 contumment conditions. Individuals selected for this pesition must undergo
background checks and be certified io work with Category A Select Agenis and will
receive vaceination for anthrax and other agents.

Salary is commensurate with research experience and accomplishments.

Please send CV/Bibliography, selecied reprints, and names of three relerences 1o Ms.
Patricia Vasilatos, Bldg. 33, Room 1 W10A, 33 North Drive, MSC 3202, Bethesda,
MD 20892-3202. Applicalions musi be received by April 2, 2007

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS




University of California Davis,
School of Medicine

:I!I{I IIIH.‘

Shriners Hospitals for Children

Northern California

Postdoctoral F(:llnw:i]'lip D;wnings

The Institute for Pediatric Regenerative Medicine
(IPRM]}, a collaborative initiative of The University of
Calitornia Davis School of Medicine and Shriners
Hospitals for Children Northern Calitornia, is recruit-

':ng;J'nr |1w-ld+ wroral fellows in the laboratories of:

Paul KI‘IHCPHL’R Ph.D. This opening is fora fellow o
study genetic and epigenetic regulation of murine and
human ES cells. Postdocroral fellows will have the
opportunity o obrain experience and training in
molecular genetics, transgenic technology, genomics,
and ES cell biology. Candidates should have experi-
ence and publications in developmental and stem cell

biology, biochemistry, and/or molecular biology.

Wenbin Deng, Ph.D. The fellow will study molecu
lar mechanisms of nervous system development and
disease. Emphasis is on signaling mechanisms of
neuronal and glial cell death, excitoroxic, oxidative and
inflammarory forms of injury to the developing brain,
stem cell biology and regenerative medicine. Candi-
dates will have the opportunity to obrtain experience
and rraining in animal models of human disease,
neural culture techniques, and biochemical/molecular

.:II'IL‘I g Ii'l'l]'ltl-]i Ii:il..'.:l] I'I.1L'IiE'Il.'lt|.h.

Candidates must have a Ph.D) and/or M.D. Candi-
dates should forward a lewer to the appropriate Pl
describing their research, current interests, curriculum
vitae, reprints of 3 publications, names and addresses
of ar least 3 references to: Human Resources, cfo Paul
KnoepHer, 'h.D. or Wenbin Deng, Ph.D. (depending
on lab of interest), 2425 Swockron Blvd., Sacramento,
CA 95817 or tax (916) 453-2388. The positions will
remain open until hlled.

rsity of California Da
Shriners | lospitals for ( hildren are

EOL/Drug Free Workplace

MASSACHUSETTS GENERAL HOSPITAL
HARVARD STEM CELL INSTITUTE

The Center for Regenerative Medicine (CRM) at Massachu-
setts General Hospital invites applications for a tenure-track
assistant professor position. Outstanding scientists in the field ol
xlu:l'ln;ll |.'riLI|u':_':. whio hay ¢ [|'|1,' L||.'|E'|11|5.\L|';|Iw.|;|hi |1'l}. [EN] L||:~. \'Jlli'l
astrong independent rescarch program will be considered. Suc-
cesslul candidateis)y will be members ol the Harvard Stem
Cell Institute and faculty of Harvard University. Candidates
must hold a PhD and/or MD and have a history of innovative,
interactive rescarch, Women and minoriy candidates are urped
o apply.

Applicants should send an electronic copy of (1) letter ofimterest
{2y research plan and (3) current curriculum vitae 1o Dr. David
Scadden ¢/o Chris Shambaugh: cpaskeria partners.org.
Three letters of recommendation should also be semt directly
L0
Center for Regenerative Medicine Search Committee
Attention: Chris Shambauzh
Massachusetts General Hospital
185 Cambridge St.
CPZEN 4265A
Boston, MA 02114

VICE T ix am Egeeal Oppartanitv/Affrmative Action Enplover

CHAIR OF GENETICS

The Albert Einstein Collegie of Medicing inviles applications and nominations for Lhe
position of Profestor and Chair of the Dept of Molecular Genetics. Founded in 1964
as the first Department of Genetics in a medical sdhool, it currently comprises 8
primary and 10 cross-appointed fculty using genetic strategies to study humans,
mice, yeast, flies, and worms,

With the opening in late 2007 of the new 200,000 square (oot Center for Genetic and
Translational Medicing, the distinguished scientist selected Lo be the Loz and Saul
Kramer Chair of Genetics will have the opportunity o recruit several new faculty
immediately and to guide the development of a program that emphasizes both
human genetics and model organisms. The Department hosts specialized facilities for
VAT ||'|i..'ru;|'rr.;1:r experments, genolvpang cell culture, DNA Sequendeng, arl
genome imaging (FISHAKY) We seek an oulstanding scientist with broad
cxperience for appointment as full professor with tenure o the Lois and Ssul Kramer
endowed Chair,

Eenstein offiers an extremely interactive environment with numerous, well-equipped
core facilities subsidized by the College ihttpztwww.aecom.yuedwhomesharedasp).
There are currently 750 medical students, 325 graduate students, and 360
postdoctoral fellows in traiming. A new strategic plan, recently developed by the Dean
and faculty of Emslen, calls for the growth and development of culling-edge
technologhes focused on selected human diseases, with Genelics as a major emphasis.
The diversity of the populations served by the College of Medicine in the Brong and
its hospital afiliates throughout New York City provides extraordinary opportumnities
for an imaginative and commilted leader to enhance the well-being of the human
condition through genomic research

Interested applicants should send a letter of interest and C.V. in electronic format toc
Dr. Pamela Stanley, Chair, Geneties Search Committee, Albert Einstein College of
Medicine, Jack and Pearl Resnick Campus, 1300 Morris Park Avenue, 312 Beller.
Bronx, New York, 10461, Tel: (T18) 430-3346, E-mail: stanley@secom. ywedu,

We partfcularly welcorne applicants who will odd diversify
fo aur acadenic feadership and faculty, Equal Opportunity Emploger.

>, ALBERT EINSTEIN
: COLLEGE OF MEDICINE

Advancing science, building careers
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College of Biological Science

13 Tenure Track Positions

The College of Biological Science is the largest unified bioscience institution in Canada and comprises over 90 facully
including nine Canada Research Chairs, 3.000 graduate and undargraduale students, and with an annual external
research income in excess of $32M. The College has recently taken occupation of a $144M, 390,000 sq ft Science
Complex, with cutstanding facilities for research and teaching including an Advanced Analysis Centre for proteomics,
genomics and bioimaging. Exceptional stale-of-the-science faciliies are available for experimentation in controlled envi-
ronments invalving plants (Phyiotron), aquatic organisms (Aqualab) and aquatic mesocosms (Limnotron). An animal
wing, part of the Univeristy's Animal Care Facilly, that is suitable for acute and chronic housing of rodents is sirategically
located within the Human Health and Nutritional Science Department. As part of a strategic plan to maintain the College
at the forefront of life science, we are seeking to recruit outstanding individuals to a series of targeted, tenure-track posi-
tions at the Assistant Professor level. Successful applicants will be expecied to establish a strong, independent research
program imvolving innovative approaches and contribute to wider, interdisciplinary research goals. The College takes pride
in the excellence of its students, and applicants should be able to articulale a commitment to the highest standards of
pedagogy and will be expected to participate in undergraduale and graduate education, Candidales must have a PhD,
preferably with postdoctoral experience, a strong record of publications in peer-reviewed journals, and ideally some expe-
rience in undergraduate/graduate teaching. Furiher details on specific positions can be obtained by contacting the indi-
viduals indicated next to each area. Visil our websile at http:/fwww.uoguelph.calchs/

Human Health, Nutrition,
Physiology and Biomechanics

(five positions):

Candidates are sought with proven
experience in nutrition, biomechanics
and physiclogy and applications to
human health. Three positions are in
association with a new Guelph-
Humber program in nufrition, fitness
and health. The biomechanist must
be able to combine biomechanics/bio-
engineering principles and anatomy
to address chronic health issues.

The physiclogist needs a sirong
understanding of systemic cardiopul-
moanary physiclogy as well as nutrition
and exercise interactions. The nuln-
tionist will be required to integrate
nutritional sciences with lifestyle and
physical aclivily topics and to have a
good knowledge of nutraceuticals and
functional faods.

The College is also looking for candi-
dates for two additional positions; one
in the area of nutragenomics as it
pertains lo human health. The second
position is for a physiologist with
interest areas thal compliment those
of the Department of Human Health
and Mutritional Sciences (cardiovas-
cular, neural, skeletal muscle, meta-
bolic physiology). Contact Dr. Terry
Graham, email terrygra@uoguelph.ca

Comparative Animal Physiology
We seek individuals with a back-
ground in comparative physiology and
with expertise in developmental biology
or neurophysiology. The position will
enhance existing strengths in environ-
mental physiology, comparative bio-
chemistry, endocrinology, neuroen-
docrinology and biomechanics with a
strong focus on aquatic organisms,
Contact Dr. Don Stevens, email
dstevens@uoguelph.ca

Functional Genomics

We seek individuals with expertise in
inlegraling broad gene andior prolein
expression data sets to understanding
complex processes of physiological
regulation and evolutionary adapta-
tions in animals. Opportunities exist
to collaborate with a large group of
comparative animal physiology, ecology
and evolutionary biology researchers
with a strong focus on aquatic organ-
isms. Contact Dr. Patricia Wright,
email patwrighi@uoguelph.ca

Evolutionary Biology

We seek individuals with expertise in
evolutionary biology, particularly those
that use theoretical and modeling
approaches, which complement our
existing strengths in evolutionary
ecology, evolutionary genetics and
molecular systematics. Opportunities
exist to participate in new graduate
teaching and research initiatives in
bioinformatics, biodiversity, and
applied evolution. Contact Dr. Moira
Ferguson, email
mmfergus@uoguelph.ca

Co-evolutionary Ecology

We seek individuals with a research
focus on interactions, dynamics and
reciprocal co-evolution among
species in ecological communities.
We are parlicularly interested in nowvel
applications of co-evolution, such as
emerging problems in the evolution of
infectious disease, pests, pathogens
andfor non-native species as well as
the ability to span multiple levels of
organization. Contact Dr. John
Fryxell, emai jfryxell@uoguelph.ca

Ecosystem Ecology

We seek individuals that investigate
coupled biclogical-physical processes
in natural or human-influenced sys-
tems and who can link their research
in ecosystem ecology to our existing
strengths in physiological, population
and communify ecology. The suc-
cessful candidate will use modem
analytical technigues in combination
with field approaches lo investigate
the functioning of ecosystems, the
responses of ecosystems to changing
environments and climale change,
ecosystem consequences of biodiver-
sity, and biogeochemical cycling.
Contact Dr. Denis Lynn, email
ddr@uoguelph.ca

Cellular Microbiology

We seek a candidate of exceptional
promise who will apply contemporary
integraled approaches in micrabiology
and cellular biclogy to investigate the
interactions between microorganisms
and eukaryolic host cells. Applications
will be considered from individuals
asking leading edge biological questions
in any system involving bacteria,
eukaryotic microorganisms or viruses.
Contact Dr. C. Whitfield,

email cwhitie@uoguelph.ca

Prokaryotic or Eukaryotic
Developmental Biology

We seek a candidate of exceptional
promise who will apply conlemporary
approaches fo address leading edge
biological questions in developmental
biology. Applications will be consid-
ered from individuals investigating
any biological system including those
studying microbes, plants or animals.
Contact Dr. C. Whitfield,

email cwhitfe@uoguelph.ca

NIVERSITY
[ngGU_ELPH

CHANGING LIVES
IMPROVING LIFE

Structural Biology-Electron
Microscopy

We seek a candidate of exceptional
promise who will exploit cryo-electron
microscopy and aliied structural bickogy
approaches lo investigate leading
edge biological questions_Applications
will be considered from individuals
investigating any important prokaryotic
or eukaryofic system.

Contact Dr. C. Whitfield,

email cwhitfie@uoguelph.ca

Applicants should submit three coples
of their curriculum vitae, including the
names of three referees, and a letter

of application to the
Dean's Office,

College of Biological Science,
University of Guelph,
Guelph, ON, Canada N1G 2W1

Committees will be looking a
applications from March 31st
General enquiries can be made to the
Dean, Professor Michael Emes

email ph.ca

bel. 519-824-4120 ext. 56102,

All qualified candidates are encour-
aged lo apply; however, Canadians
and permanent residents will be given
priority

The University of Guelph is commit-
led to an employment equily program
that includes special measures to
achieve diversity among its faculty
and staff. We therefore particulary
encourage applications from qualified
aboriginal Canadians, persons with
disabilities, members of visible
minorities and women. All appoint-
ments will be subject to financial
approval by the University.




MounT snal | STATISTICAL GENETICS/GENETIC EPIDEMIOLOGY

SCHOOL OF
MEDICIMNE

TENURE TRACK POSITIONS

The Deparmment of Generies and Genomie Sciences ar The Moune Sinai School
of Medicine of Mew York University secks oursmanding applicants for several
tenure-track faculty positions in stanstical generics and generic epidemiology as an
."l.""l\r.l.lﬂ.. .'\.N"\mldTL' [} ]:lI” 11114L"‘"‘"\||. :';'I.ILﬂ,k"‘""-tl.ll L'.I[ILI[L]:ITt"‘- I|'|-'I|| JOMNE OOT P
Cenrer for Smristical Generics and Genetic Epidemiology which was creared o
complement and collaborare with Mounr Sinai’s serong research programs in the
genetics of complex traits in cancer, cardiovascular, metabolic, neurodegenerative,
and psychiarric disorders, Ourstanding opportunities are available for basic and

[ |]['It\.ii|. I'L"-L'alli'l'l b ] ‘|'|'I.'|.E s ]".II'I'II.J|"'EIT11 110 L'.IlLLiI[II"'I'Iill ACTIVITICS.

Faculty positions include comperitive salaryffringe  beneties, gencrous startup
Rl L.I.'-,_'\', and n'm.c“-.'nr n.-tru'u.--"l.ll\w'.lru Y space arud CONP LT facilities. i{:luL and
salary are commensurate with experience and research accomplishments.
Applicants should forward their curriculum vitae, starement of present and future

research plans, letrer of interest, and two to three references to: Robert ], Desnick,
PhDd, MD, Department of Genetics and Genomic Sciences, Mount Sinai School
of Medicine, Fifth Avenuve at 100th Street, New York, NY 10029-6574.
E-mail: robert.desnick@mssm.edu. Mount Sinai is an equal opportunity employer.,

Dean of the School of
Science and Engineering

SUNY New Paltz, a comprehensive,
selective and diverse public college,
secks applicants for the position of
Dean of the School of Science and
Engincenng. For detils on the posi-

tioat, please sce www.anewpaltzeduw'hr,

The review of applicants will begin on
March 12, 2007 and wall contimue untl
the position is filled. Please note the
scarch number PO6-24 on all materials
related o your candidacy. Send, via
c-mail. a letter of applicaton, current
vita, and the names and addresses of
three references (o be contacted with
the candidate’™s  permission) o

human_resources@ new paltz.edu.

SUNY New Paliz is an AVEOQEADA enmpliver

Top 100 Hospital expanding in Central Texas

o
Endowed Chair in Pediatric Research

Scott & White Health System
Texas A&M System Health Science Center College of Medicine

The Children's Hospital at Scott & White and The Texas AEM System Health Science
Center College of Medicine are seeking a nabonaly recogrired research scientst as the frst
helder of the Josephine Balard Endowed Chasr in pediairic research. Applicants should be
accomplished investigators (Ph.D.. MD. or MDJPh.D.) a1 he assocate or professor level with
current federal grants and a proven track record in basic, clinical, andior iransiational reseanch
The successhd candidale wil join an expanding faculty wilhen a lirge academse healthcare
system. The chasr holder wil play a crfcal role in direcling and expanding research acivilies in
poackatric diseass, in dote collaborabon with imesigalors in local, nabonal and niemafonal
expenis in cal biclogy. genomics and prolesmics.

The Chidren's Hospital a1 Scoll & While sarves a larpe dinical base throughout Ceniral Texas
There are oubstanding dinical practice and lboralory Bdlfies on campirs thal perform stale of
the art molecular and cellular bigiogy techniques, flow cylomelry, proleomics and gEnomics as
well as biostalistical supporl services. Animal laborglory faclities include areas fo perform
medical and surgical procedures. Laboratory space and an appropriate star-up package for the
char holder will be provided. The Scol & While Healthcare sysiem is one of the langest mulfi-
spedally integrated defivery systems in the nalion. Scoll & White is the primary clinical and
hespital teaching campus for the College of Medidne. Academic appoiniments at e asscciale
and professor level through the College of Mediine ane commensurale with qualfications and
Expefience

Interested candidates should send a copy of thesr cumiculum witse, betler addressing fher
quakfications and a list of 3 ndiiduals who can provide references 0. Don P. Wilson, M.D.,
Chair, Search Committee for Josephine Ballard Centennial Chair in Pediatric Research;
Chairman, Department of Pediatrics, 2401 South 318t Streel, Temple, Texas TES08, 254-
T24-4363, fax 254-724-1938, email; dwilsoni@swmail sw.org.
Scoff & While is a0 equal opporfinaly employer  For move ilormation
; rogarding Scoff & Whie and The Taos ASM System Healh Scence Canler
The J College of Medicing, plaase g onfor wiwwwtamu, o andl www. 5w o
c h?ld ren's s
Hospital “ HuaLti Sciuncn CUNTER
Coainas oF MEBiCiNE

Wl RCOTY & WiTE

FACULTY POSITIONS
Cancer Biology and Epigenomics Program (CBEP)
Children's Memorial Research Center (CMRC)
Children's Memorial Hospital
and Northwestern University
Chicago, IL

Applications are solicited for two Assistant Professor level positions
in the CBEP at CMRC, with start dates in the SpringSummer and
Fall'Winter of 2007, We seck Ph.D. and M.DUPh.D. candidates with
outstanding graduate and post-doctoral training, a potential 1o attmct
extemal funding, and a commitment (o develop an interactive rescarch
program. New laboratory space and state of the art equipment are in
place. Start up packages will be generous and sueeessful applicants
will be eligible for tenure-track Faculty positions in the Department
of Pediatrics, Feinberg School of Medicine, Northwestern University,
Candidates with research imerests in these topics will be considered:
cancer development and metastasis, tumor heterogeneity and drug
resistance, genomic instability, tumor-microcnvironment signaling,
high-throughput identification of germline and somatic mutations,
and integrated analyses of cancer-"omics”. For further details see
http://www.childrensmre.orgfcancer_geneties!.

Please send curricefum vitae, a statement of rescarch interests,
contact information of three referees, and .pdf files of most relevant
publications to: Ms, Lara Hess [lhess@ childrensmemorialorg],
Sentor Administrative Assistant, Cancer Biology and Epigenomics
Program, CMRC, 2430 N Halsted Street, Chicago, IL60614. USA.

Review ol appheations will continue until positions are hlled.

Narthwestera Universite is an Affirnsanive Action/Equel
Choportunity Emplover, Hiring s contingent upon eligibilite o
wark in the Unired States. Women and minovine candidates are

stromgly encouraged 1o apply.




| We are investing in the
future of cancer research -

Come Join Us!

Earle A. Chiles Research Institute
Robert W. Franz Cancer Research Center
Providence Cancer Center

Portland, Oregon
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Set in the beautiful Pacific Northwest, nestled belween
the Oregon Coast and ML Hood, stands Portland's
Earle A. Chiles Research Institute and Providence
Cancer Center. Our unigue setting in a community-
based academic center fosters collaboration belween
our oulstanding laboratory and clinical investigators.
Combined with our access to large numbers of cancer
patients, this creates an ideal translational research
environment. Our emphasis lies in moving discoveries
irom the laboratory bench to the patient’s bedside.

With a proven track record in the field ofimmunotherapy,
this group of NIH-funded investigators has done
groundbreaking work in tumor immunology. Laboratory
and clinical translations have included work with
cancer vaccines, adoplive immunotherapy, defining

the biology of immune reconstitution during
vaccination, novel cytokine-based therapy, and the

use of immunomaodulatory antibadies in patients with
melanoma, breast, lung and prostate cancer. If yvou would
like an opportunity to develop your own basic science
ideas, with a focus on moving them from the laboratory
to the patient, we would like to hear from you.

We have the following research opportunities available:

= Established laboratory investigators

s Clinical investigators interested in collaborating with
laboratory investigators

* Scientists looking for first independent position

For more information or o submil a resume or
CV, please call our director, Walter |, Urba, at
503-215-6259 or cmail Walter.Urba® providence.org,

http://providencecareers.org/PS37

Faculty members with laboratory-based programs include:
= Bernard A. Fox, PhD

Generation and effector mechanisms of anti-tumor T cells
* Hong-Ming Hu, PhD

Presentation of lumaor antigens and immune

escape mechanism
* Edwin B. Walker, PhD

Immunological monitoring; memory T cell

regulation in cancer
* Andrew D. Weinberg, PhD

Immunomaodulation with OX40 agonists

Faculty members with clinical-based research programs
focused on melanoma, gastrointestinal malignancies,
genitourinary malignancies, and lung cancer include:

= Waller J. Urba, MD, PhD

= Brencan D. Curli, MD

+ Todd Crocenzi, MD

Our new building, which will open in early 2008, will
evenlually triple the size of our research facility. There
will be state-of-the-art facilities for preclinical tumor
models, basic science research, human immunological
monitoring, and an infrastructure to pedorm all phases of
clinical research.

PROVIDENCE

Health & Services

1h & Sevvicos B Equal Oppourity Emigaloa




Oy UNIVERSITY OF

HEALTH SOUTH FLORIDA

http'www.health.usf.edu + 12901 Bruce B. Downs Blvd, MDC 02 - Tampa, FL 33612

Associate Dean for Graduate and Postdoctoral Affairs
University of South Florida - Health College of Medicine

University of South Florida Health invites nominations and applications for the positon of an Associate Dean for
Graduage and Possdoctoral Studies, College of Medicme. University of South Flonida s the third lanpest university in the
soantheast and among the top 200 largest in the naton with over 42000 students. The Camegie Foundation mnks LUSF in
the top tier of nutional research universities, generting mone thon 53 10 mallion sy m extromunal funding
Reporting to the Vice Dean for Rescarch, Graduste ond Postdoctoral Affairs, the Associate Deon has full
asdministrative and Mscal responsibality for the successful operation of the verows components of the graduste
program. In addition, the Associate Dean provides leadership with respect 1o the vision of gradumte education
within the Collepe/School through shared academic governance. is responsi ble for idenifying and recommending
institutional responses o new trends in higher education and posidoctoral raining and is charged with the
development of pew program mitiatives that seek 1o expand graduate student access and enrollment and increase
e number of postdocionl rminees,

Minimum qualifications include an eamed dociorate in one of the biomedical schences from an accrediied
institution and five vears experience at the Associate Professor level or higher, Preferred qualifications and
expenence are: expenence with stregic planning and the development and promotion of gradume and ceraficale
programs in the biomedical science: academic experience ai the Full Professor level: and a distinguished record
of scholarly activity, continuous extramural funding. and requisite icaching experience i a medical/grmduate
curriculum, A record of sustined sccomplishmems, evidence of lesdership in hes/her field and o demonstrated
commilment 0 graduate education and posidoctoral raining is also desired. & is the ability to promote and
function successfully in an environment of collaborative collegiabity and diversaty and a knowledge of trends and
issues challenging higher education,

Applications, nominations and letters of interest should be e-mailed by June |, 2007 1 Ms. Vanessa Ayer
(vayer@health.usfedu). The review of muterials will begin mmediately and will continue umil the position is
filled. For more information about this position and the application process, please visit this website:
htt e research.health.us Ceduw/employment himl

USF Health is committed to increasing its diversity and will give individual consideration to qualified applicants
for this position with experience in ethnically diverse settings, who possess varied language skills, or who have
o record of research issues that supportbene fit diverse communities o teaching a diverse student population. The
University of Souwth Florida is an Equal Opporunity / Allirmative Action / Equal Access Instiition. For disability
accommodations, contact Vanessa Ayer 8 1 3.974-8349 within 5 davs of an event. According to Florida law, search
reconds, including apphcations and search commitlee meetngs, ane open 1o the public,

VCU

Virginia Commonwealth University

= L &S = = ol | | g |
SENIOR ASSOCIATE DEAN FOR RESEARCH
School of Engineering
Virginia Commonwealth University seeks o senior associate dean for research i its School of Engineening
and invites applications/nominations for this position. The School of Engineering was founded in 199 and
stands a5 a remarkable example of publicprivate partnership. The School currently comprises five
depantments - biomedical engincering, chemical and life science engineering, computer science, clectrical
and computer enginecermg. and mechanical engineening. lis current enrollment s 1100 undergraduate and
200 graduate students with a faculty of 45,
The Position: Reporting o the dean of the School of Engineenng, the senior associate dean will be
resporsible for providing vison and leadership in achieving the School's obpectives for substantial growth m
the sire and scope of sponsored research. Over the next seven years, the School will menease its undergraduat:
enmliment by 0%, its graduate enrollment by 505, and its faculty by 100%, The semor associale dean for
research will develop and implement programs to enable the School to increase its annual extemal research
funding from 55 million 1o 520 million over the sune period. Working with the dean and faculty the semior
associate dean for research will assistin the recruitment and retention of outstanding junior faculty and senior
faculty capable of achieving this ohjective, The Schoal’s strategic plan places particular emphiasis on growth
of basic and applied research redated to clinical medicine. The senior associate deam for research will work
closely with his/her counterparts in the VOU Schools of Medicine, Dentistry, and Pharmacy o develop
proposals for magor grants in this arca. The senior associate dean will be a member of the senior leadership
teaan for the School and Universaty and will represent the School i all matters related o its research mission.
Qualifications: An eamed doctorate in engimeering or a related discipline is required. The successful
candidate will have demonstrated moanagement and leadership accomplishments in o progression of faculty
and wiministrative mbes and demonstrted sucoess in leading mterdiseiplinary teams on majgor projects. She/he
will have estahlished an outstanding record of weaching and externally-funded research sufficient for o tenured
appointment in one of the School s academic departments. Strong skills in written and oral commumiction
are essential. Experience in an industrian] research and develope setting is highly desirable.
Application/Nominations: Applicants should submit a statement of interest and curnculum vitae along
with four references to: Chair, Senior Associate Dean of Research Search Committee, Virginia
Commonwealth University, School of Engineering, 601 West Main Street, PO, Box 343068,
Richmond, Virginia 23284, Letters of nomination may be mailed o the same address, The search will
continue until the position is filled.

VCL is an Egual-Opportnity Affirmative Action Emplover,
Wormen, minoritics and persons with disabilities are sirongly encowraged 1o apply.

e _
@ Weill Comnell Medical College

Faculty Positions in
Theoretical Neuroscience

The Institute for Computational Biomedi-
cine at the Weill Cornell Medical College
iManhattan campus} invites applications
for tenure-track Faculty positions at
the Assistant Professor level or higher.
Appheants should have a broad range of
achievements in theoretical approaches to
svatems biology, with a strong emphasis
on neuroscience. He'she will be expected
to build an exciting, first-rate research
program, to participate in the training of
graduate students and postdoctoral fel-
lows, and to mteract with a thriving, and
rapidly growmg, group of theornists and
expenmentalists, working at all levels of
svstems biology - molecular, cellular, muln-
cellular and behaviomal.

Junior Fellow Positions in
Theoretical Neuroscience

The Institute for Computational Biomed-
cine also invites applications for Junior
Fellow positions. These are targeted for
young scientsts of outstanding promase,
typically at the advanced postdoctoral level
- seientists with the drive, perseverance, and
history of accomplishments to suggest that
they will, in the long run, make fundamen-
tal comributions to scienti fic understanding.
Onee chosen, Fellows arne free to pursue
lines of mquiry that interest them within
the field. The fellowship offers the oppor-
tunity to pursue research independently
and intensely, free from the burdens of a
standard faculty position (teaching. prant
writing, administrative responsibilities,
ete. ). Cumrent positions are for 2-3 vears and
target theoretical neuroscience: successful
and productive Fellows will be considered
prime candidates for tenure-track faculty
positions,

Applications for both faculty and fellow
positions should be received by Oet. 1, 2007
and mclude a curriculum vitae, a two-page
summary of past rescarch and future plans,
and reprints of two or three key publica-
tions. The application and three leners of
recommendation should be sent to:
Cornell Junior Fellow/Theoretical
Neuroscience Faculty
Search Committee
elo Jennifer Cameron
Manager of Faculty Recruitment
Weill Cornell Medical College
1300 York Avenue, Box 27
MNew York, NY 10021

For informanon about the Institute for Com-
putational Biomedicine (ICB), see:
http:/fich.med.cornell.edu

For information about neuroscience
research at Weill Cornell, see:
htip//neuroseience.med.cornel Ledu/

Cornell is an Equal Opportunity
Affirmative Action Emplaver:
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The University of North Dakota

School of Medicine
& Health Sciences ')

CHAIR
DEPARTMENT OF ANATOMY AND CELL BIOLOGY

The University of Morth Dakota School of Medicine and Health Sciences invites applications and
nomanations for the position of CHAIR of the Department of Anatomy and Cell Biology. We seek
an outstanding medical scientist with a strong research record, including extramural support, and a
commitment to excellence m teaching undergraduate, graduate and professional medical and alhed
health education. The candidate will be expected to complement, expand and strengthen existing
areas of research in the department and may utilize the state-of-the-art imaging facilities, including
a Zeiss LSM 510 META confocal system and a Hitachi 7500 TEM and 4700 field emission SEM.
A new MicroPET and Cyelotron, a dedicated small animal research facility and a Genomics and
Proteomics facility are available at the University of North Dakota School of Medicine and Health
Sciences. The applicant should possess interpersonal and leadership skills in mentoring faculry,
directing students and performing administrative duties.

The Chair will oversee a depariment whose active research interests include neurosciences, and
cell and cancer biology. The department offers M.5., Ph.D., and M./ Th.D. degrees and numerous
traditional anatomical courses at the graduate level, instructs first and second year medical students,
and provides undergraduate courses to allied health and non-majors. Further information is available
at: http:/f'www.med.und.nodak.cdu/depts/anatomy/

The University is located in Grand Forks and currently enrolls over 12000 students. Grand Forks is a
family-friendly community in a region offering excellent and rapidly expanding cultural, recreational,
and sporting activities. To learn more about the University of North Dakota and Grond Forks visit: hitp:
Iwwwand.edo and http:/iwww.grandforksgov.eom.

Review of apphcations will begin March 1, 2007 and the search will remain open until the position
is filled. Applicants should submit a detailed curmiculum vitae, a letter of interest outlining prior
experience, research interests, teaching philosophy, plans for the future and the names and addresses
of three references to: Joshua Wynne, M.D., Professor of Internal Medicine, Exceuntive Associate
Dean, Associate Dean for Academic AfMairs, and Chair of the Search Committee, ¢fo Office of the
Dean, School of Medicine and Health Sciences, University of North Dakota, Stop 9037, Grand
Forks, North Dakots S8202-9037, or E-mail electronically to: achsearchia medicine.nodak.edu,

The Universin of North Dakota is an Equal OpporamingAffirmarive Action Institution.,

THE UNIVERSITY OF FLORIDA
COLLEGE OF MEDICINE

Chair, Department of Meuroscience

The University of Florida College of Medicine
invites applications and nominations for the
position of Professor and Chair in the Depart-
ment of Neuroscience. The depanment has a
mission within the college of both research
and teaching responsibilities. The depart-
ment has 24 primary faculty members with
rescarch mterests i all aspects of neuroscience
(www.neuroscienee.ufledu). The department
i5 housed within the Meknight Brain Institue
(www, mbi.ufl.edu), o state-of-the-an facility
for research and teaching in neuroscience
and newroscience-related disciplines. The
successiul candidate wall have a Ph.D., M.,
or M.D.Ph.D. degree. We seck an accom-
mlished scholar with a distinguished record of
research, international recognition, leadership,
and administrative skills,

The review of applications will begin on
March 30, 2007 and will continue until the
posttion is flled. Applicants should provide
a letter of application, cwrriculum vitae and
the names of three references via email to
NS-scarchi@ phyvs.med.ufl.edu or by mail
v Charles E. Wood, Ph.D)., Chair, Search
Committee, Box 100274, Department of
Physiology and Functional Genomics,
University of Florida, Gainesville, FL
32610-0274.

The Universitv of Florida is an Equal
Oppartrinnire fnstifition.

Cityof Hope

FACULTY POSITIONS
Hematopoietic Stem Cell and Leukemia Research
City of Hope National Medical Center

A part of 1ts ongoing expansion, the City of Hope National Medical Center’Beckman Research Insti-
tute and Comprehensive Cancer Center have established a new Depaniment of Hematopoietic Stem
Cell and Leukemia Research, The mission of this department is to build a progrom of excellence in
basic and translational hematopoictic stem cell and leukemia biology, and provide an infrastructure
to translate novel therapeutic approaches from the laboratory to the elinic. We invite applications for
faculty positions at the Assistant or Associate Professor level, Exceptionally well-gualified candidates
at a more senior level may also be considered. Potential areas of rescarch emphasis include, but are
not limited to, self-renewal and differentiation of normal and leukemia stem cells, identification of key
molecular mechanisms of transformation; preclinical studics of molecular targets; hematopoictic stem
cell-based therapeutics, and human ES cell based modeling of normal and leukemic hematopoiesis.
This program will complement and support our outstanding clinical Hematopoietic Malignanceies and
Hematopoietic Cell Transplantation Program.

Appointees will have a primary appointment in the Department of Hematopoietic Stem Cell and Lew-
kemia Research, within the Division of Hematology and Hematopoictic Cell Transplantation. and may
also be appoinied to City of Hope's NCl-designated Comprehensive Cancer Center. Generous stari-
up packages will be available. Appointees may also participate in the Graduate School of Biological
Sciences. The Beckman Research Institute provides an environment that encourages imterdisciplinary,
collaborative mteractions with a rich set of core resources (descnbed in http://'www.eitvofhope.org/
bricoh/shared_resources.asp). Candidates should have a Ph.D. or M.D. degree, postdoctoral experi-
ence, and the potential to establish, or to have established, anindependent research program. Applicants
should submit a curmicu lum vitae, a statement of research mterests and plans, and the names, addresses
and telephone numbers of at least three references (who may, optionally, submit their letters), to:
Hematopoietic/Leukemia Stem Cell Search Committee, ¢fo Dr, Ravi Bhatia M.D., Dircctor
Department of Hematopoietic Stem Cell and Leukemia Research
Division of Hematology and Hematopoietic Cell Transplant ation
City of Hope MNational Medical Center
1500 E. Duarte Road, Duarte, CA 91010-3000
E-mail: bnotthofli coh.org

The City of Hope is an Equal Opportunity Emplover. Women, minorities, veterans, and disabled
persans are encouraged fo apply,

ASSISTANT/ASSOCIATE/
FULL PROFESSOR
DIABETES, CANCER, NEUROSCIENCES

The Wayne State University Department of
Pharmaceutical Sciences invites applications
for a 12-month, tenured or tenure-track position
at the assistant, associate or full professor level.
Applicants should possess a PhD in pharmaceuti-
cal sciences or a related discipline, or an MD or
equivalemt degree. Preference will be accorded
applicants with interdisciplinary research interesis
complimentary to existing departmental rescarch
programs in diabetes, cancer and neurosciences.
Outstanding candidates from other arcas will be
strongly considered. The successful applicant 15
expected 1o develop a vigorous, externally funded
rescarch program and provide high-quality teach-
ing in the PhD and PharmD programs. Highly
competitive star-up, compensation and benefils
are offered. The department occupics state-of-the-
art labs in a sew building on the School of Medi-
cine-Detroit Medical Center campus, with out-
standing opporfumitics for translational research
collaborations. Visit www.ephs.wavne.cdu/
psc.htmi for department information, Application
review will begin in late March and continie until
the position is filled, with an anbicipated start date
of Fall 2007. Candidates are asked to submit an
electronic application including cover letter, cur-
riculum vitag and research plan through the WSU
Online Hiring System http:/jobs.wavne.cdu and
search under Department H1822-Pharmaceutical
Sciences, Wayne State University is a premier
institution of higher education offering more
than 350 academic programs through 14 schools
and colleges 0 more than 34,000 students in
metropolitan Detroil. Fnne State University is
ait Egpnerl Cpportunine Emplover




Department of Health and Human Services
National Institutes of Health
MNational Institute on Aging

Statistical Genetics Director

The MNational Institute on Aging, a major research component of the
Mational Institwtes of Health (NIH) and Department of Health and Human
Services, 15 recnnting for a Saff Scientist-Facility Head who will serve as
the Satistical Genetics Director of the Laboratory of Genetics (LG) of the
Intramural Research Program (IRP). The incumbent will be responsible for
collaborating m and coordinating statistical gencnue and epudemiological
analyses of aging-related human conditions and diseases. The collaborative
research includes the adapation or development of new analyvtic programs
with panticipation in an imteractive group studyving genetic and cpidemi-
ological data for selected aging-related phenotypes in the Baltimore
Longitudinal Study of Aging; in other outbred populations; and, i the
Sardintan "founder population™.  Accordingly, the dutics of this position
reguire the applicant 1o hold a Ph.D. and have at least 2 yvears of additional
postdoctoral experience in stabistical genetics.  Applicants must have a
record of scientific accomplishments, including excellence in statistical
genetic analyses and qualifications to develop, update, and manage stanistical
stafT and analysis sofiware.

Salary is commensurate with experience and accomplishments. The
salary range for Stafl’ Scientists is £79,397 - $159.657. A full Civil
Service package of benefits (including retirement, health, life and long
term care insurance, Thrft Savings Plan, ete.) s available. Applicans
must send curriculum vitae, bibliography, and three letiers of recommenda-
tion bo: Chair, LG StafT Scientist — Statistical Genetics Search Commitiee;
Vacancy # NIA-IRP-07-001; c'o Peggy Grothe, Intramural Program
Specialist; Office of the Scientific Director, National [nstitute on Aging,
5600 Nathan Shock Drve, Balimore, MD 21224, Applications must be
received before April 30, 2007, If additional information 15 needed,
please call 410-558-8012 or email: grothepi@gre.nia.nih.gov.

DHHS and NIH are Equal Opportunity Employers

# B X %
THE UNIVERSITY OF HONG KONG

Founded in 191 1. The University of Hong Kong is committed to
the highest international standards of excellence in teaching and
rescarch, and has been at the mternational forefront of academic
scholarship for many years. OF a number of recent indicators of
the University's performance, one is its ranking at 33 among the
top 2000 universities in the world by the UK's Times Higher
Education Supplement. The University has a comprehensive range
of study programmes and research disciplines, with 20,000
undergraduate and posigraduate students from 30 countries, and a
complement of 1,200 academic members of staff, many of whom
are internationally renowned.

Research Assistant Professorships
and Post-doctoral Fellowships

Applications are invited for a number of positions as Research
Assistant Professor (RAP) (Ref: RF-2006/2(07-435) and Post
doctoral Fellow (PDF) (Ref: RF-2006/2007-436), at the University
of Hong Kong, on or before February 29, 2008, Appomtments w ifl
be made for a period of 2 1o 3 vears.

RAP and PDF posts are created specifically to bring new impetus
and vigour to the University's research enterprise.  Positions are
available from time to time to meet the strategic resecarch needs
identified by the University. Inthis round of advertisement. RAPR/
PDF positions are available in the tollowing Facultes/Departments/
School/Centres/Institute:;

Faculty Position in Vascular Biology

Cur rapidly growing vascular biclogy progam is inferested
in dynamic and enthusiastic professionals who will become
futire leaders in the fisld of endothaial biclogy. As part of
the expansion, a new state-ol-the-art 300,000 square-foot
research building has been opened recently to house the
Children's Resesarch Institute and expanded facilities for
Medical College of Wisconsin faculty. It is expected that the
tenure-track appointment will complement existing research
expertise in the Institute. Eligible candidates are expected 1o be
Ph.D. or M.OUPh.D. and will be hired at the rank of Assistant
Professor. Candidates with K or R00 level funding are preferred
but not required, An attractive start-up package will be provided
to faciltale program development. Pleass submit nésumé,
research plan, and names of three references to:

Ramani Ramchandran, Ph.D.
Associate Professor
Medical College of Wisconsin
Department of Pediatrics, Genetics Division
CRI Developmental Vascular Biology Program
Translalional and Biomedical Research Center
CRI C3420
8701 Watertown Plank Road = P.O. Box 26509
Milwaukee, Wl 53226
Email: rramchan @meow.edu

Childrens Hospital 0

MEDICAL

“and Health System™ CoL1LEGE
OF WISOONSIN
Children's Specialty Group®

EOQE/AA MF/DNV

+ School of Humanities « Orthopaedics and

= Centre for the Advancement
of University Teaching

+ Faculty of Education

= Cwvil Engineenng

= Law

= Anatomy

+ Biochemistry

= Centre for Cancer Research

+ Centre for Reproduction,
Development and Growth

+ Clinical Oncology

= Medicine

= Molecular Chinese Medicine

Trawmatalogy

Pathology

Psvehiatry

Research Centre of Heart,
Brain, Hormone and Healthy
Ageing

School of Chinese Medicine
Chemistry

Earth Sciences

Ecology and Biodiversity
Institute of Molecular
Technology for Drug
Discovery and Synthesis

= Physics

= Foology

« The Hong Kong Jockey Club
Cenire for Suicide Research
and Prevention

Lab and BioScrecning Unit
+ Obstetnics and Gynaccology

Rescarch Assistant Professors

The main focus of an RAP'S duty is research. RAPs can however
e assigned some teaching duties, up to 30% of the nommal teaching
load. Applicants should be rescarch active and have a proven
publication recond. A highly competitive salary commensurate with
gualifications and expenience will be offered. with a contract-end
gratuity and University contribution to a retirement benefits scheme
(totalling up to 15% of basic salary ). Annual leave, and medical/
demtal benefits will also be offered.

Py Soral Fellows

PDFs are expected to devote full-time to research. Applicants should
I dhoctoral degree holders having undenaken original research that
has contributed to the body of knowledge. A highly competitive
salary commensurate with gualifications and experience will be
offered. Annual leave and medical benefits will also be avalable.
Procedures

Prospective applicants are invited to visit the following webpage
<https:ffwww hku hkfapptuniv’> to view the full list of the rescarch
areas and their home Faculties/De partments/Schools/Centres for
which RAP/PDF positions are cummently available, Before preparing
an application they should contact the Head of the appropriate
academic unit Lo ascertain that their rescarch expertise matches the
rescarch area for which a vacant RAP/PDF post is available,
Applicants must submit a s,mnpls.lul l.'lm ersity appli ||.1l::un I'nnn.
which should clearly state w
and in which academic discipline. They should also pm'ru.ll.
further information such as details of their research experience,
publications, research proposals, etc.

Further particulars and application forms (272302 amended) can
e obtained at https:/fwww. hku hk/apptunitf: or from the
Appomntments LUnit (Senior), Registry, The Unversity of Hong Kong,
Hong Kong (Fax (852) 2540 6735 or'2559 205%; E-mail:
senrappii@hkuece hkuhk). Closes Mareh 31, 2007, Candidates who
are not confacted within 3 months of the closing date may consider
their applications unsuccessiul,
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Dunedin, New fealand UNIVERSITY

Postdoctoral Fellowship | OtAco
(Mathematical Modelling of Polar

Marine Hydrodynamics)
(Three year Fixed-term)

Tr Whary Wllnampa o Chidipe

Depariment of Mathematics and Statistics |

Applications are invited to fill a Postdoctoral Fellowship position suppored on
the Marsden Fund grant Advances in Ocean WavaSea-lce Interaction: Towands an
Operational Model and tenable from 3 September 2007, The successful applicant
will have completed a PhD related to the mathematical modelling of heferogenaous
finating compliant bodses such as ice floes andfor very large floating structures.
They will have a first degree in Mathematics and expesience in variational
methods, infegral equations. numerical solution of differential equations
and algebraic systems, and complex varable theory methods such as the
Wiener-Hopf technigue.

Specific enquiries about this vacancy or the Depatment may be directed
to Professor Vernon Squire, Prm-Vice-Chamcallor, Division of Sciences,
Tel +64 3 479 7977, Fax +64 3 479 5045, Email vernon. squire@stonebow.otago.ac.nz
Reference Number: AO7/30 Closing Date: Friday 16 March 2007.

APPLICATION INFORMATION

With each application you must include an application form, an EEQ Information
Statement, a covering letter, contact details for three referees and one copy of
your full curriculum vitae. For an application form, EED Information Statement
and a full job description go to: www.otago.ac.nz/fjobs Alternatively, contact
the Human Resources Division, Tel +64 3 479 8269, Fax +64 3 479 8279,
Email job.applications@otage.ac.nz

@ EE”".:;.,'“’“ Equal apportunity in employment is University policy.

Wy, 0tago. ac.nzfjobs

TENURE-TRACK FACULTY POSITION
IN NEUROSCIENCE

As part of an ongoing major expansion in biomedical rescarch, Virginia
Commonwealth University Medical Center invites applications for tenure-
track faculty positions (F2060-F2062) in the areas of cellular, molecular
or translational neuroscience or neurogenetics. Candidates should have an
active neurescience research program with a record of sustoined research
proluctivity, More senior candidates should have current extramural funding,
Candidates will be considered for the rank of assistant to full professor, based
upon qualifications and experience. Apphicants should have a M.D., Ph.D.
or equivalent degree and will be expected to contribute to the University's
teaching massion as well as develop vigorous col laborative efforts with other
WVCLU researchers, Departmental affiliation will depend on the applicant™s arca
of research and interests. VCU neuroscience research is divided across sev-
eral progroms having national prominence in terms of NIH-funded rescarch
ranking. Major arcas of strength include developmental neuroscience and
signal transduction (Dept. of Biochemistry ), psychiatric genetics and sub-
stunce abuse resgarch (Depts. of Pharmacology Toxicology and Psy chiatry,
[nstituie for Drug and Alcohol Studies and Virginia Institute for Psychiatric
and Behavioral Genetics), traumatic brain injury (Depis. of Anatomy and
Neurobiology and Newrosurgery), and epilepsy { Dept. of Newrology), How-
ever. this search also invites culstanding applications from other aspecis of
neuroscience, especially neurodegenerative disease and neuro-oncology.
Muore information about the University and this open position can be found
al www.ven.edu and www.pubinfo.ven.edu/facjobs/.

Applicants should submita CV, names and e-muail addresses of three refier-
ences, and a summary of rescarch and teaching interests 1o; Michael F. Miles,
M. D, Phiy., Departments of Pharmacology/ Toxicology and Neurology,
Virginia Commuonwealth University, PO, Box 980599, Richmond, VA
23298-0613. Materials should be submitted electronically to; Mr. Harold
Greenwald, haroldgiven.edu. Review of applications will begin imme-
dimtely and continue until the positions are filled but submission by June
15, 2007 is recommended for full consideration,

VOU fs an Equal OpporiunindAffirmaiive Actfon Emplover and
enconrages women, minorities and pevsons with disabilities to apply,

@ I

Faculty Opening Fall 2007
Position i either
NUTRITION or MOTOR CONTROL,
DEVELOPMENT & LEARNING

The Applied Health Science Depanment of
Wheaion College is searching for an outssanding
full-time. tenure rack foculty member ot the
assistant o associale professor level with expertise
in nutriion or motor control, development and
learning. The person will be expocted o teach in
his'her area of specialty, develop elective colirses,
and maintain a scholaship agenda. The department
i5 focused on human health and lifestyle;
experience i the appliedichnical seting is
prefemed and a doctorate is required.

Deadline for applications is Apnl 12, 2007,

The apposntment is mbended 1o begin July 1. 2007,
Applicants should send cumiculum vita and o
description of their teaching philesophy and research
interests (oo Dr, David laneeo, Chair; Applied
Heanlth Science Depariment; Wheaton College;
501 College Avenue: Wheaton, 1L 60187 or ¢-mail
davidiamuzo® wheatonedu,

Additbonal spplication materials will be sent 1o
cligible candidates.

1and minontes

Sr. Scientist Il -

The National Renewable Energy
Laboratory is recruiting outstand-
ing candidates for a Structural
Biologist position. We are partic-
ularly interested in candidates
with expertise in x-ray cryslallog-
raphy, and strong interests in
the structure,
dynamics and function of biologi-
cal and biomimetic systems relat-
ed to renewable energy. For addi-
tional duties, requirements and
application instructions, please
see our website al:

www.nrel.goviemployment

iy
ol -
-l

NREL is an equal opportunity employer
and drug-free workplace.

understanding

N

Virginia Commonwealth Uni-
versity is recrwiting a director

Protein of the VCL Molecular Imaging

Center. The candidate should

Whealon CD]]EgE Crystallographer have an MD and/or PhID in a
Pt Chl i i Rt E2700-1531 relevant discipline, have an established record

of extemal funding in himan imaging research
with a clear path o clinical translation and
have demonstrated experience interacting
within a multidisciplinary team. Substantial
resources will be available to recruit additional
faculty, staft and needed equipment. Appoint-
ment will be toa tenure-track or tenured posi-
tion at the level of associate or full professor
in an appropriate depaniment. The candidate
will be expected to recruit, organize and lead
an active, research-onented center consisting
imitially of PET and MR facilitics and wlti-
mately incorporating all imaging modalities
Experience in clinical imaging research is
desired but not eritical, The candidate will
also be expected 1o establish and foster col-
laborations with multiple research groups
at our large academic medical center and to
develop a stromg external funding base for
imagin g research. Interested candidates should
send their curniculum vitae, lener of interest
imdicating thewr current and future research
goals, and names of three references to; Ken-
neth kendler MD at Kendleri vew.edua or
Department of Psvehiatrs, VOU, PO Box
YE0126, Richmond VA, 23298 USA,

VCLT is an Eguel Oppartimity/ Affirmative
Action Emplover: Women, minoriries,
and prevsons with divabilitics are
enconraged fo apply
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S SIX FACULTY POSITIONS
N EICitE ASSOCIATE/FULL PROFESSOR TENURE TRACKS
IN GENETICS AND GENOMIC SCIENCES

The Department of Genetics and Genomic Sciences of The Mount Sinai School of Medicine of New York University invites
applications for Associate and Full Profesor renure-track faculty. Assistant Professors with rrack records of independent research also
may apply, particularly those with an interest in Statistical Genencs, Genetic Epidemiology, andfor Biomtormarics. We seek PhID, MD
andfor MDYPhD faculey to join our active basic and clinical research programs with a focus on rranslational genetics, Individuals with
strong research programs and a track record of funded research and publications in the following areas are encouraged to apply.

e Genomics & Gene Discovery: Genetics of Complex Diseases and Aging

e Sraristical Generics/Genetic Epidemiology & Bioinformatics

® Pharmacogenerics & Pharmacogenomics

e Epigenerics & Chromosome Structure/Funcrion

e Trearment of Genetic Diseases

Faculty positions include competitive salary/fringe benefits, generous startup package, excellent officeflaboratory space, and access to

state-of-the-art penomic, proteomic, maging, and animal facilities.

Applicans should forward their curriculum vite, a statement of present and future research plans, current grant suppoet, and two or three
references to: Robert . Desnick, PhD, MD, Department of Genetics & Genomic Scences, Mount Sinai School of Medicine, Fifth
Avenue at 100th Street, New York, NY 10029-6574. Email: robert.desnick@mssm.edu. Mount Sinai is an equal opportunity employer,

Go further than
you ever imagined

20 RESEARCH FELLOWSHIPS 2007-2008

International Visiting Research Fellowships
(2-12 weeks duration)

[hese will allow outstanding researchers from overseas to spend a period of
up o 12weeks conducting collaborative research atthe University of Syidney.
Applications from expatriate Australians are encouragel.

Applications close: 25 May 2007, for travel between

August 2007 and August 2008, Applicants must contact the Head of the
host School/Department before 20 April 2007

Fordetails email research@usvidedu.an or see:
www.usvd.edu.au/research/fellowships

AU ST RAL I A

CRICOS Provider DO026A
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Endowed Chair/Tenure Track Faculty Position for
Oncology and Cancer Research

The Texas Tech University Health Sciences Center and the Southwest
Cancer Treatment and Research Center in Lubbock are secking appli-
cations for a tenure track clinical scientist position at open rank. The
suceessful candidate will hald primary appointments in an appropnate
climeal department and the Depaniment of Cell Biology and Biochemisiry
as well as in the Graduate School of Biomedical Sciences and will be the
recipient of an endowed chair for oncology and cancer research. We seek
outstanding candidates, with recognized clinical skills and leadership abal-
ity 1o establish a robust climcal cancer and translational research program
that will have strong interactions within a group of basic cancer biologists
with interests i tumor biology, signal transduction, immunoelogy, cell
eyele. drug resistance and proteomics. Candidates must hold an M.D.
or M.DUTPh.D, have post-doctoral experience, o strong record of cancer
research achievement, preferably with current national-level imding, be
willing to spend a majonty of their effort on resecarch activities, and be
eligible for a Texas medical license,

Applicants should include a cover lener, current CV, a summary of clini-
cal and research accomplishments and interests, and names and contact
information for four references to:

Dr. H.W, Weitlaufl
Professor and Chair
Department of Cell Biology and Biochemistry
Texas Tech University Health Scicnces Center
3601 4th Street, Lubbock, Texas 79424
Phone: (806) 743 2701
cmail: harrvweitlaufia ttuhsc.cdu

Applications from women amd minorite candidares
ave particilarly encewraged,

Faculty Positions in Environmental Toxicology
of the Nervous System
Department of Pharmacology and Toxicology
Center for Environmental Health
Stark Neurosciences Research Institute
Indiana University School of Medicine

The Department of Pharmacology and Toxicology of the Indiana Umver-
sity School of Medicine in Indianapolis in partnership with the Center for
Environmental Health (CEH) and the Paul and Carole Stark Neurosciences
Research Institute (SNRI) announces a search for new faculty in the areas
of molecular mechanisms underlying the impact of environmental toxins on
the nervous system. This effort is part of a major expansion of environmental
health research over the next several years. The partnering onganizations seek
outstanding individuals for faculty positions at the Assistant or Associate
Professor level, More senior individuals with exceptional credentials may be
considered. A Ph.D. and/or M.D. degree and at least 3 years of postdoctoral
research experience are required, and strong evidence of productivity and
grant support are desirable. Of primary interest are candidates who employ
pharmacological, molecu lar, genomae/proteomic and'or chemical approaches
to the study of the impact of environmental toxins on physiological and
pathological processes with emphasis in the neurosciences, Competitive
start-up packages include ample laboratory space and access 1o exceptional
core research facilities, Successful candidates will be expected to develop
strong extramurally suppored research programs, contribute to an already
strong, collaborative research environment, and to excel in mentoring gradu-
ate and postgradunste trainees. More information about the department and
partnering centers can be found on our websites (pharmtox.insm.iv.edu,
cch.ivedu and soridosm.iv.eduo). Interested mdividuals should send a
curriculum vitae, a research prospectus, and the names and addresses of 3
references, Application materials will only be accepted in electronic format
by submission to the attention of: Neurotoxicology Search Committee af
cehinfodinpuicdn.

We enconrage applications from women and other underrepresenied
gronps. In addition, it is the University s policy to provide reasonahle
accammodaiions for gualified persons with disabilities,

Imciema University is an EECVAA Emplover, ME/D

Y]

INSTITUT PASTEUR

o ——— ey,

Institut Pasteur, Paris, France

POSTDOCTORAL FELLOWSHIPS
Institut Pasteur, Paris, France

Founded in 1587 by Louis Pasteur and located
int the heart of Paris, the Instut Pasteur is a
world-renowned private rescarch orgamiza-
ton, The Pasteur Foundation of New York 15
secking outstanding Fellowship Applicants.
Candidates may apply to any laboratory
within 10 depariments: Cell Biology and
[nfection; Developmental Biology: Genomes
and Genetics; Immunology; Infection and
Epidemiology: Microbiology: Neurosci-
ence; Parasitology and Myeology: Structural
Biology and Chemistry; and Virology, See
websie for details.,

Fellowship package 15 360,000 per vear for
three yvears. ULS, citizenship reguived. This
15 @ biannual call; next apphication deadling:
September 7, 2007,

e-mail: Pasteurusia aol.com.
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committed to helping you find the right job, and to advancing science around the world. ScienceCareers.org
delivering the useful advice you need. Our knowledge is  isthe natural selection. WWW.ScCienceca reers.org

Fealures include:

* Thousands of job postings * Resume/CV Database SCiEﬂCECﬂI'EEI'S.Ol’g

# Career tools from Mext Wave = Career Forum

We know science RVAAAS

* Grant information




g0
Q
E
g
S
:
P

ASSISTANT PROFESSOR
Anatomy

The Department of Biological Sciences at San
Jose State University (3]5U7) secks applicants for a
TENURE-TRACK position to start on August 21,
2007,

Applicants must have a Ph.D. degree in the an-
atomical or physiological sciences and experience in
cadaver-based anatomy, Ability to teach courses in
histology, embryvology, and for neurcanatomy s
desirable. The successful candidate will parricipare
in reaching anatomy and physiology courses for non-
majors and will reach in courses for biology majors
and graduate studenes. Applicants must have a proven
record or poténtial for excellence in teaching. The
successful candidage must address the needs of a
student population of great diversity, i age, cultural
background, ethnicity, primary hnguage, and aca-
demic preparation.  Applicants must have rescarch
expericnce and publications in their discipline. The
successful candidate must have the ability to estab-
lish an extramurally funded rescarch program in-
volving undergraduares and M.S. graduare students
Rescarch collaborations with other Department
faculty are encouraged. Opporunities for external
colliboration indude nearby  biotechnology  com-
panics, Bay arca umversities, Moss Landing Marine
Laboratorcs, and NASA Ames Rescarch Center.

For consideration, send a letter of applicanon,
curniculum  vitae, official wniversity gradvate and
undergraduare transcripts, a statement of teaching
interests,philosophy and rescarch interests, and ar
least three original letters of reference with con-
tact information o the Anatomy and Physiology
Search Committee ar the: Department of Bio-
logical Sciences, San José State University, One
Washington Square, San Jose, CA 95192-0100.
Please include job requisition number JOID 012169
on all correspondence. Beview of applications wall
commence on March 15, 2007, and continue until the
position is filled. Website: http://www sjsnedu/
dtptsfﬁi:ﬂupu SISUT 5 o D] lfJ;s‘r\!rl'mrfr;'-'.'|_.ﬂ.ﬂ'J|.JHrr
Ao Employer committed to the core sl of induesion, civaliry,
and regpeat for eady fndividv]

PHARMACEUTICAL SCIENCES FACULTY
POSITIONS
University of Southern Nevada
College of Pharmacy
South Jordan, Utah Campus

The University of Southern Nevada College of
Pharmiacy has established a program in the Salr Lake
City, Utah, arca and is sccking applicants for full-
mme Faculty positions ar the Urah campus in the
arcas of biochemistry,/medicimal chemistry and phar-
maceutics. Responsibilities inelude teaching in
blocks and electives related to your discipline, par-
tnapating in rescarch and scholady endeavors, and
providing service to the College and the community.

Mimnimum requirements include a Ph.D. degree in
biochemistry, immunology, medianal chemistry,
pharmacentics, or a related disapline. Sucoessful can-
didates should have excellent communication skills
and an mterest in creative and nontraditional teach-
ing methods, Documented evidenoe of rescarch or
other scholarly ininatives is required. Salary and rank
will depend on gualifications and experience.

Submit a lerter of interest, curriculum vitae, stare-
ment of educational philosophy, and contact infor-
mation for three professional references to: Tyler
Rose, 'h.D., University of Southern Nevada Col-
lege of Pharmacy, 10920 5. River Fromt Parkway,
South Jordan, UT 84095; c-mail: trose@usn.cdu.

An .'!_Hirrlz.rnr'r Aerians .f:'..l!rl.hl i i'”lmrunr'q' I:'Jrljl.rnrr'n.

POSTDOCTORAL POSITION
Cancer Research

For LIS eitizen/peroanent resident for training
grant funding at Johns Hopkins University School of
Medicine. Please send cumriculum sitac and three
rcferences to: Dr. L. Resar, Johns Hopkins
University School of Medicine, 720 Rutland
Avenue, Ross Research Building, REoom 1025,
Baltimore, MD 21205, e-mail: lresar@jhmi.edu.

1314

ASSISTANT FASSOCIATE PROFESSOR

The Department of Neurosdaence, Cell Binlogy,
and Physiology at Wrght State University (WSLT),
Dayton, Ohio, mvites applications for a tenure-
track faculty position ar the Assistant or Associare
Professor level. The successtul candidate will have
rescarch interests that compliment the research
strengths of the Department and the newly established
Comprehensive Center for Neuroscicnoe (COCN) in
the Boonshoft School of Medicine, Specifically, the
successful candidare will pursue rescarch in the
funcrion, structure, development, and Sor modifica-
tion of synapses and circuits in the spinal cord or
motor systems. Preference will be given to candi-
dates wsaing genetic animal models to study the
formation and maturation of synapses and synaptic
circuits, Candidates are expected to teach neuro-
scicnce in graduate and medical school courses.
Requirements for the positon include: a 'h.D.
degree, an excellent record of rescarch accomplish-
ments, ability to direet innovarive independent re-
scarch, competinve funding potenal, and a strong
commitment to high quality teaching, Applicants for
the Assistant rank must have ar least two vears of
postdoctoral training and a record of publicarions
demonstrating excellence in rescarch and potential
for obtaming extramural grant funding. Applicants
for the Associate rank must have at least four vears as
an Assistant Professor and a record of publications
and grants demonstrating a sustained quality re-
scarch program with a national reputanion for ex-
cellence and supervision of graduare smdents.
Review of applications will begin March 15, 2007,
and continue until the position is filled, Interesied
applicants should submit curniculum vitae, statement
of rescarch and teaching interests, up to three rep-
resentative reprints and/or preprines, and ar least
three references to: D, Francisco Alvarez, Chair
MNCBP Faculty Search Committee, Department of
Meurosdence, Cell Biology and Physiology, 235C
Biological Sciences Building, Wright State Uni-
versity, 3640 Colonel Glenn Highway, Dayton,
OH 45435 or e-mail: nchp@wright.edu, W51 &

an Afferatioe oo/ Eguald Oypprartinity Emplayer

FACULTY in TUMOR IMMUNOLOGY

The San Antonio Cancer Institute, an NCI-
designated Cancer Center, secks tumor IMMU-
MNOLOGISTS 1w join the Division of Medical
Oncology, Department of Medicine at the Univer-
sty of Texas Health Science Center at San Antonio
(U'THSCSA). A strong record of accomphshment in
basic rescarch is essential. Candidates must qualify
for appointment as ASSISTANT PROFESSOR or
HIGHER. Significant resources and exocllent col-
laboratons are available to establish a competitive
rescarch program. UTHSCSA offers excellent bene-
fits and competinve salaries. Send a cover letter out-
lining furure rescarch interests, curriculum virac,
and three references in hard copy to: Search Com-
mittee for Tumor Immunology, Division of
Medical Oncology, UTHSCSA, 7703 Floyd Curl
Drive, MSC 7884, San Antonio, TX 78229-3900,
ar electronically 1o e-mail: saci@uthscsa.edu, Al
fircaalty appoimtiments are desipnated @5 security-sengitive posi-
tigng, LTTHSCSA i an Egeal Enplopment Cpportamity/
.'lllﬁuu.rn'llr Action Employer

FOSTDOCTORAL FELLOW POSITION

A Postdoctoral position is available to study the
role of the Parkinson's discasc-related protein alpha-
synuclein wsing veast. This position s available
immediately. Applicants must have a Ph.D). with ex-
pericnce in veast genctics, molecular and  cellular
biology, and microscopy. All interested applicants
should forward curriculum vitae /bibliography and
list of three references to: Stephan Wint, Ph.D.,
Department of Biochemistry and Molecular Biol-
oy, Louisiana State University Health Sdences
Center, 1501 Kings Highway, Shreveport, LA
711305 e-mail; swittl @lsuhsc.edu, fax: 318-675-
51 80. Funther demils can be found ar website: heape/ /
www.shrevebiochem.oom.

Loweisiina Stare Ulnivenity Hedlth Science Coenler i3 it
Affirnative Action /Epal Cpportsarity Enployer
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POSITIONS OPEN
CHAIR, DEPARTMENT of BIOLOGY
Howard University

The Deparmment of Biology at Howard University
is secking candidates for the position of Chair of the
Depantment. The Department consists of 26 full-
tme faculty members, 44 groduate students, and
800 undergraduare students, granung B.S., M5,
and Ph.D). degrees. Candidates must have a Ph.D.
degree in a biological science accompanied by sig-
nificant record of teaching experence, rescarch
productivity, and grants acquisinion. Qualified can-
didares should also have experience in plinning,
budgering, and all other aspecrs of fiscal affairs as
well as a clear vision for the Department and an un-
derstanding of and commimment to the mission of
Howard University. The area of specialization of the
candidare s open. Applicants should send currnic-
wlum vitae that includes a dear statement of edu-
cational and administragive philosophy, and arrange
for three letters of reference to be sent, The deadline
for receipt of all materials s 15 March 2007, Please
send materials to:

Dr. James Lindesay, Chair
Biol Search Committee
gg‘u-:: of the Dean
College of Arts and Sciences
Locke Hall, Room 101
Howard University
Washington, IDC 20059

Founded in 1867, Howard University is a
comprehensive research-oriented insticution. Ir has
a rich history and tradition of providing top-qualiny
cducational programs for more than 10,000 under-
graduate, graduate, and professional students. Tis
multiple academic schools are supported by laghly
rated technological ancillary units. The Unaversity
owns and operates a 500 bed weaching hospatal, an
FM radio station, and a public television station. The
College of Arts and Sciences is the Hagship academic
unit ar the University thar facilirares more than thiroy
major programs of study through the natural
sciences, social sciences, humanities, and fine ans di-
visions, The Graduate School develops the rescarch
abilitics of smdents sceking degrees ar the Masrer’s
and doctoral levels. Howand Udversiey o5 Bl
Chpyrortinity  Engplayer,

VISITING ASSISTANT PROFESSOR
FOSITIONS
in Marine Ecology and Genetics {Two Positions)
Claremont McKenna, Pitzer, and Scripps Colleges

The Joint Science Department of Claremont
MeKenna, Pitzer, and Seripps, three liberal arts
colleges in the Cliremont Colleges Consortium in
Southern California, secks to hire two visiting As-
sistant Professors for the 2007-2008 academic vear,
begnning August 2007, Teaching responsibilitics
for position one indude an upper-division course in
manne ccology, a nonmajors’ course in manne
biology, and a lecture section of the organismal /
evelutionary semester of intraductory biology, For
position twao, responsbilities include an upper-
division genctics course and laboratory sections of
beth halves of the introductory biology course, Par-
teipation in rescarch, parteulady directing under-
praduare rescarch projects is encouraged. A Ph.D. in
biology or relared subject, and pror reaching cx-
pericnce are required.

Mease submit curriculum vitae and a statement of
interest, specifving which position is of interest to
you, and amange to have three letters of reforence
sent to: Tempaorary Biology Positions, W.M. Keck
Science Center, 925 N, Mills Avenue, Claremaont,
CA 91711-5916. Telephone: 909-621-8298. In-
quirics 1o Dr, Emil Morhardt, e-mail: emorhardt@
jsd.daremont.edu. Review of applications begins
March 19, 2007. The positions will remain open
until filled.

o wa comtinning effort to enrich its academic emiranment
mnd provide equal edwational enploymseni oppertuniics, the
Climemonr Colloges aenively esconmage applicanions fron women
aind preimbers JJ Ira:l'u.rh.l”:- JmJJ':rl'prl'.-rnru‘J Jerodips nit hwhn
erltfcation,
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POSITIONS OPEN
PHYSIOLOGY EDUCATION SPECIALIST

Applications arc invited for a tenure-track AS-
SISTANT PROFESSOR in the Depamment of
Biological Sciences ar Northern Arizona University
[ NALY, (website: hup://www.nau.edu/biology
for more information on the Department and the
position ).

Successtul candidates will have a Ph.D). in physi-
ology or a related ficld, two vears of college level
teaching cxpercnce or equivalent, a recond of schaol-
arly acovity in physiology pedagogy, and a demon-
stratcd ability o work effectively with people from a
variery of culturally diverse backgrounds. Preference
will be given o candidates with a demonstrated
ability to enter our teaching roration and effectvely
deliver physiology education in an undergraduare
and graduate setting. Specific teaching responsibil-
itics may include human anatomy and physiology,
animal physiology, advanced human physiology,
and for pathophyvsiology. The successful candidate
is expected to establish a progam in teaching-
related scholarly activity including (1) assessment of
teaching effecnvencss, (2) effective applicaon of
modem pedagogical methods, and (3) being a de-
partmental leader for pedagogical improvement. Ap-
plicants should submit curriculum vigae and a
statement of teaching philosophy, and have three
letters of recommendation sent to: Physiology
Search Chair, Department of Biological Sdences,
P.O. Box 5640, Northern Arizona University,
Flagstaff, AZ 86004. The scarch will remain open
until position is filled or Apnl 1, 2007; however the
committee will begin reviewing applications on
March 5, 2007, The successful candidare is expected
to star August 20, 2007,

NAU w am Affematioe Action /Egual - Employment
Chpportemify /Minonitics, Wonren, Pesons with  Disabilitics,
Vetenrns Employer,

Vererans Affairs San Dicgo Healtheare Svstem, a
progressive, state-of-the-are university-affiliaved
reaching facility, is secking Anatomic Pathology/
Clincial Pathology Board-certificd PATHOLOGIST.
The Department of Pathology, in this College of
American Pathologists-aceredited clinical laboratory,
is recruting for a CHIEF OF ANATOMIC PA-
THOLOGY. Candidate will possess excellent din-
ical and organizaton skills. Responsible for all
surgical pathology, autopsics, otological examina-
vioms of the body fluids, exudates, and aspirates;
responsible for coordinaton of all cements of an-
atomic pathology; and maining of anatomic pathol-
ogy residents. Maintains expentise for consultation
and guidance in matters pertaining to anatomic pa-
thology and otopathology and is responsible for
cnsuring all actvities meat requirements for accredin-
ing agencics. Candidate should qualify for appoint-
ment as faculty to the Pathology Department of
University of California San Diego School of Medi-
cine. Salary /rank commensurate with expericnce and
establshed Vererans Affairs salary scales. Medical
license in any state. Now-ULS civisens will only be
considered if ring warch vields mo qualified candidares,
Recruitment/relocation incentive may be autho-
rized. Education Debt Reduction Program funding
may be available, Send currieulum vitae to: Lorraine
Conn, Mail Code 113, Veterans Affairs San Diego
Healthcare System, 3350 La Jolla Village Drive,
San Diego, CA 92161 (telephone: B58-518-
T259). Affirmartie Adivn/Egual Cyppomtanity Emploger.

POSTDOCTORAL FELLOW POSITION

The Anatomy and Physiology Department invites
applications for the position of Postdoctaral Fellow in
the Tumor Physiology Laboratory (website: hiops //
www. vel.k-state.edu/employment/index. htm).
Ph.0. in cancer biology or biochemistry is required.
Submit elecrronieally curmeulum virae, shorr essay
deseribing seicntific experiences and for future study,
names of two to three references to: Dr. Masaaki
Tamura (e-mail; mtamura@vet.k-state.edu). Screen-
ing of apphctions will begin February 26, 2007,
and continue until position 1s filled. Kansas Soire Ul
vewsity (KSLY i an Egual Opportisity, Affirmative Aetion
Ennplayer. KSUT aerfvely seeks diversty amony s enuployees.
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CONMFERENCE

HOWARD HUGHES MEDICAL INSTITUTE

JANELIA

CONFERENCES
FALL 2007

The Janelia Farm Research Campus is pleased
to announce its second season of conferences.
These small, intense conferences are intended
to foster mpid scientific advances and collabo-
rative interactions. All participants are expected
to contribute to the intellectual content of

the meetings. The Howard Hughes Medical
Institute fully SUPPOIts the Janelia Conferences—
there are no registration, accommodation, or
dining fees for participants. The conference
organizers invite all participants, sclccting
some from an open pool of applicants.

Meural Circuit Reconstruction m September 2326 2007
Orgasrizers: Alexander Borst, Max Planck Instinure of Neurobiology,
Mantinsried; Dmiery Chhlovskii, Janelia Farmd/HHML: Winfried
Denk, Max Planck Instimute for Medical Research, Heidelberg: Kristen
Harris, University of Texas ar Austin

This meeting is orgawized in collaboration with the Max Planck Socieiy.

Expanding the Genetic Toolkit for Drosophila m October 710, 2007
Organizers: Hugo Bellen, Baylor College of MedicineHHMI

Susan Celniker, Lawrence Berkeley National Laboratory; Lynn Cooley,
Yale Schoal of Medidne; Liqun Luo, Stanford Universine/HHMI:
Gerald M. Rubin, Janelia Farm/HHMI

Translation at the Synapse m Cictober 2124, 2007

COrganizers: Mark F. Bear, Massachuseus Institure of Technology!
HHMI: Kevin Moses, Jandia Farm/HHMI: Kelsey C. Martin,
University of California, Los Angeles; Erin M. Schuman, California

Institure of Technale rg}'." HHMI

Fluorescent Proteins and Biological Sensors » October 28-31, 2007
Organizers: Loren L. Looger, Janelia Farm/HHMI; Asushi Miyawaki,
RIKEN:; Ryohei Yasuda, Duke University Medical Center; Jin Zhang,
Jobins Hopkins University School of Medicine

Inositide Signaling Symposium @ Movember €7, 2007
Organizers: Erin (Shes, Harvard Universityd HHMU John York,
Duike University Medical Center/HHMI

Information: www.hhmi.org/janelia
Application deadline: June 1,2007

HHMI
janelia farm

research campus

ScienceCareers.org
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POSITIONS OPEN
DEPARTMENT HEAD and PROFESSOR
Environmental Health Science
College of Public Health
The University of Georgia

The Department of Environmental Health Science,
in the recently established College of Public Health
at the Univeraty of Georga (websive: hitp: /Wi,
uga.eduSpublichealth fehs/) Athens, Georga, sceks
an established scholar to lead the Department. Can-
didates must have an camed Doctorate, and acheve-
ment sufficient to ment appomtment as full professor,
Minimum qualifications indude (1) evidence of lead-
ership and likehhood of success in an academic
5'-.'"“1}'{.: (2} demonstrated success in SCOUNNE Cxicr-
nal rescarch funding: (3) a willingness oo foster mul-
tidisciplinary collaboraton, and (4) interpersonal
skills 1o effectively interact with stadents, faculoy,
staff, and administrators.

The Department supports an active rescarch pro-
gram and offers degrees at the Bachelor’s, Master’s,
and docroral levels. The successful candidate will be
cxpected to provide vision and leadership tor the
continued growth and development of the Depar-
ment, There are substantial opporunites for re-
search collaborations with other programs, institures,
and centers.

Screeming of applications will begin immediarely.
To be assured of full consideration, application must
be received by April 30, 2007, Please send a lewer
indicating your rescarch interests, your administra-
tive and supervisory ¢xpencnce 1n|.1 phlhunph'l. alist
of four references (references will be contacted anly
with the applicant’s knowledge ), and cumiculum vine
o Chair, Search Committee, Department of En-
viconmental Health Science/College of Public
Health, 206 Environmental Health Scence Build-
ing, The University of Georgia, Athens, GA
30602-2102.

The Univewsity of Georpa i an Equal Opportiity
.'i_f.ﬁlr.u.lrr'h' Aation Ewmployer

The Department of Pharmacology and Toxicolo-
gv, School of Pharmacy, University of Kansas, is
recruiting a tenure-track ASSISTANT PROFES-
SOR 1o begin as ecarly a5 the fall of 2007, The
successtul applicant will teach pharmacology 1o
gradvare students and pharmacy students, obain
NIH and other extemal funding to support an active
rescarch program in neurophamacology {preferably
in neurotransmitter receptor systems and signaling
broadly defined), show evidence of ability o col-
laborate across departments and campuses, and
provide service via sclect committee obligations. A
Ph.D. in a biological or pharmaceurical science with
postdoctoral experience in neuropharmacology is
required. Send curnicalum vitae, rescarch plan, and
three lerrers of reference to: Naney Muma, Depart-
ment of Pharmacology and Toxicology, School
of Pharmacy, University of Kansas, 1251 Wescoe
Hall Drnl:.,, 5064 Malott Hall, Lawrence, KS
66045, In addition, upon receipt of the materials,
vou will be sent instructions for completing ne-
quired sections of the online Faculty and Academic
Saff Application Darta Form. The review of applica-
oons will begin March 1, 2007, and continue uniil
the position is filled. Eqgual Oppaming /.
Ao f.r.lrlj:ll'n:l'rl

Two POSTDOCTORAL ASSOCIATE po-
siions are available immediately at the Scripps
Rescarch Institute to investigate drug development

A ffirmative

for filanal parasine infection and the development of

molecular biological tools o study pandemic in-
fluenza. Highly motvated individuals with a Ph.DD,
in molecular biology or parsitology are encouraged
to applv. For the former positon, experience with
C. elapans is required. Competitve salary and benefic
package commensurate with expericnce will be pro-
vided. Inrerested candidares should submit cur-
riculum vitae, a statement of rescarch interests, and
contact nformation for three references to: Kim D,
Janda, Ph.l», Departments of Chemistry and Im-
munology and Worm Institute for Research and
Medicine {WIRM), The Scripps Rescarch Intimte,
10550 North Torrey Pines Road, BOC-582, La Jolk,
CA 92037; or by e-mail; kd:andn@wnpps.rﬂu

1318
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CAREER OPPORTUNITY

The Vererans Affairs San Dicgo Healtheare Svs-
tem is currently secking PHYSICIAN applications
for the Chiet of Pathology and Laboratory Scrvice
Assignment is approximately 50 percent administra-
ove and supervisory and 45 percent dimeal and
teaching, in this University of California San Diego
School of Medicine atfiliate. Responsibalities include
oversight and direction of a chinical hboratory per-
forming 2.5 million tests annually, anatomic pathol-
opy, and cvtopathology; pre-analvtical, analyitical,
and post-analytical procedures for clinical and ana-
tomic pathology departments; accountability for the
rraining of residents in the graduate medical educa-
noen program; coordinaton of teaching and patient

care conferences; and leadership ro a Department of

over 100 full-ime employees, contract emplovees,
and students, induding dircct supenision of nine staff,
five physicians, and four admimstranve/techmeal
personnel. We offer excellent education, teaching,
rescarch, and clinical practice opportumitics in an
interdiscipinary collaborative setting. Academic ap-
pomtment with the atfiliate 15 an expectation. Com-
prehensive benefits package. Must be LS cftizen,
Recruitment/relocanion  incentive may be autho-
rized, Education Debr Reduction Program funding
may be available, Send curriculum wvitae and direct
questions to: Jan Stock, Human Resources Spe-
cialist, telephone: B58-552-8585, ext. 7859,
Veterans Affaris San Diego Healthcare System,
3350 La Jolla Village Divive, San Diego, CA
92lo6l. Egual Opportieniry Emploper,

ENDOWED PROFESSOBRSHIP in
PHYSIOLOGY EDUCATION
Deparmment of Physiology
University of Kentucky Medical Center
Website: htrp:/ S www.me.uky.edu/physiology

We seek an established authority in biomedical ed-
ucation to All the newl endowed Donald T, Frazser
Professorship in Physiology, Applicants must have a
Phd, N
accomplishment in medical or science educarion, and
extramural funding in educational, basic, or transla-
uonal rescarch. This is a tenured or tenure-track fac-
uley position at a rank appropoate to the applicant’s
carcer stage. The successful candidate will promote
existing programs in professional, graduare, and un-
dergraduate education and in saence outreach and
will stmulate innovative new mitiatives to enhance
our cducational misston, We are particularly interested
in apphctions from women, minontes, and people

with disabilirics. Qualificd individuals are encouraged

o forward curriculum vitae, a concise statement of
educational philosophy and research interests, and the
names of three referenoes to: Ms. Bonnie Emerich,
Department of Physiology, University of Ken-
tucky Medical Center, 800 Rose Street, Room
M5-508, Lexington, KY 40536-0298. Tl [ nio-
sity of Kentodey @5 an Affermanive Aation/ Equral Opportity
Limplirper,
POSTDOCTORAL FELLOW /LEUKEMIA
RESEARCH

An excellent oppormnity for career development
with conversion to a Junior Faculty appointment
This posiion will study signal rransduction, degra-
dation, and transcriptional regulation by the AMILI,
AML/ETO, and TEL /AAML prowins. A strong knowl-
cdge of hematopoicsis and molecular and cellular
biology is required. Mease send curncalum virae and
three reference names to: Andrew 5. Kraft, M.D.,
Dvirector, Hollings Cancer Center, 86 Jonathan
Lucas Street, P.0O. Box 250955, Chardeston, SC
29425, E-mail: hegjobs@musc.edu. PMlease refer-
ence ad 1005,

FOSTDOCTORAL POSITION available ar the
Department of Urology, New York University
School of Medicine o study bladder cancer, urinary
tract intection, and kidney stones using biochenmcal
and genetic tools. A T'h.D. and three yvears of strong
rescarch expericnce in general biology, biochem-
istry, and molecular biology are required, Please
e-mail cover letter, curmiculum virae, and referee in-
formanon to e-mail: xue-rnwu@med.nvuedu for
conside ration,

VOL 315 5CIENCE

1.1, or equivalent degree, a strong record of

POSITIONS OPEN

RESEARCH EPIDEMIOLOGIST

Lincoln Park Zoo, in partnership with the Asso-
ciation of Zoos and Aquariums and USDA-Animal
and Plant Health Inspection Scrvice, is establishing a
Zoonotic Emerging Discase Surveillanes Center as
part af the Davee Center for Veterinary Epidemiol-
oy and Endocanology at Lincoln Park Zoo., This
position will be the PROGRAM COORDINA-
TOR for this imtiative. Pnmary dutics mclude (1)
development and management of cxisting and new
Association of Zoos and Aquarums (AZA) discasc
surveillaince and monitoring programs (avian infla-
ena, West Nile virus, TB) and (2) development of
other AZA-based epidemiological rescarch in con-
juncrion with the Davee Center misston and straregic
objectives. Successful candidares must have a demon-
strated ability to design, conduer, and communicare
the results of rescarch and applied programs in
epidemiology; demonstrate a base understanding of
ccodogy and endocrinology for collaborative purposes;
and demonstrate a commitment to wildlife conservarion
through management of wild and captive populations,
and willingness to partapate in the Department's
tcam approach to conservation rescarch projects.
Preference of medical degree (M.D./D.V.M.) and
postgraduare epidemiology wraining or Ph.DD. in
epidenmedogy or a closely related iological discipline,
More information mvailable ar website: http:/ Mwww.
|lpeoo.org. Send resume, copics of college transeripts,
and letter of mtercst to: Human Resources De-
partment, Lincoln Park Zoo, 2001 North Clark
Strect, Chicago, IL 60614,

RESEARCH FELLOWSHIP
Cardiac Electrophysiology

The University of Vermont College of Mediane s
secking well-qualified candidates for a rescarch fel-
lowship in cardiae clectrophysiology. The rescarch
will be performed in concert with the University
Cardiac Hu.urn shysiology group at Fletcher Allen
Health Care, The Cardiac Electrrophysiology group
is a research-oricnred group interested in coordi-
nated basic and elinical research into the mechanisms
of cardiac arrhythmias and the development of im-
proved rools and rechniques for interventional reat-
ment of cardiac arrhyvthmias, The group has expericnce
in clectrophysiologic rescarch at the ion channel,
isolated myocyres, and whole organ levels, There is
excellent opporunity for collaboration with a world
class group studving intracellular calcium handling
and heart failure. Applications are encouraged from
those with cither an M.D. or Ph.D. Please send curric-
ulum vitae and three references to: Peter 5. Spector,
M.D., McClure 1 Cardiology, 111 Colchester Ave-
nue, Burington, VT 05401, whkphone: 802-847-
4539, fax B02-847-8818, e-mail: peter.spector@
vimednet.org,

Additional job posungs not featurcd in
this issue can be viewed online at website:
http/ fwww.sciencecareers.org. New jobs
are added daily!
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Custom Peptide10mg 20%: $19.59/aa
AB Production 5785 peptide included

Gene Synthesis £1.20/bp
siRNA 20 nmol PAGE purified: $285

Oligo Labeling Reagents

* BHQ"/CAL Fluor /Quasar. Amidites
L Amidites for 5’ & Int. Modifications
L Standard and Specialty Amidites

BIOSEARCH +1.800.GENOME
TECUNGLOGIES  wwwhbtilabeling.com

WWW.SCiencecareers.org



)
#1 in nanoscience
& nanotechnology

http://pubs.acs.org/Nanolett

#1 in nanoscience & nanotechnology with a 9.847 ISI" impact factor

Momoiber Pragmency Demtiurs In the new category of nanoscience & nanotechnology, Nano Letters leads the way with a
big ISI* impact factor of 9.847, as reported in the 2005 ISI® Journal Citation Reports®.
The Journal received 13,040 citations, a 77% increase over 2004,

Nano Letters is a Rising Star

Thomson Scientific® has named Mano Letters as a "Rising Star” journal in 10 out of 12
periods in the past two years. “Rising Star” journals are those journals that achieved the
highest percentage increase in total citations during the previous bimonthly period, out
of all chemistry journals indexed by Thomson Scientific.

B paek Nkakis Most-cited articles published in 2005 from Nano Letters:

University of California, Berkeley Immunotargeted Nanoshells for Integrated Cancer Imaging and Therapy
Loo, C.; Lowery. A.; Halas, N.; West, J.; Drezek. R.

Nano Lett: (Letter): 2005: 5(4): 709-711. DOI: 10.1021/nl050127s

Cytotoxicity of Colloidal Cd5Se and CdSe/ZnS Nanoparticles

Kirchner, C.; Liedl, T.; Kudera, S.; Pellegrino, T.; Munoz Javier, A.; Gaub, H. E.;
Stolzle, S.; Fertig, N.; Parak, W, J.

Nano Lett; (Letter); 2005; 5(2); 331-338. DOI: 10.1021/nl047996m

Nanoscale Morphology of High-Performance Polymer Solar Cells

Yang, X.; Loos, J.; Veenstra, 5. C.; Verhees, W. J. H.; Wienk, M. M.; Kroon, J. M.;
Michels, M. A. J.; Janssen, R. A. J.

Nano Lett; (Letter); 2005; 5(4); 579-583. DOI: 10.1021/nl048120i

Co-Editor: Charles M. Lieber
Harvard University

. ™
2007 Subscription Information Gold Nanocages: Bioconjugation and Their Potential Use as Optical Imaging Contrast Agents
Volume: 7, 12 issues Chen, J.; Saeki, F.; Wiley, B. J.; Cang, H.; Cobb, M. J.; L, Z.-Y.; Au, L.;

Print Edition ISSN: 1530-6984 Zhang, H.; Kimmey, M. B.; Li, X. D.; Xia, Y.

MMn_ESH;ﬁBﬂ_-EM Mano Lett; (Letter); 2005; 5(3); 473-477. DOI: 10.1021/nl047950t

Institutional Subscription Rate: §1,424

(Outside North America: $1,518) Highly Efficient Multiple Exciton Generation in Colloidal PbSe and PbS Quantum Dots
b 4 Ellingson, R. J.; Beard, M. C.; Johnson, J. C.; Yu, P.; Micic, 0. I.; Nozik, A. J.;

Shabaev, A.; Efros, A, L.

To view a sample issue Nano Lett; (Letter); 2005; 5(5); 865-871. DOI: 10.1021/nl0502672

of Nano Letters and lists

of most-cited and most- ACS *"'-"'""ﬁ"

accessed articles, go to AuthorCl ACS AuthorChoice is a new option for open access.

http://pubs.acs.org/NanoLett et For details go to http://pubs.acs.org/4authors/authorchoice

| 0
JOIN THE ﬁESﬁCYCLE OF EXCELLENCE ACS PUBLICATIONS

contribute | publish [ review g HIGH QUALITY. HIGH IMPACT.



Sensitive and sensible, BioSource™ ELISA Kits deliver relevant data from as little as 50 pl.
Or fewer than 10,000 cells if you're working with phosphoELISA™ Kits. We offer a wide range of ELISA and
phosphoELISA™ Kits for measuring cytokines and phosphorylated proteins— with the exacting sensitivity and
reproducibility you need. And faster incubation times. What are you waiting for? See how far your sample can

go with BioSource™ ELISA Kits at www.invitrogen.com /elisa. & =
@ Invitrogen
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