



Winner 2005 Best RNAi Company’

in vitro to in vivo RNAI success

BLOCK-iT™ RNAi Technologies—proven in thousands of knockdown experiments
+ High specificity and 100% guaranteed knockdown with Stealth™ Select 3 RNAi Sets
+ Easily go from cell culture to transgenics using Lentiviral Pol [l miR Vectors

- Unparalleled transfection efficiency for highest knockdown with
Lipofectamine™ 2000 reagent

Mouse embryonic stem cells were differentiated into trophoblast giant cells by knockdown
of the key regulator OCT4 with Stealth™ RNAi (blue: nuclei; green: cytoskeleton)

For the best results, choose BLOCK-iT™ RNAI tools with demonstrated knockdown in cell culture
and in vivo efficacy (1). Go online and simply enter an accession number, obtain your guaranteed
Stealth™ Select 3 RNAi Set, and transfect with Lipofectamine™ 2000 reagent. Or, quickly clone into
vectors for successful long-term knockdown with CMV, inducible, or tissue-specific promoters.

Custom services performed by RNAI experts are also available.

RNAi success can be yours. Find out more at www.invitrogen.com/guaranteedknockdown.

TRMAI 2005 Boston meeting.
1. Sharma et al. (2005) Cancer Res. 65(6): 2412.
Additional references available at www.invitrogen.com/rnai.
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NUCLEIC ACID - :
ANALYSIS : : :

Stratagene’s new SideStep” lysis and stabilization product line ensures
accurate gene expression data by eliminating sample loss, and allows . » Provides comparable results to purified RNA
you to go directly from cells to a real-time guantitative PCR analysis » Saves time and increases sample throughput
without RNA purification. RNA is stable in SideStep cell lysates for up

to & months, giving you flexibility to perform future analysis without ;» ldeal for QRT-PCR and siRNA kneckdown analyses

harming sample integrity.

Heed More Information? Give Us A Call: , Ask Us About These Great Froducts:

StmtﬂEEﬂEIUS-ﬂ and Lanada : SideStep™ Lysis antl $tabilization Bulfer {100 ran} 400300

Orde-: 30CH424-2484 53 . Side$ten™ Lysis and $1abilization Bulfer (50 run) 400801

Techiical Sevices: (8C0) 304-2304 2 SideSter™ mRNA Enrichment Kit AB0802
Brilliant " SYBR~ Green SideStep™ OPCR Master Mix 400904

Stratagene lapan KA. Brilliant- SideSten * GRT-FCR Probe Master Mix, 1-slep 400307

Orde: (3-5155-20€0
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AM251

0-1918

VDMI11

URB602

URB754

CAY10401

Cleoyl Ethyl Amide

NAPE-PLD Polyclonal Antibody

CB; Receptor Polyclonal Antibody

CB4 Receptor Polyclonal Antibody
Monoglycerol Lipase Polyclonal Antibody
Monoglycerol Lipase {human recombinant)

S

Cayman

CHEMICAIL

| sisuoBojup

Cayman Chemical continues to lead the way with
products for cannabineid and endocannabinoid
neuroscience research. Here is a sampling of a
few of the broad range of products we offer. Visit
our web site to find additional products and to
keep abreast of new product introductions.

ioHqIul

www.caymanchem.com/neuroscience

SIPOGLUD
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GE Healthcare

Greater flexibility and binding
capacity in histidine-tagged
protein purification

Mi Sepharese " products from GE Healthcare give vou the greatest binding capacity available
far histidine-tagged protein purification. They offer the flexibility to use o variety of formats
and protocols, ensuring the highest possible purity. And with our His GraviTrap™ and
HisTrap™ FF crude columns, you can now get pure histidine-tagged proteins directly from

unclarified lysate in just 30 minutes.

Maximum target protein activity is assured with Ni Sepharose, thanks to its tolerance of a
wide range of additives and negligible nickel ion leakage. With up to four times the capacity
of competing products, dramatically increasing your yield while saving on time and
resin/buffer costs is no longer pure imagination.

www.amershambiosciences.com/his ‘“
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q g cience
d N SYSTEMS-LEVEL BRAIN DEVELOPMENT Volume 310

4 November 2005
W A special section examines how a systems-level analysis of brain development links cell biology Number 5749
to psychiatry. Researchers are making their way past the surface complexities of the brain to
begin to understand the influences and pathways that establish thought, action, and personality.
[Image: Katharine Sutliff]

~

801  Neuroscience: Systems-Level Brain Development 815  Language Acquisition and Brain Development
K. L. Sakai
819  Sex Differences in the Brain: Implications for
802 Friendly Faces and Unusual Minds Explaining Autism

5. Baron-Cohen, R. C. Knickmeyer, M. K. Belmonte

805 Patterning and Plasticity of the Cerebral Cortex
#. Surand {. L. R. Rubenstein

810  Map Plasticity in Somatoesensory Cortex
D. E. Feldman and M. Brecht

ML EAN O NN H @ISl www.sciencemag.org/sciext/braindev/

www.stke.org www.hextwave.org
SiaNaL TRaNSDUCTION KNOWLEDGE ENVIRONMENT CAREER RESOURCES FOR YOUNG SCIENTISTS
EpimoriaL Guipe: Focus Issue—Memories of Signals Past: GLoBaL: Careers in Neuroscience Research—Feature Index
Plastic Changes in Nervous System Function £. M. Adfer and A. Forde
N. R. Gough Next Wave profiles neuroscientists whose passion and dedication
Molecular changes underlie synaptic plasticity in response to has led to outstanding research.
physiological or pathological stimul. GLoBAL/US: Crossroads in Neuroscience /. Kiing
PerspecTiver Endacannabinoid Identification in the Brain— Two young scientists are studying brain imaging and behavior and
Studies of Breakdown Lead to Breakthrough, and There May the molecular cues that guide neuronal growth.
Be NO Hope B8 E. Afger GLosaL/CanaDa: Getting Wired—Pathway of a Neuroscientist

How do endocannabinoids A. Fazekas
mediate depolarization- \eon 00 Edward Ruthazer of McGill University’s Montreal Neurological
induced suppression of Institute talks about his fulfilling career.

" LAt a4

L GuosaL/Europe: Neurology in the Lab, and at Patients’ Bedsides
PerspecTive: Hijacking the E. Pain
ERK Signaling Pathway— Neurology was Diego Centonze's second choice, but it opened up a
Mycobacterium leprae whole new world of research.

Shuns MEK to Drive the
Proliferation of Infected
Schwann Cells L. A. Noon
andA. C. Lioyd
M. leprae subverts the
normal mechanisms
regulating Schwann cell
proliferation.

GLosaL/MIScINET: Investigating the Neural and Vascular
Consequences of Stroke R. Amette
Byron Ford has a varied background that enabled him to carve out
a unique niche in stroke research.

GLoBAL/GRANTSNET: Funding Opportunities in Neuroscience

Edited by S. Martin
GrantsNet offers a sampling of funding opportunities for
neurcscience research,

Review: The “Ups and Downs” of Signaling Cascades in
Addiction D. Ronand R. jurd
Elucidation of signaling cascades involved in addiction may lead to
new therapeutic approaches.

www.sageke.org
SCIENCE OF AGING KNOWLEDGE ENVIRONMENT

TeacHING Rescurce: Long-Term Potentiation—Mechanisms of PerspecTive: Keeping Priorities—The Role of Working Memoary
Induction and Maintenance R. 2. Blitzer and Selective Attention in Cognitive Aging { W de fockert
Prepare a graduate-level class about the signals responsible for LTP Elderty have trouble distinguishing relevant and irrelevant information.

induction and maintenanca.

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

www.sciencernag.org  SCIENCE  VOL 310 4 NOVEMBER 2005 733


http://www.fineprint.cn

Convenient RNA purification

adiinnijani

‘ |
l
T

19 M 29 M W 44 49 S 5F M
Time {seconds)

Purification of high<uality RNA

Advance your gene expression research with standardized solutions
for RNA purification!

QIAGEN RNA solutions standardize the purification of RNA from biological samples.
Benefits include:

B Reliability — highly pure, intact RNA for standardized results in all downstream applications
B Convenience — zasy-to-use kits with minimal profocol steps

B Speed — readytouse RNA purified in as litfle as 25 minutes

B Versalility — manual and automated kits for o wide range of sample types, sizes,
and throughputs

Visit www.qgiaogen.com/goto/RNAsolutions to find out more!

Tradernarks: GIAGEN®. B™easy® 10 AGER Groupl. The FCR process s sovered by the beregn counterpars 22 LLS. Pasents Nos. 2,483,202 and 4,683,795 cvned by MN
F Fe"manndla Roche Lid,  GEXRRATTCISTWAW @ 2005 O AGEN, all righ-s reserved.
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DEPARTMENTS
Science ONLINE
THis WEEK IN SCIENCE

EpimoriaL by Elsbeth Stern
Pedagogy Meets Neuroscience
related Systems-Level Brain Development
section page 801; Science Express Report
by M. Tassabehji et al.

Eprrors’ CHoOICE

CONTACT SCIENCE

MNETWaATCH

New ProbuCTS

Science CAREERS

NEews oF THE WEEK

EvoLuTioN
Groups Wield Copyright Power
to Delay Kansas Standards

CHEMISTRY
‘Grandfather of Nanotech’
Dies at 62

BIODEFENSE
Critics Question Proposed
Countermeasures Agency

NucLEAR PHYSICS
Dueling Experiments Close In
on Source of Proton’s Spin

SCIENCESCOPE

SciEnTIFIC MISCONDUCT
MIT Terminates Researcher
Over Data Fabrication

SCIENCE AND THE Law
Thomas Butler Loses Appeal,
Vows to Fight On

NEUROSCIENCE
Genes That Guide Brain Development
Linked to Dyslexia

PATENTS
Antibody Drug Dispute Ends in
$255 Million Cash Payout

ITALIAN UNIVERSITIES
Government Wins Fight to Modernize
Academic Appointments

News Focus

GEoLOGY
Tracking Myth to Geological Reality

MoLecuar Biciocy
P-Bodies Mark the Spot for Controlling
Protein Production

787

Cancer BioLocy
A New Cancer Player Takes the Stage
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Science

SyNTHETIC BloLocy
Synthetic Biology Remakes Small Genomes

EpucATiON

Forging a Cosmic Connection Between
Students and Science

RANDOM SAMPLES

LETTERS

University Investment in Drug Discovery A. [. vinson.
A Place at the Pharma Table for Women? L. Rhodes.
Costs and Benefits of Regulating Mercury D. Zeller
and S. Booth. Response T. Gayer and R. W. Hahn.
Landscape Corridors: Possible Dangers? §.Procheg et al.
Response D. . levey et al.

BOOKS ET AL.

OpERA: PHYSICS

Dr. Atomic

[ Adams, composer, libretto by P. Selfars;
reviewed by G. Herken

PLANETARY SCIENCE

The Planets
D. Sobel, reviewed by D. K. Yeomans

Essay

GLoBAL VOICES OF SCIENCE
Teaching Evolution in Mexico:
Preaching to the Choir

A. Lazcano

VEARS OF BLOBAL

PERSPECTIVES

INEURCSCIENCE
The Meuron Doctrine, Redux
T. H. Bullock et al.

STRUCTURAL BioLoGy

A Ribasomal Coup: E. coli at Last!
P. B. Moore

related Research Article page 827

ATMOSPHERIC SCIENCE
Water Vapor Feedback in Climate Models
R.D. Cess

refated Report page 847

CHEMISTRY

Building a Quintuple Bond
G. Frenking

related Report page 844

Essay

EPPENDORF 2005 WINNER
A Drosophita OBP Required for Pheromens
Signaling
P Xu
2005 Grand Prize Winner

Cantents continued >
735
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:
Plays well with others.

IT’S BETTER ... THE NEWEST BCA™ PROTEIN
ASSAY KIT FROM PIERCE IS NOW COMPATIBLE
WITH REDUCING AGENTS

Highlights:

= Compatible with up to 5 mM DTT, 35 mM
2-mercaptoethanol or 10 mM TCEP

= Linear working range: 125-2,000 pg/ml

= Sample volume: 25 pl

= Compatible with most ionic and nonionic detergents

= Significantly less (14-23%}) protein:protein variation
than coomassie (Bradford)-based methods

« Colorimetric method; measure at 562 nm

= Easy-to-use protocol

35 mM 2-Mercaptoethanal
- 2HE
& +2ME
500 1,000 1,500 2,000
BSA (ug/ml)

BCA™ Protein Assay — Reducing Agent Compatible produces a linear
standard curve in the presence of reducing agents. Color response
curves for BSA after treatment with Reducing Agent Compatible
Reagent in the presence and absence of 5 mM DTT and 35 mM
2-mercaptoethanol. For data on 10 mM TCEP, visit our web site.

Ordering Information
Product # Description Pkg. Size

23250 BCA™ Protein Assay Kit - Kit
Reducing Agent Compatible
Sufficient re

=
=
o
w
w
=
@
a
=
=
=
=
=
@
=
==

tance E-mail: TA@ piercenelcom = Customer Assistance E-m: @plercenat.com
7 o locate your local Perbio Science branch office (helow) or distributor
Kong: The Netherfands: i
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Science

Science EXPRESS WWW.SCIeNCexpress.org

Generics: GTF2IRD1 in Craniofacial Development of Humans and Mice

M. Tassabehji et al.
Of the 28 genes deleted in the complex human disorder Williams-Beurens Syndrome, one has been identified
as respansible for the fadal abnormalities seen in patients. related Editorial page 745; Systems-Level Brain Development
section page 801

Prysics: Thermodynamics of an Incommensurate Quantum Crystal

P. W. Anderson, W. F. Brinkman, D. A. Huse
A thermodynamic model explains that supersolid *He—a solid that flows as a superfluid— is a crystal in which
the number of lattice sites mismatches the number of atoms.

Cumare CHAnGE: Radiocarbon Variability in the Western North Atlantic During the Last Deglaciation

L. F. Robinson, J. F. Adkins, L. D. Keigwin, J. Southon, D. P. Fernandez, 5-L Wang, D. §. Scheirer

A record of the ™C content of deep water from the North Atlantic shows that warming during deglaciation in
the Northern Hemisphere was indeed assodated with vigorous deep water formation.

TecHNICAL COMMENT ABSTRACTS

EvoLuTioN

Comment on "A Brief History of Seed Size”

P. . Grubb, D. A. Coomes, D. J. Metcalfe

fulf teat at www.sclencemag. org/cgifcontent/full 310757 49/ 783

Response to Comment on “A Brief History of Sead Size”

A. T. Moles, D. D. Ackerly, C. O. Webb, {. C. Tweddle, . B. Dickie, M. Westoby
full text at wwnw. sciencetnag. org/cgifcontent/full/310/5749/783b

BREVIA
CHEMISTRY: Synthesis and Structure of Sila-Adamantans
J. Fischer, }. Baumgartner, C. Marschner
The 10-atom building block of the silicon crystal lattice has been synthesized as a stabilized isolated molecule.

RESEARCH ARTICLE
STRUCTURAL BioLoGy: Structures of the Bacterial Ribosome at 3.5 A Resolution
B. 5. Schuwirth, M. A. Borovinskaya, C. W. Hau, W. Zhang, A. Vila-Sanjurjo, J. M. Holton, . H. D. Cate

Structures of two forms of the E. coli ribosome reveal new atomic details and suggest how various parts
of the molecule move during protein synthesis. related Perspective page 793

REPORTS
AstronoMY: The Onset of Planet Formation in Brown Dwarf Disks
D. Apai, I. Pascucci, J. Bouwman, A. Natta, T. Henning, C. P. Dullemond

Spectra from the Spitzer Space Telescope show that dust grains around brown dwarfs grow, accumulate,
and migrate toward the disk mid-plane, as does dust around larger stars.

PLaneTARY Science: A Sporadic Third Layer in the lonosphere of Mars QO

M. Pétzold, 5. Teltmann, B. Hiusler, D. Hinson, R. 5chaa, G. L. Tyler
IMars Express has detected evidence for a lower, third layer of Mars" ionosphere 70 to 100 kilometers above
the surface, but it seems to be ephemeral rather than permanent as predicted.

GEOCHEMISTRY: Metaorite Phosphates Show Constant 175Lu Decay Rate Since 4557 Million Years Ago

Y. Amelin
|sotopic data from phosphates in meteorites provide a reliable half-life for the Lu-Hf isotopic system, which
is used to date and trace many gealogic processes,

AtmospHERIC SciEnce: The Radiative Signature of Upper Tropospheric Moistening

B. f Soden, D. L. fackson, V. Ramaswamy, M. D. Schwarzkopf, X. Huang

The relative humidity of the upper troposphere has increased as the atmosphere has warmed over the past
two decades, increasing the greenhouse effect as predicted. refafed Persperiive page 795

SCIENCE {I55M D036-8075) is published sweekly on Friday, ercepl Lhe lasL o in December, by Lh i ialion for Lhe Ad of

Turkign pislage exlra: Meine, Carilibean faafacs mail) $55 alher onbiies (i assiol delivey) $85. T uas, ginvil, sludenl, and geoeeihus rales an
request. Canadian rates with G5T awailable upon request, C5T #1254 8122, "ublications Mail Agreervent “umber “CE5E24. Printed inthe US.A

P 2ow “2°1]. Zanbure. CT 06271311277, Single copy sales: 510,00
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RNAI Solutions

Bio-Rad and RNAL Come have a look.

From delivery to detection, Bio-Rad supports yvour RNAS research.

With a broad range of proven delivery technologies, award-winning
detection systems, and a suite of high-quality support products,
it's clear that Bio-Rad has a vision for RNA.

= Greatest choice of delivery technologies

= RNA and protein purification products

= Automated microfluidic RNA analysis

= Sensitive, optimized cDNA synthesis kits
= Systems for protein and mRNA detection

For a close look at Bio-Rad's tools for RNAI, visit us

on the Web at www.bio-rad.com/rnai/ wage. FNA purfied and analyzed gsng
the Auran™ sotal kA <t and Experon™
ayslor, Doloction oorormsd ssig iScrio. ™
cDhA syntnasis kT and e Wy Q7 sysmam.

Visit Us on the Welb at discover.big-rad.com
Call toll free at 1-800-4BIORAD (1-800-424-6723); B’O.RAD

outside the US, contact your local sales office.
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Science

REPORTS CONTINUED

CHemisTRY: Synthesis of a Stable Compound with Fivefold Bonding Between Two
Chromium(l) Centers
T. Nguyen, A. D. Sutton, M. Brynda, J. C. Fettinger, G. J. Long, P. P. Power
A stable quintuple bond can be created in a chromium dimer supportad by bulky triphenyl ligands.
related Perspective page 796
ImMunoLocy: A Direct Role for Dual Oxidase in Drosophila Gut Immunity
E.-M. Ha, C.-T. Oh, Y. 5. Bae, W.-|. Lee

Reactive oxygen species in the lining of the Drosophila gut protect against microbial infection, just as they
do in other cells of the innate immune system in many organisms.

ImMunoLocy: Treatment of Autoimmune Neuroinflammation with a Synthetic
Tryptophan Metabolite
M. Platten et al.

Breakdown products of the amino acid tryptophan inhibit immune responses and improve symptoms in an
experimental form of multiple sclerosis in mice.

CeuL Biorocy: Regulated Pole-to-Pale Oscillations of a Bacterial Gliding Motility Protein
T. Mignot, J. P. Merlie Jr., D. R. Zusman

Certain bacteria change their course by a protein that oscillates from one end to the other, directing the
assembly of a pilus.

MNeuroscience: Retrograde Signaling by Syt 4 Induces Presynaptic Release and
Synapse-Specific Growth
M. Yoshihara, B. Adolfsen, K. T. Galle, J. T. Littleton
Information can travel “backward” across a synapse by calcium-triggered vesicle fusion and release of signals
that stimulate presynaptic activity and growth.
Neuroscience: Fast Readout of Object Identity from Macaque Inferior Temporal Cortex
C. P. Hung, G. Kreiman, T. Poggio, |. J. DiCarlo

Activity in as few as 100 cortical brain cells for 12.5 milliseconds is enough for a monkey to recognize the
identity and general category of an object.

Neuroscience: Neuronal Activity Regulates Diffusion Across the Neck of Dendritic Spines

B. L. Bloodgood and B. L. Sabatini
Neuronal activity regulates the diffusion of molecules between neuronal processes and their synapse-
supporting spines, suggesting a new form of synaptic regulation.

DevELOPMENTAL BioLocy: Tissue-Specific TAFs Counteract Polycomb to Turn on

Terminal Differentiation

X. Chen, M. Hitler, Y. Sancak, M. T. Fuller

Transcription factors found only in the testas direct germ cell precursors to become mature sperm by displadng
repressive proteins on the promaoters of differentiation genes.

www.scienceonline.org
sciencenow www.sciencenow.org Dally News COVERAGE
Paranoid Illusions
Schizophrenics aren't fooled by some visual tricks.

Tracing tRNA’s Tricky Tango
Scientists use supercomputer toa hone in on how ribosomes make proteins.

Tightwad Primates
Chimps are as selfish as your average scrooge.

+ 1
sclence s sage ke www.sageke.org SciEnce ofF AGING KNOWLEDGE ENVIRONMENT
PersrecTive: Developing a Research Agenda in Biogerontology—Basic Mechanisms H. R. Warner
The author describes how research initiatives have been developed at the National Institute on Aging over the past two decades.

News Focus: Drug Bust M. Leslie
Prescribing growth hormone to fight aging is illegal.

GrantsNet AlDScience Members Only! Functional Genomics
WWw.grantsnet.org www.aidscience.com v AAASMember.org WL SCIRNCegenomics.org
REZEARCH FUNDING DATAEASE HIV PREVENTION & VaccIME RESEARCH AAAS ONUNE COMMUNITY MEws, RESEARCH, RESGURCES

www.sciencernag.org  SCIENCE  VOL 310 4 NOVEMBER 2005 739


http://www.fineprint.cn

FUJIFILM

Life ' Science

I&I Imaging & Information

. QuickGene enables you
to isolate longer gDNA.

Target: To detect bands of more than 30kb
Result: Target achieved

3 4 56 7 8

| _ | QuickGene-810
— Tall —
4 | | Spin Column
| QuickGene-810
Spin Column
2 | ouickGene-810
8 | g Spin Column
*Sample :Mouse *Processed with ANlase

5]
—1 Liver
6.

u |solation of longer DNA made possible with FUJIFILM's
innovative hydrophilic membrane technology.

m Rapid isolation with easy operation, isolating DNA in
only 6 min.

m Stable RNA isolation

: I, the bette r ! m Isolation with consistent high yield, high purity and high

reproducibility, directly usable in PCR or RT-PCR.

Wide variety of protocols with reliable isolation kits

Isolation kits Processing time

DMNA whole blood kit ( 96 samples ) 6 min /8 samples

DNA tissue kit { 96 samples ) 13 min / 8 samples

Plasmid kit ( 96 samples ) 6 min / 8 samples

RMA cultured kit { 96 samples ) 13 min / 8 samples

RNA tissue kit ( 96 samples ) | 13 min/ 8 samples
S—

] J

Nucleic Acid Isolation System

QuickGene-810

DNA and RNA isolation with a revolutionary membrane

ht‘lp: // lifescience -fUiifilm L OM [ Download Brochures and Application guides in PDF form ]

U.S.A,, Canada Europe (excluding UK, Ireland} | UK, Iraland China Japan & Others
Fujifilm Medical Systems U1.5.A., Fuji Photo Film {Europa} GmbH Fuji Photo Film {U.K) Lid. Fuji Pheto Film {China) Fuji Photo Film CO., Ltd.
Tal : +1-203-324-2000 ext.6112 Tel : +48-211-5088-174 Teal @ +44-1234-245201 Invesiment Co., Lid Teal : +81-3-3406-2201

{1-800-431-1850 ext.6112 In the U.S.) | E-mal :lifesclence@fu)ifimeurope.de | E-mal :lifesclences@full.co.uk | Tel: +88-21-3302-4655 ext.363 | E-mall: sginfo@fu)ifiim.cojp
E-mail : SSG@fujimed.com E-mail : woxiang@fuijifilm.com.cn


http://www.fineprint.cn

CRIDITS [TCPTO 3OTTOM: S IWWIRTH ET AL PLATTEM ETAL.

More Prolific Planet Production

As the center of a collapsing dust cloud heats up and approach-
es the conditions for star formation, the dust grains settle into a
plane to form a disk around the central core. The particles in this
disk eventually combine to form planets and asteroids. Although
this picture is consistent with observa-

edited by Stella Hurtley and Phil Szuromi

Intermittent lonosphere Layer

Mars's ionosphere, which extends from about 110 to 135 kilo-
meters {km) above the planet, consists of two distinct layers and
helps protect the lower atmosphere from removal by the solar
wind. The existence of a third lower layer has been predicted, and
as discussed by Pétzold et al. {p. 837), has now been detected

tional data for the brighter dust disks
of intermediate mass stars,
little is known about planet
formation around smaller
stars. Apai et al. (p. 834,
published online 20 October
2005) present infrared spectro-
scopic observations of proto-
planetary disks around brown
dwarfs, objects that are smaller,
cooler, and often just short of
being stars. The spectra show
signs of three key markers for
planet formation—dust grain
growth, grain crystallization, and grain
settling. This kind of planet-forming
process may be more widespread than
once thought, and thus brown dwarfs
should be candidates for future searches
for planets outside our solar system.

A Wetter Upper Troposphere

If increased levels of carbon dioxide
(CO.) were the only cause of global
warming, we could expect the worldwide
average surface temperature to increase

Close Up of the
Ribosome

In the last few years,
high-resolution struc-
tures of the 305 and
505 bacterial ribo-
some subunits have
revealed significant
insights into the
mechanism of protein
synthesis, in particular
revealing that the ribo-
some is a ribozyme—some
of the constituent RNAs,
rather than proteins, catalyze key
reactions. Schuwirth et al. (p. 827;
see the Perspective by Moore) describe
two structures of the intact Escherichia cofi
ribosome at 3.5 angstrom resolution. The
structures show details of the interaction
interface and peptidyl transferase center
and reveal molecular motions that are likely
to be involved Tn messenger RNA and trans-
fer RNA translocation.

by radio-wave observations by Mars
Express. However, this third layer,
which is seen to extend to as low as
65 km above the planet, appears to be
intermittent, not permanent as was
expected, and is likely formed from
the ablation of meteorites.

Decay Discrepancy
Reconciled

The beta decay of ""®Lu to ""®Hf is an
important isotopic system for tracing
the geochemical evolution of Earth
and other planets, as these elements
are fractionated by the formation of
continental crust. Application, and
particularly comparison to other de-
cay systems requires accurate knowl-
edge of the decay constant {or half-
life. However, comparison of the sys-
tematics in meteorites and terrestrial
rocks have yielded two different val-
ues, a discrepancy that has even raised
suggestions that other energetic
processes might be affecting decay
constants. Amelin {p. 839) selected

by about 1°C during this century. How-

ever, climate models project warming

roughly three times that much because of feedback effects
from water vapor. Up until now, experimental evidence that
upper tropospheric water vapor content has actually been in-
creasing has been lacking. Soden et al. (p. 841, published online
6 October 2005; see the Perspective by Cess) have used satel-
lite observations to reveal a distinct radiative signature of in-
creasing upper tropospheric moisture from 1982 to 2004. This
moistening is consistent with model reconstructions for the
same period.

A Quintuple Bond

Covalent bonding, or electron sharing between atoms, is the ba-
sis of molecular chemistry. In principle, two transition metal
atoms can share up to 12 electrons before repulsion starts to
push them apart, rather than keeping them together. In prac-
tice, however, the quadruple bond of eight shared electrons has
been the highest stable interaction in isolated compounds; be-
yond this number, clusters tend to form instead. Nguyen et al.
{p. 844, published online 22 September 2005; see the Perspec-
tive by Frenking) have used bulky triphenyl ligands to stabilize
a chromium dimer in which one more pair of electrons is
shared. Although x-ray crystallography reveals a bent geometry,
theory and magnetic measurements support participation of all
of the metal d orbitals in the bond.

www.sciencemag.org  SCIENCE

specific samples from meteorites that

also have accurate uranium-lead dates
and shows that the half-life in metecrites is the same as that in
other rocks.

Breakdown to Recovery

Regulation of immune responses through local *
catabolic depletion of tryptophan (Trp) was first
identified in studies of the maternal T cell re- ¥
sponse to the fetus. This pathway, which is con-
trolled by the enzyme indoleamine 2,3-dioxy-  _
genase (IDO), has since been identified in a S LR

variety of immunological settings. Platten 3 \ ok
et al. (p. 850) now find that IDO-mediat- PR ORI
ed Trp catabolism also contributes during B g % 3
therapy of a mouse model of multiple iyt XA
sclerosis. By using a form of antigen, R |
termed an altered peptide ligand, T cell re- = P Rt E

sponses were prevented from causing inflam-

mation and nervous system pathology, and this effect corre-
sponded with the induction of IDO. Naturally occurring
metabolites and a synthetic derivative of the IDO pathway in-
hibited T cell proliferation and activation of antigen-presenting
cells. Remarkably, paralyzed mice recovered after being fed the
synthetic derivative.

CONTINUED OM PAGE 743
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A Gut Oxidase Reaction

The mucosal surfaces of the body are constantly exposed to microorganisms and
have evolved a variety of protective innate immune mechanisms, including the gen-
eration of antimicrobial peptides throughout the animal kingdom. Another hallmark
of the innate immune response is the generation of microbicidal reactive oxygen
species (ROS) by phagocytes. Ha et al. (p. 847) observe that gut mucosal epithelial
cells of Drosophila expressed dual oxidase (dDuox) upon bacterial infection. Flies in
which dDuox expression had been silenced were significantly more susceptible to
infection, and protection could be restored upon dDuox reexpression. Similar mu-
cosal ROS production mechanisms may be exploited in host defense across differ-
ent species.

Gliding Motility Factors on the Move

Little is known about the directional determinants of so-called gliding motility in
bacteria. Mignot et al. (p. 855) now show that FrzS, a protein essential for pilus-based
gliding motility in Myxococcus xanthus, moves in an oscillatory pattern by disassem-
bling and reassembling clusters at the cell poles as cells reverse their direction of
movement. The frequency of the oscillations is controlled by the Frz chemosensory
system, which is essential for directed motility. Pole-to-pole migration of FrzS appears
to involve directed movement along the length of the cell.

From Post- to Presynaptic Sites

Postsynaptic Ca?* signals are somehow trans-
duced into alterations in presynaptic function
during enhanced synaptic activity. Yoshihara et al.
(p. 858) show that in the Drosophila embryonic
neuromuscular junction, miniature endplate
potential induction by presynaptic stimulation
is blocked by postsynaptic Ca®* chelation or
genetic ablation of synaptotagmin 4 (Syt 4). This blockage can be rescued by post-
synaptically targeted “knockin” of Syt 4. Similarly, the reduced amplitude of endplate
potentials in Syt 4-deficient mutant can be rescued by postsynaptic rescue of Syt 4.
Postsynaptic Syt 4 thus up-regulates transmitter release.

Object Recognition in a Flash

Humans and other primates have the astonishing ability to recognize and categorize
objects within 200 milliseconds. By using a classifier-based decoding approach,
Hung et al. (p. 863) characterized the neuronal representation for object recognition
in monkey inferotemporal cortex (area IT) and quantitatively examined the under-
lying neural code. Surprisingly, the activity of small numbers of neurons over very
short periods of time was sufficient to support rapid and accurate recognition of
object category and identity, which was at the same time invariant to large changes
in object position and scale.

Wringing the Neck

The susceptibility of individual synapses to plasticity induction may be influenced by
the ability of signaling molecules to move into and out of the head of the dendritic
spine. Thus, regulation of protein movement by the spine neck offers a potentially
powerful mechanism to control individual synapses. Bloodgood and Sabatini (p. 866)
found that diffusional equilibration across the necks of dendritic spines is directly
regulated by activity. By combining two-photon microscopy with two-photon laser
photoactivation, protein movement was measured across the necks of a large popula-
tion of spines. A subclass of spines was effectively isolated from the dendrite. Spine
compartments have traditionally been treated as static entities, but it now appears
that spine-dendrite coupling is strongly dynamic. Diffusion barriers vary considerably
over time in a way that reflects the cell’s recent history of spiking.
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Pedagogy Meets Neuroscience

aving acknowledged the social and cconomic value of education, modem socictics are increasingly

making concerted efforts to myprove schooling at all age levels. Today, policy-malers and practitioners

responsible for educational reform and improving classroom practice seek to base their decisions on

empincal evidence rather than on opinions, fashions, and ideologics, as was too often the case in the

past. This desire for “evidence-based” educarion has coincided with a period of tremendous progress

in the ficld ot neuroscience and enormous public interest in its tindingy, leading to an ongoing debate
about the potential of neuroscience to inform education reform. Althoungh the value of neuroscience research on this
front iy seemingly promising, collaboration with cducators is doomed to failure ifthe public is not correctly informed
and it the rescarch 13 not considered in an interdisciplinary context,

It has become dangerously fashionable to label general—even trivial—pedagogical advice that is not grounded in
scientific fact as “brain-based learning.” For instance, findings about rapid synaptic proliferation in young children’s
brains have nurtured hopes that cognitive capabilities can be increased by
teaching infants vocabularies and basic facts with audiovisual material. But
proponents ofthese early education programs have conveniently overlooked the
lack of direct empirical evidence linking neurological and learning processes. [t
is far from clear whether children who are encouraged to memorize isolated
facts early in life show better long-term retention than their peers.

As a scientist specializing in school-related learning, T am open to the
educational implications of neuroscience. However, we need to scale down
unrealistic expectations. Otherwise, there is a danger that new efforts to
incorporate research in this area into education could be stymied by falsely
raising the hopes of the public and policy-makers. There is the further danger
that people will ignore the importance of empirical research in the fields of
educational and instructional science, psychology, and information tech-
nology—work that can continue to teach us about good schooling. Thanks to
these more traditional areas of research, we understand a great deal about what
has gone wrong in leaming enviromments when otherwise competent students fail to learn. Research on leaming and
instruction has provided precise and applicable knowledge about how to desigm powertul Tearning environments in rmany
conrent areas. What we now know about the conditions under which pictorial representations aid in teaching advanced
concepts goos tar heyond the recommendations of so-called brain-based leaming.

Nevertheless, certaim groups of leamers do not henefit sufficiently from educational environments developed in
accordance with state-of-the-art research on learning and instruction, and here is where collaboration among
traditional research disciplines and neuroscience may be promising, Looking into the brain during problem solving
might help to clarify what impedes learning. For instance, there is an ongoing debate on whether male students
outperform female students in mathematics and science hecause of their greater ability to use visual-spatial
representationy as reasoning tools. As vet, however, the implications of achievement data and behavioral observations
remam ambiguons m this respect. Neurommaging techniques have elucidated aeas of the brain that ave especially
involved in visual-spatial processing, s0 we may be able to find out whether differences in achieverment can be traced
back to the use of visual-spatial representations in reasoning. Similarly, neuroimaging may help to clarify whether
visual or phonological processing is impaired in people with dyslexia,

Neuroscience may also be able to show how prior experiences can improve learning, going beyond psychological
explanations. Although many studies have found evidence for the overwhelming impact of prior knowledge of skills,
procedures, or concepts on leaming, there may he other ways of improving leaming besides such knowlodge transfor.
Cognitive activities can stimulate certain neuronal processes by triggering elecrical mpulses and the release of
neurotransmitters in particular brain arcas, Concurrently, other cognitive activitics that are processed in similar brain
areas may be enhanced, even if the two cognitive activities mvolve completely different knowledge structures.

Neuroscience alone canmot provide the specific knowledge required to design powerfil learning enviromments im par-
ticular school content arcas, But by providing insights into the abilitics and constraints ofthe leaming brain, neuroscience
can help to explain why some learning environments work while others fail. As part of mterdisciplinary collaborarions,
neuroscienes is poised to help structure the future Glassroom, This would be “evidince-based” reform worth supporting.

Elsbeth Stern
Elsbeth Stern is professor of cognitive and educational psychology at the Max Planck Institute for Human Development in Berin, Germany.
10.1126/5cience, 1121135

EDITORIAL
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HICHLIGHTS OF THE RECENT LITERATURE

EDITORS' CHOICE

edited by Gilbert Chin

ECOLOGY/EVOLUTION

The Dynamics of
Invasions

The 1980 eruption of Mount |
St. Helens in the American B8
northwest provided ecologists
with 60 square km of primary
successional habitat on which
to study the dynamics of recol-
onization. Fagan et al. examine
the role of interactions between species n determining the course of colonization and invasion on the fresh pumice slopes of the
volcanc. The spatial pattern of colonization by the prairie lupin, Lupinus lepidus, is governed by herbivore pressure. The plants are
eaten by the leaf-tying larvae {caterpillars) of several lepidopteran species, and there is evidence for thresholds in the parameter
ranges of plant spatial extent and timing of initial colonization that predict whether the herbivores can halt the invasion. As well as
providing fresh insight into the dynamics of successional systems, these findings are relevant to the control of invasive plants
because they suggest the possibility of developing protocols for the most effective timing and spatial deployment of herbiverous

.

e ;
L

A lupin field (left), leaf miner damaée {middle), and wildf_lowers at Spirit Lake (right).

control agents. — AMS

CHEMISTRY
Boron Metathesis

Metal carbene (M=C) com-
plexes have proven highly
useful because of their capac-
ity to underge metathesis
reactions, which exchange the
carbene group with another
doubly bonded fragment.
Recently, several different
researchers have prepared
boron analogs (M=B) of these
compounds, with a double
bond between a transition
metal and a monovalent
boron, or borylene, center.
Kays et af. have shown
that one such compound
undergoes metathesis, much
like its carbon cousin. The
borylene fragment, bearing a
diisopropyl amino group, is
bonded to an organometallic
iron center. Room-tempera-
ture exposure of this
compound to a solution of
triphenylphosphine sulfide
(Ph;P=5) quickly cleaves the
P=S linkage, pairing the
aminoborylene with the
sulfur and leaving the phos-
phine coordinated to the
iron. Similarly, treatment
with triphenylarsine oxide
{Ph3As=0) produces a boron
oxide compound and an
arsine-coordinated metal

complex. The analogous
reaction with triphenylphos-
phine oxide (Ph;P=0) is slow
encugh to permit isclation
of an intermediate, which
the authors characterized by
x-ray crystallography. This
intermediate shows a P-O-B
linkage and lengthened Fe-B
bond, suggesting that these
reactions proceed by initial
attack of the boron center
by the electronegative
oxygen or sulfur. — JSY

Angew. Chem. Int. Ed.
10,1002 anie. 200502343 (2005).

BIOCHEMISTRY
Rescuing Glycine

The two ways to achieve
structural stability of an
integral membrane protein
are to bundle o helices
together, as in lactose perme-
ase, and to curl a  sheet
(comprised of individual
p strands) into a barrel, as
exemplified in the family of
porins. The fB-barrel proteins
are found in the outer
membrane of bacteria and
of organelles (mitochondria
and chloroplasts) thought to
have a bacterial heritage.
Jackups and Liang have
systematically analyzed the
small, but growing, data set of

www.sciencemag.org  SCIENCE

three-dimensional structures
of [>-barrel membrane proteins
in order to establish the
propensities of interstrand
amine acid neighbors. These
values have current applica-
tion to improving sequence-
based alignments across
proteins as well as the register
between 3 strands within
proteins. In addition, motifs
and antimotifs of pairs of
amino acids may find applica-
tion in future studies of p-
barrel membrane protein
biogenesis (folding, transloca-
tion, and insertion). One such
motif, originally identified in
soluble p-barrel proteins, is
termed aromatic rescue of

The side chain of tyrosine
{carbon, gray; oxygen, red)

is interposed between glycine
and the interior of the barrel
{yellow strands}.

VYOL310 4 NOVEMBER 2005

A Mat., in press.

glycine. The curvature of the
inner {and often solvent-
exposed) surface of a 3 barrel
is facilitated by glycine
residues, and the energeti-
cally unfavorable exposure of
the peptide backbone can be
mitigated by covering the
glycine with an aromatic side
chain, such as is found in
tyrosine and phenylalanine,
from a neighboring stave of
the barrel. — GJC

1. Mol Biot, 10,1016/ jmb.2005.065.094
{2065},

DEVELOPMENT

Death in the Blink
of an Iris

In early development, the
eye is covered with a mem-
brane that includes blood
vessels and that functions

to nourish the developing
lens and retina. This mem-
brane, however, obscures

the clear optical path needed
for visual acuity.

Studying rats, in which
the eye matures postnatally,
Morizane et al. uncover the
link between maturation of
the iris and the apoptosis of
blood vessels supplying the
immature eye. A key moment

CONTINUED ON PAGE 749
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CREDHTS: ZHAMG ETAL., | AM. CHEM. SOC. 10.1021/| AG555724 (2005)

is when the iris begins to move,
constricting and dilating in the way
that will later control the light supply
to the lens and improve focus. The
constricting movements place pressure
on the persistent blood vessels, causing
the blood supply to stop intermittently.
Pharmacologic intervention that
paralyzed iris movements delayed
regression of the vascular membrane.
The authors propose that it is the
increasing intermittency of the blood
flow, rather than the mechanical shear
stress induced by iris movement, that
signals cells of this vascular membrane
to initiate apoptosis. — PJH

Am. |, Physiol, Regul. Integr. Comp. Physiol.

10.1152/ajpregu.00602.2005 (2005).

CHEMISTRY
Grabbing Hydrogen

The activation of normally unreactive
C-H bonds by metal complexes typically
proceeds through metal-to-carbon
hydrogen-atom transfers. This step
need not be irreversible, but direct
observation of hydrogen transfers in
the other direction, from carbon to
metal, has been lacking.

Zhang et al. report time-resolved
infrared spectra of this process as carried
out by the osmium dimer [Cp(CO),0s),

gy “;\\,,/*";; i umb"‘w]

Decay of the v(CO) bands (Os+) and
formation of Os-H bands.

{(where Cp is cyclopentadienyl). The radical
formed by homolytic cleavage of the
Os-Os bond through photolysis is unlike
other metal carbonyl radicals in that it
does not redimerize, but instead attacks
C-H bonds. The reaction of this radical
with 1,4-cyclohexadiene could be followed
on the microsecond time scale by the
decay of the CO modes of the radical

and the growth of new infrared bands
assigned to Cp(CO)OsH. Electrochemical
studies and thermochemical analysis
revealed the driving force for this reaction:

conmueomon7e7 EDITORS’ CHOICE—

an exceptionally strong Os-H bond
(82 kcal per mole) relative to M-H bonds
in other metal carbonyls. — PDS

J.Am. Chem. Soc. 10.1021/ja0555724 (2005).

ASTRONOMY

Thriving in a Sea of Methane

Life on Earth relies on energy from chem-
ical reactions or from sunlight. Chemical
reactions between organic compounds
and hydrogen have been proposed as a
possibility for powering life forms on the
surface of Titan, Saturn's largest moon.

McKay and Smith calculated the
amount of energy released by reactions
of hydrocarbons present in Titan's dense
smoggy atmosphere with hydrogen gas.
They found that there would be more
than enough fuel for specialized organ-
isms such as the methanogenic bacteria
found on Earth. Although methanogens
could be sustained on Titan, it might
be difficult for them to consume the
chemicals, because organics may not
dissolve readily in the methane lakes
where life may reside. — |B

Icarus 178, 274 (2005).

VIROLOGY
Improving Child Health

Measles tends to be overlooked in the
context of developing countries that have
to cope with assault from many other
intractable infections, yet it still accounts
for more than 350,000 deaths annually
in Africa, despite the availability of an
excellent vaccine. Currently, 22 measles
virus genotypes have been recognized,
but relatively little is known about the
genotypes circulating in Africa.

Muwonge et al., working in Uganda,
have discovered a new genotype (d10)
in a 2-year study that highlights the
logistical difficulties of undertaking such
surveillance in a developing country. The
viruses they isolated showed uniformity
within the country, but significant diver-
gence from reference strains, and were
highly distinct from other known African
strains, too. |t is possible that measles
transmission dynamics in Uganda differs
from that in developed countries.
Genotype surveillance in Africa should be
extended not only to monitor control
programs but also to describe transmis-
sion patterns and hence whether
approaches to control and vaccination
need revising.— CA

Emerg. Infect. Dis. 11,1522 (2005).
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Reference Manager is your command and control center for allthings
reference related.

Download a Free Demo Today
www.refman.com

CENTRA

gt el Sill F st

olghi Tl irmmetend

Reference =
Manager. - ¢

Past references on the Web—
mh.add,mmm

Create subject bibliographies
Connect to data visualization tog(s

'k-'la'r'n:'i'm'a'-\

What's new inv11:

«Publish Reference Manager databases totheWeb or intranet
« Create subjectbibliographies instantly

« Aceass new and updated content files at v refman.com

« Share traveling lbraries with colleagues

« Connect to data visualization tools

Put innovation into action. Order or upgrade today,
Available forWindows in a single-user and network edition.
Phone: 800-722-1227 « 760-438-5526 « info@isiresearchsoft.com

THOVMISON

151 RESEARCHSOFT

iyl A e Bl b s

jeacd cacer abelller s
Al ugren szl cpepe j

B pais.


http://www.fineprint.cn

NETWATCH

EDUCATION

Slides on Ice

It's one thing to read that piedmont glaciers form when ice spreads out
after squeezing through a narrow valley. But the concept is more likely
to stick in your mind if you see the result, as in this aerial photo of
sprawling glaciers on Axel Heiberg Island in northern Canada (above).

edited by Mitch Leslie

DATABASE

Fungal Pointer

A rotting tree is a feast for corticioid, or crust, fungi. The taxonomy
of these mushroom cousins can stump even experts: Over the
years, researchers have minted more than 8000 names for the
roughly 2000 species. Compiled by mycologists at Tartu University
in Estonia and Géteborg University in Sweden, Cortbase can
guide fungus fans through this baffling nomenclature, identifying
which species names remain valid. The site also offers a specimen
locater to pinpoint which of 147 herbaria hold representatives of
particular corticioids.
andremeda.botany.gu.sefcortbase.html

Glaciers Online from Swiss teacher Jiirg Alean and glaciol-
ogist Michael Hambrey of the University of Wales in the
UK. is a boon for visual learmers. The pictorial introduction
matches nuggets of glacier information with spectacular
photos from all over the world. To distinguish cirque,
outlet, and other glacier types, for example, the site spirits
you from Antarctica to the Alps to the Grand Tetons.
Visitors can also see how moving glaciers shape the
landscape, bulldozing valleys such as Glencoe in Scotland.
www.swisseduc.ch/glaciers

RESOURCES

Supplementary Reading

Researchers who investigate dietary supplements may
want to check out this list of the 25 best papersin the field
from last year. The choices, selected by experts convened
by the National Institutes of Health, probed questions
such as the effect of high doses of vitamin C on women
with diabetes. {The vitamin increased the risk of dying
from heart disease) You can download a PDF with
abstracts from the papers and similar reports from the
previous 5 years.
ods.od. nih.gov/ResearchfAnnual_Bibliographies.aspx

IMAGES

Just In From the Red Planet

EXHIBITS

Method Man

While living through civil war and revolution,
the British scientist Robert Boyle (1627-91)
managed to forge the modern experimental
method by investigating a broad array of
topics, including human circulation and
the nature of air. Learn more about Boyle's ~
contributions and check out some of =
his writings at this site from the University ..
of London. e

Although he began as a nonscientific
writer, Boyle proved himself a whiz in the lab.
In one set of experiments, he used a vacuum pump to remove
the air from a vessel containing a candle. The flame went cut, and he
deduced that air contained something necessary to sustain fire. At the site,
you cah peruse selections from 11 volumes of Boyle's papers {above, pages
from his treatise on blood). A timeline puts Boyle's life and accomplishments
in context with British history and intellectual developments. Boyle was one
of the first scientists to publish experimental details. At a linked site, you can
page through 44 years of his work diaries.

www bblac.uk/boyle

Like any old-timer, Mars carries its share of wrinkles, scars, and
blemishes, such as these marks left by collapsing lava tubes on the
slopes of the volcano Ascraeus Mons (right). More eye-catching
close-ups of the planet’s physiognomy await at this gallery hosted
by Arizona State University in Tempe. The site showcases 3 years
of shots from an instrument mounted on the Mars Odyssey
spacecraft that measures heat emanating from the surface. The
“Live” from Mars section lets you see the images as they arrive.
For more information about notable geological details, check out
the weekly backgrounders. You can also browse a gallery organized
by type of feature or track down any one of the 82,000 images
using a clickable map of the planet.
themis.asu.edu

Send site suggestions to netwatch®aaas.org, Archive: www.sciencemag.org/netwatch
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EVOLUTION

Groups Wield Copyright Power
To Delay Kansas Standards

For the second time in
6 years, two U.S. scientific
organizations have thrown
a wrench into plans by
Kansas school officials to
adopt new science stan-
dards that would promote
the teaching of alterna-
tives to evolutionary the-
ory. Observers say the
move, which prevents
Kansas from incorpor-
ating copyrighted mate-
rials into the state’s
revised standards, could
indefinitely delay their
adoption by forcing
officials to craft substitute language.

“That could take them several months,”
says Steven Clase, o hiologist at the University
of Kansas in Lawrence and chal of the sci-
ence standards writing committee, which has
been fighting the [{-member board. “The
more we can push back the implementation of
the standards, the less damage they can do”
Case and others see the board’s proposed
standardy as an attempt to introduce intelli-
sent design (1D) into school curricula,

‘When drafting new education standards,
state officials typically borrow liberally from
the National Academy of Sciences’ (NAS’s)
Neational Science Fducation Standards
(NSES) and the National Science Teachers
Association’s (NSTAS) Pathways to Science
Standards. But the two organizations said in a
27 October statement that the set of standards
proposed by the Kansas board “inappropri-
ately singles out evolution as a controversial
theory despite ... its acceptance by an over-
whelming majority of scientists,” and that its
definition of science “[blurs] the line between
scientific and other ways of understanding.”
As a result, the two organizations denied
Kansas the right to incorporate any of their
materials into its new standards.

For example, in a section specifying what
students between grades 8 and 12 need to
understand about evolution, the draft repro-
duces the concepts listed under the same sec-
tion in the ASES, But it also contains inscrtiony
such as “ in many cases the fossil record 1s not
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consistent with gradual,
unbroken sequences pos-
tulated by biological evolu-
tion.” Similarly, a section
on “science as inquiry”
looks identical to the corre-
sponding section in the
NSES except for one addi-
tional statement: “[The stu-
dent] understands methods
used to test hypotheses about

Going by the book. The
National Academy of Sciences
says the Kansas draft standards
are an unacceptable adaptation
of its 1996 standards.

the cause of a remote past event (historical
hypothesig) that ciannaot he confirmed by exper-
iment.” The modification seems to be aimed at
“open(ing]| the door for various kinds of expla-

CHEMISTRY

nations that may not be scientifically based,”
say NAS Jay Labov and Barbata Schaal, who
reviewed the Kansays standurds,

Observers say the decision is unlikely to
stop the board from adopting the standards
whon itmaeets on 8 Novernbaer, But the absenca
of copyright permission means that the board
will have to rewrite the 123-page document.
Kansas education officials are working “to
remove any material that would violate any
copyright provisions,” says Kathy Martin, one
of a six-member bloc that is pushing the
change. She predicts that a new version will be
ready by December. “How long can we keep
beating an old horse to death?” she asks.

But John Staver, a science education pro-
fessor at Kansas State University in Manhat-
tan who serves on the standards writing com-
mittee, doubts that the board will be able to
complete its task so quickly. He says a similar
move in 1999 by NAS, NSTA, and AAAS
(publisher of Science)} delayed implementa-
tion of new standards in Kansas by more than
ayear, and that the ruling majority was booted
out in the meantime. “We’re hoping for the
same thing to happen again,” says Staver.
Conservatives hold four of the five board
seatys up for election in November 2006,

=YUDHyIT BHATTACHAR JEE

‘Grandfather of Nanotech’ Dies at 62

Nanotechnology pioneer Richard Smalley,
who shared the 1996 Nobel Prize in chem-
1stry for work that launched the nanotechnol-
ogy industry, died 28 October after a long
battle with cancer, 1le was 62,

Smalley, a chemistry professor at
Rice University in
Houston, Texas, co-
discovered carbon-60),
a soccer ball-shaped
form of carbon also
known as buck-
minsterfullerene or
“buckyballs.” He
helped persuade Con-
gress to create the
National Nanotech-
nology Initiative, a
$1-billion-a-year fed-
eral effort that he pre-
dicted could lead to a
new generation of
nanotech-hased drugs
capable of wiping out

“Moses.” Smalley was an early
booster of nanotechnology.

many forms of cancer, such as the non-
NModgkins Iymphoma from which he suf-
fered, “I may not live to see it. But, with
your help, I am confident it will happen,”
Smalley testified in 1999,

“Richard was wuly the grandfather of the
entire field of nanotechnology,”
says Anna Barker, deputy director
of the National Cancer Institute in
Bethesda, Maryland. Jim Heath, a
nanotechnology expert at the Cali-
fornia Institute of Technology in
Pasadena and a former graduate
student in Smalley’s lab, called
him “a Moses™ leading the field to
the promised land.

In recent years, Smalley had
also been a tireless campaigner
for increased spending on new
sources of energy, warning audi-
ences that “energy is the single
most important problem facing
humaniry today.”

—RoeerT F. SERVICE
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CACITS (TOPTO BOTTOM): MATIOMNAL RESEARCH COUNCIL RICE UMIVERSITY


http://www.fineprint.cn

CACZAT: NIk SOMM I35 ROUTIRS

764
New actor
in protein
synthesis

BIODEFENSE

Critics Question Proposed Countermeasures Agency

Spurred by worries about avian influenza, a
Senate panel has come up with an idea to
speed the development of new drugs and vac-
cines against wrgent public health threats such
as pandenic flu and bioterror weapons. But its
solution—a new research agency within the
Department of Tlealth and Numan Services
(HHS)—has put scientific groups on alert.
They worry that its work would be secret and
could duplicate existing efforts at HHS. “The
creation of a new agency raises many jssues,”
says Janct Shocmaker, public affairs director
of the American Society for Microbiology in
Washington, D.C.

The proposal is part of
S. 1873, a bill passed on
18 October by the Senate
Committee on Health, Educa-
tion, Labor, and Pensions.
Sponsored by Senator Richard
Burr (R-NC), the legislation is
in part meant to address gaps in
the BioShield law passed in
2004 that provides $5.6 billion
to drug companies over
10 years for procurement of
biodefense drugs and vaccines.
Few companies have applied
for BioShield funding partly
because of concerns about lia-
bility. S. 1873, which some are
calling BioShield 11, would
protect companies from law-
suits and also offers sweeteners
such as exclusive markets for
COUNTRTMSAsIres.

Perhaps the most contro-
versial part of the legislation s
its creation of the Biomedical Advanced
Research and Development Agency
(BARDA). Burr says the agency is modeled
on the Defense Advanced Reseach Projects
Ageney, which acts quickly to fund high-risk,
high-payoff research that night not pass peer
review at other agencies. BARDA' focus,
however, would mainly he on providing fund-
ing and coordination to reduce the rime
hetween basic research and final product,

BARDA would fund research and devel-
opment on countermeasures for bioterror
agoents, chemical and nuclear agents, and
infectious diseases that could cause natural
outhreaks, In addition, it would coordinate
research on biodefense and infectious disease

www.sciencemag.org SCIENCE VOL 310 4 NOVEMBER 2005

countermeasures across the federal govern-
ment—a role that no agency now fills.
Although Buur$ staff says BARDAS budgert
is still being worked out, the hill stipulates it
would start out with $1 billion in 2006 from
unspent BioShield 2004 funds. The legisla-
tion also calls for the National Tnstitutes of
Health to fund animal models for counter-
measures rescarch and for NI to absorb
some parts of the Armed Forces Institute of
Pathology, which is to be disbanded as part of
the latest defense base closings (Science,

2 September, p. 1472}

Top-down approach. A proposed federal agency would fund research on drugs and vaccines
against natural disease outbreaks and potential bioterror weapons such as anthrax.

Scientific groups are wornied about whore
BARDA'% fimding would come from at a time
whan research budgets are already heing
squeezed. The Federation of American Soci-
ctics for Experimental Biology wrote Burr
that it is “troubled’” that the hill docsm’t clarify
how BARDA would differ from biodefense
and infectious discase programs at NITTs
National Institute of Allergy and Infectious
Discases (NTAID) and at the Centers for Dis-
ease Control and Prevention (CDClin Atlanta,
Georgia. It’s not clear whether the bill “will
help™ develop drugs and vaceines or “Just adds
a layer of complexity,” adds Shoemalker.
Ohservers also note that the bill doces not spell
outhow research proposals would be reviewed
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or what the necessary expertise for BARDAS
presidentially appointed dircetor would be.

Another concern, say scientific and other
groups, 15 that BARDA and a new oversight
board would be exempt from the Freedom of
Information Act and open-meetings laws.
“Tramsparency is both appropriate and neces-
sary,” particulatly for developing infections-
discase countermeasures, writes the Center for
Arms Control and Non-Proliferation in a letter
recommending that information be withheld
only in cases of a threat to national security.

Burr’s press secretary Doug Heye says
BARDA would have
“a much different
role” from that of
NIAID which focuses
on basic research and
that its reports would
be public except in
certain situations,
Security expert Gerald
Epstein of the Center
for Strategic and
International Studies,
who testified at two
hearings earlier this
year on the bill, says
scientists’ “almost
allergic reaction” to
secrecy doesn’t make
sense in a world
in which “there are
folks looking at this
stuff to kill us rather
than  help  us.”
BARDA's overseers
“ean’t guarantie that
they’Il never have to™ withhold information
about, say, devices 1o detect bioterror agents,
ha suggosts.

An NIATT spokesperson said the mstitute
couldnot comment on pending logislation. Burr,
who was sl revising the bill, hoped it would
reach the Senate floor for a vote as early as next
weck. 10 not clear how soon the Touse will take
up the measure. It's also possible that the bill will
he merged with messures focused on pandermic
influenza, such as a provision passed last weelc
by the Senare that would give CDC nearly
$8 billion in 2006 for pandemic preparedness
and President George W. Bush's new pandernic
Huplan (see ScienceScope, p. 739).

=JocayN Kalser
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NUCLEAR PHYSICS

Dueling Experiments Close In on
Source of Proton’s Spin

‘When searching for something, it can help to
know where the thing isa ¢, S0 physicists are
cheering results that climinate one of three
possible explanations of how the proton gets
its spin, “This is 2 huge stop,” says particle
physicist Zein-Eddine Meziani of Temple
University in Philadelphia, Pemsylvania,
“It's just a matter of waiting for more data
unril they nail it down.™

For 70 vears, physicists have known that
the proton acts like a tiny top and possesses

ScienceScope

High Court to Rule on
Patent Limits

Can researchers patent a scientific fact?
This week, the U.5. Supreme Court agreed
to review the question in a dispute
between diagnestics makers. A 1986
patent belonging to University of
Colorado—affiliated Metabolite Laborate-
ries in Colorado covers a technique to
measure homocysteine, a marker for vita-
mins in the bleod. The claim at issue is the
correlation scientists discovered—and
patented—between homocysteine con-
centrations and vitamin levels.

In 1999, Metabolite Laboratories,
which owned the patents, sued LabCorp,
which had developed a rival test that relies
on that correlation, for infringement. Lab-
Corp says that Metabolite's patent, if
legitimate, means companies can “claim
monopolies over basic scientific facts.”
Metabolite says its discovery is its rightful
intellectual property and not a law of
nature, which cannot be patented."[Y]ou'd
callit a guideline of nature more than a
law of nature,” says Metabolite attorney
Glenn Beaton of Gibson, Dunn & Crutcher
in Denver, Colorado.

sented at a conference” in Santa Fe, New
Muaxico, suggoest that its small.

With help from colleagues at the Japancse
research agency RIKEN, researchers at
Brookhaven National Laboratory (BNL) in
Upton, New Yok, collided heamns of protons
polarized to spin along like little American
foothalls thrown using cither the night or left
hand. Experimenters studied the resulting
spray of particles using the PITENIX particle
detector. As they switched the relative polar-
izations, they tracked changes
in the number of particles
called pions to deduce the
gluon polarization, says BNLs
Gerry Bunce. The results rule
out a large gluon polarization
that masks the quark polariza-
tion, he says, but don’t yet
reveal whether the gluons pro-
vide the missing spin.

Meanwhile, as in earlier
experiments, researchers
with the COMPASS experi-
ment at the European particle
physics laboratory CERN
. near Geneva, Switzerland,
smashed polarized muons
into a target containing polar-
izied protons. This time they
used judicious data “cuts” to identify colli-
sions in which a gluon splits into a quark
and an antiquark—the same ones that may
have muddled measurements of the gquark
polarization. That trick enabled the physi-
cists to measure the polarization of the glu-
ons, It accounts for no more than 10% ofthe

=Eu KiNTISCH

One down, Data from PHENIX (above) in the U.5. and an experi-
ment in Europe rule out one explanation of the proton’s spin.

IP Poses Quandary for Institute

The California Institute for Regenerative
Medicina (CIRM) was launched last fall
amid promises that the $3 billion stem
cell research enterprise would generate up
to %1 billion in royalties and other revenus
far the state. But officials are still resolv-
ing questions about how te divwy up such
intellectual property (IP) claims.

This week, state Senator Deborah Ortiz

exactly half' a fondamental smidgen of spin.
But they don’t know precisely where that
spin comes from. The proton consists of
three fundamental particles called “quarky™
and a gaggle of others called “gluons.” Each
quark carries half a unit of spin, and theo-
rigts once thought the quarks were aligned,

CRIDIT [LETT]: 330K 14w 24 NATIONA . _AZORATORY

or “polarized,” enough to give the proton  proton spin, says particle physicist Jan {right) asked experts to
most of its spin. But in the 1980s, experi-  Nassalski of the Soltan Institute for Nuclear describe various possi-
ments showed that the spin of the quarks  Studies in Warsaw, Poland. ble arrangements. One

accounted for only about 20% of the total.
That “spin crisis” has three possible
explanations. The gluons, which also have
spin, might be polarized just enough to
make up the missing 80%. Or it could arise
from the “orbital” motion of the quarks and
gluons swirling around one another. Finally,
some theorists argue that both the quarks
and the gluons are polarized but swirl in a
way that counteracts some of the resulting
rotation, Researchers measured the spin of
the quarks by houncing particles called
muons off the quarks. But a gluon can split
into a quark and an antiguark, and the muon
can bounce off one of them. [fthe gluons are
highly polarized, that interaction can
obscure the polarization of the quarks.
Now, two teams have measured the
gluon polarization, And the results, pre-

www.scigncemag.org  SCIENCE

Researchers debate which result is more
definitive. The PHENIX experimenters use
the unknown structure of one proton to probe
the structure of the other, says CERN experi-
menter Gerhard Mallot, “and I think thats a
disadvantage because you have unknown
squared.” But Werner Vogelsang, a theorist at
BNL, says the COMPASS measurements rely
on shakier theoretical assumptions and apply
only to gluons moving with a particular
momentum within the proton.

All agree that the two experiments are
complementary and that the nncertainties
will shrink with more data, Within a few
years, most expect to know at last what's
whirling within the proton.  —ApriAN CHo

Particles and Nuclei Internatianal Canference,
24-28 October 2005, 5anta Fe, New Mexico.

VYOL310 4 NOVEMBER 2005

model discussed is that
of the International
AlIDS Vaccine Initiative,
in which companies
agree to lower treat-
ment costs in exchange
for IP rights to any new
medicines.

The institute’s financing is also in
limbo. CIRM officials are trying to raise
$55 million in bridge funding pending the
resolution of lawsuits that have stalled a
bond issue. But tax-free bends, the pre-
ferred route, could jeopardize the state’s

ability to collect royalties.

Ed Penhoet of the CIRM advisery board
says the institute hopes to have an |P policy
in place by February. —Constance HoLDEN
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MIT Terminates Researcher Over Data Fabrication

A riing star at the Massachusetts Institute
of Technology (MIT?} in the hot field of
RNA interference (RNAT) way dismissed
last week after admitting that he had fabri-
cated and falsified data in grant applica-
tions, submitted manusceripts, and one pub-
lished paper, the nniversity reported In a
gtaterment, The California Institute of
Technology (Caltech) n Pasadena has now
begun reviewing two papers published by
the: researcher, Luk van Parijs, 35, when he
was a postdoc there. Harvard Medical
School and Brigham and Women’s Nospital,
where Van Parijs was a gradvate student, is
also serutinizing his carly work.

“I thought Luk was an excellent scientist
and truly cannot understand why he would
take anything.” wrote Caltech president
David Baltimore in an e-mail message 1o
Science. Van Parijs was a postdoc in Baltimores
Tab in the Tate 19905 Van Panijs did not reply
to an e-mall message seeldng comment.

Graduate students and postdocs in Van
Parijs’s lab first approached MIT adminis-
trators in August 2004 with allegations of
research misconduet, says Alice Gast,

SCIENCE AND THE LAW

MIT associate provost and vice president
for research. “There were data that they
could not venity the origins of.” says Gast.
The university launched an investigation,
put Van Parijs on paid leave, pulled his lab
Wah site off the MIT server, and reassigned
his lab members to other faculty. A copy of
Van Parijs’s home page from 2003 shows
that his lab had 17 members.

Gast oversaw the investigation, which
was conducted by investigators whose
names have not been made public. She
decliney to say which of 22 papers Van Parijs
co-authored during his 5 yvears at MIT con-
tains allegedly falsified information, nor
would she quantity the number of grants or
manuscripts arissue. MIT, she says, is work-
ing with the: co-authors to retract the suspect
published paper.

Van Panijs, a prominent and prolific young
rescarcher in RNAG, was trving to use the
method, which can alter gene expression, as a
too! for studying normal physiology and dis-
ease. The applied nature of his work may have
made it more difficult to detect problems,
because it was less likely to match other

Thomas Butler Loses Appeal, Vows to Fight On

Texas physician and microbiologist Thomas
Butler suffored another defiat Tast week ina
legal battle that has already cost him his fiee-
dom, his carcer, and more than $1 million m
logal fees. Last week, a three-judge panel on
the T.S. Court of Appeals for the Fifth Circuit
in New Orleans—operating temporarily from
Houvston—unanimously upheld Butler’s con-
viction and 2-year prison sentence for illegally
shipping bacteria to Tanzania and
defrauding his former emplover,
Texas Tech University Health Sci-
ences Center in Lubbock.
Although “very disappointed,”
Butler is “determined to continue
his appeal” and restore his honor,
says his lead attorney, George
Washington University law pro-
fessor Jonathan Turley. Mean-
while, supporters are trying to
help the 64-year-old researcher
find a job once he is released from
federal prison on 2 January.
Butler’s troubles began in Janu-
ary 2003, when he reported that
30 vials of plague bacteria were
missing from his lab. His statements
triggered a massive FBI operation
and a nationally televised bioterror
scare in Lubbock, a college town in
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western Texas. Butler was eventually charged
with lying to investigators, mishandling plague
samples, defiauding Texas Tech, and tax eva-
sion. Although a jury acquitted him on most of
the plague-related charges, he was convicted of
47 offenses and recerved a 2-year sentence
(Seience, 19 March 2004, p, 1743),

Butler’s lawyers argued that lumping the
chargoes related to plague with allegations on

Back to work? Thomas Butler hopes to find a job after
completing his sentence.

Www.SCigNcemag.org

research exactly, sivs Thomas Tuschl, a basic
RNA biologist at Rockefeller University
New York City, “If somehody picks a gene
and turns it oft, it’s only the people who
already have a knockout who can say [if]
that’s the wrong thing.”" he savs,

MIT’s findings have put many of the top
journals in which Van Parijs published on
alert. Immunity, which ran seven aticles by
him, “will be looking into these cases in
detail,” said Lynne Terndon, the president
and CEO of Imsmunity's publisher Cell Press,
in a statement, Staffers at both frmurin: and
the Jowrnal of Immunology say they learned
of the misconduct case from reporters.

MIT hasn’t vet returned any of Van
Paryjs’s grant money to the National Insti-
tutey of Tealth (N111), But the university is
now beginning to weigh that possibility.
“That’s definitely one of the next steps,”
says MIT spokesperson Denise Brehm.

Since fiscal year 2001, Van Parijs had
won NITT grants totaling at least $1.2 million.
But two of his tlwee grants expived in Angnst
2004, and the third would have expired in
August 2006, —JENNIFER COUZIN

fimancial wrongdoing may have prejudiced
the jury, that Butler should have had the right
to subpoena internal e-mails and take deposi-
tions from four witnesses in Tanzania, and
that prosccutors offered no evidence that
Butler willfully violated exportules when he
sent plague cultures to Tanzania via FedRx.

Turley says he's “franldy astonished™ by
the ruling from what is generally considered
one of the most conservative appeals courts in
the country. But he expects Butler, now in
prison in the Federal Medical Center in
Fort Worth, Texas, to continue the fight, to the
Supreme Court if necessary.

Last week, members ofthe National Acad-
emy of Sciences’s Committee on Human
Rights, chaired by Duke University’s Peter
Agre, a Nobel laureate and ardent supporter
of Butler, discussed ways to help him rebuild
his ruined career. But as a convicted felon
who gave up his medical license, Butler faces
an uphill battle, Agre says.

Stanford microbiologist Stanley Falkow,
another prominent Butler defender, says his
efforts to find Butler a job have failed to
bear fruit. “Short of him leaving the country,
it’s going to be very difficult,” Falkow says.
Butler “really wants to work again,” says his
wife, Rlizabeth Butler. “1 think work will
help him heal ™ —MaRTIN ENSERINK
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Genes That Guide Brain Development

Linked to Dyslexia

Genetic varlations that cause miscues in
brain development may play an important
role in reading disabilities such as dyslexia,
according to research presented last week at
a4 mecting of the American Society of
Human Genetics in Salt Lake City, Utah,

“Before these studies, no ong has really
known what'’s going on™ in the brain to cause
dyslexia, says Juha Kere, a molecular geneti-
cist at the Karolinska nstitute in Stockholm,
Sweden, and leader of one of the studies.
Taken together, Kere says, the new
work strongly suggests that
dyslexia results from faulty neural
connections formed early in life.

People with dyslexia have
reading impairments despite nor-
mal intelligence. The problem
affects up to 17% of the popula-
tion and tends to run in families,
pointing to a strong genetic com-
ponent. Geneticists have recently
implicated several genes, but little
has been known about how they
might contribute to the disorder.

In one new study, a collabora-
tion of 20 researchers led by
Haiying Meng and Jeffrey Gruen
of Yale University School of Med-
icine homed in on aregion of clro-
mosome 6 that had been fingered previously.
Using DNA from 336 people with a dyslexic
in their families, the researchers rracked
147 single-nucleotide polymorphisms (SNPs),
spots where the genetic code differs by one let-
ter among individuals. Scarching for SNPs that
tend to have one “spelling™ in people with read-
Ing mmpairments and another spelling in normal
readers, the rescarchers found a disproportion-
ate number of such SNPs in a gene called
DCOEC2. They also found that about 1 7% of
dyslexies were missing a short streteh of DNA
within DCHC2. Everyone who had this dele-
tion had dyslexia, Gruen says.

Analyses of cadaver brains revealed high
levels of DOOC? expression in brain regiony
used during reading. And when the researchers
used a teclmique called RNA mterference to
dampen DODCZ activity in fetal rats, newly
horn neurons didn’t migrate 1o their proper
positions in the cerebral cortex, the tcam
reported at the meeting and online this week in
the Proceedings of the Nutional Academy of
Sciences, This suggests that cortain variations
ofthe DCDC2 gene may damage development
of the neural circuits normally used for read-
mg, says Gruen. People who inherit those varl-
ations probably compensate by using less offi-
cient circuits for reading, he says,

www.scigncemag.org  SCIENCE

Also at the meeting and in a paper pub-
lished on 28 October in PloS (fenetics, Kere
and colleagues reported evidence linking a
gene on chromosome 3 called ROBG 10
dyslexia, In one man with dyslexia, the team

found that the ROBG! gene had been dis-

chromosome 8 wedging itself mto chromo-
some 3. Kere's team also found reduced
ROBOT activity in 21 dyslexic individuals
from a large Finnish family. The fruit fly ver-

Reading right? Genetic variations that alter neural wiring
may contribute to dyslexia.

sion of ROBQ{ helps shape neural connec-
tions between the two sides of the brain during
development, and Kete says such connections
may he impaired in peoplis with dyslexia,

A third candidate dyslexia gene called
KI440519, first described by Julie Williams
of Cardift University, UK., and colleagues

in Febrvary in the dmerican Journal of

Human (fenetics, may also play a role in
brain development, according to work pre-
sented by Anthony Monaco at the Wellcome
Trust Centre for [uman Genetics 1n Oxford,
UK., and colleagues.

Gruen predicts that the new work will
quickly lead to genetic tests for dyslexia sus-
ceptibility. It we can identity kids carly, we
can get thom into |classes] tailored to their
problem.” he says. But others aren’t so sure.
Monaco and Williams, for example, say
they*ve failed to find an association berween
DCOC? and dyslexia in their Batish popula-
tions. Kere, on the other hand, has a paper in
press at the dmerican Journal of Human
Cienetics replicating the DCOC2 Tink ina Ger-
man population. Everyone agrees that more
work 1s needed to resolve the discrepancics.
One possibility, Gruen says, 1s that different
genes are more important for dyslexia suscep-
tihility in different populations, —Grec MiLLer
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Third Flood for Grand Canyon

The U.S. Geological Survey and its part-
ners that care for the Grand Canyon are
planning to flood the canyon for the third
time in 10 years to preserve sandbars
aleng the Colorado River and study the
rivar. Over the years, the Glen Canyon
Dam has trapped sediment and altered
water flow, changing the river environ-
ment. As a follow-up to previous dam
releases, hydrelogists will lower the flow
later this year and then increase it in early
spring te push sand inte sandbars
throughout the canyon. Previous releases
have not spread sand as uniformly as offi-
cials wanted.

—ELizABETH PENNISI

Azerbaijani Physicist Held

Human-rights activists are lobbying for the
release of a prominent Azerbaijani physicist
detained last week by authorities in an
ongoing wave of arrests. Eldar Salayev, 72,
former head of the country’s Academy of
Sciences, is among roughly three dozen
people who have been arrrested for plot-
ting to overthrow the government.
Salayev's son, Elman, is a leader of the
Azerbaijan Democratic Party, which
opposes the authoritarian government of
President Ilham Aliyev. The elder Salayev
has been an outspoken critic of the govern-
ment, but his lawyer says he sought politi-
cal change through democratic means.
—Brron MacWiLLIAMS

Bush Unveils Pandemic
Flu Plan

U.5. President George W. Bush this week
anncunced that he will ask Congress for
$7.1 billion in emergency funds to help
prepare the nation for an influenza pan-
demic. Speaking at the National Institutes
of Health, Bush noted growing concerns
that the H5N1 avian influenza virus could
acquire the ability to be transmitted frem
human to human. “If we wait for a pan-
demic te appear, it will be toe late to pre-
pare,” he said.

Bush is asking for $2.5 billicn to stock-
pile antiviral drugs and vaccines. In addi-
tion to funding for other countries and
local preparatiens, Bush wants te spend
$2.8 billion on cell-based vaccine technol-
ogy to prepare doses against a pandemic
strain in a hurry if needed. The speech
comes a week after the Senate approved
58 billion for pandemic flu preparednass,
and Congress is expected to meld its
wisheas with the president’s request.

—JOCELYN KAISER
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Yes, it can happen to you:
If you're making inroads in neurobiology
research and you've received your $25’000
M.D. or Ph.D. within the last 10 years, Prlze
the Eppendorf & Science Prize for
Neurobiology has been created for YOU!

This annual research prize recognizes accomplishments
in neurcbiology research based on methods of molecular
and cell biology. The winner and finalists are selected
by a committee of independent scientists, chaired by the
Editor-in-Chief of Science. Past winners include post-doctoral
scholars and assistant professors.

If you're selected as next year’s winner, you will receive $25,000,
have your work published in the prestigious journal Science and be
invited to visit Eppendorf in Hamburg, Germany.

What are you waiting for? Enter your research for consideration!
Deadline for entries:

June 15, 2006

For more information:
www.eppendorf.com/prize
www.eppendorfscienceprize.org

“This is one of the
premier awards for young
neuroscientists. Receiving the
Prize was a true honor.”
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PATENTS

Antibody Drug Dispute Ends in
$255 Million Cash Payout

Developers of a new drug for arthriris last
wack ended a 2-year dispute over rovaltics,
leading to one of the higgest-ever lump-sum
paymants on record to academic sciontists,
The payotft came after a UK. biotech firm,
Cambridge Antibody Technology (CAT),
withdrew a suit against ity giant partner
Abbott m Abbott Park, [llinois.

The settlement betwoeen CAT and Abbott
will release a total of $255 million inrovalties,
to be split benween the ULS. nonprofit Seripps
Raiscarch Institute, the LS. hiotech firm Strut-
agene, and the UK. Medical Research Coun-
cil (MR, which helped fund carly studies,
The deal cuts fuire rovalties Abbott must pay
on Humira, a blockbuster anti-mflammatory
drug made with a process patented by Seripps
and MRC scientists.

“1 expeet it will he ong of the single Targest
academic licensing transactions m the United
Kingdoms history and would be very high on
the list of North American licensing trans-
actions,” says Ashley Stevens, technology

ITALIAN UNIVERSITIES

transfer director at Boston University.
Emory University in Atlanta, Georgia, holds
the record, though: In July, it sold the rights to
AIDS drug Emtriva for a one-time payment
of $325 million, U8, universitics in 2003 gar-
nered $1.3 billion in licensing revenue from
science discoveriey, according to the Associa-
tion of University Teclmology Managers.

At the heart of the CAT-Abbott deal s a
technigque to create human antihodies to
order. Previously, animal cells were used to
derive antibodics for medical therapics, and
as a result, candidate drugs triggered an
immune attack by the patients” own cells.
Competing labs at MRC and Scripps pub-
lished landmark papers on technigues to
derive human monoclonal antibodics in 1989
(Science, 8 December 1989, p. 1275; Nuiure,
12 October 1989, p, 544}, Nine years later,
after shelving a patent dispute, the teams
Joined forces under the auspices of CAT.
Abbott and CAT then partnered to produce
Humira but evenrually found themselves at

NEWS OF THE WEEK

odds in 2003 over profits; Abbott atrempted
to reduce the rovalty rate to the inventors,
citing contract provisions, and CAT sued, The
parties settled out of count last weelc.

Doctors have preseribed umira to more
than 110,000 patients worldwide for
rheumatoid arthritis, In addition, drugs
hased on the MRC-Scrippy antibody tech-
nique are in clinical trials for Crohn’s disease
and ankylosing spondylitis.

“You like to see academic research ulti-
matcly go to products to help people,” says
chermist Richard Lomer, a co-inventorand now
president of Scripps. “Humira is a very good
product,” adds co-inventor Gregory Winter, an
MRC researcher at the University of Cam-
bridge, UK., in part because it is formulated in
away that permits patients to administer injec-
tions themselves. “T think [analysts] believe the
market will go to about $ 1.6 billion,”

MRC and Scripps are poised to receive
191 million and $34 million respectiviely,
with roughly $45 million more in the offing.
Lerner is entitled to a quarter of Scripps’s
take: the UK. inventors to 10%—15% of
MRC share. None has decided how the money
will be used. San Dicgo, California—based
Stratagene will receive $24 million for
related patonts, —Eu KiNTiscH

Government Wins Fight to Modernize Academic Appointments

RomMe—After almost 2 years of debate,
Ttaly’s Parliament approved a law last week
to reform the status and recruitment of aca-
demic staff and bring the university system
in line with those of other leading nations.
The most dramatic change will be the elimi-
nation of the ricercatore position, a tenure-
track job for young researchers, currently
numbering 20,000. The law will also switch
professorial appointments from a local to a
national system and allow universities the
autonomy to take on contract research projects
and make ad hoc academic appointments.

The government took action this autumn
after the bill risked running aground under
the weight of hundreds of amendments. On
28 September, University Minister Letizia
Morarti called on the Senate to give the bill a
vote of confidence, Designed to free up the
hill’s progress, the appeal passed the next
day, with government supporters hlaming
the opposition for obstruction tactics. But
opponents complained of a “coup,” and the
college of university rectors (CRUID, an
nnyielding critic, declared the action an
“unacceptable forcing of parliamentary
practice.” When the bill returned 1o the
Camera—Parliament™s lower house—on
25 October, opposition delegates walked out
m protest. The bill was passed.
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The position of
ricercatore, which the
bill will phase out by
2013, was introduced
in 1980 to boost uni-
versity research. In
reality, many ricerca-
tori were overloaded
with teaching duties
while others remained
in the role for an aca-
demic lifetime. Under
the new law, young
researchers will be
employed on 3-year
contracts and can com-
plete only two con-
wacts before they must
apply for an associate
professor position.

The new law will also reform the con-
corsi systemn, in which universities set up
panels to vet candidates for promotion to
associate or full professor. The concorsi
have often been attacked for favoring in-
house candidates, Moratti plans to combat
this “localism™ by returning to national
appointment competitions abandoned in
reforms 7 vears ago, Successtul candidates
will be put on a list from which universities

Future imperfect. Rectors' leader
Piero Tosi wants more reform.

can choose individuals to apply
to fill their posts.

Another aspect of the law cov-
ers new rights for universities to
draw up contracts with businesses
and other bodies to fund research,
And to combat brain drain, says
Moratti, they will be able to
directly appoint candidates from
abroad—Italian nationals or
otherwise—to associate and full
professorships. Researchers from
industry may also be named tem-
porary professors.

Although Moratti is confident
that the provisions will benefit
young researchers and “bring the
[talian system up to that of the
most advanced countries,” there
remain many opponents. During
the bills progress, CRUI, for one, called for
even greater University autonony, researcher
assessment to ensure a meritocratic system,
better career paths for young rescarchers, and
cuarantees of adequate funding. According to
CRUT President Picro Tosi, approval of the
new law is unfortunate because basic ques-
tions ahout the future of the umiversitics are
Tett “unresolved.” —Susan Bicain
Susan Biggin is a writer in Triesta, Italy.
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Once dismissed, Myths.arewinning new-attention from geologists
who find'that they may encode valuable data about earthquakes,
volcanoes, tsunamis, and other stirrings of the earth

“Tracking Myth to
GeologicalReality

762

SEATTLE, WAsSHINGTON—James Rasmussen,
owner of a funky used-record store called
Bud’s Jazz, and Ruth Ludwin, a seismologist
at the University of Washington, Seattle,
make an unlikely professional team. Late
last year, they were walking down the beach
near the bustling Fauntleroy ferry dock,
searching for a reddish sandstone boulder.
Native American Jegends—Rasmussen
helongs to the local Duwamish people—say
the boulder is haunted by o vahos, a spiit
with the body of a serpent and the antlers and
forelegs of a deer. Old folks used to say not to
look in the direction of e yahos hecause it
could shake the ground or turm you to stone.
“Tt was not at all clear ro me what my grand-
dad wasy talking about when he said vou
should be careful as you travel through here
along the shore,” said Rasmussen, “Then [
heard the scientific evidence, and it got me
thinking about the old stories.”

The evidenee is this: In the 1990s, geo-
phiysical images and excavations revealed a
huge, hidden fault traversing Scattle. Dis-
turbed soils and other evidence show thar
1100 years ago, it produced a quake that
would level Seattle today. Scientists agree
that the fault could slip again at any time, top-
pling buildings and elevated highways. The
city’s infrastructure is now being reinforced
for disaster. Ludwin, Rasmussen, and others
have documented at least five Seattle-area
legend sites related to shaking, including the
boulder, all aligned along the fault near old
landslides and other signs of seismic vio-
lence. They conclude that the threat was
encoded in folklore long before scientists
uncovered physical signs.

More and more geoscientists are willing to
combine their work with such stories these
days, in a budding discipline called
geomythology. Volcanologist Floyd McCoy of
the University of Hawaii, Manoa, says dis-
cussing myth has traditionally been “a good
way to sink your own credibility”’; it can put
vou on the list with tlaky Atlantologists and
other amateur zealots. But, says MecCoy, “T'd
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be a fool to write it all off. There is a
new realization that some myths
have something to say.” Myths can
sometimes alert researchers to pre-
viously unheeded geohazards; in
other cases, where science has
demonstrated the danger, legends
“enrich the record” and remforce
the fact that people lie in harm’s
way, savs paleoscismologist Brian
Arwater of the U.S. Geological Survey
(USGS) in Scattle, who hays spearheaded
many studies of seismic events in the Pacific
Northwost, The trick 15 teasing out which
myths carry kernels of truth that can he con-
nected to hard data.

Deities of flood and fire

The moyement traces in part to the 1980s,
when sclentists realized that the slow march of
ceologic time 18 sometimes puncruated by
hiblical-scale catastrophes, such as the giant
meteorite that wiped out dinosanrs 65 million
yeurs ago, After this was accepted, some (usu-
ally those with tenure) felt freer ro wonder if

g
Apollo’s voice, Intoxicating gases seeped through
a fault below the oracle at Delphi.

Big wave. Battles between
mythical beings, such as a thun-
derbird snatching a whale in its
talons, may describe ancient
tsunami in the Pacific Northwest.

near-universal myths of
great floods and fives
implhicd that such disas-
ters also have punctuated
human time. In the
19905, Columbia University marine geolo-
gists Walter Pitman and William Ryan argued
that rising Mediterrancan sea levels tfollowing
the last deglaciation topped what 1s now the
Bosporus Strait and roared into the Black Sca
7600 vears ago, serving as the original inspi-
ration for the hiblical flood. Their work trig-
gered sharp eniticism and a torrent of rescarch,
resulting in growing acceptance of some sott
of Black Sca flooding (Science, 22 September
2000, p. 2021}, Whether the book of Genesis
somehow grew from this is a further step,
admits Ryan, who prosented his latest find-
ings at the International Geoscience Program
m Istanbul, Turkey, in carly Octoher,

Recent studies on more local disasters
have raised the field’s stock, with geoscien-
tists connecting myths to past disasters in
North America, the Mideast, Africa, Europe,
and the Pacific. For example, Ludwin’s study
on the Seattle fault came out this year in
Seismological Research Letters, along with a
paper in which she discusses dozens of abo-
riginal stories about times when the ocean
along British Columbia, Washington, and
Oregon rolled up in great waves, carrying
away coastal villages. Native people often
described these events as a battle between a
great whale and a thunderbird.

Paleoseismologists have a modern
explanation: Quaking along the offshore
subduction zone has produced at least a
dozen huge tsunamis at intervals of 200 to
1000 years, as shown by shore deposits
including inland sand sheets and mud that
buried native camps. The most recent wave
iy dated through tree rings and other cvi-
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dence to January 1700; scientists agree the
next can come any time,

The utility of myth became ¢lear in the
Indian Ocean tsunami of 2004, While up 1o
300,000 people are thought to have died, the
indigenous seafaring Moken people of Thai-
Jand almost all survived. Their traditions warn
that when the tide recedes far and fast—as
happens before tsinamis—a man-eating wave
15 coming, and evervone should run. They did.

Patrick Nunn, a geoscientist at the Univer-
sity of the South Pacific in Suva, Fiji, believes
such stories can be harnessed to find other
hidden geohazards. He currently has a grant
from the French government to collect tales
that might pinpoint islands where scientists
should look for warnings of earthquakes, vol-
canoes, or catastrophic landslides not
included in written records. These include
common motifs in which deities “fish up”
islands from the water and sometimes throw
them back. Nunn thinks such tales may
encode sudden uplifts, subsidences, or flank
collapses of islands, and he has already con-
firmed that sinking islands are not just myths.
He has correlated at least a half-dozen stories
with actual land masses seen by early Euro-
pean seafarers but which are now gone; a
few were never charted but have since
been located just under the waves, exactly
where the stories said they were.

Nunn’s studies have also turned up a
surprise. People on the volcanic island
of Kadavu, Fiji, have a suggestive legend
about a big mountain that popped up one
night, and locals say they have heard rum-
hling from the main cone recently, In 1998,
Nunn and others investigated the volcano
but decided on preliminary evidence that it
had not erupted for 50,000 years. The island
has been mhabired for only 3000 years, so
they concluded that the myth was imported.
Months later, a new road cut revealed pot
shards under a meter-deep layer of ash.
“The myth was right, and we were wrong,”
says Nunn.

Myths may provide unusually precise tools
in the Pacific because some are tied to royal
genealogics that can be roughly dated. In
Hawaii, where the genealogies go back
95 generations, archacologist Bruce Masse of
Los Alamos National Laboratory in New
Mexico has compiled stories of battles
between the fire deity Pele and others that
seem to relate to volcanic eruptions; the reigns
ot kings at the time of the “hattles™ cornelate
within a fow decades to radiocarbon dates of
burned vegetation under lava sheets. Other
tales apparently record celestial events, One,
said to have talen place during the reign of
King Kakuhihowa, narrates o human sacrifice
at dawn interrupted by giant owls who fly
across the sun. When Masse lined up the num-
ber of generations with recent NASA tables
that calculate times of past events, he hita

match: A rare solar eclipse took place over
Hawail precisely at sunrise on 10 April 1679,
Myth has also figured in work at Nyos, a
crater lake m Cameroon that exploded and
killed 1700 people i 1986, The disaster was at
first a mystery, withno signs of volcanic erup-
tion. Scientists finally figured out that carbon
dioxide bubbling trom decp rocks had slowly
built vp n the water, then burst out and suffo-
cated all Tiving things nearby—a phenomenon

il e

A'yahos myth
5 Landslide site
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On the spot. A'yahos—spirits that can start
the ground shaking—are aligned with or
near the Seattle fault.

never observed by

seientists, It could have been dismissed as a
one-time fluke except for the fact that the
riegion is full of stories about haunted lakes
that rise, sink, or blow up, Anthropologist
Eugenia Shanklin of The College of New
Jersey in Trenton, who collected the stories,
says many local people have taboos against
Tiving near lakes and instead dwell on high
aronnd. Scientists now know that gas buildup
affects at least one other lake in the region,
Lake Monoun, as well ay giant Lake Kivain
east Africa, which has 2 million people living
on its shores. The myths *helped tell us it hap-
pened before, and it will happen again.” says
geochemist William Evans of USGS in Menlo
Park, Califorma, who 15 working to remove
casnow rebuilding in Nyos and Monoun.

Next year, the Geological Socicty of
London will publish Geelogy and Mvih, a
collection of papers by Shanklin, Nunn, and
others, Co-cditor Luig Piccardi, o structural
eeologist at the Narional Research Council of
Ttaly, says he hopes it will Tead colleagues to
take the field more setiously.

Among other work, Piccardi has studied a
cutaclysmic 493 C.F. appearance at southern
Italy’s Monte Sant’ Angelo by the Archangel
Michacl, said to have loft his footprint in the
rocks—code, Piccardi says, for a big, previ-
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ously unauthenticated carthquake. In the Tate
1990s, Piccardi found ample physical evi-
denge for the event, including a dramatic
fault scarp in the floor of the popular shrine
to the: apparition, long hidden until it was
nncovered m archaeological excavations—
the apparent “footprint.” In 2001, the
National Institute of Geophysics and Yol-
canology in Rome upgraded the area to seis-
mic high nisk. This may also he an example
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of how geomyths are periodically
reinvented in places where disasters 1eoc-
cur: The shrine was proviously an oracle and
supposed entry to the underworld dedicated
to the Greek scer Kalchas, who s mentioned
in The fliad, Piccardi’s description of the
shrine is n press at Tecforophysics. Plocardi
15 currently studying the possibility that
many ancient sites of worship and miracles
are over active faults, on the theory that past
rumblings and cracking have been trans-
muted into visits by monsters and gods.

One such example is the oracle at Delphi,
Greece. Here, priestesses were said to enter
prophetic trances by inhaling the breath of the
zod Apollo from a magical chasm; people
came from around the ancient world to hear
their words, While the oracle was indis-
purably real, classical scholars wrote off the
chasm ag an invention—unti] geologist Jelle
de Boer of Wesleyan University in Middle-
town, Connecticut, and archaeologist John
[Mali: of the University of Lowisville in Ken-
ucky published a series of papers on the ora-
cle over the past fow years. De Boer and
Hale showed that the ruims of Delphi lie over
the juncture of two faulty that conduct up
psychoactive hydrocarbon gases through a
spring, exactly as described in ancient
accounts, (Why some prophecics were
nncamily accurate is another question.) This
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summer, de Boer and Hale visited the par-
tially excavated ruins of the oracles of Apollo
at Klaros and Didyma in southwest Turkey
and detected hydrocarbon gases there too.

From story to data

The process of translating myth into geology, or
vice versa, can be murky, but Elizabeth Barber,
a professor of linguistics and archaeology at
Occidental College in Los Angeles, California,
believes it can be done scientifically. In the
recent book When They Severed Earth From
Sky: How the Human Mind Shapes Myth, she
argues that transmutations of reality into myth
take predictable courses, with natural forces
often turned into supernatural beings (Science,
27 May, p. 1261). Some examples seem
straightforward. A story from the Klamath peo-
ple of Oregon about a battle benween the chiefs
of Above World and Below World is faithtud in
every geologic detail to the voleanic explosion
of Mount Mazama and the formation of Crater
Laka in its place, from the rain of burning ash
and rock to many years of rainfall afterward
that eventually filled in the crater—a process
that started 7000 years ago, Other legends are
more confusing. These include a hypothesis
that the pillars of cloud and fire that guided
the Hebrews from Egypt came from the
1625 B.CLE, voleanic cruption of Thers in the
Mediterranean. Here, mismatches berween
dares of the events and problems with the
Hebrews route Tead Barber to think the account
is conflared from several real but distiner
cvents, “The guestion s how often and in what
cases you can take it back lirerally;” she said.

Other researchers” hypotheses about
cvents as widily varied as the destruction of
Sodom and Gomorrah and the death of King
Arthur (said by some to relate to a catastrophic
cometimpact} suffer similar problems of time
and space, Efforts to conmect myths with
comet or metcorite impacts have met with
skepticism. Repeated, undetected big impacts
in human time “contradict cverything we
know about the rate of impacts on Earth, and
the imventory of what's out there now, and their
dynamics,” vays David Mortison of NASA'
Ames Research Center in Mountain View,
California, head of the global Near Earth
Object Working Group, which tracks celestial
ohjects that might endanger Barth,

The pendulum may have swung too far n
favor of accepting myths, says social antlvo-
pologist Benny Peiser of Liverpool John
Moores University in the UK., who 1uns the
Cambridge Conference Network, an Intemoet
clearinghouse for catastrophist theories. Now
that more people ave willing to listen, he says,
too many scientists arc invoking myth “lefi,
right, and center 1o explam everything” In a
paper at a late-Octoher workshop on natural
catastrophes in the ancient Mediterranean, he
asserts that no major myths have yet met sci-
entific standards, although he docs credit
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some regional ones, such as the Pacific North-
west earthquakes. “That’s not all bad,” he says.
“This is all s0 new, you expect more specula-
tion than hard evidence. The refinements can
come later”

From his perspective as a storyteller,
James Rasmussen, the record-store owner,
alko expresses reservations about how much

Molecular Biolog

Fire in the sky. A mythic battle between the
Hawaiian volcano goddess Pele and the half-pig,
half-human Kamapua represents simultaneous
appearance of Halley's Comet in 1301 and the
biggest known eruption of Kilauea volcano,
researchers say.

myths can reveal. When he and Ludwin
reached the spot where the a vahos boulder
was supposed to be, it was gone, In its place
was a big wooden chair in front of someone’s
beach house. “Maybe it’s been hauled away,”
said Ludwin. “Maybe the tide buried it in the
sand,” said Rasmussen. They poked around
for a while among the foam cups, logs, and
newspapers littering the beach and finally
gave up, “Maybe some things show them-
selves for a while, and we get a lirtle under-
standing,” said Rasmussen, “Then they go
away again, and they don't want to be found.”

—KEvmi Krack

Kevin Krajick is the author of Barren Lands: An Epic
Search for Diamonds inthe North American Arctic.

P-Bodies Mark the Spot for
Controlling Protein Production

Serving as sites for RNA degradation and storage puts the tiny speckles at the heart of
the cell’'s machinery for regulating protein synthesis

In the past few months, tiny cellular strue-
tures with the unglamorous name P-bodics
have captured cell biologists’ attention.
Mere specky in the eytoplasm, they have
been shown to play key roles in regulating
one of the cell’s most important activities,
protein synthesis.

Efforts to understand how cells control the
production of their many proteins have typi-
cally focused on the first step in the process:
the reading of genes to create the messenger
RNAs (mRNAg) that in tumn diveet the actual
protein synthesis. Researchers had thought
that once mRNAs had done their job,
enzymes in the cytoplasm simply broke them
down. About 2 years ago, however, several
groups showed that much of this degradation
occurs in P-bodies—on, as they are some-
times known, (GW or Dep hodies, Now, a
flurry of results mdicates that the particles are
much more than just mRNA chop shops,
They appear to play a more dynamic role,
serving as routing starions that can temporar-
ily store mRNAs before sending them out to
be twanslared into the protems that cells need.

Still more recent evidence has linked
P-bodies to another exploding area of hiology,
RNA mterference (RINAI}. In this phenome-

non, which many companies are seelking to
exploit to treat diseasces, short segments of
double-stranded RNA shut off gene expres-
sion by dirccting the destruction of the corre-
sponding mRNAs. This RNA heakdown,
which helps cells fight off viruses and genetic
damage, may also take place in P-bodies.

Grven therr apparently broad role in con-
trolling mRNAs, it is perhaps not surprising
that there are hints that P-bodies are involved
in discase, including cancer and certain
gutoimmung conditions. As Paul Anderson
of Harvard's Brigham and Women's Hospital
in Boston, Massachusctts, points out, “regu-
lation of mRNA translation is a very funda-
maental process with profound implications
for cell metabolism.”

P-bedy erigins

The path that led to the discovery of I-bodies
began about 10 vears ago when rescarchers
wete studying a key step in mRNA degrada-
tion. Before these messengers can be broken
down, cells have to knock off a so-called cap,
consisting of methylyated guanosine,
attached to the mRNAY heginning end, Inthe
late 1990s, Roy Parker’s reamn at the Univer-
sity of Avizona in Tucson cloned the yeast

www.sCiencemag.org

CALSIT:DITTR C IVARLT


http://www.fineprint.cn

CACZATS: 01 R BLOOM, M CRSITY 0783 IoM A

geney tor the decapping enzymes (Dep 1 and
-2} as well as the genes for several proteins
that activate the enzymes. Scveral groups,
including those of Bertrand Scraphin at the
CNRS Center of Molecular Genetics in
it sur Yvette, France, Michac] Kiledjian at
Rutgers University in Piscataway, New
Jorsey, and Jens Lykke-Andersen at the Uni-
versity of Colorado, Boulder, soon showed
that mammalian cells make similar proteins.

Examination of the distribution of the
decapping enzymes and other proteins by
these researchers and by Reinhardt
Luhrmann and colleagues at the Max Planck
Institute of Biophysical Chemistry in Gottin-
gen, Germany, revealed that the proteins are
concentrated in discrete foci—the P- or Dep
bodies—along with other enzymes involved
in mRNA breakdown. This suggested that the
particles could be a site of mRNA decapping
and breakdown, a supposition confirmed by
further experiments. For example, inhibiting
the enzyme that degrades decapped mRNAs
leads to accumulation of mRNA in P-bodies,
which increase in size as a result,

The demonstration that P-bodies are the
cell’'s mRNA destruction sites has since led to
a growing appreciation of their diverse roles
in the cell. They may, for example, help cells
protect themselves against certain stresses.
Infection by viruses or exposure to insults
such as heat causes cells to turn down their
protein synthesis by sequestering their
mRNAs in granules. Recent work by
Anderson, Nancy Kedersha, also at Brigham
and Women's, and their colleagues has shown
that these stress granules and P'-bodies come
into contact with ong another and carry some
of the same mRNAs. Anderson speculates
that the interaction may tacilitate what he
calls an “RNA triage,” with some being
maintained in the stress granules while others
ane shuttled to P-hodies for destruction.

A preater understanding of P-body func-
tion may also resolve a lingering mystery
about RNA interference: Where does the
mRNA degradation it clicits take place?
About 6 months ago, George Sen and 1elen
Blau at Stanford University School of Med-
icine and Parker, working with Gregory
Hannon at Cold Spring Harbor Laboratory on
New Yorks Long [sland, and collcaguces
found that the proteins Argonaut 1 and -2,
which are key components of the RNAI
machinery (known as RISC), concentrate in
P-bodies, implicating the particles as the site
of degradation,

The work 1s also shedding light on a
related phenomenon in which so-called
microRNAs (miIRNAg), which can he pro-
duced naturally by cells, repress the trans-
lation of mRNAs into protems. Although this
involves the RISC machinery, it apparently
does not result in mRNA degradation, The
Parker-1Tannon team, as well as that of Witold
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Filipowicz at the Friedrich Micscher Institute
for Biomedical Research in Basel, Switzer-
land, found that mRNAs subject to miRNA
repression accumuylate in P-bodics in a man-
ner dependent on niRNA fimction. This sug-
gests that RISC proteins direct the mRNAs to
the P-hodies, possibly for storage. Such an
idea is consistent with other findings suggost-
ing that the particles do not just degrade
mRNAs but also temporarily sequester them

dance of the two proteins—to the point
where the cells could no longer grow.
These cells had huge P-bodics. Parker pro-
poscs that there is o halance in the cell
between two compering events: translation
at the polysomes and P-body formation.
The question for the cell, he says, is “can I
assemble an initiation complex [for protein
synthesis] before the mRNA is dragged off
to P-bodies?”

Hot spots. In this hurnan tumor cell, P-bodies (red) surround the nucleus.

away from the translation machinery. Parker
and his colleagues reported online in Seience
on 1 September that mRNAs can move out of
P-bodics and move to the polysomes, where
protein synthesis occurs. Parker says he
noticed early on that P-bodics resemble the
aranules that store the maternal mRNAs thar
tunction in very carly embryo development.
“Even in 2003, we speculated that they
[B-bodies] are not just dead ends,” he says.

The storage of mRNAs in P-bodics could
help regulate embryonic development. In
the 19 August issue of Molecular Cell, Min
1Tan and his colleagues at the University of
Colorado, Boulder, report that a worm devel-
opmental control gene encodes a protein that
localizes to P-bodies and interacts with the
same Argonaut molecules involved in regula-
tion by miRNAs.

The structures may even play a divect role
in regulating protem synthesis. Working with
veast, Parker and Jeff Coller, also at Arizona,
have shown that cells lacking two P-body
proteins (Dhhlp and Patl) can no longer turn
off protein translation in conditions in which
it would normally be repressed. P-body con-
centrations declined dramatically in those
celly, the researchers reported in the 23 Sep-
tember issue of Cedl.

Conversely, translation was repressed
in cells engineered to have an overabun-

Pousible connectiony between P-hodics
and disease are beginning to emerge. One
came in 2002 from a ream including Marvin
Fritzler ofthe University of Calgary in Canada
and Edward Chan of the University of Florida,
Gainesville, who chanced upon the particles
while studying a patient suffering from an
auroimmune form of nerve degeneration.
Using antibodics prepared from the patient’s
blood serum, the researchers identified a pro-
tein they called GW 182 and showed that it
localizes to speckles in the cell cytoplasm.

The speckles turned out not to be any ofthe
cell’s known particulate structures, Fritzler
says, so the researchers dubbed them GW
hodics. But the work on P-bodics, which was
emerging at the time, caught the atrention of
Fritzlerand Chan, and they joined forces with
Scraphin to show that the two cellular bodies
were I fact identical.

In addition, Seraphim and his colleagues
have found that human P-bodies contain a
protein called RCK that may help drive can-
cer development. Researchers have found
that its concentration, along with the number
of P-bodics, is clovated in various cancers,
including breast cancer. A disease link for
P-bodics is “a possibility we can’t ignore,”
Chan says, “bur further work is necessary to
pin it down.”

—JeAn Marx
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A New Cancer Player

Takes the Stage

MicroRNAs are being implicated in various human cancers, and scientists are trying to

sort out just how culpable they are

For Frank Slack, the
story began when his
worms exploded through
their vulvas. :

It was 1997, and the
developmental biologist,
now at Yale, had been tin-
kering with microRNAs
(miRNAs), tiny RNA
molecules that regulate
gene expression. Slack is
a worm man, and in his
wriggly subjects he had
deleted the gene for just
one of the 120 known
worm miRNAs.

The developing ani-
mals’ stem cells
failed to morph
into specialized
cells as they nor-
mally do and
instead kept divid-
ing. “The worms
looked extended,
welrdly floppy;
they kind of looked uncoordinated.™ he says,
The vulvas didn’t develop properly and rup-
tured. A worm skeleton iy under hydrostatic
pressure, and with the rupture, “the animals
burst through,” an experience that killed
roughly half of them,

When Slack probed the underlying
genetics, he uncovered something tantaliz-
ing that linked these unfortunate animals to
human biology. Deletion of this miRNA,
called let-7, prompted overexpression of a
cene, Rus, that's strongly assoclated with
many cancers, In other words, when let-7 is
expressed normally, it seemed, it blunts Kas.
Since Slack’s tind, the let-7-Ras story has
unfolded rapidly, one of a growing bundle of
strands tyimg miRNAs to cancer.

More than a dozen papoers have shown that
miRNAs are expressed differently in cancerons
tissue. Braided together, the Tatest miRNA dis-
coverles suggest potentially vast roles for the
tiny molecules in malignaney; they have also
spurked spivited debate over whether miRNAs
ave driving cancer or are simply a marler of it.
Either way, the nascent ficld could eventually
assist doctors in diagnosis, prognosis, and pos-
sihly treatment, Last week, a paper in the New
England Jownal of Medicine (NFJM) reported
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Sorry fate. A worm without a
microRNA bursts through its
vulva (arrow, inset); replacing the
microRNA keeps the worm intact.

that 13 miRNAs form a signanue associated
with prognosis and discase progression in
patients with chronic lymphoecytic leukemia
(CLLY, a cancer of blood.

“There 1s a whole other world out there,
which I don't think we know anything about,”
says Phillip Sharp of the Massachusetts Tnsti-
rute of Techmeology (MIT) in Cambridge, who
has studicd small RNA molecules for yeams and
is exarmining their influence on tumaors.

Cancer connections

With rare exceptions, it’s far from clear
which genes the miRNAy are targeting, how
many miRNAs are involved in cancer—and
how they’re involved—and what governs
miRNA behavior. Uncertaintics aside, how-
ever, Sharp and others are not surprised that
miRNAy are being implicated. Many of the
dozen or so animal miRNAs of known fune-
tion play a hig role in ¢arly development, In
fruit flics, some mMIRNAy govern apoptosis,
or cell death; in worms, as Slack witnessed to
dramatic cffect, they control ccll differentia-
tion. Both processes, like many others in
development, are critical components of
tumor formation and spread. “There were
these clues,” says Joshua Mendell, a geneti-

cist and molecular biologist at Johns Hopking
University in Baltimore, Maryland, who set
up his own lab last year and began exploting
the miRNA-cancer comnection,

Mendell chose to focus on a proto-
oncogene called e-Mye; proto-oncogenes (Ras
1s another) are offen highly expressed in cancer-
ous tissue and implicated in initiating malig-
nancy. “Even though Mye has been studied for
several decades, [it’s] still not fully understood
how it causes tumors,” says Mendell. Examin-
ing a human cell line in which c-Mye expres-
sion could be manipulated, Mendell and his
colleagues found that when expressed, c-Myc
activates a cluster of six miRNAs. More impor-
tant, another gene that’s both a target of c-Mye
and drives cell division damps down its expres-
sion when two miRNAs in Mendell’s cluster are
active. That suggested that this miRNA pair
could control the balance of cell death and
proliferation driven by c-Mye.

While Mendell and his team were sifting
through their cell samples, a cell biologist at the
University of North Carolina, Chapel Hill, was
studying how miRNAs might drive lymph-
oma. Unaware of Mendell’s findings, Scott
Hammond hit on seven relevant miRNAs in
human cancer cells; the cluster was nearly iden-
tical to Mendell’s list. “We both kind of came to
the same group of miRNAs,” says Hammond.

But Hammond recognized a problem.
Cancerous cells contain abundant abnormali-
ties, many a result of cancer rather than a
cause. Hammeond didn’t know into which cat-
cgory his miRNAs, which were strikingly
overabundant in cancer tissue compared with
normal tissue, fell.

Teaming up with Greg [Nannon at Cold
Spring Harbor Laboratory in New Yorls, the pair
and colleagues forced overexpression of six of
the mIRNAs together in 14 mice predisposed to
a form of lymphoma. Cancer accelerated dra-
matically, After [00 days, all the treated mice
had cancer, compared with about a quarter of
controls, The work is “procedont setting” says
Sharp, one of the first imes mIRNAs have been
shown to spark cancer. If other miRNAy are
found to target cither proto-oncogenes, which
can trigger cancer, or timor suppressors, which
squeleh it, that would further incriminate them,

Hammond and Hannon'’s work appeaved in
Narure this past June, along with the studics
from Mendells Tab and from Todd Golub of
Harvard Medical School and the Dana-Farber
Cancer Ingtitute in Boston and hig colleagues,
Golub’s research used expression of miRNAs
to classify different types of turnors,

But the Hammond-Hannon work remains
the exception; nearly all the research implicat-
ing miRNAs in cancer does so indirectly, One
of the only other studies showing potential
causality comes from Carlo Croce of Ohio
State University in Columbus, the first cancer
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geneticist to publish on miRNAs. In Septem-
ber, Croce reported that in patients with
CLL, the loss of two miRNAs boosts
expression of a gene promoting cell sur-
vival. The gene is believed to help drive the
leukemia in its earliest stages. Without the
miRNAs that mediate it, leukemia can set in,

Elusive quarry

In retrospect, says Harvard RNA expert Gary
Ruvkun, given the broad roles being
assigned to miRNAs in cancer, 1t's amazing
that cancer geneticists so thoroughly missed
miRNAs. “T just find it hard to believe thar
the cancer people were that lame,” says
Ruvlan, who is just now starting to back a
miRNA-cancer connection.

“We share a collective guilt as a conimu-
nity,” agrees René Bernards, a cancer geneti-
cist at the Netherlands Cancer Institute in
Amsterdam who is not studying miRNAs.
With a laugh, he recalls his graduate school
days, whoen he tossed “anything small,
degraded, uninteresting™ i the trash. At the
time, miRNAx fll squarcly in that category.
Furthermore, miRNAs are generated by genes
that don’t produce proteins—long derided as
“jurk” DNA.

[ndeed, Croce, now a consummate
mMiRNA fan, admits being dragged into the
field inwittingly. Ten yvears ago, he grew con-
vinced that 8 CLL tumor-supprossor gene
was nestled in a certain stretch of DNA—bur
he couldn’t sport it. Baffled and stubbornly
determined, Croce turned to colleagues i the
CLL field, who handed over additional
Teukemia samples to scour, Only when Croco
stopped looking for a coding gene 3 years ago
did he settle on the rwo miRNA genes he's
been studying cver since.

With the outlines of a mIRNA-cancer
connection taking shape, researchers are

Rainbow dysfunction.
Profiles of 218 tumor
samples from various
cancers show miRNA
expression as colored
“hills.”

now beginning to
tackle some of the
toughest questions.
Perhaps the most
vexing involves finding miRNA targets.
Like other types of small RNA molecules,
miRNAs influence geneys with a similar
sequence—but the match need not be
cxact, making the targets maddeningly
hard to pin down.

No experiment “can hand you a target on
a gilver plate,” says Nikolaus Rajewsky, a
biologist and mathematician at New York
University, Those days, says Rajowsky, the
best target-finding melds two tactics. The
more traditional compares putative miRNA
targets in mammals with known targets for
the same miRNA in other species. The other
calls for over or underexprossing @ miRNA,
then running microarray studies to spot
affected genes. But “the computational
approaches are still evolving; the experi-
mental approaches are labor-intensive,”
sayy Victor Ambros, a geneticist at Dart-
mouth Medical School in Hanover, New
Hampshire. “What we're not sure about is
how many targets we're missing.”

Several labs are conducting massive
MiRNA knockout studics to delineate the tar-
gets and functions of individual miRNAs. At the

News Focus

University of California, San Fran-
cisco, RNA biologist Michael
McManus is leading a six-
person mouse miRNA
consortium; it plans
to delete each of
the 350 known miRNAs
In mice, one at a time.
But in cancer especially, biologists
warn, painting a comprehensive miRNA pic-
ture will likely be excoedingly complox, When
miRNAs “get overexpressed or underex-
pressed or deleted, Tots of things can happen,”
says Tyler Tacks, director of MIT's Center for
Cancer Rescarch, “And trying to figure out
exactly which of those things is contributing to
nmorigenesis or prognosis or what have you™
calls for “a Jot of detective work™
Nor 1s it cleaw what prompts miRNAs to
rmishehave in the fimst place, “Wed really like to
know,” says Slack, who theorizes that mura-
tions in miRNAs could he at fault, as could
difiecty in transcription factors, proteing that
control gene expression. Croce has found mwo
leukeria patients born with the miRNA muta-
tions implicated in CTL.

Looking ahead

Given all the unknowns, miRNAs are a long
way from the ¢linic. But some drug compa-
nies are dabbling m them nonetheless. Jan
Weiler, a chemist at Novartis in Basel,
Switzerland, has been studying the role of
miRNAs in disease for 2 years. (In addition
to cancer, the molecules arc tentatively
linked to neurological disorders and dia-
betes,) “It's a lot of speculation, a lot of
hope,” says Weiler, who envisions perhaps
delivering miRNAs to patients lacking them.
“If we don’t Took at it now, we're prohably too
late.” he says, while acknowledging the risk
that “maybe ... in 3 years’ time, the whole
thing is dropped.”

If therapeutics remain distant, diagnostics
are closer to reality. Croce co-authored
last week’s NEJM paper that reported on a
13-miRNA signature in CLL. His group also
found that among 94 CLL patients, many of
those lacking Croce’s original two miRNAs
have a milder form of CLL, whereas most
with the two functioning miRNAs suffer a
more aggressive form. “Tt looks like CLL is
not one disease but two,” he says, and the dis-
tinction could be useful in diagnosing and
treating the leukemia.

Other cancers, too, are being eyed as har-
boring miRNA culprits. One of the very first
miRNAs tied to cancer—Ilet-7 with its
exploding worms—was last year found to be
lacking in lung cancer tissue taken from
patients in Japan. Those with the lowest lev-
els fared the worst—suggesting once again
that flawed miRNA expression bodes poorly
for one’s health.

=JenniFer Couzn
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Science knows no country,
because knowledge belongs
to humanity, and is the

torch which illuminates

the world.

Louis Pasteur

French chemist, bacteriologist (1822-1895)
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Synthetic Biology Remakes

Small Genomes

Researchers are taking the first steps toward realizing the goal of building chromosomes
by wholesale remodeling of organisms’ genomes

Hitton Heap, SoutH CaroLina—People just
can’t leave nature alone. They have long
stopped mighty rivers with dams, they are now
breeding seedless watermelons, and they soon
hope to customize microbes. Researchers
from civil engineers to molecular biologists
are developing ways to mold genomes like a
potter does clay. These efforts to remake bac-
terial and viral DNA go far beyond adding or
deleting a gene or two. Scientists are reducing,
stretching, and recreating chromosomes as
they lay the foundation for the emerging field
of synthetic biology. “What we are most
excited about are useful things we can make
by messing around with the whole genome,”
says George Church, a technologist at Harvard
University in Cambridge, Massachusetts.

Through their genome manipulations, syn-
thetic biologists expect to learn more about
how microorganisms function and also har-
ness them to make complex proteins, get rid of
toxic wastes, or carry out tasks not yet envi-
sioned. Some of this new field’s progress was
on display at a genome meeting last month,”
“You sensed a lot of excitement and stirring,”
says Ari Patrinos, chief of genome research at
the U.S. Department of Energy. “It reminds
me of the very carly days of the [NMuman
CGienome Project,”

At this point, however, the field is more talk
than reality, says J. Craig Venter, prosident of
the J. Craig Venter Institute in Rockville, Mary-
Tand. “Theres not a Tot of data vet,” 1t difficult
to separate the hype about synthetic biology
from the hard results, agrees Patrinos. “This is
the frontier” of hiology, he notes.

Some of the hard results discussed at the
meeting came trom geneticist Frederick Blat-
wer of the University of Wisconsin, Madison,
who has gradually been shrinking the genome
of Escherichia coli. The altered bacterium
hardly notices, and itmay offer advantages for
genctic engineering, he reported,

Blattner began trimming the microhe’s
cenome after sequencing various E. colf
strains. [ found that although the straing had
3.7 million bases in conmmon, each also had
about another million bascs—cordoned oftf in
specific “islands™ of DNA—unique to each
strain. 1is group has been deleting these
genetic islands and other hits of DNA one by

* Senomes, Medicing, and the Environment 2005,
16-19 Qctober, Hilton Head, South Carolina.
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Designer bugs. E. coli (above), mycoplasma
(inset), and bacterial virus (fower) studies are
leading to customized chromosomes.

one, checking that the bacteria swvrve despite
cuch loss, They perform these excisions using
the matural process of homologous recomhbina-
tion. For example, they introduce into bacteria
a stretch of DNA containing the sequences on
either side of an island. A small number of the
microbes will then swap out their similar
streteh of DNA for the synthetic 1sland-free
version. The process is “scarless,” as no extra
DNA is leti hehind.

So far, the group has made 43 such dele-
tions, whittling the core £ cofi genome to less
than 4 million bases and 3500 genes. That's far
fewer than the 4444 genes now known ro exist
inthe £. eoff sequence, The rescarchers plan to
wim even more, cutting another 30 islands. “By
then, we think we will have removed most of
the nonessential material,” Blatner said.

With its lean bacterial chromosome, the
strearmlined £ coff strain created by Blatmer’s
group is 10 times better at absorbing new genes
than one of the straing commonly used in
genetic engineering. Now, “he can rake this
reduced genome and beginto add in [genes tor]

impaortant industrial or pharmaceutical path-
ways,” says Hamilton Smith, a molecular biol-
ogist at the Venter Instirute. Moreover, notes
Blatiner, his now strain should he more rewist-
ant to certain undesirable genetic changes
because 1t lacks the DNA islands, which tend to
hop avound the genome creating mutations.

Pump up the genome
In contrast to those who would shrink micro-
bial chromosomes, Drew Endy of the Massa-
chusetts Institute of Technology (MIT) in Cam-
bridge has been expanding one. A civil engi-
neer, Endy is one of the most visible—and con-
troversial—spokespersons for the synthetic
biology field. He runs a yearly contest in syn-
thetic biology that has grown beyond MIT to
include international teams (Science, 9 January
2004, p. 158). One of the most innovative
entries thus far has been a bacterial camera, in
which researchers endowed
bacteria with genes for light-
sensing proteins and other
components for generating an
image on culture media.
On his lab’s synthetic biol-
ogy Web site, Endy hassetup a
virtual bulletin board of
research ideas, results, and pro-
tocols in the field; it draws
15,000 visitors a day. Some of
his peers privately complain that Endy is a
larger-than-life self-promoter—he’s got his
own synthetic biology company, gives scores of
talks worldwide each year, and has helped cre-
ate an upcoming comic strip with a main char-
acter called Device Dude who is a synthetic
biologist. Others argue that he's driving the
field forwand. “He’ injecting a lot of 1igor in a
ficld that is ¢till somewhat soft)” says Patrinos,

At the meeting, Endy described his lab’s
unusual work on T7, a virus that infects bac-
teria. 1le had been bothered by genes in T7%
genome that were emhbedded or partially
embedded in other genes and thercfore
shared some of the same DNA, as they com-
plicated his ability to predict how mfection
and the resulting incorporation of viral DNA
mto the host genome are affected by different
host environments. [is mode] treated all the
genes as separate enfities and didn’t take nto
consideration what happens it genes overlap,
S0 he and his colleagues pulled apart T7
overlapping genes by mserting an extra copy
ot the overlap next to the original such that
hoth genes, now separated, still had then full
complement of bases,

Worried that they might kill the virus as
they pumped up its chromosome, he and
his colleagues only added 600 bases to its
40,000-hase genome in this mitial round of
experiments, hoping that removing the over-
laps didn’t disrupt the genes’ regulation or
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impair their function. The engineered virus
was still able to invade bacteria and replicate,
according to Endy. “We’ve demonstrated it’s
possible to redesign a genome” beyond
adding individual genes, he says. Now, he
and his colleagues are adding more bases to
the T7 genome, testing the limits of this
expansion technique.

Making genomes bigger or smaller is just a
tiny step in realizing the true potential of syn-
thetic biology. The field needs to move forward
on many fronts, says Venter. Synthesizing new
chromosomes from scratch, for example,
remains a challenge. In one effort in that direc-
tion, Smith and his colleagues have for the past
few years been knocking out individual genes
in Mycoplasma genitalium, which has the
smallest known genome of a free-living organ-
ism (Science, 14 February 2003, p. 1006). So
tar, they™ve identified about 106 geney, out of
nearly 500, that M. genitafinm can live without.

Their eventual goal is to identity the
microhe’s essential sequences and then see if
they can synthesize and assemble just those
sequences and use them to create a living
organism by mserting the humanmade ¢lwo-
mosome into i ¢ell, Among the many details to
b worked out, says Smith, is how to picce
together relatively huge sections of DNA.
Tdeas include using Tive cells to put together
chunks of DNA into a whole mycoplasma
chromosome or putting an cfficient DNA
repalr systemn—such as seen in bacteria resist-
ant to radiation damage—into a test mbe to
accomplish this task, Then hig team must
determine how to stick this DNA into a cell and
remove the native DNA, without affecting the
cell’s ability to fimetion.

Ethical and environmental concerns must
also he dealt with before gynthetic biology fully
manires as a field. MIT, the Venter Instinite,
and the Center for Strategic and International
Studies in Washington, D.C., have teamed up
to examine issuey such as how to keep any new
Tite forms created under control. This effort is
funded by a $570,000, 15-month grant from
the Alfred P $loan Foundation. Some
researchers are already exploring strategies to
incorporate safeguards. For example, Church
and Endy are developing ways to keep syn-
thetic genes from escaping and possibly
wreaking havoce. One solution: Alter synthetic
cenetic codes such that they are incompatible
with nistural ones because there iy 4 mismatch
in the gene’s coding for amino acids.

A final 1ssue confronting synthetic biology
is cost. The higger the DNA picee synthesized,
the less accurate the sequence and the more
expensive it is to gt it right, But new technolo-
cies are rapldly coming on line, note
researchers. “The cost of accurate DNA syn-
thisis and sequencing is plummeting, and as it
does, we will see a quantum shift in what peo-
plis dream of and do,” says Church,

—ELIZABETH PENNIS
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Forging a Cosmic Connection
Between Students and Science

By deploying cosmic-ray detectors at high schools, physicists hope to inspire students

and scare real scientific discoveries to boot

Twelfth-grader Treasure Sheppard has aspired
to hecomae an acrospace engineer since sha
was 7 years old, But nothing fired the bright
and bubbly 17-year-old’s passion for sclence
and technelogy quite like a weeklong visit to
the California Instinite of Technology (Caltech)
in Pasadeny, where she and a classmate assem-
bled a detector to snare cosmic rays—sub-
atomic particles zooming in from space. “I
way expecting a fow lectures™ from Caltech
phiysicists, says Sheppard, who attends nearby
South Pasadena [igh School, “But when we
cot there, they handed us a piece of paper and
sald, *These are the mstructions.” They had
confidence that we could complete the task ™

That detector is now part of the California
ligh School Cosmic Ray Obscrvatory
(CHICOSY, an arvay of detectors stretching
across the roofs of 70 high schools and middle
schools in metropolitan Los Angeles, Unlike
typical high-school science projects,
CINCOS aims to do cutting-cdge rescarch by
probing the nature of cosmic rays. That
prospect thrills Sheppard, who last vear
tended the two detectors on her schools roof.
“CHICOS gave me an opportunily to partici-
Ppati in rescarch.” she says, “which some col-
lege students can only dream of”

CIICOS is one of several arrayy that have
sprouted up across North America and
Europe. Using salvaged parts, a little new-
fanglod clectronic gadgetry, and student Tabor,
pacticle physicists are outfitting schools from
rural Nebraska to downtown Amisterdam with
simple, inexpensive cosmic ray detectors. At
least six sizahle arays ave up and 1unning, and
a4 many more arce in the plaming. Physicists
alm to stimulate teachers and students by

bringing real science into the classroom. At the
same time, they hope to grab scientific glory
on the cheap by discovering phenomena that
more-expensive research arrays might miss.

Cosmic rayy enable educators to bring sci-
ence to the students mstead of busing the st-
dents to visit some distant lab, says Gregory
Snow, a physicist at the University of
Nebraska, Lincoln, and leader of the Cosmic
Ray Ohservatory Project (CROP), an array
with detectors ar 26 schools across the state.
*(ogmic rays are going through every high
school in the world all the time,™ he says. “That
allows you 1o get people volved in research
right whare they live and go to school.” The
National Science Foundation has funded sev-
cral of the arrays, and the primary goal of the
projects s education, says Randal Ruchti, a
program officer in experimental particle
physics at the foundation, Still, he savs, it’s
possible that “a student could participate ina
revolutionary discovery™

To fulfill both their educational and scien-
tific missions, however, the projects must bal-
ance the students” need to tinker with the
detectors agalnst researchers’ need to keep
machinery running full-time, And theres no
science that can rell physicists how to strike
the proper halance.

Finding a niche

Every sccond, hundreds of cosmic rays pepper
every square meter of Earth. If a ray has
cnough energy when it crashes into the atmos-
phere, it produces a cascade of particles
known as an “extensive air shower.” For
decades, physicists have studied air showors
with detectors arrayed on the ground, using the
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iz and the timing of the signals from the indi-
vidual detectors to estimate the energy and
direetion of the cosmic ray.

Since the 1990s, physicists have lmown
that a very few cosmic rays crash into the
atrnosphere packing as much energy as a large
hailstone. No one koows how an individual
subatomic particle obtaing such tremendous
enelgy or precisely how often one strikes. P'ro-
tessional cosmic ray arrays—most notably the
Pierre Auger Observatory, an aray
of 1600 detectors stretching over
3000 square kilometers currently
under construction in Argentina—
focus on those questions.

But some physicists hope to
build arrays on the cheap by plac-
ing detectors on the roofs and
grounds of schools—and more
than one claims to have had the
idea first. The detectors typically
consist of sheets of plastic “scintil-
lator,” which emit light when pene-
trated by charged particles. Often,
as is the case with CROP and
CHICOS, the scintillators are left
over from decommissioned profes-
sional arrays. For a few thousand
dollars, researchers outfit a school
with its own miniarray of a few
detectors, a Global Positioning
System station to tell precisely
where each detector is and when it
registers a hit, and a computer to
collect data and ship it to the
researchers via the Internet.

The arrays differ in essential
details. For example, the schools in CHICOS
are as little as a kilometer apart, so several may
register hits from a single large shower.
Schools in CROP are separated by hundreds
of kilometers, 50 even a big shower will likely
strike only one. Some arrays are more pol-
ished and professional than others, For cxam-
ple, physicists build the detectors for the
Alberta Large Avea Time Coincidence Avray
{ALTA), which is run by the University of
Alberta in Edmonton and has detecrors at
15 schools. In contrast, high-school students
cobble together the detectors for the Washing-
ton Large Avea Time Coincidence Atray
{WALTA}, which is run by the University of
Washingron, Seattle, and has detectors at
11 schools, “Ours is more of a roll-your-own
approach,” says Jeffrey Wilkes, a particle
phivsicist at the university.

[Mligh-school arrays camot competa toe-to-
toe with Auger, says Mark Pearce, a particle
physicist at the Royal nstitute of Technology
in Stockholm, Sweden, and leader of the
Stockholm Educational Air Shower Array, an
array of detectors at the ingtitute and four sec-
ondary schools avound the city. But “there ave
theories that the professional armays are not
designed o test, and certain mteresting, well-

defined gquestions that these school arrays
might be able to answer,” he says. For exam-
ple, with schools spread over even larger arcas,
the arrays might test whether cosmic rays
arrive in widespread hursts instead of com-
pletely at random. That could happen ifan iron
nucleus from space collided with a photon
trom the sun and splintered into pieces.

Some researchers hope to carve out a niche
by literally looking where Auger cannot.

Hands-on. Rooftop detectors engage teachers and students in research.

Auger ohserves only the southern sky, which
may differ from the northern sky when viewed
in cosmic rays, notes Roboert MeKeown, a par-
ticle physicist at Caltech and leader of
CINCOS. “We are the largest array in the
Northern Hemisphere,™ he says, “and if an
unusual event occurs n the Northern Hemi-
spherie, we may be able to see it™

Others hope to use high-school arvays to
develop new detection technigues. Physicist
Helio Takai and colleagues at Brookhaven
National Laboratory in Upton, New York, plan
to wse a high-school array on Long [sland to
test an antenna that detects radio waves
retlected by the charged particles in an air
shower. They've dubbed then project Mixed
Apparatus for Radio Tnvestigation of Atrmos-
pheric Cosmic Rays of 1High Tonization, or
MARIACHI. By comparing readings from
the array with thosc of the antenna, Takai and
colleagues hope to show that the low-cost
radio technigue is etfective,

Unanswered questions

Regardless of their specitic scientific
coals, all the arrays hope to spark students’
interest n science, And some students say
that the projects have succeeded hand-

News Focus

somely, Mark Jerongic participated in
ALTA while he was a student at Edmon-
ton’y Holy Trimity 1ligh School, Using data
collected with his school’s detectors, he
found a correlation between the rate of cos-
mic rays and ozone levels in the city. Now
in his second veay at the University of
Alberta, Jeroncic says his experience with
ATTA led him to major in physics.

Most physicists recognize that reaping a
rich data harvest may conflict with
giving students a chance to take
the detectors apart and fiddle with
them to see how they work. And
they disagree about which aspect
projects should emphasize. “We
think that the real thrill for the stu-
dents is to be part of a research
project, so we've always strived to
make this a professional array,”
says James Pinfold, a physicist at
the University of Alberta and
leader of ALTA. To that end, ALTA
researchers build and install the
hardware. “We give the students
the data to play with rather than the
detector,” Pinfold says. ALTA
physicists give students smaller
scintillator detectors to use in
classroom experiments.

But students may feel little con-
nection to the main array if they
never get to touch it, says Charles
Timmermans, a particle physicist
at Raboud University in Nijmegen,
Netherlands. Timmermans heads
the: Thigh-School Project on Astro-
phiysics Research With Cosmies (HiSPARC),
an array with 35 miniarrays at schools in
Nijmegen, Amsterdam, and other citics,
“Small detectors ave nice, but you have to give
studients the feeling that the array on the oot is
theirs,” he says. “If you don’t give them a
chance to work and play with it, 1 think that
atter the first generation of studonts, that feel-
ing will fade pretry fast.” Timmermans favors
disignating a week cach year to lot students
rebuild the detectors.

Ultimately, it may be hard to predict what
will inspire any individual student, Loran dis
Vries, who attended the Amsterdams
Lyceum and participated in 1HSPARC, says
he was most impressed by the inability of
physicists to answer hasic questions about
the origing of high-energy cosmic rays. “I
saw with my own eyes that in this subject,
most of these things are not known, and [
found that fascinating,” says De Viies, cur-
rently a second-vear student at the University
of Amsterdam. Thanks n part to his experi-
ence with HISPARC, De Vries wants to
bicome a high-school physics teacher. Per-
haps when the time comes, he’ll be able 1o
answer those questions for his own students,

—ADRIAN CHO
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Raising the Dead

Long thought extinct, a historically impor-
tant Belgian grass has been resurrected
from the vaults of a seed bank.
Earlier this year, David Aplin of the
National Botanic Garden

of Belgium was rummag-
ing through the garden’s
e collections in preparation
#J ;fé for a meeting of the
1 recently formed
v European Native Seed
» Conservation Network.
T He came upon long-
& forgotten packets of
£ ) seeds from Bromus
bromoideus—the "Brome
of the Ardennes"—a
l‘i i grass species that had
_ been wiped out in the
wild 70 years ago.
Bromus is the only
plant ever found to be
unique to Belgium, where

it flourished in the rolling,

A modern chalky meadows of the
drawing of Ardennes. |ts image was
Bromus by embossed on the cover
OmerVan De  of several 19th century
Kerckhove. books on Belgian flora.

But changes in land filling
led to its disappearance. Botanists, more
concerned with exotic varieties than native

Spotting lllusions

People with schizophrenia can't always
distinguish real from unreal, but they can
see right through some visual illusions, a
new study shows.

an inability to process the context

Edited by Constance Holden

Tracking Mini-Fauna

From the home of precision watch works now come
radiotransmitters tiny enough to track insects.

Behavioral ecologist Beat Naef-Daenzer of the
Swiss Ornithological Institute in Sempach and his
colleagues wanted to study young barn swallows
preparing to leave their nests, but no transmitter on
the market fit the job. So they created their own from
the smallest components available, coming up with a
200-milligram instrument capable of broadcasting
over a 2-kilometer range for 3 weeks.

The researchers have now moved beyond
swallows and are field-testing the instrument on
owl butterflies, which weigh about 2 grams. Most
animal species weigh less than 20 grams, notes Naef-Daenzer, and population
movements of many are “virtually unknown because individuals cannot be tracked over
more than a few minutes.” He says minitransmitters could help track little creatures
such as tree frogs, African locusts, or Europe’s endangered aquatic warbler. The group,
whose report appears in the 1 November Journal of Experimental Biology, is locking
into smaller power sources, such as ultrathin polymer photovoltaic cells.

“Half of the world's birds are too small to use traditional tags for. This opens up a large
set of species to do that work with,” says omithologist David Winkler of Comell University.

transmitter on its back.

affect their vision as well.”

Dakin and his team showed 15 schizo-
phrenic subjects and 20 controls a shaded,
patterned disk against a

high-contrast
W, background
{see illustration).
The subjects

Schizophrenia seems to include

of things, from social interactions
to metaphoric language, explains
psychologist Steven Dakin of Uni-
versity College London's Institute
of Ophthalmology. So, says Dakin,
“we wondered whether that would

plants,"tock their eye off the ball” and
falled to keep the species going, Aplin says.
Now botanists have succeeded in get-
ting the Bromus seeds to germinate, and
there are little green shoots from them
growing in both Belgium and England.

Scope’s On

Scientists are finally getting the payoff for disrupting all those red squirrels back in
1996 when construction began on the Large Binocular Telescope (LBT) on Mount
Craham in Arizona. Last week, the LBT transmitted its first light image, a spiral galaxy
in the Andromeda constellation
24 million light-years away.

The $120 million LBT, the
world’s most advanced optical
telescope, will be able to peer
all the way back to the begin-
ning of time—15 billion light-
years—with its two massive
8.4-meter mirrors. The scope
is to be fully operational by fall
next year.

were then
shown a “refer-
ence patch” and
had to assess
whether it con-
tained more or
less contrast than
the original image.
The results were startling:

12 of the 15 schizophrenic observers were
more accurate than the most-accurate
member of the control group.

"The illusion’s pretty substantial,” Dakin
says, but “the schizophrenics were almost
completely immune to its effect.” “We're
hoping [the study] might be a step toward
more objective diagnostics,” he adds.

Psychiatrist William Phillips of the
University of Stirling in the UK. calls the
findings “very important.” He says “the
weakened effects of context” that people
with schizophrenia demonstrate may
apply across the board in many domains
of cognition and perception.
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A long commute. Biochemist
Joan Massagué has found

a way to serve his native

Spain while remaining in the
United States. Last month,
the 52-year-old head of the
cancer biology and genetics
program at the Memorial
Sloan-Kettering Cancer Center

in New York City (MSKCC)
became adjunct director of
the Barcelona Biomedical
Research Institute (BBRI).
Massagué will work with
his former Ph.D. mentor and
BBRI director Joan Guinovart
to design research programs,
recruit new investigators,
and formulate policies at the
new $20 million institute,
which is being funded by
the Catalan government
and the University of
Barcelona. He will also
supervise a lab devoted
to metastasis biclogy.

Under an agreement
approved by MSKCC,
Massagué says he will travel to
Barcelona for a few days once
every 2 months. He says his
appointment is “designed to
foster the development of
biomedical research at BBRI”
without hurting his activities
at MSKCC. The arrangement
will benefit both institutions,
he says, postdocs and graduate
students from his Barcelona
lab will be able to spend time
at MSKCC for short work visits
financed entirely by BBRI.

Digging logically. The United
Kingdom's biggest center for
archaeology research and
teaching has a new director. On
1 October, Stephen Shennan,
an archaeologist known for
applying Darwinian theory to
cultural evolution, took over
the helm of the Institute of
Archaeology at University Col-
lege London from retiring chief
Peter Ucko. The institute, with
more than 70 faculty members
and nearly 500 students, has
trained many of Britain's lead-
ing archaeologists.

Shennan came to the insti-
tute in 1996 after a 20-year
career at the University of
Southampton. Insiders say
he is an excellent choice,
even if his approach puts him
somewhat out of step with
a tendency among British
archaeologists to eschew

Edited by Yudhijit Bhattacharjee

hypothesis testing. "He has

rejuvenated archaeology with “Now you can all be

ideas and quant!tatlve meth- el e A say

ods from evolutionary the- "
ory,” says Vuh-NEE-ver [Bush].
Rob Boyd,
an anthro- | —Former MIT president Charles
pologist at Vest last month in Washington,
the Uni- D.C., asking fellow members of
versity the Department of Education's
of Califor- | newly formed panel on higher
nia, Los education to correct their pro-
Angeles. nunciation of the legendary sci-

As head ence administrator's name.

of the
institute,
Shennan humans and sea squirts and

says he plans to “foster a
rigorous approach to under-
standing the past.”

to study marine diversity.
“The only way that you can
understand that data is
through bioinformatics,” says
microbiologist Mitch Sogin
of the Marine Biological

Same trick, new trade. After
helping establish a medical
genomics laboratory at Rocke-
feller University in New York
City, computational biologist
Terry Gaasterland is moving
waest to create a center that
will span marine, comparative,
and environmental genomics.
As director of the just-
launched Scripps Genome
Center at the Scripps Institu-
tion of Oceanography in San
Diego, California, Gaasterland
will lead an effort to apply
software tools to make
genome comparisons between
animals as different as

Laboratory in Wooeds Hole,
Massachusetts."Terry is in
the right place.”

Got any tips for this page?
E-mail people@aaas.org

in Tucson.

Shining star. Astrophysicist Alastair Cameron, who was one of the first to
suggest that elements form inside the hearts of stars, died in Tucson, Ari-
zona, on 3 October. He was 80.

Cameron spent 26 years at Harvard University, conducting research on
astrophysics and planetary sciences, and chaired the Space Science Board of
the National Academy of Sciences from 1976 to 1982. He was most
recently at the Lunar and Planetary Laboratory at the University of Arizona

Cameron was known for breaking down barriers between disciplines,
says astrophysicist W. David Arnett, also of the University of Arizona. "He
changed the direction of space and planetary science by [his] example,”
Arnett says.

DEATHS
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University Investment
in Drug Discovery

ALTHOUGH YOUR SPECIAL SECTION ON DRUG
Discovery (29 July, pp. 721-735} high-
lighted important contributions from
academia, it did not recognize an increas-
ingly relevant but underappreciated and
underutilized role for academic research
in drug discovery.

Universities ivest many millions i basic
research that exposes disease mechanisms and
theretore uncarths new targets. Yot fow have
imvested in the relatively modest infrastructine
requited to put their discovenics to the test. As
aresult, many promising targets gather dust on
the university shelf. This need not be the case.
Developing appropriate assays, screening
modest-sized compound libraies, using med-
ical chemistry to further develop Teads, and
conducting preliminary tests in animal models

clal sector and start seeing it as the natural
development of their rescarch.

ADRIAM |. IVINSON
Director, Harvard Center for Neurodegeneration
and Repair, Harvard Medical School, Boston, MA
02115, USA. E-mail: adrian_ivinson®hms.
harvard.edu

A Place at the Pharma
Table for Women?

THE ARTICLE "IT'S STILL A MAN'S WORLD AT THE
top of hig pharma rescarch™ (), Mervig,
Special Section on Drug Discovery, News,
29 July, p. 724) resonated with me. As ascien-
tist in Merck R&D in the 1990s, it was clear to
me that women did not have a place at the deai-
sion-malking table. As years of diversity com-
mirtees, on-site day care, mentoring programs,
couching, and other 1R efforts rolled by, many
talented women figured out that their only
career path at Merck R&D was out

1

are functions well suited to academia.
Academic researchers offen have the best
understanding ot mdividual targets, routinely
design and refine i vitro assavs, and have
ready access to and experience with the most
appropriate animal models.

The pharmaceutical industry (and, to a
Tesser extent, biotech) Took at drug discovery
ideas emanating from academic research as
too risky and early in developiment to warrant
significant investment. This risk aversion is m
large part a reflection of the economic ¢limate
and the changing winds of drug-discovery
received wisdom. To bring these ideas to a
stage where pharma will look at them more
carctully, we can and should advance them
throngh at least the fivst stages of diug discov-
cry, Demonstrating a credible mechanism and
target, proprietary lead compounds, and pre-
liminary in vivo efficacy will be enough to
bring some of ourindustry colleagues hack to
the table. But this will only happen when aca-
demics stop treating drug discovery as the
intellectmally inferior domain of the conumer-

Universities invest many
millions in basic research that
exposes disease mechanisms...
[y]et few have invested in the
relatively modest infrastructure
required to put their
discoveries to the test.”

—IVINSON

the doar.

Merck, and [ suspect many
other “big pharma” companics,
are feeling the effects of having
some of their best talent leaving
and taling their brampower else-
whare. We have started compa-
nigs, taken senior positions in
biotechnology firms, and become
Teaders in government and acade-
mia. Perhaps this brain drain of
talented women has exacerbated
the: problem of the empty product
pipelimes of big pharma.

The men in charge of R&D tend to pro-
mote and recruit other men with whom they
tieel the most comfortable and ignore tal-
ented women. Until they are forced by pro-
aressive senior executives to include, insig-
nificant numbers, women in their club, they
will not change.

LINDA RHODES
Rhodes & Assaciates, LLC, 2 White Birch Lane,
Holmdel, N] 07733, USA. E-mail: Irhodes@
alcherabio.com

Costs and Benefits
of Regulating Mercury

MERCURY IS KNOWN TO HAVE DETRIMENTAL
cffeets on human health (1), s0 it 15 surpriy-
ing to read that it may not be worthwhile to
regulate mercury releases from ULS, power
plants (“Regulating mereury: what's at
stake?", T. Gayer, R. W, INahn, Letters,
8 July, p. 244). Although there is legitimate
debate about the cost of implementation

LETTERS

and the choice of emission reduction
approach, we feel that the estimated hene-
fits of emission reduction of $100 million
accrued over 15 vears have been grossly
understated by Gayer and [ahn,

Their proposed benefit was based on a
study of willingness-to-pay for chelation
therapy toreduce lead in children. However,
Towening levels of lead by chelation has not
been demonstrated to improve cognition
(2} Similarly, although chelation therapy
may remove methyl- and ethylmercury, it
cannot reverse cenfral nervous system dam-
age (1), implying that prenatal mercury
exposure leads to lifelong lost benefits,
irrespective of money spent on removing
the causal agent from the body after the
damage has been done.

Thus, an approach hased on lifelong losses
in income hetrer estimates the benefits of
reducing mercury enussions (4}, This approach
attributes subsequent losses in lifelonyg carn-
ingsasaresult of lower IQ to the loss inachild
1Q from prenatal methylmercury exposure.
The estimated lifelong losses in income for all
LS. ¢hildren affocted in the year 2000 was
$1.3 hillion per year (range: $0.1 to $6.5
billion}, which would lead 1o a $135.9-billion
logs i income (range; $1.2 to $79.9 hillion,
discounted at a rate of 3% per annum) over
the 15-vear period considered by Gaver and
1Tahn. Theretore, by only considering the
loss of earnings due to exposure (o mercury
generated by ULS. power plants, lowering
prenatal exposure by reducing emissions
may have considerable cconomic benefits,
likely exceeding the estimated costs of $4
billion to $19 billion.

DIRK ZELLER AND SHAWN BOOTH
Fisheries Centre, University of British Columbia,
Vancouver, BC ¥6T 174, Canada. E-mail:
d.zeller@fisheries.ubc.ca
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Response

IN OUR STUDY, WE ESTIMATED THE COSTS
and henefits of the U5, Environmental
Protection Agency’s (EPA} power plant mer-
cury regulation. To estimate the benefits of
mercury reduction, we considered each link
in the pathway, including the reduction of
emissions from U.S. power plants; reduc-
tions in mercury deposition; reductions of
methylmercury in U8, freshwater and
marine fish; reductions of methylmercury
consumption from U.S. fish hy U8 resi-
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dents; reductions of methvlmercury in ULS.
women of childbearing age; and [Q
improvements in U8, children. For cach
link, we used the best available evidence
and, if anything, tended to err on the side of
overstating benefits, Only at the end did we
monetize estimates of [(} improvements,
bused on g study of parental willingness to
pay for I} mereases thoough chelation.
Zaller and Booth contend that our esti-
mate of the henetits of mercury reduction is
“grossly understared™ based on their claim
that our estimate of the value of an 1Q) point
is flawed. They cite a study by Trasande
et al. (1) claiming that benefits of mercury
reduction are $1.3 billion per year. Un-
fortunately, they are comparing apples with
oranges, The $1.3 billion estimate (7Y 15 for
the benefits of eliminating all U.S. power
plant mercury emissions. Zeller and Booth
apply this ammual measure of complete elim-
mation of power plant mercury emissions to
cach year from 2005 to 2020, 1t is incorrect
to compare the costs of EPA's regulation thar
climinatey a fraction of the power plant
emissions to the benefits of eliminating all
power plant cmissions of mercury (which
would cost considerahly morg to achicve).
Zeller and Booth suggest that the mone-
tized benetits we use for 1Q may be under-

stated. We agree that the willingness-to-
pay numbers for [Q) may understare the
benefits of 1Q. The value of an Q) point
suggested by Trasande ef ol. ({}is about an
order of magnitude greater than ouy
cstimate. However, a3 we noted in our
Letter, using their estimate does not
change our finding that the costs of the reg-
ulation are likkely to exceed benefits.

Zeller and Booth’s claim of mercury’s
detrimental effects might be overstated.
They cite Grandjean f al.’s study (2) of the
Faroc [slands to support their claim that the
detrimental effects of mercury are “konown.”
They do not mention a study of the
Sevchelles (3) that did not find evidence of
such a link and a study in New Zealand (4}
that found mixed evidence, Even Grandjean
ef el (2) found mixed results for the relation-
ship between mercury and [Q) scores.
Nonetheless, we used conservative estimates
of the [Q-mercury relationship even when
they are not statistically different from zero,

‘We think that policy-makers should
design regulations for controlling mercury
emissions so that expected benefirs exceed
expected costs. The current approach fails
that test.

TED GAYER' AND ROBERT W. HAHN?

Public Policy Institute, Georgetown University,

LETTERS

3520 Prospect Straet, NW, Washington, DC 20007,
USA. ZAmerican Enterprise Institute—Brookings
Joint Center, 1150 17th Street, NW, Washington,
D 20036, USA.
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Landscape Corridors:
Possible Dangers?

THE REPORT "EFFECTS OF LANDSCAPE CORRI-
dors on seed dispersal by birds™ (1 July,
p. 1463 by D. I Levey ef ul. shows that land-
scape corridors increase the movement of
birds hetween patches of habitat in a frag-
mented landscape, and that this facilitates
the movement of bird-dispersed seeds,
Another study, In the same experimental
setting, found that corndors ingrease inter-
patch insect pollination (7)., Both studiey
conclude by emphasizing the conservation
value of habitat corridors. Tlowever, Tand-
scape corridors also facilitate the spread of
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invasive alien species (2). Although the
potential negative effects of habitat connec-
tivity were stated almost two decades ago (3),
these seem to have been largely ignored in the
evaluation of corridors as a conservation tool.
Alien plants with attractive flowers and
fruit can hijack generalist pollinators and
seed dispersers from indigenous plant
species (4). By increasing alien propagule
pressure, invasive species outcompete and
replace local biota (). Indeed, the spread of
invaders is often facilitated by corridors,
either natural (rivers, coastlines, ridges) or
man-made (roads and railways). In this con-
text, it is worth mentioning that all the
plants considered in the South Carolina
studies [Levey et al.; ()] are aliens of
concern in parts of the world [Lantana
camara (6), Rudbeckia hirta (7), Morella
(=Myrica) cerifera (8)]. Moreover, the
Eastern Bluebird (Sialia sialis) that
dispersed Morella seeds is also known to
disperse seeds of the alien tree Sapinm
sebiferwm i the eastern United States (9).
Presently, Tand managers are advised to
build habitat corridors to reduce the effects of
hubitat fragmentation, but habitat barriers are
also built to manage the spread of invasive
species (/0). It is ironic that habitat corridors
do not always link the seemingly separate
fields of conservation and invasion biology.
Both habitat fragmentation and invasive
species have resulted in the loss of large sec-
tions of biodiversity, and their combined
impacts must be better understood. The mod-
eling tools developed in the present study
present a useful opportunity for developing a
more integrated approach to the evaluation of
corridors as a conservation management tool.
$ERBAN PROCHES, JOHN R. U.WILSON,
RUAN VELDTMAN, JESSE M. KALWI],
DAVID M. RICHARDSON, STEVEN L. CHOWN
Centre for Invasion Biology, Department of
Zoology and Botany and Department of
Conservation Ecology, University of Stellenbosch,
Matieland 7602, South Africa.
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PROCHE$ET AL, POINT OUT THAT CORRIDORS
may mcrease the spread of exotic species. We
agree that the function of corridors i blind to
the geographic origin of species that use them.
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The issuc before conservation biologists and
land managers, however, is not whether corri-
dors are without costs, but whether they pro-
vide anet benefit in the maintenance ofnatural
commumitics, In this context, it is important to
keep in mind that the benefits of habitat corri-
dors 1o native species have been clearly
demonstrated, whercas their impact on the
spread of exotic species Is lavgely conjectral.

Rather than debating the potential draw-
backy of corridors, scientists should focus

attention on understanding how corridors
function and which types of species are
most likely to benefit from them, For exam-
ple, because invasive species ave excellent
dispersers (by definition), corridors may
not further increase their successful colo-
nization of new habitat patches. On the
other hand, many native specics of conser-
vatlon concern have limired dispersal abili-
tics and therefore would be more Iikely to
benefit from corridors,

TECHNICAL COMMENT ABSTRACTS
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Pater |. Crubb, David A. Coomges, Daniel ). Metcalfe

Moles et at {Reports, 28 Jan. 2005, p. 576) suggested that larger plants have larger seeds because larger offspring
offset the lower survivorship to adulthood inherent in longer juvenile periods. Howewver, that view is not consistent
with the wedge-shaped relationship batween log seed size and log plant height. Most importantly, the range of
feasible seed sizes increases dramatically with whole-plant size.

Full text at www scencemag.org/cgi/content/fullf310/5749/7333

RESPONSE TO COMMENT ON "A Brief History of Seed Size"

AngelaT. Moles, David D. Ackerly, Campbell O.Webb, Jchn C. Tweddle, John B. Dickie, Mark
Westoby

Mechanical constraints might prevent small plants from making very large seeds. However, data for 2589 specias
reveal an absence of large plants that make very small seeds. This cannot be explained by mechanical constraint.
Coordination of life history traits provides a more plausible explanation for the overall shape of the relationship
between seed mass and plant size.
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Understanding corridors at a mechanistic
level will better enable us to extrapolate their
ctfects from well-studied specics and small
spatial scales to less-known species and land-
scape scales; our paper aimed toward this goal.
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JOSHUA |. TEWKSBURY, " SARAH SARGENT,?
Nick M. HADDAD?
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Zoology, Morth Carplina State University, Raleigh,
NC 27695-7617, USA.
*Current Address: Department of Biology, Box
351800, University of Washington, Seattle, WA
98195-1800, USA.

Letters to the Editor

Letters {~300 wards) discuss material published
in Scfence in the previous & months or issues of
general interest. They can be submitted
through theWab {www.submit2science.org) or
by regular mail {1200 New York Ave., NW,
Washington, DC 20005, USA)_ Letters are not
acknowledged upon receipt, nor are authaors
generally consulted before publication.
Whether published in full ar in part, letters ara
subject to editing for clarity and space.

AnnvaL Reviews — The Ultimate Resource for Relevant Research in the Biomedical Sciences

Sinze 1932, Annval Reviews has offered autharitative and fimebs aellections of <ritisal iewiews sritten by leading scienists, loday, AnnJal Reviews
publicztiors reviewr 32 fecused disciplines within the Biomedical, Physicel, ond Sediol Sciences.

Selact Annual Reviews Biemedical Scienca Publications Includs:
Ansval Review of Clinical Psychology™
Vel 1, hai 2005, Irdwiee Price: 372 USAS77 117 — Howe In 20051
Anrnyal Review of Nevrosciance®
Vel 28, July 2005, Irdivicuel Price: 575 US/584 117 — Newe Cawtant Fotures in 20051
Ansval Review of Pharmacology and Toxicology ©
Vel 45, Fevuare 2008, [dwiua Free 577 USS8E ]
Ansval Review of Psychology®

el 8, Feauare 2005, D eilug Pes: §72 USS77 1l

Order Teday and

SAVE 20%

Visit www.annualreviews.org/g0/sc1105 for complete list of all Annval Revies
titles, tebles of centent, editeriol committes infermeticn, and cemplimentory ehstrocts.

To Order:
Call: 800 523 8835 (Toff Free S/ Canada) or 650493 4400 (Worldwide) | P 450.424.0910
Email: service@annualreviews.org | Onlines veww.annualreviews.org
fantian priority coda JASCI 105 when ploging sour order.

doueridid fual suasc pror ircutes orline ocess fotie wirert AU core e £ yees o back volumes a5 -1y secore mvaiad e, Covne Arrual Reviews T
sl el pricry o Ve iesree giliors.

Annual RevIEWS

W thwicke] | Fre: £50.£24.0970

'I'.I(Il'&'.'IE.‘A'S_(I[!i

g | D e aea

www.sciencemag.org  SCIENCE  VOL310 4 NOVEMBER 2005

783


http://www.fineprint.cn

784

BOOKS ==

OPERA: PHYSICS

An Explosion in the Desert

Gregg Herken

has been the subject of numerous biogra-
phies, several novels, and a handful of
plays. So it is perhaps not surprising that
Oppenheimer should now inspire an opera, by
composer John Adams and director-librettist
Peter Sellars. The choice, both of artists and
subject, is apt. In an earlier opera, Nixon in
China, Adams took as his topic a moment
where history took a sudden and unexpected
turn. It would be hard to dispute that the advent
of the atomic bomb was another such moment.
Similarly, the story of Oppenheimer has always
seemed peculiarly suited to drama. “Oppie”
was a complex and conflicted figure who
sought refuge from his many demons in
Eastern religion, left-wing politics, and poetry.
Poctry 13, appropriately, one of the main
sources that Adams and Sellars draw upon.
The lyrics to the opera’s songs ave actually
lings from John Donne, Muricl Rukeyser (a
mid-20th-century American poet who, It turns
out, went to school with Oppenheimery, and
the Bhiagavad (iita nterspersed with frag-
ments of declassified documents dealing with
the bomb, | It was at first a bit jarring to hear
the chorus sing portions of the Smyth Report,
Aromic Energy for Mifitary: Purposes (1), with
cymbal and dium accompaniment, but, on
reflection, 1t began to seem

The life of physicist Robert Oppenheimer

physicist sings Donne’s Holy Sonnet XIV in
a solo aria. (The poem’s opening line,
“Batter my heart, three-person’d God,” is
what prompted Oppenheimer to name the
New Mexico test site Trinity, in a secret trib-
ute to Tatlock, who had committed suicide a
short time before.) The aria and the scene—
which has Oppenheimer and the bomb
silhouetted against the canvas that shrouded
the device during its final assembly—are
simultaneously haunting and stunning.

Also impressive is Adrianne Lobel’s
stage setting, which manages to convey
changing perspective at the test site by
means of a simple curtain backdrop and
imaginative lighting. The main prop is, of
course, the “gadget”™ irself, an eerily
accurate rendition of the casing of the plu-
tonium implosion deviee tested at Trinity,
Beginning with the second act, the homb
becomes a kind of centerpicee on stage, at
one memorable point hanging Damocles-
Tike above the erib of Oppenheimer’s sleep-
ing infant daughter, Tony.

For all of 1ts autistry, the opeta does drag in
places. In particular, Kittys monologuc,
borrowed from Rukeyser’s poems, is lush
with imagaery but so obscure in meaning as to
be meomprehensible. (This is less of a prob-

lem with Oppenheimer, who was

wholly appropriate, | Dr. Atomic famous for his clliptical utter-
Because the opera concems | john Adams, composer. ances. Aware that their telephone
itselt only with the few hours Libretto by Peter Seilars conyersations were being moni-

before the test of the bomb in the
New Mexico desert, Adams’s
Oppenhaimer (sung by Gerald
Finley} seems destined to be a
pared-down and oversimplified
version of the man. Missing in
this portrait arc the radical leftist
mtellectual of the 1930s and the
tortured paramour of Jean
Tatlock, Oppic’s lover hetore he met and mir-
ried Katherine “Kitty™ Puening (Kristine
Jepson). Except for one briet mention of
“eertain scientists of doubttin] discretion and
uncertain loyalty,” there is little hint of
Opperheimer’s colorfil and troubled past.

But the prospect of “Oppie Lite™ is dis-
pelled at the end of the first act, when the

2005,

The reviewer, the author of Brotherhood of the Bomb:
The Tangled tives and Loyalties of Robert Oppenheimer,
Ermast Lawrence, and Edward Teller, is at the School of
Social Sciences, Humanities, and Arts, University of
Lalifarnia, Merced, Post Office Box 2033, Merced, CA
95344, USA, E-mail gherken@ucmerced.edu

San Francisco Opera,
co-production with Lyric
Opera of Chicago and
De Mederlandse Opera,
Amsterdam. 5an Fran-
cisco, 1to 22 October
www . doctaor-
atomic.com

tored by government agents,
Oppenheimer’s lawyer used 1o
blurt out in frustration to his
client: “For God'’s sake, Robert,
Just sy what youmean!™)
There is also a scene in
the sccond act when General
Lieslic Groves (Eric Owens),
the military head of the bomb
project, wanders on at length about his
failed diets. While the Groves of Adams'’s
opera is apparently meant to exude menace,
the figure as portrayed comes across instead
as slightly goofy. Not so Edward Teller, who
i played by Richard Paul Fink with pitch-
perfect fidelity as the ultimate no-nonsense
pragmatist—oeven to the point of applying
sunscreen just before the bomb explodes, to
protect agalnst its ultraviolet rays.
Predictably, the fimal scene, when the homb
coes off, is something of a letdown. While set
desigmens have successtully replicated the sink-
ing of the Titanic and the scaling of K2 for the-

In the hours before dawn. Oppenheimer and
the bomb at the end of Act |.

ater audiences, a convinging representation of a
nuclear explosion is a dramaturgical challenge
ofadifferent order. Still, Adams and Sellars give
itarousing try. Thay clected to go witha kindof
Zen approach rather than pyrotechnics.
Discordant noises and clectromic music finally
resolve into the single, plaintive voice of a
worman speaking Japanese, foreshadowing the
event that we all know is coming. (But an
English translation on the monitors that flank
the stage would have been helptid, According to
my multilingual seatmate, the woman 1s asking
for help and pleading for water)

Doubtliss, scientists 4y well as historians
will find things to quibble with in Dr. Afomic.
The opera’s opening lings—""Matter can be
neither created nor destroyed but only alrered
in torm™—drew the attention of the president
of the American Physical Society, who
mcludes in the printed program a correction
along with an endorsement of the opera, More
difficult to explain away is the opera’s por-
trayal of the guilt the scientists supposedly felt
for their role in creating the bomh. Here
Adams chose Robert Wilson (Thomas
Glenny, a voung physicist and group Teader at
Los Alamos, to represent the voice of con-
science. (Wilson was o shy and sensitive man,
but the role might have been better occupied
by Kenneth Bainbridge, the gruff physicist
whom Oppenheimer had put in charge of
Trinity. Bainbridge could have sung, sotto
voce, what he actually told Oppenheimer in
the minutes after the explosion: “Well, Oppie,
now we're all sons of bitches,™)

In the opera, Wilson urges o demonstration
of the bomb as an alternative to dropping it on
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# Japanese city. But he is overnuded, on practi-
¢l grounds, by Oppenheimer. When the test
goes off, the character playing Wilson lies
prostrate on stage, rendered immobile not so
much by the physical power of the bomb as by
the moral implications of what he and his col-
leagues have wrought, 1t 1w true that Wilson
was an advocate of a demonstration, and like-
wisc true that he became physically il upon
hearing the casvalty teports fiom Hivoshima.
But, in an interview more than 20 years ago,
the real Robert Wilson recalled with undis-
guised glee how he and his fellows had jumped
mto  jeep shortly after the bomb went off and
raced toward the crater formed by the explo-
sion, on route “making rude Italian gestures™
to Enrico Fermi (whose lead-lined tank had
broken down on its way to ground zero).

Like Oppenheimer, with his famous
“high-noon strut” in the immediate after-
math of Trinity, for Wilson, the doubts only
came later. At the moment, all qualms and
reservations were submerged in the celebra-
tion of the weapon’s technical perfection.
That is the really scary part about the making
of the atomic bomb, and it not in the opera.
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PLANETARY SCIENCE

Impressions of
Our Solar System

Donald K. Yeomans

hi tield of planctary sciemes is cur-
Trcntly enjoying an intense period of

paradigm readjustiment and discovery.
We no longer helieve that the major planets
Jupiter, Saturn, Uranus, and
Neptune formed a fow billion
years ago in thair current loca-
tions. Instead, after Jupiter
formaed through an agglomera-
tion of primovdial icy comets,
its gravitational intcraction
with the remaining comets
threw millions of them out
of the solar system, In the
process, Jupiter moved sunward from its
origing] orhit to conserve angular momen-
tum while Saturn, Uranus, and Neptune
moved ontward from their birthplaces.
Neptune’s carly passage through the region

850-3.

The reviewer is at the Jot Propulsion Laboratory, 4800
Oak Grove Drive, Pasadena, ©A 21109-8099, USA,
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The Planets
by Dava Sobal

Viking, Mew York, 2005.
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where cometary planetesimals formed cre-
ated a 100-million-year period of destabi-
lization whereby these icy objects and aster-
oids bomharded Earth, One collision with
Mars-sized object created our Moon, and the
intensity of the hombardmaent frustrated life
on Rarth’s surface until between 4 billion and
3.5 billion years ago.

In termsy of discoveries, the last decade
has seen the detection of more previously
unknown plancts, satellites, asteroids, and
comets than the previous several conturics
combmed. We now note about three small
comety colliding with the Sun cach week.
Some comets have been observed to disin-
tegrate completely for no apparent reason,
whereas others have apparently lost their
ability to outgas and now appear to be aster-
oids. For their part, about 5000 new aster-
oids are now reported each month, and a
few move in comet-like orbits. A surprising
number of the asteroids have been found to
have their own little moons. At least one,
asteroid 87 Sylvia (named after the mother
of the mythical founders of Rome), has twin
moonlets (named after the founders,
Romulus and Remus).

The total number of natural satellites orbit-
ing the major planets has grown to more than
150, with more than 50% of these discoveries
occurring within the last 6 years. Since 1992,
more than 800 previously unknown icy worlds
have been discovered in the region beyond
Neptune and at least one of them (temporarily
designated 2003 UB313) is larger than Pluto.
This new object also has its own moon. Pluto
itself—until recently our ninth and outermost
planet—may be in jeopardy of losing its plan-
etary status or it may only lose its status as the
outermost planet. A cornmittee, formed by the
International Astronomical Union to decide
whether some of these discoveries should be
termed new plancts, has not yet been able to
provide a consensus view on just what a planet
15. A workable definition for a planet is partic-
warly important because since 19935 more than
150 planet-like objects have been
discovered orbiting stars outside
our own solar system.

Into this current ¢limate of
planctary science rethinking and
ntense discovery, Dava Sobel
ntroduces a personal and retro-
spective look at the nine traditional
plancts and a fow of these new dis-
coveries, In her rather short book,
nealy devoid of illustrations, the best-selling
guthor weaves mythology, astrology, history,
and analogies mto word pictures of the Sun's
farmily of plancts. For the most part, Sobels
impressionistic portraits are successful.
Easily read, the book is suffed with interest-
myg comments, angedotes, and notes, To men-
tion a few examples: Galileos 1610 discov-
ery of four moons orbiting Jupiter marky the

BOOKS ET AL.

divergence of astronomy and astrology,
because it suggosted a heliocentric solar sys-
tem whereas astrology demanded a geocen-
tric viewpoint. While William [Nerschel
scanned the heavens from his garden in Bath,
England—ohservations that resulted in the
discovery of Uranus and two of ity satellites
during the 1780s—he sought protection from
the damp night airby rubbing his skin with an
onion. James Clerk Maxwell is the only male
to he honored in the names of surface features
on Yenuy, an honor bestowed in the 19604
after the discovery of 5-mile-high peaks that
wore detected with Earth-based radar (obser-
vations that depended on Maxwell’s pioneer-
ing work on clectromagnetic radiation a cen-
tury earlier).

——
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Planetary system after Tycho Brahe, from
Andreas Cellarius's Harmonia Macrocosmica
{Amsterdam, 1661).

Now and then, Sobel’s account hbecomes a
bit strained, as i the chapter on Mars, where
the story is told from the point of view of the
ancient martian metcorite Allan 1Hlls 84001
Some downright strange prose arises in the
chapter devoted to the Moon, where we leam
that a friend of the author swallowed some
Tunar dust given to her by an astronomer whao
was studying surface samples collected by
the Apollo project. In a reverie, Sobel mmag-
ings, “As it gntered her mouth, it ignited on
contact with her saliva to shoot sparks that
Todged in her every cell, Crystalline and
alien, it illurmninated her body s dark recesses
like pixie powder, thrumming the senseless
tuni: oty wind chime through her veins,” One
must wonder what that is all abour.

Such minor quibbles asidi, Sobels relaxed
stroll through the rapidly changing planetary
landscape is well worth the read, and Fhe
Planets should provide newcomors an cffort-
less introduction to its eponymous topic.

10.1126/science. 1120240

www.sciencemag.org  SCIENCE VOL 310 4 NOVEMBER 2005

785


http://www.fineprint.cn

b,

539

BNER

If you're interested in a biomedical research career, you should know

that the National Institutes of Health Loan Repayment Programs may W&

o /
repay up to $35,000 per year of your qualified educational loan debt, gé%

Q
Deadline for Applications is December 1 AHER\'SZ‘ ""nm

For more information, visit www.lrp.nih.gov or call 1-866—-849-4047

The NIH Loan Repayment Programs |  Healthier Futures Through Research


http://www.fineprint.cn

CREDIT: YE YOMNG

GLOBAL VOICES OF SCIENCE

Teaching Evolution in Mexico:
Preaching to the Choir

Antonio Lazcano

expressed his mterest in visiting Mexico.

Although he never tulfilled that wish,
Mexicans have reciprocated his interest
with a long-standing commit-
ment to his ideas, Based on the
commeon misapprehension that
Mexicos strong Catholic back-
ground has led to a rejection
of evolution, many people in
the United States remain convineed
that teaching and research on
the origing of Tife must be severcly
limited in my country. Deriv-
ing in part from Spainy Black

In some of his writings, Charles Darwin

This yearlong
assay serias
celebrates 125
years of Scfence by
inviting researchers
fram around the
world to provide
a regional view of
the scientific

public pedagogical and rescarch settings has
been primarily a phenomenon n the United
States, Only twice during my 30 years
of teaching about evolutionary biclogy
and research mto the origing of
Tife, have 1 encountered religious-
based opposition to my work. In
hoth cases, it came trom cvangeli-
cal zealots from the Unired States
preaching i Mexico. One of the
Tittle recognized ULS. imports into
Mexico is a small flow of cre-
ationists, whao, through religion,
are trying to impose their funda-
mentalist belicts and hinder the

Legend—in which the stunning enterprise. teaching of Darwinian cvolution
intolerance exercised by the Inquisi- Series editor, in all levels of schooling.
tion became unfairly viewed i lvan Amato It 15 truc that the arrival of

subsequent centuries as iconic of

the country and its colomial exploity

as a whole—this self-assuring American pre-
Judice has led many uninformed observers to
helicve that todays Mexicans ane the intellee-
tally suffocated children of the Counter-
Retormation, still ruled by a tacitum Papist
church that rejects the notion of Darwinian
evolution and other major scientific advances
while clinging to its theological obsessions.

1 am abways amused when I am asked by
my Amatican colleagues about the problems
and pressures they magine [ face m Mexico
because of my interest in Tifes heginnings,
[Mowever, pressure to include creationism in

www.sciencemag.org  SCIENCE

Darwinism was an unseftling event

for a number of Latin American
Catholics, and led to criticism from various
sectors of the Church. However, historians
hive recorded no major controversics develop-
mg in Mexican society after the publication in
1859 of The Origin of Species. Such quictude
stemmed in part from the fact that Rome does
not advocate the literal reading of the Bible
the way Protestant cvangelists do, With
time, the clash between the Old Testament
and Darwin' ideas faded into a more or Toss
peacefi]l coexistence between the theories
and discoveries of evolutionary biclogy,
on the one side, and the teachings of

YEARS OF GLOBAL

Science

the Church, on the

other. Although it might

not b generally or frequently acknowledged,
there has been an age-old tradition of compati-
hility between science and the Catholic Clurch.
The Galileo atfair stands out as an anomalous
meoment of extreme infolerance.

Of course, neither the Church nor its mem-
bers are monolithic entities. As in other places
with a strong Catholic background, such as
France, Ttaly, Spain, and most Latin American
countries, Mexican society as a whole is not
only predommantly sceular, but it also takes tor
granted the existence of strong laical instito-
tions. This is a subtle but important distinction
that explaing why Mexico and many largely
Catholic countries succeed at mamtaining an
extended form of sccularism while also
supporting religious freedom. This works so
long ay citizens in these countries express thiy
freedom within the realm of their personal
heliefs and not within a context of public
policy-making. 1t helps here that in Latin
America most Catholics tend to read the Old
Testament not as the Titeral truth, but as a
depiction of the ways in which divine creation
may have taleen place. [t is thus possible tohe a
Catholic Bible-reader, or more generally a
heliever in the supernamiral ovigin of life, with-
out being a card-carmying creationist who hayg
to reject Darwinian evolution in order to
maintain logical consistency within a frame-
work of fundamentalist Christian promises,

Antonio Lazcano, a biology professor at the Universidad Nacional Auténoma de México (UNAM) in
Mexico City, has studied the origin and early evolution of life for more than 30 years. He was trained
both as an undergraduate and graduate student at UNAM, where he focused on the study of prebiotic
evolution and the emergence of life. An academic deeply committed to public education, he has
devoted considerable efforts to scientific journalism and teaching. He is the author of several books
published in Spanish, including The Origin of Life, first printed in 1984 and which has become a bestseller
with more than 600,000 copies sold. He is an avid promoter of evolutionary biclogy and the study of the
origins of life in Latin America, and has been professor-in-residence or visiting scientist in France, Spain,
Cuba, Switzerland, Russia, and the United States. In addition, he has served on many international
advisory and review boards, including ones for NASA and other intemational organizations. He has just
been reelected president of the International Society for the Study of the Origin of Life, the first Latin
American scientist to occupy this position.

All essays and interactive features appearing in this series can be found online at www.sciencemag.org/sciext/globalvoices/
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A Love Affair with Darwin

The study of the origin of life and other issues
of evolutionary hiclogy run deep in Mcexican
culturie. This shows up in many ways, includ-
ing Diego Rivera's cheerful mural paintings of
Charles Darwin in public buildings and the
popularity of Aleksandr Oparin’s ideas ahout
life emerging from a primordial soup, Mora
than 70 editions of The Origins of Life, one of
Oparin’s earliest books, have heen published
here and read by generation atter gencration
of high-school students since it was fivst trans-
lated in 1937, Perhaps cven more important is
the nationwide exposure for many decades of
Mexico’s schoolchildren to evolutionary ideas
included in the textbooks published by the
Mexican Secretay of Public Education,
which are provided free to all students, The
lessons based on these materials are a pre-
amble to in-depth teaching of evolution in
secondary (middle school)
and high schools.

In the early part of the
20th century, the Mexican
naturalist Alfonso L. Herrera
(1865-1942) became one
of the most active early
popularizers of evolution-
ary ideas. With relentless
energy, he lectured, wrote,
and established public
museums devoted to the
promotion of Darwinism.
He also contributed to the
seience of evolutionary biology by develop-
ing a theory on the autotrophic origins of life,
according to which the first cells had been
endowed since their emergence with the
plantlike ability to synthesize their own
components from carbon dioxide. Although
none of Herrera's assoclates built upon his
theory, he had a lasting influence in Mexican
biology. Many years after he died, his con-
tributions are still acknowledged, a fact
that indirectly helped my own carly pro-
fessional development.

Some 30 vears ago, 1 hecame intensely
interested in the prebiotic significance of
extraterrestrial organic compounds, and
decided to teach a course on the origing of Tife
at the Universidad Nacional Auténoma de
Mixico (UNAMY), Inlarge part because of the
intellecual foundation Herrera had laid down
many decades ago, and the sympathy that
Darwin’y ideas inspire in Mexico, my pro-
posal 1o teach the course—in spite of my
vouth and Tack of experience—was grocted
with considerable enthusiasm by my col-
leagues, the university administration, and
the students, To this day, new gencrations of
students continue to flock to this and other
courses on evolutionary hiology.

In yet another sign that Mexico's educa-

tors and students cmbrace Darwinism, my
assoclates and [ are often invited to speak in
puhlic and private schools, including those
run hy Catholic nuns and priests, to talk about
the origin and evolution of life. The list of
venuey includes a conference at the oldest
Mexican Catholic seminary. Many of the sto-
dents and professors at the seminary may
have scen evolution as the unfolding of
divine plan, but they also saw no doctrinal
conflict hetwoen thair own personal faith and
Darwin’s scientific ideas. They even found
hilarious the idea of teaching creationivm
based on biblical Literalism.

As shown by the opimion article published
on 7 July 2005 in the New York Times by
Clwistoph Cardimal Schénborn, not all mem-
bers of the Catholic hicrarchy feel comfort-
able with the premises and results of evolo-
tionary theory. It is equally true that some
Church thinkers and theologians
have tried to criticize the philosophi-
cal tenets of evolutionary theory, but
most tend to accept the results of

What a guy. In Mexico, Darwin doesn’t
get alot of grief.

experimental research and the gen-
eral evolutionary framework, while
maintaining a spiritualist stand. This
attitude, which has been prevalent
among Vatican theologians espe-
cially since the times of Pope Pius
XITin the middle of the last century, owes
much to the mmtellectual sophistication of
orders like the Jesuits and the Dominicans.

In his famous 1996 addresy to the
Pontifical Academy of Sciences, the late Pope
John Paul 11 acknowledged that the theory of
evolution 1s not a mere hypothesis, while also
reiterating the supernatural origin of the
human soul. By shifting emphasis from cre-
ation per se, to the origin of the soul, Pope John
Paul [T found a relatively safc common ground
to stand on, since sclentists ave entirely unable
to prove (or haye no interest in proving) the
existence or nonexistence of the soul. In spite
of such subtleties, most Mexican Catholics
clearly do not view the premises and develop-
ments of evolutionary theory as a battleground
or as major theological nisk. Stealing the spot-
light for the moment for Mexican Catholics
and other Christians are ethical controversies
associated with now and emerging biotech-
nologies, especially those based on stem cells,
fertility rescarch, and genetic manipulation

Science Be Damned

1t is hard for Mexicans to understand the
hold that religion has in America, and many
of us arc baffled by the Jax attitudi of policy-
makers i the United States to the religious

right, who manage to influence and
sometimes undermine the public educa-
tional system. Thomas Jefferson’s famous
phrase about “the wall of separation™
hetween the Church and State may be a
guiding principle of American politics,
but the huge cultural space that evangeli-
cal Protestantism and other politically
active religious moverments have gained in
the United States demonstrates how tenu-
ous are the houndaries hetween the secular
and the religious.

Ay summarized by Noah Feldman in his
book Divided by God, the belict that the Old
and New Testaments were literally and ver-
bally inspired s deeply rooted in American
mamstream culture, and remains a pervasive
influence in many aspects of everyday life,
including elementary and higher education. In
contrast, Mexico still maintains some anticler-
ical attitudes, and public education bears the
secular trademark of the Enlightenment,
whose introduction into the country was facil-
itated by some prominent priests and Jesuits,

Feldman’s thesis itself has deep roots. “For
more than a thousand years,” wrote Thomas
H. Huxley in 1843 in the preface to his book
Science and Hebrew Tradition, “the great
majority of the most highly civilized and
instructed nations in the world. ..have held it
to be an indisputable truth that, whoever may
be the ostensible writers of the Jewish,
Christian, and Mahometan [Islamic] scrip-
tures, God Himself is their real author; and,
since their conception of the attributes of the
Diity excludes the possibility of crror and—
at least m relation to this particular matter—
of willfil deception, they have drawn the log-
ical conclusion that the denier of the accuracy
of any statement, the questioner of the bind-
mg force of any commmand, to be found
these documents is not merely a fool, bura
blasphemer. From the point of view of reason
he grossly blunders; from that of religion he
grievously sins”

Although many American churches appear
to reject the fundamentalist campaign against
Darwinism, some of the most aggressive ver-
sions of creationism—including the latest
one dubbed “intelligent design™ by its champ-
1ons—have been growing rapidly in the
fortiles soil provided by some of the evangeli-
cal churches that sprung up in the 19th and
early 20th centuries. The United States is
unigue among Western countries for its
religiosity. Polls consistently show that only a
small pereentage of Americans hold a seeular
view of the world, compared with an over-
whelming 40% of the population thar
belicves i strict biblical creationism,

This explams in part why following the
1987 United States Supreme Court ruling that
opposed the teaching of so-called creation
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science in the classroom, a new, recycled,
highly pragmatic creationism has evolved (if
you pardon the pun). It is a movement that has
eliminated open references to Christianity;
built networks of lecturers and researchers that
propagate the creationist theology; introduced
new players like the intelligent design move-
ment; found major sources of funding from
foundations run by politically active Christian
conservatives; and adapted its fundamentalist
literalism not only to the rhythm of pop music
but also to the Web.

Their accomplishments can be measured
not only by their emerging success in under-
mining the separation of Church and State in
the context of science education in public
schools in some states like Kansas, Ohio, and
Pennsylvania, but also n the statements by
major political figures, including President
Bush, that atrempt, if not to appease the reli-
sious right, at least to assure the public of
their unwillingness to take a firm stand
support of evolutionary theory.

Dangerous Exports

Since we can never know in full detail how
the origin of life rook place, it 1snot surpris-
ing that it is becoming a targer for intelli-
gent design creationists. The geological and
chemical evidence requived o understand
Tife’s beginnings remaing insufficient and
difficult to understand. For creationists, that
evidentiary gap provides an opportunity to
crect o framework of controversy and end-
less discussion around the study of prebi-
otic gvolution and the origin of life, which
they assume ave best explained by an intel-
ligent cause rather than by an undirected
process like natural selection.

One of the little recognized U.S. imports into Mexico
is a small flow of creationists, who, through religion,
are trying to impose their fundamentalist beliefs
and hinder the teaching of Darwinian evolution in all

levels of schooling.

Itis true that there 15 o huge gap in the cur-
rent descriptions of the evolutionary transi-
tion between the prebiotic synthesis of bio-
chemical compounds and the last conumon
ancestor of all extant living beings. Even the
unanticipated discovery in 1982—Dby the
research teams directed by Thomas Cech and
Sidney Altman—of catalytic RNA molecules
(ribozymes), which can be loosely described
as nucleic acids that simultancously have
characteristics of DNA and enzymes, has not
closed this gap. Instead that and related dis-
coveries have led to a more precise defimtion

Darwin’s place. At this elementary school. named
Evolucidn, in the small Mexican city of Pachuca, children
celebrate Darwin's birthday (12 February) with a cere-

mony and display of murals on his life and theory.

ot what should be understood as the onigin of
Tifee, The origin of protein synthesis is still not
understood, but the surprising conservation
of widely distributed polypeptide sequences
related to RNA metabolism has led my group
and others to suggest that these sequencesy
provide insights into an RNA/protein world
that may have resulted from the interaction of
ribozymas with amino acids, and that very
likely preceded our familian DNA/RNA/pro-
tein world. Our understanding of the onigin
and early stages of biological evolution still
has major unsolved problems, but they we
recognized hy the scientitic community ag
intellectual challenges, and not as requiring
metaphyyical explanations, as proponents of
creationisim would have it.

Scientists from other countrics could take
a certain solace in the fact that the creationist
moverment appears to be largely confined to
the United States. I find it extremely encoui-
aging that Mexican students, forthemost part,
are not driven by gaps in the scientific view of
life to search for religious explanations or to
vitiate evolutionary theory by advocating
intelligent design. Our teachers and pupils
alike generally view the framework of intelli-
cent design as a thinly disguised attempt to
introduce religious preconceptions mnto the
classroom, Fven so, it would he unwise to

simply sit back and watch with
incredulity as our American colleagues
struggle against intelligent design cre-
ationists and other fundamentalisms.
There are, in fact, manifold indications
that the creationism movement has been
flexing its muscles and looking to pros-
elytize far and wide. Its potential threat
to science education in Mexico and
other Latin American countries should
not be underestimated.

In the United States, Hispanics
account for 14% of the population, but
the demography of American science
does not reflect this figure. The success
of the American educational system in
attracting Latinos (many of whom live
in the Bible belt) into science careers has
been limited, but the evangelical move-
ment has not lost time in recruiting
thermn. Tts progress inthe United States
has been extended by many fimdamen-
talist Mormons and Pentecostalist missionar-
ies who travel abroad to search for adherents
in other countries. Thew followers now
inglude growing nurmbers of legal and illegal
Mexican migrants, driven by the American
dream, who go back and forth across the bor-
der, Steeped in the parochial thinking of hibli-
cal lireralism, the open commitment by these
missionanes o impose nonsceular views in
education is an indication of a looming con-
frontarion in both countries. Tall fences make
good neighbors, but stronger new forms of
cooperation hetween the academic commu-
nitigs on both sides ofthe Mexican-American
frontier could do better.

Creationism is a danger to sclence educa-
tion that should he addressed by a construe-
tive dialogue and collective actions
Ted by imaginative rescarchery and
educators on both sides of the border.
Our answer to the fundamentalist
challenge could include better aca-
demic exchange programs, common
strategics designed to promote the
teaching of evolutionary biology, and
joint outreach activities for both
Mexican and ULS, Latino students,
who share important cultural bacle-
grounds. The potential benefits of such com-
mon strategies could be manifold, including
a proper honoring of the freedom of all to
follow (or not} religious heliefs, while ren-
dering to Caesar the things that are Caesar’s,
to Giod the things that are God., .and to
Darwin those that are Darwin’s.

The author is in the Facultad de Ciencias, UNAM,
Apdo. Postal 70-407, Cd. Universitaria, Mexico D.F,
04510 Mexico. E-mail: alar@corren.unam.msx
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The Neuron Doctrine, Redux

Theodore H. Bullock, Michael V. L. Bannett, Daniel Johnston,
Robert Josephson, Eve Marder, R. Douglas Fields

fter a century, neuroscientists are re-
Athinking the Neuron Doctrine, the

fundamental principle of neuro-
seience. This proposition, developed pri-
marily by the great Spanish anatomist and
Nobel laureate Santiago Ramon y Cajal,
holds that a neuron is an anatomically and
functionally distinct cellular unit that
arises through differentiation of a pre-
cursor neuroblast cell. In principle, part
of this tenet has held up, but technology
and research have extended our knowl-
edge far beyond this simple descrip-
tion. What has evolved is a modern
view of the neuron that allows a more
broad and intricate perspective of how
information is processed in the nervous
system. One hundred years since its
inception, an examination of the
Doctrine indicates that it no longer
encompasses important aspects of
neuron function. If we are to under-
stand complex, higher level neuronal
processes, such as brain function, we
need to explore beyond the limits of the
Neuron Doctrine.

In the early 20th century, the nerv-
ous system was thought to function as a
web of interconnected nerve fibers. The
cytoplasm and nervous impulses were
thought to flow freely in any direction
through the network of fibers. But it
was Cajal who envisioned the neuron as
an individual functional unit, polarized
such that signals are received through
its rootlike dendrites and transmitted
tlrough its long axonal process. He posited
that although an axon terminates adjacent
to a dendrite of the next neuron (see the fig-
ure), the cleft between them would act as a

T. H. Bullock is at the Scripps Institution of
Oceanography and Department of Neuroscience,
University of California, 5an Diego, La Jolla, CA 92063,
USA. M. V. L Bennett is in the Department of
Meurascience, Albert Einstein College of Medicine,
Branx, NY 10461, USA. D. Johnston is at the Center for
Learning and Memaory, University of Texas, Austin, TX
V8712, USA_FR. Josephson is in the Department of
Meurabiology and Behaviar, University of Califarnia,
Irvine, CA 92697, USA. E. Marder is in the Department
of Biology, Brandeis University, Waltham, MaA 02454,
U5a. R, D. Fields is in the Mervous Systems
Drevelopment and Plasticity Section, Mational Institute
of Child Health and Human Development, Bethesda,
MO 20852, USA. E-mail: fieldsd@mail.nih.gov

synaptic switch regulating information
flow through neural circuits, The synaptic
cleft went unseen until a half-century later,
when in 1954 the ¢lectron microscope pro-
vided convincing evidence that essentially
refuted the earlier “reticular™ view of a
nerve fiber web (/7).
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rather than all-or-nothing clectrical spikes
that propagate regeneratively (2} Tt was
also determined that evoked electrical
responscs often oceur on a background of
spontaneous changes m membrane poten-
tial (i.e., produced without input from
other neurons) and that some parts of the
neuron are incapable of producing all-or-
nothing action potentials (3). Today, it is
apparent that mformation processing in the
nervols system must operate bevond the
limits of the Neuron Doctrine as 1t was
conceived. This has evolved from detailed
information gained from techniques devel-

At the same 1ime, physiological studies
established that conduction of clectrical
gctivity along the neuronal axon involved
brief, all-or-nothing, propagated changes in
maembrane potential called action poten-
tials. It was thus often assumed thar neu-
ronal activity was correspondingly all-or-
nothing and that action potentials spread
over all parts of a neuron. The nevron was
regarded as g single functional unit; 1t
either was active and “firing”™ o1 was not.

This dogma hegan to crode with the
advent of microelectrodes that could be
inserted into neurons to record electrical
signals. In 1939 it was rcalized that much
of the information processing by neurons
involves electrical cvents that are graded
in amplitude and decay over distance,

' L _

Information processing, past and present. The Nauran Doctrine transformed the 19th-century view of the
nervous systerm which saw the brain as a network of interconnected nerve fibers (upper left). A century
later, the modern view {lower right) holds the neuron as a discrete cell that processes information in more
ways than original envisaged: Intercellular communication by gap junctions, slow electrical potentials, action
potentials initiated in dendrites, neuromodulatory effects, extrasynaptic release of neurotransmitters, and
information flow between neurons and glia all contribute to information processing.

oped 1n the past 30 years—notably single-
channel recording, live cell imaging, and
molecular biology.

Although Cajal wisely considered that
“neuronal discontinuity,.. could sustain
some exceptions™ to the Doctrine’s defini-
tion (4), he could not have foresecen the
presence and role of nevronal gap junc-
tions as one of these exceptions. These
assemblages of protein pores form small
aqueous channels of limited selectiviry
that connect neurons, providing cytoplas-
mic conrinuity (5). We now koow that gap
junctions are widespread in the mam-
malian nervous system (3 and function to
synchronize neuronal firing. They consti-
tute clectrical synapses that couple groups
of cells into functional syncytia—in this

www.scisncernag.org SCIENCE VOL 310 4 NOVEMBER 2005

791


http://www.fineprint.cn

792

PERSPECTIVES

sense, the reticular concept, reinvoked.
Electrical transmission through gap junc-
tions was initially considered primitive and
Tikely incapable of the subtletics of chemi-
cal ransmission through axon-dendrite
synapses {(carly studies showed that
synapses with gap junctions between the
axon of one neuron and the cell soma of
another neuron also have regions resem-
bling the active zones of chemical synapses,
although there is no chemically mediated
signal rransmission and response). Although
ap junctions can behave as simple clectri-
cal resistances between connected cells, an
electrical impulse in one cell by no means
inevitably propagates to the other cells with
which it shares gap junctions. In fact, a
channel within a gap junction is not neces-
sarily open, and an entire gap junction may
not transmit ¢lectrical current until it is
appropriately moditied in response to trans-
mission from chemical synapses of the
same, “presynaptic™ neuron. This modula-
tion of chanmels provides electrical synapses
at gap junctions with the plasticity long con-
sidered an exclusive provinee of chemical
synapses at axon-dendrite junctions (6).
Furthermore, gap junctions have heen
described between neurons and non-neu-
ronal cells such as astrocytes (7), a some-
what controversial finding not conceived n
the original Neuron Doctrine.

Fifty ycars ago, neuroscientisty also did
not realize that a plethora of neuromodula-
tory substances, such as amines and neu-
ropeptides, can reconfigure neuronal cir-
cuits into different patterns of functional
connection, capable of a varicty of activity
patterns (§). Almost all neurons and
synapses are subject to such neuromodula-
tion, which acts to remodel neuron hehavior
and cireuitry within minutes and hours
rather than on the millisccond time scale
typical of electrical impulse transmission.
Muany hehaviors, including learning and
memory, sexual cycles, mood, and sleep,
oceur over much slower time scales relative
to processes such as reflexes or sensory and
motor function. In addition, neuromodula-
tory substances can act at multiple sites on
the neuron, mcluding the axon. For exam-
ple. some crab (9} and lobster (76) axons
have receprors to amines such as dopamine,
serotonin, and octopamine. When these
amines are applicd to the axony, these arcas
can spontaneously initiate action potentials
in a nonclassical mode of integration.

Research during the past 10 years has
shown that in many neurons, action poten-
tigls can travel backward from the axon and
soma regions into the dendrites (/f}.
Maorcover, under cortain conditions action
potentials can be initiated in dendrites,
remaining local or sometimes propagating
into the soma to initiate single or multiple

spikes of activity in the axon (72). The
functional complexiry of dendrites and the
roles they play in synaptic integration and
plasticity are well beyvond what could have
been deduced from Cajal’s anatomy or from
Tater yomatic recordings (2). Dendrites con-
tain a mosaic of voltage-gated lon channels
{13), The types, densitics, and propertics of
these channels are very diverse among
classes of neurons (and even within a single
class), and these channels regulate, on
wide-ranging time scales, how a neuron
responds to the thousands of incoming
synaptic events that impinge on its den-
drites. Important questions for the furure
will bi: how the spatial distributions of indi-
vidual ion channels in dendrites are estab-
lished, how this localization changes in
response to Incoming synaptic inputs and
ourput firing patterns (/4), and how the
channels dynamically regulate excitability
during different behavioral states.

Cajal was also caretul to distinguish
neurons from the many other cells in nerv-
ous tigsue. The function, ongin, and divers-
ity of non-neuronal cells cluded Cajal,
because a staming method, which revealed
neuronal structure with brilliant clanty, Teft
major classes of non-neuronal cells mvisi-
ble (including microglia and oligodendro-
cytes), 1t is ironic that today we understand
that the fundamental tenet of the Neuron
Doctrine—polarized communication
between neurons by action potentials—is
heavily influenced by non-neuronal cells,
These ave the constituents of the nervous
system that form the myelin sheath around
axons and organize ion channels into peri-
odic ¢lusters along the axon, features that
tacilitate action potential propagation (75).

Myelinating glia do not fire action
potentials, but they can detect mmpulses n
axons through membrance receptors that
bind signaling molecules. These include
ATP (76) and adenoesing (77) that are
released along the axon and also porassium
that is releused duning intense neural activ-
ity. This axon-glial communication violates
the Neuron Doctrine in two ways. Infor-
mation is communicated between cells at
sites far removed from chemical synapses,
and it propagates in a transduced form
through celly that are not neurons {78). In
response to nevral firing, glia communicate
with other glia by chemical signaling and
cap junctions rather than by electrical
impulses (78). Unexpectedly, chemical
synapses have recently been detected
between neurons and a class of glia (oligo-
dendrocyte precursor cells) (79), undermin-
ing a defining feature of neurons. However,
the functional importance of this neuron-
clia interaction is unknown. We now know
that during vertebrate embrvonic develop-
ment, glia can give birth to neurons (24},

challenging Cajal’s conclusion that neurons
develop only from neuroblasts.

Astrocytes are now known to comumuni-
cate among themselves by means of glial
transmitters and neuromodulators as well
ay by gap junctions (78, Morcover, astro-
cytes can derect neurotransmitters that
are released from ncuronal chemical
synapscs (27). These transmitters are deliv-
ered via synaptic vesicles into the synaptic
cleft and diffuse to perisynaptic astrocytes,
Additionally, neurotransmitters can he
released outside the synapse and detected by
perigynaptic gha (22, 23}, In response, astro-
cytes can regulate communication berween
neurons by moditying synaptic transmission
through the release of newrotransmitters and
neuromodulators (78). Thus, there may be a
parallel system of information processing
that inferacts with neuronal communication
but propagates over much slower time scales
through a funetionally reticular network of
non-neuronal cells. This functional reticu-
lum results from gap junction coupling and
the ommnidirectional communication that is
mediated by chemical messengers released
from astrocytes over much slower time scales.
Such may he the case in the human brain,

Obviously, although neurons e mdeed
anatomically discrete units, they are not the
single functional unity in the sense envi-
sioned by early proponents of the Neuron
Doctring, And the simplistic and static con-
nectivity patterns described by Cajal and
other cellular neuroanatomists must be
revised in light of new mformation, The dif-
ferences i specific membrane and cellular
propertics among cell hodics, axons, and
dendrites, and even between different areas
glong dendrites, are fur more extengive and
sophisticated than would have been imag-
ined nearly 50 vears ago. Absolutely
unforescen o contury ago is the active par-
ricipation of non-neuronal constituents of
the nervous system. A Neuron Doctrine
reexamimed hence provides a renewed per-
spective 1o ask many intrigning gquestions,
particularly those about the human brain,
For example, what features of the human
brain account for our Tevel of hehavioral
complexity? It is doubtful that the answer
emicrges from knowing the sheer number of
cells, or the propertics of synapses, or the
identity of neurotransmitters and modula-
tors, Such features are shared by many ani-
mals, especially vertebrates. There arve,
however, tundamental differences in
electrocncephalograms across the evolu-
rionary spectium—that is, in the electric
ficld potentials arising from assembliey of
funetioning neurons. This suggests that the
complexity of the human brain and likely
other regions of the nervous system derive
from some organizational features that
make use of the permutations of scores of
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integrative variables and thousands or mil-
lions of connectivity vanahles (24} and per-
haps mtegrative emergents vet to be discov-
ered. The answers extend well beyond
explanation by the newron acting as a single
functional ynit.
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A Ribosomal Coup: E. coli at Last!

Peter B. Moore

n page 827 in this week’s issue,
O Schuwirth ¢f ol ({) report an
atomic resolution (3,5 A) crvstal
structure for the 705 ribosome from the
bacterium Fscherichia coli (see the figure),
More accurately, they report the atomic res-
olution for rwo such structures, because
there are two, noncquivalent copies of the
705 ribosome per asynunetric unit in the
crystals they have analyzed. The ribosoma
1s the ribonucleoprotein en-
zyme that catalyzes messen-
ger RNA-directed protein
synthesis in all organisms, and
the 708 ribosome, which is a
1:1 complex of a large and a
small ribosomal subunit, is the
particle that synthesizes pro-
teins in prokaryotes. Because AL
this enzyme plays a central
role in gene expression, its
structure has long been sought
by molecular biologists.

The structures reported by
Schuwirth et al. are by no
means the first ribosomal
crystal structures to appear.
We already have a 2.4 A reso-
lution erystal structure for the
large ribosomal subunit from
Haloarcula marismortui (2),
and a 3,1 A resolution structure for the
large ribosomal subunit from Deinococcus
radiodurany (3. Two versions of the struc-
ture of the small ribosomal subunit from
Thermuys thermophifus have appeared, one
at aresolution of 3.0 A (4), and the other at
a slightly lower resolution (5, 6). In addi-
tion, there is a structure for the 705 ribo-
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some from T thermophifus determined at
5.5 A (7). Our sense of déjd vu is height-
encd by the impression that these new
structures look very much like those that
have appeared before (sec the figure),
Thus, we might wonder why these new
structures should be considered note-
worthy (which they are).

There are three reasons why these strue-
tures deserye attention. First, the structures

that Schuwirth and colleagues have solved
are that of the ribosome from £ eoff, Since
1960, the E. ¢-oli ribosome has heen the
rihosome of choice for hiochemists and
molecular biologists; for no other ribosome
15 the information more complete,
Ohservations made with the E. cofi ribo-
some have been extensively used to inter-
pret all the ribosome structures published
previously, all of which came from other
organisms, The argument hag been that the
extensive sequence homology that exists

between ribosomes from different species
Justities such cross-specics comparisons,
However, at some level, observations made
on ribosomes trom g mesophilic cubac-
terium like E. coli cannot be valid for ribo-
somes ohtained from an cxtreme archacal
halophile like H. marismornt, or from an
extreme eubacterial thermophile like
T. thermophilus. These concerns can now
be directly addressed.

Second, Schuwirth et af, are not the first
ivestigators to attempt the crystallization
of ribosomes from E. coli. For decades, lah-
oratoriey all over the world have tried to
obtain such crystals because of the obvious
importance of the structures that might

Structures of the 705 ribosome from two prokaryotes. (Left) £. coli. ribsosome at 3.5 A resolution [from (7])].
(Right) T. thermophilus ribosome at 5.5 A resolution [from (7, 9)]. Both are oriented such that the small subunit
[ribosornal RNA (light blue) and protein {dark blue)] is in the front.

emarge from them, Schuwirth e al. are the
first to obrain ribosomal crystals from this
specles that were worth analyzing, and that
in itself is a coup. It should also be noted
that the asymmetric unit of the crystals they
have solved is gigantic; it contains roughly
5 megadaltons of macromolecular material.
Determining structures this large is not triv-
ial, even when much is known about them
already, as was the case here.

Third, there i the matter of resolution,
The resolution of the best 705 structure pub-
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lished previously is 5.5 A In clectron density
maps in that resolution range, nucleic acid
helices look like curved ribbons whose con-
stituent nucleotides are often difficult to
delineate, and protein densiry s hard to inter-
prit at all. Nevertheless, a great deal way
lcarned from thosc electron density maps
hecause relevant structures that had been
solved at higher resolution before could be
fitted into them. The problem with the 705
model that emerged is that wherever its
stucture deviated from thar of the stuctures
being fit mto its electron density maps, it was
difficult to e sure what was going on. In 3,5
A resolution electron density maps, such as
those that Ted to the 708 £, eofi structure
reported by Schuwirth ¢f «f., these ambigui-
ties disappear hecanse individual micleotides
are clearly visualized, and protein ¢lectron
density is independently mterpnetable.

What has heen learned? The structures
presented by Schuwirth ¢f ol. ave not the last
word about the information contained in the
particular crystals examined. Ribosomal
protems are not fully modeled at this point,

ATMOSPHERIC SCIENCE

and the structures are not fully refined.
In addition, the crystals analvzed by
Schuwirth ef of. lack transfer RNAs or any
of the other proteing, nucleic acids, or small
molecules that interact with the ribosome
during protein synthesis, Nevertheless, sev-
cral themes clearly emerge, The structures
of the bridges that hold the two subunits
together are clear, which is important
because the bridges are critical function-
ally: The two subunits of the ribosome not
only communicate during protein synthesis,
they also engage In coordinated, relative
motions (8). In addition, the two 708 strue-
tures reported by Schuwirth ef ¢f. differ m
the: orientation of the head domains ot their
small subunits, and in neither is the head
domain position the same as it 1s in the T
thermophilius 705 rihosome structure now
avallable (7). Movements of the small sub-
unit’s head domain like the ones reported by
Schuwirth ef ef. occur during protem syn-
thesis [e.g., (8)]. [tis now possible to under-
stand how these motions occur at the
molecular level, and to propose models for

PERSPECTIVES

how they might be coupled to the events of
protein synthesis. It remains to be seen what
the small differences in conformarion
between the large rihosomal subynit of
these E. coli ribosomes and the large ribo-
somal subunit structures of other organisms
actually mean. Thus, the ribosome struc-
tures obtained by Schuwirth ef af. really do
advance our understanding of protein syn-
thesis. Now that high-quality crystals ave
available for the £ cofi 705 ribosome, the
rate at which new information is ohtained
should increase.
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Water Vapor Feedback
in Climate Models

Robert D. Cess

eneral cireulation models ((GGUMs)

G are the most detailed computer sim-
ulations available for projecting cli-

mate change caused by increasing green-
house gases, as well as other antlwopogenic
changes, These numerical models contain
numerous parameterizations of physical
processes oceurring within the climate sys-
tern (that iy, small-scale processes have to
be described within the models}. As a
result, there 15 a need to devise ways of test-
ing these parameterizations and processes
within (zCMs. On page 841 of this issue,
Soden er al, (1) report an important reality
check on one such process: the role of
atmospheric water vapor in ¢limate change.
It has long been known (2) that cloud-
climate interactions constitute a major
uncertainty in attempting to project future
climate change with a GCM. As an 1llustra-
tive example, if glohal cloud cover were
to decrease because of climate warming,
then this decrease reduces the infrared
areenhouse effect due to clouds. Thus, the
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climate system is able to emit infrared
radiation more efficiently, moderating the
warming and 2o acting as a negative feed-
back mechanism. But there iy a related
positive feedback in this example that
would increase the warming: The solar
radiation absorbed by the climate system
increases because the diminished cloud
cover causes o reduction of retlected solar
radiation by the atmosphere.

The situation is actually far more com-
plicated than in this simple example,
because changes in cloud cover will
undoubtedly depend on cloud type and geo-
eraphical location. Moreover, there would
Tikely be associated changes in cloud alti-
tude and cloud optical depth. One test of
cloud-climate interactions within a GOM s
to determine, relative to satellite observa-
tions, how well a GCM represents the radia-
tive impact of clouds on the model’s climate
during the 5 years encompassing 1985 to
1989, and the top pancl of the figure
demonstrates that many models do rather
poorly in this respect. And with regard to
those models that do agree well with Earth
Radiation Budget Satellite observations, it
must be ermphasized that this test Is a neces-
sary, but not sufficient, test of a model.

Another feedback mechanism is water
vapor feedback. Water vapor is the atmo-
gphere™s dominant greenhouse gas, and a
change in its concentration associated with a
changa in climate would alter the greenhouse
cffect of the atmosphere, thus producing a
feedback mechanism. In 1967 it was pro-
poscd ( 3 that the atmosphere might conserve
its relative humidity, and if so, this would lead
to u positive feedback because a warmer
atmosphere would contain more water vapor,
thus amplifying the warming. And indeed,
GOMy do tend to conserve global mean
atmospleric relative humidity, as is shown
tor one such model m the hottom panel of the
figure. But for more than a decade there has
been considerable debate on this issue, with
suggestions that water vapor feedhack might
actually be a negative feedback mechanism.

Soden et af. (7} present a very clever
way of resting one aspect of water vapor
feedback, Ay they point out, observed mois-
tening trends in the Tower troposphere have
been linked to corresponding changes in
surface temperature, But attempts to
ohserve a moistening nend n the upper tro-
posphere have proven to he unsuccessful,
and this is the issue that Soden er al.
address. They accomplish this by using
clear-sky satellite radiance measurcments
from the High Resclution Infrared
Radiometer Sounder channel centered at
6.7 wm (channel 12}, which measures a por-
tion of the 6.3-pum water vapor absorption
bund and therefore is sensitive to water
vapor in the upper troposphere. They then
compare the channel 12 observations of
global mean blackbody temperature, for the
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60°N to 60°S means

Cloudy predictions. {Top) Actual effect of clouds on climate [measured CRF)
compared to the effect predicted by 19 global climate models. Some of the
models significantly overestimate cloud-induced cooling. Clouds can poten-
tially cool climate (by reflacting solar radiation) and simultaneously heat the

system (by increasing the atmospheric greenhouse effect). The net effect illus-

trated in the figure is cooling, as indicated by the negative values of CRF. Actual
net CRF (cloud-radiative forcing), measured by the Earth Radiation Budget
Satellite {4} and averaged from 60°N to 6078, is =22 W/m?. (Bottom) Average
relation between atmospheric pressure and humidity for a 120-year (1870 to
1989) simulation of plobal warming. The profile is an average of 120 annual
mean profiles; the bars represent two standard deviations, indicating that
global mean atmospheric relative humidity is conserved over the entire 120-
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period Jannary 1982 to December 2004, 1o
those computed from the termperature and
moisture profiles of the Geophysical Fluid
Dynamics Laboratory atmospheric GUM,
which uses prescribed sea surface tempera-
tures. The temporal rrends of the observed
and modcled channel 12 observations arc in
very good agreement, and this agreement
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no change in the water

vapor content of the

upper troposphere. Soden et af. then use

additional satellite observations to empha-

size that global mean relative humidity 1s

being conserved by the upper troposphere
1n response to atmospheric warming.

This work by Soden e al. provides the

clearest evidence yet that GCMs are prop-

erly representing water vapor feedback.

year period. The simulation is from the National Center for Atmospheric
Research Community Climate System Model Version 1(§).

This is an important contribution becavse it
climinates one potential uncertainty within
these climate models. There remains, how-
ever, an uncertainty in other climate feed-
hack mechanisms, the most notable of
which is cloud feedback as described above.
The reduction of these uncertainties will
require a suite of cleverly designed neces-
sary, but not sufficient, tests of the models.
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Building a Quintuple Bond

Gernot Frenking

honding into single or multiple bonds

are among the most fundamental con-
cepts in molecular chemistry. Elements in
the main group of the periodic table may
have up to three bonds to the same bonding
partoer (that is, the maximum bond order
can only be three), It was long believed that
this is the highest bond order that can he
achieved in a stable molecule, Because of
this conventional wisdom, the 1964 report
by Cotton ¢f «f. ({} on the synthesis of a
molecule with hond order four caused a
sensation. The analysis of transition metal
salt compounds containing the anion

[Re,Cl:]? revealed a quadruple bond

B ond order and the division of chemical
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between the rhenium atoms. Thiy finding
opened the door to a new field of chemistry
and led to the synthesis of a large number of
hitherto unknown molecules with mulriple
bonds having bond orders up to four
hetween transition metal atoms (29, It has
been speculated that a finther extension to
bond order five should in principle be pos-
sible, but attempts to make a compound
with a guintuple bond have been unsuceess-
ful until now. On page 844 of this issue,
Neuyen ¢f af. (3} report the synthesis of a
stable compound with fivetold bonding
between two chromium atoms (see firstfig-
ure on the tollowing page).

Chemical bonding hetween rwo atoms
is usually discussed in terms of bonding
and antibonding combinations of the
valence atomic orbitals (AOs) that yield
maolecular orbitals (MOs}, The pivotal AOs
of the transition metal atoms are the five d

orbitals. The figure shows schematically
the combination of the d-AQs that give five
components for the bonding MOs (o, m, §)
and five components for the antibonding
MOs (o™, n*, §*). The diagram also quali-
tatively indicates the expected ordering for
the encrgy levels of the orbitals, A quintu-
ple bond berween two transition metals
requires that 10 glectrons occupy the
lowest lying MOs. This yields one & bond,
ong degenerate m bond, and one degen-
crate & hond (that i3, the i and o honds
each have two levels with the same
energy), Transition metal compounds like
[Re,C1,]>" with a gquadruple bond have
only onc (not degencrate) & hond,
Theoretical analysis (/) showed that the
d,2_,» AQs that form the second component
ot the & bond (sece the figure} interact pri-
marlly with ligand orhitals such as the
chlorine AQs in [Re,Clg]*=. ATl previous
attempts to synthesize a molecule with the
general formula L, TM-TML, (where L 1s
ligand, TM 15 transition metal) in which the
d,2 ,» AOs of TM engage in the “missing”
fitth metal-metal bonding rather than in
TM-L bonding have failed.
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The ligand successtully chosen by
Nguyen et al, in the synthesis of the quin-
tuply bonded chromium compound
Ar'CrCrAr’is the bulky aryl group Ar’
[CgH;-2,6(C4H;-2,6-Pr';),, where Pr' is iso-
propyl]. The same ligand has already gained
# reputation for stabilizing molecules with
multiple bonds that were hitherto not
known. A recent example is the synthesis of
heavy-atom homologs of substituted
acetylenes RC=CR in which the carbon
atoms are replaced by group-14 elements
Ge, Sn, or Pb. Power and co-workers suc-
ceeded in synthesizing the first examples of
the elusive compounds REER with E as Ge
(4), Sn (5), and Pb (6), which could even be
characterized by x-ray structure analysis
when they used the above aryl group in

The fivefold way. The Ar'CrCrAr’ molecule synthesized by
Nguyen et al., showing the lowest unoccupied molecular
orbitals of the chromium-chromium bonds [from (3)].

Ar'EEAr'(7). They have now used the same
trick for Ar'CrCrAr’. Chromium com-
pounds of the form R,CrCrR; that have a
Cr-Cr quadruple bond are known (2).
Chromium has six electrons for chemical
bonding, The difficulty was to find a Tigand
R that does not attract the ¢lectron in the
d,2_,2 AO of the metal but instead allows it
to engage in the fifth Cr-Cr bond in a com-
pound RCrCrR. This was achieved with
Ar'CrCrAr where, in simplified terms,
cach chromium atom forms one hond to a
ligand Ar’ with its s-AC while all five d-AQs
are used for the Cr-Cr quintuple hond,

The report by Nguyen ¢f of. (3} shows
that the bonding situation in the compound
Ar'CrCrAr'is more complicated than
described above. Some details of the exper-
imental findings will certainly lead to con-
troversial discussions about whether the
bonding situation should be considered a
true quintuple bond. An obvious argument
against this is the finding that the core
atomy C-Cr=-Cr-C have o trans-bent struc-
ture rather than a linear arrangement that
should be expected from a genwine quinty-

ple bond. The results of quantum chemical
caleulations show, howoever, that there are
five occupied MOs in Ar'CrCrAr’, which
can be identified as one o, two 7, and two &
Cr-Cr bonds. The m and 6 bonds are no
Tonger degenerate because of the Tower
symmetry of the molecule, but the shape of
the MOs resembles that of the classical
model even when there is some mixing of
the metal-metal and metal-ligand MOs.
This explains why the & orbital is slightly
higher in energy than the m orbital. It seems
that the bonding situation in Ar'CrCrAr’ is
not fully a quintuple bond but rather that
there are five components for the metal-
metal bonding. A similar situation was
found for the germanium and tin analogs of
acetylene Ar'EEAr’ (where E is Ge or Sn)
(4, 5) and for the related sili-
con compound (7}, which are
not linear but have a trans-bent
geometry. The bending weak-
ens one component of the
degenerate m bonding in linear
RE=ER, which means that the
bond order is lower than three
but still larger than two. The
lead compound Ar'PbPbAr’
has also a trans-bent geometry
but is a special case where
the Pb-Pb bond order is only
one (6). The bond order in
Ar'CrCrAr’ may also be lower
than five because of the trans-
bent structure, but the very
short Cr-Cr bond of only 1.835
A speaks for a quintuple bond.

Whatever the final conclu-
sion about the bond multiplic-
ity in the newly synthesized compound
Ar'CrCrAr’ will be, it is clear that the field
of transition metal compounds with multi-
ple bonds has been greatly extended by this
work. The authors have paved the way
toward synthetic achievements previously
considered not to he possible, The door to
the experimental field of quintuply bonded
molecules has been opened, perhaps not
completely yet, but an entrance has been
found, This work will inspire others to steer
their experimental cfforts in a new direc-
tion. There is no reason to believe that the
structural motif of the quintuple bond in
Ar*CrCrAyr’ can only be achieved with
chromium a4 the metal atom and with Ar’
as the ligand. Last but not least, the analy-
sis of the bonding situation in the compounds
will he i hot topic among theoreticians,
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EPPENDORF 2005 WINNER

A Drosophila OBP Required
for Pheromone Signaling

Pingxi Xu

est insects have a profound impact
Pm1 agriculture and human health.
Substantial global losses of crops, stored
agricultural products, timber, and livestock
can be attributed to damage and destruction by
inseets (£). Blood-feeding insects such as
mosquitoes, thies, and ticks transmit devastat-
ing infections diseases, including malaria.
Inscet-horne discases account for millions of
deaths annually, and insect-associated ill-
nesses surpass 300 million annual reported
cases (2), The toxicity of pesticides and the
emergence of pesticide resistance limit their
utility, Finding altemative means to control
insect pests remaing a challenge. Mere, [
explore a new approach that aims to control
specics-specific pheromone signaling and
thereby modulate insect behavior.
Pheromones are chemical signals emit-
ted by an animal to influence the behavior,
physiclogy, or development of other animals
of'the same species. In insects, pheromones
elicit stereotypic behaviors including
mating, reproduction, cgg-laying, and
aggregation. Understanding the mechanism
of pheromone perception could give us the
ahility to manipulate inscct behavior and
develop sustainable methods of pest control.
The prevailing theory of pheromone
perception is that pheromone-responsive
chemosensory neurons are activated
directly by pheromone molecules. Indeed,
recent work with moth receptors indicates
that they can be directly stimulated by
pheromone (3). However, the pheromone
concentrations regquired to activate heterol-
ogously expressed receptors are milliony of
times the concentrations known to activate
insect systems (4, 5), What other compo-
nents contribute to pheromone sensitiviry?
Odorant binding proteing (OBPys) are
small, soluble proteins specifically ex-
pressed in both olfactory and gustatory
systems of terrestrial animals. OBPs are
secreted by nonneuronal support cells into
the fluid bathing the neuronal dendrites.
Members of this class bind directly to odorant

The autharis in the Department of Basic Meuroscience
and Pharmacology, University of Texas Southwestern
Medical Center, Dallas, TX 75380, USA. E-mail:
pingxi.xu@utsouthwestem.edu

ligands. Although the
tirst OBP way identified
almost 25 years ago by
Vogtand Riddiford (6} as
4 pheromone-hinding
protein, the in ¥ivo fine-
tional significance of
these proteins remains

elusive. A number of @ ‘
hypotheses have been

advanced, including par-

titioning hydrophobic

pheromone from air to

aqueous phase, concentrating or sequester-

ing ligands, transporting pheromong to the

neuron, or mactivating pheromone (7, 8).

To determine the role of an OBP in vivo, [
examined the Drosophila tutant, fush (9), to
observe the odorant receptor’s neuronal activ-
itics and its effects on inseet behavior, LUSI
(also called OBI76a} is an OBT expressed
cxclusively in the chemosensory system in
bothmales and females i approximately 150
olfactory hairs (the trichoid sensilla), Tochoid
sensilla serve as specialized olfactory strue-
tures for pheromone perception in other
insects (F0). Using single-sensillum record-

Pheromone responses
WT Sy : 2%

Eppendorf and Science are pleased to
present the prize-winning essay by Pingxi
Xu, the 2005 winner of the Eppendorf and
Science prize for Neurobiology.

mg techniques (41}, I assayed the electrical
actrvity of trichoid olfactory neurons from
control and s mutant animals to determine
if the mutants showed defects in sensitivity
to the only known Drosephila volatile
pheromone (male-specific), cis-vaccenyl
acetate (VA) (/2-1+). My work showed that
trichoid sensilla from fush mutants arce
completely defective for VA-evoked
responses (see the fig-
ure, top panel}, revealing
that the binding protein
1% reguired for VA sengi-
tivity (£5). Expression of
a wild-type fush trans-
cene in the mutants
restores LUSIT expres-
sion (9} and VA sensitiv-
ity (see the figure, top
pancl}, Other OBPy, like
the moth pheromone
binding protein APOJ,
failed to restore VA sensitivity in the /nush
mutant background, despite its presence in the
sensillum lymph in the transgenic animaly,
Therefore, there is a specific requirement for
extracellular LUSI protein in VA sensitivity,
Having established that frsh mutants are
defective for detection of VA, I investigated
whether this deficit influences hehavior in
response to VA pheromone. Because VA Is
thought to function as an aggregation
pheromone that attracts both male and
fomale flics (72}, 1 carnied out odorant trap
assays to test whether Drosophila males and
females are attracted to VA-producing males
or pure VA and whether
lush mutants are defective

Science
PRIZE FOR
NEUROBIOLOGY

b = e ..,..-...I'lr;a.w..‘.-l!-.n.—.1-..-|,1-..-_... et s e for responses tO these
e =0 = cues (9, 16). The results
Rescue f = :
oo show that w1ld-ty_pe male
300 ms and female flies are
equally attracted to wild-
53 .- 3 3 type male flicy as a source
Y *f* s R of VA pheromone placed
g2 P o= 2 Z I E - . e
£ IE I 4 in odor traps. Behavioral
; 1 . iz . I L attraction of fush mutant
= 1 @ . . - flies to wild-type males is
T T Te g a9 ST G significantly reduced
WT obpréa Rescue WT obpiéa WT obpréa Rescue compared with that of

Male source Female source

WT Spontaneous intensities
1 11 10

| 200 seconds

Pure VA control flies (see the

figure, middle panel).
‘When female flies, which
| do not make VA, were

' obp76a

used as bait, I found no

Insensitivity of fush mutants to VA. (Top) Representative traces of
VA-responsive neurons (concentration of VA = 1%). (Middle)
Behavioral responses of flies to different sources of VA [Bottom)
Comparison of spontaneous firing rates of trichoid neurons between

wild-type and mutant flies.

difference in this attrac-
tion hetween wild-type
and frsh mutants (see the
figure, middle panel),
When pure VA was used
ay hait, both wild-type
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maley and fermales were attracted to it, but
mutants lacking LUSII protein were com-
pletely defective for attraction (see the figure,
middle panel). Accordingly, OBP LUSIT 1%
absolutely required for pheromone percep-
TN N vivo.

Surprisingly, in addition to the insensi-
tivity to VA, 1 also noted that the sponta-
neous activity of trichoid neurons way
nearly abolished in the /uvh murants. Instead
ot one spike per second, the spontancous
activity in VA-sensitive neurons from fush
mutants was approximately one spike every
430 L 55 s, which corresponds to about a
400-fold reduction in spontaneous activiry
(sce the figure, bottom panel}. T demon-
strated that this defect in neuronal activity in
the absence of pheromone is due to loss of
LUSIT protcin and, importantly, rccombi-
nant LUSH protein added diectly into adult
lush mutant trichoid sensilla through the
recording pipette restored spontaneocus as
well uy VA-evoked responses within 5 min,

These data suggest that LUSH is not a sim-
ple ligand transporter, but instead may fune-
tion as an adapter linking the pheromone
molecules to neuronal activation, possibly
by divect interaction with the receptor or asa
coactivator with pheromone, 11 true,
inhibitors of OBPs that prevent pheromaone
binding might have potential as novel blocl-
cry of pheromone signaling,

ESSAY
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2005 Grand Prize Winner

he author of the prize-winning
Tessay, Pingxi Xu, was born and

grew up in the northern province of
Jiangsu, China. His first career was as a
pediatrician, but after years of pediatric
practice, Dr. Xu became interested in
exploring basic science. To this end, he
returned to university in Xian, China, and
in 1988 earned a Master’s degree in bio-
chemistry and in 1999 a Ph.D. in neurobi-
ology. In 2000 he joined Dr. Dean Smith’s
lab at the University of Texas Southwestern Medical Center in
Dallas. Here he worked hard at understanding the molecular basis
of pheromone signaling in Drosophila. Dr. Xu’s goal is to apply
this knowledge to control mosquito breeding by interrupting their
perception of pheromones. Although his focus has moved from
hubicy to bugs, hiy goal remaing essentially the sume: to improve
human health by preventing the occurrence and spread of disease.

Finalists

Justin Blau, for his essay “How Flies Time:
Circadian Clocks in Drosophila” Dr. Blan was
born and raised in London, England. He received
his undergraduate degree from Cambridge
University in 1991, and his Ph.D. from the
Imperial Cancer Research Fund, where he studied
basic mechanisms of eukaryotic transcription
with David Bentley. After graduating in 1996, he
joined Mike Young’s lab at the Rockefeller
University in New York to study how clock genes drive daily (circa-
dian) thythms of behavior in Drosophila. Dr, Blau started his own lab
at New York University in 2000, where he continues to investigate
how genes and neurons interact to dove this fundamental behayior,

Paul Frankland, for his essay “Networking to Remember:; The
Correx and Remote Memory.” Dr. Frankland grew up in
Folkestone, England. e studiced psychology at the University of

www.scigncemag.org  SCIENCE

Sheffield and completed his Ph.D. work in neuroscience in the lab
of D, John Yeomans at the University of Toronto. After graduat-
ing in 1996, he went on to conduct his postdoctoral work in the
lab of Dr. Alcino Silva, first at Cold Spring Harbor Laboratory in
New York and then at the University of California, Los Angeles
(UCLA). At UCLA he used genetically
engineered mice to model normal cognitive
function, as well as cognitive dysfunction
associated with various inherited diseases.
In 2003, he started his own lab at the
Hospital for Sick Children in Toronto. A
focus in his lab is on understanding how
enduring, or remote, memories are organ-
ized in the brain.

Johanna Montgomery, for her essay “Synapses in a State: A
Molecular Maechanism to Encode Synaptic listory and Future
Synapse Function.” Dr. Montgomery was borm and raised in New
Zealand. She graduated from the University of ,

Otago in 1999 with a Ph.D. in physiology. ﬁ NS _
During her Ph.D. studies, Dr. Montgomery =
completed the Neurobiology Course at The
Marine Biological Laboratory in Woods Hole,
Massachusetts. She began postdoctoral work
in the laboratory of Dr. Daniel Madison at
Stanford University, where she used paired
whole-cell recording techniques to reveal —
distinct mechanisms of synapse plasticity. She then pursued
further postdoctoral training with Dr. Craig Garner at Stanford
University to examine the molecular aspects of synapse function.
Last vear, Dr. Montgomery returned to New Zealand to establish
the Synaptic Function Research Group at the University of
Auckland, where she is focusing on the molecular and physiolog-
ical mechanisms of synapse function and plasticity.

For the full texr of essays by the finalists and for information
ahout applying for next year’s awards, see Science Online at
www.sciencemag org/feature/data‘prizesieppendorf/
cppenprize,shtml,
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INTRODUCTION

SYSsTEMS-LEvEL BRAIN DEVELOPMENT

Neuroscience: Systems-
Level Brain Development

ur brains show the highest degree of plasticity during the carly phases of life. Towever, not all is lost as
we advance In years. A certain level of flexibility and adaptability will be with us throughout life. To
tully understand the operations and functions behind these processes, it 19 not enough to concentrate
solely on the molecular and cellular components and their interactions. Nor, at the other end of
the spectrum, is the study of higher cognitive functions sufficient: It is often too remote to provide
comprehensible mechanistic insight, The leap from celly to thought seems almost infinitely complex,
yet every growing child manages to make it. Somewhere in this middle ground, between molecular components and
psychology, Tie the means by which familial and educational expeniences intersect with developmental biology to shape
cognitive abilitics and personalitics, We have thus decided to focus on the systems level instead. This approach has been
extremely successiul over the years and provided us with a wealth of novel and sometimes astonishing msights.

Surand Rubhenstein (p. 803) set the stage by Jaying out the framework and controversics within which these questions
are presently discussed. They review both the molecular signaling events that underlie eatly cortical area specification
and recent advances in understanding the postnatal shaping of circwits by neuronal activity. Feldman and Brecht (p. 810)
describe how certain patterns of sensory activity as well as mactiviry elicit multiple, funetionally distinet forms of map
plasticity in the somatosensory cortex. In a Viewpoint, Sakal (p. 815} discusses the literature on language systems in the

mature human brain, with particular emphasis on cortical plasticity during sccond-
language learning. In another Viewpoint, Baron-Cohen ¢f af. (p. 819) present data
in support of their hypothesis that autism may be an extreme
manifestation of the male brain and discuss the mechanisms
that might explain these observations.
A News story (p. 802) by Bhattacharjee describes
progress in establishing gene-brain-behavior connec-
tions in Williams-Beuren syndrome, a neurodevel-
opmental disorder in which affected individuals
are excessively social but typically suffer from
mental retardation.

) v At Science’s Signal Transduction Knowledge
S Environment (STKE, stke.sciencemag.org), the
e focus shifts to cell and molecular levels. A Teaching

Resource by Blitzer on long-term potentiation, a Review by
Ron and Jurd on addiction, and a Perspective by Alger on endocannabi-

noids all address molecular mechanisms of physiological or pathological
neuronal plasticity. In other Perspectives in neuroscience, Noon and Llovd deseribe a
pathway by which the pathogen that causes leprosy subverts the normal response to
imury to drivie excessive proliteration of Schwann cells.

A Perspective in the Science of Aging Knowledge Environment (SAGE KE,
sageke.sciencemag.org) by Jan de Fockert discusses recent results that suggest
that cognitivie aging is associated with a reduced ability to separate relevant and
nrelevant informarion.

Seience’s Noxt Wave profiles stellar carly-carcer neuroscience rescarchers in
North America and Europe, exploring their successes to date. Meanwhile, GrantsNet
highlights the latest neuroscience funding oppormnities.

—PETER STERN AND PAMELA ]. HiNES
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SYSsTEMS-LEvEL BRAIN DEVELOPMENT

NEWS

Friendly Faces and Unusual Minds

Working with a rare set of individuals who have Williams-Beuren syndrome
but still show normal intelligence, scientists are trying to tease out what
happens in this neurodevelopmental disorder—and shed light on the

brain's normal function

To outsiders, 8 Williams-Beuren Syndrome
(WS} convention can seem like a large fam-
ily reunion. The 200 or so affected individ-
uals who gather for the 3-day biannual
event look similar to one
another in many  ways,
although they are not related.
Their upturned noses, wide
mouths, and small ¢chins
give them an clflike appear-
ance—the reason this rare
cenetic condition, found in
1 out of 7500 people, is also
called elfin face syndrome.
What’s perhaps most striking
is the conventioneers” lack of
social inhibition. “You wallk
into the hotel lobby, and they
surround you and start talk-
ing to you cven though you
are a perfect stranger.” says
Karen Berman, a psychiatrist
at the National Institute of
Mental Health (NIMH) in
Bethesda, Maryland.

This excessive friendli-
ness is just one indication that
the brains of people with WS
work a bit differently from
typical brains. In another odd
example, WS individuals are
incapable of putting together
the simplest of puzzles,
owing to their inability to
visualize an object as a set of
parts. That impairment,
known as the visuospatial
construction deficit, also

to identify the roles that the ditferent geney
within that section play in the development
and functioning of the brain, The broader
coal of these efforts has been to learn how

a

t

Chromad

v

by

elastin gene

Chrom. 7 probe

makes it difficult for them to
judge distances and to negoti-
ate stairs. Mote broadly, even

Cognitive window. Most individuals with Williams syndrome share
distinctive facial features (above) and the same set of physical and
mental impairments. The disorder is caused by the deletion of a
segment of one copy of chromosome 7, including the efastin gene.

though most people with WS

have little difficulty using language and in
some cases have notable musical ralent, gen-
cral intelligence tosts usually show them to
be mentally retarded.

The uniform and well-defined cognitive
features shared by those with WS have con-
vinced some researchers that the disorder
offers a window into the genetic basis of the
human mind. Since the discovery in the
carly 19905 that the syndrome 15 caused by
the deletion of a tiny section of one copy of
chromosome 7, researchers have attempted

cognitive and behavioral features arise from
specific genetic traits and their interplay
with the environment,

These efforts are beginning o pay off.
Rescarchers have drawn links hetween the
cenes absent in WS, structural and func-
tional abnormalities in cerrain brain
regions, and cognitive deficits that are the
hallmarks of the disorder. Some of the gene-
brain-bchavior links have subscquently
been confirmed in mouse models, and sci-
entigts have uncovered neurodevelopmental

pathwayy that arc disrupted by the deletion
of WS genes. Taken together, these findings
“have been invaluable in understanding how
relatively subtle developmental defects can
have o significant impact on neurological
function,” says Dennis (' Leary, a neuro-
biologist at the Salk Institure for Biological
Studics in San Diggo, Calitomia. The work,
he adds, opens the door to explaining how
genes work through the brain to make us
wha w are,

The neural cennection

Although other physicians may have come
across carlier cases of the disorder, British
physician J Williams was the first to identify
1t in a 1961 paper that described children
with a unique set of facial, cognitive, and
heart defects. A second research group, led
by German cardiologst Alois ), Beuren,
independently idenrified the syndrome the
following yvear, adding excessively social
bihavior to ity list of charactenstics.

As a step roward understanding how
geney contribute to the cognitive profile in
WS, researchers have sought to determine
the neural mechanisms that underlic signa-
ture traits of the illness. One challenge they
have faced is the mental retardation of
most people with WS, which makes
it difficult to perform many experi-
mental tasks testing cognition.

Karen Berman, along with
NIMH neurologist Andreas
Meyer-Lindenberg, psychologist
Carolyn Mervis of the University
of Louisville, Kentucky, and oth-
ers, got around that hurdle by
assembling from around the world
13 volunteers with WS who had both the
chromosomal deletion and the cognitive
deficits characteristic of the syndrome but
showed normal overall intelligence.

In ong set of experiments, the researchers
had the volunteers perform two tasks aimed
at elucidating the visuospatial construction
deficit, In the first, they asked the individu-
als whether two pieces of a puzzle presented
on i computer screen could fit together to
form a square. In the sccond, volunteers had
to determine whether images presented one
after the other were located at the same
height on the screen. Comparing the fune-
tional magnetic resonance images (IMRI} of
the WS group with those of healthy controls,
the researchers found that the WS individu-
als showed significantly lower neuronal
activity in a part of the braim used by the spa-
tial processing pathway of the visual system.
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In contrast, the people with WS showaed nor-
mal braim activiry along the neural pathway
responsible for identityving objects, which
may explain why they seem to have little
difficulty in recognizing faces or other
visual material,

Using MRI scans to examine structural
details of WS-affected brains, the researchers
found an abnormally low density of nerve tis-
sue adjacent to areas where activation was
weak during the two tasks, suggesting that
this region was not contributing its fair share
of input to the spatial processing stream. This
anatomical flaw—in the fold separating the
parietal and occipital lobes (parietooccipital
sulcus)—was a likely basis for the visuo-
spatial construction problem in WS patients,
Berman and her colleagues concluded last
year in a report in Newron. The researchers
have now followed up by analyzing the
geometry of the fold; they reported in the
24 August Journal of Neuroscience that it
was significantly shallower in the WS volun-
teers than in controls. And in the 1 July
Jouwrnal of Clinical Investigation, the group
reported other studies on the same set of
patients that revealed struetural and func-
tional abnormalitics in the hippocampal
region, which offers a possible explanation
tor long-term memory impairments and
other cognitive deficits in WS.

To some WS researchers, the normal
mtelligence of the volunteers in the NIMII-
led studies presents a problem. “Whart's vex-
ing is that their 1) makes them unrepresenta-
tive of the general population of WS patients,
and yet that very feature makes them good
experimental subjects,” says Allan Reiss, a
psychiatrist at the Stanford University
School of Medicine,

Meyer-Lindenberg
rejects such skepticism,

The WS people his ream POMIZY

recruited showed the same NOLTR
P o e ar I . TRIMSDA
visual deficits ay mentally ot

retarded WS patients, Z09

4 which means they were BAZIS

2 P BCLTB

2 not able to circumvent .

¢ their defective neural WESCR14

3 mechanisms while per- WBsCRTE

= forming the assigned N

z ng the assig WaSCR24

¢ tasks. “If wid had a nega- STXTA

2 tive finding—thatis, if the pscka

o - CLON3

£ voluntcers had performed Fhn]

S ay well as the controls, we WHSCRZT

£ could have suspected that Lﬁsm?ﬂ

= their intelligence was e

£ helping them to somehow WESCRI/ETF
£ compensate for their E‘ECSZCRSMB
E handicap, But to find cye- CYINE

¢ popplng abnormalities GTF2RD
£ and sti1l ascribe that to the chFFzz ??

£ 1) difference between GTF2iRD2

% them and the gencral WS

population, wi'd have to make up some very
convoluted reasoning,” he says.

Deespite this disagreement, Reiss and his
colleagues have come up with some of the
same results. In one experiment, Reiss’ team
compared brain scans of 43 WS individuals

with characteristically low [Qs to those of
40 healthy subjects and found low densities
of nerve tissue in certain regions along the
spatial processing pathway. In another study,
the researchers looked ar fMRI scans of
11 paticnts who were asked to determing
whether faces presented on a computer
SCTEON Were gazing at or away from them.
(This was a sinpler task than the ones nsed
by Berman’s group.} Not only were the peo-
ple with W8 slower in their responsaes than
controls, but they also showed significantly
less activity in their primary and secondary

visual cortices while perform-

ing the task, Reiss and his col-
(B leagues reported in Newrnlogy
last year.

A faulty template
Pinpointing the neural under-
pinnings of cognitive deficits
in W§ is only onc picce of the
% puzzle, Anotheris linking
genes to those anatonucal and
tunctional defects, Even
though the chromosomal
deletion in W8 encompasses
just 28 known genes—a very
small number given that thou-
sands of genes are involved in
brain development—isolating
their specific contributions to
the cognitive aspects of the

Missing. In all, 28 genes have been
identified in the chromosome 7
region deleted in typical WS cases.

Decoding the brain, NIMH’s Karen Berman and Andreas Meyer-Lindenberg
are studying 13 WS individuals with normal intelligence.

SYysTEMS-LEvEL BRAIN DEVELOPMENT

disordir is a complex problem, “These genes
could be interacting among themselves and
with other genes in a ridiculous number of
ways,” says Julia Korenberg, a molecular
ceneticist af the Cedars Sinal Health System
in Los Angeles, Califomia

Researchers have
attempted to narrow the
list by studying a few
people who have shorter
deletions on chromo-
some 7 than is seen in
individuals with WS
and yet show some
of the same cognitive
characteristics. For
example, in a study
published online by
Science this week
(www.sciencemag.org/
cgi/content/abstract/
1116142}, a British-
American team led
by May Tassabehji, a
medical geneticist at
the University of Man-
chester, UK., adds to
the evidence that a gene called GTF2IRDT
plays arole in the visnospatial deficit. The
researchers identified a 4,5-vear-old girl
with a chromosome 7 deletion that included
this gene but excluded many of the other
candidates, The report centers on how the
cene’s loss may explain the gil’s WS-like facial
teatures, but the rescarchers note that she also
has serious problems with spatial navigation

In some of the carlicst work using this
partial-deletion strategy, reported in 1996,
Mervis and geneticist Colleen Mortis of the
University of Nevada, Las Vegay, identitied o
cene called LIM kinase f as a strong candi-
date to explain the visuospatial construction
deficit. (The group also used the technique to
identify a gene that codes for elastin as a con-
tributor to the vascular and heart defects in
WS.) But the LIM kinase ! story 1s confus-
ing: Rescarchers have identified individuals
missing one copy of the gene who show none
of the WS cognitive defects.

Studics in recent years have implicated
other genes within the cluster of 21 for the
visual deficit, two prominent ones heing
GTF2IRD{ and Gif2i, both identified by
Korenberg in collaboration with the Salk
Institute™s Ursula Bellugi and others, Find-
ings from other partial-deletion cases have
thrown two more genes to the mix: frizzled
Y and eyeln.

Mouse modely are helping sort out the
roles of the different candidates. In work
reported in Nenron 3 years ago, for example,
Zhengping Jia of the University of Toronto in
Canada and his colleagues knocked out the
LIM Finase 7 gene inmice and demonstrated

- -
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that the animals had poor synaptic function
and memory. Neurons in these mice had
inadequate dendritic spines, the protruding
tendrils on the surface of a nerve cell that
help form excitatory synapses.

And in experiments deseribed in the
Tune issue of Development, clinical neurol-
ogist Samuel Pleasure of the University of
(California, San Francisco, and his col-
Jeagues found that mice lacking one or both
copies of the fivzzled ¥ gene ended up with
fewer-than-normal neurons in their hippo-
campus, due to a surge in programmed
cell death in that region. The gene defect
significantly hampered the animals” spatial
learning abilities.

Brain autopsies of WS patients are also
shedding light on the disorder’ visual prob-
lem. Surveying the molecular landscape of
one such brain, Harvard neurologist Albert
Galaburda and his colleagues found an
abnormally low expression of G#/2i in the
peripheral visual cortex and superior pari-
etal regions. In earlier WS autopsies, the
same group had discovered that the neurons
in the dorsal parietal cortex—a part of the
spatial processing system—were larger and
stubbier than normal, suggesting that they
had not been patterned correctly during the
brain’s development. “1t% possible that
Gif2i lies in the pathway of certain dorsal
patterning genes, and its Tow expression is
selectively detrimental to neuronal develop-
ment in the dorsal parietal cortex.” specu-
lates Cralaburda, whose group presented the
work at the Society for Neuroscience meet-
ing last year,

So which of these half-dozen genes actu-
ally underlies the syndrome’s visuospatial
construction deficit? “1 don’t think anvbody
would want to get into a contest about
whose gene iy more important,” says Plea-
sure. “The likely scenario is that multiple
genes are responsible, This may be a more
well-defined syndrome than other genctic
disorders, bur it's still quite complicared.”

Afraid of none
A video ¢lip running on Berman’s desktop
computer provides a vivid illustration of the
excessively social nature of people with
WS, The video shows an 18-month-old girl
with the disorder mteracting with a normal
S-year-old boy whos sitting on the tloor.
She walks up to within a few inches of him
and peers mto his face with great intensity.
Whaen the boy starts to get uncomfortable
after a few seconds and turns his head, she
shifty position to continue staring at him
from up close. Even after he stands up and
beging bouncing a basketball on the floor,
she doesn’t relent,

Despite such social fearlessness, WS
patients typically display high levels of

nonsocial anxicty, such as fear of heights.
Berman and her colleagues have sought to
tease apart the neural basis of this paradoxi-
cal behavior by asking then normal-1Q WS
volunteers to perform two tasky, In the first,
the researchers presented them with an
image of a face showing anger or fear and, a
tow scconds later, two other taces simulta-
neously. They were then asked to pick which
of the latter faces bore the same emotion as
the first. The second task required a similar
kind of matching—only, instead of faces,
the images presented on the computer were
of fear-provoking scenes such as a boat
sinking or a house burning, As a control

VTl

the enyironment in mediating the syn-
drome’s effects, researchers stress. That
role could be cupecially important tor
soclal cognition, says Ralph Adolph, a cog-
nitive newroscientist at the California Insti-
tute of Technology in Pasadena, “Since the
cenes influence social behavior very early
on in WS individuals, their unusual social
behavior in turn is likely to construet an
abnormal social environment—that iy,
other people will socially interact with a
WS child differently than with a child
without the syndrome,” he gays, “1 think
we can certainly draw a link between genes
and cognition, as long as we realize that the

Spatial challenge. While performing a square-completion task (fop) and a location task (botfom) in
the NIMH-led study, individuals with WS showed lower than normal activity (red) in brain regions

lying along the spatial processing pathway.

task, the volunteers had to match onc of two
ceometrical shapes o a shape shown earlier.

Comparing fMRI scans taken during
these tasks, the researchers found signifi-
cant differences between the WS group and
a control group in the activation of the
amygdala, a brain region known to regulate
people’s fear response. For the task involy-
ing threatening faces, the amygdala in the
WS individuals was much less active. In
contrast, while performing the scoond task,
using scenes rather than faces, these vol-
unteers showed higher amygdala activation
than did the controls. The researchers also
tound that during cither task. the orbito-
frontal cortex (OFC) was less active among
the people with WS than in controls, while
the medial prefrontal cortex (MPFC) was
more active. Berman says the findings,
reported in the August issuc of Narure
Newroseience, fit nicely into a model of
social cognition in which amygdala func-
tion—and therefore fear response—is
regulated by bath the OFC and MPFC. She
notes that her group has documented a
struetural abnormality n the OFCs of WS
individuals, which may ¢xplain their low
fear response to faces.

A complete account of the cognitive
problems in W8S must include the role of

Tink iy very complex and always brings in
the environment in its mediation.”

Evidence that more than genes governs
the cognitive abilities of those with WS
comes from findings that “individuals with
the same classic WS deletion vary consider-
ably in thew visuospatial construction abil-
ity, although almost all show a significant
deficit,” says Louisville’s Mervis. “On aver-
age, individuals who have g parent who is
zood at drawing arc themselves better at
drawing than are other mdividvuals with the
same deletion; this is Tikely due to a trans-
action between genes from outside the
deleted region and the environment, Chil-
dren in these tamilics may well have more
opportunities to draw, in addition to having
better adult models of how to draw.”

Nobody expects that there’s a simple,
straight ling connecting genes to the mind,
says Reiss, who along with his colleagues is
planning a longitudinal study of children
with W8, Such work, he hopes, will shed
light on both the genetic and environmental
picces of the puzzle. *We have the possibil-
ity of umaveling how genes and environ-
mental moderators shape cognirion and
behavior,” he sayvs. “Now that is really
exciting stuff”

—YuDHIIT BHATTACHAREE
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REVIEW

Patterning and Plasticity of the

Cerebral Cortex

Mriganka Sur'* and John L, R. Rubenstein®*

The cerebral cortex of the human brain is a sheet of about 10 billion neurens divided
into discrete subdivisions or areas that process particular aspects of sensation,
movement, and cognition. Recent evidence has begun to transform cur understand-
ing of how cortical areas form, make specific connections with other brain regions,
develop unique processing networks, and adapt to changes in inputs.

he degree to which our genetic en-

I dowment (natirc) versus owr experi-
ences (nurture) mold the development

and function of our brains has been the sub-
ject of robust discussion and experimental
investigation. Rescarch before 1990 led to
two general hypotheses: the Protomap {7) and
the Protocortex (). In their most extremic inter-
pretations, the former postulated that the
cartical progenitor zonc contains the informa-
tion that generates cortical areas, whereas the
latter postrlated that thalamic afferent axons,
through activity-dependent mechanisms, im-
posc cortical arcal identity on an otherwise
homogeneous cortex. In the intervenyg 15 years,
tremendous strides have heen made in under-
stainding cortical development with molecular,
genetic. imaging. and cleetrophysiological ap-

'Department of Brain and Cognitive Sciences, Massa-
chusetts Institute of Technology, 77 Massachusetts
Ave, 46-6237, Cambridge, Ma 02138, UsA “Nina
Ireland Laboratory of Developmental MNeuwrobiology,
1550 4th Strest, Znd Floor South, Room G0 284, Uni-
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241432671, USA,

*Ta whom correspondence should be addressed:
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proaches. The new evidence indicates that the
development of cortical arcas involves a rich
armay of signals, with considerable mterplay be-
tween mechanisms intringic to cortical progeni-
tors and neurons and mechanisms extrinsic to the
cortex. including those requiring neural activity.

Early Patterning of the Cortex

Early development of the cortex 1s highly
integrated with development of other parts of
the brain, including midline patteming cen-
ters, the hasal ganglia primordia that produce
many of the cortical local circult neurons,
and axonal inputs from the thalamus and
brain stem. The cortex, more generally known
as the palliun. develops from a morpholog-
Leally uniform ventricular zone located in the
dorsocaudal part of the telencephalic vesi-
cles. The pallium 1s further subdivided into
medial pallium (MP), dorsal pallinm (2P, ]at-
eral pallium (LP), and ventral pallium (VP),
which will respectively give risc to the hippo-
campal tormation (limbic lobe), the neocortex,
the olfactory/piriform cortex. and the clans-
trum and parts of the amygdala (3, 4). Each
of these large domains is divided into sub-
domains, such as the functional subdivisions
{arcas) of the ncocortex.

Mature cortical arcas diffor by their location
within the cortex. molecular propertics. histo-
logical organization. patterns of conncetivity.
and function. Within the neocortex. rostral re-
gions regulate motor and executive functions.
whercas candal regions process somatosensory.
auditory, and visual inputs. These different
cortical arcas have a precise conncctivity, par-
ticularly with nuclel within the dorsal thalamus,
which provides some of the principal inputs to
the cerebral cortex (Fig. 1).

Programs of regional identity and morpho-
genesls i the pallium are directed m part by
sighaling centers producing scercted mole-
cules. These centers are mitially located along
the edges and midline of the neural plate and
later along and flanking the nudline of the
telenecphalic vesicles (Fig. 2A) (3. 5 &) Sonic
hedgehog (Shh) s expressed in the ventral
teleneephalon and hypothalamus. Shh is cs-
sential to the reglonalization of the subpallium
and also regulates morphogenesis and pattern-
mg of the pallium {(9-17). Along the dorsal
midline, scercted molecules of the bone mor-
phogenetic protein (Bmp) and Wnt fimulies
control patterning of the medial and dorsal
pallium, ncluding the hippocampus and neo-
cortex and the choroid plexus (2, 73). The
targeted mactivation of Wntla, or of the Wnt
signaling factor Lef-1, severcly dismpts the
formation of the hippocampus (74, 15). Ectopic
cxpression and reduction of Brp signaling
alters development ot the dorsal midline and
paramecdial structures (i.c.. choroid plexns)
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Fig. 1. Steps in generating cortical areas. [A} Secreted proteins from
patterning centers penerate positional information. (B)] Gradients of
transcription factor {such as Emx2) expression are created in the cortical
ventricular zone, which (C) confer specific regional identities to its
derivative, the cortical plate, forming proto-areas. (D) The topography of
axons prowing from the cortical plate and thalamus is regulated by
intermadiate target zones (basal ganglia and prethalamus); this generates a

coarse inter-areal projection map. (E] Upon arrival of the axons to their
target zones, low-resolution intra-areal connections are penerated. (F)
Thalamic and cortical connections are refined by activity-dependent
mechanisms to generate mature intra-areal maps and networks. Cx, cortex;
LCE, lateral ganglionic eminence {striatumj; LGN, lateral geniculate nucleus;
MGE, medial ganglionic eminence (pallidum); S. septum; VB, ventrobasal
thalamus; VL, ventrolateral thalamus. Adapted from {3).
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SYSTEMS-LEVEL BRAIN DEVELOPMENT

{16) and also atfects patteming of the dorsal
pallium (9. 73, /7, 18).

At the rostral margin of the telencephalon,
a sonrce of Fgfl promotes telencephalic out-
growth and regulates its Tostral remonalization
{3, & /19 23). Feff cxpression in the rostral
telenceplalon 1s nested within the expression
of other Fgfs (24). Mutations in the mousc and
zebratish Fet¥ gene and experimental manip-
ulations of Fgfi function have demonstrated
its dosage-dependent functions, including reg-
nlation of the size and natwre of the frontal
cortex, telencephalic midline structures, and
basal mnglia (19-21, 23, 23-28). The pheno-
typic complexity reflects. in part. reciprocal
interactions between the patterming centers.
For instance, Bapd expression and apoptosis
decrease in the rostral midline of Fgt® hyvpo-
morphs, whercas they inercase when Fgf8
expression approaches the null state (23).
Thus. the level of Faff regulates the level
of Brup4 expression in a nonmonatonic man-
ner, which in turn leads to different effects
on the patterning and survival of dorsal mid-
line cells as a function of Fgf8 dosage, perhaps
through expression of Sprouty (29), an Fefs-
induced repressor of receptor tyrosine kinasc
sigmaling (Fig. 2B).

An intrigning concept that arises fron these
studies 1s that alterations  the relative strengths
of the pattcrning centers wonld lead to mod-
ications in the relative sizes of different cor-
tical rcgions. For instance. an animal with a
weak Fetpatterming center would be expected
to have a relatively small prefrontal cortex and
therefore might exhibit a cognitive profile
found in “hypofrontal™ patients. lctopic Fgf
expression can duplicate SOMALOSENSOTY COTEX,
which shows that it can specify regional fate
and suggests a mechanism tor how new cortical
arcas could evolve (/4. 3f).

The patterming centers aperate n part through
gencrating graded expression of the transerip-
tion factors that control histogenetic programs
for proliferation. neurogenesis, migration, con-
nectivity, and cell death/survival. Several zenes
cncoding transeription factors. including Foxg!
(BF1), COUPTFI, Emx2, Lefl, Lhx2, and
Pax6, are expressed in gradients along the
mediolateral (dorsoventral) and rostrocaudal
axes of the cerebral cortex (/5, 37-37). Al-
teration in Fgf® signaling regulates the expres-
sion of several transcription factors (Fig. 2B);
for instance, Fgf8 increases Foxgl (BF1)
expression and reduces Emx2 and COUPTF1
expression (3, 20, 22, 28, 38). Analysis of mice
lacking COUPTF1, Emx2, Foxgl, Gli3, Lhx2,
Pax6, and TIx demonstrates that these tran-
scription factors are essential tor regiomal-
ization of the cortex. Progenitors in Foxgl
and Lhx2 mutints exhibit expansion of dorsal-
mast moleeular featwres (Bmp and Wit ox-
pression) (37, 39, 40); Emx2 and Pax6 also
regulate expression from the patterning cen-
ters {8, 28, 36). Foxgl mhibits differentiation

and promotes proliteration (37, 40). GU3 re-
presses ventral fates (/0. 71, 4/, 42). Paxé
and Tlx regulate the formation of the ventral
pallium and its boundarics (43 43). Pax6 is
also mvolved I specifying rostral 1dentify
{323, and COUPTET in regulating candoventral
dentity {46, 47).

In limx2 ©  nconatal mice, the oceipital
cortex (presumptive visual cortex) adopts mo-
lecular fate characteristics of the parictal
neocortex (presumptive somatosensory Cortex)
{33. 37. 47, 48). This molecular shift cor-
relates with a corresponding shift in thalamic
projections, ralsing the possibility that mo-
lecular propertics and the targeting of thalam-
¢ axons are controlled by Emx2 expression.
Subtle increases or decreases in Hmx2 ex-
pression lead to expansions or contractions in
the relative sizes of ncocortical subdivisions
{37, 46, 47, 49-31).

The programs of regionalization are linked
to the programs of neurogenesis, which -
fluence laminar identity and therefore the input
and output projections of a cortical area. The
prevailing model is that cortical glutamater-
gic projection neuroms of the subplate and
layers 6 to 2 are produced scquentially by the
cortical progenttors (1), cortical GABAerzc
{y-aminohutyric acid) local cirenit ncurons arc
produced by the subpallial progemtors {32},
and Cajal Retzius cells of layer 1 are produced
m the dorsal-most pallium (37). The subplate
and layer 6 send projections to the thala-
mus; layver 5 sends projections to the basal
ganglia as well as to the thalammus, midbrain,
and brain stem; laver 4 recelves projections
from the thalanms: and layers 2 and 3 send
projections to other cortical areas. Progress
is just heginning to be made in the molce-
ular specification of cortical laminar identi-
ty (33, 54). A critical unanswered question is
how the gradients of tramscription factor ex-
pression in cortical progenitors arc translated
mto discontinuous molecular features within

cortical lavers; this process 1s probably linked
to the development of region-specific connce-
tivity maps.

Cortical Arealization and
Axon Guidance

Emx2, Pax6, and COUPTF] repgulate the
restricted expression of genes in a region-speeific
and layer-spectfic pattern (33, 4648, 35). These
genes cneode transeription factors ((d2. RYR-
beta, and Thrl}, adhesion molecules (Cadherm
6 and X), and axon guidance molecules
(EphtinAs) and retlect the parcellation of the
cortical plate at birth. Thus, these molecules
could participate in regulating axonal connce-
tions and influence thalamocortical, intra-
cortical, and corticothalamic connectivity. For
mstunce, molecular signals m the cortex regu-
latc the pattern of inputs from thalamic nuclei.
as lustrated m EplrinAS mutants {36) and by
overcxpression of Fgf (/9).

Fef¥® hypomorphic mutints have a pro-
found disruption in the pattern of neonatal
Intraneocortical projections, which shows that
signals from the rostral cortex have an im-
portant role i restricting the growth of rostral
projections from neurons in the candal cortex
(57). [Mowever, no defect m reciprocal topo-
graphic projections between immature cortical
areas and thalamic nuelel s observed i these
neonatal Fgf¥ nmtants. despitc molecular
reorgamzation of tostral cortex (2¢). The latter
result snggests that cstablishment of the carly
topography of thalumocortical projections 1s
regrlated primarily by signals that the growing
thalamic afterents sense dunng their path-
finding through the dicncephalon and sub-
cortical telencephalon.

Several lines of cvidence now support the
model that sigmals m the diencephalon and
sibeortical telenecphalon regulate the location
where axons from a gven thalamic nucleus
cnter the developing cortex (for example. that
visual thalamus axons enter the caudal cortex,

51%3% and FGF8

other inducers
0

! | i 1

FOXG1® ====== MAPK | SPROUTY® AKT
cascade
5 , G
BMP4 expression mTOR'
and signaling"
J SMAD1-P © \
FOXG1
Emx2 expression (maintenance)
Differentiation
Apoptosis
Cytostatis (P21%7)

Fig. 2. (A) Rostrolateral view of a mouse brain at about 10.5 embryonic days, highlighting the
patterning centers. White arrows, positive interactions; white lines with bars, repressive in-
teractions (23); CP, commissural plate; Cx, Cortex; HT, hypothalamus; LT, lamina terminalis; LGE,
lateral ganglionic eminence; MGE, medial ganglionic eminence; M, mesencephalon; OC, optic chiasm.
(B) Selected signaling cascades downstream of Fpf8 that repulate expression of key transcription
factors Emx2 and Foxgl. Dotted lines indicate indirect steps. Nat shown: Fgf8 represses Wnt
axprassion. For steps a, b, ¢ d, e, and f, see, respectively, (737), {40), (138}, {139), (29}, and (140).
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whereas motor thalimus axons enter the rostral
cortex) (58], For instance, mice with defects in
the basal ganglia (Ebfl), or the basal mamglia
and prethalanms (I)x172), have systematic
errors n the toposraphy of thalamic projec-
tions to the prenatal cortex; their immature
somatosensory thalamus projects axons to the
region of the immature visual cortex (3, 59, 4.
Gradients of EphrmAS m the basal ganglia
and liphA4 in the thalanms contribnte key
molecular cues for organizing this topogra-
phy (67).

The growth of thalamic axons to the cor-
tex appears to be mfluenced by axons grow-
ing from the cortex to the thalanms. Mice
with 4 paucity of normal corticothalamic
axons (Ibr] muntants) show a defeet in the
growth of thalamic axons to the cortex (33).
This and related findings are consistent with
some of the postulates of the “handshake
hypothesis™ (38) and with the proposal that
the topography of thalamocortical axons is
regilated in part by interactions with their
enviromnent during development (Fig. 1). Fur-
thermore, thalamic afferents grow through cor-
tical progenitors In the subventricular zome,

A

I

/

/(A

- {
D)

J LGN

Non-deprived Deprived

where the axons have been postulated to reg-
ulate the cell-cyele kinctics that contribute to
Tastological differences between primate visu-
al areas 17 and 18 (n2).

Specificity of Thalamocortical and
Intracortical Connections

Innervation of cortical arcas by thalamic axons
1s the first step In creating processing CIrcuits
within the cortex (38). Subsequently. inter-
laminar connections between cortical neu-
rons within a column, together with local and
long-range commections, form the major net-
warks that are charactenstic of a cortical
arca and that transform inputs into outputs
that are conveyved to other cortical or sub-
cortical struetures.

An immportant step m mnervation of the
cortex by thalamic axons is innervation of the
deepest cortical laver, the subplate (63, 64). In
the subplate, thalamic axons “wait™ for cor-
tical layer 4 meurons to migrate and settle
before entering, the cortical plate and making
contact with these target cells (63, 66). Ab-
lation of the subplatc prevents the formation of
ocular dominance columns (67) as well as

Normal

Ocular dominance
columns in layer 4

Responses in and
outside layer 4

Both R

v

Left Eye Deprived

L Both R

Py

4 Prior to MD

After short-term MD  After long-term MD

Fig. 3. Activity shapes connections in visual cortex. {A) Projections from the two retinas are
targeted to the thalamic lateral geniculate nucleus (LGN) and subsequently ta the primary visual
cortex {¥1). In higher mammals, the projections form alternating columns within layer 4,
representing inputs from the right and left eyes, respectively. Suturing one eye shrinks its columns
and causes cortical cells to respond nearly exclusively to the open eye. Adapted fram (97, 92). (B)
Functional and structural changes after monocular deprivation occur rapidly in the superficial and deep
layers of cortex [109). The first changes are a reduction in size and loss of spines [gray ovals) driven by
the deprived eye {707). Deprivation for a longer period causes a more significant loss of spines driven
by the deprived eye (770, shrinkage of deprived eye axon arbors {dashed line connecting upward), and
an expansion of connections from the nondeprived eye. These intracortical changes likely precede
similar changes in thalamocortical connections, shown in (A).

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

SYSTEMS-LEVEL BRAIN DEVELOPMENT

onentation-selective cells and onentation col-
unmns (48). More generally, signals in both the
subplate and the cortical plate have a role In
dirccting the growth of thalamic axons. as
shown In experiments m which an ectopic
somatoscnsory cortex is generated by cctopic
Fet® (30).

The cortex has remarkahly specific inter-
Laninar and mtralaminar connections between
individual cells and cell classes (6% 73). Layer
5 neurons N sOMEtOsSENSOrY O visual cortex
receive interlaminar inputs from specific cells
{74), form stereotyped local connections (73),
and develop specific carly long-distance pro-
jeetions (7). A suhset of strong intracortical
connections exists within a set of weaker con-
nections. the latter providing a potential sub-
strate for synaptic strengthening and network
plasticity (77). Fine-scale conncctions and
specific sparse conmections characterize inter-
laminar networks (72, 73). Positional cues within
mdividual cortical lavers repulate the torma-
tion of layer-specific projections. probably
through ditfusible or membrane-associated
molecules (78). Scmaphorin/newropilin and
ephrin‘eph limamd/receptor protemns are impli-
cated in dirccting specific aspects of axonal
and dendritic growth. For example, sema-
phorin 3a is expressed in the superficial
cortical plate, where it can repulse pyramidal
cell axons (79) and attract their apical den-
drites (80).

Activity-Dependent Mechanisms of
Network Formation and Plasticity

A scaffold of cell-specific connections and
hence of area-specific networks may be laid
down by molecular recognition and adhesion
mechanisms, perhaps using splice variants of
cell adhesion proteins such as cadherins (81)
and neurexins (82). Superimposed on this
framework, activity-dependent mechanisms
shape connections between neurons.
Spontaneous electrical activity is present
at the earliest stages of cortical develop-
ment, and stimulus-driven activity in sen-
sory pathways is particularly prominent at
later stages of development. Electrical ac-
tivity can be permissive, to trigger molec-
ular or developmental programs that create
connections, or instructive, to shape particu-
lar connections or their strength. Activity op-
erates through modulating the expression and
function of almost the entire range of mol-
ecules responsible for neuronal and synaptic
function [sce, for cxample, (83)]. Activity-
dependent regulation of synaptic strength
(plasticity) may be a manifestation of in-
rinsic homeostatic mechanisms to preserve
a particilar level of synaptic drive (84).
Thus, for later stages in cortical development,
the line hetween “activity-independent™ and
“activity-dependent” mechanisms of’ devel-
opment is increasingly hecoming blurred In-
tracortical connections, which form later than
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thalamocortical connections, also exhibit pro-
tracted plasticity (83, 86).

Studies that alter mputs to Prinry NSOV
cartices have been fundamental for understand-
mg activity-dependent mechamsms that regu-
late devclopment of necuronal cirenits. For
brevity, here we will tocus on two compenents
of the primary vismal cortex (V1) ocular
dominance columms and onentation columms.
The formation of these cirenits illustrates the
mterplay between early developmental scat-
folds and later patterned electrical activity in
shaping local and long-range {tngential) mtra-
cortical networks.

Ocular dominance colunins in V1 domains
driven by either the left or nght eve—arise by
the segregation of retinal inputs relayed throngh
eve-specitic lavers of the lateral geniculate
nucleus (Fig. 3A, left). The initial ingrowth of
axons Into visual cortex from eve-specitic
thalamic layers targets cye-specific cortical
domams {87-59), which suggests the existence
of molcewlar cues that underlic the formation of
ocular dominance columms. [Towever, activity-
dependent mcchanisms are required to con-
solidate the patterning and establish the
connectivity of eye-specific projections. Sutur-
ing the lids of one eye during a cntical period
early in life reduces the size of ocular domi-
nance columns related to the sutured eye (Fig.
3A, right) (90-92). These experiments demon-
strate ocular dominance plasticity, whereby the
open or untreated eye dominates the cortex
both physiologically and anatomically, pre-
sumably through competition between axons
from the two eyes for cortical territory and
synaptic linkage with target cells.

Ocular dominance plasticity is also shaped
by the activity of local circuit neurons. Basket
cells, GABAergic inhibitory neurons with
widespread axonal collaterals, are critical for
mediating the plasticity, through synapses
containing alphal GABAergic receptors on
pyramidal cells (93). Similarly, modulating
GABAergic inhibition in visual cortex of cats
alters the spacing and periodicity of ocular
dominance columns (94): Enhancing inhibition
increases ocular dominance column width.
Thus, these studies implicate lateral inhibitory
interactions in specific aspects of functional
connectivity and structural patterning within
visual cortex.

Cortical cells and networks seek to pre-
serve a balance between cxcitation and in-
hibition as they develop synaptic connections
{(¥3). A critical level of inhibition is required
for initiating and termunating ocular domi-
nancc plasticity (94); disrupting the halance
by even subtle manipulation of inhibition
alters functional and structural connections
within cortical networks, Stmilarly, cortical
newrons seck to maintain a given level of
synaptic dove by scaling their mputs in ho-
meostatic fashion (97). The cffects of various
manipulations of visual activity, including

monocular deprivation and dark-reanng, can
be understood within the frameworle of these
mechanisms that operate dunng normal de-
velopment to organize cortical connections
{84, 96).

How might cleetrical activity influcnee the
structural organization of cortical commections?
A critical locus of both physiological and
anatomical change 1s at the level ot den-
dritic spines. which arc strmectural specializa-
tions that contain the postsynaptic elements
of excitatory synapscs [for a review, sec (99)].
In vitro, long-term potentiation 1s cormelated
with enlargement of spines and addition of
new spincs (949, 1), whercas long-term de-
pression is corrclated with shrinkage of spines
(I these shape changes arc mediated in
part through the degree of actin polvmert-
zation (712, 113). [n vivo, spinc numbers on
SOmatasensory cortex neurons are reduced it
their afferent inputs are removed cither during
development or during adulthood (J64, 105}
Thus, reduction of synaptic drive may be suf-
ficlent to destabilize and reorganize spine
strmeture and number.

Activity rapidly alters dendrtic spines
{(f06. 107y and synaptic conncetions (/1)8, 76)9)

A B
Auditory
cortex

Visual

h COrtex

Superior

Amygdala
224 colliculus

)
inferior

S colliculi

o

n V1 during development, particularly out-
side layer 4. Spincs show increased structural
motility and a reduction in stz following bret
monocular deprivation (Fig. 38), likcly as a
prelude to the reduction of connections from
the deprived cye after longer visnal depriva-
tion {110). A number of signaling malecules
that may function as a cascade. inclnding
Ca! ‘calmodulin-dependent protein kinase
H {CaMKI, cAMP-dependent protein kinase
(PKA), and extracellular signal-rerulated ki-
nasc (HRK). intervenc between synaptic ac-
tivation, calclum entry, actin polymerization,
and reorganization of symaptic commections
(96, 11T 713). A key mechanism underlying
enhanced spine dynamics and spine loss fol-
lowing unbalanced visnal activity is protcol-
vsis of the extracellular matrix by the serine
protease. tissne plasminogen activator (tPA)
(107, 112).

Orientation selectivity in V1 s a sccond
system for examining the role of activity
the devclopment of visnal cortex networks.
Onentation-selective newrons i V1 respond best
to edges of light of a particnlar orientation placed
within their receptive fields (J24). Onentation
sclectivity arises by inputs from the lateral

Orientation maps

Normal V1

Rewired A1

C Horizontal connections
Visually responsive
auditory cortex Normal V1 Normal A1 Rewired A1
Visual
B cortex -
-] 2 >
“ o
Amygdala L-r; —
o
» £

M
T -

= t

Fig. 4. Induction of function in cortex by novel activity. (A} Visual and auditory pathways in normal
ferrets (top) originate from the retina and cochlea, respectively. Eliminating inferior colliculus
projections to the medial geniculate nucleus (MGN) in neonatal animals results in retinal fibers
innervating the MGN (bottom). The MGN still projects to the auditory cortex and amygdala but now
relays visual information. Adapted from {730) and {735). {B) The orientation map in primary visual
cortex {¥1) of a normal ferret and in auditory cortex {A1) of a rewired ferret, revealed by optical
imaging. The colar of each pixel represents the stimulus orientation yielding the best response at that
pixel (according to the key at right). As in normal V1, the map in rewired A1 contains pinwheels
{within dotted circles) around which cells preferring different orientations are systeratically
represented (733). Scale bar, 0.5 mm. (€} Horizontal connections in ferret cortex. In V1, horizontal
connections labeled with an injection of cholera toxin B {at starred site) in the superficial layers are
patchy and link cells with similar orientation preference. In A1, harizontal connections spread along the
isofrequency axis of cortex. In rewired A1, horizontal connections are patchy and resemble connections
in V1. Colors indicate density of labeled cells according to the key at center. Scale bars, 0.5 mm.

Adapted from (133},

4 NOVEMBER 2005 VOL 310 SCIENCE  www.sciencemag.org


http://www.fineprint.cn

geniculate nucleus that are aligmed along the
axis of oricntation (774, /73, althongh consid-
erable evidence indicates that local intra-
wortical excitation and halanced inhibition is
critical for generating sharp orientation se-
lectivity (/76, 1/7). Orientation-scleetive cclls
m at least the superticial layers of V1 are or-
ganized into an orientation map (f78). Within
the map, domams of cortical neurons that
prefer a particular oricntation are preferen-
tially linked by long-range horizontal con-
ncctions (7/4).

Chientation selectivity 1s present in V1 of
menkeys at birth {1209 and in cats and ferrets
at eyc-opening, althongh selectivity sharpens
with visual expenience (121, 12.2). Visual dep-
rivation impairs. but docs not completely pre-
vent, the development of onentation-selective
responses (£27, 122). Although long-range hor-
lzontal comections are present m cats and
ferrets just before eye-opening. the refine-
ment of these connections depends on visual
experience (723 7125). Short-term monocular
lid suture, after the onmentation map has
formed, leads to deterioration of the map
driven by the closed eve; however, reopening
the closed cye carly in life restores the map
{126, 127). Thus, similar to ocular dominance
colunmins, oricntation sclectivity and orienta-
tion maps in V1 may be set up by an early,
intrinsic seaffold of conncctions that is later
shaped by activity. Indeed, the orientation
map forms synergistically with the maps of
visual space and ocular dominance (128) and
influcnces plasticity of oricntation tuning in
adult V1 (124},

lixposwre of the cortex to novel sensory
mformation provides complementary msights
inte the role of activity in developrment of oricn-
tation networks {130). Rewing kittens under
conditions in which they view onc particnlar
orientation causes an overepresentation of
that orientation in VW1 (/3/). Rewiring reti-
nal inputs into the developing auditory thal-
amuns canses anditory cortex to be driven by
visual activity (Fig, 4A) (J32). Primary audi-
tory cortex in “rewired”™ forrets develops visual
orlentation-selective cells and an onentation
map (Fig. 4. B and ). with considerable re-
organization of horizontal conncctions in a
manner that supports the novel map (733).
Yet. the connections retain vestiges of con-
ncetions in normal auditory cortex, and the
oricntation map remains somewhat poorer
than that m normal visual cortex (Fig. 4 B
and ). "Thos, visnally driven activity interacts
dynumuically with earlier or ongoing develop-
mcntal programs to shape network connections
 the rewired cortex,

Finally. the novel projection from the
retina to the auditory thalumus i rewired
animals can profoundly affect hehavior. Re-
wired ferrets framed to discriminate a visual
from an auditory cuc can perecive a visual
cue as visual when the auditory cortex is

activated by visiem (J34), Through direct ac-
tivation of the amygdala via the auditory
thalumus, rewired mice rapidly leam a visually
cued conditioned fear response in a time com-
parable to an auditory cue (and much taster
than a visnal eue) in normal mice (/33). Thus.
the modality of mputs to the auditory thala-
mns can instruct the finction of subscquent
targets. Therefore, genetically determmed bram
pathways and cortical regions that arc cstahb-
lished durmng early development depend on
their inputs for physiological and hehavioral
mstruction.

Conclusions

The ProtomapProtocortex controversy no lon-
ger remains: [t is clear that the parecllation of
the cerebral cortex Into discrete processing
arcas invelves an interwoven cascade of
developmental events meludmg both Intrinsic
and extrinsic mechanisms. The ficld now has
the mtellectual foundation and tools that will
cnable it to clucidate more complex featmres of
cortical development, such as the formation of
higher order cortical arcas and cirenits {which
are a4 robust feature of the primate bram) and
the lateralization of cortical functions {/36).
Insights gained from such studies will un-
doubtedly facilitate unnderstanding of the
mechanisms underlying the evolution ot neural
systems that control cognition and emotion as
well as the etiologles of disorders that derail
thern.
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Map Plasticity in Somatosensory Cortex

Daniel E. Feldman'* and Michael Brecht®

Sensory maps in neocortex are adaptively altered to reflect recent experience and
learning. In somatosensory cortex, distinct patterns of sensory use or disuse elicit
multiple, functionally distinct forms of map plasticity. Diverse approaches—genetics,
synaptic and in vivo physiology, optical imaging, and ultrastructural analysis—suggest
a distributed model in which plasticity occurs at multiple sites in the cortical circuit
with multiple cellular/synaptic mechanisms and multiple likely learning rules for
plasticity. This view contrasts with the classical model in which the map plasticity
reflects a single Hebbian process acting at a small set of cortical synapses.

A fundamental feature of ncural cirenits is the
capacity tor plasticity In response to expern-
cnec or learning. A classic system for study-
ing plasticity 1s primary somatosensory (S1)
cortex. Somatoscnsory maps in 81 arc highly
plastic, both during development (J, 2) and
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in adult animals (3). Plasticity ocenrs in re-
sponse to peripheral lesions, passive sensory
expericnce, and training on sensory tasks and
1s correlated with sensory perceptual learming.
The nnderlying cellular mechanisms for map
plasticity and its consequences for cortical
processing arce highly relevant to develop-
ment, leamning, and recovery of function after
injury.

Rodent S1 cortex has emerged as a key
made] systemn in the analysis of the forms
and mechamsms of map plasticity because of
several experimental advantages. First. rodent
S1 contains an orderly map of the larze facial

whiskers, which act as active tactile detee-
tors, and large-scale map plasticity can be
simply induced by trimming or plucking sub-
sets of whiskers. Second, laver 4 (L4) of Sl
contains an anatomical map of ccll clusters.
called “bamels,” that 1s isomorphic to the
arrangcment of whiskers on the snout (4).
Barrels can be visualized in brain slices. al-
lowing cclls and circnits at specific locations
in the whisker map to he investigated in de-
tail in vitro (5). Third, the superficial location
of 81 allows live, optical imaging of ncuronal
tunction and structure, as well as whole-cell
recording to study subthreshold cvents in vivo.
Finally, molecular mechamsms of plasticity
can be tackled using monse genetics (6). Re-
search on buarrel cortex plasticity is particu-
larly fascinating beeansce of the wide range of
teckmiques (7)y—genetics, cell biology, I vito
and in vivo physiology. optical imaging  that
are applied in the fleld. Ilere, we present an
cmerging consensns from these technigues
that map plasticity 1s a distnbuted, multitaceted
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process with multiple synaptic and cellular
mechanisms.

51 Circuits and the Normal

Whisker Map

A functional map of whisker receptive ficlds
exists m S1, constructed by highly specific
microcircuits whose anatormy and synaptic
physiology are known in unprecedented de-
tail. In the classical thalamocortical pathway
{Fig. 1), afterents from the thalumic ventral
pasterior medial nuclens (VPM) innervate the
L4 bairel comresponding to each whisker. Ex-
citatory neurons in each bairel then project
to L2/3 newrons in the same radial column.
This feedforward mtracolummar pathway doves
strong responses to cach column’s “principal
whisker.” Spread of excitation along cross-
columnar pathways, together with broad tuning
ot thalamic mputs, conters weaker responses to
ncighboring, surronnd whiskers. Multiple types
of mhibrtory mtemeurons refine receptive tields
and temporal responsc features. [n a sccond

Brainstem

J

VPM
Thalamus

VPM
Thalamus

Fig. 1. Functional circuits in 51 cortex. (A) Pathway from whiskers to S1. (Inset) Cytochrome oxidase—
stained barrels in layer 4 of S1. Letters and numbers indicate whisker rows and arcs. (B) Schematic flow of
excitation evoked by single whisker deflection. Only the VPM input to cortex is considered. Order of
events progresses from red to yellow to green to purple. Response strength is denoted by arrow thickness
{6). Gray, cortical area with strong or moderate spiking responses to the whisker. (C] Example of
characterization of synaptic physiology in 51, for a unitary connection from an L4 spiny stellate cell to a
simultaneously recorded L2/3 pyramidal cell (77). Traces show excitatory postsynaptic potentials {EPSPs)
{top right) evoked by single action potentials the L4 cell {battom right). (D) Dynamic dendritic spines
revealed by long-term in vivo two-photon imaging in $1 of an adolescent {1-month-old) rat [from {82)].
{Left) Apical dendritic segment fram a layer 5 pyramidal cell. {Right) The same dendritic segment 2 weeks
later. Arrowheads and arrows show spine elimination and formation. Thin arrows mark dynamic filopodia.

Scale bar, 2 um.

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

afterent pathway, the septa between bamels
in L4 receive less focused. multiwhisker input
from the thalamic posterior medial nucleus.
The result is a map in which cach whisker
activates a cortical region slightly Laoger than
the anatomical column defined by its barrel
(&) (Fig. 1). Synaptic connections between
many identificd cell classes have been quan-
titatively churacterized (8—117), which suggests
that, within the foreseeable futmre, it will be
possible to dentify cell type—specitic synuaptic
weight and connectivity changes nnderlying
51 map plasticity.

Development of the Barrel Map

Both genes and neural activity mstruct de-
velopment of 51 maps. Signaling molecules
partition the early cortex imto specitic sub-
divisions (12), as demonstrated by the duopli-
cation of the barel field after electroporation
of the signaling molecnle fibroblast growth
tactor & (FGF-8) (13). Thus, thalamic at-
ferents recognize gradients of signaling mol-

SYSTEMS-LEVEL BRAIN DEVELOPMENT

ecules In am early and mtrmsically specified
somatoscnsory cortex (/3). rather than in-
structing a tabula rasa—like cortical sheet.
Barrel formation within the prespecificd S1 is
mstructed by penpheral afferents (1) and
involves multiple. activity-dependent pro-
cesses. These processes have begun to be re-
vealed by genctic approaches [for review.
see (f4)].

Forms of Map Plasticity in 81
Seacory manipudationy alter S mape. Mul-
tiple, distinct forms of map plasticity are seen
depending on the pattem ot sensory mput, be-
havioral context. and age. 'I'wo hasic principles
generally hold. First, whisker manipulations
carly in lifc (the first postnatal week) cause
rapld map plasticity m L4, consistent with
plasticity at thalamocortical synapses (7). In
older animals, however, plasticity tends to
ocenr first in L2/3 and L5. and only later or
not at all n L4 (5-18), although exceptions
can ocenr {(79). This suggests that L4 thal-
amocortical synapses exhibit an carly
critical period for rapid plasticity.
whereas intracortical synapses M other
layers remain highly plastic and arc the
primary places where rapid plasticity

5%, aceurs throughout life. Sceond. changes

i mm whisker use or activity drive
plasticity of the whisker receptive ficld
0.5 mV map, but only lesions of primary at-

|50 mv

ferents disrupt anatonmieal patterning of
barrels and only In neonates (£). Thus,
use-dependent and lesion-dependent
plasticity are mechanistically dis-
tinct (. /4).

Hebbian plasticity in vesponse fo
preferentiol whisher use of fraining. In
the classical form of map plasticity as
originally defined in visual cortex, dif-
ferential use of two sensory inputs
causes the representation of the over-
used input to expand and that of the
underused input to shrink. This is
termed Hebbian plasticity because it
follows Hebbian synaptic plasticity
rules (20) and is commonly hypothe-
sized to increase the cortical processing
capacity of behaviorally relevant inputs.
Hebbian plasticity occurs in nonwhisker
S1 in response to overuse or prefer-
ential training of small regions of the
hand or paw (3) and in whisker S1 in
response to trimming or removing a
subsct of whiskers., which increases
the behavioral salience of spared
whiskers (6. 73, 6. 21, or hy appet-
itive or aversive conditioning of spe-
cific whislkers (22). U'he resnlt is that
spared or trained mputs expand n the
81 map, and deprived or untrained
inputs shrink (Fig. 2).

Components of Hebbics plasiicine.
[Iebbian plasticity In S1 has two
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Normal whisker map

(

All but D1 {

Hebbian forms of plasticity

All All but D1
whiskers T\ LN and D2 T\
intact 3%, removed N removed b | .

Non-Hebbian forms of plasticity

Enriched s "
environment

Over- —
stimulation i
of D1 L,

Fig. 2. Forms of whisker map plasticity in 51 cortex. In these schematized functional whisker maps
in L2/3 of 51, colored regions represent cortical areas responding to different whiskers, with color
saturation coding response strength. In normal rats, each whisker activates a cortical area slightly
larger than the cortical column defined by its L4 barrel (barrels outlines are shown in black) {&].
Removing all but the D1 whisker in adolescent rats causes Hebbian expansion of the spared, D1
whisker and weakening of deprived, surrounding whiskers within the map {6). Removing all but D1
and D2 whiskers causes D1 and D2 to merge within the map but not to expand into deprived
columns (76). In two non-Hebbian forms of map plasticity, exposure to a novel, naturalistic
environment sharpens the whisker map and weakens whisker responses (18), and overstimulation
of a single whisker causes that whisker to shrink within the map.

scparable components. which implics two
mechamstically distinet processes tor plastic-
ity. [n the first component, whisker depriva-
tion selectively weakens neural responses to
deprived whiskers. causing deprived whisker
representations to shink (73, 24, 23). Weuken-
ing is an active process that requires cortical
spiking and is partly driven by competition
from sparcd ncighboring whiskers. One cel-
lular basis tor this component of plasticity is
deprivation-induced weakening of the L4 to
L2733 (L4-L273) excitatory projection (3},
which has been directly observed in 81 slices
from whisker-deprived rats (24, 23).

In a second. developmentally and genetical-
Iy independent (4. 26) component of Hebhian
plasticity. responses to sparcd whiskers become
cnhanced (/3. 2/, 27, 28). When isolated whisk-
crs are sparcd, cnhancement of spared whisk-
cr responses oceurs in surrounding deprived
columns, causing the spared whisker repre-
sentation to cxpand in the 81 map (73, 27, 27).
When mwltiple neighborimg whiskers are
spared, enhancement occurs instead in neigh-
boring spared columms, which causes the
representations of individual spared whiskers
to merge or overlap (16) (Fig. 2). The latter
case cxemplifies classical Hebhian strength-
ening of coactive inputs onto common
targets (**MNeurons that fire together wire
together ™), which 1s a robust feature of map
plasticity (29). Both cascs may reflect en-
hanced transmission on excitatory, cross-

columnar pathways into deprived or spared
columns {6, 3¢).

Deprivation of all whiskers degrades mapr
topography. Tomming all whiskers during a
narrow critical period at the peak of L2/3
synaptic development causes L273 neurons to
adopt hroad. unfocused reeeptive ficlds and a
disordered whisker map, while the L4 map
remaing normal (7). This degraded map to-
pogmaphy retlects Increased cross-colummar (rel-
ative to within-column) input to L2/3 ncurons
{31) and disruption of nomul barel-septal seg-
regation within the L4-L2/3 projection such
that L2/3 neurons recelve abnoimally strong
input from L4 septa, which have broad, poorly
ordered fields (25). This suggests that develop-
ing harrcl and septal inputs may compete for
L2/3 targets, with experienee driving normal
scgregation of these pathways.

Decreased represestaiion of oversiinmi-
lated wihiskers. Scveral forms of plasticity
cannot be explained by Hebbian or activity-
based competitive mechanisms. Sustamed, 24-
hour passive stimulation of a whisker canses
the representation ot the activated whisker to
weaken and to shrink in adult 81 (32). This
plasticity occurs in L4 and 1s correlated with an
inerease in number and density of GABAcrgic
synapses onto L4 spines (79). This etfect may
represent a homeostatic mechanism to normal-
1ze finng rates and‘or a habituation process to
redice responscs to repeated, behaviorally in-
sigmificant mput.

Regulation of map precision and signs of
plasticity by sensory envichment. Transferring
adult rats from familiar home cages into com-
plex natural environments causes another non-
Hebbian form of plasticity in which whisker
representations contract in L2/3, thus sharp-
ening the whisker map (Fig. 2). L4 receptive
fields are unaffected (18). Similar map sharp-
ening occurs rapidly during acute arousal and
exploration (33). One possible mechanism is
that environmental novelty upregulates arousal-
related modulators, which are known to act in
cortex to shrink whisker representations (33).
Exposure to a novel environment for only a
few minutes per week, which is not enough
to sharpen the whisker map, also has the pro-
found and unexplained effect of reversing the
sign of Hebbian plasticity: When all but one
whisker are removed, the representation of the
spared whisker shrinks, rather than expands
(34). The existence of these functionally dis-
tinct forms of plasticity indicates that multiple
cellular plasticity mechanisms and learning
rules act in 81, bevond canonical [Tebblan
plasticity mechanisms.

Physiological Mechanisms
of Plasticity

Substantial progress has been made in Sl in
identifving the underlving cellular mecha-
nisms for Hebbian and other forms of map
plasticity. In classical models, rapid compo-
nents of Hebhian plasticity reflect long-term
potentiation {LTP) and depression (LTDY) at
cartical synapscs; slower components reflect
anatomical rearrangement of cortical micro-
cirenits (3). Competition between inputs. which
1s often assoclated with Ilebbian map plas-
ticity, is not dircctly predicted from Hebhbian
synaptic plasticity rules and may require an
additional ccllular mechanism (33, 36). S1 ex-
periments support certain aspects of this model
{c.g., involvement of LTP and LTL in Hehbian
plasticity), but refute others {e.g., that ana-
tomical plasticity muost be slow to occur).
Mechanisms tor non-ITebbian torms of plas-
ticity arc also emerging (/9. 36).

LTP and LTD. Many S1 synapses exhib-
it Amethyl-n-aspartate (NMIDA) receptor-
dependent TP and LT3, and the capacity
for LTP and L'U'> corrclates with eritical peri-
ods for map plasticity in cach layer (37). Phar-
macological blackade or trunsgenic deletion
of cortical NMI2A receptors impairs barrel de-
velopment (/4) and refinement and plasticity
of recceptive ficlds (38 40). During Hebbian
map plasticity, the enhancement of spared
whisker responscs is abolished or impaired in
mice lacking functional o-CaMEID {calciuny
calmodulin-dependent protein kinase 11, type o)
or &'§ CREB [eyclic adenosine monophosphate
{cAMP) response clement binding protein]. or
expressing autophosphorylation-mcompetent
o-CaMKIL all of which are required for cor-
tical LTP (8). Thus, LT [or CaWKIT'CRER-
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dependent structural rearrangements related
to L'UP (47)] is a likely substratc for this com-
ponent of plasticity. The synaptic locus for
L'UP may be cxcitatory pathways from spared
to neighbormg colmms, potmbtiation of which
would expand the spared whisker representation.

LTD, or an LTD-like syvnaptic weaken-
ing. appears to be a major substrate for the
shrinkage ot deprived whisker representa-
tions during Hebbian map plasticity. Weak-
emng of the excitatory L4-L2/3 projection
has been detected physiologically after par-
tial whisker depmvation, In ex vivo S1 slices
prepared tfrom whisker-deprived rats (24, 23).
This weakening ocewrs without loss of L4
neurons, axonal boutons, or changes in post-
synaptic cxeitability (24, 42, 43). Instcad,
deprivation-induced weakening occludes LTD
and sharcs apparcnt presynaptic expression
with LTD, which suggests that 1t represents
LT indueed in vivo (24, 44). Whether this
reflects physiologmical weakenming of preexisting
synapscs. synapse climination. or both, is un-
known. Conversely, nommal whisker use drives
meastrable TP at L4-L273 synapses (45),
which Indicates that L4-L2/3 svnapses are a
site of bidircctional, expericnee-dependent plas-
ticity in S1.

Other physiological mechanismy of plos-
ticity. LTP and LTD at excitatory svnapses
arc not the only mechanisms for cortical plas-
ticity. Short-term synuptic dvnamics are altered
by sensory expericnce (3). Inhibitory circnits
are also altered: Levels of -aminobutyric
acid (GGABA) GABA type A @l receptors,
and the GABA-synthesidng envyme GADGO7
{glntamic acid decarboxylasc) arc regulated
by sensory deprivation and sensory learn-
ing, and the number and density of GGABA
synapses in L4 are decreased by whisker dep-
rivation and inercased by passive stimulation
{46). In addition, an apparently large num-
ber of barrcl cortex newrons exhihit very low
finng rates (47); recrultment of these silent
ncurons into the active nenronal population
could be an important plasticity mechanism
{48). The diversity of plasticity mechanisms
identitied in the few existing studies sug-
gests that additional mechanisms remain to
be discovered.

Learning Rules for Plasticity

The gquantitative relationship between pre- and
postsynaptic activity paramcters and resulting
synaptic plasticity s termed the synaptic learn-
ing rule. A central dogma is that expericnee
drives plasticity via local, sensory-evoked ac-
tivity patterns that engage these leaming rules
{209, A major focus of research is to de-
termine the relevant learning rles and networl
activity patterns that drve plasticity I vivo.
Best smdicd are learning mules for LTP and
LTD, which include rate-dependent rules m
which high- and low-frequency  presynaptic
firmg, respectively, dnve LTP and LTD, and

spike timmg-dependent plasticity (STDP) rules
in which changes in millisecond-scale timing
of pre- and postsynaptic spikes drive LTP and
LT3 largely independent of firing rate (49).
STDP and Hebbian synaptic plasticity.
The relevant learning rule for plasticity has
been studied tor depnivation-induced LTD at
L4-L23 synapses, which contributes to Heb-
blan weakening of deprived whisker repre-
sentations. L4-L2/3 synapscs cxhibit both
rate-dependent plasticity and STDP in vitro
(24, 3(1). In STDP at this synapsc. LTP is in-
duced when the L4 cell tires 0 to 15 ms
hefore L2/3 cells, and LTD is indnced when
firing order is reversed. for spiking delays
of 0 to 30 ms (50). STDP leaming rules
biased toward LT are commeon for corti-
cal pyramidal cells, inherently drive ITebbian
plasticity. and predict L'TLY in responsc to
either reliable, postleading-pretiring or to un-
carrclated spiking (537). In vive firing patterns
sugrest that STDP 1s the relevant leaming
rule by which whisker deprivation drives L1
When all whiskers are deflected together to
mimic normal whisking in anecsthetized ani-
mals, L4 neurons spike reliably before L1273
newrons. However, when all whiskers except
the principal whisker are deflected to mimic
acnte whisker deprivation. L4-L273 firing de-
correlates and mean firing order reverses.
These spike timing changes arc quantitatively
appropriate to predict spike timing—dependent
LTI (57). In contrast, acutc deprivation changes
mean finng rate only modestly and insutti-
ciently to predict rate-dependent LU (53/).
Thus, spike timing, not spike Tate, may be the
leey parameter that drives synaptic weakening
during I[Tebblan plasticity n S1.
Neuromaodilaiion. Hebhian plasticity is en-
hanced by behavioral relevance and atten-
tion, particularly in adults. Attentional gating
of plasticity may be provided by neuromodu-
lators such as acctylcholine {ACh) released in
cortex by basal forebrain imputs. Map plasticity
in 81 and other arcas requires ACh. and pairing
of whisker stimuli with ACh application doves
receptive ficld plasticity (52). This suggests
that ACh and other modulators may funda-
mentally gate or modify Hebhian leaming
rules during appropriate behavioral contexts.
Competifion beiween inpuas. Competition
between spared and deprived inputs drives key
aspects of S1 plasticity (4). but the biological
mechanisnis and learning mles for competition
are almeost entirely unknown. In one proposed
mechanisn, Hehbian learning mules themselves
change as o function of postsymaptic activity,
so that depriving onc set of inputs incrcascs
the likelihood that remaining, spared inputs
will strengthen (33). STP provides an al-
temative explanation tor competition, because
multiple inputs actively compete in STLP maod-
els for control of spike timing, Competition
could also be implemented by non-Hebhian.
homeostatic torms of plasticity {36), or by ana-
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tomical competiion for syiuptic space by dy-
namic axons and dendrites. However, the actual
mechanisms of competition I vivo remain
unknown.

Structural Changes

In the last tew vears, classical structural amnal-
ysis of cortical circuits based on static. post-
mortem tissue has been revolutionmized by the
study of dynamic. living neurons cxpressing
tluorescent proteins (33) and visualized m vivo
by two-photon imaging (54, 33). This tech-
nigue has revealed that cortical cireults are
structurally highly dynamic and are regu-
lated by sensory cxperience (Fig. 112; Fig. 3).
Accordingly, even rapid components of cor-
tical map plasticity could be mediated, in part.
by structural changes In cortical microcireuts
(36). and physiological changes in synapsc
strength may be closely hinked to structural
plasticity (57 5%).

Dendritic branch dvnamics. Barly n life,
dendritic branches are highly dynamic. and
dendritic architecture 1s altered In response
to whisker trimming (641, environmental cn-
richment {61), and peripheral lesion (1), In
adults. hasic dendritic hranch strueture in 81
15 highly stable over weeks of nomual sensory
cxpericnee (62, 63). and branching is unaf-
fected by whisker trimming or plucking (62),
althongh older studics snggest that complex
enviromnents can merease dendntic complex-
ity {64). Peripheral lesions continuc to drive
robust dendritic branch plasticity in adults (63).
In line with in vitro cvidenee (463, one might
speculate that neurotrophic factors—or the
lack thereof  trigger dendritic remadeling in
response to lesions. Thus, structural changes in
dendritic branches may contribute to devel-
oprmental and lesion-induced plasticity but are
unlikely to contribnte to experience-dependent
plasticIty I mature anmals.

Axonal dysamics. Cortical axonal trees
are more difficult to visuallze, and consequent-
ly, we have only limited information abount
cortical axonal dynamics in vivo. In visual
cortex. there is massive. experience-dependent
axonal remodeling during development {67),
but it is not clear to what extent such axonal
remodeling occwrs in harre] cortex. [nitial ont-
growth of L4 axons into L2/3 duoring harrel
cortex development is largely topographically
speeific (#8) and is not affected by whisker
plocking (42). While alterations of affcrent
mput can alter axonal fields in adult visual
cortex (69), the stability of the large-seale or-
gamzation of the axonal network i the adult
barrel cortex remains to be investigated (54).

Spine dynamics. Dendnitic spines {70 are
important biochemical compartments in cor-
fical processing, and spine motility and tum-
aver have been the focus of numcrous in ¥ivo
maging studies {62, 63, 71, 72). These studies
indicate that spines can he highly dynamic
structures, with dynamics regulated by senso-
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Fig. 3. Experience induced structural changes in $1 cortex. Schematic representation of experience- and deprivation-
induced alterations in barrel cortex cireuitry. Spine data refer to chranic in viva imaging experiments (62, 63, 71, 72).
Dendritic data were collected in chronic in vivo imaging experiments (77, 64) or in conventional anatomical
axperiments (1, 18, 60, 61, 64). The effects of sensory enrichment include data from non-51, as well as S1,

barrel cortex.

1y expericnce. Although there arc some quan-
titative disagreements, these studies agree on
a namber of basic facts: (i) Spines arc dy-
namically added and eliminated in vivo over
a time course of howrs (spinc tmrnover). (ii)
Tumover decreases with age. {111} Spines are
heterogencons and differ in their turnover rates.
{1v) Thick bulbous spines have lower tummover
rates than thin spines. (¥) There is a net loss
of spines n late postmatal development.

In the dewcloping brain there is massive
motility of filopodia and high tumover rates of
spincs. and spine dynamics arc regulated hy
experience (33, 62). Using in vivo two-photon
imaging and subsequent clectron microscop-
¢ reconstruction of Imaged spines, 1t was
shown that many dendritic protrusions in 81
catry synapses, but that synapses are probably
ahsent from sites of recently retracted spines,
which suggests that spme sprouting and re-
traction arc associated with synapse formation
and elimination (62). Conclusive proof of this
impartant point may be obtained in the fo-
ture by maging markers for synaptic structures
[e.g., AMPA receptors (73)]. Such approaches,
which can also be applied to presynaptic strue-
tures, will also take the field from Dmaping
what we can sce best {anatorical protrusions
on dendrites) toward what we are Interested in
mast (functional synaptic conncctions). [n the
adult brain, spines are more stable, but detatls
remain controversial. Authors agree that large
thick spmes are more stable than thin spines
(63, 71. 72y, hut disagree whether 75% (7/) or
25% (63, 7.2) of spines are stable over weeks

Whisker Destruction
trimming of afferents
[ A 2
= -

- ‘?

Stable/static

. Turmover/char ge

?

in the adult brain. Complicating these find-
ings 1s disagreement on the classification of
spincs versus other dendritic protrusions. "Uhus,
1tis unclear it what one group (63, 7.2) considers
a filopodium [a long, thin protrusion lacking a
bulbous head (72)], 1s considered a thin spine
by another group (62, 7/, 73). Post hoc nl-
trastructural analysis by electron microscopy
{1:M) will help resolve this issne. Further scm-
tiny of experimental detals like brain expo-
sure. pharmacological treatments, animal strain,
and housing conditions 1s required to compare
spine twmover across groups and to deter-
mine its role m cortical plasticity.

Several important futmre directions are ob-
vious i the analysis of structural plasticity ot
barrel cortex. The first is to devise strategics
to independently analyze structural dynamics
of identified cell types within speeific intra-
cortical cireults. A second 1ssue 1s the ongm
of wiring specificity. Pairs of neighboring ex-
cltatory barrel cortex neurons are either uncon-
neeted or share four or five synaptic terminals
{9, 16, 74). This scenario is dramatically dit-
ferent from what 1s expected for a probabilistic
commectivity, which—based on axomal and
dendritic geometries—predicts neighbonng
cortical neurons to be commected usually by
one termmal, rarely by two, and almost never
by three terminals or more (73). The origin of
such precise wirmg, whether activity-dependent
processes andior genctic cucs, is entirely unclear.

A third major 1ssue 1s to understand how
structmral plasticity is related to functional
changes In synaptic efficacy like LTP and

LTD. In vitro, late phases of LT
and L'T'L) are correlated with syn-
apse and spine formation and
elimination (57, 38). Thus, activ-
ity may rapidly regulate synaptic
efficacy by LTP and LTD, which
in turn may meodulate structural
dynamics and lead to long-term
effects on morphology of axons
and/or dendrites (59). When ex-
amined, most vertebrate studies
in vivo report parallel changes
in synaptic structure and func-
tion, but the alternate possibil-
ity that structural and functional
plasticity are controlled indepen-
dently via dissociable signaling
pathways, as reported in inverte-
brates (76), cannot be ruled out
at present.

Outlook and Summary
Ramoén y Cajal once pointed out
that the cortex is a very difficult
matter, a tissue of endless com-
plications, where many kind of
simplistic approach is bound to
fall {77). A strength of the work
on 81 plasticity has been to avoid
such simplification. S1 map plas-
ticity is not a unitary phenomenon bnt has
many distinet forms with multiple compo-
nents, cellular mechanisms, and sites of
plasticity. Smilar complexaty 1s likely to exist
in other cortical arcas.

Where do we go ftom here? Some of the
most promising approaches lic in the combi-
nation of novel genetic, optical, and physio-
logical technigues. Recent improvements in
gene transfer methods allow sparse transtec-
tion and genetic alteration of cells in an other-
wise mtact bram (78, 79). Transtected cells can
then be clectrophysiologically analyzed by
two-photon targeted patch recordings in vivo
(&) in order to deteet cffeets on develop-
ment and plasticity ot sensory responses. The
tremendons spatiotempaoral specificity of such
muanipulations will help determine how genes
or single-cell activity patterns contribute to
systems-level propertics like plasticity.

A second challenge is to identify addi-
tional synaptic lcarning rules that drive plas-
ticity in vivo. Here. onc obvions approach is to
utilize recent advances in nultisite recording
techniques to characterize the network activity
patterns that occur natwally in vive to drive
map plasticity. A third challenge 15 to de-
velop the computational tools and theorctical
framework necessary to understund how the
multiple disercte mechanisms and sites of
plasticity, meluding both functional and struc-
tural changes, work together in cortical ecir-
cuits to produce overall map plasticity, Finally,
future rescarch must address the behavioral
and perceptual consequences of barrel cor-
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tex plasticity, which are—with tew exceptions
{(87) poorly understood. Althongh complex,
a mechanistic, cellular-level explanation of
S1 map plasticity appcars increasingly tractable
and would constitute a major step toward
understanding cortical information storage.
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Kuniyoshi L. Sakai

Language acquisition is one of the most fundamental human traits, and it is obviously
the brain that undergoes the developmental changes. During the years of language
acquisition, the brain not only stores linguistic information but also adapts to the
grammatical regularities of language. Recent advances in functional neurcimaging have
substantially contributed to systems-level analyses of brain development. In this
Viewpoint, | review the current understanding of how the "final state” of language
acquisition is represented in the mature brain and summarize new findings on cortical
plasticity for second language acquisition, focusing particularly on the function of the

grammar center.

A chuld acquires any natural languages within
a few years, withont the aid of analytical
thinking and without explicit “grammar™ in-

struction as usually taught in school. The
origin of grammatical rules should thus be
ascribed to an imate system in the human

57
58

55.
&0.

61

62
63,

64

65.

66,

67
68,

65,
70

7.
72

73

74,

75

76

EER

7a

75

a0,

a1

a2,

83

0

SYSTEMS-LEVEL BRAIN DEVELOPMENT

. F. Engert, T. Bonhoeffer, Mature 399, 66 (1999).

. Q. Zhou, K. |. Homma, M. M. Poo, MNeuron &4, 745
(2004]).

E. 5. Ruthazer, H. T. Cline, f. Mewrobiod. 59, 134 (2004).
M. Maravall, I. ¥. Keh, W. B. Lindquist, K. Svoboda,
Cereb. Cortex 14, 655 (2004).

F. R. Volkmar, W. T. Greencugh, fcience 176, 1445
{1972).

. T. Trachtenberg et af., Nature 420, 788 (2002).

|. Grutzendler, M. Kasthuri, W. B. Gan, Mature 420,
212 {2002).

E. |. Green, W. T. Greencough, B. E. Schlumpf, Brain
Res. 264, 233 [1583),

P. W. Hickmott, P. A Steen, Mat. Mewrosci. 8, 140
{2005),

A K Mcallister, L €. Katz, D. C. Lo, Annw. Rev, Meurosch,
22, 295 {1999).

L C. Katz, C. ). Shatz, Science 274, 1133 (19596},

I. Bureau, G. M. Shepherd, K. Svoboda, MNeuron 42,
780 {2004).

C. Darian-5mith, €. D. Gilbert, Mature 368, 737 (1994),
R. ¥uste, T. Bonhoeffer, Annu. Rev. MNewrosci. 24, 1071
{2001).

A ). Holtmaat er at., Mewran 45, 275 (2005).

Y. Zuo, A Lin, P. Chang, W. B. Gan, Mewror 46, 187
{2005),

M. Matsuzaki, N. Honkura, G. C. Ellis-Davies, H. Kasai,
Mature 429, 767 (2004).

H. Markram, |. Lubke, M. Frotscher, A Roth, B. Sakmann,
1. Physiol. {London) 500 (part 2), 409 (1997).

V. Braitenberg, A. Schuz, Anatomy of the Cortex
{Springer-verlag, Berlin, 1591},

G W Davis, C. M. Schuster, C. 5. Coodman, Meuror
17, 669 (1996},

S, Ramén v Cajal, Mueve concepto de la Histologla de
fos Centros nervicsos (Barcelona, 1893).

T. Dittgen et al., Proc. MNatl Acad. Sl U.5.A 101,
18206 (2004).

K. Haas, W. C. §in, A_ Javaherian, Z. Li, H. T. Cline,
Meurmn 28, 583 (2007}

T. W. Margrie et 3., Neurca 39, 911 (2003).

. D], Simens, The Barrel Cortex of Rodents, E. G,
lones, 1. T. Diamond, Eds. (Plenum, New York, 1595,
pp. 262-208.

Y. Zuo, Q. Yang, E. Kwen, W.-B, Gan, Mature 436, 261
{2005).

We thank €. Hansel and A. Lee for manuscript com-
ments, This work was supported by NIH R NSO46652
and the McKnight Foundation (D.F.) and the Erasmus
University Rotterdam, a Widi grant from Metherlands
Crganization for Sdentific Research, and Human
Frontier Science Program grants (MB.).

.11 26/science 1115807

VIEWPOINT

Development

brain {7). The knowledge of and competence

fo

r human language is acquired through

vanous me:ans and modality tvpes. Linguists
regard speaking. signing, and langnage com-
prehension as primary faculties of language,
i.c., innate ar inherent and biologically deter-
mined, whereas they regard reading and wiit-
ing as sccondary abilitics. Indeed, the native or
tirst linguage (L1) 1s acquired during the first
years of life through such primary facultics
while children are rapidly expanding their
lingnistic knowledge (2). In contrast. reading
and writing are leamed with much conscious
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effort and repetition, usually at school. Ts
ahility may be inflnenced by enltural rather
than bilological factors. ITowever, the exis-
tence of developrmental dyslexics indicates
that reading ability requires specific neural
mechanisms (3). and a link between poor
reading and impaired avditory resolution
has been snggested (). It is therefore cru-
clal to understand how distinet linguistic facul-
tics develop in the brain throughout varions
ages, Figure 1 Ulustrates the typical devel-
opment of L1 facultics. This corrclates with
4 massive increase In brain volume during
the first vears. Speech in intimts develops
from habbling at around 6 to 8 months of age.
to the one-word stage at 10 to 12 months, and
then to the two-word stage around
2 years. Note that sign systems

guired m their own developmental courses and
that the timing and duration of their sensitive
periads differ. In this viewpoint, T will first
clarify the fundamental linguistic factors and
their possible representation in the mature
brain as revealed by brain mapping tech-
nigues, The major linguistic factors are
phonology and lexico-semantics at the word
level and sentence comprehension and syntax
at the sentence and discourse level. which cer-
tanly mteract with each other (Fig. 24). A
critical guestion is whether these factors
correspond to distinet regions of the brain.
U will then foens on advances in funetional
imaging studics of L2 acquisition, indicat-
ing activation changes in particular regions

semantic decision tasks even when the sume
speech stimuli are used (75). On the other
himd, activations m the left AG/SMG and
frontal regions arc less consistent among the
lexico-semantic tasks tested by a number of
functional imaging studies. Lexico-semantic
tasks may mvolve various cognitive factors
other than semantic processing, and thus dif-
ferent cortical regions might be recruited de-
pending on the particular strategy nsed by the
participants.

Sentence Comprehension

Sentences convey not only lexico-senumtic
infarmation for cach word hut sentence mean-
g based on syntactic structures. Senumtic
processing at the sentence level
differs from a simple summation

of lexico-semantic processing for
each word. For example, the
meaning of “John thinks that
David praises his son” clearly
differs from that of “John thinks
that his son praises David,” al-
though the lexical items involved
in each of these sentences are
identical. Therefore, the process-
ing of syntactic structures plays a
critical role in the selective inte-
gration of lexico-semantic infor-
mation into sentence meaning.
We proposed that the left inferior
frontal gyrus (IFG) region ex-
tending from the triangular part

are spontaneously acquired by o

both deaf and hearing infants in

a similar developmental course

(5), starting from manual silent 80

“babbling” (6). However, these =

obvious developmental changes ?_E’ -

refer to language output. Speech § 60 - 3

perception and even grammatical 8 5

knowledge develops much ear- 2 .

lier, within the first months after & ,, | E

birth (7, &). o - e
A clear contrast among lin- 25 5 § &

guistic factors exists between L1 ) EE ;6 s S

and a second language (L2). The - a5 & é E

L2 ability does not seem to take

any determined steps of develop-

ment, and it shows enormous in- 0 T T T T T

dividual variation. Whether L2 1 2 3 6 9 12 15

relics on the same dedicated
mechanism ot L1 1s thus a matter
of debate (%) An L2 can be mas-
tered at any time in life, though
the LZ ability rarcly hecomes
comparable to that of L1 it 1t 1s
acquired beyond the hypothesized “sensitive
period”™ from early ntancy until puberty {~12
years old). The notion of a sensitive period
for language acquisition comes ftom the loss
of flexibility for cercbral rcorganization duc
to acquired aphasia after puberty (10). The
concept of the sensitive period has been ex-
tended to L2 acquisition in that linglish pro-
ficieney declines after the age of 7 years when
Chinese or Korcan speakers move to the
United States (7/). Uhis hypothesis has recent-
Iy been challenged by an cvent-related brain
potential (ERT) study. Adults who leamed a
miniatire artificial language showed a simi-
lar ERP response to a syntactic anomaly as
native spealkers do (72). It may also be pos-
sible that different linguistic abilities are ac-

Drepartment of Basic Science, Graduate School of Arts
and Sciences, University of Tokyo, Komaba, Tokyo
153-8002, |apan. Core Research of Evolutional
Science and Technology {CREST), Japan Science and
Technology Agency, Kawaguchi-shi 332-0012, |apan.
E-rnail: sakai@mind.c.u-takyo.ac jp

Postnatal Years

Fig. 1. Brain growth and first language (L1) acquisition. Human brain
weight is presented as a function of age, where 100 in the ordinate
corresponds to the mean adult value {70). Approximate times of
milestanes in normal speech development are also indicated.

of the brain during the course of langnage
development.

Phonology and Lexico-Semantics

Reeent functional magnetic resonance imaging
{IMRI) and positton emission tomography
(PIE1) studics have indicated that anditory
phonological processing 1s assoclated with
activation in the posterior superior tempo-
ral gyrus (STG) [Brodmamm's area {BA)Y 22],
whereas lexico-semantic processing is typi-
cally assoclated with activation in the left
extra-sylvian temporoparictal regions, includ-
g the angular gyrus and supramarginal @aus
{AG/SMOT) (Fig. 2A) (73). Howcever, studies
on phonological versus lexico-semantics have
reported many  additional regions, including
the inferior frontal regions. and phonological
processing may have varied levels of abstrac-
tion within distinet subregions (74). We have
shown that bilateral STG activation 1s more
cnhanced in phonological decision and voice-
pitch comparison tasks than i syntactic and

T (F3t or BA 45) to the orbital part
(F30 or BA 47) is the putative
rcgion for the selection and in-
tegration of semantic informa-
tion, which arc separable from
simple lexico-semantic process-
ing (76} (Fig. 2B. green region).
We directly compared cortical
activations in tasks involving comprchension
ot sentences with those in lexical decision
tasks and found discourse-level sclective ac-
tivation in the left F3T30 under both audi-
tory and visual conditions. We also clarified
that the functional comnectivity between the
left F3LF30) and a region in the left precen-
tral smlens is significantly cnhanced during
the sentence task but not during the lexico-
semantic task (/7). In the nenroimaging ficld
there is a growing emphasis on struetiral and
functional connectivity to clarify how distrib-
uted but interacting populations of neurons
work in a coordinated fashion during language
Processing.

A recent TVIR[ smdy showed that the
processing of American Sign Language (ASL)
recrited the hilateral cortical arcas of both
deaf native sigmers and hearing native sign-
crs, whereas the processing of written lin-
£lish was left-lateralized (1&). Note that for
the deaf signers. ASL is the L1 and written
English the L2. Another £MRI study reported
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Fig. 2. (A) Possible metwork of fundamental linguistic functions in the brain. The exact corre-
spondences between the left {L} brain regions and linguistic factors are still under study. (B} The
grammar center and other left frontal regions critically involved in sentence processing The green
region (the left F3t/F30Q) is selectively activated in the comprehension of sentences {16, 17),
whereas the red regions {the left lateral premotor cortex, the left dorsal IFG, and the left F30p/F3t)
are specifically involved in syntactic processing (75, 26) and can be regarded as the grammar center.

bilateral cortical activation for the process-
ing of British Sign Language (BSL), but with-
out evidence of enhanced nght-hemusphere
rccruitments in sign langnage when com-
pared with an audio-visual speech condition
{(79). It is, therefore. a considerable challenge
to clanfy “what’s 1ght and what's left.” Be-
canse sign-langnage aphasia is due primar-
ily to lett-hemisphere lesions (28), it should
be clarified whether comprehension of sen-
tences 1s functionally lateralized in sign and
speech. By wsing tasks involving compre-
hension of sentences and sentential nonword
detection. we compared different groups and
stimulus conditions {27). Under the sipn con-
dition with scntence stimuli in Japancse Sign
Language (JSL), we tested two groups of
participants: deaf signers of ISL and hearing
bilmguals of JSL and Japanese. Under the
speech condition, we tested hearing mono-
Iinguals of Japanese with auditory Japanese
stimuli alone or with an andio-visnal pre-
sentation of Japanese and JSL stimull. Across
all four conditions, there were consistently
left-dominant activations ivolving frontal and
temporo-parictal regions.  Furthermore, irre-
spective of the modalities of sign and speech,
activations selective to the comprehension of
sentences were found primarily in the left re-
gions, meluding the lett F3CYE30; only the lett
F3tH30 showed no main cffects of modality
vondition. These results indicate amodal com-
maonality in the functional dominance of the
left cortical regions tor comprehension of sen-
tenees as well as the cssential and universal
role of the lett F3tT30 In processing linguis-
tic information from both signed and spoken
sentences.

Syntax: The Grammar Center

Althoungh there has been munch speculation
concerning subdivisions for varlous aspects
of sentence processing and consensns is still
lacking, there 1s accumulating evidence that

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

the opercular and tlangular parts {F3op/F3t
or BAs 44 and 45) of the left 1K and the lefi
lateral premotor cortex (BAs 6, & uand 9
mainly in BA R) arc sclectively related to
srammatical processing {15, 22-26). The left
lateral premotor cortex s located at the junc-
tion of the precentral sulcus and the inferior
frontal sulens and is jnst dorsal to the left
Flop/F3t. I propose that these left fromtal
regions can be regarded as the “‘grammar
center,” retlecting the universal nature of
grammatical processing. Is there a special-
Lzed (domain-special) neural system for gram-
matical proccssing that is separable from
other domain-general cognitive systems? We
cxamined cortical activation by dircctly com-
parng brain activations in syntactic decision
tasks with those in verbal short-term memory
tasks (26). The left dorsal IFG (a part of
F3ap/F3t) as well as the left lateral premeo-
tor cortex showed selective activation tor
syntactic deeision tasks when they were
directly compared with a verbal short-term
memory task (Fig. 2B, red regions). The
activation of these regions 1s related to
processcs of analyzing syntactic strietures,
and 1t cannot be explained either by task
difficulty or by verbal short-term memory
camponents. The homan left frontal cortex is
thus unmiquely specialized in the symtactic
processes of sentence comprehension. with-
out any counterparts in other animals.

There is great controversy regarding the
limits of noninvasive lmagng techniques
as a tool for human stndies; for example.
such comrelation methads are Insutficient to
show cansal relationships between cortical
activations and linguistic functions. To es-
tablish a causal link between the grammar
center and syntactic processing, we used
transcranial magnetic stimulation {I'MS) and
o minimal-pair paradigm in which either a
syntactic or semantic factor differed between
stimulus pairs {27). Eventrelated paired THMS

SYSTEMS-LEVEL BRAIN DEVELOPMENT

pulses over the left F3op/F3t selectively re-
duced reaction times in explicit syntactic de-
cisions but not in explicit semantic decisions,
suggesting the selective physiological ef-
fects of facilitation or priming. This effect
was observed during syntactic decisions re-
garding both normal and anomalous sen-
tences and when magnetic stimulation was
administered to the left F3op/F3t at a spe-
cific time (150 ms from a verb stimulus).
Even if the “normal” sentences were phys-
ically identical stimuli, TMS showed the dif-
ferential effects on the normal sentences that
paralleled the effects on anomalons sentences.
depending on the types of explicit linguistic
decisions bemg nmwde. These results indicate
that the left F3op/F3t plays an cssential role
as the grammar center of human sentence
processing.

Functional Changes of the Grammar
Center During L2 Acquisition

How can the function of the grammar cen-
ter be modified during the acquisition of
new langnages? LThere are at least two ma-
Jor factors that may affect the cortical ac-
tivation change: the proficicney level (PL)
of L2 and the age of acquisition (AOA). Tt
has heen reported that L1 (AOA hefore
about 6 vears) and L2 (AOA atier about 7
years) arc represented differentially in cor-
tical areas (28), whereas other studies have
reported that they have common neural sub-
strates during sentence comprehension tasks
(29). An TMRI study supports the AOA ef-
fect on cortical activations, showing that
the left [F(T activation for grammatical pro-
cessing in L2 1s greater than that in L1 (36).
However, another MR study claims that
the degree of exposure to Lnguage aftects
the left [FGr activation, even if the AQA is
matched (7). It has also been pointed out
that the left frontal and extrastriatc regions
are differentially modulated, either by age
or task performance among children (aged
7 to 10) and adults (32). ITowever, the age
and PL cffects on cortical activations are
otten contounded with the demands required
in cach language task and the resultant task
performanee, and it remains unknown wheth-
cr these factors are actmally separable from
cach other.

Ciiven these uncertaintics, we tricd to
clarify the relative contribntions of age. PL.
Linguage task demuands, and tusk perform-
ance to modulating activations in the left
[F3G, We examined whether leaming of En-
glish past-tense verbs as L2 knowledge altered
the brain activations of 13-vear-old stu-
dents (nativc Japancse speakers) studying
English for the first time (37). We targeted
twins as participants (six monozygotic and
one dizygotic twin pairs), because it 1s in-
trigning to ask whether the shared factors of
twins actually mfluence their language abil-
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EPi - EM: Age 13

itics and newral substrates. For 2 months, the
students participated in intensive training
in linglish werbs as part of their standard
classroom education. The twins completed
two scts of IMRI scssions, one hefore (day
1) and one atter (day 2) training. When an
Inglish past-tense {(1iP) task was contrasted
with an Lnglish verb-matching (1iM) task
for day 2, activations were found primarily
in the left 1FG (Fig. 3A); these activations
had been absent in the same contrast for
day 1. The contrast between Japancse past-
tense (JP') and Japanese verb-matching (TM)
tasks resulted in the same left IFG activation
{Fig. 3B), which s In agreement with the
universal nature of grammatical processing.
These results sugmest that cortical plasticity
for L2 acquisition is guided toward L1 spe-
clalization of the left [FG, at least at the age of
13, despite notable differences between L1 and
L2 m the students’ Imguistic knowledge and m
their performanee in making past-tense forms.
The activation increases of the left dorsal IFG
across days 1 and 2 showed a highly signif-
cant comrelation within each pair of twins.

m
>
»

Acquisition

Activation

Consolidation

PL improvements at the early
stages of L2 acquisition and
becomes lower when a higher
proficiency in L2 is attained.
These results may reflect a more
general law of activation changes
during language development.
Cortical activations increase ini-

L2 Exposure

This suggests that the functional changes spe-
cifically observed m the left IFG were sus-
ceptible to shared genctic and cnvironmental
factors for each twin I a surposingly pre-
dictive manner. The activation increases in the
left [FG predicted the extent to which the
individual participants improved their lnowl-
edge of the past tense. In a subsequent tVIRE
smdy. we tested participants aged 19 who had
studied linglish for & years. therchy comparing
the cortical activations involved in the abowve-
mentioned 1P and M tasks (34). The ac-
tivation m the left dorsal IFG was lower,
carresponding to a higher PL (Fig. 3, € and
D), suggesting that the PL plays a major role
in the activation of this rcgion. On the other
hand, the left F3tF30 activation m Japanese
{L1) of participants aged 13 was significantly
greater thun that for those aged 19, despite the
matched performances in L1, We conclude
that the grammar center subserves specitic
lingmistic functions that are critically required
when mustering any language.

Combining these task-sclective activation
changes, lett dorsal IFG activation mereases with

Fig. 3. Functional changes of the grammar center
during second language (L2) acquisition. (A) Past-
tense task-selective activation in L2 (EPi, the English
past-tense task with irregular verbs) after classroom
training for participants age 13 years (33). (B) Past-
tense task-selective activation in L1 (JP, the Japanese
past-tense task) for participants age 13 years. (C)
Past-tense task-selective activation in L2 (EPi) for
the lower PL subgroup of participants age 19 years
(34). (D) Past-tense task-selective activation in L2
(EPi) for the higher PL subgroup of participants age
19 years. (E) Possible activation changes in the brain
during L2 acquisition and consolidation.

P tially at the onset of acquisition,
followed by the maintenance of
the activations and then a fall in
activations during consolidation
of linguistic competence (Fig.
3E). On the other hand, the
developmental changes in re-
gional cerebral blood flow and
cerebral metabolic rates are
known to manifest initially as
an increase and later, after about
the age of 9, as a decrease (35).
Because such metabolic dif-
ferences between children and
adults might affect the acquisi-
tion, analysis, and interpretation
of IMRI data in group analyses,
an appropriate task control is
necessary to compensate for the
global physiological changes in
the brain. Moreover, if the gen-
eral law stated above is ap-
plicable, a brain region may
show higher, lower, or compa-
rable activation, depending on
which developmental stages
are compared.

Outlook

Noninvasive imaging tech-

niques have already heen ap-

plied to study the “mitial state™
of brain activations reflecting speech per-
ception in infunts (36, 37). In the future,
participants at various developmental stages
will be systematically tested by functional
imaging studics with language and/or gener-
al cogmtive tasks. Regional cerebral volume
and tissne concentration differcnees have also
been characterized by voxel-based morphom-
ctry. and this technique may chicidate strie-
tural development of the brain in a larger
population, extending the smdy of adwt ho-
man braing (347, Indeed, twin studics have con-
tributed to reveal genetic factors for bram
stricture. more significantly those influencing
Lmguage wareas I the lett hemisphere {39).
Longitndinal studics of both stmeture and
function of brains may further reveal their
developmental tendencics in gencral. as well
as mdividual differences. Moreover, the
obhscrvation of functional changes during
recovery from neurological conditions, such
as dyslexia and aphasia, will help facilitate
remediation and rehabilitation in bath chil-
dren and adults. As to the normal develop-
ment of the brain, further research is still
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necessary to determine whether the left IFG
activation depends on exposwre to L1 and
L2 at a particular stage, thus clantving the
cxistence of a scnsitive period. Futnre studics
will investigate how individual subregions
of the left frontal cortex, as well as other
cortlcal regions, work in concert and sub-
serve human-unigue language acquisition.
This promising approach to evaluating de-
velopmental changes in terms of not only
indirect behavioral changes but direct bram
changes is taking a first step toward a new
era 1n the systems neuroscience of human
lunguage.
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VIEWPOQINT

Sex Differences in the Brain:
Implications for Explaining Autism

Simen Baron-Cchen,” Rebecca €. Knickmeyer, Matthew K. Belmonte

Empathizing is the capacity to predict and to respond to the behavior of agents {usually
people) by inferring their mental states and responding to these with an appropriate
emotion. Systemizing is the capacity to predict and to respond to the behavior of
nonagentive deterministic systems by analyzing input-operation-output relations and
inferring the rules that govern such systems. At a population level, females are stronger
empathizers and males are stronger systemizers. The "extreme male brain” theory posits
that autism represents an extreme of the male pattem (impaired empathizing and
enhanced systemizing). Here we suggest that specific aspects of autistic neuroanatomy
may also be extremes of typical male neurcanatomy.

Leaving aside political corrcotness, there is
compelling evidence for sexual dimorphism in
the bram, cogmtion, and behavior (7). In this
Viewpoint, we review the evidence at all three
levels. Classic autism and Asperger syndrome
{AS) arc the two clearest snbgroups on the
autistic spectrum of conditions, and both at-
feet males more often than females. We con-
jecture that understanding sex difterences in

Autism Ressarch Centre, Cambridge University, Crepart-
ment of Psychiatry, Douglas House, 18 Trumpington
Road, Cambridge CB2 2AH, UK.
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the gencral population has implications for
understanding the canses of autism-spectrum
cenditions.

The E-5 Theory of Psychological Sex
Differences

Although males and females do not difter in
general intelligence. specific cognitive tasks
reveal sex differences. Differences favorng
males are scen on the mental rotation test (2).
spatlal navigation mcluding map reading {3),
targeting (4). and the cmbedded fignres test
(5}, although there are conflicting studies re-
garding the latter (#). Males arc also more
likely to play with mechanical toys as chil-

dren (7). and as adults. they score higher on
engineering and physics problems (§). In
contrast. females score higher on tests of
emotion recogmition (%), soclal sensitivity
(/. and werbal floeney (7/). They start to
talk earlier thun boys do (12) and are more
likely to play with dolls as children (7). liffect
sizes range from smwll (Coben's = 0.2 for
cmotion recognition) to large (Cohen’s d — 1.3
to 1.9 for targeting), with a substantial degree
of overlap between male and female distribu-
tions, cven for cffcets considered large by the
conventions of psychology. All of thesc differ-
cnees exist at the level of populations. not
individuals; tfrom such population differences,
no inferences can or should be made about
mdividuals.

Altheugh these population differenees par-
tlally arise from expenential factors, ex-
periments in animals suggest a biological
foundation. Male mts perform simiticantly
better than females do on the radial arm and
Momis water maze {13). This sex difference 1s
climinated by castrating males or hy treating
females with testosterone neonatally (24).
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TTiman males also commit fewer emmors and
require less time to complete a “virmal™ maze
{15). Young male vervet monkevs prefer to
play with toy trucks, whercas young female
vervets prefer dolls (14). This finding suggests
that sex differcnces in toy preferences in
children result, m part, from immate biolog-
ical diffcrences. Biological contributions to
soclal Interest are suggested by studies of
human infants. When 1-day-old babics arc
presented with either a live face or a me-
chanical mobile. girls spend more time look-
ing at the tace, whereas boys preter the
mechanical object (17).

According to the empathizing-systemizing
{E-5}) theory of psychological sex differences,
stch differences refleet stronger systemiz-
ing In males and stronger empathizing in
females (78). Systemizing is the drive to
analyze a system in terms of the rules that
govern the system. in order to predict the
behavior of the systern. Empathizing 1s the
drive to identify another’s mental states and
to respond to these with an appropriate
cmotion, in order to prediet and to respond
to the behavior of another person. {Other
people’s cmotional states and hehavior can-
not easily be predicted and responded to
using systcmizing strategics. Whereas a de-
terministic system glven the same Inputs
always produces the same ontputs, the input-
output fumetion of a person depends on sub-
tle differences in current and past cmotional
context and 1s practically impossible to pa-
rameterize formally).

The E-5 theory proposes that psyehological
sex differences arc defined by the difference
between the dimensions of empathizing (E)
and systemizing (8), and it catcgorizes indi-
vidual brain types as type S (8 > E, more
common in males), type E (E > §, more
common in females), or type B (E = §, in

losum measures (24)], three-dimensional (30
marphometry suggests that the ratio of cor-
pus callosum to total cerebral volume s ac-
tnally smaller in men (223, This is consistent
with the tindmgs that ncreased brain size
predicts deereased interhemispheric connce-
tivity {23) and that larger brains come with
propartionately smaller corpora callosa in
humans (26) and other species (27). Reports
of anatomically localized cerchral sexual di-
morphism are less consistent {287, but the
malc amygdala undergoes an extended peri-
od of growth during childhood (29); it 1s
larger in boys (3{) and may remain larger in
mcn (28). These anatomical differences likely
result from differences in microarchitecture.
There are more newrons in the male cercbral
cortex (34), and in general, these neurons are
mare densely packed (32). albeit with some
regional exceptions (33).

Crverall, greater numbers and denscr pack-
ing of neurons, together with more intrahemi-
spheric white matter projecting from these
neurons, indirectly suggest a pattern ot In-
creascd local connectivity and decreased in-
terhemispheric (or long-range) connectivity
in the male brain. Physiological observations,
though sparse, seem consistent with this pic-
ture; language-related activation in female
brains 1s more bilateral, suggesting greater
interhemispheric connectivity (34, 35), and
the single study of gamma-band magneto-
cneephalography (MEG) reports increased
phase locking between frontal and parnetal
sites in women duoring cognitive performance,
agaln suggesting greater long-range connec-
tivity (36).

Empathizing

The EMB Theory of Autism at the
Psychological Level

An extension of the E-5S theory of typical sex
differences is the “extrerc male brain®™ (1iMVB)
theory {37). This theory proposes that individ-
uals on the autistic spectrum are characterized
by impaiments in empathizing alongside n-
tact or cven superior systemizing. Adnlts with
AS are more likely to have a brain of extreme
type 8 (Fig. 2) and arc distingnished hy their
high S0-14) difference scores (Fig. 3) (38).
Tahle 1 gives the frequencics of all 14-8 hrain
types in the general population and in people
with A8

Reduced empathy in people with AS s
evident in thelr lower scores on emotion-
recognition tests (3¢), the 1) (46, the
friendship and relationship quotient {47, and
tests of social sensitivity such as the **fax
pas” test (J6). Intact or even superior system-
izing is scen in their higher seores on the 8Q
{(42), tests of folk physics (43), and the em-
bedded fignres test (44) (althongh it is nnelcar
1t the latter 1s really a test of systemizng or
simply a test of good attention to detailj. It is
also seen In thelr strong obsessions, oI areas
of narrow interest. which tend to foens on
systems {43},

It is clear how the IEMB theory might
characterize people with AS, but to what
cxtent does the EMB theory apply to the
whole autistic spectrum? People with classic
antism have cmpathy deficits. or degrees of
“mind blindness,” m that they are delaved m
developing a “theory of mind™ in childhood
and joint attention m infancy (46). It 1s less
straightforward to test systemizing in someonc
with little language or with a below-average
intelligence quotient (1Q). Nevertheless, char-
acteristic behaviors such as “insistence on
sameness,” repetitive behavior, obsessions
with lawful systems (e.g., train timetables),

those who are equally proficient at empa-
thizing and at systemizing) (Fig. 1). Data

from two questionnaires, the empathy quo- . ',: ¥ _— -
tient (EQ) and the systemizing quotient v 09 4 F

(SQ), reveal the existence of extreme types 5 08 / / 7

where 8§ » E or E » § (Fig. 2), and SQ-EQ % ’ -
difference scores (Fig. 3) illustrate the dif- -] 0?{ ;i

fering profiles of the two sexes. Ongoing . oef / _.'

studies from our lab confirm the psycho-
metric reliability and validity of these scales
(79) and are evaluating how they correlate
with performance tests (20).

& Conlrol meskis

‘ = ASMFAgow

o Conkol lemales |
Sex Differences in Brain Structure KEY /{ o
Although there is a great deal of individual Type B (E = 8) 2
variance in human brain morphometry (27), TypeE(E>S) slh & 5
it is known that the cerebrum as a whole is Type S(E<S) ke B DL‘z s
about 9% larger in men and is also larger in Extreme Type E
boys (21), a difference that is driven more Extreme Type S - Fig. 2. Cumulative distribution function (Z.) of

difference scores (D). This graph shows that the
values of D between EQ and SQ significantly dif-
ferentiate the three populations [males, fernales,
and individuals with a diagnosis of AS/high-
functioning autism (HFA)] {82).

by white matter than by gray (22, 23). De-
spite the larger total volume of white matter
in men [and despite the conflicting studies
of sex differences in specific corpus cal-

*Axes show standard deviations from the mean]

Fig. 1. The Empathizing-Systemizing model of
sex differences at the psycholopical level.
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slets of ability {e.g., calendncal calculation),
precocions nnderstanding of machines. and
superior attention to the detection of change
all involve a strong interest in rmle-based
prediction and theretore can be read as sigms
of hypersystemnizing. [t is unclear whether the
sk of reduced IQ or lmguage difficulties
increases as systemizing hecomes so strong
that attention 1s narowed to understanding just
onc mnique systen. making gencralization of
knowledge imelevant (47). Of course, such
symptoms may reflect other processes than
systemizimg, and competing hypotheses need
to be tested.

The EMB Theory of Autism at the
Neuroanatomical Level

Recent hypotheses concemning neural con-
ncetivity in the antistic brain postulate an
exaggerated version of what may also be
going on in the typical malc brain: a skewed
balance between local and long-runge comnec-
tivity (48 3/). Such a conncetivity difference
could give mse to a deficit m empathizing,
becanse empathy activates brain regions that

integrate information from multiple neural
sowrces (32). In autism. furthermore, long-
Tange connectivity durng an empathizmg task
is abnormally low (33). This notion of skewed
connectlvity 1s also compatible with strong
systemizing, because systemizing involves a
narow attentional focus to locul Intormation,
in order to understand cach part of a system.
Imaging studies are needed to confim this
relationship.

Young children with autism tend to have
larger-than-average heads. Magnetic resonance
maging morphometry confims that these
large hecads contain abnormally large brains,
an inerease driven more by whitc matter than
by gray (34). Although not vet confimmed by m
¥ivo tract tracing, the anatomical distribution
of this white-matter hyvperplasia suggests it
oconrs more in short-distance tracts, whercas
the mtemal capsule and corpus callosum are
proportionately reduced (35 573 The develop-
ment of the amygdala in autism likewise
scemis an cxtreme of typical male brain
development. In children with autism between
18 and 35 months old, the amygdala is ab-

W AS/HFA group

EQ score

A Control males

BE)iessn Y
| extreme S

# Control females

A

o~

SQ score

Fig. 3. SQ scores versus EQ scores for all participants, with the boundaries for the different brain

types (82).

Table 1. Classifications of brain type based upon percentiles (82).

Brain type Extreme E E B 5 Extreme S

Brain sex Extreme female Female Balanced Male Extreme male

Defining S« 5 E = E 5=E 5w E
characteristic

Percentile {per} per = 2.5 2.5 = per =235 35 < per < 65 65 < per <975  per = 975

Fermnale % 43 44 2 350 16.5 4]

Male % 0 16.7 23.7 535 6.1

AS/HFA 56 4] 4] 2.8 40.4 4568
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normally large, even when comected for total
brain volume (38). Uhis cnlargement persists
through early childhood (32, 60), exactly
during the period of sex-differential amygdala
growth In nomal boys. By the tme children
with autism reach adoelescenee, the enlarge-
ment has disappeared (66); by early adulthood,
the amygdala in antism is abnormally small
{61, 62).

Likc an exaggeration of typical males.
children with autism show enlargement of
the cercbral cortex that stems more from
white matter than trom gray and may attect
short-distance more than long-distance tracts.
Again like an cxaggeration of typical boys.
children with autism also show greater srowth
of the amygdala. Futore rescarch will need
to map all aspects of autistic neuroanat-
omy that arc hypermasculinized, as well as
consider how to explam those aspects that
arc not.

Prenatal Androgens Produce Sex
Differences in Brain and Behavior

Which biological mcchanisms shape the sex
differences described above and may be push-
ing the autistic brain to develop beyond that
of the typical male? In this section we re-
view evidence for prenatal androgens as a
key biological mechanism. Androgens, in-
cluding testosterone produced by the testes
in fetal and neonatal life, act on the brain to
produce sex differences in neural structure
and function. Testosterone is a small lipo-
philic molecule that easily passes through
the blood-brain barrier and across cell mem-
branes. The androgen receptor (AR) is a clas-
sic steroid receptor found in the cytoplasm.
Once bound to testosterone (or its metabo-
lite dihydrotestosterone), the AR enters the
nucleus, where it binds DNA and affects
transcription. Testosterone can also be aro-
matized to estradiol within the target cell,
binding to the estrogen receptor (ER-o or ER-f)
and influencing transcription similarly. Testos-
terone affects neural development by avert-
ing programmed cell death, influencing neural
connectivity, and altering neurochemical pro-
files (/4). For example, testosterone and estra-
diol modulate serotonergic and y-aminobutyric
acid neurotransmission, and they increase
the formation of dendritic spines in a process
mediated by brain-derived neurotrophic factor
(BIONE).

In the fetal promate brain, substantial AR
binding is ohscrved in the cerchral cortex.
cerebellum, mediobasal hypothalamus, amyg-
dala. corpus callosum. and cingulate cortex
of both sexes. Detectable levels of enzyvmes
that convert testosterone to its active me-
tabolites are also found in these regions
(63). ER-e is found in the hypothalamus and
amygdala, with lower concentrations also
in the cerchral cortex (A4). ARs arc present
as early as the first timester, with high ex-
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pression 1 temporal cortex and other reglons
{63). AR binding in the developing ccrcbral
cortex 1s higher in the right frontal lobe and
the left termporal lobe in males. an asym-
metry that s not present mn temales (66).
Rats show a sexually dimorphic asymmetry
in cortical thickness, dependent on testoster-
onc and possibly related to receptor distri-
bution. Although the literature on anatomical
and functional asymmectrics in humans is con-
tentious, a number of researchers have sug-
gested that the male brain is more strongly
lateralived than the temale bram (67). Al-
though information on AR distribution
the human fetal brain is limited. AR distri-
bution may be conserved across species. The
single study of iR distribution in the human
midgestational fetus shows ER-} but no ER-w
cxpression in cortex (68).

In humums, exposure to atypically high leyv-
cls of prenatal androgens resnlts in mascu-
line behavior and ability pattems {69). For
cxample. females with congenital adrenal hyp-
erplasia (CAID, a genetic comdition that ele-
vates fetal testosterone (F1), show tomboy
behavior (7). Nomoal intermdividual vara-
tion in prenatal hormone levels. measured in
ammniotic tluid, comrelates with later sex-typed
behavior (74 74).

All the sexually dimorphic brain reglons
discussed previously are rich in ARs, and their
development therefore may be rather directly
affected by testosterone (287, cither carly in
fetal Lte or later. Tlis raises the following
question: If autism is an cxtreme of the male
brain, is this the result of elevated FT, ab-
narmalitics in ARs or the genes controlling F'1,
or sexually dimorphic gene expression un-
rclated to KU Currently. there are six cloes
that FT may play o role m autism: (1) FT 1s
associated with low ratios of sccond-to-fowrth
digit length (75, and a low digit-length ratio 1s
in turn associated with autism-spectrum con-
ditions (76). (1) Guls with CAIT manifest
more autism-like traits than their nnaffeeted
sisters (7). {111) Within normal development,
Fl is inversely corrclated with behaviors that,
m the extreme, would count as diggmostic
symptoms for autism. These arc cye contact,
vocabulary development. social functioning,
and narrow interests (72 74). (v) There is
preliminary evidenee of somatic  hypermas-
cnlinization in autism. althengh a compre-
hensive study of this is needed (78). (v)
There 15 precocious puberty in bows with
autism. (vi) Scrotonin levels (3() and BONFE
levels are elevated n autism (67), and these
are mediated by FI. A direet test of the FI°
hypothesis using anmiocentesis 1s under way
in our lahoratory.

Further Work
Investigation of the EMB theory of autlsm de-

mands more detailed normative data, especial-
Iv in the areas of histology and physiology.

Dwes network architecture ditfer between the
sexes. and if so. in what ways? What can dif-
fusion tensor imaging reveal about sex ditfer-
cnces in whitc-matter topography? What will
the application of new methods ot functional
connectivity analysis reveal about normal sex
differences i functional imaging and quant-
tative clectroencephalography (LEL1XG) and
MEG? Do males with more “female” E-5
profiles have more “female™ hrain anatomics,
and vice versu? And how do these differences
in brain strocture and dynamics change dring
development?

In parallel. the corrclation between autism
and cxaggerated male brain characteristics
can be explored by detailed anatomic study
of rcgions that arc known to be sexnally
dimorphic m the normal brain but that have
nat vet been investigated in the autistic brain,
such as the interstitial nuclel of the anterior
hypothalamus (79). In addition, it will he
important to distnguish brain dimorplosms
mediated by testosterone from those that
arse more directly from genetic fuctors or
those that depend on experience. vidence
for direct genetic effects on brain sexual
dimorphism does cxist. For cxample, mice
in which chromosomal sex and gonadal
sex do not correspond differ behaviorally
in maze leaming and neurochemically in
vasopressin innervation of the lateral sep-
tum {74). Because 15% of X-chromosome
genes cscape X inactivation in humans (87),
X-chromosome gene-dosage effects may
play a role in such dircet genctic cffects.
Neuroanatomical observations n populations
with anomalous scx-chromosome variations
may prove Informative. In addition, it has
been suggested that an imprinted X locus
may explain sex differences m social and
commiutnicative skills and the male vulnera-
bility to social and communicative mpair-
ments (87).

[low the EMB theory applies to temales
with autism is also of interest. [f a male brain
15 a msk factor for autism, this may explam
the lower prevalence in foemales. [f the 1XMVB
theory does apply to autism, might it apply
mare broadly to a range of newrodevelop-
mental conditions that affeet males more
than females? Lastly, even if the EMB the-
ory can cxplain somc core characteristics of
amtisny. it will be important to cstablish which
other comaorbid characteristics require differ-
ent explanations.

Conclusion

The EMB theory was first formulated by
ITans Asperger as a clinical anecdote more
than 60 vears ago. [n the past decade. it
has been reformulated to be psychologically
testable. Using psychometric definitions of
the typical male and female brain, we have
obscrved that people with autism-spectrum
conditions show an exaggeration of the male

profile. Evidence reviewed above suggests
this may also apply to aspects of autistic
nevroanatomy. The challenge ahead will be
to test this theory across the whole antistic
spectrum.
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Synthesis and Structure of
Sila-Adamantane

Jelena Fischer, Judith Baumgartner, Christoph Marschner™

Bulk silicon 1s the central material of the
madern semiconductor indnstry. Rescarch into
device miniatunization and molecular electron-
ics (f) has therefore provoked interest in the
changing properties that accompany the tran-
sition from a moleenlar silicon compound to
its extended solid lattice. ITowever, the prepara-
tion of moleenles corresponding to substrie-
tures ot the silicon crystal lattice has proven
challenging.

The bulk silicon lattice adopts the same
structre as diamond. In the case of diamond,
the carbon skeleton of the smallest diseretely
detined lattice repeat unit can be 1solated as the
hydrogen-capped adamantanc molceule. Here
we report the synthesis of a silicon analog of
adamantanc, comprising the 8i, lattice build-
mg block capped by methyl and trimethylsilyl
gromps (Scheme 1).

In general, past synthetic routes to silicon
cluster compounds have cmployed the salt
elimination reaction of trhaloalkylsilanes with
allali metals to yield (RS0), stmetares. Taning
the size of the alkyl group has allowed se-
lective preparation of various silacubanes,
-prismanes, and -tetrahedranes (2, 3). ITow-
cver. cages with mono- and di-alkylated
secondary 81 centers have been more elu-
sive. bor cxample. attempts to react mixtures
of dimethyldichlorosilane and methyltn-
chlorosilane with lithium in order to obtain

Si Si.
577 s/
|Si |Si
Si. Si. - 5
S/X/Sr:‘i/// ~:§‘l/ 3 “‘\\Si
It e[ T |
Si~|_ [ —S8i~|_d —S5i-] S
| — | 7 | 7
L =8is S —Si|_ S _~8i
Si- I~Si ,; i , —Si
._'I”—'SIH‘S Sl SI‘S"‘
Scheme 1
Me;
-] Sile;
SiMe; !
-5l i S
Me:S: . I.UlME‘ L.!hJ_!‘\.'lIL MesS | ~SIMe;
WS ~SiMe; :dl‘ s!. e g
Me,5i— SiMe Y MeySic IS Sy
| SiMe, el
o : 2 Me; S [ TS
Me, S iy e ) MeySi Me;
Me: : Me = CHy 2
Scheme 2.

LY v

cagelike molecules vielded only 3.3% per-
bieyclo] 3.3.07decaslane, accompanied by 41.6%
dodecamethyleyelohexasilane (£). No cvidence
of permethylated sila-adamantane, a possible
product of this reaction, was found in this casc.

We chose Instead to pursue a Lewls acid—
catalyzed rearrangement strategy, inspircd by
von Schlever's route to adumantane (3). In
contrast to the rearrangement of hydrocarbons.
which leads preferentially to tertiary carbon
centers, the analogous process in organosilicon
chemistry is known to provide access to fonr-
told silvlated silicon atoms {6). Given this
thermodynamic preference for guarternary
silicon centers, we set out to prepare a fourtold
silylated sila-adamantanc.

Ag adamantane 1s a tievelic malecule, it
was necessary to choose a tricyelic precursor.
Application of recently developed silylpotas-
sium chemistry (7) afforded a 1.4- disilylated
bicvelo[ 2.2, 1Theptasilane. Reaction of this com-
pound with potassium ser-butoxide followed by
undecamethylevclohexasilanyl bromide vielded
the desired preewrsor 1, which rearranged on
treatment with aluminum trichlonde m cyvelo-
hexane to the desired sila-adamantane struetare
2 m 78% vield (Scheme 2). The remmangement
cntails conversion of dimethylsilylene wnits to
tmimethylsilyl groups and to guatemnary silicon
centers.

In solution, "I and "*C nuclear magnetic
resonance (NMR) speetra of 2 showed the

Fig. 1. Molecular view of 2 in the solid state.

BREVIA

expected sets of two mequivalent methyl res-
onances. The 2¥81 NMR speetrmm showed
three resonamees at chemical shifts of —4.8,

26.0, and 1186 parts per million (ppm).
Compared to tetrakis(tnmethylsilylsilane
{with shifts at 9.4 and 1356 ppm) and
dodecamethylevclohexasilane {at —41.7 ppm),
all resonances of 2 were considerably shifted
downfield. Ultzaviolet and visible spectra of 2
showed a strong absorption at 222 nm [molar
absorption {&) = 1.2 x 10° L mol™! em™!],
which is blue-shifted relative to ather mole-
cules cemtaiming pentasilane units (&),

The solid-state stracture of 2 was confirmed
by single-crystal x-ray diffraction analysis
{Fig. 1). The compound appcars to he com-
pletely nnstrained 8i 8i bond lengths were
~236 A, and all bond angles around the
quaternary silicon atoms were close to the
tetrahedral ideal of 100.5° (1088 to 110.17).
The torsional angles along the chain from one
tmimethylsilyl group to another ndicate an
almost perfect, all-anmti conformation. This
stereochemical wrangement s thought to be
optimal for the delocalization of sigma-bond
electrons along the cham ().
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Structures of the Bacterial
Ribosome at 3.5 A Resolution

Barbara S. Schuwirth,”** Maria A. Borovinskaya,®*
Cathy W. Hau,? Wen Zhang," Antén Vila-Sanjurjo,?

James M. Holton,? Jamie H. Doudna Cate

1.2,3,
f

We describe two structures of the intact bacterial ribosome from Escherichia
coli determined to a resolution of 3.5 angstroms by x-ray crystallography.
These structures provide a detailed view of the interface between the small
and large ribosomal subunits and the conformation of the peptidyl transferase
center in the context of the intact ribosome. Differences between the two
ribosomes reveal a high degree of flexibility between the head and the rest of
the small subunit. Swiveling of the head of the small subunit obsarved in the
present structures, coupled to the ratchet-like motion of the two subunits
observed previously, suggests a machanism for the final movements of mes-
senger RNA [mRNA) and transfer RNAs [tRNAs) during translocation.

Protein biosynthesis occurs on the ribosome
in all forms of life. Ribosomes in bacteria are
21-nm particles composed of a small {305)
and a large (50.5) subunit that associate to
form the mtact 708 rbosome (7). In contrast
to maost ecllular machines. the ribosome con-
tains o functiomal core of RNA that is en-
hanced hy ribosomal protcins and accessory
factors. All ribosomal functions rely in large
mecastre  in some cases entircly  on ribo-
somal RNA (IRNA)Y. In paticular, tRNA s
responsible for catalyzing peptide bond forma-
tion (2, 3) and contributes to mRNA decoding
and to mRNA and tRNA translocation after
peptide bond formation {4-6).
Atomic-resolution struetures of the 308
and 505 ribosomal subunits have provided
insight into the mechanism of protein syn-
thesis (1, 8, 7). ITowever, proten synthesis
occurs only in the context of the intact ribo-
some, [mitlation of twanslation generally begins
with mRNA start codon recognition and ini-
tlator tRNA Dbindimg to the small subunit.
Subscquently. the large subunit associates with
the small-subunit complex, and the elongation
cycle begins (7). During the clongation eyele,
the 1ibosomal subunits maintain a delicate bal-
ance of stable intcractions with a large degree
ot tlexibility, The structure of the translating
rbosome has been modeled by comparnng
atomic-resolution structures of the 305 and
505 subumits (8§—17) with low-resolution x-tay
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crvstal structural models and  several crvo—
clectron microscopic (eryo-1:Mj  reconstrie-
tions of the E. coff 708 mibosome and of the
yeast and mammalian B0S ribosome (/2 29).
Although the low-resolution structures reveal
many of the large-scale motions in the ri-
bosome that occur during the elongation cvele,
the nnderlying meolcenlar mechanisms that
control these motions remain imknown.

We now deseribe two struetwres of the
mtact 705 ibosome trom £, coff at a resolution
of 3.5 A. based on crystals that contain two
independent coples of the ribosome per
asymmetric unit. Intrigningly, the two ribo-
somes in the crystal adopt stikingly different
conformations that may relate to the trigger of
mRNA ad 1RNA movements on the small
subunit during translocation (37, 37). The
structures also reveal a high degree of solv-
ation at the subunit interface that may
facilitate mtersubunit movement (76). Finally,
relative to isolated large subunits. the strue-
tures of the mtact 1bosome exlibit ditferences
in the peptidyl transferase conter that may
retlect the dynamics necessary for rapid pep-
tide bond formation.

Structure determination. £ cofi 70§
ribosomes. purificd as deseribed (74) and
depleted of ribosomal protein S1 (32), formed
crystals that contained two unique copics of
the nbosome and diffracted x-rays to beyond
3.5 A resolution {table S1) (33). Structure tac-
tor phases were nitially obtamed by molec-
ular replacement using a 9 A resolution model
of the 705 mbosome derived from atomic-
resolution structures of the 305 and 508
subunits (74). The resulting model for two
nbosomes was then retined agamst 3.5 A
stricture factor amplitides by iterative ronnds
of torsional dynamics and manual rebuilding
{table S1) (33). Differences in the structures

of the two rnbosomes limited the use of non-
crystallographic restraints in the refinement to
donuins within the small and Loge nbosomal
submnits {table 82) (33).

The present model consists of two nbo-
somces in which the rRNAs (165 rRNA_ helices
hl to hd5, m the small subumt; 235 1RNA,
helices HY to H101, and 58 rRNA in the large
subunit) and ribosomal proteins (52 to 821
and L2 to L36 in the small and large sub-
umits, respectively) are modeled with £, coff
sequence (34, 33). Beeause refinement of the
Large-subumt proteins 1s ongomg, the results
presented here include only those large-subunit
proteins for which the modeling s nearly
complete. At 3.5 A resolution, the RNA back-
bone 15 visible and bases can be distmguished
at the level of purines and pyrimidines in many
regions of the structure. Ribose puckers have
been modeled on the hasis of stercochemical
constraints on the allowed torsional angles in
nucleotides and their fit to cleetron density
maps. The proteing are generally resolved at
the level of the backbome, and protein side
chains arc evident in well-ordered regions. In
addition, hydrated magnesium ions appear
clearly in most parts of the clectron density
nup. The model contains more than 170 Mg+
ions per ribosome.

Figure 1 shows the overall structure of
one of the ribosomes in the “standard™ view
{Fig. LA: 308 subunit m front, 05 subumt to
the rear) and in a “top” view (Fig. 1B). Ree-
ognizable features of the small subunit melude
the head. body. shoulder, platform. and spur.
On the large subunit, the mam features melude
the L1 arm, consisting of protein L1 and its
235 1RNA binding site; the central protuber-
ance (CP): the A-site finger (ASF) RNA helix;
and the region near proteins L7112, which
includes the L11 arm, consisting of protein
L1l and 1ts 235 tRNA binding site. Nearly all
of the rRNA and proteing are wisible in the
electron density. The structural elements that
arc not fully modeled beeanse of disorder
mmclude regions that are known to be highly
mobile within the rihosome (2/. 27, 36): most
ot the L1 arm (L1 in Fig. 1), proteins L10,
L7/L12. the end of the ASF. the free end of the
LIl amm, and the N and © temuom of some of
the ribosomal proteins.

Rotation of the 30§ subunit head and
implications for tRNA movement. The two
nbosomes 1 the crystallographic asymmetric
unit {termed ribosomes | and (1) adopt different
conformations primarily as a result of rigid-
body motions of domains within the subunits.
The most strilking difference is that the head of
the small subunit has swiveled as a rigid body
aronnd the neck region by 6° in the direction
of the exit tRNA binding site (E site) 13-
bosome Il when compared to ribosome [
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Fig. 1. Structure of intact £ cofi 705 ribosome. (A} View from the solvent
side of the 30S subunit. rRNA and proteins in the 305 subunit are colored
light blue and dark blue, respectively. 235 rRNA and proteins in the 508
subunit are colored pray and magenta, respectively. 55 rRMA is colored
purple. 308 features include head, neck, platform, body, shoulder, and spur.
508 features include L1 {protein L1/rRNA arm), CP {central protuberance),
ASF {A-site finger), and L11 (protein L11//RNA arm). The approximate
lacation of proteins L7/L12 and the tip of the ASF, not observed in the
structure, are in gray. (B} View rotated 907 about the horizontal axis in {A).

{(fig. 813 (33} In mrn. the position of the head
ot the small subumt m mbosome I 15 rotated
toward the 1 site by 6 when compared to the
55 A structural models of the Thermus ther-
mophiluy TOS ribosome. which contain mRENA
and tRNAs bound in the A and P sites (15) or
in the P and £ sites (72), respectively (fig. 81).
Thus, the total rotatiem of the head that 1s
obscrved in the three struetures is abont 129 or
20 A at the subunit interface (Fig, 1C).

The rotation of the head domain of the
small subunit seen n the present structures
parallcls the trajectory of tRNAs through the
rbosome and may provide @ mechanism for
controlling MRNA and tRNA movement dur-
g translocation. After peptide bond forma-
tion, the tRNAs move from the A and P sites
m the pretranslocation state to the P and E sites
in the posttranslocation state. The pretranslo-
cation tRNAS occupy a hybnd state of binding
(AP and P/L° sites) at least transiently before
translocation is complete {Fig, 2A) (37), Recent
biochemical evidenee also suggests that mRNA
and tRNA tmslocation requires an “unlock-
ing™ step on the small subunit (36, 37, 38).
Peptide bond formation allows tRNA move-
ment on the large subunit and permits a
ratcheting motion of the subumnits required
for translocation (76, 2/, 27, 38 3%) (Fig.
2B). Spuahn et af {27) proposed that subse-
guent rotation of the head of the small subunit
{Fig. 2B) directs movement of the tRNAs to
the I and E sites. [Towever, the structural basis
for the “nnlocking™ cvent remains unclear.

The present structures provide a detailed
view of changes in the small subunit that allow
swivelmg of the head, and also suggest a
mecchanism for “unlocking™ the small subunit
to complete translocation. In comparsons
between ribosomes |oand 1l and the ¥
thermophifus 305 subumnit, nearly all ot the con-

formational changes responsible for the rigid-
body rotation of the head are concentrated m
four base pairs (nucleotides 929 to 932 paired
with 1388 to 1385) in h28 of 165 RNA (Fig.
2077 (33). [t is noteworthy that six of the seven
base pairs in helix h28 are G-C base pairs m
maost hacteria (fig. 82). This high (G-C’ content
1s highly conserved across all kingdoms {34),
which suggests that helix h28 may act as a stiff
spring to absorb the strains mduced by the
rotation of the head domain (40).

When compared to previous results (8, 1.2, 15),
the present struchwres reveal that the “lock™
that must be opened dwing translocation 1s
likely a steric hlock hetween the P and 15 sites
on the small subunit, In all of the available
structires, the path that A-site tRNA traverses
to enter the P site 1s relatively unobstructed on
the small subunit. [n contrast. residues 1338
to 1341 m 165 1RNA form a stable 1idge m
the head of the small snbunit (fig. 82) that
sterically separates the anticodon stem-loop
of P-sitc tRNA from the i site (72, /5). Ina
5.5 A structure of the pretranslocation state
(45) and in an 11 A structure of a P/ hybrid
state {27), the G1338-UJ134] 1idge m the head
and AT in the small-subunit platform leave a
eap of only 12 to 13 Ag fig. $2); meove than 20 A
would he needed for an A-form RNA helix
to pass through. This “lock™ m the small
subunit seems to allow tIRNA movement to the
P/E hybnd state, but prevents complete trans-
location (24, 37). The observed rotations of the
head domain of the small subunit in 1ibosomes [
and I do not increase the gap, and the head
domain would retain tight packing with the P-
site tRNA anticodon stem (Fig. 2D). Interest-
ingly. the conformation of the 308 subunit in
nbosome II resembles that of the 408 subunit
in the yeast 80S ribosome bound to clongation
factor eEF2 and surdorn, with respect to rotation

Il - T.th.

Letters indicate the approximate alignments of the aminoacyl (A), peptidyl
{P), and exit (E) tRNA binding sites at the subunit interface. The 5 to 3
direction of mRNA, which threads around the neck region of the 305
subunit, is also indicated. {C) Position of the head domain of the 30S subunit
in ribosome |l compared to the T. thermophitus 705 ribasome. Differences in
the position of corresponding phasphorus atams (light blue) and Co
positions for 513 and 519 {dark blug) in the two head domains are shown
as vectors pointing in the direction of the arrows. The view is 50° about the
horizontal axis in Fig, 1A.

of the head domain (27). However, the confor-
muation ot the 408 subunit m the veast 805
ribosome cliF2-sardorin complex opens the
gap between the GI1338-Ul34] ndge and
AT to more than 20 A, sufficient for P-site
tRNA 0 move into the E site (Fig. 2E).

The mechanism for tRNA and mBNA
translocation may therefore mvolve three types
of movement within the small subunit: an
overall ratcheting, swiveling of the head, and
an opening of the tRNA binding groove to allow
P-site tRINA to pass into the E site (Fig. 2B).
Opening of the tRNA hinding groove may
represent unlocking of the small subumit, and
this likely ocenrs physiologically only during
or atter guanosine tnphosphate {GTT) hvdrol-
ysis by clongation factor LF-Gi (27, 3. 3/).
The precise ordermg of these motions, how-
cver, will require new stroctiral information
about translocation intermediates.

Positions of the L1 and L11 arms in
the 505 subunit. Two regions m the 30§
submnit that change position as part of the
translational elongation ¢vele are the L1 and
L11 arms. The L171 arm contributes to the ac-
tivity of Initiation, elongation, and release
factors (I8, 19, 27 23 25, 47 43). whercas
the L1 am is thought to influence movement
of tRNA into and out of the 1 site (/2. 27). [n
the two E. coff ibosome structures, which lack
hound tRNAs and translation factors, there arc
no contacts between these regions and the core
of the mbosome that fix ther respective po-
sitions. The different positions of the L1 and
L1l wms m the two structures depend on con-
formational changes within RNA helices (fig
53) (33). This meuns that three of the larze-
scale motions identified within the ribosome
movement of the L1 and L11 ams and
swiveling of the hcad domain of the small
subunit—depend on confomutional changes
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Fig. 2. Small-subunit tRNA binding sites and translocation intermediates. (A} Schematic steps in the
mRNA and tRNA translocation reaction. After peptide bond formation, the pretranslocation complex
(1) binds EF-G and shifts to the hybrid state of tRNA binding (complex II). Subsequent GTP hydrolysis
by EF-G leads to the posttranslocation state (complex Ill). [Model abbreviated from (37)] (B) Model of
structural changes in the ribosome that contribute to translocation, viewed as in Fig. 1A. Arrows
indicate motians of the small and large subunit proposed ta occur during the ratcheting mechanism:
ratcheting of the small subunit, rotation of the small-subunit head domain, opening of the tRNA
binding groove {asterisk), and lateral movements of the L1 and L11 arms (76, 27, 27). (C) View of the
confarmational differences in h28 of 165 rRNA in ribasomes | {blue) and Il (red). The direction of view
is indicated to the left. (D) View of the tRNA binding cleft in the 305 subunit, from the perspective of
the large subunit. The G1338-U1341 ridge and A790, which separate the P and E sites, are marked.
Molecular surfaces of the tRNA binding cleft in ribosorme | (left) and ribosome 11 {right) are indicated.
The shortest distance between the van der Waals surfaces is marked in each case. (E) Superposition of
the 305 subunit in ribasame Il (blue) with the yeast 405 subunit fram the 80S-eEF2-sardorin complex

{red) (27, 57). Molecular surfaces and distances are shown as in Fig. 2D.

within RINA helices, not on changes n tertiary
structure.

When compared to nibosome II, the L11
arm in ribosome | has moved toward the tRNA
binding sites at the subunit intertace by about
15 A (Fig. 3). This range of motion is the samc as
that observed in crvo-EM reconstiuctions of the
yeast ribosome as part of the proposed mecha-
nism of tanslocation (27). Similar but smaller
conformational changes were obscrved in eryo-
EM reconstructions of the E. cofi mibosome m
mRNA decoding intermediates (78, 22). In the
“elased” confurmation observed m obosome I,
and also in the 70 thermophifus 70S structures
{12, 15y, loop nucleotides U2473 to C2475 at
the end of HEQ may act as a physical stop,
preventmg turther movement mward towuard

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

the tRNA binding sites. On the other side, a
tertiary interaction to {2751 in the loop of
I137, also seen m the Huloaronfe marismortud
508 strueture (/). may limit ontward miove-
ment of the L1] wm (Fig. 3) (fig. 53).
Comparisons to the 305 and 50S sub-
unit structures. The overall contormations of
the I smeriemort, Deinococens racdiodurans,
and £, ceff 505 subunits are remarkably simmlar
(33). Apart from differences in the positions of
the L1 and L11 ams, chinges manly reflect
the maobility in 235 rRNA helices H69 and
II34, and parts of proteins L2, L14, and L19
(10, 1T). These rRNA helices and proteins all
reside m or near the subumt mertace, as
deseribed helow. By contrast. the 308 subunit
(&) nderzoes substintial rearrangement upon

RESEARCH ARTICLE

Fig. 3. Movement of the L11 arm in the two
ribosomes. Nucleotides U2473 to C2475 in H89
and the tertiary contact with G2751 are marked.
Proteins L6 and L11 from ribosome Il are shown in
green. Proteins L6 and L11 in ribosome | are not
shown for clarity. The direction of movement of
L6 is indicated by an arrowhead. The direction of
view is that of Fig, 1A.

h44

1430
h13

70S -q 305

Fig. 4. Conformational changes in the 305 subunit
when compared to the 705 ribosome. Helices
h13, h14, and h44 in the 305 subunit (red) and
705 ribosome {blug) are shown from the in-
terface side of the 305 subunit. Nucleotides and
rRNA helices near the bend in h44 are marked.

assoclation with the 3508 subunit (fig. S4).
Conformational changes oceur m the 305 sub-
unit body and penultimate stem of 165 IRNA
and 1 the relative position of the head and
body domains with respect to the plattorm.
The platform itself is ncarly indistinguishable
in the 305 and 70§ structures (33). The head
domain is also highly similar in the 305 and
70§ structures {33), although, as noted previ-
onsly. the head domain in cach 2 eoli 708
nbosome 1s rotated toward the E site when
compared to the 305 sobunit.

Changes n the body of the small subunit
when comparing 305 subunit striuctures to the
708 mobosome structures may be more rele-
vant to the mechanism of translocation than
to the mechanism of mRNA decoding. During
mRNA decoding. the shoulder of the small
subunit 1s thought to “close™ around cogmate,
bt not near-cognate or noncognatc  A-site
tRNAs {6). The shoulder of the small subunit
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Fig. 5. Bridges between the 305 subunit
and the 505 subunit. (A) Contacts at the
interface of the 305 subunit, color-coded
by type of interaction. Colors of rRNA
and proteins are as described in Fig. 1A.
Interactions that occur in only one of the
two ribosomes are marked by ribosome (I
or ll). Interactions with protein in the
opposite subunit, gold; interactions with
RNA, red. (B) Contacts at the interface
of the 505 subunit, color-coded by type
of interaction as in (A).

m both 705 nbosomes adopts @ conformation
similar to that in the “open™ 305 subunit
structures {6), which suggests that subunit as-
sociation has little effect on this structmral
rearrangement. By contrast, parts of helix hd44
in 165 rRNA. the penultimate stem that mmns
aleng the body of the smwll subumt, and
helices h8 and hl4 arc displaced laterally
away trom the platform side of the mterface
by 4 to 7 A in the 708 ribosome structures
when compared to the 308 subumit structure
{fig. S4). The result is a penultimate stem that
15 less bowed m the 705 mbosome (Fig 4).
Helices h®, h14, and h44 arc involved in a
number of intersubunit contacts, as descrnbed
below. which may explain the conformational
differences. Consistent with this idea, the
conformation of these helices in the ¥ fher
mophifus 705 ribosome structures seems to be
the same as that scen here (2, 75).

Interactiens at the subunit interface.
Previons structures of the ribosome have iden-
tified 24 number of intersubunit contacts, or
brodges, that hold the ribosomal subumits
together {12, 21, 27). In the present structures,
the brdges at the subumt inmterface {Fig 5)
bury more than G000 A? of solvent-accessible
surface area (44). [Towever, a number of the
intersubnnit contacts have been proposed to
IediTange, or even to break, as part of the
clongation cyele (/2, 27, 27). Apart from dif-
ferences in the comtacts to the head of the
small subunit (deseribed helow). the bridges be-
tween the two mbosoma] subunits at the mtertace
are similar in the two structures of the £ colf
nbosome, The RNA residues directly involved
in subunit-subunit contacts superimposc with a
oot mean square deviation of less tham 1 A
{33). When conmipared to the lower resohition
nbosome structures, the mtertiace between the
body and platform of the 305 with the 508
subumnit seen in the present structures adopts a
conformation closcst to that of the pretranslo-
catlon or postranslocation state {complexes I
or [ILin Fig. 2A) (/2. 15, 21).

Two bridges between the head of the small
subunit and the eontral protubcrance of the
large subumit  cryo-EM reconstructions are
nirrored in the stroetures of the 708 ribosonme
presented here. In the first bndge [Blb/Ble m
previons publications (72, 2£. 27)], ribosomal
proteins S13 and LS contact each other. Pro-
tein 8§13 plays a key role in subunit association
and in the fidelity of translocation because of
its interactions with L3 in the coentral protu-
berance and with P-site tRNA (&8, 21, 43-47).
In hoth the pre- and posttranslocation states
{12, 15, L3 1y dimectly across fiom the N-
terminal globular domain of 813, In ribosomc
I, this contact 1s offset because S13 and the
head of the small subunit arc rotated toward
the E site by several angstroms (Fig. 6A). The
offsct in ribosome | reswlts in weak contact
between 513, 519, and L5 (less than 400 Azin
buricd surface arca) (33). consistent with the
dyvnamic nature of this interaction {16, 27).

Strikingly. both the ratchet-like motion of
the small subunit in the 708EF-G/GMITNP
[guanosine  5'-(3,y-imidopriphosphate] com-
plex (24) and the swivel motion of the head
domain i nibosome L, although mechanically
difterent, result in similar contacts between
S13, S19, and L3, In ribosome II, the long o
helix extending from the globnlar domain of
S13 and running along the head ot the small
subunit forms a “‘rail™ that lics in a shallow
groove I protem LS (Fig. 6B). Inteructions
between the three proteins are not extensive
(=800 A? buried surfice area) (33), consistent
with the obscrvation that thc contact rear-
ranges durlng translocation (46, 2J).

The other bridge between the head of the
small subunit and the large subumit, bridge
Bla, inclndes the ASE (or H38 in 235 rRNA),
which spans the subumit imterface parallel to
the A and P sites (Fig. 18B). Uhis contact is not
visible m the present structures because of dis-
order at the end of the ASE in both ribosomes |
and IL Bridge Bla is clearly visible in the T
thermopdiifus ribosome structures and in post-

translocation complexes maged by crvo-EM
/2, 13, 21 However, in an interesting parallel
1o the structures of nhasomes Lund I, dus contact
is wvisibly weakened in the cryo-liM recon-
struction of the EF-GAGMPPNP posttermination
complex (27). The dynamics of the ASF contact
due to rotation of the head of the small subunit
and the ratchet motion may aid movement of
A-site tIRNA into the P site. The antibiotic vio-
mycin. which inhihits translocation, protects
nucleotides near the base of the ASF from
chemical modification (48); this finding sup-
ports a role for the ASF m translocation.

Interpretations of cryo-1iM reconstructions
Identify two possible pivot pomts on either
side of intersubunit bridge B3 for the ratchet-
g of the small subumit relative to the large
subunit {2/, 27) (Fig. 5). Bridge B3 contains
the largest RNA-RNA mmor-groove surtice
complementarity among the interface contacts.
which nmwy preclude large reamangements m
this bridge during translocation. Bridge B3
may therefore serve as the pivot point of the
ratcheting maotion. In bridge B3. two sheared
G-A base pars m hdd of 165 IRNA form a
type [ A-mimor nteraction (49) with two G-C
base pairs 1n II71 of 235 1RNA in the Luoge
subunit (Fig. 6CY (fig. S5 As observed m
other type | A-minor intcractions, nearly all
hydrogen bonds are satisfied by the close
packing interaction. lincrgetic contributions to
similar contacts within a group I selt-splicing
intron and during MRENA decoding suggest
that surtace complementarnty helps to stabilize
association, whercas hydrogen bonding com-
pensates tor desolvation (30, 31).

At the apex of the small-subunit platform.
bridge B7a (Fig. 5) involves the only cross-
subunit basc stacking intcraction. hetween
AT02 I h23 of 165 RNA and Al848 m
H&8 of 238 rRNA. In combination with
AlRAE, ATO2 tooms o vanlant of the A-nunor
motif (4¢¥) in which the adenosines pack
agamst adjacent C-G base pairs in II68 of
235 rRNA (Fig. 6127 (fig. 83). Intcrestingly,

4 NOVEMBER 2005 VOL 310 SCIENCE  www.sciencemag.org
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Fig. 6. Molecular interactions in the intersubunit bridges. (A} Contact between S13 and L5 in
ribosome |. (B] Contact between 513 and L5 in ribosome |I. Only the Cex traces for the proteins are
shown, because protein side chains are not clear in the electron density of either ribosome. Residues
that become inaccessible to solvent {44) are indicated in orange for L5 and in yellow for 513 and 519.
The direction of view is indicated in the center. (C) Molecular interactions in bridge B3. (D) Molecular
interactions in bridge B7a. (E] Molecular interactions in bridge B&. Waters modeled at the interface are
shown as red spheres inside the water-accessible volume, green mesh. (F) Close approach of
phosphates at the subunit interface near bridge B2¢c. Distances {in angstroms) between phosphate

oxygens are marked.

the helical geometry in this region of 238
IRNA 15 conserved between archasa {16} and
bacteria, whereas the residue at position 702 in
165 IRNA 1s kimgdom-specific (34). In the

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

ratchet-like meotion (Fig. 2B). the interface in
this region shitis by at least 6 A laterally with
respect to HBR (27, 27), indicating that this con-
tact must break during wanslocation.

RESEARCH ARTICLE

In striking contrast to the desolvated na-
ture of bridge B3, the neighboring bridge B6,
between h44 in 165 rRNA and H62 in 23§
rRNA, buries a large surface area that is al-
most entirely solvated. The minor grooves of
h44 and H62 contact each other sparingly and
leave a 6 A gap that can accommodate a
monolayer of water molecules (Fig. 6E)
(fig. 85) (33). These water molecules can all
be positioned within 3 A of minor-groove hy-
drogen bond donors and acceptors in both
subunits. Interestingly, many previously iden-
tified bridges between the center of the small-
subunit platform and the large subunit are
also highly solvated (/2) (Fig. 5). There are
many instances where phosphate groups from
both subunits lie within 4 to 6 A of each other
(Fig. 6F), suggesting that nonspecific ions form
part of the interface solvation network (52).
Other bridges that contribute only small re-
gions of direct contact in the present structures
are described in (33). The high level of solva-
tion at the subunit interface may be necessary
to allow ratcheting during translocation, where
the relative orientation of the two subunits
may change by 7° to 10° (21, 27).

Bridges B2a and B4 occur between the 308
platform and the 505 subunit (Fig. 5) and are
essential for subunit association (53). Bridge
B2a occurs at the functional center of the
ribosomal interface and is immediately adja-
cent to the mRNA decoding site, between the
top of h44 in 168 tRNA and H69 in 23§
rRNA, and extends under the P site toward hd5
and h24 (72, 18, 22). During mRNA decoding,
the closing loop of H69 resides immediately
below the D stem of A-site tRNA, whereas the
adjacent stem of H69 is located below the D
stem of P-site tRNA (72, 18, 22). H69 moves
laterally with respect to the small subunit by
6 to & A during the ratchet-like motion of the
small subunit during translocation (2/). Fur-
thermore, ribosome recycling factor (RRF)
causes the tip of H69 to peel away from the
30S subunit as part of the subunit dissociation
process (24, 54, 55). The present structures
provide a detailed view of H6Y in the context
of the 708 ribosome.

In the two E. coli ribosome structures, the
base of H6Y is identical in conformation through
base pair ¥1911/A1919. The loop at the end of
H69 has slightly different conformations in the
two ribosomes. possibly because of tighter
packing at the interface between hdd and H69
in rihosome [[ when compared to ribosome |
{fig. 85). However. a number of noncanonical
base patrs in the loop that likely comtribute to
submnit association is conserved in the two
structures, A widened reversed-TIoogsteen base
pair hetween W1911 and A1919. bridged hy
the 2-OIT of A1918, allows A1918 and A1919
to form an A-A dinncleotide platform (56)
{Fig. 7A). This projects AL1P19 into the nunor
groove of hd44 ncar bases 111406/1)1495,
where it also interacts with the base of
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G1517 (Fig. 7A). Nucleotide A1912, which
stacks on A1918 and forms a distorted reversed-
Hoogsteen base pair with W1917, projects into
the minor groove of base pair C1407/G1494 in
h44 of 165 rRNA (Fig. 7A). The nvolvement
of all three N1 positions of A1912, A1918, and
A1919 in packing interactions is consistent with
interference of subunit association when these
residues are N1-methylated by dimethyl sul-
fate (53). Other details of the bridge B2a in-
teractions are given in (33).

Bridge B4 near the base of the platform
likely remains intact even during the ratchet-
like motion of translocation (27). Bridge B4
involves stem-loop H34 in 23S rRNA and
protein S15 in the small subunit (57) (Fig. 5).
H34 extends from the surface of the 50§
subunit by about 30 A and has been observed
in different orientations in the isolated 50§
subunit structures (0, /7). This helix is nearly
60 A from the putative pivot point of the
ratchet-like motion between subunits (bridge
B3, Fig. 5), which may explain the need for its
flexibility m order to maintain intersubumnit
interactions. In the contact. the closing loop of
1134 forms a U-tum in which A7 packs
against a hydrophobic surface on 815 (Fig. 7B)
{tig. S5). In addition, Gln™ and Arg™ of S15
interact with the minor and major grooves of
the loop nucleotides, respectively. Methylation
of the N1 position of A715 has been shown to
mterfere with subunit association (33). Interest-
ingly, the N1 position of A715 is not in dircet
contact with any residue of etther subunit, but 1s
410 5 A from the guanidinium gronp of Arg32
m 515, The interference may therefore be dug
to a positive charge on 1-mcthyladenosine (38),
which would lead to charge-charge repulsion
with Arg™2.

Magnesium ion binding sites in the
705 ribosome. Formation of the 705 ribo-
some and the process of protein synthesis are
highly dependent on the concentration of
divalent metal lons I vito (39671}, Some of
the magnesinm dependencee is likely dne to the
close approach of phosphates at the interthee, as
deseribed above (Fig. 6F) (32). Intercstingly,
most of the specific magnesium lon binding
sites identified in the 305 subunit within the 708
ribosomie are identical to those in the isolated
308 subunit (62 (fig. 87 despite sequence
differences hetween the ¥ thermopdifus and £
cofi ibasomes and the conformational changes
that ocenr upon subunit association (Fig. 4)
{tig. S4). Compansons to the & merismorfud
508 subunit reveal that about 40% of the Mg?!
binding sites are conserved across kingdoms
and upon subunit association (#3) (fig. 87).
Mot of the Mg®~ ioms that are conserved
involve one to four inner-sphere coordination
sites to IRINA phosphate oxyviens and electro-
ncgative groups on the bases (N7 of purines,
06 of guanosimes, O4 and 02 of uridine, and
02 of eytidine). The networks of conserved
My~ binding sites indicate that magnesium

3

V1817 c1407

Fig. 7. Intersubunit bridges
B2a and B4. (A) Minor-
groove interactions between
He69 and h44 and h45,
broken down by region.
Atoms within hydrogen-
bonding distance, as men-
tioned in the text, are
connected by dashed lines.
(B) Molecular interactions in
bridge B4. Protein S15 in
the 305 subunit is in blue,
with relevant side chains

in green. The interaction is viewed from the left side of Fig, 5A (left) and from the right side of Fig.
5A (right). Electron density is visible for the side chain of Arg®® (R88) in ribosome II, but not in
ribosome 1. Other amingo acid abbreviations: I, lle; L, Lew; ¥, Val A, ala; Q, Gln.

ion cores arc a conserved part of RNA tertiary
structure within the ribosome {63, 64).

Comparison with the 305 and 505 snbunit
structures reveals only one clear example of a
specific magnesium  jon binding site that
becomes occupled when the subunits associate
to form the 708 ribosome. This site ocenrs in
the major groove of contact B3 {Fig. 6C). In
the structiue of the ¥ drermophiluy 308 subunit,
4 tully hydrated Mg site oceurs adjacent to
the tandem sheared G-A hase pairs (8). Upon
subumit association, this Me®! moves to adopt
inner-sphere coordination with (11417 (Fig. 60).
The sequence of 1685 IRNA near the ion is
identical in ¥! frermopdifuy and in £ coli (34),
ruling out sequence-dependent eftects.

Conformation of the peptidyl trans-
ferase center. The peptidyl transterase center
{PTC) of the nbosome 1s located n the Lage
rbosomal subunit at the base of a cleft that
binds the acceptor ends of tIRNAs (3, 1), Al-
though isolated 50 subunits are active in pep-
tide bemd fonmation, the rate of catalysls on 505
subunits is lower than that of intact 705 ribo-
somes by a fiwtor of about 1000 (43, 64). The
mecchanism used by the ribosome to accelerate
peptide bond tormation 1s thought to be due
almost entirely to substrate positioning within
the active site {67, 68), coupled to substrate-
assisted catalysis (6%). This suggests that con-
formational ditferences m the mtact nbosome,
when compared to isolated 508 subunits. may
be responsible m large part for the ditferences
in the ohscrved rates of peptidy] transfer.

In the two 705 nbosomes, the PTCs are
ncarly identical in conformation {33). Compar-
son of the F. cofi and D). radiodwrans struc-
tures indicates that the overall conformation of
the PTC 1s more closed m the 505 subunit than

in the 708 rihosomic, becanse of movement of
both P-site and A-site residues toward the
geometric center of the PTC (74 (Fig. 8A). [n
the 1 radiodurans 305 subunit structure, the
P-loop bases responsible for base pairing to the
CCA end of P-site tRNA ((3223] and (G2252),
as well as nuocleotides 2062 and 2063, arc
shifted laterally toward the A site, whereas nu-
cleotides L2584 and 12506 on the A-site side
are shifted toward the P-site side ot the PTC.
The PUC of the £ mearicmaoriui 508 subunit
18 also more closed melative to that in the 705
ribosome (3. 3, 33. 773 Howcever, in this casc
the P-site side of the PTC 18 essentlally iden-
tical, whercas in the £ coli 708 ribosomc strue-
tures, nucleotide TJ2306 on the A-site side has
shifted toward base A2451 at the side of the
PTC, and 2584 s rotated away trom A2451
{Fig. 8, B and C). A shift of U2506 toward
A2451 would have a substantial mpact on the
positioning of A76 m the A-site tRNA, because
of its mteractions with the base pair between
2506 and G2383 m 235 IRNA. A76 would
have to move toward the A2451 strand by 1.5 to
2 A 10 avoid steric clashes and to form hydrogen
bonds with the minor-groove face of the nu-
cleotide (Fig. 8C). Note that the difference
in conformation between the PUC in the £4
marizmortui 505 subunit and in the £, coff 705
ribasome does not scem to be driven by changes
at the subunit intertace. Instead, the position
of the factor binding site region (H91 and
[195 in 235 RNA) of the 2. marismortui 505
snbunit is moved toward the subunit interface.
which m tum aftects the position of the U2506
rRNA strand and the A-loop that forms a basc
parr with C75 of A-site tRNA (3, 3, 70-72).
In the 708 ribosome, some degree of
tlexibility in TJ2306 can be detected in one of
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Fig. 8. Peptidyl transferase center (PTC) in
the 705 ribosome. (A) Comparison of the
PTC in the E. coli 705 ribosome (gray) to
that in the D. radiodurans 50§ subunit
(red). (B) Comparison of the PTC in the E.
coli 70S ribosome (gray) to that in the H.
marismortui 505 subunit (red). (C) Model
for A-site tRNA CCA end binding to the E.
coli 705 ribosome A-loop. The position of
CCA bound to the H. marismortui 505

subunit was dacked on the basis of superposition of the entire PTC (33). Asterisks indicate minor-groove
interactions of ~2 A, if A76 is not shifted to account for the shifts in the £. coli rRNA.

the two ribosome structures. where clectron
density for the base 1s missing m simulated
anncaling omit clectron density maps  for
rbosome [ (fig. S8). This base 1s flipped out
of the basc pair. with (72383 toward L2585 in
one H, marisimortui 505 subunit structure with
bound CCA tmnucleotide substrate analogs (3,
and 15 not paited m the D, radiodurans struc-
ture (7). Furthemmore, two citical PTC nu-
cleotides In the mnemmost laver swrounding
the CCA ends of the tRNA substrates (3, 69)
are disordered in the 70S ribosome (hases of
T2385 and A2602; fig. S8). These nucleotides
adopt different conformations depending on the
nature of the substrates bound i the 508 sub-
mnit structures (3. 5, 71, 73). The degree of
flexibility seen m the 708 nbosome PTC, along
with a more “open™ conformation. may con-
tribute to more rapid peptide bond formation m
the 708 ribosome relative to the 508 subunit.
Conclusion. Comparisons of the twao
structires of the £ coli ribosome to previonsly
determmed x-tay cryvstal structures and crvo-
“M reconstrctions indicate that the E-G
catalyzed unlocking event dunng translocation
{30, 31 involves opening of the (11338-11341
ndge between the I and E sites on the small
subunit. ‘This model can now be tested The
degree to which large-scale motions i the

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

ribosome are concentrated in RNA helices is
surprising, miven the umversal conservation of
nearby residues (34). High-resohition strue-
tures of the nbosome in the different functional
states that drive these large-seale movements
will be needed to determine how they are con-
trolledd Also noteworthy is the high level of
solvation at the subunit interfice, especially m
the center ot the small-subumnit platform and m
bridge Bo6 {12). The functional roles of such an
mterface and how the imterfice rearmrnges
during tramslocation remain to be determined.
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The Onset of Planet Formation in
Brown Dwarf Disks

- 1,2%

Daniel Apai,

. i | 3
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Antonella Natta,* Thomas Henning,3 Cornelis P. Dullemond?

The onset of planet formation in protoplanetary disks is marked by the
growth and crystallization of sub—micrometer-sized dust grains accompanied
by dust settling toward the disk mid-plane. Here, we present infrared spectra
of disks around brown dwarfs and brown dwarf candidates. We show that all
three processes occur in such cool disks in a way similar or identical to that in
disks around low- and intermediate-mass stars. These results indicate that the
onset of planet formation extends to disks around brown dwarfs, suggesting
that planet formation is a robust process occurring in most young circumstellar

disks.

Plunet formation starts with the growth of sub-
micrometer-sized  amorphous grains in the
protoplanetary disks [e.g., (1, 2)]. Theory pre-
dicts that larger grains scttle faster to the disk
mid-plune, resulting m tlattened disk seometnies
[e-g., (2, 3)]. Obscrvational cvidence for dnst
settling has been tound for disks around voung,
low-mass {I" lanri) and intermediate-mass
{Ilertbig AeBe) stars [eg., ()] Substantial
dust processing in the carly solar system is
demonstrated by the high crystallinity ot some
comcts containing dnst from the epoch of their
formation (3). Recently, mtermediate-mass
stars were shown to have high crystallinity
only when larzer grams are present (6, sug-
gestimg o possible Imk between pram growth
and erystallization. Up to now, detailed dust
composition studies were limited to bright
disks of intermediate-mass stars. which sug-
gested very low or no crystallinity for disks
around low-mass stars [e.g., (#)]. [f troe. dnst
processmg would strongly depend on the stel-
lar propertics. and planct formation processes
would differ or not occur at all in disks of
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biclogy Institute, NASA Ames Research Center, Moffett
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very-low-mass stars, Recently, accumulating
cvidence indicates that crystalline silicates arc
present i disks of low-mass stars [e.z., {7, 8)].
l‘ven more surprisingly. ground-based photor-
etry of & brown dwat disk showed hints tor
grain growth and dnst scttling (%3, and crystal-
line silicate features were identified in the disk
of a brown dwarf candidate (7). These find-
ings set the question ot whether such few
hapiter-mass disks (/. /2) can form plancts.
In this report, we present mid-infTared spectra
of disks around very-low-mass young stellar
and substellar objects, We show that five out
ot s1x disks have highly processed dust: Large
grains and very high cryvstalline mass fractions
{~d40%) are tound. The comelation between
the shape and strength of the silicate enussion
feature observed for Ilerhig Ae/Be disks ex-
tends to brown dwarf disks. demonstrating, that
dust processing 1s independent of the stellar
properties. All the disks with highly processed
dust have strongly flattened disk structure, as
cxpected from dust settling. We conclude that
the first steps of plunet formation occurred m
these hrown dwarf disks, suggesting that cven
substellar disks can form planets.

Weused the Spitzer Space I'elescope and its
sensitive Inffured Spectrogmaph to survey the
complete population of substellar-mass objcets
with previously identified mud-indrared excess
cmission (73, /4) in the Chamaclcon | star-
formmg region. We obtained low-resolution
(AFAR ~ 60 to 120) infrared spectra hetween
7.7 and 144 wm, covenng the 10-pm silicate

emission feature, whose shape and strength is
determined by dust grain size and composition.
Our targets have been spectroscopically
classified as brown dwarf candidates or objects
on the stellar-substellar boundary {£3—76). The
obscrvations provide a yet-unigue cocval san-
ple {1 to 3 My) of cool objects with temper-
atures between 2300 and 3100 K, expanding the
range m stellar mass over which dust composi-
tion has heen studied to two orders of magni-
tude, a factor of two In temperature, and four
orders of magnitude in luminosity. The spectra
were tuken by using multiple ramp cycles and
reduced with the Spectroscopic Maodeling. Anal-
vsis, and Reduction Tool (SMART) reduction
package and rountines we developed (/6, 77).
We contirm nud-nfruired excess enission, mdic-
ative of disks. for six of our targets; the fluxes
of the two other objects (Cha 449 and Cha 425)
arc consistent with pure photospheric cmission
and are excluded from finther analvsis.

The speetra allow morphological compari-
son with the infrared spectrum of the inter-
stellar medinm and that of comet Hale-Bopp,
as shown n Fig. 1. All six brown dwardt disks
have emission featwres substantially hroader
than that ot the mterstellar medivm, mdicative
of larger grains [c.g., (/8)]. Whereas the spee-
trum of Cha ITel peaks at 9.8 um, simiarly to
the dominantly amorphons interstellar grains.
the other five targets show prominent crystal-
linc silicate emission featres with characteris-
tic peaks at 9.3 pm and 11.3 pm. In particular,
the specttumn of Cha 410 resembles that of
comet [Tule-Bopp. The tamtest of our targets,
Cha ITe®, shows a strong crystallme contribu-
tion, but because of its low simmal-to-nolse
ratio we excluded 1t fiom the further gquantita-
tive analysis. o link grain growth and crys-
tallization {7, 19), we studied the relationship
between the strength and the shape of the
silicate feature by plotting the flux ratio at 11.3
pm and 9.8 um against the peak over con-
tinuum tlux ratio (Fig. 2). To ensure homoge-
neity. we nsed a single procedwre to derive
these values for young intermediate-nass stars
(M), low-mass stars (7). and our hrown dwarf
sumple. For mtermediate-ass stars, a linear
corrclation has been proposed by (4): Wealer
teatures have more crystalline contribution. We
show that this corrclation is also valid to disks
around low-muss stars as well as tor brown
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Fig. 1. Continuum-

Silicate emission features from six brown dwarf disks
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interstellar medium and
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Feature strength and dust processing

tribution to the silicate 3
feature {flux at 11.3 um [
[F(11.3)] over flux at 9.8
um [F{9.8]]} as a function
of the emission feature
strenpth (peak flux over
continuum flux). The cor-
relation recopnized for
intermediate- and low-
mass young stars {Herbig
Ae and T Tauri) holds for
brewn dwarfs, but it is not
linear.

Continuum Subtracted F{11.3) / F{9.8)
*

Brown Dwarf
T Tauri
+# Herbig Aa/Be
410

Grain
growth

Grain removal

dwart disks, On the basis of a stmulation of a
silicate emission feature and alterations of its
dust composition. we also plot three vectors
mdicating small grain removal, gram growth,
and grain erystallization. The locations of our
targets i the plot demonstrate that dust
processing (grain growth. grain removal, and/
or crystallization) occurred m all of them. The
fact that the disks around intormediate-, low-,
and substellar mass objects tollow the same
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Peak aver Continuum

correlation shows that the dust processing is
very similar or identical in these systems. Be-
causc of the natwre of the plotted quantities. the
correlation becornes nonlinear for highly pro-
cessed dust (flux at 11.3 pm is greater than or
equal to flux at 2.8 wm) when the crystalline
cmission feature becomes dominant. We sug-
gest that for very strongly processed gramns the
featre strength may increase with increasing
crystallinity and will reverse the observed

REPORTS

correlation. The plot demonstrates that high
crystallinity is always accompanied by very
siilar gram growth tor stars of all masses,
stggesting a dircet link hetween these processes
and very smular time scales. The reliable age
cstimate of our clustered targets proves that
substantial dust processing occurs as rapidly as
1 to 3 My. Such rapid dust processing argnes
either tor etficient radial nixing, if’ the dust is
crystallized in the inner disk (27, or for the
carly heating of the disk through accretion
leading to crystallization at larger disk radii.
We quantity the dust processmg by decom-
posing the obscrved spectra into emission from
five dust species (/6) (fig. 82). following the
method applied for intermediate-mass stars
(#, I&). For comparison purposcs, we opted to
use the same five major dust species {amor-
phous: olivine. pyroxenc. and silica; erystalline:
forsterite and enstatite), cach with two grain
sizes (0.1-pm and 1.6-pm radii), to allow
characterization ot crystallinity and grain
growth in the upper disk layer observable in
the mid-intrared. The quantitative study of the
five brown dwarf disks confirms the morpho-
logmcal companison of the spectta: four of the
sonrces have significant contribution from
crystalline silicates (9 to 48% mass fractions)
and from large grains. As a next step we plotted
the crystallime mass tractions m disks of brown
dwarfs of low- (27) and of intermediate-mass
{6) stars against the (sub)stellar mass and tem-
peratmre (Fig. 3). Four out of five disks have
Igh crystalline mass fractions compared with
the disks of intermediate- and low-mass stars.
Remurkably, the previously suggested trend of
crystallinity incrcasing with the stellar mass
[predicting little or no crvstallimity tor low-mass
stars (M)] is not valid Our data show a slight
Increase i crystallimty with decreasing stellar
temperatares. |his trend can be interpreted keep-
ing i mind that intrared observations sample
smaller radii for the cooler disks than for the
warmer ones, It crystals form in the mner disk
and diffiise ontward via irbulence in a similar
way I all disks, probing the mer disks will
result in higher erystalline contribution. Apart
from this slight Increase, no obvious, direct rela-
tion exists between the stellar temperature and
crystallimity. We conclude that the crystallmaty is
largely independent of the stellar propertics and
is likely determined by local processes in the
disk. such as the cfficiency of radial mixing.
We find an apparent anticorrelation of crys-
talline nuss fraction with the ame of the objects,
also noted by (@) for intermediatc-mass young
stars; however, the large uncertainties n the
age cstimates for the isolated intermediate-mass
stars do not vet allow any fim conclusions {17).
Whereas the silicate cmission featwre is de-
termined by the dust grain properties, the con-
tinmum of the spectrun is defined by the disk
seometry. In Fig. 4 we plot the tlux densities
ontside the silicate cmission feature {at 8 and
13 um) and compare them with the enussion
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Fig. 3. Stellar and substellar mass Crystallinity and Stellar Properties
and temperature as a function of P71 A A B S B S R B R B R
the crystalline mass fraction. Mea- < AOE W - SN0K = 6000 K
surements of the brown dwarf disks [ Temperature
probe the relation over a much
broader parameter range than pre- Fiects Hu2 Brown Dwarf |
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Fig. 4. Dust settling in six brown dwarf Brown Dwart Disk Geometry

disks. The flux densities of the disks at 8
and 13 um are normalized to the 8-um
flux and plotted against the wavelength.
The slopes of the spectral energy distribu-
tions for flat and flared disks are aver-
plotted. All disks show intermediate
flaring; four disks are clase to the flat
geometry.

n

MNormalized lux density

from flat and flared disk models (223 Disks
with “flarcd™ geometry (disk opening angle in-
creasing with the radins) intereept more stellar
light. leading to steeply incrcasing emission
toward longer wavelengths, Maintaimng the
flared geomctry requires turbulent gas to lkecp
the dust from settlmg to the disk mud-plane.
13isk models snggest that with increasing dust
grain size the gas-dust coupling becomes met-
fective. leading to the gradmal scttling of the
dust toward the mid-plane and a flatter disk
structure. [n this evolutionary pictre, all gas-rich
disks stant with tlared geometry and will evolve
to flat disks as the resalt of dost evolution. In
agreement with fhis sequence, we find that the
five disks with highly processed dust have in-
termediate or flat disk geometiies, demonstrating
that dnst settling has occtured similarly to that in
disks of low-muss stars [eaz, (4)]. The sixth

Flat Dy

& 10 12 14
Wavelength [um]

object, Cha Hel. is closer to the flared disk
model, consistent with the less processed grams
as derived in Fig. 2. The identificd dust settling
implics that dust grains larger than those ob-
served 1n the upper, optically thm disk laver
are present close to the disk mid-planc {23).
[Iere, we showed that gram erowth, crystal-
lization. and dnst settling have occwrred in
brown dwart disks. It appears that the first steps
of planet formation are very similar or identical
m disks around intermediate- and low-mass
stars and cven in the substellar regime. We sug-
gest that the central star does not play a key role m
the planct formation steps beyond grain growth:
Luarge gpums (=100 pmy or snwll plimetesimals
will evolve independently of the central object. 1t
seems thus likely that planetesimals, and eventu-
ally plancts. will also form in brown dwarf disks,
underlining the robustness ot plunet formation.

We speculate on the expected planetury archi-
tectures by scaling the minimum-mass solar neh-
ula [10 to 70 Jupiter mass (24)] to the mass of
the two brown dwarf disks with measured
masses (12). The mimimum-muss solar nebula
gives hirth to an ensemible of plancts with 1
Jupiter mass and below: It the brown dwart disk
mass is distritbmted in a similar fashion, the most
massive plnets are expected to be Neptme-
like. There should be enough material present to
form terrestrial planets in the mer disks, and
therefore the closest brown dwarfs should be
Important targets tor fiture planet searches.
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A Sporadic Third Layer in the
lonosphere of Mars

M. Pitzold,’® S. Tellmann,’ B. Hausler,” D. Hinson?
R. Schaa,' G. L, Tyler®

The daytime martian ionosphere has been observed as a two-layer structure with
electron densities that peak at altitudes between about 110 and 130 kilometers.
The Mars Express Orbiter Radic Science Experiment on the European Mars
Express spacecraft observed, in 10 out of 120 electron density profiles, a third
ionospheric layer at altitude ranges of &5 to 110 kilometers, where electron
densities, on average, peaked at 0.8 x 109 per cubic meter. Such a layer has
been predicted to be permanent and continuous. Its origin has been attributed to
ablation of meteors and charge exchange of magnesium and iron. Our
observations imply that this layer is present sporadically and locally.

Photochemical processes control the behavior
of the ionospheric layers of Mars. in a manner
similar to the lavers of Earth or Venus., The
first detection of a strong main layer of the
martian lonosphere, at an altitude of 135 km,
was accomplished in 1964 with Mariner 4 by
use of the radio occultation method ().
Indications of a sceond, lower layer at 110
km were seen with Viking (2) m 1977, Mars
Cilobal Surveyor (MGIS) has conducted frther
studies of these lavers (3) since 1999, Although
the nentral atmosphere is mainly composed of
{0, the mam 1on found by the Retuding
Potential Analysers (4) on board the Viking
landers in the altitude range ot both lavers was
O, ! which forms as a resnlt of mwolecular re-
actions of oxyeen with wnized carbon dioxide.
The Mars lxpress Orbiter Radio Science
Experiment (MaRS) camied by the European
Space Agency (ESA) spacceraft Mars xpress
{MEX) sounded the martian atmosphere and
ionosphere during the first {(April to nid-
Aupgust 2004) and second {December 2004 to
January 2003) Larth occultation scasons. MIEX
used a radio carmier uplink frequency of ~7100
MHz and corresponding. coherent downlink
frequencies of ~2300 and 8400 MIL:. Duning
occultation events, the spacceraft disappeared
behind the plmetary disk of Mars as seen from
the Larth. with the result that the MEX nplink
and downlink radio signals passed through the
ionosphere and atmosphere from the surface to
4 maximum alttude of ~1300 km (5). We
report here a specitic feature seen in some of
the MEX 1onospheric electron density protiles:
the presence of a sporadic third layver between
65 and 110 km m altitude, well below the
previously known two higher lavers.
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Dhoing the first occultation season {6), the
MaRS experiment retricved 90 profiles of
pressure, temperature, qnd neutral number den-
sity from the lower atmosphere. together with
profiles of electron density trom the overlying
ionosphere. Another 30 profiles of the nentral
and lomized atmosphere were obtained dunng
the second ocenltation scason (7). The data sct
from the first occultation season may Dbe
divided into two parts comprising 13 profiles
obtained i April 2004 [solar longitude (L) =
13% to 21°]. covering solar zenith angles 85” to
LO8® at local moming times of about 04:30
to 05:15 and 77 profiles (£_ - 32° to 747).
covermg solar zenith angles 70° to 84° m late
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afternoon at about 17:00. A stuble, two-layer
ionospheric structre with peak altitudes of
~130 and ~110 km for lavers M1 and M2,
respectively, was evident during the day (Fig.
LAY (&), The peak electron densities were on
the order of 1077 clectrons per cubic mcter for
the M1 layer and ~30 percent less for the M2
layer (9). Although clearly absent in Fig. 1A a
third layer {M3) can be seen in Fig. 1B, where
the data has been treated in the same manner.

The third layer 1s evident in 10 of 120
obscrved MaRS profiles, as indicated by a
clear merease In electron density of about 2 to
§ times one standard deviation of the electron
density fluctnations. Part of the third layer is
lndden m the lower portion of the secemd
layer: this aspect of the profile is revealed by
subtracting tits to M1 and M2 from each ob-
scrvation model (Fig. 2). In instances when the
third laver was not present, the lower lono-
sphere is accurately represented by a superpo-
sition of two Chapmun density functioms (Flg.
1A). The residuals in Fig. 1 are of the mag-
mitude of the general electron density tluctua-
tions observed in the topside ionosphere.

The occurrence of the third laver was naot
limited to speeific times of the day or locations.
We observed this layer m the early moming and
afternoon in the northern hemisphere, in the
equatorial region, and at mid-southem latitudes.
The layer was not found in the 20 ionospheric
observations at night, all of which were at high
southern latimdes during winter. The observa-
flons are too limited to exclude the occurence

W

Mz

third layer M3

50+ t t + + t
0 2 4 6 8 10

12

50 -1 } } } } }
o 2 4 53 8 10 12

Electron density (10'C el/m%)

Fig. 1. (A) The typical stable two-layer structure of the electron density in the martian ionosphers
{solid circles), with main layer M1 and secondary layer M2 observed on DOY 171, 2004, orbit 527, at
the ESA ground station New Norcia. A Chapman Tonization model fit to the lower ionospheric densities
{solid line) was substracted from the observations in order to assess the mapnitude of the electron
density fluctuation {open circles), which is not higher than that at much higher altitudes. el, electrons.
{B) Data from observations similar to those in (A) on DOY 109, orbit 314, showing layer M3 with peak
ionization near 90 km. Peak density in the layer was ~8¢ in the 100- to 150-km altitude range {open
circles). This layer was present in —~10% of observed profiles in the 75- to 105-km altitude range.
Altitude is with respect to the Mars Orbiter Laser Altimeter reference surface.
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ot a third layer at night; however, it 1s clealy
somewhat rare during the conditions of abser-
vatlons reported here (table S1).

A third layer containing metallic ions has
been predicted to torm between 80 and 100 km
in altitude (/1 /2). The sowrce of these ions is
charge exchinge of Fe and Mg denived from
ahlation from meteorites entering the martian
atmosphere. This phenomenon 1s well known
in Larth’s ionosphere at an altitude of 95 to
100 km (13).

The MaRS data show that the observed
layer 1s not & permanent and contmuous fea-
ture of Muars’ upper atmosphere but 1s geo-
graphically localized and sporadic. The third
layer was detected on two consecutive days,
with ohscrvations three orbits apart (orbit pairs
292, 205 and 311, 314). In both cases, the
locations of the profiles were ina 3° latimde and
30° longmtude range. Apparently, if the third
layer is formed by metcoric ablation. the
recombination rate must be low and the metallic
ions mnst remain in the local arca and altitude
range for a time that 1s longer than the time
difference of ~20.1 howrs hetween three
subsequent orbits. This comresponds to 2947 of
Mars rotation. in order to be consistent with
these observations. Our analysis of orbits 525 to
528 provides cvidence of the layer’s locali-
zatlon I space. We observed the third layver
during orbit 526, although this layer was abscnt
m the preceding orbit 523 and i the following
orbits 527 and 528, over arcas separated by 98¢
m longtude,

The third layer could be formed within a
dust laver present in the upper atmosphere, as
scen by other instruments on MEX (£, /3.
This dust layer may also be created by the -
flixx of meteors.

g
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In order to test whether or not the third
layer is a tme feature of the atmosphere and
not within the mherent general density fluctua-
tions. we made usc of the Chapman models fit
to the observations (Fig. 1) (16). We subtracted
the best-fit model from the 10 profiles that
showed lonization below 100 km (Fig, 2). We
then computed the standard deviation. o,
from the differences between the fit and
observation in the 100- to 130-km altitade
range and compared the result with the resid-
nal between 60 and 100 km in altiade. The
peak amplitude of the layer M3 was 10 o,
[v., table 81, day of vear {DOY) 102]. The
mecan peak signal-to-noise ratio for the group
was 6.3 o, . For comparison, the mean am-
plitude of the density flnctuations well above
the topside lonosphere i the altitude range
between 606 and 670 km. mainly influcnced
by propagation of the radio carmer m the so-
lar wind, is within 10% of that at the lowcer
levels.

The altitade of layer M3 appears to be
correlated with the altitude of the M1 peuk,
suggesting that the ionosphere and the forma-
tion of the third layer ave related. The altitude of
the peak ionization of M1 moves to lower
altitudes with decreasmg solar zenith angle, and
the third layer peak follows the samc trend. The
altitude range for the moming profiles (Fig, 2A)
was higher than for the afternoon profiles (Fig.
2B). The aftermoon profiles appear to be more
wonfined and narrower.

The murtim atmosphere 1s thus of sutfl-
cient density between 7 and 100 km in alti-
tude to provide the drag needed to heat and
ahlate meteorites. The density in the Larth’s
atmosphere above 25 km where the meteonitic
layer has been found (737 is slightly higher than
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120 F
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LGy 182 coblt 568
DY 176 oohit 506
LG 171 coblt 526
DO 1RZ o-hit 495
DO 156 o-hit 473

—O— DQY 109 oobit 314

et —8— DO 108 oot
—0— DQY 103 nobit 205
—a— DOV 102 0Bt 202

50 t t t + t +

10 12

00 0.2

Electron density (10'? el/m?

Fig. 2. Electron densities from the 10 profiles in the 50- ta 130-km altitude range after remaval of
the Chapman profile fits to M1 and M2, In the absence of a third layer, the electron density
fluctuated around 0 in the 70- to 130-km range. {A) Morning profiles. (B) Afternoon profiles.

the neutral density of the murtian atmosphere
at 75 km (the lower range of the third layer)
and 1s one order of magnitude lagher than the
martian atmosphere at 95 km in altimde. This
would explamn the simmlar ablation effect of
meteorites on Mars and larth, but the slightly
thinner atmosphere at this level on Mars means
that meteors of larger kinctic energics than on
Eurth are required for ablation to oceur above
75 k. This would then explain the sporadic
oceurrence of the third laver at its observed
altitude.
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Meteorite Phosphates Show
Constant 7°Lu Decay Rate Since
4557 Million Years Ago

Yuri Amelin

The use of radicactive decay of ""5Lu to "7 Hf to study the svolution of the
Earth requires a precise and accurate value for the 7SLu decay constant.
Recent determinations of this decay constant by age comparison to the more
precisely calibrated U-Pb isotopic system produced internally consistent but
discrepant values between terrestrial minerals and meteorites. New highly
radiogenic Lu-Hf data for phosphate minerals from Richardton {ordinary
chondrite) and Acapulco (primitive achondrite) yizld decay constant values of
1.864 x 10 "+ 0.016 x 10 " and 1.832 x 10 77 +0.029 x 10 "7 year °,
respectively, identical to the value determined from terrestrial minerals.

Radivactive decay of' 17Lu to 7811 provides a
patentially powerful isotopic tracer for smdy-
mg ealy planetary differentiation. Unfortu-
nately. the estimate for the '?%Ln decay rate
{A17Lu) is controversial {1—4).

Numerous y-counting studics of 7¢Lu
decay [summarized n {1, 2, 4-6)] vielded a
widely dispersed ammay of decay constant
estimates. These results indicate major um-
resolved amalytical problems o y-counting
technigques and do not constrain the A176Lu
with the required precision and accuracy for
geochemical applications. Age comparison
studies have produced temally consistent
but discrepant A17Lu values. Well-constrained
Lu-IIf amd U-Pb intemal isochrons for ter-
restrial rocks younger than 2.7 x 107 years
old vielded the 277°Lu values of 1.865 x
107 +0.015 x 107 Y year™! (7) and 1.867 x
10 " _ 0008 % 10 17 vear ' (2), whereas
several Lu-Hf whole-rock isochrons for
chondrites and achondrites (8—180) vielded
values in the range from 1.93 x 107! to
198 = 10 7 vear .

Decay constants determined by age com-
parison are reliable only if “the Initial event
starting the radioisotopic clock was so short
and simple as to be truly “point-like” in tme,
and whosc subscquent pertarbations were totally
nonexistent” (4). It 1s also required that the
ahundance of the radiogenic isotope {cxpressed
as PTIEYIH ratio) be sufficiently high as to
male any possible initial variations insignif-
icant. The samples used n the terrestrial age
comparisons (2. 7) satisfy these criteria.

Geological Survey of Canada, 5071 Booth Street,
Ottawa, Ontario K14 OE8, Canada. E-mail: yarmeling
nrean.ge.ca

www.sciencemag.org  SCIENCE

Meteonites analyzed for Lu-TItso fur (8—1G)
arc not so well smited for age comparison
determinations of A1%Lu, Chondrites comtain
components of wvariahle ages: chondmles.
refractory  inclusions, matrlx, and metamor-
phic mincrals. Uheir timing of acerction. and
the nature and tming ot the event that caused
most Lu-IIF fractionation, are uncertain.
Chondnites and basaltic eucnites have relative-
1y small variations i "7OTIH "I ratio and are
therefore sensitive to 4 real or an apparent
heterogeneity in the initial "IIE77IIE ratio
[Supporting Onlinc Material (SOM) Lext].
Cumulate eucrites, which show langer var
iations in Lu/HF and "SHTATTHF ratins, arc
metamorphosed rocks with complex and
prolonged geological historics possibly span-
mng as much as 100 to 150 million vears
{My) after solar system formation [c.g., (/)]

Ilere, I report Lu-IIf and U-Pb analyses of
phasphate minerals from two meteorites,
primitive achondnte Acapuleo and ordimary
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chondrite (HS) Richardton, and discuss their
implications for the ""Lu decay rate. Aca-
puleo and Richardton are well suited for an
age companson study. These meteorites are
recovered from observed falls and have low
degrees of shock and weathering (12—14).
More importantly, both meteorites have well-
documented tist cooling histories. The cooling
rate of Acapuleo is higher than 1000°C/My
n the temperature range above 400°C. Rapid
coonling continued down to 1207 as indi-
cated by an {UJ-Th)Tle age of 4538 1L 32 My
(la). indistingnishable from the 247Ph2%ph
age {13) on Acapuleo phosphates [{76) and
references therein]. Fast cooling makes age
companison using Acapuleo msensitive to the
possible difference in closure temperatires be-
tween the Lu-IE and U-Pb systems m Ca-
phosphates (f7). The average cooling rate of
Richardton was estimated to be 26° _ 13°C 0y
from 8007 to 450°C (/8) on the basis of 1-Pb
dates of chomdrules and Ca-phosphates and
cxperimental data for Pb diffusion in pyrox-
enes and apatite. This cooling rate 1s slower
than that of Acapuleo, but its influcnee on
age comparison is still small: liven a large
difference ot 300°C in the closure tempera-
ture between the Lu-Hf and U-Pb systems in
phosphates adds only a 12-My uncertainty to
the age. corresponding to a (1.26% uncertain-
ty In A'7Lu. Phosphates from both meteor-
ites were previously dated with the U-Ph
method, which vielded 7" Pb2"TPh ages of
4557 + 2 My for Acapuleo (73) and 4550.7 -
2.6 My tor Richardton (I8). The etfect of un-
certainty in these ages on AL determined
by age comparison 1s msigniticant. Phosphates
from hoth meteoritcs have concordant (or
nearly concordant) U-Pb systems, which sug-
gests that the isotopic systems of these min-
erals remained closed.

Fig. 1. Lu-Hf isochron diagram for Acapul-
ca phasphates. Regression of all 15 Lu-Hf
analyses yield an isochron with the slope of
0.08706 + 00014 and the y intercept of
0.2802 | 00012 [25, mean square of de-
viates weighted (MSWD) — 1.3, probability
of fit — 0.21] (SOM Text). Error bars are

I?SHﬂﬂ TFHf

08 F

04 F

2g, and are smaller than the plotting
symbols for mast analyses. The errars of
T7ELATTHE and THETTHE ratios are
assumed to be uncorrelated, as usually
done in Lu-Hf isochron caleulations. Howe-
ever, the errors can be comelated for the

ne 12
0.0

fractions 2 and 8, whera blank correction
e on V7Hf is sipnificant. Assigning error

o} 4 3 1z 18
175Lu,’177Hf
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correlations of 0.9 to these fractions
does not noticeably change the slope of
the isochron.
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Fig. 2. (A) Pb-Pb iso- 0.84
chron for Acapulco
phosphate fractions 1
to 6. 207Pb/2%Pb ratios
are not corrected for
initial commeon Pb. Iso-
chron regression yielded
an age of 45565 13
My, MSWD — 047, and
probability of fit — 0.76.
Error ellipses for apatite
and multigrain analyses
are smaller than the
plotting symbols; error
ellipse for the merrillite

080 |

078 |

Q72

ZD?P b. !206 Phb

Q.68 |

064 |

Q.60

Apatite single

0.84

Merrillite
single grain

207 pp2%pp

Rulti-grain
fractionz

grains

analysis is 2¢. (B} U-Pb
three-dimensional linear
regression for Acapulco
phosphate fractions 1

0.00 0.

to 6 The 207Pb/206Ph and 238U/205Ph ratios are not corected for initial
commen Pb. The regression yielded an age of 4556.4 + 3.2 My, MSWD —
5.0, and probability of fit — 0. Common-Pb plane intercepts at 205ph/20ph —

Fig. 3. Lu-Hf isachron diagram for Richardton
phosphates. Error bars are 20 and are smaller than
the plotting symbaols for analyses with lower
178Lu/17THf ratios. Regression of all 10 phosphate
analyses yielded an isochron with the slope of
008914 | 00023 and the y intercept of 0.292

0.062 {M5WD — 2.5 and probability of fit — 0.011).
Exclusion of fraction 17 {shown with open symbol),
which contains turbid grains, gives an isochron with
a slope of 0.08855 | 0.00074 and a y intercept
of 0.2792 0.0019 (MSWD — 0.55 and proba-
bility of fit — 0.80). The errors of 75Lu/"77Hf and
178HE{177HY ratios are assumed to ba uncarralated,
as usually done in Lu-Hf isochron calculations. The
arrors can be correlated for the fractions 20, 22,

Q.80
ona

2ph%py

0.03 0.04 0.05

|TEH”i77Ht

B0
B M TTHF

120 160

and 23, where blank correction on 77Hf is significant. Assigning error correlations of 0.9 to these
fractions changes the slope of the isochron to 0.08859 = 0.00074 and MSWD - 0.62. The difference in
the slopes of the isochrons calculated with uncarrelated and correlated errors is insignificant.

Acapuleo phosphates were separated (7¢)
from & ~0.4-g specimen provided by K. Martl
{Department of Chemistry and Biochemistry,
University of Calitormia, San Diego, La
Jolla. California 92093, 1ISA). Fifteen phos-
phate fractions, mcluding two single grains of
apatite. onc single grain of merrillite (8OM
Text), and 12 multigrain tractioms contaning
both of thcse minerals (2f). were analyzed
for Lu-Hf {(79). Regression of all 15 Lu-Hf
analyses produced an isochron (Fig. 1) with
the slope of 0.08706 + 0.0014. Six of these
fractions were also analyzed for U-Ph (2/)
and yiclded a 297 Ph206Ph-204Phi205 Pl { Ph-Phy)
sochron age of 43565 _ 1.3 My (Tig. 24)
and a three-dimensional total Pb/l! isochron
age {23) of 4536.4 _ 3.2 My (Fig. 2B). As-
suming that the slope of the Lu-Hf isochron
corresponds to the age of 4556.5 L 1.3 My,
the deeay constant of !"Lu is cstimated at
1832 % 10 7' _ 0029 x 10 "7 year ' [with
the nse of the cwrently accepted decay con-
stant values for U 1sotopes (24)]. The emmor of
#1%Lu includes uneertaintics in the Lu-Hf
sochron slope, Pb-Pb isochron age, and the
additional nncertainty of 9.2 My from the cr-
rors of decay constants of U 1sotapes (24, 25).

Richardton phosphates analyzed in this
study are splits ftom the material previously
analyzed for U-Pb (78). len phosphatc
fractions wmalyzed for Lu-IIf yielded am
isochron with the slope of (L0894 + 0.0023
{Fig. 3). Exclusion of fraction 17, which
contains turbid grains, gives an isochron with
a slope of 008855 _ 0.00074. Tas slope,
combined with the Pb-Ph isochron age of
Richardton phosphates ot 4550.7 L 2.6 My
(78). gives the AT7Lu estimate of 1.864 x
1078+ 0.016 » 1071 year™! (uncertainty
inchudes all sonrces of crrors as above).

‘The content of radingenic 1*HT is between
2.8 and 80.6% of the total amount of 79I in
the Acapuleo phosphates and between 19.6 and
97.9% mn the Richardton phosphates {table 81},
therefore uncertainty and possible variations
of mitial "I I do not significantly at-
feet the isochrons. The 1 intercepts of both
Lu-THf 1sochrons (0.2802 _ 0.0012 tor Aca-
puleo and 0.2792 + 00019 for Richardton)
agree within error with the solar system -
tial values obtained from whole-rock isochrons
for eucnites [0.27966 L 0.00002 (9)] and chon-
drites [(1.279628 — 0.000047 (767]. further sup-
peorting the validity of the phosphate 1sochrons.

Q.80

076 |

072

068 |

064 |

0.6

0e 07 0.8 0.4

QSSU[QDBPb

979 0.57 and 2"7Pb/2MPb — 10.60 1| 0.39 give an estimate for initial Pb
isotopic composition in the phosphates. Error ellipses for the U-Pb data
are shown with solid lines; concordia plane projections, with dashed lines.

A constant decay rate of 77*Lu over the
past 4.536 Giy has scveral implications. First.
the nitial I isotopic ratios of rocks and
minerals of any age. including the oldest
zircons, should be calculated by using the
decay constant value determined from ter-
restrial minerals (2, 7). Second, the reliably
lenown decay constant is a precondition for
determination of the initial state ot the Lu-TI
system in the Liarth and the solar systen.

Extreme fractionation of Lu and IIf by
metcoritic phosphates (the highest measured
V3L u/ I ratio of 142 in Richardton frac-
tion 22 is about 4000 times higher than the
average chondritic value) places severe limits
on the applicability of chondrites for deter-
mination of the solar system initial F$LuA7TIF
ratio. Lquilibrated ordinary chondrites. in
which a substuntial portion of Lu 1s contained
in Ca phosphates {SOM “l'ext), arc especially
prone to phosphaterelated Lu-IIF fractiona-
tion. Considering the degree of Lon-Hf frac-
tiemation - phosphates and  association of
phosphate grains with metal [(26) and refer-
ences therein], 1t s unlikely that even the most
careful crushing of cquilibrated ordinary
chondrites can produce powders with homo-
geneous LuTIf ratio. The most accessible
group of carbonaccons chondrites, the €V
chondrites, contain abundant refractory Ca-
Al-rich inclusions with strong wvolatility-
related fractionation of ture earth elements (27)
and therefore possibly fractionated Lun/Hf.
Primitive chondrtes, which were not atfected
by a high-temperatre mctamorphism, have
ratios of major refactory lithophile elements
close to the solar photosphere values (28):
CT, possibly OM, CT, and most primitive o1-
dinary chondrites might he better candidates
for determination of the initial solar system
L8 THE ratio.

The evidence that the spread of Lu/IIf ratios
is contralled by phosphate abundance {SOM
Text) 1s hard to reconcile with the model of
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enhancenment of the "Lu decay by pamma-
induced photocxcitation (2¢). Most chondritic
phosphates have ages similar to or younger
than the Richardton and Acapuleo phosphates
analyzed here {26) und thus postdate the
proposed photocxcitation. In this casc. the
slope of a whole rock chondotic Lu-IIE iso-
chron is expeeted to be similar to the slopes of
meteonitic phosphate isochrons.
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The Radiative Signature of Upper
Tropospheric Moistening

Brian J. Soden,™ Darren L. Jackson,> V. Ramaswamy,?
M. D. Schwarzkopf,® Xianglei Huang*

Climate models predict that the concentration of water vapor in the upper
troposphere could double by the end of the century as a result of increases in
greenhouse gases. Such moistening plays a key role in amplifying the rate at
which the climate warms in response to anthropogenic activities, but has
been difficult to detect because of deficiencies in conventional observing
systems. We use satellite measurements to highlight a distinct radiative
signature of upper tropospheric moistening over the period 1982 to 2004. The
observed moistening is accurately captured by climate model simulations and
lends further credence to model projections of future global warming.

The importance of water vapor in regilating
climuate 1s undisputed. It 1s the dominant green-
honse gas, trapping more of larth’s heat than
amy other gaseous constituent (1), As the cli-
matc Wwarms in response to increases in other
greenhouse gases such as carbon dioxide. the
concentrations of water vapor are expected to
inerease (2 7). [f water vapor concentrations
do increase in a warmer world. the added ab-
sorption will act to firther amplify the initial
warming. Models of Earth’s climate suggest
that this scrves as a powerful positive feed-

"Rosenstiel School for Marine and Atmospheric Sci-
ence, University of Miami, Miami, FL 33149, USA
Cooperative Institute for Research in Environmental
Sciences, University of Colorada, Boulder, €O 80305,
usA. *Geaphysical Fluid Dynamics Laboratory, Ma-
tional Ceeanic and Atmospheric Administration,
Princeton, N| 08542, USA, *Atmospheric and Cceanic
Seiences Pragram, Princetan University, Princeton, M)
08542, USA,

*Ta whom correspondence should be addressed.
E-mail: bsoden@rsmas.miami.edu

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

back. more than douhling the sensitivity of the
surtace temperature to an anthropogenic
forcing (8 7/).

All climate models predict that the concen-
tration of water vapor in the upper troposphere
will mncrease markedly m the future (9, 12)
However, the validity of such projections has
been debated for more than a decade (/3. 74).
Some argne that the concentrations in the
upper troposphere might actually decrease in
a warmer climate, given the simplified treat-
ment of convection and clond-related  pro-
cesses I curent models and the important
role that they play in governing the distribution
of moisture {15-17).

Here, we use climate mode] simnlations and
satellite measurements to demonstrate the
presenee of a distinet radiative signature of up-
per tropospheric molstening on interannual
to decadal time seales. The ohserved moisten-
oy 1 consistent with model simulations and
corresponds approximately to a constant rcla-
tive humidity increase m upper troposphernc
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moisture (74). We further demonstrate  that
without such an increase, the model would be
unable to reproduce the satcllite-observed ra-
diance record.

The distribution of water vapor is highly
varlable in both space and time. Because the
cquilibrium vapor pressure of water depends
strongly on temperature, the concentration of
water vapor diminishes rapidly with height.
Yet because the absorptivity of water vapor 1s
proportional to the logarithm of its concentra-
fiom, it 1s the fractional change M water vapor
mass, not the absolute change, that governs its
strengrth as a teedback mechanism.

Vode! calenlations of the fractional change
In global mean water vapor mixing ratio ({#)
using the Greophysical Fluid Dynamics Labo-
ratory (GFDL) atmosphenic general circulation
model (GOM) (27) indicate a distinet upper
tropospheric  amplification to the simulated
changes in water vapor over the past two dee-
ades {21) (fig. S1). A similar vertical ampli-
fication is predicted to occur over the coming
century in response to ncreases o anthro-
pogenic greenhouse gases and is a robust fea-
ture of all climate model projections (2. 7.2, 18).
Smwlations of the 21st-century climate from
the GiFDDL coupled occan-atmosphere model
Indicate an ncrease n lower troposphernic water
apor of ~20% by the end of the centry. ver-
sUs an upper troposphenic mcrease of ~100%
(21) (fig. 813. Such a differcnee highlights the
Importance of upper tropospheric water vapor
as a feedback mechanisn. and of its measure-
ment a5 a tactor in the detection and atiibution
of climate change.

Previous studies have demonstrated the
presence of regional moistening trends in the
lower troposphere since the mmd-1970s from
radiosonde measurements (22, 23). [ncreases
in the total column water vapor mass {19) have
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also been observed over the global oceans since
the mid-1980s from satellites (24, 23). These
lower troposphenic molstming wends are strong-
Iy linked to changes in swrface temperature and
are consistent with those expected under the as-
sumption of constant relative homidity.

The model used here 1s an atmospheric
GOM intcgrated with specified sca surface
temperatures {SSTs) (20). Four sets of model
integrations arc performed, cach starting in
Tanuary 1982 when satellite-observed SS8Ts
became available, and ending in December
2004. Because the global anomalies of the
ensemble members are nearly wWentical, only
the results firon the first member are displayed
m the figures, but the trends and standard
errors of the trends for all members are sum-
marized in Table 1 (26).

When forced with observed S81s. this
model successtully reproduces the observed
column-integrated  moistening changes over
this peniod (Fig. 1) ITowever, because the
mass of water vapor decreases rapidly with
height, the column integral is primarily weighted
by the lower troposphere, and its largely
thermodynamic behavior is unsurprising (2/).
Consequently, there is not much debate about
the projected increase of column-integrated
water vapor in response to global warming,
and its agreement with models provides only
limited reassurance in their simulation of water
vapor feedback (9).

In contrast, water vapor in the free tro-
posphere is not so directly constrained by
thermodynamic arguments (27), and its re-
sponse to global warming has been the subject
of long-standing controversy (9, 15-17). Given
the radiative importance of moisture changes
in the upper troposphere (9, 10), it is important
that humidity changes there are demonstrably
consistent between models and observations.
Although an international network of weather
balloons has carricd water vapor sensors for
more than half’ a century, changes in mstru-
mentation and poor calibration make such
sensors unsultable for detecting trends in
upper tropospheric water vapor (27). Simi-
larly, global reanalysis products also suffer
from spurions variahility and trends related to
changes in data quality and data coverage (24).

Satellite observations using the High Res-
olntion [nfrared Radiomecter Sounder (HIRS)
provide a global, temporally coherent archive
of radiance measurements in the 6.3-pm wa-
ter vapor absorption band frem 1979 to the
present. ‘Uhe radiance channel centered at 6.7
um {chamel 12) 1s sensitive to water vapor
integrated over a broad layer of the upper
troposphere (200 to 500 hP'a) and has been
widely nsed for stdics of upper tropospheric
water vapor (28). Because clouds strongly
attenmate the infrared radiation. we restriet
our analysis to clear-sky radiances in which
the upwelling radiation in channel 12 is not
atfected by clouds (29).

Table 1. The linear least-squares trend {_2 standard errars of the linear trend) for satellite observations
and climate model simulations of total column water vapor, T12, T2, and T2 — T12. The standard errors
are estimated following Weatherhead et al. {42). The rightmost column shows the trends for which the
GCM-simulated T12 was computed under the “no moistening” scenario (27). Satellite observed trends are
computed using the $SMI total column water vapor {25), HIRS T12 {21}, and MSU T2 for both RSS {38) and
UaH {37). GCM trends are shown for each of the four model ensemble members. Asterisks denote results

shown in Figs. 1and 2

Variable Satellite GCM GCM {no moistening)
Total column vapor {$%/decade} 1.40 - 0.78 {S5MI} 1.20 - 0.98*
137 078
1.20 - 078
1.32 - 0938
T12 {Kidecade} 0.00 — 0.04 {HIRS} 006 - 0.04* 0.24 L g.12*
007 - 004 024 -072
0.08 - 0.04 0.26 - .10
006 - 004 023 -012
T2 (Kfdecade} .17 - .08 {RSS) 0.19 - 0.08*
0.08 _ 0.08 {LUAH) 0.19 - 0.08
021 - 008
0.18 - 0.08
T2 — T12 {K/decade) 0.17 - 0.06 {RSS) 0.13 - 0.08* —0.04 - 0.04*
0.08 _ 0.06 {LUAH) 0.12 - 0.06 —0.05 _ 0.08
014 - 006 .05 - 004
0.13 = 0.06 -0.05 = 0.04

i T T

— Satellite Observed
Model Simulated

T

Column Integrated Water Vapor Anomaly (%)

Fig. 1. Global mean
{ocean-only) anomalies
in column-integrated
water vapor from GFDL
atmospheric GCM sim-
ulations forced with
observed SSTs [(20);
red] and satellite obser-
vations from the Spe-
clal Sensor Microwave
Imager (SSMI) [(25):
black].

Figure 2 compares the satellite-observed

cquivalent hlackbody temperatmres from chan-
nel 12 (T12) trom the MRS mstrument with
those computed from the model’s temperature
and meidsture profiles {30). Under clear skies,
T'12 is primarily sensitive to changes in relative
humidity averaged over a deep layver of the
upper troposphere (roughly 200 to 300 hPa)
{2/). Thus. if the water vapor mass in the upper
troposphere incrcases by conscrving relative
humidity as the atmospherc warms, only a
small perturbation to 112 wonld be expected

Althongh substantial trends in 1'12 do ocenr
regionally (34, 32), the globally averared ra-
diance record from HIRS shows little trend
over the 20-vear period. Tlas lack of trend has
been noted in previons smdies (27, 33 36) and
15 msensitive to the mtercalibratiem of the
radiance records from individnal satellites
{21). The model simulations also vield little
trend in global mean 112, implying that there
s little change in global mean relative

1996

2000 2004

hunudity over this period. In fact, the model-
simulated anomalics arce ncarly identical to
those obtained if one repeats the calculation of
112 under the assumiption of a constant rel-
ative humidity chinge i the model’s water
vapor field (2/). This confirms that both the
abservations and GC simulations are, to Hrst
order, consistent with a constant relative ho-
midity behavior

In contrast, consider the trend in 112 that
would result if there were no increase in water
vapor mass in the model’s upper troposphere
{(Fig. 2, top panel, green curve) (2/). [n this
case, the T12 would increase by more than
0.5 K over the period firom 1982 to 2000, more
than four times what was observed, as the re-
sult of an increasc in Planck emission (warm-
Ing) without & compensating increase
atmospheric attenuation {moistening]. Uhis dis-
crepancy 1s much larger than the stndard erwor
in the trend cstimates and is consistent across
all GCM ensemble members {Table 1), Thus,
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Fig. 2. Global mean time series of T12 (top), T2 (middle), and T2—T12 (bottom) from GCM
simulations (red) and satellite observations (black). The model-simulated radiances are also shown
from calculations using a seasonally varying climatological profile with na moistening trend [green
line (27)] and a prescribed moisture profile that moistens at a constant relative humidity rate [red
dashed line {27)]. All time series are smoothed with a 6-month running mean.

Fig. 3. An area-weighted projec-
tion of the zonal mean of the
local trend in T2 - T12 (K/decade)
for satellite observations (black)
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the model would be unable to reproduce the
obhserved radiance record without a nearly
constant relative-humidity moistening of the
npper troposphere.

Because the inomalies in T12 wre a function
of both moistire and temperature changes over
this period, 1t 1s important to verity the credibility
of the model-sinmlated temperature variations.
For this purpose, the global mean tropospheric
temperatire anomalics observed from the Wi-
crowave Sounding Unit (MSU) channel 2
radiances (12) are compared with those sim-
ulated from the GCM (Fig. 2, middle panel).
The MSLU T2 radiances arce primarily sensitive
to the temperature averaged over a deep laver
of the troposphere (roughly 200 to 800 hPa).
Ohservations are shown for both the University

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

of Alabama Huntsville (UUAH) (37) and Re-
mote Scnsing Systerms (RSS) (38) versions of
MSLI channel 2. Onver the period 1982 to 2004,
the GUM-simulated 12 anomalics arc nearly
identical in pattern to thosc ohserved from
MSLL regardless of which record is used
The Imear trend of the GCM-simulated T2
(.18 Kidecade) (27) is in close agreement
with the RSS T2 wend (0.17 Kidecade).
However, both the GOM and RSS trends arce
greater than the UAIT trend by roughly a tactor
of 2, reflecting differences between the UAH
and RSS reconstruction methods (38).

The trends in upper tropospheric water
vapor are more easily depicted by differencing
the global mean MSU channel 2 and HIRS
chammel 12 radiance measurements {T2 —T12).

REPORTS

As the atmosphere moistens, the emission
level for T12 increases as a result of the in-
creasing opacity of water vapor along the
satellite line of sight. On the other hand,
because the concentration of oxygen does not
vary by any appreciable amount, the emission
level for the MSU T2 remains constant. There-
fore, if the atmosphere moistens, the brightness
temperature difference T2 — T12 will increase
over time because of the divergence of their
emission levels. If, on the other hand, the
moisture in the upper troposphere does not in-
crease, the emission level for T12 would
remain unchanged, and T2 — T12 would show
little change over time.

Both the HIRS observations and GCM
simulations indicate an increase in T2 — T12
over this period, reflecting the moistening of
the upper troposphere (Fig. 2, lower panel).
The model-simulated anomalies in T2 — T12
increase at a rate of 0.14 K/decade from 1982
to 2004. However, if the concentrations of
water vapor are held constant when computing
the model’s T12 (green curve), the trend in
T2 — T12 becomes negative (.04 K/decade),
in stark contrast with that observed.

Both RSS (0.16) and UAH (0.08) reveal
ncreases in T2 — T12 over this period (Fig. 2,
lower pancl). although the magnimde of the
linear trend 15 roughly twice as lage when using
R85 12 than when using UAH 12, reflecting the
uncertamty m the rte at which the toposphere
has warmed over this period (38, 39). However,
it is Important to note that although the linear
trends differ between the UAH and RSS T2
values, both show similar variability at higher
frequencies, and this variability is consistent with
a moist-adiabatic warming (40) and constant
relative humidity moistening of the upper tro-
posphere. In contrast, the “no moistening™
version of the model radiance simulations is
unable to capture either the observed variability
or the linear trend in T2 — T12.

The zonal mean of the trend in T2 — T12
(Fig. 3) further highlights the consistency between
the observed and GCM-simulated radiance
records, with both showing the largest increases
m upper twopospherie water vapor i the tropics
and smaller deereases near the poles, incloding a
local maximum m the northem subtropics between
0 and 30°N. [n contrast. the zonal mean trends
in’12 112 for the “no moistening™ scenario are
negative in most latitdes. in stark contrast to ci-
ther the HIRS/RSS or HIRSUAH records. Note
that there are regions where the model-simulated
trend of 12 112 departs substantially from the
comstant relative hunudity  approximation, the
causc of which warants further scrutiny.

Upper tropospheric water vapor provides
a powerful feedback for amplifying climate
chunge, and its Increase 1s a cructal mpredient
to model projections of future global warming.
An accurate understanding ot the changes In
upper tropospheric moistre over time is nee-
essary to venty its role in amplitving climate

843


http://www.fineprint.cn

844

REPORTS

sensitivity, Reproduction of the observed tadi-
ance record requires a global moistening of the
upper toposphere I wsponse to atmospheric
warming that is ronghly cquivalent in magni-
tude to that predicted under the assumption of
constant relative homidity. This behavior is
vonsistent with that simulated from cument
models and provides key quantitative cvi-
dence in support of their ability to predict the
climate feedback from upper tropospheric
water vapor, Given the Importance of water
vapor feedback in determining the elimatic
response to anthropogenic foreings, such
confimmation s essential to the use of these
models for global warming projections.
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Synthesis of a Stable Compound
with Fivefold Bonding Between
Two Chromium(l) Centers

Tailuan Nguyen,” Andrew D. Sutton,” Marcin Brynda,’
James C. Fettinger," Gary J. Long,? Philip P, Power™

Although in principle transition metals can form bonds with six shared electron
pairs, only quadruply bonded compounds can be isolated as stable species at
room temperature. Here we show that the reduction of {Cr{u-Cl)Ar’}, [where Ar’
indicates C H,-2,6(C_H,-2,6-Pr',), and Pr' indicates isopropyl] with a slight
excess of potassium graphite has produced a stable compound with fivefold
chromium-chromium (Cr-Cr) bonding. The very air- and moisture-sznsitive
dark red crystals of AFCrCrAr’ were isolated with greater than 40% yield. X-ray
diffraction revealed a Cr—Cr bond length of 1.8351(4) angstroms [whers the
number in parentheses indicates the standard deviation) and a planar trans-
bent core geometry. These data, the structure’s temperature-independent para-
magnetism, and computational studies support the sharing of five electron pairs
in five bonding molecular orbitals between two 3d5 chromium(l) ions.

A guadruple bond between metal centers con-
sisting of &, 2z and & orhital overlaps was shown
to be present in salts containing the [Re,Cl ]
ion in 1964 (/). Since then. a rich chemistry has
developed wound this class of transition-metal
compounnds (2. whose hond order execeds the
previously known limit of three for compounds

"Department of Chemistry, Cne Shields Avenus, Uni-
versity of Califarnia, Davis, CA 95616, USA. “Depart-
ment of Chemistry, University of Missouri-Ralla, Rolla,
MO 654090010, LISA,
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of the p-block elements. Begimmmyg m the nud-
1970s, theoretical and spectroscopic investiga-
fions of diatomic transiion-metal species M,
(where M s cither Cr or Moj trapped in incrt
matnices at low temperatures mdicated that
sextuple bonds consisting of 2¢. Zr. and 2§
overlaps (denved from valence s and d atomic
orhitals) conld cxist between these nictals
(3-14). Ilowever, such molecules have no
stable cxistence at room temperature and so
camnot be solated for bulk manipulation.

If ligands arc used to stahilize nmltiply
bonded metal centers, their bmding reduces the

4 NOVEMBER 2005 VOL 310 SCIENCE  www.sciencemag.org
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Fig. 1. Thermal ellipsaid {30%) drawmg of ArCrCrAr’ (compaund 1), Hydragen atoms are nat shawn.
Selacted bond distances and angles ° are as follows: Cr{1)-Cr{14), 1.8351(4) &; Cr(1)-C(1), 2131(1) A;

Cr(1)-C(7A), 2.2943(9) A Cr{1)- c{SAe 2479(1) A Cr{1)-Cr(124), 2.414{1) A: c{1)~c{2}
8), 1.421(1) A; C(7)-Ci

C{-Cr{1-C{7A), 163.00{4)°

“&{1)=cle), 113975}

1421(1) A; C(1)-C(8), 1.423(2) A; C7)-C
108.78(3)°: Cr{1A-Cr{1}-C(7A). 94.13(3)°;
Cr{1)-C1)-Cl6), 131.74(7)°; and C(2)

number of valenee arbitals available to form
metal-metal bonds, Thus, the number ot ligands
nmst he minimized, and the namber of metal
valence electrons that fill bonding orbitals must
be maximized in order to achicve the highest
bond order possible n an isolable compound.
Morcover. the ligands must be snfficiently bullay
to mubit intermolecular reactions that yield
clusters or polymers with lower bond orders.
We have shown (13) that the sterically en-
cumbering monovalent terphenyl ligand € H,-
26(C I1.-2,6-Pr,), (hereatter designmated Ar),
where Pr' is isopropyl, and related derivatives
cin stabilize many compounds with low co-
ordination numbers or unusual bemding (16, 7).
We now show that this ligand allows 1oom-
temperature isolation of the ArCrCrAr chromi-
um dimer to oceur. The strmetral. spectroscopic,
and magmetic properties of this compound are
consistent with a quintuple Cr Cr bond formed
by a fivetold overlap between the metal d
orbitals (78).

The compound Ar'CrCrAr” (compound 1)
was isolated as dark red erystals from the
reduction of {ArCr{u-Cly}, with KC; (19).
The crystals are thermally robust and decomn-
pose slowly above 200°C, but they are spon-
tancously flammahle when exposed to air.
Kray crystallography of 1 {Fig. 1) (20) showed
a strueture characterized by a center of symmetry
at the midpoint of the very short [1.8351(4) A,
where the number in parentheses indicates S12]
Cr—Cr bond. Each Cr 1s bonded to the ipso car-
bon atom [distance Cr(1) (1) — 2.131(1) A] of
an AT substituent. There is also a weaker inter-

{12), 1.424{1 )A Cr[‘IA)—Cr(‘I)

1)

o M-C{M-C2), 114.34(7)

action between cach Cr jon [ C{7A) —
2.2943(9) A] and the ipso carbon [C(7) or
C{7A)] of a flanking ring of the terpheny] gronp
attached to the other Cr. The core atoms,
COCNCIAXCTAL are coplanar, but they
have a tims-bent structure with C, local sym-
metry and a bending Ci1AYCH 10 angle of
L02.78(3)°. Muagmetic measurements revealed a
temperature-independent  paramagnetism of
0.000112(5) electromapmetic wnits (emu) per
mol of Cr (2/3. The clectronic absorption spee-
trum of 1 displays strong absorptions below
230 nm and a broad absorption at 488 nm, with
an intensity {e) of 3200 mol ! L cm L

The metal-metal bonding i compound 1
arses from the interaction of two Ci(1) centers
with d% electron cemfigurations. In a sim-
plified maoleenlar-orhital overlap diagram with
the assumption of local €, symmetry, five
metal-metal bonding molecular orbitals can
be visualized (Fig. 2) {22, 23). Also, two fur-
ther metal-ligand orbital combinations. bonding
and antibondmyg with respect to the metal-metal
bonel are present. The bonding is actnally more
complex, because mixing of the orbitals with
the same symmetry (i.c.. 45 and 3d; or 3d,, )
can oceur. Nonetheless, o (d> —d.e, 4 b 2n
(l:l d dY d_.A,58). and 28 (t:l2
do o, d 1‘“, A-r’ B ) Cr—Cr 0\:(‘.‘11..1.pb m
which clectrons from cach metal beeome
patred to fill the five bonding orbitals, are
possible (23).

This fivefold Cr—Crinteraction 1s supported
by structural and magnetic data. The Cr Cr
distunce 1s extremely short and 1s very close to

REPORTS

the 1.828(2) A bond tound in the Cr(1I) dimer,
(r,,l( H,-2-0Mec-5- I\1c} which has the
bhortest rcpol‘tcd metal- mcwl bond distance
(24). In this Crll) compound and related
species, the chelating nature of the ligand plays
a key mole in pushing the Cr centers close
together, and 1t could be argued that the AT
ligand acts similarly in 1 throngh the sccond-
ary Or—C mteractions. ITowever, we have
also synthesized the rclated Ar'FebeAr” and
ArCoCoAr dimers, which are structurally
similar to 1 but have much longer Fe Fe and
Co—Co distances, ~2.53 and 2.80 A, respec-
tively. Thus, the Ar' ligand can accommadate
M-M scparations that vary by almost 1 A_ For
this reason, the bridging shown by the Ar
ligand in 1 is unlikely to be the canse of the
short metal-metal distance. In other words, the
very short Cr Cr bond in 1 is mainly due to
the interaction of the d° Cr centers, rather than
a constraining ligand geometry (25).

The temperature-independent weak para-
magnctismof'l is also consistent with strongly
coupled d°-d® bonding electrons. Temperature-
independent paramagnctism has been observed
for several other M-M-bonded transition-metal
complexes (26 29). Nonctheless. the possi-
bility that the Cr—Cr multiple bond muy be a
combination of covalent honding with antifer-
romagnetic coupling, which was recently
calculated for the Cr, dimer (/4), shonld not
be dismissed. The distinction between antifer-
romagnetic conpling and what constitutes a
bond is not clearly defined; theretore, 1t would
be of great interest to determine the contri-
bution of the antiftrromagmetic exchange
coupling to the averall Cr Cr bond energy.
This exchange coupling is so strong In 1
between 2 and 300 K that. unfortunately.
there s no Increase in the susceptibility as
the 8 = 0 states arc populated; ic.. 2.4, the
antiferromagmnetic exchange coupling, 1s so
negative that only the 8§ — O ground state is
effectively populated at these temperatures.
As a consequence. the susecptibility never
begins to increase with mereasing temper-
ature, and it is difficult to determine 2.4 The
unpopulated S = 0 excited states vield a second-
order Zeeman contribution of (LO0T12(5) e’
mal Cr to the molar magnetic suseeptibility.
This is the so-called “temperatire-independent
paramagnctism™ (T1P), a contribution which
must be added to the essentially zero contribu-
tion of the § — { ground state.

Further insight on the bonding in 1 may be
obtained from computational data. However.
calculations on multiply  bonded transition-
metal specics have often been diffiendt becanse
of electron comrelation problems (30, 37). None-
theless, recent studies (8, 32, 33) have sug-
gested that density functional theory (DFT)
mecthods can compete suceessfilly with high-
level ab mitio caleulations. Both the trans-bent
geometry and the quintmple-hond formulation
are predicted by the simple, Lewis-like electron-
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Fig. 2. (Left) Schematic drawing of simplified molecular orbital overlaps for
Fig. 3. (Right) Electron density surfaces and
energies for the Cr-Cr bonding orbitals in Ar'CrCrAr’ (36).

M-M and M-C bonding,

pair sharing scheme of Landis and Weinhold
for transition-mctal complexes (34, 335). We
camried out restricted DET caleulations {36)
nsing hybrid and pure functionals to further
analyvze the Cr—Cr interaction. These theoretl-
cal approaches (37) yiclded very similar results.
Molecular orbitals were generated from single-
point calenlations by nsing the atomic coor-
dinates provided by the x-ray structure. The
mctal-metal orbital surfaces (Fig. 3) support
the view that there are five orbital interactions
between the Cr{l) ions. The symmctries of the
highest occupied molecular orbital (TTOMO)
and HOMO 1, which differ in cnergy by
041 eV, corespond to § bonds, The [TOMO -2
corresponds to Cr {r ¢ bonding and lies at
~1.08 ¢V lower cnorgy than HOMO 1.
HOMO 3 and HOMO 4 correspond to
Cr Cr m bonds and lic slightly (~0.21 to
0.35 V) below the o-bonding level,

The calenlated HOMO lowest unoceupied
molecular orbital (LUMO) energy gap (201 eV,
46.35 keal mol 1), which may correspond to a
§-8* tramsition, 1s at a somewhat lower energy
than the 38.59 keal mol ! calenlated from the
488-mm absorption maximum in the electronic
spectruny. Uhis discrepancy has precedent in
o?m'8? quadruply bonded M-M species, for
which the experimental §-5% transition cnergics
are usually higher than those calculated (2).
Morcover, the putative §-5* transition lies at
the lngher energy end of the ~450 to 1600-nm

range observed for quadruply bonded com-
pornds (). which snggests that the & honds in
1 are as strong as those observed in the quad-
roply bonded componnds.
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sample was zero-field cooled to 5 K and the
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A Direct Role for Dual Oxidase in
Drosophila Gut Immunity

Eun-Mi Ha,! Chun-Taek Oh,2 Yun Sco Bae,’ Won-Jae Lee™2*

Because the mucosal epithelia are in constant contact with large numbers of
microorganisms, these surfaces must be armed with efficient microbial control
systems. Here, we show that the Drosophila nicotinamide adenine dinudectide
phosphate [NADPH) oxidase snzyme, dual oxidase (dDuox), is indispensablz for
gut antimicrobial activities. Adult flies in which dDuox expression is silenced
showed a marked increase in mortality rate even after a minor infection
through ingestion of microbe-contaminated food. This could be restored by the
specific reintroduction of dDuox, demonstrating that this oxidase generates a
unique epithelial oxidative burst that limits microbial proliferation in the
gut. Thus, oxidant-mediated antimicrobial responses are not restricted to the
phagocytes, but rather are used more broadly, including in mucosal barrier

epithelia.

The innate immune systemn provides an cssen-
tial means of host defense in culkaryotes against
a broad speetrum of microorgansims (7). and
the production of microbicidal reactive oxygen
specics (ROB) is a key feature of this pro-
tective Tesponse (2—a). To date, most studies
have focused on the melecular mechanism of
respiratory burst n the professional phagocytes
in response to microbial infection (2 6). [n
contrast, the oxidunt-dependent antimicrobial
propertics in mncosal epithelia. which arc in
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permanent contact with the microbial realm,
remain largely unknown. [n Drosophily, the
nuclear factor kB (NF-kB) pathways arc erit-
ical during systemic infection (7 /7) but ap-
pear to be less than emeial for host survival
after epithelial mfection (12). Natural gut in-
feetion has heen associated with the rapid
synthesis of ROS (12), and the dynamic cycle
of ROS gencration and climination appears
to be vital In Drosophila, because tlies that
laclk ROS-removal capacity have an increased
mortality {1.2). Such observations suggest an
imortant role for ROS generation in controlling
epithelial miection.

To dircetly cxamine if the epithelial ox-
1dative burst system 1s required tor host survaval,
we tested the potential soperoxide-producing
activity of ntestmal epithelia m vito (I3). A

REPORTS

were also performed using pure BP36 and BLYP
functionals, which yielded wvery similar results,
Additional DFT calculations carried out on 1 using
the unrestricted Kohn-Sham broken symmetry (UKS-
Bs} approach yielded a wave function correspending
to a singlet diradical ground state with antiferro-
magnetic coupling between the two electrons that
cceupy the HOMO orbital. Cther details of the DFT
calculations are reported in (35).

37, Materials and methods are available as supporting
material on Scierce Cnline,
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basal level of superoxide generation was
maintaincd in the membrane fraction of dis-
sected intestines, and this iIncreased markedly in
the presence of calcinm in a dosc~dependent
mammer (Fig. 1A). Treatment with EGTA, or
diphenylene indonium (P which is a flavo-
protem inhibitor that also mbnbits the mcotin-
amide adenine dinueleotide phosphate (NADPH)
oxidase—dependent oxidative burst, completely
blocked caleimm-activated intestinal superoxide-
producing activity (Fig. 1A). In humans,
phagocytic cells generate the ROS precursor.
superoxide, via the phagocytic oxidase {(phox)
complex (2, 5). Recently, the human genome
has been shown to contain several NADPII
oxidase family members [currently designated
the Nox 1-5 and dual oxidase {(Duox) 1-2],
each of which 15 homologous to the phox
catalytic subumit, gp91#7eiNaox2 (14, 15). The
Duox family can be distinguished from the
Nox family bascd on the presence of an N-
terminal extracellular  peroxidase-homology
domain (PHL) in addition to the gp9l#ies
like oxidase doman (14, 133 The NoxDuox
family of cnzymes arc cxpressed in a variety
of nonphagocytic cells, suggesting that they
require oxidase functions similar to those of
p91P i Nox2 (76-18). Recently, Duox has
been shown to be cxpressed in the barrier
epithelia, mcluding epithelial cells of mucosal
surfaces of colon. reetum, salivary gland duets.
and broncht (16-20), and it has been suggested
that Dmox may provide an cpithelial ROS
source I host detense (J8-20). To determme
the in wivo role of Drosopdife Nox and Duox
homologs (dNox and dDuox, respectively)
{fig. 81) with regard to cpithelial immunity.
we generated a set of loss-of-function trans-
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genic flies carrying specific RNA7 (RNA in-
terference) constructs (fig. S2) (/3). Natural
infection experiments revealed that ubiquitous
expression of dDwox-RNAP resulted in a con-
sistently increased mortality rate for a number
of microorganisms (Fig. 1B and fig. S3). A
similar result was obtained when dDuox-RNAi
was restricted to the intestine (by using cad-
GAL4 driver), but not when it was introduced
in the fat body/hemocytes—the main immune
tissues in systemic immunity—by using c564-
GAL4 driver (Fig. 1B) (/3). In contrast, the
transgenic flies carrying the UAS-dNox-RNAI,
as well as NF-xB pathway nutant flies, were
completely unaffected by gut infection (Fig.
1B and fig. S4). The dDuox-dependent ROS
did not affect the NF-xB-dependent anti-
microbial peptide gene expression in the gut
(fig. 85), and conversely, the NF-xB pathway
was not involved in the basal and infection-
induced expression of intestinal dDuox (fig.
S6). The infection-inducible nature of the in-
testinal dDuox also suggests that the transcrip-
tional control of dDwox may play an important
role in the regulation of the intestinal ROS
generation. Taken together, these observations
demonstrate that intestinal dDuox plays a
major role in host resistance during natural in-
fection. In the intestinal membrane fraction of
the dDuox-RNAI flies, measurable superoxide-
producing activity was 30% of that observed in
the control flies (Fig. 1C), indicating that
dDuox provides the main source of ROS
within the intestines. In addition, the basal
and infection-induced levels of in vivo ROS
measured from the dissected intestines of
the dihox-RNAL flies were also significantly
lower than those observed in the control nites-
tines (Fig. 1127 (/7). In a control experiment,
immune-reguiated catalase (IRCI-RNAF tlies
showed significantly incrcased hasal and
mfection-induced ROS levels (Fig, 1D), which
can be explained by a diminution of infection-
mduced ROS-removal capacity (12). Double
knock-down flics carrying both dfduox-RNAS
and IRC-RNAT exhibited nommal levels of ROS
{both basal and infection-induced ROS) (Fig.
1D and displaved nomal survival rates during
natural infection (Fig. 115). This phenomenon
most likely refleets the fact that diduox-
RANAD nused in the study resulted in a partial
loss of function (fig. 82). The residual ROS
level of diuox-RANAL flies (Fig. 1. Cand 1)
was apparcntly augmented to the normal
control level by {RC-RANAF (Fig. 1D). Thus,
the suppression of the infection-induced mor-
tality of dDnoy-RNAT tlies by IRC-RNAP can
be attributed to a reciprocal compensatory
effect of the two opposing knock-down pheno-
types. In theory. if we nsed adwlt flics carrying
the ¢Drox null allele that show a total absence
of a basal level of ROS, redncing the expres-
sion of IRC with JRC-RN4F may not protect
the diwox noll mutant flics from  infection.
ITowever, we could not reduce dfhoy expres-
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sion further using more cffective dfuos-
ENA7 lines to confinn this possibility because
of their larvalipupal lethality cven in the
presence of IRC-RNAF At present, we cannot
rle ont the possible cxistence of other minor
ROS-generating enzyme(s) m the adult gut.
However. becanse dduox is the main cnzymc
system nvolved In de novo syothesis of
intection-induced epithelial ROS during gut
intection, the redox balince between “dDuox-
dependent ROS meneration” and “TRC-dependent
ROS removal” appears to represent a principal
determmant of host survival dunng natural
infection.

To mvestigate the in vivo relation between
Duox activity and microbial persistenee, we
next examined the intestines of dPuox-RNAY
flics during nataral infection, nsing a green
fluorescence protein (GFP —tageed pathogen
{73). Notably. unlikc normal flics, ingested
bacteria were shown to persist and proliferate
throughout the intestinal tracts of the ffuox-
BNAT flies [~300 times as many colony-
forming units (CCKLls) as thosc of the control
intestines at 60 hours atter infection] (Fig, 2,
A and H). These resnlts demonstrate that
dDuox plays an mmportant role m limiting

‘mo —H i

v i BN AL ol by )

Fig. 1. Duox is responsi-
ble for infection-induced
ROS generation, which
is indispensable for host
survival during natural

. gut infection. The geno-
w L types of the flies used
are indicated in the sup-
porting text. All results
are expressed as the
mean + SD of three dif-
ferent experiments. (A)
Superoxide-generating
activity in the intesti-
nal membrane frac-
tion. The superoxide
production level in the
intestine in the ab-
sence of calcium was
taken arbitrarily to be
100. (B) Survival rates
of dDuox-RNAi and
dNox-RNAi flies were
assessed after natural
Ecc15 infection. (C) Re-
duced in vitro intestinal
superoxide-generating
activity of dDuox-RNA/
flies. (D) Reduced in vivo
ROS of dDuox-RNAi
flies. The total intes-
tinal ROS levels were
quantified with flies after natural Ecc75 infec-
tion (73). The ROS level in the uninfected con-
trol intestine was taken arbitrarily to be 100. (E)
The survival rates of the flies carrying both UAS-
dDuox-RNAi and UAS-IRC-RNAI after natural
Ecc15 infection.
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the extent of microbial prolifcration within
the gut.

In mammals, the gp@lPaNox2-like oxi-
duse domam of Duox has been reported to
generate  superoxide that 1s spontuncously
dismutated to [LO, after being secreted to
the extracellulor compartment (14, I8). [low-
ever, 1t has also been shown that ILO, 1s only
microbicidal at high concentrations and that
cxogenously generated superoxide docs not di-
rectly kill microbes (3, 21). Theretore, a variety
of secondary oxidants have heen proposed to
account tor the destructive capacity of phago-
cytes in mammals (3. 4). One such second-
ary oxidant is the highly microbicidal IIOC],
which is gencrated from H,(), by ncutrophil-
derived myeloperoxidase (MPO) m the pres-
cnee of chloride (3. 4, 6). Given that the PHL)
of dDuox exhibited sigmificant in vitro perox-
idasc activity (Fig. 2€) (/3). we tested whether
ILO, can also be used by the PIID to generate
sccondary oxidant of higher antimicrobial
activity (2, 6). The chloride-dependent micro-
bicidal activity assay (/3) showed that the
recombinant PIID displays a signmificantly am-
plificd antimicrobial cffect, but only in the
presence of both ¢hlonide and ILO, (Fig. 2Dy,
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Fig. 2. Duox is responsible for limiting the onset of microbial proliferation in the gut. The 120
genotypes of the flies used are indicated in the supporting text. All results are expressed as the = 100
mean + SD of three different experiments. (A) Bacterial persistence in the guts of dDuox-RNAi ] 80|
flies. Bacterial persistence was measured using spectinomycin-resistant £cc15-GFP (73). Time- = |
course analysis (left) and representative plates of Fcc75-GFP recovered (60 hours after infection) C
from the intestines (right). (B) Incomplete Ecc75-GFP clearance in the dDuox-RNAJ flies. 40
Representative image of naturally infected flies and the dissected guts (60 hours after infection). 20
(C) The peroxidase activity of the recombinant PHD of dDuox. SDS—polyacrylamide gel
electrophoresis and Western blot analyses of the His/V5-tagged recombinant protein purified from aAlslelnlelrlelnl:
the culture medium of S2 cells stably expressing the recombinant PHD (lane ‘Iﬁl or from the culture
medium of control S2 cells (lane 2). The purified recombinant PHD proteins were then subjected to | PHPG& | = | = | = | = | ¥ | 1o | W& | 16 | 16
in vitro peroxidase activity (73). Human MPO was used as a positive control. The peroxidase H:O: = | = F =
inhibitors, aminotriazol (ATZ) and azide, were used (10 mM). The values were expressed as relative
peroxidase activity, with the activity of the PHD (4 ng) arbitrarily set to 100. (D) Microbicidal NaCl il il el Bl Ml ] ] (il 2

activity of PHD. The chloride-dependent microbicidal activity was performed in the presence of
H,O, (73). The values were expressed as relative CFUs, with the number of CFU in the untreated bacteria arbitrarily set to 100%.

Fig. 3. The immune susceptibility of dDuox-RNAj flies can be A
markedly ameliorated by the reintroduction of either dDuox or

hDuox. The genotypes of the flies used are indicated in the SO —
supporting text. All results are expressed as the mean + SD of hDuox ! =={fil = OOTTT7 B Peroxiduse-Homology Domain (PHD)
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These data demonstrate that the PIID exerts an
MPO-like activity. which indnces bacterial
death in a chlonde-dependent manner. Further-
more, we found that the levels of oxidative
damage of ngested bacteria as assessed on
the basis of protein carbonylation and lipid
peroxidation (13) were signmiticantly reduced
in the intestines of the dfDuoc-RNAL flies as
compared with those seen I the bacteria
from control intcstines (fig. 87). These re-
sults demonstrate that the infection-induced
R{S generation by dluox is responsible for
the direct oxidative dumage inflicted on in-
gested micrabes.

To demonstrate that the immunc snscepti-
bility of dDuox-RNAT tlies could indeed be at-
tributed to the insufficicnt cnzymatic activity
ot Duox, we attempted to protect ¢Dnov-RNAT
flies by reintroducing a variety of Dnox con-
zymes [human Duox (hDuox) 1-2, dDuox, and
dDuox-APHLY] (Fig. 3A). The reintroduction
of both ADmoy and dDwex, but not that of
diiox-APHD. markedly augmented the surviv-
al rates of the dDrox-R¥A7 tlies atter natural
infeetion (Fig. 3B). These results are consistent
with the previous observations {Fig. 2D), n-
dicating that PHI is required for the microbi-
vidal effects of Duox. The reduced levels of
in vitro supcroxide-producing activities and
of  vivo Intestinal ROS in the ¢fhox-RA4J
flics were almost completely restored to nor-
mal levels by reintroducing the dDwuox (Fig.
3, C and 1)), Consistent with this. we de-
tected that microblal persistence within the
intestines of the dPDuox-RANAD flies was re-
duced to control levels upon reintroduction
of diuox. but not upon dDuex-APIHHD ex-
pression (Fig. 3E). Taken together, our results
demonstrated that intestinal diJuox is respon-
sible for the generation of intection-induced
microbicidal ROS and that ROS thus generated
are required for Imutmg the proliferation of
local pathogens diring gut-microbe interactions.

ROS perfonrm a variety of fimctions in numy
biological events. including host defense, de-
velopment, hormone biosynthesis, tertil-
ization, and diverse intraccllular signaling
{23, 14, 15, 22-28). In the present study, we
have demonstrated the in vive role of Duox
in innatc immunity via mediating epithelial
oxidative burst in Drovephila gut. Onr study
broadens the concept of ROS-based imnmnity
by demonstrating that the oxidant-dependent
defense system is not restricted to the phago-
cytes but rather s found in bamer epithelia. n
addition to the NE-xB pathway mediated de-
femse system {7-11), the Duox-mediated ROS-
dependent defense system involving both
ep@lrhelike activity and MPO-like activity
constittes another microbicidal amn of Dro-
sophife mate mmunity. Further delineation
of dDuox/IRC-mediated gastrointestinal redox
homeostasis will provide important insight
into innate immunity and the host-pathogen
Interaction.
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Treatment of Autoimmune
Neuroinflammation with a
Synthetic Tryptophan Metabolite

Michael Platten,’*{ Peggy P. Ho,' Sawsan Youssef,’
Paulo Fontoura,™ Hideki Garren,™* Eun Mi Hur," Rohit (.‘.upta,'I
Lowen Y. Lee,” Brian A. Kidd,"® William H. Robinson,’*
Raymond A, Sobel,” Michael L. Selley,” Lawrence Steinman’f

Local catabolism of the amino acid tryptophan (Trp) by indoleamine 2,3-
dioxygenase (IDO) is considersd an important mechanism of regulating T czll
immunity. We show that IDO transcription was increased when myelin-specific
T cells were stimulated with tolerogenic altered self-peptides. Catabolitas of Trp
suppressed proliferation of myelin-specific T cells and inhibited production of
proinflammatory T helper—1 (T 1) cytokines. N-[3,4,-Dimethoxycinnamoyl)
anthranilic acid (3,4-DAA), an orally active synthetic derivative of the Trp
metabolite anthranilic acid, reversed paralysis in mice with experimental
autoimmune encephalomyelitis, a model of multiple sclerosis (MS). Trp catabolites
and their derivatives offer a new strategy for treating T,,1-mediated autsimmune

diseases such as MS5.

Jegradation of the cssential amino acid "I'rp is
now established to play an mportant role m
immunity. The rate-limiting enzyme in T
catabolism 1s IDO, and although DO mENA is
ubiguitously expressed at low levels, IDO
protein expression and enzyvmatic activity are
tightly controlled (J). During mnflanmation,
1130 is rapidly up-regnlated in certain cell types
by proinflammatory stimuli and Tp;1 cvtokines
such as interforon-y (IFN-y) (2). Munn and
Mellor first demonstrated a vole for Tip
catabolism in the contro] of immune responscs
m 1998 by showmg that inhibition of IDO
induces fetal allograft rejection in mice (3).
Potentially, activated antigen-presenting cells
{APCs) catabolize I'p to produce a local
Immunosuppressive enviromment able to con-

trol " cell homeostasis and self-tolerance dr-
oy mflammation {4, 3).

In addition to I'rp depletion, there is in-
creasing evidence that catabolites of Tip as-
sume an active role i dampening allogenic
proliferation and inducing apoptosis of’ acti-
vated T cells (6, 7). These catabolites, collect-
ively referred to as kynmrenines (Kyns). arc
important in the dialogue between the mmume
system and the central nervous system (CNS)
{&) and have emerged as an attractive target for
drug development (4. 7).

In multiple sclerosis (MS) and its anmal
model, cxperimental antoimnmunc enecphalo-
myelitis (EAE), autoreactive CDd— Tl cells
scereting IFN-y and tumor necrosis factor
(TNF) dove intlammation, which 1s amplitied
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Fig. 1. Modulation of T cell praliferation by Trp metabolites. (A)] Chemnical
structure of Trp metabolites. 3-HKA, 3-hydroxykynurenic acid; 3-HAA, 3-
hydroxyanthranilic acid; PA, picolinic acid; QA. quinolinic acid; and 3,4-DAA.
{B) Splenacytes from MBP Ac1-11 TCR transgenic mice were left untreated
(control, 4) or incubated with Trp metabolites PA {0}, QA (T), 3-HKA (),
3-HAA (@), 34-DAA (W) at the concentrations indicated and stimulated
with MBP Ac1-11 (5 pg/ml). Splenocytes were pulsed with [*H]thymidine
after 48 hours for 18 hours. Data represent mean counts per minute (cpm}
and SEM of triplicates and are representative of four independent
axperiments. *P < 0.05, ***f -2 0.001. {C) Splenocytes from MBPAC1-11
TCR transgenic mice were activated with MBP Ac1-11 {0.5 ta 2.5 pg/ml) in
the absence or presence of Trp metabolites PA, QA, 3-HKA, 3-HAA, or 34-

DAA at 200 1M {IL-2, IFN-y, TNF-o, IL-6, and IL-12/23 p40) or 30 .M (IL-4,
IL-10). Cytokine release was measured after 48 hours (IL-2, IL-6, IL-12/23
p40), 72 hours {IFN-v, TNF-¢, or 120 hours {IL-4, IL-10] by using enzyme-
linked immunasorbent assay (ELISA, OptElA Cytokine Sets, BD Pharmingen).
Data are displayed as a heat map. Raw data are presented in table S2. {D)
MBP Ac1-11 TCR transgenic mice {n — 3 per group) were fed with 3,4-DAA
for 5 days {500 mg/kg per day). Pooled splenocytes of vehicle {Na-CMC)—
treated {white barse or 3,4-DaA-treated {filled bars) mice were stimulated
with MBP Ac1-11 (5 pg/ml) or concanavalin A (ConA) (2 pg/ml) in vitra.
Proliferation and cytokine analysis were performed as described. Mean
values and SEM of triplicates are given, and data are representative of two
independent experiments. *f < 0.05, **F < 0.01.

within the CNS by microglia (/7 £3). lxper-
mental therapeutic approaches aimed at skew-
ing the eytokine profile of myclin-specific ‘I ;
cells from Tl to T2 have inclnded altered
peptide ligands (APLs) (/4, /3). hydroxymethyl-
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ghitaryl cocnzyme A (HMO-CoA) rednctase in-
hibitors {“statins™), and DNA vaccination com-
bined with gene delivery of interleukin 4 (1L-4)
(/6 I8). APLs arc peptides modified at erucial
receptor binding, residues to modulate prolifera-
tion and the cytokine profile of antigen-specific
T cells by altering the strength of T cell receptor
(TCR) signaling (/4). Deviation of eytokine re-
sponses toward T2 s also a mechanism of
action of glatriamer acctate, an cxample of an
APL, which 1s an approved treatment for mul-
tiple sclernsis (£9. 20). Consequently. APLs in-
ducing a T;;2 mimune response have emerged
as a potential therapeutic strategy to indnee
self-tolerunce to autoantigens and to treat auto-
immune discases such as M8 (27 24). Such
approaches amed at mducing o T;;2 shift have
been relatively promising in reversing ongoing
paralytic disease in the EAE model.

Initially. we aimed at identifying genc
transeripts that are ditferentially regulated m T

cells treated with APL. To do this. a 1 cell line
generated from mice with a transgenic TCR
speeific for the myclin basic protcin (VMBP)
peptide Acl-11 was used for a gene micromray
analysis (257, The APL MBP Acl-11[4¥] binds
to the major histocompatibility conplex (MHUC)
class ILT-A" with greater atfinity than the native
peptide. MBP Acl-11 induees primarily a 1,1
response, whereas MBP Acl-11{4Y] promotes
a’'l',2 response (26) Transcripts eneoding 110
were more than 70-10ld up-regulated atter 48
hows in MBP Acl-11[4Y] activated 1 cells
compared with MBP Acl-11-activated cells
(27) (tablc 81). These data suggested a dircct
role of IDO in the tolerogenic eftects of APLs.

We next tested the hypothesis that Trp
metabolites (IGyns), senerated by the enzy-
matic activity of (120, play a rolc in regulat-
Ing activation of myelin-specific T cells (23).
Splenocytes isolated from MBP Acl-11 TCR
transgenic BLO.PL mice were stimulated with
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MBP Acl-11 m combmation with the Trp
mctabolites picolinic acid (PA), quinolinic acid
{QA), Fhydroxyanthramlic acid (3-IIAA), 3-
hydroxylynurenic acid {(3-HKA), and the syn-
thetic demvative 34-DAA (25). 34-DAA
was sclected becanse it shares the anthranilic
awid core with 3-IIKA and 3-ITAA (Fig 14)
and because it is an orally active componnd
with favorable pharmacokinetics in humans
{28). 3-HAA, 3-HKA, and 3.4-1DAA suppressed
antigen-specific proliferation of MBPF Acl-11
TCR transgenic C14— T eells (Fig. 1B). Smp-
pression of T cell response by 34-DAA was
associated with a G,/5-phase amrest in CD4+
T cells rather than eytotoxic cffects (fig. 81).
Both natural Tip metabolites and 34-DAA
reduced the release of 1IL-2, IFN-y. and TNF-¢
from MBP Acl-11 TCR twansgenic T cells
after antigen stinlation. Conversely. [L-4 and
IL-10 were increased (Fig 1C; table S2). Thus,
bath natural “I'rp metabolites and 3.4-DAA
skew the cytokine profile of these T cells from
Tl to 1,2

To examine the etfects of 3,4-DAA on
myelin-specific 1 cells in vive, MBP Acl-11
TCR trumsgenic mice were fed with 3,4-DAA
for 5 days (23) (supporting online text, note 81).
Splenocytes 1solated from these animals showed
reduced MBP Acl-11 specific proliferation.
Similarly, antigen-induced release of IFN-vy,
TNF-te. and 1L-12:23 pdi) was profoundly sup-
pressed (Fig. 1D), which indicates that 3.4-
[3AA is active when given orally to suppress
the activation of autoreactive T 1 cells.

Adaptive immuonity in CD41 T cells
requires antigen presentation on MIIC class 1T
malecules and delivery of costimulatory sig-
nals vin molecules such as IO, CT¥RO, and
CD&6. all indueible by IFN-y (29). To asscss
the mmfluence of Trp metabolites on antigen
presentation, we nsed HOC20 microglial cells
as a model {253 BEOC20 cells express MIIC
class [I and costimulatory moleenles constitu-
tively at low levels, and these cells rapidly up-
regulate on cxposwe to [FN-v. 34-1DAA
decreased [FN-y—mduced cell surtice expres-
sion of MHC elass 1l and costinmlatory
molecules (Fig. 2A) (30). 34-DAA-mediated
suppression of [FN-y induced MHC class (I
cxpression in HOC2H) cells was paralleled by
an inhihition of the MHC: class I[ transactivator
{(CITA)Y (Fig. 28). In addition. 3,4-12AA sup-
pressed expression of nducible mitric oxide
synthasc (INOS) and nitric oxide (NO)J release
from EOC20 cells mduced by IFN-y and
lipopolysaccharide (LPS) (Fig. 2, 0 and 13).
Om the basis of these results, we hypothesized
that 3.4-DAA might interfere with IFN-y
sigmaling: Type [ and tvpe [ interferons pre-
dominantly signal threngh phosphorylation
ot sigmal transducer and activator of ranscrp-
tion (STATY 1ee (37);, and consistent with the
previous results, phosphorylation of STAT e
induced by [FN-y was suppressed after incu-
batiem with 3,4-DAA (Fig. 2E). 3,4-DAA also

A
IFN-7Y| 3,4-DAA
+ 0 J\ 41.5
+ DMSO 46.1 _
+ |30pm 35.1 _
+ 75 pM 14.4
+ 200 pM 53
MHCII CD80 cD&6 D40
B C =
‘_‘40
=
=0
DMSO 2
‘_:_20
E
3,4-DAA . 10
+ r r r ' o}
0 200 400 600 &00 0 100 200
CIITA expression [au] 3,4-DAA (uM)
D E
control 1124 R 1 s s
200pM PSTATet R——
75uM
DMSO 1346
0 500 1000 1500 PNy = &+ v

iNQS expression [au] 3,4-DAA (L
Fig. 2. Mechanisms of APC function modulated by 3,4-DAA. EOC20 cells were incubated with
medium alone, dimethyl sulfoxide vehicle (DM30), or 3,4-DAA at the concentrations indicated
and were stimulated with IFN-y (200 U/ml) and/or LPS (200 ng/mlj. (A) Cell surface expression
of MHC class Il {I-A%), CD40, CD80, and CD86 was determined after 48 hours using flow
cytometry. Histograms are representative of three independent experiments. Values represent
mean fluorescent indices. (B) RNA was extracted after 24 hours and reverse-transcribed. CIITA
c¢DNA expression was quantified by using real-time polymerase chain reaction (PCR). Values
represent mean arbitrary expression levels of triplicates and SEM normalized to expression of -
actin. Data are representative of two independent experiments. *# < 0.05. {C) Nitrite release of
unstimulated (&), IFN-y—stimulated (®), or [FN-v— and LPS-stimulated cells {¢) was determined
after 48 hours by using the Criess assay. Values are mean nitrite concentration and SEM of
triplicates and are representative of three independent experiments. (D) RNA was extracted after
24 hours and reverse-transcribed. iINOS cDNA expression was semiquantified by using PCR in real
time. Values of unstimulated (white bars) and IFN-y—stimulated (black bars) represent mean
arbitrary expression levels of triplicates and SEM normalized to expression of B-actin. Data are
representative of two independent experiments. {E} Western blot analysis of whole-cell protein
extracted 15 min after stimulation with IFN-v by using a phaspho-specific STAT1¢: antibody. The
membrane was reprobed with a non—phospho-specific STAT 1o antibody to ensure equal loading.

suppressed  the activation of APCs in wivo
{fig. 83, table 83).

To asscss whether 3,4-DAA suppresses the
function of autoreactive Tyl cells, we tested
the compound in wivo using the relapsing-
remitting version of EAE, which serves as a
madel of relapsing-remitting M8 (231, As pa-
tients with relapsing-renutting MS are typically
treated after the first onset of clinical symp-
toms to prevent finther attacks, we initlated
treatment after the onsct of discase. Although
vehicle-treated animuals displaved severe re-

lapses thromghout the course of discasc.
animals treated with 3,.4-DAA had fewer and
milder relapses and less severe discase (Fig.
JA) At multiple dose levels, there was
significant reduction in clinical discasc index
{CDI) and peak relapse score {table S4).
Concordant with the capacity of 3,4-DAA
to suppress activation of myelin-specific Tl
cells in vitro, the frequency of activated 'I” cells
wis decressed I nuce tremted with 3.4-DAaA
{Fig. 3B). Morcover. PLP-specific 'I" cell pro-
literation and the release of IFN-y, TNF-a,
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Fig. 3. 3,4-DAA ameliorates established EAE. Fermale S)Lf] mice 7 to 8 weeks old were immunized with

PLP p139-151. Treatment was initiated at the peak of dinical symptoms {day 16 to day 18] by oral

gavage twice daily {3,4-DAA) or by intraperitaneal injections once daily (3-HKA). (A) Clinical scores of  vehicle

vehicle-treated mice {3} and mice treated with 3,4-DAA at 100 mg/kg per day (@] or 300 mg/kg per

day (@) {0, asymptomatic; 1, limp tai; 2, partial hind lmb paresis; 3, hind lmb paralysis; 4, ~ 3-HKA -
quadriplegia; 5, maribund or dead) were assessed each day. Data represent mean scores ﬁ? -9, 9. 4-DAA

vehicle and 300 mp/kg per day; # — 10, 100 mg/kg per day) and SEM. (B) Flow cytometric analysis of ™ "
pooled splenocytes of vehicle-treated {» — &) or 3,4-DAA-treated [n — 7, 100 mg/kg per day; n — 6, o 3

300 mp/kg per day) mice isolated 60 days post immunizations. Values represent double-positive cells, IL-10 [f10Id indu(zztion]
that is, CD4  and CD&9', CD44', or CD25 . (C) Pooled splenocytes of vehicle-treated {n — 6, white

bars), or 3,4-DAA-treated [n — 7, 100 mg/kg per day, gray bars; » — 6, 300 mgrkg per day, black bars) were isolated after 50 days and stimulated in vitro
with PLP p139-151 (20 pg/ml). Proliferation was assessed as in Fig. 1B, except cells were pulsed after 72 hours of culture. Cytokines were analyzed as in Fig, 1C.
Data represent mean values of triplicates and SEM. *£ < 0.05, **p < 0.07. (D) Brains and spinal cords were extracted 80 days after immunization. Infiltration
of inflammatory cells was counted in rendomly chosen brains from vehicle-treated (1 — 3, white bars) and 3,4-DAA—treated (7 — 3, 100 mg/kg per day,
black bars) by a neurapathologist blinded to the treatrment. M, meningeal foci; P, parenchymal foci; T, total number of foci. Data represent mean number of
inflammatory foci and SEM. *P < 0.05. {E) Lymph node cells from mice with EAE that had been treated with vehicle () or 3,4-DAA {200 mg/fkg per day, #)
were stimulated in vitro with PLP p139-151 {10 ug/ml) and adoptively transferred into SJL/) recipient mice that had been immunized 8 days before
adoptive transfer with PLP p139-151. Data represent mean clinical scares. (F) Lymph node cells from mice with EAE that had been treated with vehicle, 3,4-
DaaA {200 ngfkg per day), or 3-HKA {150 mg/kg per day) were stimulated in vitro with PLP p139—151 {10 pg/ml). Cytokines were analyzed as in Fig. 3C.
Walues are displayed as amounts of cytakines released by cells stimulated with PLP p139-151 divided by amounts of cytokines released by unstimulated
cells. Data represent mean values and SEM, **P = 0.01, ***f < 0.001.

We evaluated whether activation of APCs

and IL-12/23 pd0 were decreased after treat-
ment with 3,4-DAA (Fig. 3C) (8OM text. note
S2). Next, assessment of brams and spinal
words of mice with BALL revealed a reduction
of parenchymal and total intlammatory tocl m
(NS tissue from mice treated with 3.4-DAA
compared to vehicle-treated mice (Fig. 3D).

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

in the ONS was suppressed in vivo (23, 32).
Consistent with previous results, expression of
MHC class 1L G40, COROL CDRG, and iNOS
was drastically reduced n spmal cord microg-
lial cells when mice with AL had heen
treated with 3,4-DAA (Tig. 4A). Moreover,

the expression of the CIITA, INOS, TNF-u,
and IL-1223 p4) genes was reduced in spinal
cords of amimals treated with 34-DAA (Fig.
483, Taken together. these results indicate
suppression of APCs as a key mechanism
underlying the immunosuppressive effeets of
J4-DAA,
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Fig. 4. 3,4-DAA sup-
presses the activation of
CNS antigen-presenting
cells in EAE. (A) Female
SJU/) mice 7 to 8 weeks
old were immunized
with PLP p139-151 two
days after the initia-
tion of treatment with
3,4-DAA (200 mg/kg
per day) by oral gavage
twice daily. 12 days af-
ter immunization, brains
and spinal cords were
removed and stained
for MHC class Il (I-A¥),
CD40, CD80, CD86, and
iNOS. (B) Female S)L/)
mice 7 to 8 weeks old
were immunized with
PLP p139-151. Treat-
ment with 3,4-DAA
was initiated at day 16.
Naive animals served as
a control RNA was iso-
lated from spinal cords
60 days after immu- 3
nization (n = 3). After -
reverse transcription, -
cDNA expression of the cose K
indicated transcripts 4
was analyzed by using ’
real-time PCR. Values
represent mean arbi-
trary expression levels
of triplicates and SEM
normalized to expres-
sion of B-actin. Data
are representative of
three independent ex-
periments. *P = 0.05,
**p < 0.01.

MHC Il

*

cDso

-

0%

We finally assessed whether suppression
of mvelin specitic T 1 cells results from di-
rect inhibition of these cells by 3,4-1DAA, or
whether this suppression might be mediated
by myelin-specific T;;2-like cells induced by
treatment with the drug (23). Myelin-reactive
lymph node cells from donor mice treated
with 3,4-DAA atter omset of EAE delayed
the onset and ameliorated the symptoms of
AL when adoptively transferred into recip-
lent mice that had been immunized with PLT
p138-151 (Fig. 31). Finally. administration of
either the natural Trp metabolite 3-IIKA or
the synthetic T'rp metabolite 3,4-13AA to SIL
mice with EAE induced release ot IL-10 from
PLP p139-151 reactive lymph node cells (Fig.
3F) (23). Induction of IL-10 with these com-
potnds in myclin-specific 1 cclls was also ob-
served 10 vitto (Flg. 1C). Collectively, these
data indicate that natural I'p metabolites in-
duce antigen-specific [L-10-producing T cells
with regnlatory potential in vitro and in vivo.
Moreover, these tindings strongly suggest that
3, 4-13AA, structirally related to I'rp metab-
olites, has similar physiologic effects as well.

Interestingly. the stmeturally related im-
mune regulators, linomide and Laguinimod with
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a vet unidentified mcehanism of action. arc
guinoline carboxamides with structural ho-
mology to these same I'rp metabolites (fig. 1
S5). Both Imomide and lagquimmod are ef-

feetive in treating AL and show some cffi- 1;
cacy I patients with MS (33, 34, Qumoline 13,
carboxamides, however, are cardiotoxic. Thus, 14,
trnals of linomide In patients with MS have ¢
been halted. These observations further sup-
port our findings that Trp metabolites may 1?
represent a novel ¢lass of drugs effective m 5
treating T, 1-mediated antoimmunc discases. 19,
Our results indicate that 3,4-DAA, by acting -0
as a mimetic of the T'rp catabolites. can re- 54
place the physiologic role of natural Trp catab- 22,
olites in inhibiting autorcactive 1,1 cclls. 23
. .o . . 24,
Orally active derivatives of Trp metabolites, s
stch as 3,4-12AA, may thus represent a new
class of drugs for therapy to treat ongoing 2%
T, 1-mediated autoimmune discascs. 27,
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Regulated Pole-to-Pole
Oscillations of a Bacterial Gliding
Motility Protein

Tam Mignot, John P. Merlie Jr., David R. Zusman*

Little is known about directed motility of bacteria that move by type IV pilus—
mediated ({twitching) motility. Here, we found that during periodic cell
reversals of Myxoccocus xanthus, type [V pili were disassembled at one pole
and reassembled at the other pole. Accompanying these reversals, FrzS, a
protein required for directed motility, moved in an oscillatory pattern
between the cell poles. The frequency of the oscillations was controlled by
the Frz chemosensory system, which is essential for directed motility. Pole-
to-pole migration of FrzS appeared to involve movement along a filament
running the length of the cell. FrzS dynamics may thus regulate cell polarity

during directed motility.

Ciliding motility is important for bacterial
movement on solid swfaces, virulence, and
devclopment (). ‘T'witching motility in Pyeu-
domonas aeruginosy or soclal motility (S-

>

motility) in Mixococey canfhus involves
assembly of type IV pili at the leading end
of cells: Motion is produced as the fibers bind
to receptors on the substratum, or another cell,

Time (min)

FrzS-GFP

Cy5

Fig. 1. FrzS dynamics reveal polar switching o
of pili upon reversals. {A) FrzS accumulates
preferentially at the pole of the pilus as-

0 2 4 6 7 8 9
+
A

sembly. (Top) FrzS-GFP localizes nonsym-
metrically at the two cell poles. (Bottom)
Cy5 staining of the cells in the top panel
shows polar pilus fibers (arrows). Pili are
assembled at the pole with the brighter
FrzS-GFP fluarescence. Scale bar, 2 um. (B)
Dynamic localization of Frz5 in a moving
cell. Frames were taken every 30 s for a
total of 10 min. (Left) Still images of times
0,2, 4 6 7, 8, and 9 min are shown. The
vertical white arrows indicate the direction
of movement. {Right) Quantitative fluo-

rescence analysis of the cell presented at left. The relative fluorescence
intensities {arbitrary units) of each cell pole were measured and plotted
over time. Black line, initial leading pole; gray line, initial trailing pole; R,
Reversal. (C) Dynamic lacalization of Frz$ in a frzCDF mutant cell. Frames

reversal

Time (min) B

0 2 55 8 9 10
T T r
<

1 1 1
A 4 A
reversal reversal reversal
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and retract (2). Control of dircetional maove-
ments requires periodic cell reversals, which are
regulated by chemosensory systerns (£, 3. 4). It
has been proposed that cellular reversals are
achicved by switching the sites of pili extrusion
fiom one cell pole to the other (4).

In M. xanifnes. dirccted motility allows cells
to coordinate movements toward nuttlents or,
when limiting. fruiting bodics (3). Frz8 s
required tor S-motility—dependent vegetative
swarnming. It contains an N terminal recciver
like domain, an alanine-proline—rich linker,
and an extended coiled-coil domain (fig. S1A)
{(6). frz§ mutants are Impaired in S-motility
swarming beecause they are defective in reg-
ulating pili-mediated directional movements
(fig. 81, B and C). Indeed. mutants that have
strong directional detfects cannot swarm or
form friiting bodics (7. &).

University of California, Department of Maolecular
and Cell Biology, Berkeley, CA 94720-3204, USA

*To whom corespondence should be addressed.
E-rnail: zusman@uclink berkeley.edu
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times 0, 2, 5, 5.5, 8, 9, and 10 min are shown. The vertical white arrows
indicate the direction of movement. Horizontal white arrows point to
frzCD —dependent additional FrzS spots that brighten immediately be-
fore switch of the bright pole. {Right) Quantitative fluorescence analysis

were taken every 30 s for a total duration of 10 min. (Left) Still images of  of the cell presented at left. Labels as in {B}.

www.sciencemag.org  SCIENCE VOL 310 4 NOVEMBER 2005 855


http://www.fineprint.cn

856

REPORTS

To investigate the cellular localization of
Frz8. we constricted a strain containing green
fluorescent protein (GFP) in a chimenic frz$-
gfpr gene in place of the endogenous frzS gene
{fig. S2A). The FrzS-GFP fusion protein was
stably cxpressed and functional (fig. 82. 8
and C). Fra5-GFP was localized m patches
primarily at both cell poles (Fig. 1A) [n many
cells, one pole was bright and the other dim,
which suggested that FrzS acennmlated at onc
pole in preference to the other (Fig. 1A). The
brighter FreS-GiHFP pole usually corrcsponded

Table 1. Correlation between Frz$ localization
pattern and cellular reversals. Total cells is the
number of filmed cells for each strain. Bright
leading poles were unambiguously asymmetrical
with a brighter patch at the leading pole. Dim
leading poles were unambiguously asymmetrical
with a dimmer patch at the leading pole Mo
symmetry means cells displayed movement with
no evident FrzS asymmetry. A reversal was scored
each time a cell changed its direction by 180% A
switch was scored each time a brighter pole
became a dimmer pole. Percent correlation re-
flacts the percentage of cells where a switch oc-
curred concurrently with a reversal.

Background
Measure
WT pirid frzlor

Total cells a2 94 34
Scored cells

Bright leading pole 86 84 34

Dim leading pole 4 5 0

Mo asymmetry 2 5 o
Reversals EE] 8 92
Switch 33 4] 92
Percent correlation 100 o] 100

Fig. 2. Frz5-GFP dynamics in moving cells. (A}
Diffusible GFP is fully bleached in the course of
a 10-s laser exposure of the cell pole. Micro-
graphs of a cell before bleaching, immediately
after bleaching, and 40 s after bleaching, The
open rectangle shows the area exposed to the
laser. The white arrow shows the direction of
movement. Scale bar, 2 um. (B) Quantitative
fluorescence analysis of the cell presented in
(A) at different times. The relative fluorescence
intensities (arbitrary units) were plotted as a
function of the cellular location. Black line,
fluorescence intensities before photobleaching;
red line, fluorescence intensities immediately
after photobleaching; blue line, fluorescence
intensities 40 s after photobleaching. The inset
represents the region of the cell that was
selected (red line) to obtain the fluorescence
intensity profile. (C) FRAP analysis of FrzS-GFP
fluorescence at the dimmer pole. Labels as in
{A). (D) Quantitative fluorescence analysis of
the cell presented in (C) at different times.
Labels as in (B). (E) FRAP analysis of FrzS-GFP
fluorescence upon cellular reversal. Labels as in
(A). (F) Quantitative fluorescence analysis of
the cell presented in the (E) at different times.
Labels as in (B).
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to the pole containing pili (37 of 40 analyzed
cells), vismalized with Cy5 (Fig. 1AL a non-
specific fluorescent dve that has been used to
label pilus fibers in £ aesuginosa (9). We
followed mdividual cells expressimg FrzS-
CikP as they moved on agar pads by time-
lapse tluorescence microscopy. As expected,
the brighter FreS-GEP fluorescent patch was
typically observed at the leadmg end of the
cell (Fig. 1B and lable 1).

If cellular reversals mvolve pole-to-pole
switching of pili fibers. then we should sce
relocalization of the broghter Frz5-GEP fluo-
rescent patch from one cell pole to the other
when a ccll reverses. As predicted. fluores-
cence at the leading pole slowly decreased and
gradually increased at the trailing pole so that
the intensity was equalized at both poles after
5 to 6 min (Fig. 18; movic 81). Fluorcscenee
at the leading pole then dispersed, and the cell
reversed direction causing the old trailing pole
to becorme both the brighter pole and the new
leading pole. Frz8-CikP fluorcsecnee increased
rapidly at the new leading pole as the cell
continued to move in the new direction (Fig.
1B). Thereatter, fluorescence at the leading
pale decreased as the trailing pole showed
mereased fluorescence. We tracked 92 cells tor
10-min intervals and obscrved 33 cells re-
versing; cell reversal was always accompanied
by rclocalization of the brighter fluorescent
patch trom the old leading cell pole to the new
leading ccll pole (Table 13, Thus, pili switched
poles when cells reversed, and Frz8 was as-
sociated with the regulation of the switch.

The Frz chemosensory pathway acts as a
binchemical regulator of cell reversals (/). fi=

mutants very rarely reverse their divection of
movement and are defective in swarming and
fiuiting body formation (7). We monitored
Frz8-GEP oscillations in a frz-null mntant
{ fizE) to determine whether the Frz pathway
modulates Frz8 dynamics. Although most
cells still had the brighter tluorescent patch
at the leading ecll pole. pole-to-pole oscil-
lations of Frz8 were not observed i this
mutant (Table 1). Rarely, a cell was observed
10 reverse its direction of movement, but then
FrzS polar switching failed to ocenr {T'able 1).
These reversal events may have been caused
by unrcgulated activity of the othcr motility
motor, the A-motility system (see fig. 81).
Some fro mutants { frzCD7) show hyperrever-
sals. hypothesized to be cansed by constitutive
sigmaling through the Frz pathway (11). FraS-
CiEP cxpressing strains containing the fr=(4
mutation showed a ninetold mncrease mn re-
versal frequency; these reversals were always
accompanied by FrzS polar switching {Table
1} A fluoreseence microscopy time-lapse scrics
of a Fres-GEP fi<CD* mutant cell 1s shown
{Fig. 1 movie 82). The cell pictured reversed
ity divection three times in the 10-nun filming
interval and showed corresponding oscilla-
tiems I FraS-GEFP localization. The oscillato-
ry period of FrzS-GHP was markedly reduced
n the mutant, but the pattern was very similar
to the onc observed in the parent strain: Re-
versals always happened together with dis-
persal of the fluoresccnec at the old lcading
pole (atter equalization of the fluorescent sig-
nals at both poles). followed by a rapid in-
crease m tluorescence at the new leadig pole.
Additional nonpolarly localized Frz8 clusters

DA N
/|

Cell location

8 8 8 8

bright pole

Cellular location

N—

bright pole

Cellular location
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were abserved in 30% of the fz00F cells; they
faded and reappeared periodically (Fig. 10,
movie S2). The cluster closer to the new
brighter pole always incrcased in intensity be-
fore the poles switched, which suggests that
these foel represent fixed sites where Fres
could accumulate transiently as it moved from
pale to pole. Thus. the periodicity of Fres os-
cillations 15 comtrolled by the sigmaling activity
of the Frz pathway.

The observed FraS oscillations could not be
attributed to targeted proteolysis followed by
de novo protein synthesis because chloram-
phenicol {Cmy) did not atiect reversals or Frz8
pale-to-pole switching. To investigate the ve-
locity of FreS-GFP movements i cells, we
conduected a Flnoreseence Recovery After Photo-
bleaching (FRAP) expeniment in the presence
of Um. (Fig. 2, A and B). Cells expressing
diffusible GFF were lluminated in o small
rcgion for 10 s, which bleached the diffosible
molecules throughout the cell (Fig. 2, A and
Bi. When moving FreS-GFP expressing cells
were ummated at only the dimmer cell pole
for 10 s. the dimmer pole was blcached. but
recovered almost full tluorescence after 40 s
{Fig. 2, € and 12). Thus, the movement of
Frz5-GFT molecules was much slower thun
diffusible GiFP, which suggests that it is not
transported by diffusion. Moreover, fluores-
cenee at the brighter pole was unaffected by
the treatment and decreased only slightly afier
40 s (Fig. 2, ¢ and 13). This suggests that the
slow inerease m fluorescence at the trailing
pale obscrved before reversal (Fig. 1. B and
) was driven both by FreS-GIP molecules
that were not localized at the leading pole and

A Time (min)

Frz8-GFP molecules that came ffom the
leading pole.

We showed that when cells reverse, the new
leading polc increases in fluorescence; this
crease peaked ~1 min atter fluorescence
dispersed at the old leading pole (Fig. 1, B and
C). We used FRRAT 10 test whether this increase
was duc to FreS-GiFPs leaving the old leading
pole for the new leadmg pole. A moving cell
was illominated immediately before reversal
such that only the leadng pole would be
unhleached. Fluorescence dispersed at the old
leading pole and accumulated at the new
leading pole; after 40 s most of the fluorescent
qigna] had moved to the new leading pole
{Fig. 2, E and F). Because fluorescence recov-
cry at the new Icading pole is casentially due to
FreS-GET molecules leaving the ald leading
pole. we can cstimate the speed of FrzS-GEP
movement to be < 0.3 pm's (12).

In maoving cells. cytosolic Frz8-CikP fluo-
rescence could be detected as transient “comet
tails” leading to the poles or as mowing foci in
some lomger cells (see Fig. 1B; fig. 83). In
many nonmoving cells, individual FrzS-GEP
tocl could be easily tollowed as they moved
between cell poles (Fig. 3A: movic 83).
Movement of the Frz5-GIP focus was slow:
It tool 5 min to travel the distance scparating
the two cell poles (Fig. JA). The nonpolar
flnorescence was detected as a patch, but also
as o filament that overlapped the trajectory
{Fig. 3B). An overlay of the time-lapse frames
showed that the tryjectory of the focus dis-
played two turns (Fig. 3B).

We also malyzed a stable mutant, /25, -

lacking a motif at the C-terminal end of FrzS

» B
3.5 4.5 5

0.5 1 2
II

@J 180°

be

Fig. 3. FrzS may track along a helical filament. (A) Time-lapse fluorescence microscopy of a dynamic
FrzS cluster. The cell was filmed for 5 min. White arrows point to the observed dynamic FrzS spot. (B)
Trajectory of the moving complex. (Left) Enhanced view of the cell shown in {A) after 2.5 min {top}
and schematics of the fluorescence signal (bottom). (Tap right) The images shown in {A) were overlaid,
and the spots observed at different times were linked to obtain a trajectory. The numbers refer to the
tirmes at which the foci were seen at a particular subcellular location. (Bottom right) Schematics of the
trajectory {blue line) overlaid on the proposed coiled track {red line}. (€} FrzS,, . ., is defective for
vegetative swarming. Motility phenotypes of the WT and fizs, .. . strains on S-motility—specific
CYE-rich medium 0.3% agar plates (77). (D) Subcellular localization of Frz8, a7 nag The localization
pattern of Frz5 ... .., was determined by immunostaining using the Frz5-specific antiserurm. R, raw
image; P, processed image. (Right) Clockwise 90° rotations of the reconstructed volume of the seg-
ment boxed in the processed image. Scale bar, 2 um.

REPORTS

required for polar localization (Fig. 3D, As
cxpeeted. Frzs, . .0 Was unable to swarm.
which indicates that polar localization 1s
cssential for function (Fig. 3C). Immunofloo-
rescence staming of P28 .o -, and deconvo-
[ntion microscopy showed that Frzs organized
as broad slanted bunds and as clusters bor-
dering the cell periphery (Fig. 310). Althongh
the pattern wus not always continuous, vol-
ume reconstructions clearly showed that seg-
ments could be resolved as cotled fillaments
that run along the length of the cell (Fig. 313).
The localization pattern of the FrzS C-terminal
varant could be due to self-organization, but
it also snggests the presence of a filament
that could explam the trajectory of moving
FezS-GFP foci. Indeed. Fras, . . o, may re-
mam bound to the filument because it 15 unable
cither to track an the filament or to accunmlate
at the poles. The structures of ten FrzS .5 os
filaments all showed turns (Kig. 312). which
suggests that these filaments could account for
trajectorics snch as those observed (Fig. 38).

The data presented show that S-motility
reversals involve switching the sites of pili
extrusion trom one cell pole to the other. We
hypothesize that a protein complex that contains
FreS tracks from pole to pole and controls pili
asscmbly. Switching may be achicved hy
moving the complex along a cytoskeletal track
{(fig. 54). Bacterial cytoskeletal filaments have
been shown to play an important role in the
control of other cellular processes, such as cell
division and DNA segregation (1 3).
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Retrograde Signaling by Syt 4
Induces Presynaptic Release and
Synapse-Specific Growth

Motojiro Yoshihara,* Bill Adolfsen, Kathleen T. Galle,
). Troy Littleton

The molecular pathways involved in retrograde signal transducticn at synapses
and the function of retrograde communication are poorly understood. Here, we
demonstrate that postsynaptic calcium 2+ ion {Ca®—) influx through glutamate
receptors and subsequent postsynaptic vesicle fusion trigger a robust induction
of presynaptic miniature release after high-frequency stimulaticn at Drosophila
neuromuscular junctions. An isoform of the synaptotagmin family, synapto-
tagmin 4 Syt 4), serves as a postsynaptic Ca2+ sensor to release retrograde
signals that stimulate enhanced presynaptic function through activation of the
cyclic adenosine monophosphate {cAMP)—cAMP-dependent protein kinase

pathway. Postsynaptic Ca®

influx also stimulates local synaptic differentia-

tion and growth through Syt 4-mediated retrograde signals in a synapse-

specific manner.

Nemronal development requires coordinated
sipmaling to orchestrate pre- and postsynaptic
maturation of synaptic conncctions. Synapsc-
specific enhancerment of synaptic strength as
occurs during long-term potentiation (/). as
well as compensatory homeostatic synaptic
changes. have been snggested to require
retroprade signals for their induction {2, 7).
Althongh retrograde signaling has been impli-
cated widely in symaptic plasticity, the molec-
ular mechanisms that transdiee postsynaptic
Ca?! siymals during enhanced synaptic activ-
ity to alterations in presynaptic function arc
poorly characterized. Because postsynaptic
{la™* is cssential for synapse-specific potenti-
atlon (), 1t 1s Important to characterize how
{’a®™ can rcgulate retrograde comnmnication
at synapses.

To disscet the mcchanisms underlying
activity-dependent synaptic plasticity, we tested
whether newly formed Drasophile ghitamatergic
neuromuscular junctions {NMIs), which have
~ 30} active zones, show physiological changes
after 100-Hz stimulation {3). Within 1 min af-
ter stimmlation, a gradual 100-fold increase in
miniatare cxcitatory postsynaptic current (mini-
ature) frequency was observed (Fig. 1. A to (),
from a bascline of 0.03 Hz to often more than
5 1Lz, The high-frequency-stimulation-induced
miniature release (termed HEMR) contined
for a tew minutes to as long as 20 min be-
fore subsiding to bascline levels. Perfusion
of postsynaptic muscles with the Ca®— chelator
EGTA from the pateh pipette caused a mod-
est suppression ot [IEMR, whereas the fast

Picower Institute for Learning and Memory, Depart-
ment of Biology, Department of Brain and Cognitive
Scdences, Massachusetts Institute of Technology, Cam-
bridge, MA 02139, USA,

*To whom correspondence should be addressed.
E-rmail: motojire@mit.edu

Ca® chelator 1,2-bis(2-aminophcnoxy)cthane-
NN N tetraacetic acid (BAPTA) induced
strong suppression by 2.5 min of perfusion.
Longer perfusion with BAPTA for 5 min betore
stinmlation abolished HEMR (Fig. 1, A to ),
mdicating [IFMR 1s mduced atter postsynaptic
Ca® influx.

Ca*-mduced vesicle fusion In presynaptic
terminals provides a temporally controlled and
spatially restricted signal essential for synaptic
communication. Postsynaptic vesicles within
dendrites have been visualized by trunsmission
clectron microscopy (6). and dendritic releasc
ot several neuromodulators has been reported
{7). To test whether postsynaptic vesicle fusion
might underlie the Ca?!-dependent release
of retrograde signals, we blocked postsynaptic
vesicle recyeling by usmg the dommumt nega-
tive shifire™" mntation. which disrupts endocy-
tosis at elevated temperatures (8). We expressed
shibire™ specifically in postsynaptic muscles
by driving a UdS-shibire! transgene (9) with
mnscle-specific myosia heavy chain (Mhe)-
(rald, lkeeping presynaptic activity intact. At the
permissive temperatire (2370, high-fiequency
stimmlation indnced normal HEMR (Fig. 1. 1D
and F). However. raising the temperature to
319C suppressed HEMR in the presenee of
postsynaptic shibire™!, whereas wild-type ani-
mals displayed normal HEMR at 317 (Fig. 1,
D wnd F). Basic synaptic properties n Mhe-
Gudd. UAS-shibire™ animals were not affeoted
at either the pemussive or the restrictive term-
perature (Fig. 14, Uhe suppression of HEMR
1 not due to Irreversible damage mduced by
postsynaptic (/A4S shibire™ cxpression, beeanse
a second high-trequency stimulation after re-
covery to the permissive temperatire induced
nomal ITFMR (Fig. 1, E and II).

The synaptic vesicle protein synaptotagmin
1 (S¥t 1) is the myjor Ca™* sensor for vesicle

fusion at presynaptic terminals {10, 17) but is
not localized postsynaptically. We have recent-
ly shown that another 1soform ot the svnapto-
tagmin family, synaptotagmin 4 (Syt 4). is
present in the postsynaptic compartment (£.2),
suggesting Syt 4 might function as a post-
syvoaptic Ca?! sensor. Syt 4 iImmunoreactivity
is obscrved in a punctate pattern swrromnd-
ing presynaptic terminals, suggesting Syt 4
is present on postsynaptic vesicles (Fig. 2B).
We again blocked postsymaptic vesicle recy-
cling by wsing the {ZAS-vhibire™! transgenc
driven with Mac-Gald, Without a terperature
shift, Syt 4—ontaining vesicles showed their
normal postsynaptic distribution surrounding
presynaptic terminals (Fig. 2B). When the tem-
peratire was shifted to 37°C for 10 min in
the presence of high-K+ saline containing
1.5 mM Ca? to drive synaptic activity. Syt
d—contaming vesicles trunslocated to the plas-
ma membrane (Fig. 20). After recovery at
18°C for 20 mun, postsynaptic vesicles re-
turned to their normal position (Fig. 21).
Removing extracellular Ca?* durng the
high-K  stinmlation resulted in wesicles that
did not translocate to the postsynaptic mem-
branc (Fig. 214).

To further test whether the Syt 4 vesicle
population undergoes fusion with the post-
synaptic membrane as opposed to mediating
fusion between intracellular compartments. we
consttucted transgenic animals expressing
pH-sensitive green fluorescent protein (GHP)
varant {ecliptic pIlluorm) (73) fused at the
intravesicular N terminus of Syt 4. licliptic
plluorin increases its tluorescence 20-told
when exposed to the extracellular space from
the acidic lumen of mitracellular vesicles dur-
ing fusion. lxpression of Syt 4-pHluorin in
postsynaptic muscles resulted m intense lu-
orcscenec at specific subdomains in the post-
synaptic membrane, detining regions where
Syt 4 vesicles undergo exocytosis (Fig. 2H).
The fluorescence was not ditfusely present
over the postsynaptic membranc but dirceted
to restricted compartments. We co-stained
Mbe-Gald. {AS Svr 4 plfhiorin larvac with
antibodies against the postsynaptic demsity
protein. DPAK, and nck2, a monoclonal
antihody against a presynaptic active zonc
protein (3). Syt 4 pHluorin colocalized with
DPAK and localized adjacent to ne82, demon-
strating that Syt 4 pHluorin translocates from
postsynaptic vesicles to the plasma membrane
at postsynaptic densities opposite presynaptic
active zones (Fig. 2. i and H).

To examine the function of Syt 4—dependent
postsynaptic vesicle fision. we characterized
the phenotype of a 5w 4 null mutant {531 4473
(72) and a sz 4 deficicncy (rnf?) (/4). Mu-
tamts lacking Syt 4 hatch from the egg case 21
hours after cgg laying at 25°C. similar to wild
type, and grow to fully mature larvae that pu-
pate and cclose with a normal time course. 1o
determine whether postsynaptic vesicle fusion
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triggered by Ca? ! influx is required for IFMR,
we analyzed the effects of high-frequeney stinm-
ulation n s¥* 4 mutants. [n contrast to controls
{Fig. 3A), the increase of miniature releasc
was elimmated m s 4 mutants (Fig 3B). Post-
synaptic expression of a (A5 o7 4 transgene
{13) completely restored [IFMR in the null mu-
tant (Fig. 3C7). demonstrating that postsynap-
tic Syt 4 1s required for tngeering enhanced
presynaptic function. Presynaptic expression of
a LidS—svt 4 tunsgene did not restore IIFMR
{Fig. 319 [n addition, postsynaptic cxpression

Fig. 1. High-frequency stimulation
trigpers enhanced presynaptic mini-
ature release that requires post-
synaptic Ca?! and postsynaptic
vesicle trafficking. (A) A motor
nerve innervating embryonic muscle
fiber 6 at hatching stage (21 hours
after egg laying) was stimulated
with four trains of 1-s 100-Hz
stimuli spaced 2 s apart in 0.5 mM
extracellular Ca*—. Whereas sponta-
neous release is rarely seen without
stimulation (top left), high-frequency
stimulation (represented by arrows)
induces a 100-fold increase in fre-
quency of miniatures {top right). The
lower image shows traces when
BAPTA (5 mM]) was included in the
internal solution of the patch elec-
trade. {B) Representative time courses
of HFMR from control and BAPTA-
treated muscle cells. At each 10-s
interval, miniatures are displayed as
mean frequency. The first time point
represents averaged miniature fre-
quency for 5 min before stimulation.
{C) Miniature frequency at 1 min
after 100-Hz stimulation {calculated
mean between 30 and 70 s after
stimulation), compared with minia-
ture frequency before stimulation
{mean for 5 min before stimulation).
The number of samples analyzed
were six for control and five for
BAPTA perfusion. Double asterisks
indicate £ < 0.01 by paired t test.
{D) High-frequency stimulation per-
formed in Mhc-Gald, UAS-shibiret?
animals at permissive [23°C) and re-
strictive {31°C) temperatures. Wild-
type animals show normal HFMR at

A

Freguency, Hz

D

I Postsynaptic shibire’’ at 23°C Hil

of o mutant Syt 4 with neutralived Ca? -
binding sites in both €2A and 2B domains
did not rescue [IFMR, indicating that retro-
grade signaling by Syt 4 requires Ca®+ bind-
myg {Fig. 3D).

The large increasc in miniature frequency
observed dummg IIFMR 15 similar to the en-
hancement of presynaptic release after acti-
vation of c¢yclic adenosine monophosphate
{cAMP) dependent protein kinase (PKA)
described in Apfvsie (2) and Drosophila (16).
Bath application of forskolin. an activator of
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adenylyl cycluse, results i a robust enhance-
ment of miniatire frequency at Drovephilu
NMTs (Fig. M3) simlar to that observed dur-
ing HFMR, suggesting retrograde signals may
function to mcrease presynaptic cAMDP. To
test the role of the cAMP-PKA pathway in
I[IFMR, we assaved DOG mutants (17) tor the
presence of HEMR. 2CH encodes the major
catalytic subumit of PKA In Drosophila and
has been implicated in olfactory learning {(/8).
Similar to the lack of forskolin-induced minia-
tre induction (f9). 200 noll mntants lacked
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axpariments from the restrictive {31°C T T T F

temperature to the penmissive [23°C

temperature using Mhc-Gald, UAS-

shibiretsT animals, The scale in the e

top of (D) also applies to the mid- S|

dle and bottom of (D) and {E}. {F) )

Quantification of miniature frequen- I +/+ at31°C 82 _

cy at 1 min after high-frequency T T 2 | I'i‘l
stimulation calculated as described v

above. Triple asterisks indicate Mfrc- shibire™™! shibire®! +/+
Catd, UAS-shibiret’ at 31°C is signif- at23°C at31°C at31°C

icantly different both from Mhe-Gatd,
UAS-shibire™T at 23°C and from wild

type at 31°C with the use of posthor comparisans (Scheffe’s multiple
comparisons test; # <2 0.001) after single-factor analysis of variance. The
number of samples analyzed were six for Mhe-Gald, UAS-shibire®! at 23°C,
13 for Mhc-Gald, UAS-shibire™ at 31°C, and four for wild type at 31°C. (G)
Evoked responses in Mhc-Gal4, UAS-shibire™' animals at the permissive and
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quency in the termperature shift experiments (E) at 1 min after high-frequency
stimulation calculated as described above. The number of samples analyzed
was six. The asterisk indicates P -2 005 (Wilcoxon paired-sample test).
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ITIFMIR (Fig. 3F). Bath application of forskolin
in s 4 nutants resnlted in enhanced minia-
ture frequency (Fig. 310, sugeestmg activation
of the cAMP pathway can bypass the require-
ment for Syt 4 in synaptic potentiation.

To further explore the role of retrograde
sipmaling at Drosophife synapses, we char-
acterized the role of activity in synapse dif-
ferentiation and growth. Dunng Drosophifa
cmbryonic devclopment, presynaptic termi-
nals undergo a stereotypical structural change
from a flat path-finding growth cone into var-
icose synaptic terminals through dynamic re-
construction (20). Such developmental changes
in synaptic structure may share common
molecular mechanisms with morphological
changes induced during activity-dependent
plasticity. We eliminated synaptic transmis-
sion by using a deletion mutation that re-
moves the postsynaptic glutamate receptors,
DGIuRITA and DGIuRIIB (27) (hereafter
referred to as GluRs). Postsynaptic currents
normally induced by nerve stimulation were
completely absent in the mutants (g/uR) (fig.
S1, A and B). Miniatures were also elimi-
nated, even at elevated extracellular Ca®*
concentrations of 4 mM. In the absence of
GluRs, the presynaptic morphology of motor
terminals is abnormal, even though GluRs are
only expressed in postsynaptic muscles (22).
GluR-deficient terminals maintain a flat-
tened growth cone—like structure and fail to
constrict into normal synaptic varicosities
(Fig. 4, A and B, and fig. S1, C and D: see
fig. SIN for quantification). We also assaved
synaptic development in a null mutant of
the presynaptic plasma membrane t-SNARE
[SNAP (soluble N-ethylmaleimide—sensitive
factor attachment protein) receptor], syntaxin
(syx), which eliminates neurotransmitter re-
lease (23), providing an inactive synapse sim-
ilar to that in the g/uR mutant. syx null
mutants also have abnormal growth cone-like
presynaptic terminals with less varicose struc-
ture (fig. S1E).

Because activity is required for synapse de-
velopment, we tested whether Syt 4—dependent
vesicle fusion may be required, similar to its
role in acute retrograde signaling during HFMR.
Physiological analysis revealed that the ampli-
tude of cvoled currents in nutants lacking Syt 4
was maoderately reduced compared with wild
type (fig. 51, F and G), suggesting weaker syn-
aptic function or development. Similar to the
morphological phenotype of the gff mutant
{Fig. 48 and fig. 81. 1> and N). s 4 mull nmu-
tant embryos showed defective presynaptic dift
ferentiation (Fig. 4¢ and fig. 81, H and N).
Nerve temminals lackme Syt 4 displaved reduced
varicosc structire. whereas wild-type terminals
have already formed individual vancosities
at this stage of development (Fig. 4A and
fig. S1, C and N). Postsynaptic expression with
a LS s 4 transgene reseued the physiolog-
ical and morphological phenotypes {fig. 81,

F, G, 1, and N). Syt 4 Ca?!-bindimg deficient
mmtant transgenes did not reseue cither the
morphological mmuturity or the reduced am-
plitude of evoked currents (fig. S1.F, (i, I and
N), even though Syt 4 Immunoreactivity at
the postsynaptic compartment was restored by
muscle-specific expression of the mutant spf 4
transgene (fig. S1M). similar to the wild-type
syt 4 tunsgene (g, S1L) and endogenous Syt
4 (Fig. 2B) imnunorcactivity.

Manmmalian syt 4 was ongmally identitied
as an immediate-carly gene that is transerip-
tionally up-regulated by nerve activity
certain brain regions (24). We therefore ana-
lyzed guin-of-function phenotypes caused by
postsynaptic Syt 4 overexpression specifically
In muscle cells to increase the probability of
postsynaptic vesicle fnsion. Syt 4 overcxpres-
sion mduced overgrowth of presynaptic ter-
minals in mature third instar larvac (fig. 82. A

is°C
20 min

Fig. 2. Ca®*-dependent translocation of Syt 4—positive vesicles to the postsynaptic membrane. (A
to E) Mhc-Gald, UAS-shibiret’ third instar larval NMJs were stained with antisera against Syt 4
{magenta) to visualize postsynaptic vesicles and anti-horseradish peroxidase {HRP) (green) to
visualize the presynaptic plasma membrane. [A] Diagram of temperature shifts performed. (B)
Larvae maintained at 21°C have abundant postsynaptic vesicles that form a cloud around
presynaptic terminals. {C) Larvae shifted to 37°C for 10 min in high-K' saline (60 mM K and 1.5
mM Ca?+] lose the Syt 4—pasitive vesicle halo surrounding synaptic terminals, with a shift in the
signal to the muscle plasma membrane. {D) Recovery of the Syt 4 vesicle population was observed
after lowering the temperature to 18°C for 20 min. (E) Temperature shifts in 60 mM K+ saline
without Ca?! resulted in no Syt 4 vesicle translocation. The scale bar in (D) is 5 um and applies to
all images in {B) to {E}. Above each image are schematic diagrams depicting the distribution of Syt 4
signal at each time point. (F and H) Mhe-Cald, UAS-Syt 4—pHiuorin localizes to the postsynaptic
density. (F) Live images of Syt 4—pHluorin by confocal microscopy at the third instar larval NM),
showing a projection of optical sections through the Z axis (Fig. 4C). Arrowheads point to
varicosities with patches of Syt 4—pHluorin signal. Scale bar is 5 um. {G) A Syt 4-pHluorin—
expressing muscle (green, upper panel) costained with ne82 {magenta, middle panel) in an optical
section of a fixed third instar NM|. Syt 4—pHluorin—positive patches {arrowheads) are localized
adjacent to presynaptic active zones (arrows). {H) Syt 4—-pHluorin {green, top) colocalized with
immunoreactivity against DPAK (magenta, middle; arrowheads). The scale bar in {H) is 5 um and
also applies to (C).
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Fig. 3. HFMR is abolished in the absence of postsynaptic Syt 4. (A to  * o _I_l_
Before After

F) Stimulation protocol was the same as in Fig. 1. Left images are
traces without high-frequency stimulation. Middle images are repre-
sentative traces when stimulated. Whereas spontaneous release is rarely seen without stimulation
[left in {A)] high-frequency stimulation induces a robust HFMR response [middle in (A)]. The induc-
tion of presynaptic miniature release is abolished in the syt 4 null mutant [syt 4547 (B); ™ showed
an indistinguishable phenotype] but restored in postsynaptically rescued synapses by Mhc-Gald, UAS—
syt 4 [’ background {C)]. A syt 4 transgene with mutations in the C2A and C28 Ca? ! -binding sites,
UAS—syt 4 fC2A D4N, C28 D3,4N], did not rescue HFMR in the null mutant [syf 4847/m*s background
(D)) Presynaptic expression by elav-Gal4, (AS—syt 4 did not rescue the loss of HFMR {E). HFMR was
not observed in a null mutant of PKA, DCO%? (F). (Right graphs) Miniature frequency at 1 min after
tetanic stimulation compared with miniature frequency without stimulation (mean for 2 min).
Nurmber of samples analyzed: () nine no stimulation and eight stimulation, (B) nine no stimulation
and six stimulation, {C) five no stimulation and five stimulation, (D) 10 no stimulation and six
simulation, {E} seven no stimulation and five stimulation, and (F) five no stimulation and five
stimulation. Double asterisks indicate # < 0.0 by Mann-Whitney's U test. Error bars are SEM. (G and
H} Left images show representative traces of recordings before application of forskelin (500 uM) to
activate PKA, and middle images show traces at 20 min after application. Both wild type (G) and the
syt 4 null mutant [syt 4847 {H)] showed 100-fold increases in miniature release. (Right graphs)
Miniature frequency before stimulation and 20 min after application of forskolin. Mumber of samples
analyzed: (G) four, before and after; (H) four, before and after. Single asterisks indicate £ < 0.05 by
paired £ test. Error bars are SEM. The scale for trace in (A} applies to all traces in {A) to {H}.
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to ), In contrast to overexpression of’ Syt 1
{fig. 827, which docs not traffic to Syt 4
contaming postsynaptic vesicles {23). In addition
to synaptic overgrowth, Syt 4 overcxpression
accasionally induced the formation of abnor-
mally large varicositics. Postsynaptic overex-
pression of the Syt 4 Ca® -binding mutant did
not indnce synaptic overgrowth (fig. S20).
indicating that retroprade sigmaling by Syt 4
also requires Ca?+ hinding to promote synap-
tic srowth.

To determine whether the cAMP-PKA
pathway 1s Important n actvity-dependent
synaptic growth, we assaved the effects of
PKA on synaptic morphology. lxpression of
comstitutively active PKA {26) presynaptically
using a motor newon specific (Fuld driver
induced not only synaptic overgrowth but also
larger individnal varicositics in mature third
mstar larvae {fig, S2D), similar to those n-
duced by postsynaptic overexpression of Syt
4. These observations are consistent with the
presynaptic overgrowth observed in the learn-
Ing mutant, dunce, which distupts the enzyvme
that degrades cAMP (27), and with studics in
Aplvsia implicating PKA m synaptic vancos-
ity formation {2). We next characterized the
loss-of-tunction phenotype of PKA mutants
(DCHEDY (177 at the embryonic NMI (Fig.
4D to compare with gl and sp¢ 4 mutants
(Fig. 4, B and ). Presynaptic terminals in the
DCO mutant were morphologically aberrant,
with abnormal growth cone like features and
less varicose structure. Postsynuptic expres-
sion of a constitutively active PKA transgene
mn the DCE or spf 4 mutant backerounds Tes-
cued the immatore morphology (Fig. 4, 13 and
F), suggesting activation of PKA 1s down-
stream of Syt 4 dependent release of retro-
wrade signals.

Similar to the role of Syt 1 dependent
synaptic vesicle fusion I friggering syn-
aptic transmission at individual synapses.
Syt 4—dependent vesicle fusion might trigger
synapsc-specific plasticity and growth. To test
synuapse specificity, we took advantage of the
specific propertics of the Drosophile NV at
muscle fibers 6 and 7, where two motomeu-
rons innervate hoth musele fibors 6 and 7
during development (Fig. 4G). We expressed
Syt 4 specifically in embryonic muscle fiber 6
but not musele fiber 7 by using the £194-Cral4
dover {28). It Syt d—dependent retrograde
signals induce gencral growth of the motor-
neuromn, one would expect to see a proliteration
of synapscs on both muscle fihers. Alterna-
fively, 1f Syt 4 promoted local synaptic growth,
onc would expect specific activation of syn-
apse proliferation only on target muscle 6,
releasing the Syt 4 dependent signal. 445 s
4 driven by H9-Caf4 ncreased mnervation
on muscle fiber & compared with that on
muscle fiber 7 m thivd mstar larvae (g, 82, T
to H). Control experiments with Syt 4 Ca? -
binding deficlent mutant transgenes, or a
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transgene encoding Syt 1, did not result m
proliferation (fig. 82, 1i, (. and H). Thuos,
synaptic growth can be preferentially directed
to specific postsynaptic targets where Syt 4
dependent retroprade sigmals predomimate,
allowing differential strengthening of active
s¥mapses via local rewrng,

On the basis of the resnlts deseribed above,
we propose a local feedback model for activity-

dependent synaptic plasticity and growth at
Drosophile NMIs (Fig. 4H). Synapse-specific
Ca?! flux toggers postsynaptic vesicle tu-
sion through Syt 4. Fnsion of Syt 4 containing
vesicles with the postsynaptic membrane re-
leases locally acting retrograde signals that ac-
tivate the presynaptic terminal, Lkely through
the cAMP pathway. Active PKA then triggers
cytoskeletal changes by unknown effectors
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Fig. 4. Postsynaptic activity—dependent presynaptic development mediated through retrograde
signaling by Syt 4 and presynaptic PKA. (A to F) Presynaptic morpholagy of embryonic NMJs at
hatching stage {21 hours after egg laying). Presynaptic terminals innervating muscle fibers 1and 9
[top images in {A]) to (C)] and muscle fibers & and 7 [bottom images in (A] ta [C) and (D] to (F}]
were stained with the neural membrane marker anti-HRP. Confocal micrographs in top images in
A} to {C) are shown as stacked images parallel to the body wall {X-¥), projected along the Z axis
perpendicular to the body wall), as indicated in (G). In battom images in {A) to (C) and (D] to (F),
confocal micrographs are shown in three axes, parallel to the body wall (X-¥), perpendicular to the
body wall and longitudinal {¥-Z), and perpendicular to the body wall and acrass the longitudinal
axis (¥-Z), as indicated in (C). Wild-type embryos {A) have synaptic terminals that have
constricted into individual varicasities (arrowheads). In gluR (B), the syt 4 null mutant [syr 4547 (C);
m’¢ showed an indistinguishable phenotype] and the null mutant of PKA, DC0%3 (D), mutant
terminals fail to constrict into normal varicosities and maintain a flat less-varicose appearance
{arrowheads) spreading through the X-¥ plane or through the X-Z plane. Presynaptic expression of
a constitutively active PKA transgene using the motor neuron—specific driver, D42-Gal4, restored
normally constricted varicosities {arrowheads) in the DCO%* background (E) and in the syt 4547
background {F). The scale bar in (F} is 5 um and applies to all images in (A} to {F). {G) Schematic
diagrams to show the arrangement of muscles {labeled 1, 9, 12, 13, 6, and 7) and motor terminals
on the bady wall in a Drosophila embrya. [H) Schematic diagram of a proposed local feedback
model to describe synaptic plasticity and growth at Drosophila NMJs.

to induce presynuaptic growth and ditferentia-
tion. Morcover, PKA is well known to facilitate
neurotransmitter release directly, triggenng
a local synaptic cnhancement of presynaptic re-
lease as shown m [IFMIR Theretore, postsyn-
aptic vesicular fusion might initiatc a positive
teedback loop, providing a localized activated
synaptic statc that can be maintained beyond
the initial trigger.

As a general mechanism for memory
storage, Hebb postulated that potentiated
synapses maintain an activated state until
structural changes occur to consolidate alter-
ations in synaptic strength (29). Our results
demonstrate that acute plasticity and synapse-
specific growth require Syt 4-dependent
retrograde signaling at Drosophila NMIJs.
The feedback mechanism described here
could be a molecular basis for both input-
specific postsynaptic tagging (30) and an
output-specific presynaptic mark or tag (37)
for long-lasting potentiation. The regenera-
tive nature of a positive feedback signal
allows individual synapses to be tagged in a
discrete all-or-none manner until synaptic
rewiring is completed. The synaptic tag is
maintained as a large increase in miniature
frequency at Drosophila NMJs, suggesting a
previously unknown role for miniature release
in neuronal fimction. The spatial resolution for
input and output specificity would result from
the accuracy insured by Ca®*-dependent ves-
icle fusion and subsequent diffusion, similar
to the precision of presynaptic neurotransmit-
ter release.
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Fast Readout of Object
Identity from Macaque
Inferior Temporal Cortex
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Understanding the brain computations leading to object recognition requires
quantitative characterization of the information represented in inferior tem-
poral {IT) cortex. We used a biologically plausible, classifier-based readout
technique to investigate the neural coding of selectivity and invariance at the
IT population level The activity of small nauronal populations (~ 100 randem-
ly selected cells) over very short time intervals {as small as 12.5 milliseconds)
contained unexpectedly accurate and robust information about both object
"identity” and "category.” This information generalized over a range of object
positions and scales, aven for novel objects. Coarse information about posi-
tion and scale could also be read ocut from the same population.

Primates can recognize and categorize ohjects
as quickly as 200 ms after stimulus onset {1}
This remarkable ability nnderscores the high
speed and etficiency of the object recognition
computations by the ventral visnal pathway
{2-3). Because the feed-forward part of this
cireuitry requires at least cight or more synapscs
from the reting to anterior IT cortex, 1t has been
proposed that the computations at cach stage arc
based on just ene or very few spikes per neuron
(0. 7). At the end of the ventral strean. single
cells i [T cortex show selectivity for complex
objects with some tolerance to chunges m
object scale and position (24, 6, 5~16). Small
groups of neurons m IT cortex tuned to
different objects and ohject parts might thns
provide sufticient mfermation for several visual
recognition tasks, including identification. cat-
egorlzation, etc, This intormation could then
be “read ont™ by cirenits reeciving input from
IT neurons {2 7-19).

Although physiological and functional im-
aging data sugpest that visual object identity
and eategory arc coded in the activity of [1
neurons {26, §—i8, 20), fundumental aspects
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of this code remain under dehate, inelnding
the discriminative power In relation to popula-
tion size, temporal resolution. and time cowrse.
These questions must be understood at the
population level to provide gnantitative con-
straints for models of visual object recoemi-
tion. We cxamined thesc issucs by obtaining
Independent recordings from a large unbiased
sample of ['I" neuronal sites and using a pop-
ulation readout technique based on clussi-
fiers. The readont approach consists of training
a regulanzation classifier (24) to leam the
map from neuronal responses to each object
label {Supporting Online Matenial), as m re-
cent studies i the motor system [e.g., (22)].
Instead of making strong assumptions about
the prior probability distribution of the raming
cxamples. the classificr learns dircetly from
them and generalizes to novel responses (24).
The input consists of the newronal responses
from the independently recorded neurons; dit-
ferent input representations allow quantitative
COTHPATISONs among neural coding altematives
(/1. 13, 22 28). After training. the classifier
can be used to decode the responses to novel
stimuli. We nsed a onc-versus-all approach
whereby tor each class of stimull {8 classes
for categorization. 77 classes for identification.
3 classes for scale and position readout; see
below), one hinary classificr was trained The
overall classifier prediction on test data was
given by the hinary elassifier with the maxinum
activation. The performance of such classifiers
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constitutes a lower bound on the mformation
available in the population activity, hut is a
meaningiul measure that could be directly m-
plemented by newronal hardware.

We used the classifier approach to deter-
mine the ability of more than 300 sequen-
tially collected IT sites from two passively
fixating monkeys to “categorize™ 77 gray-scale
abjects as belonging to one of eight possible
groups (29) (Fig. 1A). Fignre 18 {red curve)
shows the cross-validated performunce of clas-
sifiers in performing this categorization task
as a fimetion of the number of recording sites
(3. The spiking activity of 236 randomly se-
lected multi-unit activity (MUA) sites was sut-
ficient to categorize the objects with 94 — 4%
avcuracy (memn — SD; for 100 sites, interpo-
lated performance — B1%, chance — 12.5%).
Similaly, we tested the ability of the IT pop-
ulation to identify cach of the 77 abjects (Fig.
1B, blue curve). Even small populations of
I'l" ncurons were capahle of performing this
Identification task at high accuracy {for 236
sites. 72 — 3% correct; for 100 sites, inter-
polated performance = 49%; chance = 1.3%),
although at lower performance than categori-
zatton tor the same number of sites (31).
Classifier performance increased approximate-
ly linearly with the loganthm of the number
of sites, which is indicative of a distributed
representation in contrast to a grandmother-
like representation (73, 28, 32, 33). Vory sim-
ilar levels of performance were obtained
when single nnit activity (SUA) was consid-
cred [Fig. 1€, (287]. The local ficld potentials
also contaln information about object cat-
cgory [Fig. 1C. (28] lixamination of the
classification errors suggests that some ob-
jects and categorics were casier to discrimi-
nate thun others (Fig, 1D). All the results
reported here were obtained nsing a lincar
{regularnized) classitier. Classitication perform-
ancc was similar for several different types
of classifiers, and the performumce of lmear
classificrs  among the simplest classifiers
could not be substantially improved upon
{28, 34).

The performance values in Fig. 1, Bto D,
arc bascd on the responses of single stimulus
presentations that were not meluded mn the
classificr training. Thus. the level of recog-
nition pertormance 1s what real downstream
newons could, in theory. perform on a single
trial by simply computing a welghted sum of
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Fig. 1. Accurate readout
of object category and
identity from IT popula-
tion activity. (A) Exam-
ple of multi-unit spiking

A

responses of 3 indepen-  Site 107 i 3R oo QIR Juwi BRI by ol e dnda
dently recorded sites to  Sita 2

5 of the 77 objects. Ras- Site 3

ters show spikes in the

200 ms after stimulus M — I I —
onset for 10 repatitions « 0 100ms

{black bars indicate abject presentation). (B) Performance of a linear classifier over the entire

o i

-

&

Classification performance 00

object set on test data [not used far training) as a function of the number of sites for
reading out object category (red, chance — 12.5%) or identity (blue, chance — 1.3%). The
input from each site was the spike count in consecutive 50-ms bins from 100 to 300 ms
after stimulus onset {28). Sequentially recorded sites were combined by assuming independence {Supporting Online

Material). In this and subsequent figures, error bars show the SD for 20 random choices of the sites used for training;
the dashed lines show chance levels, and the bars next to the dashed lines show the range of performances using the
200 ms before stimulus onset (control). (C) Categorization performance (n = 64 sites, mean + SEM) for different
data sources used as input to the classifier: multi-unit activity (MUA) as shown in (B), single-unit activity (SUA), and
local field potentials (LFP, Supporting Online Material). (D) This confusion matrix describes the pattern of mistakes
made by the classifier (» = 256 sites). Each row indicates the actual category presented to the monkey (29), and

each column indicates the classifier predictions (in color code).

spikes owver a short time interval (100- to 300-
ms interval divided mto bins of 50 ms m this
case) (F/. 23, 24, 28). This is notable consid-
ermg the Ingh mal-to-tal varability of cortical
neurons (27). ‘The [l population performance
18 also robust to blological noise sources such
as nenronal death and failures in newrotrans-
mitter release [fig. S1, {33)]. Although Fig 1
{and most other decoding studics) assumcs
precise knowledge about stimulus onset time,
this is not a limitation because we conld also
accurately read out stimulus onset ime from
the same I'l population [fig. 85. (28)].

A key computational difficulty ot object
recognition is that it requires hoth sclectivity
{ditferent responses to distmct objects such
as onc facc versns another face) and in-
vanance to mage transtormations (similar
responscs to. ¢.g.. rotations or translations of
the sume face) (8, 1.2, 7). The main achieve-
ment of mammalian vision, and onc rcason
wlhy 1t 15 still so much better thun computer
vision algorithms, 1s the combination ot high
selectlvity and robust nvariance. The results
in Fig. 1 demonstrate selectivity: the IT
population can also support generalization
over objects within predetined categories,
stggesting that neuronal responses within a
vategory are similar {36). We also explored
the ahility of the [ population to gencralize
recogmition over changes i position and scale
by testing 71 additional sites with the original
77 mages and four tramstormations in posi-
tion or scale. We could reliably classify (with
less than 10% reduction in performance) the
objects across these transformations cven
though the classifier only “saw™ cach object
at onc particilar scale and position during
training {Fig. 2). The “identification™ per-
formance also robustly generalized across
position and scale (28), Neurons alsa showed
scale and position invariance for novel objeets
not seen betore (fig. S6). The IT population

Fig. 2. Invariance to 100 7
scale and position
changes. Classification
perfarmance [categori-
zation, n — &4 sites,
chance — 12.5%) when
the classifier was trained
on the responses to the
77 objects at a single
scale and position (de-
picted for ane abject by
“TRAIN"} and perform-
ance was evaluated with
spatially shifted ar scaled
versions of those ob-
jects (depicted for one
object by "TEST"). The
classifier never “saw”
the shifted/scaled ver-
sions during training,
Time interval — 100 to

o0
=
L

60 1

Classification performance
{% correct)

I
f=1
L

hE

3.4
center

Size:
Position:

3.4
center

Categorization'

dentificat m'\

I

1 4 16 64 256 R
=

Humber of sltes F3I

D Classifier output
tfd himth v boed 100

& ni % of
§ trials
E
B
< 0

1.7%
center

6.8? 3.4° 3.4°
center | 2%horz.! 4° horz,

300 ms after stimulus
orset, bin size — 50 ms.

THAIN{‘ [5) ‘

«|[-]

[@][e ||o |

The left-most column
shows the performance
for training and testing
on separate repetitions
of the objects at the
same standard position
and scale (as in Fig. 1).
The second bar shows
the performance after
training on the stan-
dard position and scale
{scale — 3.4%, center of
paze) and testing on

TEST -

a

the shifted and scaled images of the 77 objects. Subsequent columns use different image scales

and positions for training and testing.

representation 15 thus both selective and
invariant in a highly nontrivial mamner. That
18, although neuronal population selectivity tor
ohjects could be obtained from arcas like V1,
this selectivity would not generalize over
changes in, c.g.. position (Supperting Onlinc
Matertal).

We studied the temporal resolution of the
code by examining how classification per-

formance depended on the spike count bin
size in the interval from 100 to 300 ms after
stimulus onset {Supportmg Online Material).
We observed that bin sizes ranging from 12.5
through 50 ms vielded better performence than
larger bin sizes (Fig. 3A). This does not imply
that downstream neurons are simply inte-
grating over 30-ms intervals or that no nscful
object mformation 1s contained in smaller time
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Fig. 3. Latency and time resolution of the nzural code. (A) Classification performance {n — 128
sites] as a function of the bin size {12.5 to 200 ms, i.e., temporal resolution) to count spikes within
the 100- to 300-ms window after stimulus onset for categorization (red) and identification {blue].
The same linear classifier as in Figs. 1 and 2 was used. (B) Classification performance (n — 256
sites] using a single bin of 12.5 ms to train and test the classifier at different latencies from
stimulus onset [x axis]. The colors and conventions are as in Fig. 1B.

intervals. [ndeed, we conld decode object cat-
erory at 70 _ 3% accuracy using only the
spiles contained in onc single bin of 12.5-ms
duration at 125-ms latency (Fig. 3B). Notably,
this time bin typically contained zero to two
spikes (018 L 0.26 spikes/bin, mean — SD).
This shows that a fow spikes from a small
number of neurems {essentially a binary vector
with cither ones or zeros) are sufficient to cn-
vode “what™ infinmation  IT neurons within
behaviorally relevant time scales.

What other “types™ of mformation are car-
ricd in the I'l' population? Using the readomnt
method, we compared the mformation availa-
ble for “categorization™ versus “identification™
{18, 37, 38). The fime course and temporal
resolation did not depend strongly on the clas-
sification task (Fig. 3); the best sites for
catcgorization overlapped the hest sites for
Identification; the sigmal-to-nolse ratios tor cat-
cgorization and identification were strongly
correlated (¢ = 0.54, p < 10719y and the
same randomly selected sites could be used
for bath tasks (28). The same IT neuronal
population can thus be used by downstream
ncurons to perform tasks traditionally con-
sidered to be different (e.g., “categorization™
versus Videntification™).

Although anterior IT cortex 1s generally
rcgarded as the brain arca at the top of the
ventral “what” stream, the readout approach
allowed ns to exanine the possibility that the
IT population might contain usetul intorma-
tion about object scale and position Fwhere™).
Our observation that [T populations convey
scale- and pesition-invariant object category
and 1dentity intormation (Fig. 2) might seem
to suggest that object position information is
lost m IT neurons. [Towever, it 1s also possi-
ble to read ont  at least coarscly  hoth object
scale and position {“where™ information) bused
on the activity of the same popnlation, inde-
pendent of’ identity or category, by training

www.sciencemag.org  SCIENCE vOL 310 4 NOVEMBER 2005

the classificr to learn the map between neu-
ronal responses and scale or position, oTespec-
tive of object identity (fig. S4A). Reading out
abject position or scale had a similar time
course to the readont of object category (fig.
S4B). There was little correlation between the
ability of cach ['l' site to signal scale/position
versus object category Information, suggesting
that I'l" nerrons eneode both types of informa-
tion (fig. S4C).

Our observations characterize the availa-
ble information m IT for object recognition,
but they do not necessarily imply that the
brain utilizes exclusively the [T neurons {34)
or the same coding schemes and algorithms
that we have used for decoding. [Towever, a
lincar classificr  which we found to he very
close to optimal {34)—could be easily imple-
mented in the brain by smwmmating appropri-
ately welghted mputs to downstream neurons.
Thus, targets of [1' [such as prefrontal cortex
{(PTC)] could decode information over brief
time intervals, using mputs from small neu-
ronal populations (e.g., ~100 neurons). It 1s
concelvable that the dynamic setting ot the
synaptic weights from IT to PFC may switch
between different tasks in PFC, reading out
information fron the same nearonal population
in IT cortex (J8). Im this perspective, some
nearons in 7 cortex wonld he similar to tuned
units in & learning network, supporting a range
of different recognition tasks including “eate-
gorlzation” and “identification™ in PFC (40).

The approach deseribed here can be nsed
to charactenize the Information represented
in a cartical arca snch as object identity in I'l
cartex (2—6, 5—11). Classitiers can be traimed
on any stinmlus property and then tested to
systematically examine putative neural codes
for that stinmalus information. Onr results quan-
fitatively show how targets of [T cortex may
rapidly, acenrately. and robustly perform tasks
of categorization, identification, and readout

REPORTS

of scale and position based on the activity of
small nearonal populations in 'l cortex.
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Neuronal Activity Regulates
Diffusion Across the
Neck of Dendritic Spines

Brenda L. Bleodgood and Bernardo L, Sabatini®

In mammalian excitatory neurons, dendritic spines are separated from dendrites
by thin necks. Diffusion across the neck limits the chemical and electrical iso-
lation of each spine. We found that spine/dendrite diffusional coupling is
heterogeneous and uncovered a class of diffusionally isolated spines. The barrier
to diffusion posed by the neck and the number of diffusionally isolated spines is
bidirectionally regulated by neuronal activity. Furthammore, coincident synaptic
activation and postsynaptic action potentials rapidly restrict diffusion across the
neck. The regulation of diffusional coupling provides a possible mechanism for
determining the amplitude of postsynaptic potentials and the accumulation of
plasticity-inducing molecules within the spine head.

In mammalian excitatory neuroms, synaptic
stinlation triggers the flow of ions across
the dendritic spine membrane, as well as the
production of sccond messengers within the
spine head. Buildup of signaling molecules,
such as calcium or activated CaMKI {calcinm!
calmodulin-dependent protein kimase IT), with-
in the spine head activates regulatory cascades
that lead to the maodification of the enclosed
synapse (/—4). Furthemmore, stimulus-induced
transport of proteins across the spine ncck,
such as CaMKIL protemn translation initiation
factors, and f-catenin, plays a role in synapsc
regulation and plasticity {3, ). Thus, the regu-
lation of diffusion across the spine neck offers
a potentially powertul mechanism to control
the efficacy and modulatory state of individual
SYLAPSES,

We cxamined the regnlation of the diffu-
sional barmier posed by spine necks in rat hap-
pocampal pyramidal neurons. Organotypic slice
cultures were blolistically transtected with the
photoactivatable green fluorophore PAGEP (7)

Cepartment of Neurobiology, Harvard Medical Schoal,
220 Longwood Avenue, Boston, MA 02115, USA,

*To whom correspondence should be addressed.
E-mail: bsabatini®hms.harvard.edu

and the red fluorophore dsRed. Two-photon
lager scanning microscopy (2PLSN) with il-
lumination at 210 mm readily excites dsRed
without photoactivation of PAGEP. revealing
dendrites and spines that fluoresce in the red
spectrum (Fig. 1. Focal illumination with a
second laser tmed to 720 nm tgsers two-
photon activation of PAGEP (81 and the re-
sulting ereen fluorescence can be subsequently
monitored with 210-mm llumimation. Fhotoacts-
vation of PAGEP within individual spines trig-
gers mereases i fluorescence within the head
that dissipate as activated PAGEP (PAGEP™)
diffuses into the dendrite. The decay of the
fluorcscence transient in the spine head is well
fit by a single exponential, vielding o time
constant of equilibration (z__) (%) of PAGEP*
across the spine neck (Fig 1, A to C) Re-
peated measurements {at 0.1 Hz) in individual
spines over ~ 1.5 min yielded consistent values
of T_., (fig. S1) with cocfficients of variation
{CVs) of ~ 15 to 20% (Fig. 1D). Conversely,
T.qu Varied over a broad range from spine to
spine {Fig, 1E, # = 11/572 cells/spines), with
the majority of values ranging from 140 to
330 ms.

In a subsct of spincs. fluorcscence did not
decay appreciably in the sampling period of
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1.9 s. For these spines, the barier to PAGED*
movement across the neek was bidirectional.
50 that PAGEP* within the dendiite 15 able to
diffuse away from the site of photoactivation
but does not enter the spine head (Fig. 2, A
and B: similar findings in 11 of 11 comparablc
spine/dendrite pairs). Conversely, PAGED*
diffises from the dendrite into the heads of
spines with less restnictive spine necks (Fig.
2. C and 1 similar findings in 8 of & com-
parable spine/dendnte pairs). Thus, the lack
of PAGHP* movement in a subsct of spincs
results trom a severe diffusional isolation
imposed by the spine neclk and not from ag-
gregation or cross-linking of PAGET within
the head. Repeated measurements of ¢ in
these diffusiomally isolated spmes over pro-
longed periods revealed that the diffusional
barmer 1s reversible and that large, apparently
spontancous reductions in 1, oceur (Fig. 2. I
and F; silar findings i 4 of 15 diftusionally
isolated spincs that were monitored repeatedly
tor =5 min).

We hypothesized that the heterogencity
of 1_, results from active regulation of dit-
fusional coupling in response to varability
newronal and syoaptic activity, Chronic manipu-
lations of activity tmgger homeostatic changes
In synaptic parameters such as the number and
composition ot AVPA-tvpe glutamate recep-
tors (AMPARs) at the synapse (ff. 1))
Consistent with our hypothesis, 24 hours
of incubation in the AMPAR antagonist NBQX
shifted the distnbution of 1, —toward faster

ralnes (RAA67 cellsspines; £ = (L1, whercas

block of GABA, receptors (GABA Rs) with
hicuenlline shifted the distribution toward
slower values (87536 cellsispines; I < 0.01)
{Fig. 3A) Similar resnlts were obtained with
measurements of dsRed diffusion by fluores-
cence recovery after photobleaching (fig. 82).
In contrast, block of voltage-sensitive sodium
channels (V88Cs) (6/438 cells/apines) or
NMDA-type glutamate receptors (NMDARs)
(77449 cellsfspines) by incubation in tetrodo-
toxim {TTX) or carboxypiperazin-4-yl-propyl-
1-phosphonic acid {C'PP). respectively. had no
effect on the cumulative distibution of’ T,

oL
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Fig. 1. Measurement
of PAGFP* movement
across the spine neck
reveals heterogeneity of
spine/dendrite diffusion-
al coupling, (A) Images
of spine/dendrite pairs
that demonstrate strong
(top), moderate (mid-
dle), and weak (bottom)
diffusional coupling.
In (A) to (C), the ar-
rowhead indicates the
site of photoactivation.
Scale bar, 1 um. (B) Flu-
orescence measured in
line scans over the re-

gions indicated by the
{A) dur-

dashed lines in

ing photoactivation of
PAGFP in the spine
head. Scale bar, 200
ms. (C) Quantification
of the PAGFP* fluores-
cence transients in the
spine head (black) and
dendrite (red) shown in
(B). Scale bar, 200 ms.
(D) Repeated measure-

ments of € n each of il
nine spines {top). For  .juon s -
sach spine, the values £ iy L
of t_ obtained from 2 o ; “w

: 2100 v
ead'nL?ltlldependent mea-

surement (black points),

the average = SEM {red),
and the CV of 1_, (bat-
tom) are shown. (E)
Cumnulative distribution
of 7, for spines in con-
trol conditions.

12 3 4 5 & 7
spine number

Fig. 2. The spine neck is a bidirectional and dynamic barrier to
protein movement. (A) Image of spine/dendrite pair (left)
demonstrating weak diffusional coupling and fluorescence
transients obtained after photoactivation in the spine head
{middle) or neighboring dendrite (right). (B) Quantification of
the spine (black) and dendrite (red) fluorescence transients
from the corresponding panels in (A) (middle and right). (C)
Image of spine/dendrite pair (left) demonstrating strong
diffusional coupling and fluorescence transients obtained after
photoactivation in the spine head (middle) or neighboring
dendrite (right). (D) Quantification of the spine (black) and
dendrite (red) fluorescence transients from the corresponding
panels in (C) (middle and right). (E) Image of spine/dendrite
pair that switches from weak to strong diffusional coupling
(left). Diffusional coupling was initially weak (middle) but
spontaneously switched to strong (right) several minutes later.
(F) Quantification of the spine (black) and dendrite (red)
fluorescence transients from the corresponding panels in (E)
(middle and right). Scale bars, 1 pm (left) and 200 ms (right
and middle) for (A), (C), and (E); 10% AG/R and 200 ms for
(B). (D), and (F).
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(Fig. 3A). However, all manipulations altered
the fraction of highly diffusionally isolated
spines (f,,..), defined here as those with 7, >
2000 ms. Reducing activity levels by incubation
in TTX, CPP, or NBQX decreased f, to 1.6,
1.9, and 1.8%, respectively, whereas increasing
activity by block of inhibition with bicuculline
increased £, to 16.4% (P < 0.01 for each con-
dition compared to f, =~ = 4.9% in control
conditions, Fig. 3B). To determine whether
increases in T -are a direct consequence of
blocking GABA R signaling or are triggered
by the increased action potential (AP) firing
that results from the removal of inhibition,
T.qu Was measured after incubation in the
presence of both GABA ,R and VSSC block-
ers (bicuculline and TTX). In these condi-
tions, the distribution of t,_ and the value of
Saow (fagow = 2.0%) were the same as in the
presence of TTX alone (/2), suggesting
that the loss of spontaneous GABA, cur-
rents is not sufficient to trigger modification
of 7., and that secondary changes in the rate
of APs or glutamatergic transmission are
necessary.

T, 18 determined by several factors such
that ©,  — ¥4, where ¥ is the volime of
the spine head, L 1s the length of the spme
neck. £ is the diffision coefficient of the
molecule, :and 4 1s the cross-sectional area of
the spine neck (%), Regulation of any of these
parameters might account tor the observed
changes in 1, . liach pharmacological ma-
mipulation had ditterential etfects on the dis-
tribntions of head widths and ncck lengths
{Fig. 3C and fig. 83). [Towever, comparison
of diffusional coupling across conditions for
spines of similar morphology indicates that
these alterations do not explain the ebserved

B
m — dendrite
— spine
7> 5000 ms
s B ”'b
D
ﬁ 7 ,=187 ms ::!
F
7,=2856ms 7 _=283ms

A
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changesint,_ . After GABA, R blockade, T

was significantly larger than for control spir;c‘;
of matched neck length or apparent head width
{Fig. 312). Conversely, after AMPAR bhlock-
ade, spines tended toward faster ©_ than
control spincs with comparable morphology.
Furthermore, spine neck lengths were re-

duced cqually after NMDAR or AMPAR

X

cumulative fraction
o .
=1 b=}
l | :.

)

Fig. 3. The diffusional
barrier posed by the
spine neck is repulated
by activity. (A) The over-
all distribution of T, is
unchanged when action
potentials {TTX, left) or
NMDAR (CPP, middle)
are blocked. Blacking
AMPAR (NBQX, middle)
significantly decreases
T Whergas blocking
GABA R increases Tequ
[bicuculline {bic), right].
(B) Reducing activity
with TTX, CPP, ar NBOX
reduces the fraction of =
diffusionally isolated

spines {f, . ). whereas

increasing activity with

bicuculline increases

Fopwe Asterisks indicate D
£ <2 007 relative to
control (C) Cumulative
distribution of mea-
sured neck length and
apparent head width

.5

-
i
(=3

m
o
=

*

fs.‘uu- (O-’(")
=3

*
*

cantral
TTX
CPF
NBCK
bic

1000

fc"._m (ms
o
L]
L1 o

— control

1000

0
>
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blockade (fig. S3), but only in the latter con-
dition was the distribution of ¢ shifted to
faster values.

To determine whether ccll-wide changes in
cytoplasmic viscosity account for the changes
in L the diffusion cocfficient of PAGEP*
(D spp-) Wits measured m aspiny regions of
thin {(~1 to 2 um in diameter) dendrites.

— control
— CPP
— NBQX

— control
— hic

100 1000 100
{ms)

1000
Tequ

— control
— NBQX
— bie

I T T
0 1 2
neck length {umy)

I I 1
Q 1 2
apparent head

width {um)

* *
& control L]

& NBOX *
§ ]

i

# bic .i i .

in control, NBQX-, or
bicuculline-treated cul- o
tures. (D) Average 1,
calculated for spines of

neck length {um)

1 0.5 1.0 1.5
apparent head width {um}

similar neck lengths ileft) or head widths (right) in control, NBQX-, and bicuculline-treated cultures,

Asterisks indicate P -2 0.0 relative to control

ERLE
nmELW
o ® O
c 8w
=
|
0 2 4 5] 0 2 4 6 0 2 4 [
Time {min} Time {min) Time {min)

Fig. 4. Diffusion across the spine neck is restricted in response to pairing of synaptic potentials and
bAPs. (A) Image of spiny dendrite of a neuron filled with Alexa Fluor-594 and NPE-HPTS. The
dashed line indicates the orientation of the line scan used in (B) and (C). Scale bar, 1 pum. {B}
Average line scan fluorescence transients (top) and the quantification of the fluorescence transient
in the spine head {bottom] after photoactivation in the spine head in the baseline period. (C} As in
(B}, for data collected after 10 consecutive pairings of uEPSPs and bAPs. Scale bars, 10% AG/R and
50 ms for (B) and (C). (D} Fractional change in r__ after imaging alone, pairing of UEPSPs and bAPs,
or stimulation with bAPs or uEPSPs alone. (E) Time course of fractional changes in 1 triggered

5

by imaging alone {open cirdes) ar stimulation (solid cireles) with paired uEPSPs and bAPs (lefti%APs alone

(middle), or uEPSPs alone (right}.

D 137110 um?s in control conditions)
was consistent with previons mcasurements of
green tluorescent protein (GFP) motdity (43)
and was constant across pharmacological
condiions (fig. 54), indicating that the move-
ment of proteins across the neck is specifically
regulated n response to the manipulations of
activity. Thus. changes in ¥, L, or 2, .0,
do not account for the effects of activity on
spinc/dendrite diffusional coupling. suggest-
ing that the cross-sectional area of the neck
is the regnlated paramcter. This regnlation
may result from active constriction of the
spine neck. Altematively, the accessible cross-
scctional arca of the neck may change he-
cause of rearrangement ot the cytoskeleton or
the movement of organclles into the neck
(14-17).

s diffusional cquilibration across the
spine neck also regulated acutely by the ac-
tivity of the synapsec enclosed in the spine
head? The ettects of back-propagating action
potentials (bAPs), synaptic activity, and the
paiing of bAPs with synaptic activity on the
spinc ncek diffisional resistance (Fig. 4) were
measured. For these experiments, spine/
dendrite diffusional conpling was measured by
photoactivation of NPE-TIPTS, a caged version
of the green-fluorescing. pyranine-based fluo-
rophore IIPTS {148). Whole-cellcurrent clamp
recordings were abtained from  hippocampal
pyramidal nevrons that were filled through the
patch pipette with NPLE-HPUS and Alexa
Fluor-394 and bathed m 5 mM MNI-glutamate,
a caged version of glntamate (/9. Illumina-
tion at 720 nm for 0.5 ms was used to photo-
activate NPUE-HPTS and uncage ghitamate,
and the laser power was set to genemte
fluorcscence transients of ~20%, a 20% in-
crease in green fluorescence relative to the
resting red fluorescence (AG/R) in the spine
head. Pairing of uncaging-evoked EPSPs
(uEPSPs) with small bursts of bAPs (3 bAPs
at 50 Hz) triggered increases in 1, that
continued after the end of the pairing period
(Fig. 4E) (n = 8/12 cells/spines, £ < 0.05). In
contrast, bAPs (n = 89) or uEPSPs (n = 6/11)
alone, as well as repeated monitoring of Tos
without stimulation (7 — 6/11). had no cffect
on T For all four experimental conditions
{ul:PSPAP pairing, ul:PSPs alonc. hAPs
alonc. and no stimulation}, the analyzed spinc
experienced 1dentical photoactivation and
imaging lascr exposurcs. T'hus. the restriction
of diffusion across the spine neck seen
responsc to the pairing of bAPs and synaptic
stimulation represents o cellular response to
the stimulus. Forthermore, beeanse HPUS is a
small polar molecule, its diffusion s smnlar
to that of sccond messengers such as cyclic
adenosine monophosphate.

The regulation of spincidendrite diffu-
sional equilibration may have several func-
tional consequences. First. the snsceptibility
of mdividual synapses to plasticity mduction
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may be intluenced by the ability of signualing
malecules to move into and out of the spine
head. Synuptic plasticity 1s typically mduced
by cither repetitive low-frequency stimula-
tion (26-23) or by ~1-5 bursts of high-
frequency stinmlation (3, 24, 23) during which
the spine must integrate biochemical signals.
Spines with fast diffusional cquilibration
across the spine neck muy be unable to re-
tain sceond messengers or activated proteing
during the mterstimulus mterval. Conversely,
if diffusional equilibration is slow, biochem-
ical sigmals generated by synaptic activation
may persist In the spine head and summate
during repetitive stimulation. Sccond mics-
sengers and many protems mvolved  spine
and synapsc regulation arc similar in size to
IIPTS {~500 daltons) and PAGED (28 kD),
respectively. and will cxpericnee similar
ditfusional bariers at the spine neck. Thus,
the regulation of diffusion across the spinc
neck in response to changes m the activity
patterns of individual cells and synapscs may
serve to set the threshold for plasticity
indunction. Sccond, previous cstimates of
ditfusional coupling indicated that the bamrier
poscd by the neclk was too small to allow for
a substantial voltage drop across the neck
after synaptic activation of glutamate recep-
tors {9). This reinforced the notion that
spincs function as hiochemical and not clee-

trical sigmaling compartments (26). ITowever,
the diffusionally iselated spincs uncovered
here have T, approximately 10-fold greater
than the population mean, suggesting a spinc
neck resistance approaching 1 gigohm (9).
The stimulation of synapscs housed in spines
with such restrictive necks may result
depolarizations and regencrative clectrical
signals that are confined to the spine head
7).
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Tissue-Specific TAFs Counteract
Polycomb to Turn on
Terminal Differentiation

Xin Chen, Mark Hiller,* Yasemin Sancak,+ Margaret T, Fuller;

Polycomb transcriptional silencing machinery is implicated in the mainte-
nance of precursor fates, but how this repression is reversed to allow cell
differentiation is unknown. Here we show that testis-specific TAF (TBP-
associated factor) homologs rzquired for terminal differentiation of male
germ cells may activate target gene expression in part by counteracting re-
pression by Polycomb. Chromatin immunoprecipitation revealed that testis
TAFs bind to target promoters, reduce Polycomb binding, and promote local
accumulation of H3K4me3, a mark of Trithorax action. Testis TAFs also pro-
moted relocalization of Polycomb Repression Complex 1 components to the
nucleolus in spermatocytes, implicating subnuclear architecture in the

regulation of terminal differentiation.

Male germ cells differentiate trom adult stem
cell precursors, first proliferating as sper-
matogonia, then converting to spermatocytes,
which initiate a dramatic. cell type specific
transcrption program. In Drosophifa, five
testis-speeific TAF homologs (t1°AFs) encoded
by the can, sa, mic, pht, md rpe genes are
required for meiotic cell eyele progression
{1, 2) and normal levels of expression in
spermatocytes of target genes involved in
postmelotic spermatid differentiation {3). Re-
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quirement for the tTAFs 1s gene selective:
Many genes are transeribed normally in 744
mutant spermatocytes. Tissue-specitic TAFs
have also been implicated in gamctogenesis
and ditterentiation of specific cell types in
mammals (4. 5). [n addition to action with
TBP (TATA box-binding protem) m TFIID,
certain TAFs associate with HA'L (histone
acetyltransterase) or Polycomb group (PeG)
transcriptional regulatory complexcs (6, 7).
To elucidate how tissue-specific TAFs can
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regulate gene-selective trnscrption programs
during development. we investigated the mech-
anism of action of the Drosophifa tTAFs in
vivo.

The tTAF proteins were concentrated n a
particular subcompartrmcnt of the nuclealus in
primary spermatocytes (Fig, 1), Expression of
a functional green fhaorcscence protein (GEP)
tagged genomic sq resculng transgene Te-
vealed that expression of Sa-GiHFP turned on
specifically in male germ cells soon after
Initiation of spermatocyte differentiation and
persisted throughout the remaimder of the pri-
mary spemmatocyte stage, disappearing as
cells entered the first melotic division (Fig.
LAY Some Sa-GFP was detected assoctated
with condensing chromatin (arrowheads in
Fiz. 1, D and E). [Towever, most Sa-GFP
localized to the mucleolus (Fig. 1, Cto ). ina
pattermn complementary with Fibnllann, which
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matks a fibnllar nucleolar subcompartment
{Fig. 1. I and K). Staining with antibodics
agamst endogenous Sa, Can, Nht, or Mia pro-
teins showed similar temporal expression and
nucleolar locallzation I primury  spermato-
cytes, consistent with collaborative function
ot the tTAFs (Fig. 1, F to K) {8). In contrast,
the generally expressed v homolog TAFS
and its binding partner TAFL0b were ex-
cluded from the mueleolns (8).

Several components of the Polycomb Re-
pression Complex 1 (PRCI) transcriptional
regulator appear m the nucleolus n spermato-
cvtes, colncident with tTAF expression and
dependent on tTAE function. Polycomb (Pe)
protein expressed from a Pe-GFP genomc
transgene localized on chromatin, but in ad-
dition became concentrated m the nucleolus in
primary spermatocytes (Fig. 2. A to ) (9).
Both Pe-GFP and staming of endogenous pro-
tein with antibody against Pe (anti-Pe) revealed
localization to the same nucleolar subcorn-
partment as the onc containing t1AkFs (Fig. 2,
A to F). Recruitment of Po ta the nucleolus
exactly coincided with onsct of expression of
the tTATs after early G, phase In spermato-
eytes (Fig. 2, G to [; fig. 81). Relocalization
of Pe depended on wild-type tTAF activity:
Pe localized to chromatin but was not con-
centrated 1n the nucleolus m F4AF mutant
spermatocytes (Fig. 2, 1 to L; fig. 82) (&),
Two other components of the PRC1 core
complex, Polyhomeotic (Ph) and Drosophila
Ring protein (dRing) (10), also became con-
centrated in the nucleolus in primary spermato-
cytes dependent on tTAF function (fig. S2).
Failure of PRC] components to localize to the
nucleolus in /74F mutants was not caused by
nucleolar loss because Fibrillarin staining
appeared normal in the mutants (Fig. 2J).
H3K27me3 laid down by action of the PRC2
complex acts as a docking site for the Pc
chromodomain to recruit PRC1 and block
transcription initiation (74, /2). H3K27me3 lo-
calized on chromatin in spermatocytes, along
with Pc. However, no H3K27me3 was detected
in the nucleolus in spermatocytes (Fig. 2, M to
0), suggesting that PRC1 components may be
recruited to the nucleolus by a different mech-
anism independent of chromatin.

The tTAFs are required for activation of
robust transcription of several spermatid dif-
ferentiation genes, whereas the PcG proteins
are known to mediate transcriptional repres-
sion. Chromatin immunoprecipitation (ChIP)
suggested that the tTAFs might allow robust
transcription of spermatid differentiation genes
in part by counteracting repression by Pc, per-
haps causing dissociation of PRC1 from cis-
acting control sequences at target genes.

ChIP from wild-type testes using anti-Sa
revealed enrichment of {TAF binding at three
different known target genes (/zo, Msi87F,
and dj), compared with binding at inter-
genic reglons 10 to 20 kb away or at a tTAF-

mdependent gene expressed i the same cell
type (eyelis A or s itself. Fig. 3A). suggesting
that the tTATs are I occupancy at target genes.
Real-time polymerase chain reaction (PCR)
amalysis revealed ~ 10-told enrichment of Sa
at a target (myf874) compared with a non-
target gene {sa) (fig. 83).

ChIP analysis also revealed that Pe protein
bound to tTAF-dependent target gemes m (T4F
nmtant testes, and that wild-type function of the
tTATS reduced Pe bmdmg (Fig 3, B and C).
ChIP with anti-Pe from can nutant testes
preferentially precipitated the thnee (TAF tanzet
promoters, compared with intergenic regions or
promoters from two different nontarget controls
{Fig. 3B). Quantification by real-ime PCR
showed more than S0-fold enrichment of Pe at
the target sene msS7F conpared with the
tIAF-independent contral sa (fig. 83). In
contrast, relative oceupancy of Pe at the tTAT
targets was not significantly different from that
at the nontargets m wild-type testes (Fig. 3C,
fig. 83).

The tTATs may act near the promoter of
target genes { fzo. Fig. 310) to allow cxpression
by directly or indmectly reducing nearby
binding of PRCL. ChIP using primer pairs
across the promoter region of fzo revealed that
the tTAF enriched most strongly for sequences

Just upstream of the transcrption start site. In
contrast. Pe-containing protein complexes (in
(TAF mutant testes) enniched for o broader
distribution, including sequences near and
downstream of the tramscription start site,
consistent with localization of Pe at {Zra-
bithorax (Uby) locus I wing discs and on the
hap2t promoter in vivo (2, 13).

Binding of the tTAFs at target promoters
may allow cxpression throngh recraitment or
activation of the Tithorax group (TxG) tran-
scriptional activation complex. which often
acts In opposition to repression by PeG
proteins (/). T'rx, like its mammalian homolog
MLL. creatcs an HAK4me3 epigenctic mark
(715). ChIP from wild-type testes revealed
H3K4me3 at or ncar the promoter regions of
the three tTAF taogets tested, as well as at
nontargets (Fig. 315 Analysis using primer
pairs across the tTAT taget £o remon revealed
that HAK4me3 associated mwost strongly with
sequences spanmning the prometer (Fig, 3D). In
contrast. ChiP with anti-H3K4me3 from can
mutant testes did not emich tor the tTAF tanret
promoters (Fig. 3. 12 and 13). Onantitative PCR
revealed 36-fold emiclment of the promoter
region of the tUAF-dependent ms874 genc by
CHIP for [T3K4me3 m wild-type compared with
ot utant testes (fig, 830

Fig. 1. Testis TAFs are
expressed only in spermato-
cytes and concentrate in a
subcompartment of the nu-
cleolus. (A and B) Apical
region of wild-type testis:
(ereen) Sa-GFP; (red) anti-
Fibrillarin, nucleolar marker
in all cells. (Sg) spermatogo-
nia, {eSc) early spermato-
cytes, (Sc) spermatocytes.
(Arrowhead) Onset of Sc
differentiation; (arrow) on-
set of Sa-GFP expression;
(bracket) cells entering divi-
sion for meiosis I (C to E)
Live spermatocytes from
sa-GFP testis squash (C)
phase contrast; (D) DNA
stained with Hoechst; (E)
Sa-GFP. (Arrowheads) Par-
tially condensed autosomes;
{arrow) nucleolus. (F to H)
Identical field of fixed sper-
matocytes stained with (F)
anti-Sa, (G) anti-Mia, and
(H) anti-Myc (detecting
expression of a can-6myc
nomic rescue transgene).
1) Single spermatocyte
nucleus immunostained
with (green) anti-Can,
{red) anti-Fibrillarin, and
{blue) DAPI (4 6-diamidino-
2-phenylindole). Dotted
outline: nucleolus. () and
K) Enlarged spermatocyte
nucleoli: (red) anti-Fibrillarin;
(green) (]} anti-Can, (K}
5a-GFP. Bar: 4 um.
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Consistent with the presence of H3K4me3 at
target promoters in wild-type testes, #rx function
appeared to be required for continued expres-
sion of two different kinds of tTAF-dependent
targets. Boule triggers the G/M transition in
meiosis [ by allowing translation of fwine (16)
and requires tTAFs for protein accumulation
(Fig. 4A), setting up a cross-regulatory mech-
anism so that meiotic cell cycle progression
awaits expression of terminal differentiation
genes (3, 17). When temperature-sensitive frx!
flies grown at permissive temperature were
shifted to nonpermissive temperature as adults,
the Boule protein level in mutant testes sub-
stantially decreased over time at nonpermissive
temperature compared with the level in wild-
type flies shifted in parallel or #rx! flies held at
permissive temperature (Fig. 4, B and C) (8).
Likewise, analysis of mRNA levels by semi-
quantitative PCR revealed a ~40% decrease in
transcript level for the tTAF target gene fZo, but
not for the tTAF-independent gene cyelin A, in
testes from #x! mutant flies shified to non-
permissive temperature compared with the level
in testes from similarly treated wild-type flies
(Fig. 4, D and E).

In summary, occupancy of tTAFs and Pc at
target promoters appeared to be mutually
exclusive in wild-type and ¢TAF mutant sper-
matocytes, suggesting that the tTAFs may turn
on target gene expression by counteracting
repression by Polycomb, either directly or
indirectly reducing Pc binding and allowing
Fig. 2. Recruitment of Pc to the nucleslus in primary spermatocytes requires tTAFs. Spermatocyte local action of Trx (fig. S4). Loss of function of
nuclel showing localization of Pc-GFP [gre_en_}_ [grrow} Nucleolus; (arrowheads) partially candensed  p.. iy marked clones of homozygors nrutant
autosomes. {A to F) Wild-type: {A) anti-Fibrillarin; {C) merge: complementary staining; {D) anti-58; 110 4id not restore terminal differentiation in a
{F) merge: overlapping staining. (G to I} Wild-type spermatacytes at the transition to tTAF 7% . . :
expression; spermatocytes in early G, are to the left of the dotted line: (G) anti-Sa; {I) merge. {) to “r"i‘_P_ nmtant hackgmun_d (). suggesting that in
L) sa mutant spermatacytes: (J) anti-Fibrillarin; (L} merge: Fibrillarin prasent, but Pc-GFP absent  addition to counteractimg repression by P,
from the nucleolus. (M to Q) Wild-type: (M) anti-H3K27me3; [N} Pc-GFP; (O) merge: H3K27me3  tI'AFs may also be required at the promoter
on chromatin, but not in the nucleolus. Bar: 4 pum. reglon mdependent of Pe, possibly to recruit

. E fro  mst87F dj Fig. 3. Testis TAFs re-

]_'f:,o . PriU PrU PrU Pri duce binding of Pc to

-5 c-H3IK4me3 tTAF—dependent tar-
on WT on WT get genes. Immunopre-
2 ps pé siiiat cipitates from ChIP

p3 using anti-5a, anti-Pc,

input 4 e ar an:l'l-fH3K4me'31were
2 5 : = tested for enrichment

B B IE SR L L A of three tTAF target
ITAF -
40 70 40 70 40 70 60 55  a-Pcon WT _ ?:%E?T‘;j:; ngz;\n::d

: a-H3Kdme3 sa). {Pr] PCR product amplified by primers flanking promoter. (U}
mput on WT _ PCR product from primers flanking an intergenic sequence 10 to
C Input m 20 kb away from the promoter. Mumbers below indicate PCR cycle
e multiple of 5 at which the product first became visible. (Numbers
on WT & Pé ol ITAF _ in italicss No band detected after the indicated number of PCR
rounds.) {A] Anti-Sa ChIP on wild-type testes [cycle 35). {B} Anti-

60 70 60 70 70 60 60 55 a-H3Kdmed _ Pe ChIP on can mutant testes (cycle 40). (C) Anti-Pc ChIP an wild-

, on (TAF type testes [cycle 50). (D) Anti-Sa, anti-Pc, and anti-H3K4me3
mput Input m ChIP on wild-type and can mutant testes {cycle 35), with PCR

primers tiling across the fzo region. {E} Anti-H3K4me3 ChIP on
wild-type and can mutant testes {cycle 35). Products from the
U-region of mst87F and Pr-region of cycA in wild-type remained in can, independent of tTAF activity, suggesting recruitment by an alternative mechanism.
In all cases, no obvious band was visible at the same PCR cycle in mock immunoprecipitation experiments performed in parallel.
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Fig. 4. Expression of tTAF-dependent target genes requires A
trx function. (A) Accumulation of Boule protein depends on
tTAF function. Western blot of wild-type and fTAF mutant
testes probed with anti-Boule. Loading control in {A) and
(B): o-Tubulin {e-Tub). (B) Western blot of Boule levels over
time after shift to 29°C in #rx7 or wild-type (WT) testes. (C)

WT can sa mia rye nhr

B frx 29°C WT29C

Quantitation of (B} from three independent experiments. ID 3D 5D 1D 3D sb

Boule/-Tub were normalized to 1.0 for Day 1. (D) Semi-
quantitative reverse transcription (RT)-PCR for transcript
level of the tTAF target gene fzo and the nontarget gene
cycA in wild-type and frx? testes 5 days after temperature

oute [

shift. Loading control f#,-Tub (cycle 25 within the linear

range for input mRNA). (E) Quantitation of (D) from three
independent experiments; fzo/8,-Tub and cycA/f-Tub were

normalized to 1.0 for wild-type testes.

I'rx or other cofactors for transeription activa-
tion. Transcriptional derepression by sequestra-
tion of Pc(i proteins has been observed during
IIIV-1 mtection, when the viral Net protem
reeriits the PRC2 component lied to the
plasma membrane ({8). Likewise, the tTAFs
may sequester Pe to the nueleolus. The t1AFs
Nht, Can, and Mia are homologs of the gen-
crally cxpressed UAFL TAFS, and TAFS,
which were previously found as stoichiometric
compaonents of the PRCT complex purificd
from fly embryvos {7), raisme the possibility
that the t1'AFs might associate with a popula-
tion of Fe-, Ph, and JdRing-containing con-
plexes in the nueleolus. [f so, interactions in the
nucleolus are likely to differ from interactions
at the promoters of target genes. becansce the
ChIP results mndicate Immumoprecipitation of
t1Abs without Pe (Fig. 3).

The PeG and TrxG proteins act to maintamn
cell fates set during embryogenesis thronghout

C
=10
= wi
‘EII.S
=
0.2 Irx
T T |
3 5
Days at 29°C =3
D B-Tub  fzo cyed
WT at 29°C -
sp A
trx at 29°C -
sp W
E 10

(k]
0.6
04

=3
0.2 :

oreA/fi-Tub

feor B-Tub

development (79). limerging cvidence indicates
that PeG and TrxG complexes also play critical
roles in decisions between proliferating precur-
sor cell fates and terminal differentiation, tor
cxample. in the blood cell lincages. In partic-
ular, the manmalim PeG protem Boa-1 pro-
motes proliferation and blocks differentiation of
nomal and levkemic stem cells (26), and 1s
required for cstablishment or maintenance of
adult hematopoietic stem cells iIn mouse (21).
Transcriptional silencing by Peld action may
allow selfrenewal and continued proliferation
of precursor cells by blocking expression of
terminal differentiation genes. This repression
nmst be reversed to allow production of ter-
minally differentiated cells, whereas fulure
may allow overproliferation of precursors and
eventually cancer. Although central for both
normal development and understanding the
genesls of cancer, bitle 1s known about the
miechanisms that reverse such cpigenctic silenc-

g to allow expression of the termmal dif-
ferentiation program. O findings in the male
germ line provide an example of how cell
type and stage speeific transeriptional regnla-
tory machinery, tumed on as part of the de-
velopmental program, might allow onsct of
termunal ditterentiation by counteracting repres-
sion by the Pe(r and highlight the importance
of subnuclear localization in regulation of tran-
seriptional regulation.
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Ubiquitin Enrichment Kit

The Ubiquitin Enrichment Kit facilitates the isclation of polyubiquitin
protein conjugates from cultured cells and tissue samples. The
enriched fraction can be analyzed subsequently to determine the
amount of general ubiquitin conjugates present or to identify a
specific protein of interest by protein immunablot, or it can be used
in downstream assays and purifications.

Pierce For information 815-368-0747 wvawv.piercenet.com

mRNA Purification

TurboCapture mRNA kits provide a fast and simple procedure for
purifying messenger RNA (mRNA) from large numbers of cultured
cell samples.Kits are available in 8-well, 96-well, and 384-well formats,
making them suitable for high-throughput applications such as
compound screening and target validation. The kits achieve mRNA
purification through unique oligonucleotide immobilization tech-
nology. Cell lysates are added to a TurboCapture strip (8 wells) or
TurboCapture plate (96 or 384 wells), and mRNA is allowed to
hybridize to the immobilized cligonucleotide-dT in each well. After
washing, mRNA is eluted or used directly in cDNA synthesis. The kits
simplify the gene expression analysis workflow by allowing mRNA
purification and downstream complementary DNA (cDNA) synthesis
and polymerase chain reaction (PCR) or real-time PCR in the same
well. The synthesized cDNA can be covalently linked to the well,
allowing the cDNA to be reused several times. The TurboCapture
mRNA Kits can be automated on any robotic workstation.

Qiagen For information 800-426-8157 www.giagen.com

Micelles Product
The PreserveX-QML-B Polymeric Micelles are designed for use with
difficult-to-handle proteins that average 21 nanometers in diameter.
In the presence of native cell membrane fractions, PreserveX
Polymeric Micelles self-assemble, embedding pieces of cellular
membranes in the complex creating multiple particles, each providing
an environment similar to that of the native membrane. The new
preduct contains a biotin label

NEW PRODUCTS -

http://science.labvelocity.com

fast and reliable methed for directly detecting His-tagged proteins
without the use of antibodies, saving two hours in a protein
immunaoblot procedure when compared with traditional antibody
methods. A strong, specific signal is produced with low background.
KPL For information 301-948-7755 wwavkplcom

Real-Time PCR

High accuracy, high speed, and 96-well and 384-well formats are key
features of the LightCycler 480 System for real-time polymerase
chain reaction (PCR). It is designed
to bring the speed and accuracy of
LightCycler systems to researchers
who require higher throughput,
with exchangeable blocks for 96
and 384 samples using standard
microwell plate formats.

Roche Applied Science For information
BO0-428-5433 wwaw roche-applied-science.com

Affinity Purification

Strep-Tag technology improves on the reliable biotin/streptavidin
binding specificity and strength. The short Strep-Tag Il fusion tag
(8 amino acids) reduces potential interference with target protein
structure or function. Strep-Tag Il binds to Strep-Tactin protein
(streptavidin engineered with an optimized binding site) nearly
100 times more tightly than the biotin/streptavidin interaction,
but elutes in gentle, physiological conditions. Rapid, cne-step
affinity purification results in active fusion proteins with greater
than 95% purity.

EMD Biosciences For information 800-238-1388 vanwnovagen.com

Globin mRNA Removal Kit

The high abundance of globin messenger RNA (mRNA) in total
RNA from whole bloed substantially decreases the sensitivity of
microarray experiments, leading to less information per
experiment. The GLOBINclear Human

enabling the placement of the
micelle/protein/lipid complex
onto a solid support such as a
protein microarray.

QBI Life Sciences For information
608-441-2950 wwan.ghilifescicam

Adenovirus Concentration
The Vivapure AdenoPack 500 is
for the purification of up to 3 x
102 virus particles from 500 ml
of cell culture. The kit is operated
by a laboratory pump, which

of Science.

information.

For more information visit Getinfo,
Science's new online product index at
http:f/science labvelocity.com

From the pages of Getlnfo, you can:

« Quickly find and request free information
on products and services found in the pages

« Ask vendors to contact you with more

« Link directly to vendors' Web sites.

Globin mRNA Removal Kit makes use of a
novel technelogy to remove more than
95% of globin mMRNA from total RNA
isolated from whole blood.

Ambion For information 800-888-8804 www,
ambion.com

Literature

The Cross-Linking Technical Handhook
provides an intreduction to cross-linking, an
overview of its applications and chemistries,
a product selection guide, and other technical
and product information to help maximize

allows convenient processing of

the large sample volume, reduces hands-on time, and leads to better
process control. It takes only 2 hours to recover the virus particles for
in vitro transfections.

Vivasciences Forinformation +42 511 524875-11 wvaw.vivascience.com

Protein Kits

A new line of HisDetector Nickel Conjugates andWestem Blot Kits is
available. HisDetector products make use of patented nickel—nitrilo-
triacetic acid (NTA) enzyme conjugates that bind with high affinity
to recombinant proteins tagged with histidine (His). They provide a

results for cross-linking procedures. The
47-page handbook's appendices include structure information,
references, and a glossary.
Pierce Forinformation 815-968-0747 www.piercenet.com

MNewly offered instrumentation, apparatus, and labaratory materials of interest to
researchers in all disciplines in academic, industrial, and government organizations are
featured in this space. Emphasis is given to purpose, chief characteristics, and availabil-
ity of products and matenals. Endarsernent by Science or AAAS of any products ar mate-
rials mentioned is not implied. Additional information may be obtained from the manu-
facturer or supplier by visiting www science labvelocity.com on the Web, where you can
request that the information be sent ta you by e-mail, fax, mail, or telephane.
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Nikon C1 Plus: Award winning New! Nikon Clsi: True spactral imaging New! Nikon LiveScan Swept

confocal imagery* through fast one-shot 32 channel Field Confocal: 3 to 1200 frames
capture at the h:ghas? resolution per second

The next breakthrough is yours.

NIKON'S NEW FAMILY OF CONFOCAL MICROSCOPES IS READY TO SUPPORT THE

EXTREMES OF YOUR RESEARCH.

Your research is our inspiration for developing Nikon's series of confocal microscopes. Whether you're

conducting fixed stain research, or complex live cell confocal studies, Nikon now offers three modular

instruments - all with cutting edge innovations.

Choose the Cl1si to capture the widest spectral range at user selectable resolution and conduct spectral

unmixing for true color. All in a single scan representation with no overlap. Or use the flexible slit and
pinhole combination of the LiveScan Swept Field Confocal for high-speed live cell image capture with
minimal photobleaching effects. Whatever your need, Nikon has engineered the next generation in
confocal imaging technology with your future breakthrough in mind.
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C1 Plus Cisi

Laser point-scanning modular True spectral detection for
confocal system. 3-channel fluorescence probe applications
fluorescence and 1-channel where differentiation is vital.

transmission.

For more information call 1-800-52-NIKON
or visit www.nikonconfocal.com

=Winner of 3 out of 4 best of confocal image workshop competitions

LiveScan S5FC

Field scanning system that enables
fast confocal image capture with
low photobleaching - using
multiple pinholes and slits

The Eyes of Science

Nikon
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Neuroscien

The Challenge of Neurological Disease Avariety of new tools

and technologies promises to take neuroscientists closer to their goal of

understanding the molecular basis of neurological diseases such as

Alzheimer’s and Parkinson’s. BY PETER GWYNNE AND GARY HEEBNER

Neurodegenerative diseases pose some of modem
medicine’s most difficult challenges. Not only does
our aging population face epidemic proportions of
those ailments. The diseases also invade the most
inaccessible reaches of the brain, making it extremely
difficult to track the illnesses and determine the mech-
anisms behind them - the essential starting points for
designing direct treatments or cures. Compounding
that difficulty is the fact that the human nervous sys-
tem consists of more than one trillion nerve cells.
The path to cures is plainly a long one.
Nevertheless, researchers have given themselves a
head start by applying such tools as agonists and
antagonists, antibodies and other cell labeling
reagents, microscopy, and imaging analysis systems
to gain insights into the ways in which the ner-
vous system functions - and malfunctions. “The
road ahead is really exciting,” declares Weiping Jiang,
assistant director of R&D Systems. Understanding
neurological diseases “is clearly the Holy Grail within
science at the moment,” adds Keith Watling, director
of cell signaling and neuroscience for Sigma-Aldrich.

Two Prominent Diseases

Among the large number of neurological disorders,
two have emerged as the most prominent in terms of
both public knowledge and research focus.
“Alzheimer's disease is the fourth largest cause of
death among adults,” says Chandra Mohan, senior
director of technical service and senior technical
writer at EMD Biosciences (an affiliate of German

company Merck KGaA). “The major cause is believed
to be deposits of amyloid peptides in the brain,
which leads to the loss of neuronal cell function and
the axonal flow.” While Alzheimer’s is a disease of
aging, Mohan continues, “Parkinson’s disease can
happen at any age, mainly due to the loss of neurons
that produce dopamine.”

Current treatments of the two diseases represent
hardly more than holding actions. To develop more
reliable remedies, life scientists must gain a deeper
understanding of their basic causes. “The two main
challenges are understanding how the brain is struc-
turally and anatomically differentiated on a cellular
level,” explains Bob Fasulka, director of applied opti-
cal microscopy at Leica Microsystems. That pres-
ents problems, though. “What scares me most about
therapeutic development in neurobiology is the want
of relevant in vitro models,” says John Dunne, associ-
ate scientific director at BD Biosciences -
Immunocytometry Systems. Stephanie Nickles,
senior product manager at Cambrex Bio Science,
points to another difficulty. “The availability of human
neuronal cell types is very limited,” she says.
“Rodents are models, but they are not the real thing.”

Nevertheless, the research community has begun
to probe more deeply into normal and diseased
brains, helped by emerging tools MORE »3%

Inclusion of companies in this article does not indicate
endorsement by either AAAS or Science, nor is it meant to
imply that their products or services are superior to thase of
other companies.
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and technologies. “We help develop tools to help scientists assay how
genes function in a cell,” says Rick Ayer, product development manager at
Sutter Instruments. “People are looking lor genetic markers to identify
some of the genes involved; it hasn't been a very clear picture so far,”
echoes Monika Trzcinska, neuroscience business development tech transler
manager at Sigma-Aldrich. “There is a need lor media, culturing surfaces,
and better definition of the materials in neuroscience,” says Phil Vanek, BD
Bioscience’s director of global marketing lor bivimaging. “We work with peo-
ple who have a need for unique cultures and surfaces. We also have a mn-
local microscopy technology that's being used in the neurosciences.”

Cultures, Cells, and Extracts

Every study of living cells starts with a choice of cell culture media and
reagents. To ensure that cells stay alive and well during in vitro experi-
ments, researchers and manufacturers have developed several types of
growth media, some of which contain undefined biological components
while others are completely delined. To study the response of nerve and
ather cells to changing environments, scientists can supplement these
“delined” and “serum-free” media with growth lactors. Companies such
as ATCC, Cambrex, and Invitrogen offer those products for researchers.

Several companies also supply cells and tissue lor use in the lab.
Asterand, for example, provides human tissue samples for neurological
and cancer research, while Cambrex olfers a wide variety of products. “We
have an extensive offering of human and animal primary cells and media
kits for growth and dilferentiation,” Mickles says. “For neural cells, we
olfer primary human astrocyte and neural progenitor cell systems. We also
offer rat and mouse neurons and astrocytes from various regions of the
brain. We guarantee our cell systems with recommended protocols ot
use, so the risk of failure for the customer is eliminated.”

Most traditional assays require a purilied cell extract. This can take sev-
eral hours to prepare. It also demands great care to avoid altering the intra-
cellular contents of living cells through mechanical lorces or enzymatic degra-
dation of proteins and nucleic acids via native DNase, RHase and protease
molecules. Several vendors have responded to those dilliculties by creating
systerns that allow scientists to use cell based assays to examine intact living
cells. BD Biosdiences, Guava Technologies, and PerkinElmer Life and
Analytical Sciences, among other firms, have designed systems that
can pracess large numbers of living cells under relatively natural conditions
to examine molecular interactions within the cells. These systems expose
cells to a compound of interest to check for any interaction with the living cells.
Theyolten use NMuorescent tags to allow scientists to detect the interactions.

From Reagents to Antibodies

For several years, companies such as Alexis Biochemicals, Biomol,
and Tocris Cookson have produced reagents for cell signaling and neu-
roscience. Other vendors, including Invitrogen, R&D Systems, and Sigma-
Aldrich, offer awide range of kits and reagents for biochemical assays and
neuroscience research. “We see a lot of interest in the secretases,
enzymes responsible for carving up beta amyloid,” Watling says. "We
have certainly got some of the inhibitors of those enzymes. We also have
a beta amyloid cleaving enzyme for chopping up amylaid precursors; our
kit allows customers to measure the amount of precursors.”

876

A Resource on Aging

SAGE KE, otherwise known as the Science of Aging Knowledge
Environment, ollers one-stop shopping lor investigators interested
in the science of aging. This site features scientist-written reviews,
perspectives, and case studies on neurodezenerative diseases. It
delivers new stories on the latest discoveries and orientation arfi-
cles on hot topics in the Mield. And it provides information on meet-
ings and a variety of other sections of value to investigators.

http://sageke.sciencemag.org

Neuroscience research also targets several of the drugs currently used
to treat neurclogical disorders. Indeed, some of the drug candidates that
fail to survive clinical trials turn outf to be valuable reagents in basic
research, allowing scientists to alter cellular functions in very specific ways
and to target particular receptors or biomolecules. Providers of these
pharmacologicals include Alexis Biochemicals, BD Biosdiences, and EMD
Biosciences. “We have introduced a variety of secreatase inhibitors and
compounds to reduce the phosophorylation of proteins in animal stud-
ies,” EMD’s Mohan says. “And for research on Parkinson’s disease we
have various factors relevant to stem cell research.”

Antibodies also play key roles in the neuroscience research lab. Tagged
with labels such as fluorescein, which allow scientists to visualize them,
antibodies help to identify and locate specilic proteins in oron a cell. They
alse find use in histochemical applications, in which a cell is fixed in
paraffin and sections of it stained with antibodies against a specific mal-
ecule. Researchers can identily the tagged cells using microscopy, Nuo-
rescent readers, or flow cytometers.

Companies that provide antibodies tagged with markers to eliminate
the need for conjugating the antibody with a label indude Chemicon,
R&D Systems, and Upstate. “We have dillerent types of antibodies -
monoclonal and labeled,” says R&D Systems’ Jiang. “We have some that
can be used in Mow cytometiy to follow cells and others lor histochemistry
under the microscope. We also have an antibody for ELISA [enzyme-linked
immunasorbent assay| kits to detect how many nanograms or picograms
ol a compound exist.”

Micromanipulation and Microscopy

Monitoring events in brain cells presents challenges more complex than
those in other segments of cell biology. Sutter Instrument’s Ayer gives an
example. “The ability to make electrical recordings from cells in mam-
malian hrains requires micromanipulators able to move carefully along
several microns and put a pipette infooron the cellto MORE 23>
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Training tools for the seriously well-informed.

Welcome to the world’s largest, most comprehensive conference
and exposition for laboratory science. There's a challenging world
of exciting things to see and leam—so come prepared! At Piticon® you'l
get a hands-on look at the newest technologies and instrumentation,
plus a chance to speak directly with technical experts in every discipline.
Our extensive scientific program will help you keep current on all the latest
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» advances in: Neuroscience

make the recording,” he explains. Other vendors of such manipulators
include Applied Scientific Instrumentation and Narishige.

In addition, Sutter oflers a manipulator controlled by a joystick that
gives users the ability to move pipettes in three dimensions with a single
control. “It has the same leel and motion as the classic manipulators, but
works in an electric stepper format,” Ayer explains. “It seems like a prod-
uct that will gather a fairly significant part of the microinjection manipula-
tion market over the next vear or two.”

Sutter also focuses on products for visual monitoring of gene function.
“We have supported microscopy in a number of ways — via a powerlul
xenon lamp, for example, and by developing filter wheels for fluorescence
microscopes,” Ayer says.

Microscopy of all varieties plays a critical part in research on brain cells.
“Conlocal microscopy has made large advances, with its implications of
high-accuracy imaging,” Leica’s Fasulka points out. “Scientists use fixed
stage microscopy primarily to understand the very weak electrical signals
and signaling pathways taking place in neural tissue. And people are
using upright and inverted microscopes for multidimensional microscopy,
which takes place over time or via many dilferent wavelength probes.”

Leica offers microscopes of all types, in user-friendly forms. “A novice
microscope user can sit down and concentrate on the science,” Fasulka
says. Arecent Leica advance in laser microscopy permits scientists to cap-
ture dissected materials directly into the centrifuge tube. In addition to
Leica, companies such as Molecular Machines & Industries offer

BD aims its recent products, such as the BD FACSAria cell sorter, at sci-
entists new to the use of cytometry. “Lots more people are soiting than
ever Used to inthe old days,” Dunne says. Another new introduction, the
FACSCanto system, combines a patented optical design for enhanced sig-
nal collection on six lluorescent and two scatter parameters, digital elec-
tronics [or processing up to 10,000 events per second, and a novel sam-
ple injection tube supporting carryover of less than o.1 percent. “lt is part
ol a [amily of cytometers with unusual internal controls designed to make
very high end flow technology available to routine practice,” Dunne
explains. “The most immediate relevance of this class of cytometer is in
hiomarker discovery and a clinical laboratory environment.”

In another recent advance, Sigma-Aldrich has introduced Mibrillogene-
sis inhibitors — small organic molecules that can perturb large, misfolded
proteins. “This represents a new approach to studying neurodegenerative
diseases,” Tizcinska says.

Scientists still have plenty to learn about the central nervous system
and the complex disorders that alfect this intricate system of highly spe-
cialized cells. But new fools and technologies have accelerated their
advance toward that understanding and its application to finding treat-
ments for neurological disorders.

Peter Gwynne (powyineze7@acl.com) is a freelance science wifer based on Cape Cod,
Massachusetts, (LS.A. Gary Heebner (gheebner@cell-associates.com} is @ marketing
consyftant with Celf Associgtes in 5F. Louis, Missour, U 5.A
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cells face one inherent problem: Cells are
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colorless and translucent, and hence

almost invisible under the lens of a stan-
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Industry analysts and human resources specialists predict which subjects and
sectors will provide the best opportunities for life scientists next year - and give
advice on how best to gain employment in those areas.BY PETER GWYMNNE

What prospects does the year 2006 hold for life scientists entering the job market or seeking new jobs?
We asked that guestion of industry analysts, human resources persannel, placement officers, and other
observers of the employment scene. For the most part, they give an upbeat verdict. "The general out-
logk is as promising as it has ever been,” says Matt Cardner, president of the Bay Area Bioscience
Center {BayBio).

However, Gardner and other authorities point out that the profile of life science has changed sig-
nificantly in recent years. The encouraging prospects owe much to the biopharmaceutical industry's
need to push promising drug candidates into clinical trials, thereby refilling declining drug pipelines.
Biotechnology firms, rather than giant pharmaceutical companies, have begun to generate many new
drugs, and hence provide job opportunities for life scientists. On the other hand, support for research
by the National Institutes of Health has leveled off after a period of spectacular annual increases, a
phencmenon that affects both government and academic research. At the same time, countries out-
side the United States have begun to cultivate their own biopharma industries, many of them com-
peting directly with American firms.

In light of those trends, life scientists seeking jobs must perform the seemingly self-contradictory
tasks of thinking in interdisciplinary ways while gaining narrowly specialized competences.
"Companies need scientists with a broad background in several disciplines, but they have a broad need
for scientists with special skills as well,” says Chris lock, vice president and general manager of scier-
tific staffing firm Kelly Scientific Resources. Bill Lindstaedt, director of the Career Center at the
University of California, San Francisco (UCSF), explains what that means to would-be employees.
"Clinical researchers, toxicologists, and pharmaceutical chemists seem to be pretty popular right now,”
he says. “The basic molecular biologist seeking jobs on the discovery side might be facing more com-
petition.” In short, this isn't your old professor's world of life science.  CONTINUED »
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Academic Shortfalls

An issue associated with academic training will
have a clear impact on the prospects for life scien-
tists’ employment in the coming year. “Universities
are not kicking out the numbers of people neces-
sary to support the life science industry,” Jock says.
“Industry is trying to get universities and colleges
to craft programs to meet their particular needs.” Those efforts seem
destined to fail, at least for a while. "Academics can't distinguish
between education and workforce development” says A. Stephen
Dahms, executive director of the California State University Program
for Education and Research in Biotechnology (CSUPERB). “Academic
faculty members do what they do best: train people for the bench. But
they do not understand the skill sets that are absolutely critical for
drug development.”

Ancther factor might have a negative impact on life scientists’ atti-
tudes toward careers in their field, particularly in govemment and
industry in the United States. Recalls of Cox-2 inhibitor drugs during
the past year have raised questions about the credibility of the US.
Food and Drug Administration's (FDA's) regulation of new drugs and
suspicions that pharmaceutical companies have been overly eager to
put fresh remedies on the market.

On the one hand, the recalls and related incidents could increase
the availability of jobs. “The opportunity is there to get it right next
time," points out John Hodgson, director of Critical | Limited, a British
based firm that helps clients in commercial and academic life science
to mobilize innovations. "It may impel companies to be more thorough
in the early stages of their testing. That will attract young researchers.”
Steve Burrill, CEQ of Burrill & Company, a merchant bank that con-
centrates on life sciences, sees another side of the coin. "On the neg-
ative side” he says, "concemns about drug safety will make the FDA
mare cautious and might start to dry up some of the venture capital
for biopharmaceuticals.”

ELEANOR BABRCO

Issue for Idealists

ichael Gottesman, deputy director for intramural research at the
Mational Institutes of Health, points to one possible effect of the drug
industry's problems on idealistic young life scientists. "There are people
who want to conduct their research without having to worry about
whether it will lead to a marketable product in the short term,” he
explains. "The problems with the pharmaceutical industry may make
government research labs more attractive as places in which to do high-
ly innovative, high-impact research.” So far, however, little evidence has
emerged of reduced enthusiasm for pharmaceutical careers. | haven't
seen any decline in applicants because they don't want to get involved
with the industry” says Eleanor Babco, executive director of the
Commission of Professionals in Science and Technology.
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Projected figures warrant optimism about careers in life science in
the United States. The U. S. Bureau of Labor Statistics forecasts that
252,987 individuals will work as life scientists in 2012, up from
213,994 in 2002. During that period, employment of life scientists will
grow at a rate three times as fast as the average for all jobs.

Some demographic regions have continuing and spectacular success
in creating new jobs, "In the Bay Area we create a company every 10
to 14 days, charactenzed by a high number of Ph.D.s” Gardner says.
Europe’s life science industry also looks ready to revive. "We have data
to show some contraction in the European biotech sector in the last
couple of years, largely due to underfunding and mergers and acquisi-
tions,” Hodgson says. "But the imvestment is increasing again, partly
owing to government moves around the Lisbon agenda [a goal of
spending 3 percent of gross domestic product on R&D to which mem-
ber countries of the European Union agreed in 20001, This suggests
that life science jobs are on the up and up. To get to the Lisben target
by 2010 will need job increases in 2006.”

International Factors

Other international factors offer less encourage-
ment for life scientists seeking jobs in Europe and
North America. "There are significant opportuni-
ties in outsourcing to China and India, particularly
in respect to drug discovery, early development,
and the preclinical and clinical sectors,” Burrill
says. "l see big growth there, but perhaps some decline in Europe and
North America. [t may not be economic to develop a drug today in the
U5 and Europe, where the market size is about equal to the cost of
development. But it may be economic to develop the same drug in
India or China."

Overseas nations have also begun to create their own bictechnolo-
gy industries. "On a global scale there are more biotechs outside the
United States than in it Burill continues. ‘The field is growing in
Japan, Australia, New Zealand, Cuba, the Benelux countries, India,
China, Malaysia, and Korea.”

The internationalization of life science manifests itself in commit-
ment to one of the hottest fields in present-day research: stem celks.
Although the US. government puts stringent restrictions on funding
for research on embryonic stem cells, individual states such as
California have set up institutes to perform that work and general stem
cell studies. "And around the world we'll see stimuli to get involved in
stem cell work,” Burrill predicts. “Lots of countries have made that a pri-
ority. The Koreans, Chinese, Singaporeans, and Russians are giving a lot
of support to stem cell research”

Stem cells will remain largely the province of academic researchers
next year. But industry also looks forward to change, particularly in
drug discovery. "Big pharma has been fairly resilient, with pharmaceu-

STEVE BURRILL
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tical firms continuing to hire for drug develop-
ment. That's going to continue, but at a slower
pace,” Babco forecasts. "Most of the new drugs
will come through biopharmaceuticals - drugs
produced through biotechnology. That will
involve not just discovery but also further devel-
opment and manufacture.”

Interdisciplinary Training

As that comment indicates, many of the most
promising opportunities in pharmaceuticals will
involve the post-discovery phases of drug cre-
ation. "Because everybody's concemed about
the amount of time and money it takes to pro-
duce a drug and get it to market, there will prob-
ably be a growth of jobs involved with getting
drugs into clinical trials and drug safety,” Babco says. "Qualifications in
regulatory affairs, validation, and quality cantral will be helpful.”

Practically, that means that life scientists must obtain more interdis-
ciplinary training than they have in the past. "It's not encugh to have
a Doctorate in cell biology or molecular biology,” Babco asserts. “You'll
need very specific experience in several areas. You have to have a very
strong background in cell structure and cell biology but also a multi-
disciplinary feel.”

UCSF's Lindstaedt agrees. "Having more than one field of training is
important for postdacs,” he says. “The Ph.D. is all about getting depth;
the postdoc should add some breadth to that depth.” UCSF has a strat-
egy for achieving that. “Next year our Office of Postdoctoral Education
will roll out two cross-training programs to promote interdisciplinary
research,” Lindstaedt says. "One will help basic scientists understand
the molecular basis of disease and the other is an emerging techniques
tourse that will give them an understanding of how to do a technigue
and to see what its applications are.”

The same attitude pervades noncommercial institutions. “We are
specifically focusing on two areas of interdisciplinary science,” NIH's
Gottesman says. "0ne is translational medicine: lab-based science with
translation to human experience. We're looking for people interested in
doing basic research and applying it to human problems. The other is
combining biology with the physical sciences — physics, engineering,
math, and computer sciences. People who have skills in those areas will
have little trouble getting jobs in the future.”

The term “interdisciplinary” doesn't refer only to understanding of

Find out about jobs before you get your issue, by
signing up for customized e-mail notification of jobs
at www.sciencecareers.ory, click on Job Alerts,

different fields of science. "Scientists have to be prepared to work cross-
functionally, with business development people, for example,”
Lindstaedt says. Adds Jock of Kelly Scientificc "You need a good under-
standing of the product development cycle, the ability to work in a mul-
tifunctional arena, and you need to be able to articulate in a business
setting. This will help to guarantee funding of your project”

Hot Fields and Subfields

What disciplinary fields and subfields will offer the greatest potential
for employment in 2006 and beyond? “Certainly at the molecular level,
research on signal pathways and chemistry are important,” Jock says.
“Scientists need a broader understanding of the interface between
chemistry and biology. You also throw in @ good, healthy dose of infor-
matics and bicinfermatics, which companies use to make go-no go
decisions on projects. Most biologists understand informatics, but not
at the level that industry needs; that will be part of their ongoing edu-
cation and training.”

While the American supply of informatics specialists has increased
in recent years, their transatlantic cousins can hardly cope with
demand for their services. “If there's one averarching area that's a hot
field in Europe, it's probably bicinformatics - particularly calculating
the level of trust ane can have in information,” Critical I's Hodgsan says.
"What the field needs are people with a strong biclogy background
averlaid with an understanding of informatics who can make sure that
the natural fuzziness of biology is defined. You also need them to devel-
ap ways of making data from different sources talk to each other”

Burrill sees the development of what he calls "theranostic drugs” -
remedies targeted at specific populations of patients — as a critical fac-
tor in the future employment of life scientists. That work will demand
individuals trained in certain key subdisciplines. "In addition to stem
cells, the pharmacoegenomics and pharmacogenet: CONTINUED »
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ics arena is expected to be hot,” Burill says. "Therapeutically, areas like
memory and obesity are going to be significant spends. Diseases of the
underdeveloped world are increasingly important. Cardiovascular dis-
eases and cancer are still significant killers and have meaningful funding.
And technologies for drug delivery will be important.” Babco points to
another subfield relevant to modern drug development. “We'll continue
to have plenty of action in anything to do with proteomics, such as pro-
tein kinases, the control switches for many cellular functions,” she says.

In Europe, meanwhile, hot job opportunities will depend partly on
gecgraphic location. "Same Danish companies have had to move to
Switzerland because of a shortage of chemists in Denmark” Hodgson
says. "In France, there's a lack of clinical trial specialists.”

Institutional Imperatives

Geography represents just one demographic influ-
ence on future job prospects. Institutional factors
also play a role. In some areas, such as govern-
ment and academe, opportunities will grow slow-
ly, if at all. Other sectors, such as small biotech-
nology firms, anticipate marked increases in their
need for life scientists.

“At NIH, we're facing a pericd of relatively flat budgets,” Gottesman
says. "But we're well aware that it's incredibly important for us to
recruit new people into biclogy. Our intent is to continue to recruit at
historical levels - 30 to 35 tenure-track positions per year”
Recruitment should also benefit from attempts to counter the per-
ceived "graying” of the staffs of individual institutes. *There’s a real
effort going an to identify new leadership to replace those wha are
retiring,” Gottesman continues.

Universities seem unlikely institutions for expanded job oppartuni-
ties in the near future, | don't see the job market for academics improv-
ing greatly next year” UCSFs Lindstaedt says. "Not only do the big
state universities have flat support from NIH; they also have a problem
getting funds for mare tenure-track positions” However, academic
institutions should benefit from the burgeoning interest in research on
stem cells. "We expect to see a significant increase in spend in the stem
cells arena, mostly in the academic sector,” Burrill says.

The biopharmaceutical industry will also increase its spending as
it moves new drug candidates into development and clinical trials.
“The assumptian is that the industry will grow at a 10 percent annu-
al clip in Northern California for the next few years,” says BayBio's
Gardner. That growth will provide job opportunities in companies of
all sizes. "Very large companies say theyll never have enough
research associates and enough manufacturing associates,” Gardner
continues. "Small companies are far more specific in their needs. They
want people in product development, for example, and offer very tar
geted research positions.”

MICHAEL GOTTESMAN
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Education or Work Force Development

But do graduate life scientists have the skills they
need to survive and thrive in the corporate world?
CSUPERB's Dahms thinks not. “Academics are con-
tributing to the workforce, but many of the neces-
sary skill sets come with foreign nationals,” he says.
"People with those skill sets have good science
backgrounds but are well involved in the multiple steps that represent
the environment in companies, particularly small r, large D companies.”

As Dahms sees it, students can’t pick up those skills in the typical two-
hour course in industry that many life science departments offer. Instead,
he says, “they have to bridge past the constraints set by their advisers to
look at the offerings of colleges of engineering and of business, which
have a good mode of thinking to guide students in the right direction.”

Dahms, who a is board member of the Council of Biotechnology
Centers, a section of the Biotechnology Industry Organization, recom-
mends another way in which life science graduates can bridge the con-
straints. “Take high end professional Master's degrees,” he suggests.
“These two-year programs have courses in project management, negoti-
ation, and other skills. In essence, the programs have 40 percent to 50
percent of the same content as business school courses.” Babco agrees.
"You need people who can interface among all the different specializa-
tions, including those relevant to business as well as science” she says.
“Professional Master's degrees can be useful for project directors”

The programs focus narrowly on such areas as management of drug
development, reimbursement affairs, and regulatory affairs. "These are
areas so incredibly on target that they have zero unemployment,”
Dahms says. His comments on the courses stem from firsthand knowl-
edge. "I head a Center for Biodevice Development at San Diego State
University with a professional Master's degree,” he explains. He adds
one caution: Because professional Master's programs remain fairly rare,
students must work hard to find them. “Some of them do not market
themselves extensively” he says, "as they would be overwhelmed.”

JOHN HODGSON

Certificate Programs

At a slightly lower level, undergraduate departments and community
colleges offer certificate programs in specific areas of expertise. "The
programs fit a demographic defined by skills and skill sets,” Gardner
explains, "Those programs are full of students with Bachelor's degrees.
Qualified chemists and life scientists have to go back to take short
sources in good lab practice, for example.”

The availability of courses geared to the skills and mindset that indus-
try needs raises the issue of how far life scientists need to take their aca-
demic training. “I think there's increased need in the industry for some
of the more pedestrian skills, which may be lower even than Bachelor's
degrees,” Burrill says. Gardner agrees. “As some companies in this arena
reach the mature organization stage, the profiles of their new hires are
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changing,” he says. “Cenentech, for example, is reversing the stratifica-
tion of its workforce, from 70 percent Master's degrees and above to 70
percent Bachelor's degrees and below.”

Plainly, many of the workers in the biopharmaceutical vineyard have
no need of higher qualifications. “You certainly need a lot of people
who will work the scientific machines,” Hodgson peints out. "Not all of
those will need to be as research minded as the Ph.Dn or postdoc
There's a lot of scope for people coming in at an earlier level who look
to combine a basic science grounding with experience in business or
development wark” Scientists without Ph.Ds also have apportunities
for work beyond the laboratory, "We'll be able to use specialists to com-
municate with lawmakers, the press, and the public” Babco says.
“They'll have to communicate the value of new drugs; they don't nec-
essarily need a Ph.D. to do that"

Jock foresees an increasing stratification in the scientific workforce
that might reduce the value of Master's degrees — apart from the new
professional versions. “There's going to be a need for Bachelor's quali-
fied individuals with solid science training, but you'll also need the
Ph.D.s,"” he says. "You'll see a bimodal distribution, with Bachelor's grad-
uates trained in specific fields such as RNA interference or signaling
pathways and the Ph.D.s who can be project leaders and investigators.”

Collegiality and Communications
Scientific qualifications represent just one aspect of
job applicants’ appeal. Employers in academe, gov-
emment, and industry uniformly look for evidence
of job seekers’ communications skills and collegial-
ity. “People-to-people skills like these are absolutely
essential skill sets, within the company and for deal-
ing with federal agencies,” Dahms declares.

The ability to collaborate has become particularly critical. "You need
both collegiality and communications skills, because industnal life sci-
ence is a team act,” Hodgson says. "Equally important is flexibility both
in thinking and the ability to switch from one project area to another”

Government work provides some scope for isolated individual initia-
tive. “Because there's a lot mare team science, people must be able to
work in teams. We also need leadership skills, as teams need leaders,”
NIH's Gottesman explains. "That doesn't rule out the brilliant lone
investigator, though. There will still be opportunities for them in gov-
emment labs and universities.”

Industry has much less time for solo scientists. “Being able to work
in large grou ps where your result is pretty much important to the over-
all mission goal is important. You have to be a link in the chain rather
than carving yourself out as a separate island,” Jock says. "That was
less evident 10 to 15 years ago, but it has changed as the global econ-
omy has developed. You might have to interact with colleagues across
the US. and across continents.”

5‘ );q,y‘

CHRIS JOCK

Job seeking scientists must recognize the reality of globalization. "I
we set up a company now, we are global from the time we start,” Burrill
says. “We can license from anywhere in the world. Our intellectual
property is a global issue. Capital is very fluid. Disease knows no bor-
ders. And the need to be Internet- and global communications—savvy
is a much, much higher priority today than it was a few years ago.”
Native English speakers have one advantage here. "English is the lan-
guage of science and the language of business,” Burrill continues.
"Regardless of where you are in the world, it’s important to be fluent
in English.”

Speaking Up
Whatever their first language, industrial scientists
must be prepared to speak up for themselves and
their projects. “You have to have the sensitivity nec-
\ v essary to maximize receptiveness to your ideas,”
/| Jf/ | Jock continues. “You have to be somewhat of a
salesman.” Hodgson echoes that point. “Industrial
research is about getting to the next decision point,” he says. "Any call
might terminate a project or an entire R&D program. The ability to
fight your own comer is important.”

Lindstaedt points out several ways to do that. “Learn negotiation
skills — being able to bring a group to an agreement,” he advises. "Also
develop your ability to delegate tasks, to select good candidates in hir-
ing, and then to motivate them to follow up on projects.”

Scientists planning to seek jobs in 2006 should also devote them-
selves to due diligence on potential employers. “Preparing yourself for
a discussion about a company's work, an openness to its assignments,
and an understanding of how a commercial company works are all
important,” Gardner says. "You can find enough information in public
filings to be very well versed in a company’s affairs - its market, its
competition, and its prospects. There's no excuse for ignorance.”

Applicants need also recognize how corporations deal with their
resumes. “Because companies are increasing the number of electronic
resumes they receive through the Internet, it's going to be important
for applicants to research employers for the keywords they'll need to
get past the resume software,” Babco wams. "Candidates will have to
do mare homework to make sure that the software doesn't bounce out
their resumes.”

Gardner offers one final piece of advice to job seekers. "You could
never do encugh practicing and preparing for your interviews,” he
advises. The jobs will be out there next year, but you'll have to pursue
them with vigor and enthusiasm.

BILL LINDSTAEDT

A former science editor of Newsweek, Peter Guyrirne writes about science and
technology from his base or Cape Cod, Massachusefts, U.SA.
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The Ghair in Spinal Gord Research

UNIVERSITY OF

CALGARY

TlIe Faculty af Madicine iiwiles applicalions and nominalions jor an exciling full-lime academic posilion as The Slaiv in Spinal Sord Research. The
successiul candidale will be appoinled in Lhe Deparlment of Clinical Neurosciences and will becorme a Mull member of e Holchkiss Brain TnsLilule.

The successful candidate will be an establisked irvestiator with a distinguished intemational reputation in spinal cord researck and proven leaderskip in
educalion in e iield. Tle incumbenl will provide leaderslip in spinal cord research in Soulhern Alberla, eslablish eifeclive educalion and researcl links
wilh nalional and inlerialional research groups and cenlres wills a view Lo acceleraling & cure lor spinal cord injury, as well as allracl oulslanding Lrainees
and seholars in this field, Eligibility for licensure in the Province of Alberta and privileaes within the Calgary Health Region are required if the selected
individual will provide patiert care,

Tle selecled candidale will be expecled lo compele for salary supporl and eslablislmenl funding irom e Alberla Herilage Foundalion for Medical
Research, \We anticipate generous start up funds will be available to a qualified candidate,

Witk over 400 full time rembers, the Faculty of Medicing is o leader in health research witk an international reputation for excellence and innovation, A
new researcl facilily opening in 2006 will allow researclers Lo invesligale scienlific gueslions collaboralively in a unigque selling thal facililales
rudllidisciplinary sludies will slale-ofl-lhe-arl invesligalive Lools. Calgary is a vibranl, mullicullueal ity of ~1,000,000 near Lhe Rocky Mounlains, Banii
Mational Park and Lake Louise,

Tle Deparlmenl of Clinical Neurosciences and Lhe Holchkiss Brain Tnstilule Fave joined lorces Lo enhance leir colleclive eiforls in world-class researcl
and innovalion Lo rapidly advance palienl care — in Lhe areas of Slroke, Mulliple Sclerosis, Spinal Gord and Nerve Regeneralion, Epilepsy, Parkinson's
Disease and Brain Inaging  through o cobesive, integrated and outcore focused approach. See our website vaw ki ucalgary.ca for more inforeation.

Flaase subrit curriculum vitae, a statererit of researck interests and goals, and the names of three referees by December 31, 2005, to:

Dr. PA. Sokol

e cprdance

itk Clanadinn immis

du Canadian crn awe persirsn voddenn of Canada,

The Liwiversivy af Calpary rapect], afifraiarel and snoturager qfemmizy.

rign regsiremeat, priovity will by given

Yice Dean, Faculty of Medicine, 3330 Hospital Drive MW, Calgary, Alberta, Canada T2N 401

www.ucalgary.ca

McGill University
Department of Psychology
Assistant Professor Position in
Behavioral Neuroscience

The Department of Psvehology of BMeGall Cmversity secks apphesnts
Tor g lenure-rack posttion sl e Assisiant Prolessor level in Behavioral
Neuroseienee. Our current strengths within this broad domain are in
the arcas of vision, leaming wind memwry, the psychophamacelogy of
rewand and reinloreement, wid the brolomeal basis of pain, Applicatuns
in any area of Behavioral Neuroscience are encouraged to apply. The
Depariment has execllon Gelines G imlerndisciplinaey rescarch thmoueh
itz links with related academic departments and research units in the
MeGiill University [lealth Centre including the Maontreal Neurological
Instiude,

Consideration of applications will begin November 15, 2005 and con-
e 1l an appoimment s nude. Applicans shoold presen evidenes
of the ability to establizsh 2 record of significant, externally funded
rescarch produciiviy, All applicants sre cxpeeled o have an aplinude
Tor underpraduate and graduade leacling, Applicants should avange Gor
three contidential letters of recommendation to be sent to the address
below, A curmieulum viae, descoplion ol curent snd proposcd arcas of
rescareh, scleelod ropmms of published or mpress rescarch anieles, o
deseription of areas of teaching competency, interest, and approaches,
and olher relevant matenal, should also be sem o
Chair, Behavioral Neuroscience Search Commilfee
Lyepariment of Psychology
MeGill Universily
1205 Dr. Penficld Avennc
Muontreal, Quebhes, Canada 1134 181

Al qualified candidates are encovraged to apply however, Canadions
aned prermantent residente will be given priovity, Molill Lniversite le
compifted o eyl in employient.

UNIVERSITY OF ALABAMA AT BIRMINGHAM
DEPARMENT OF NEUROBIOLOGY
EVELYN F. McKNIGHT BRAIN INSTITUTE

The Depuniment of Neurolology w TAB myvites applications lor
temired or temire-track positions at the rank of Aszistant, Associate, or
Full Professor. The Department is under new leadership and underao-
g significanl expansion. We are reeruiing vwistandnge seiemiisis m
the research areas of cell signaling, synaptic plasticity, learning and
memaory, and leamning/memaory disorders, with an emphasis on seientific
execllenee regardless of rescarch arca or Gweully tank.

The Department of Neurobiology ollers a collerial and creaive cnvi-
vormmen! amwd will be housed e Evelyn Fo MeEnight Brain Insue
comprising three floors (approximately 75 000 square feet) of the new
Armeile and Bachard Shelby Rescanch Buldme, TAB 15 one of e
leadimy weadenme medical comers i lw country and 1s curennly ranked
18 in NIIT funding ameong all LS medical schools. More information
cin be found wl www newrobiology.wab.edu. Deadhine for appliciinons
will be Japuary 31, 2006, Scinor spplicants should submu s CV Tumor
applicants should provide a (W, deseription of proposed research and
ey of 3-8 relorences

Dr. .1 David Sweatt

Chairman, Department of Neurohinlngy
Director. McKuoighi Brain Instilule
University of Alahama at Birmingham
1719 6 Ave South
CIRC 516
Birmingham, Al 35294-0021

E-mail: dswealli@ore.uab.edu
The Univerwity of Alabama o Birmingham v an Affmmative deffon’

Egual Opporiunite Ewployver, Women and minorities ore encouraged
for ey
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Wyeth

Research

Passionate about

Neuroscience

Career Opportunities in Discovery Neuroscience
Wyeth Research, Princeton, NJ

At Wyeth Neuroscience, our vision is to be at the forefront of discovering and developing novel
medicines that improve the quality of life for patients suffering from neuropsychiatric and
neurodegenerative disorders.

We are passionate about neuroscience and in achieving scientific excellence. Our collaborative and
rewarding culture provides the driving force behind one of the worlds most innovative research
pipelines across a number of disciplines

including: Depression & Anxiety, Neurodegeneration, Neuroregeneration, Neuropharmacology &
Neurophysiology, Schizophrenia & Bipolar Disorder and Pain.

If you are passionate about neuroscience, e-mail your resume to chiaret@wyeth.com
(source code, NPT) or visit our website at www.wyeth.com/careers
Equal Opportunity Employer M/F/D/N

“Leading the way to a healthier world”
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NORTHWESTERN FEINBERG SCHOOL OF MEDICINE
DEPARTMENTS OF
NEUROLOGY AND RADIOLOGY
FACULTY POSITION

The Neuromuseular Disarders Program of Department of Neurology announcs anew scarch o reeruit
oulstanding individuals fow full-time, tenare-track, appointments at the kevel of ASSTSTANT PROFES-
SOR depending upem prior expenence and rescarch accomplishments. Applicativns will be considercd in
areds of novel therapeutic applications to ALY and ofher neurodegencerative conditions and imaging
of neurvdegeneration.

The PhTr o BT appeantees are capected tohave demonsiraied exeepticmal polential i therapoatic or
imaging research. Reaponsibilitics ol the positions are wedevelop dynarmic, independenily fanded rescarch
provrams and lo participate in medical, graduale, and postaradoaic waching. Thigh quality labaoratory apace
and exeellent start-up sapport sl be provided. Salary will be negotiable depending wpon expericnes.
The appointees will have access to new state-of-the-art animal facilities and to shaved facilities for tissue
culture, cell imaging, transgenic and knockout projects. monoslonal antibodies, gene and protein micro-
amrays, structural bology, and bivteclnelogy, The candidate for imaging will have a primany appoinnuent
in the Tepartment of Radioleay with aceess to all chinical and vescarch Tacilitics, mcluding the Center
lor Advanced maging Rescarch {CAMRT) comtaining T.3T and 3T rescarch MR seanners and an animal

PENNSTATE

[

FACULTY POSITION IN MOLECULAR
AND CELLULAR NEUROBIOLOGY
The Pennsylvania State University

The Depanmennt of Biology and the Huel
Insututes of Life Sciences al Penn Stawe
University invite applications for a faculty
appuiniment al the Assistand o Full Proles-
sor level {open rank), We seek anoustanding
scientist in Molecular and Cellular Neurobiol-
oy whose rescarch s nlenationally teeope-
nized and complementary e existing areas
of expertize in our Department. For firther
wfurmation aboul 1w Biolory deparlment,
see htip//www.hio.psu.edo.

angingraphic room. Plans are alao undersay for a 7T small amimal MR research saite.

Additional information about the Neuromuscular Disorders Program can be found on our Wely pages
{wawneurogenstics northwesteris edu’t. Applicants must inelude the following materials: (1) ewrent C.W.
and list of publications, (2} brief statement of research iinterests (three pages or less). and (3} three letters

ol relerence #ent an their behall lo:

Teepu Siddique, M., (-siddiquedznorch western.edu}

Chair, ALS Search Committee

Narthwestern Universicy Feinberg Schoal of Medicine

Tarry 13-715, 303 E. Chicage Avenue
Chicuge 1L 64611

Completed applications must be received by January 31, 2086, Appointments will commence on or

aller Fane 1, 2006.

Nowtlvwewtern Dniversite v an Rqual Opoocinenity/Aflieniative Aetione Ferecior and Emgloyer aned
rvifes apdications from ol quadified fndividuals. Applications from women aned minoriiies o
especialiv soughi. Hiving s consingent upon efigihiity: o work in e United Stages. Ploase vefor jo

Avademic Seavrch mnber - 28-06.

Please subnmt leter ol intond alonge with s cur-
riculum vitae, staterments of rezearch plans
and teaching philozophy, copies of relevant
publicanons and avange Lor tmee leders of
recommendation to be sent on youwr hehalf
tw: Chair of Neurobiology Search Com-
millee, 208 Mueller Laboratory, Box W,
Fcnn State University, University Park,
PA 16802, cunal: sjgockingopswedu. Elee-
{romie apphications submitled by cmml s
preferred. Review of applications will begin
December 1, 2005,

Preivr State is committed fo Affirmative
Action. Egral Opporviunify, ad the diversiiy
of it work foree. A4AOE.

Center for Learning and Memory
Institute for Neuroscience
The University of Texas at Austin

The Center fon Tzaring and MMemory at the Tlniversity of Texas at Aunatin
invitea applications for a number of terare track faculty positions at the Asais-
tant, Asaociate, and Fall Professor levela. Tields of intzrest include ecllular,
malecular, behavioral, and computational neuroscience in the gencral arcas
of plasticity, Tearning, and memory. Successtul candidates will be expected
to develop and maintain an active rescarch program within an exeiting and
vitwant acadamic environmaent. Academic appaintments will be made in the
appropriste acaderme umt within the Colleges of Nalural Seienees. Liberul
Arts, Plurmiey, or Engineering. The posiions carry exceplional sulury and
slavl-up packages,
The University of Texas wl Austin has bepun a major new expansion of the
Institule for Meuroscience, building upon a stvong existing facully buse in
Newrwbivlogy, Fsychology, Bebavior, Pharmicy. Conpuler Science, Biomedi-
citl Engineering, Physics, Chemisioy. and the Instiiute of Cell iund Molecular
Biology, Successful cundidates will have their laboratonies m 1he new Meurul
and Moleculur Seienees Building localed within the hearn of campus.
Austin is located m the Texas il couniry and 15 widely recomized uws one
of Amenica’s most beautitul and hvable cities,
Please send curmiculum vite, summary of research mlerests. and numes of
five references 1o:
Dr. Daniel Johnston, Dircetor
Center for Learning and Memaory
Institute for Neuroscience
The Universicy of Texas at Auwstin
1 University Station, C7000
Anstin, TX 7R712-0803

TTomepage: heeprfwwwatexas.edu/nenroscience’

The Dniversity of Toras of Austin fs an Foual Coportunily foaplopen
Chrelificet worsaen wivf prienitios ave cihconraged fr appdis o boelgeowned
etk will Doy comebuedee om applicants seleeind,

Neuron

Newron is seeking an additional full-time scientific editor to join its edito-
rial team hased in Cambridge, Massachusetts. To complement the range
ol eapertise on e curmenl Newsor loum; we are speeilically seclang an
editor with systemz and’or cognitive newroscience training.
Now s severieenth vear of publicalion, Newrop publishes the most
exelmg developmenns modevelopmental, moleeolar, cellular, syslems ad
cognitive neuroscience. The minirmun qualification for this position is a
PLD am a relevant area of buomedical rescarch, allloupeh previous edito-
rial eaperienee 15 benelicial, Thos 15 4 superh opporiumnly for o alented
individual to play a critical role in the research community away from
the bench,
As a scientific editor, you would be responsible for assessing submitted
research manuscripts, overseeing the review process, and commission-
e and eduting review taderial for the joumal, You would also immvel
frequently to scientific conferences to follow developments in research
aind o estabhsh and maamain elose les with the seremiific commumnily,
The key gualities we are loolang for are breadih of seiemnifie imerest aid
the ability to think critically about a wide range of scientific izsues. The
suceesslul carndudane wall also be lnghly motivated amd crealive, possess
siounye comunurneaton skalls and be able 1w boll worls mdepandennly
and as part of a team.
This 15 & full-ume m-hoose ediomial position, based al Coll Press head-
quarters in {‘ambridge, Massachusettzs. Cell Press offers an attractive
salary and benefits package and a stimulating work environment. Appli-
cations will be held mhe sineiest ol conlidence and will be considered
on an ongaing basis. To apply, please email a letter deseribing your
Taclyround, merests, amd a candid sppratsal of the siremels and weak-
nesses ol Neunon, alonge wilh vour CV 1o hragelsevier.com. Please
note “Nenron Seientific Kditor”™ in the sohjeet line of your cmail.
Pleise, no plone myguiries.

Cell Prese is an Koual Opportunih Afflnmative Actioir Emplover;

MY
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NR1 Faculty Positions, Postdoctoral Fellow and Researchers

Wa i

Neuroscience Research Institute (NRI),Gachon Medical Schoal in Incheon,
Karea has several Faculty and Postdoctoral positions open in Neuroscience
research in the following areas: Neuroimaging with PET and fMRI with
background of physics or electrical engineering or computer sciences;
Neurobiology with neuro-imaging experiences, preferably with micro-PET and
MRI; Neuro-imaging with cognitive neuroscience and other neuroscience related
backgrounds. For the postdoctoral fellows, the fenure period can be extended up to three years depending on the candidate’s
desire and performances. Salaries of postdoctoral fellows range from US $50,000-865,000/year depending on the qualification.
Minimum housing will be provided for those who need.

NRIis a newly established research institute mainly interested in Imaging-Neuroscience with a newly developed Hybrid Fusion
Imaging System with an ultra high field MRI {whole body 7.0 T dedicated for neuro-imaging) and an ultra high resolution research
PET (HRAT, High Resoclution Research Tomograph developed by CPS, Knoxville, Tennessee) dedicated and optimized for BRAIN Imaging. This Fusion PET-MRI system
will allow us to perform a simultaneous Molecular-Morphalagical imaging with resolution and sensitivity hitherto un-ohtained. This hybrid PET-MRI system is the world's
first of its kind and a true hybrid PET-MRI system daveluped by a physics taam led by prominent PET-MRI physicists with an uttra high field MRI (7.0T) combined with a high
resclution PET [HRRT). The latter boasts 2.5 mm fwhrm resclution with optimized sensitivity for brain imaging. Current MR facilities are supported by a group of physicists,
anginaers, and radis-pharmacists with a dedicated eyclotran. In addition tn the hybrid PET-MAI System, the Institute possasses high raslution m-PET, m-CT with znuming
capability, and other animal maelecular imaging toels. NRI will be equipped with 84 micro-computer eluster systems for the computational work.

Incheon is & metropalitan city on the ocean-side of the Korean Peninsula near the capital city Secul and rapid transits (30-50 minutes] easily connect to Seoul, one of
the largest and most dynamic cities in the world. NRI was founded by the Git Foundation and is supported by Gachon Medical School Gif Medical Center which is one of
the largest in the freheon area and has over 2,000 bads. NRI eurrently has a juint collaborative research program in this area with Harvard Medieal Sehoal (Peter
Brigham & Young) and 7.0T MAI project is supported by Siemens under Joint research contract.

7.07 Sapercenducting Magnet
- .hﬂ'lﬂ'lﬂ_l“ vRJ

Please call or for further questions send your resume to:

Management Assistant / 8. Park
Neuroscience Research Institute

Gachon Medical School
1198 Kuwol-Dong Namdong-Ku

- . Incheon, Korea
Neuroscience Research Institute Tel: 82-32-460-8227
Gachon Medical School Fax: 82-32-460-2083

Email:spark@gachon.ac.kr

fchech, soraa Web-site: nri.gachon.ac.kr

“Discoveries made at St. Jude have changed the way
the world treats children with catastrophic diseases.
Treatments that would not be possible without a diverse
and highly motivated staff of dedicated individuals.”

With the right combination of people, progress and persistence, we can achieve
our mission of finding cures for catastrophic diseases through treatment and
research. St. Jude offers a wide variety of rewarding career opportunities in
basic and clinical research.

Chemical Biology and Therapeutics * Developmental Neurobiology
Genetics « Hartwell Center for Bioinformaties and Biotechnology
Hematology/Oncology « Immunology + Infectious Diseases
Molecular Pharmacology « Pharmaceutical Sciences « Structural Biology
Therapeutics Production and Quality

If you share our passion and believe in our mission, then you belong here.
For more information about what it is like to work here and to apply for a
position with us, please visit our website at www.stjude.orgfjobs.

St. Jude Children's
Research Hospital

ALSAC » Damay Thomas, Founder

An Equal Opportanity Employer — & 2005 St. Jude Children’s Research Hospital
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Faculty Position
in Molecular/Cellular Neuroscience

* .
e

Washington
University in St.Louis

Department of Anatomy and Neurcbkiology

Two faculty positions at Washington University School of Medicine in St. Louis, MO
are available Lor individuals taking mmovalive approaches o limdamental quesiions in
molecular neuroscience. These positions are in the Deparlment ol Anatomy and Neuro-
hinlogy (httpr/thalamuswustledn/) and will he at the Assistant Professor or Associate
Prolessor level. The department houses 20 aclive research labs in neurobiology, and
is part of a much larger inter-departmental neuroscicnee program (program website
http://meuroscience.wustl.edu/). lixcellent shared facilitics are available for maleeular
and cellular neuroscience, including imaging (electron and oplical microscopy) and
mase genetics (generation and behavioral analysis of transgenic and knockeout lines).
Buth the depariment and the neuroscience program oller numerous opporlunities for
scientific interactions and callaborations.

To apply: Send by email altachment one PDF or Word documcent that includes vour
caver letter, OV, rescarch summary, and names and cmail addresses of three refer-
ences. Send vne document only, limiled 1o 10 pages o susangébrainvis.wustledu,
I addition, please amrange Lor (wee letlers ol recommendation (o be sent o Dr. David
Yan Essen, via cmail to susan@brainvis.wustledu. Applications and letters nst be
received by December 1, 2005,

AAEOE MEFDAV,

NEUROSCIENCE CAREERS

MILLER

SCHOOL OF MEDICINE
UNIVERSITY OF MIAMI
FACULTY POSITION

MOLECULAR AND CELLULAR
PHARMACOLOGY

The Department of Molecular and Cellular
Iharmacalogy at the University of Miami Miller
School of Medicme 15 seeking applicalions for
a TEXNURE-TRACK FACULTY [OSITION
{rank opent. Candidates must have a PhD. and?
ar MY degres and have an established recond
ot research excellence, Applicants from all areas
of melecular/cellular biolegy and biomedical
research are welcoms, bul we are parbicularly
imterested in research relating te the nervous
system. The new faculty member will comple-
mienl existing rescarch aTorls 10 the Departmaent
and will have the opportanity to participate in
a University-wide MNeurescience program. Rank
andsalary will be commmensurale with experience.
Generous laboratory space and start-up funds are
available,

Arphicants should send elecwronte and hard contes
of their C'V. statement of research interests and
directions, and contact information tor three ref-
crenecs, L0 ELalor@amed.miami.edu {e-copios}
and Dr. Charles W. Luetje, Search Committec
Chair, Department of Molecular and Cellular
Pharmacology, Universily of Biami Miller
School of Medicine, [NO. Box 016189, Miami,
FL 33101,

An Fguecd Opypovefzoniiy A ffTimmciiive deifon
Ermplo)-ex

NEUROSCIENCE CAREERS

MEDICAL
COLLEGE
OF WISCONSIN
Tenure Track Faculty Position in Neurobiology
Department of Cell Biology,
Neurobiology and Anatomy
A termre track faculty position at the Assistant or Associate Profeasor level
is availahle for a newrabiologist who wses moleenlar-genetic approaches
Lo ddress fundumental research questions in a key ared of neurobiology.

POSITIONS OPEN

Dental and Craniofacial Scienti

Stony Brook University's School of Dental Medicine seeks
tenure or tenure-track faculty at Assistant/Associate/Full
Professor rank.

We seek individuals with D.0D.5./0.M.0., Ph.D., or M.D. and
postdoctoral training. The positions are highly competitive

Cumpelitive sulary, laboralory space and sturl-up funds will be provided,
Modern facilities melude core laborulores for generulion of transgenic
e and confocal microscopy, Current reseurch sirenygihs in the depariment
nclude cellular neurobiology of pain. cellular biology of pholoreceplors,
moleculur neurobiology of mitochondria. and developmental biology of the
gastroinlestingl. curdiovascular and visual systems. Candidates whose work
cotnplemnents these aress wnd ulilives state-of-the-arl maging or molecular
approaches are especiully encouraged o apply.
Comribution Lo atewm taughl course in Integrated Medical Neuroscience for
methcil students and participaion in our tierdiseiplinary mraduile program
will he cxpected. Applicants for Asaistant Profeasor must have a PhoT) or
M.TLPhD. degree {or cquivalent) plus 2 years of postdoctoral cxpericnee
Candidates at the Associate Profeasor level are expected to have established
a vigarous, productive and NTTT-funded reacarch progeam. Tntzrested indi-
vilduals should send a curriculum vitae, atatement of reacarch plana, three
relevant publications and the names of three referenees to:
Dr. Cheryl L. Stueky
Chairman, Search Committee
Department of Cell Biology, Neurobiology and Anatomy
Medical College of Wisconsin
8701 Watertown Plank Road
Milwaukee, Wisconsin 53226-0509

For more infonmion visit our Website al:

heétp:Ywwwme w.edw'cellbio!

ALEOE

with regard to salary, startup funds, and laboratory space.
Successful applicants are expected to generate NIH support
for research areas pertinent to dental medicine including

but not limited to Stem Cell Biology, Tissue Engineering,

Bone Biology, Qral Mucosal Immunity, Keratinocyte Biology,
Developmental Biology, Salivary Gland Biclogy, etc. Preference
will be given to individuals with current NIH support.

Academic rank and salary are commensurate with experience
and gualifications.

Please submit a letter of application with curriculum
vitae, statement of accomplishments and research plans,
and names and addresses of three references to:
Maureen Burns, Executive Assistant Dean

School of Dental Medicing

Stony Brook University, SUNY
STONY
BR&WSK

Stony Brook, NY 11794-8700

ASSEDE. Wis't wa stamehrond cdisn
for employment informat'an,
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Photochemical Sciences/Biosciences

Cemter for Photochemical Sciences
B LIk G GHEFN STATE DNIVEESTLY

LIGHTI NG THE Way
The Center for Photochemical Sciences in conjunction with the Departments of Biological Sciences and Chemistry at Bowling Green
State University announce the creation of a multideparimential research Intliative al the mterface oithe chemical, biological, and photosci-
ences. Faculty will be hired in both departments to create a synergistic research chuster to develop and apply advanced phototechniques
o study the structure, [umction, dynamics, and Inleractions ol biomolecules and cellular processes. Such techniques can Include, bul are
nol restricled 1o, single molecule metods or imaging techniques. Creation of is cluster will initially mvolve one senior and wo junior
faculty hires as described below. I'utire expansion is anticipated.

The Department of Chemistry inviles applicants and nominations [or the position off Ohio Board of Regents Eminent Scholar in
Photochemical Sciences. The suceessful candidate for this endowed senior professorship will have an estahlished record of research
excellence and will be expecied lo lead the srowth and development of the Inttiative, The Depariment provides a stimulating research
environment and heuses the Ohio Laboratory for Kinetie Speetrometry which maintaing modern transient spectroseopy facilities operat-
ng within the lemlosecond 1o microsecond me domams, and the Wrighl Photosciences Laboratory which provides unique opporlunities
[or Interactions with mdusirial photosclentists. See httpr/www.bgsuedu/departments/ichem/. Applications and nominations should be
sent to the address below.

The Department of Biological Scicnees mviies applications for lwo tenure-track positions al the rank ol Assisianl Frolessor, The success[ul
candidates will have a demonstrated record of productivity in the above mentioned arcas and will be expected to develop strong, extranmral ly
[umded research programs in microbial, cellular, or molecular biology, We especially myile enquiries from mdividuals conductmg research
having applications in the ficld of microbiology. in particular, envirommental or pathogenic microbinlogy. The suceessful candidates will
help develop the Photochemical Sciences/Biosciences Initiative and will be members of the Center for Photochemical Scienees. Sce http:
Hwww. besu.cdu/departments/biology/. Interested candidaies [or these positions should send a copy ol ther CV, siatement of research
and teaching interests, and 3 letters of recommendation to the address below.

Applications and nominations should be sent to: Professor Michael A, J. Rodgers, Ohio Eminent Scholar and Chair of the Faculty

Search Committee, Center for Photochemical Sciences, Bowling Green State University, Bowling Green, OH 43403, Review of
applications will begin Deccmber 5, 2005 and continue until the positions are filled.

BGSU by ant Affirmative Action/Fgual Emplovment Emplover
und encotrages applications from women, minoritics, veterans and individuals with disabifities.

NEUROSCIENCE CAREERS

TWO postdoctoral training fellowships in
developmental psychobiclogy and neurobiol-
agy are nmmedialely available and others
become available periodically at the Univer:
of Illineis at Urbana-Champaign, This is a
Watiemnal Tnstitate on Child Health and Huaman
Development grant that provides stipends, some
research and study funds, and scientific meeting
travel do suecossful candidiates. Only TO8. cilivens
and permanent residents are eligible for support.
Minerity applicants are especially encouraged to
apply. Cowe Taenlty mentors tneludes Tars, Chiba,
Clayton Cox, George, Gillette, Gold, Greencugh
[Iing. Juraska, Keorol, Robinson. Roy and Wheeler
ancl applicants tilerested inother Tntversily of
[lineis taculty in the area of developmental psy-
chobiclogy and neurobiclogy are also invited to
apply. Tratnees and ihetr menbors are capecled L
participate in a weekly seminar and momthly mest-
ings associated with the training grant, To apply.
subimil {1} a enepage leller of applicalion swm-
marizing previeus research and future research
interests {indicate which faculty member{s} you
iy wish Lo work wilthl: (2 a copy of your OV
and (3 ) three letters of recommendation to; Wil-
linm T. Creenough, Ph.D., Program Director,
University of Tinois, Beckman Tnstituie, 405
North Machews Avenue, Urhana, 1L 61801;
wercenowsgaiue.cdu; heep:/feewwlife uine.edu!
dnpig. lo view Taenlly rescarch desernplions?
profiles. While additienal applications may be
considered after that date. the initial deadline for
arplicaticns forthe cumrently available posilions
December 2, 2005, Please share this notice with
vour celleagues at other institations.

The Dniversify of Hlineis af Urbama-Cham-
paign is an Affrmative Action Egual
Crpawiziniy Empdoyer

The Department of Psychological and Brain
Seiences at Dartmouth College is secking
applicants Tor a senior Taenlly appotiimenl m
cognitive neuroscience and to be Director of the
Center for Cognitive Neurescience, The success-
Tl candidate s expecled i have a distinguished
recard of accomplishments, including a demen-
strated commitment to training students and post-
dewcloral Fellows, as well as a strong polential
tor sustained external funding, Applications
representing any sub-specialization in cognitive
newrsetsnes, broadly defined, are weleome.
We are particularly interested in applicants who
net only complement our current strengths in
ey, coitlion, mereeplion and b fune-
tional brain imaging, but alse make connections
to other departmental faculty, The department is
henesed 11 4 stale-olthe-arl research and leachhg
tacility that includes a dedicated research MRI1
scanner for brain mapping research,

Please sond o letler of application and 4 cur-
riculum vitae to: Dr. Sc¢oct Grateon, Chair,
Clogmilive Neuroscience Search Comniliee,
Depariment of Psycholagical and Brain Sei-
ence, 6207 Moore Hall, Daremouch College,
Hanover, NH 03755 Tnlfinmal inguirtes regand-
inge the posilion are also weleoms (seollgralton
adaremouth.cdu). Review ot applications will
beain December 1, 2005 and continus unlil the
mrsilien 3 filled.

Witk i everr divivibucdion of wrale amf fennds
sizaferis coned erver o epearter of e weiderseranfe-
ate St popmlaion wemthers of minevii):
srrvnepe, Dol iv commivied fo diversily
aref emcaivegres applicanions frm wonten ainf
winorifies. Davtmonih College is an Equal
Oppawiznify, Affmcive dedons Enipdoces

POSITIONS OPEN

Keratinocyte Biologist

Stamy Braak Unwars'ty's Schoal of Oenta
fadic'nz socks tonura ar tonure-track faculty
at Ass'stant/Associata Profassor rank.

Wreoseck indvidua s w'th 0.0.5,/0.0MD., PRO.,
or M.0. and pastdeetoral train'ng. Tha pasiticn is
h'ghly compztitive with regard ta salary, starup
funds, and laboratary spaco.

Suctessful app ivants ars expectad ta ganzrate
NI support far research arzas parnznt to
cpthe ia oo | B ialegy ine uding Stem Ce | Bie agy,
[Ceratinaeytz Ce | and Mo zcular Bic ogy, or Host
Immunz Besponse and Gane Therapy. Profarones
wi | ke given ta "ndivduals with “noviva as wal
as ‘n-v'tro madzls. Avademic rank and salary arz

Please submit a letter of application with
curriculum vitae, statement of accomplish-
ments and research plans, and names and
addresses of three references to:

Maurzen Burns, Excoutive Assistant Doan
Schee of Oental Med'cing

Stany Brook Un'vars'ty, SUNY

Stamy Braok, MY © 77848700

AAFOF. WisiT vz stoimdbraek. aoiscin “ar
cenlaymenl ifla-nation,

STONY
BRE&WSK

cammensurate wth sporones and qua ifeat ons.

.
g
5
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Positions N[ Helh. ezt

tHE NATIONAL INSTITUTES OF HEALTH

% National Institute of General Medical Sciences

The National Institule of General Medical Sciences (NKGMS) in Bethesda, MD is seeking applications [tom outstanding candidales for a Health
Seicntist Administrator (HSA) position in the Pharmacological and Physiological Sciences Branch within the Pharmacology, Physiology, and
Biological Chemistry Division. The recruiting branch currently supporls research and training into understanding the basis ol waumalic and
burn injury and the perioperative period, the molecular basis of action of ancstheties, the mechanisms of and geneties underlying the actions of
therapeulic drugs, and e development of predictive preclmical toxicology approaches.

The individual hired will be responsible for applying his‘her clinical and research expertise 1o manage and develop research and (raining yrants
in NIGMS” broad arcas of hasic studics in pharmacological and physiological seicnces, and to foster the translation of results from fundamental
research areas inlo ¢linical studies. The person should have experience gained in a medical research mstitution and understand how research is
conducted with human subjects or patients in a clinical setting. A background in at least one of the following arcas is preferred: trauma, injury
and recovery, or clinical pharmacology, or immune sysiem biology, or allematively in 4 cross-culling area such as studies of the role of mllam-
mation in the discase process or of molecular/ccltular signaling in these systems. Ixperience in modern methads of genomc or protcome analysis
would also be desirable.

Applicants must possess an M1 and/or Ph) plus scicntific knowledge in the ficlds of pharmacology. physiology, immunalogy, systems hiology,
medicine, or related ficlds. Applicants must be familiar with hoth clinical and laboratory approaches in his‘her own field(s) of cxpertisc. Tixpericnee
in the NIH peer review and granl award process would be beneficial. Salary will be commensurate with qualifications, may include a physician’s
comparability allowance, and will have a full package of benefits. A detailed vacancy announcement NIGMS-05-10027 | with the qualifications

and application procedures ix available al the NIGMS web page al http:/www.anigms. nih.goviabout/job_vacancies.html,  Questions aboul

application procedurcs may be dirceted to Evin Bandak at 301-594-2324. Applications must be reccived by Janoary 4, 2006

w Research Fellowship Opening

A Rescarch Fellowship position is available in the Laboratory of
Allergic Diseases (LAD), National Institute of Allergy & Infectious
Discases (NLALD) at the National Institutes of [lcalth (N1 within
the Department of Health & Human Services (DHHS) to study
receptor mediated signaling pathways in homan and rodent mast
cells. Ttilizing knock out mice, shRNA/SIRNA approaches and site
directed mutagenesis, studies will focus on how regulatory cnzymes
and adaptor molecules control gene transcription for the production off
cytokines and chemokines, The ideal candidate should have a Ph.D.
in moleeular biology, immunology, or cell bivlogy, prior postdoctoral
experience, and appropriate publication record, Tnterested individuals
should Limail or send a cover letter, curriculum vitae, and names and
contact details of three referges to;
Alasdair M. Gilfillan Ph.D.
LAD/NIATIYNTH
Bldy. 10, Rm. 11C206
10 Center Drive
Bethesda, MD 20892-1881 USA
Email; agilfillan@niaid.nih.gov

For further details of the laboratory, please visit the web page at:
hitp:/www.niaid.nih.gov/dir/labs/lad/gilfillan.him

Tenure-Track Position in Clinical Neurobiology
The Laboratory of Neurobislogy m the Division of Inramural Research ul NTEHS i recruiiing
a 'lemure-Track Clinical Investigatar ta establish a high-quality, independent rescarch progran
on clinical aspects of neumlogical seienees and disease. Tdeally. studics would he eonducted
on the identification and prevention of enviconmental disruption of human cognitive potential at
any life sluge, including early development, childhood leamning, ornewrodegencralive provesses
associated wilh umng, To be comsidered upplicanis must bave un M.D. or o PLD. degres or
buih, a clinicully focused research proposal, postdocloral experience in clinical research, und o
strong publicatinn reeord. Applicants combining elinical er epideininlngical studies with more
hasic laboratory smdics of molecular and cellular aspeets of neurnbinlngy, inchuding work with
modk] orzanisms, ure parioularly encouraged Lo upply. The NIEHS hus slate-ol-he-url core
[aeilittes forreseurch ind an oulsiunding cadre o epidennologists and bostalislictans, Excellent
siari-up [unds, salury, und benelils puckape will be provided. Inlerested persons should send
their curricutum ¥ita with a statement of research acenimplishinents and plans, and arrange for
three letters of recommendation to be submitted tor the address below. Far infounation con-
cerning the Laboratory of Neurnbiology, access website httpe/idirniehs.nih.govidirln/. 1ior
weneral inlormation aboul Lhis pusition, conlucl Perey J. Blackshear, M.D., D.Phil, Scarch
Committee Chair, at blawk0094 nichg.nih.sov, Applicalions received by 29 December 2005
will be mven linst consideration. Applications received alier thal date will be considered only
if'the pasition has net been filled.
Applications and letters should he sent to:
Ms. Cindy Garrard (IMK 05-12), National Institate of Environmental Health Sciences,
P.O. Box 12233, Maildrop A2-06, 111 Alexander Drive, Room A206, Rescarch Triangle
Park, NC 27709 E-mail: dir-applsi@nichs.nih.zov

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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% Ganorna Roscarch Investigator Recruitment in Cancer Genetics

e National Human Genome Research Institute
The Cancer Geneties Branch (CGB) of the National [Tuman Genome Rescarch Institute (NLIGRI) is sceking to recruit outstanding
tenure-track nvestigators to pursue innovative, independent research n cancer genetics. General areas of interest include, but are
not limited to:

+ Cancer gene discover +  Cancer pharmacogenomics

« Comparative cancetr genomics « Molecular profiling in tumaors
+  Cancer in model organisins + liunctional genomics of cancer
+  Cancer proteomics + Genomie instability in cancer
« Genetic epidemiology « Markers for early detection

The successtul candidate will be able to take advantage of interactions with a ighly collegial group of scientists within NHGRT and
the NLLL campus as a whole. In addition, the successful candidate will have aceess to NIIGRL's outstanding core laboratorics.

Candidates must have a Ph.DD., M.D., or equivalent degree, as well as comprehensive, advanced training and a record of accomplish-
ment in one of the targeted arcas. This position includes & generous start-up allowance, an ongeing commitinent of rescarch space,
lahoratory resources, and positions for personnel and trainees,

Interested applicants should submit & curriculum vitae, & three- page description of proposed rescarch, and three letters of recom-
mendation through our online application system at hitp://research.nhgri.nih.gov/apply. The closing date is December 1, 2005,
For more information on CGB and NHGRT s Intramural Program, please see hittp://www.genome.gov/Research, Specific questions

regarding the recruitment may be directed to D Faul Melfzer, the Search Chair, at pmeltzer{@ mail.nih.gov or by fax
(301-480-3281), Questions may also be directed to D, Elaine Ostrander, the CGB Branch Chicf, at costrandt@mail.nih.gov

@ Health Scientist Administrator
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Q"M Postdoctoral Fellowship
in Vertebrate Genetics and Developmental Biology
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ti ncbipls seatfold Eusiars o e promit v eoll ssebly into ucki-dimer sion] strceurs, desizn aad Exvelopmert
oftxzgzted mierftuic plfozns hesed o mobapla sepzrvior and ceterior. teenalogies or. 2 single ekipir. ondz: toobizir
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Imupchulux apifci:l wrieos e doselogues oo inarouarty wa slls e be procisely place, uwpdhtubib
ber aralyzad b veal i, Tk b ill dinset, adminiser and. e‘.ah.,al=1p1 thuute\rﬁhml G-
conpecaties e and will tbuclate ot b v edvice
ol T aditio, 23 ir bt wll pacierpacs i S desisions, puhu de1 elup:n=
comdicior wifd efrpozems be'vat e and wrsiéc of the NIDCR, T applisar s
ML TOD, oecntzler: doorel ceeet. T 'Qettr'nhmmnum?‘% “ﬁJJJHH
wift sxpiiore: This postiar i s (RS ' applic
amsicerel. Tke fall vagerey sownreemer car b= et 3t ‘.*"ML\llﬂb\LT"BT\]TDfR I an Aplicztiors will be
s vl Boveher 31, 2008, Plzsa sobii veeeiclsbo: Elan By, Beaneh L Offie of [lumin Ressuroes, MIIL 6707
Dewnctacy Blid., Sutte 400, Bethesda, MD 205%2-S482 ot by omail: danowignihgor, U8, Crizzstipisreciz,

The Developmental Genetics Section, Genetic Disease
Rescarch Branch of the National lluman Genome Rescarch
Institute is seeking an owtstanding postdoctoral fellow to study
the molecular control of mammalian cmbryonic development
and oncogenesis. The lab 1s particularly interested in the roles
of Wnt and Hedgehog signaling pathways in pattern forma-
tion and skeletal morphogenesis using combined approaches
of mouse genetics, cell biology and genomics (htip:/www,
genome. gov! Staffy Yang).

Candidates must have an M.D. and/or Ph.D. degree and less
than 5 years of postdoctoral experience. Candidates must also
have a strong background in melecular genctics, cell biology
and developmental biology, as well as a record of relevant
peer-roviewed publications, the ability to speak and write offee-
tively, and be self-motivated and creative, Interested applicants
should submit a curriculum vitae and a statement of research
intcrest to Dr. Yingzi Yang, NHIGRI/NILL, 49 Convent Drive,
Building 49, Room 4A68, Bethesda, MDD 20892 or c-mail
to: yyang@nhgri.nih.gov.
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ScienceCareers.org

UMDN]J-ROBERT WOOD JOHNSON MEDICAL SCHOOL

& THE CHILD HEALTH INSTITUTE OF NEW JERSEY

« FACULTY SEARCH

Tae Cald Healh sl Lale of New Jersey (CHINJY al UMDNJ-Roberl Wood Joamson Med ca Scheol (RWIMS) s laanchng a maor
researc inilialive i deve opmealal b oogy Lo be hoased i1 ils vew research faci iy, We are searcn ng lor several culslanding candidales
with a1 emergng of aesfabisaed program i1 the fied of verebrate develcpmental beogy woo utiize madel argassms foogain
fundamental insignls inle congenila mallormalicns and develepmenlal dsabl Les, Areas of parlicular inleresl neude, bul are ol
imled Lo, neecaar and celuar mechan smis of organcgenes s, ep genele conlrel of lissae specilcalen, and develepment of the
cranafac al, “ervous, and immane systems. Qua ifed candidates wl be cons dered far ndependet fenure-track fac.alty positans at
the Assstant, Associate of Ful Professor evels. Saccessful recrats wil rece ve compet fve start-up packages awl wl have facuty
appoinlmenls al UMDNI-RWIMS w Ly Tl access Lo gradaale ra nong pregras.

CHIMY is Iccated n the Mew Brunswics campas ad noudes A0000 sq. f. of laharatery and off e space and a 25,000 sq. 1. mouse
harr er fac by, i1 add Lon 1o shared core laboralor es for mease gene largel ng and ransgenes s, v slolegypalology, novive maging,
cpleal micrescopy, and meroarray analys s, Tae sl lule program wl conplemenl e civea progran of e Brislol-Myers Sgabb
Caidrev’s Hosp tal ta create a1 mternaticaal ceqter of exce leqce i1 pedialric care awl bicmeadical rezearc. Itwl alse mterface wita
gerrane v Lalives al RWIMS and Rulgers Univers by, inclad ng Lwse of e aeignbering Cancer sl Lale of Mew Jersey and scon-le-
he-eslabl shed Card ovascalar Inslilule of New Jersey and Slen Cell Inslilule of New Jersey,

Rabert Wead Jahasen Medical 50040l is oie of eight scaoalz of 1he Unversity of Mad cine & Deat stry of New lersay (UMDMI). Tae
med ca secol s dedicaled Lo e parsail of exce lence nlhe educal on of azally prefessicnaals, in the cendacl of bornedca, ¢l neal
and pable aealln research, i he divers by of hea 1 carg asd nthe promolicy of commuaily heallh for res denls of the slale, Wil
twety-te bas ¢ =t ence and ol nical departmeants and 85 centers and nstitutes, 2 500 .01 4 me and valuntesr faculty, a1d &00 mead cal
sludenls, lhe schoo as aclive programs e ils three campuses iv Mew Brunswic<, Piscalaway and Carnden.

Inferested appicants =aculd =send a curicJlam witae, a conc se descr ptan of thair research ivterests, aad tae 1ames of three (3)
references ta: Dr. Michael Shen, Ph.D., Chair, CHIN] Search Cammittee, Center far Advanced Biatechnalagy and Medicine, 679 Haes Lane,
Piscataway, NJ 08854-5638. T-e Uivers Ly of Med ¢ine & Denlslry of Mew Jersey is an egual opporlun Wfallirmalive aclicn emp oyer,

Child

Haalth Inslilwis

of New Jaraey

UMDN]J

‘g ROBERT WOOD JOHNSON
3 D MEDICAL SCHOOL

Unlversity of Medlelne & Dantistry of Mew Jersey

UNIVERSITY OF TOLEDO
TENURE-TRACK POSITIONS IN
CELL/MOLECULAR BIOLOGY

Faculty Posititions

Leonard and Madlyn
Abramson Family Cancer Research Institute
at the University of Pennsylvania

The Department of Biclogical Sciences at the University of Toledo iz
seckinge o [ four lenore-track assistan professor Gwally posiiions as
part ol s mugor mew v iniaive ever e mexd bwo yeurs, Depanmental
research initiatives inchude cellular immunalogy, cancer biology, nema-
Lode moleeular biology, mud plut biodogy, The now postnons will anhanee
existing research strengths. Facilities include a modern research complex
with state-of-the-art laboratories and outstanding instrumentation centers
with plans underway [or o mew serenee bulding, Appheants must have o
Ph.0). and postdoctoral experience. Successfil candidates should have or
will be expected to develop an externally finded research program and

‘Lhe University of Pennsylvania seeks outstanding candidates for
the e nure-track laculty positions inthe Abratmson Tamily Cancer
Research Institute, which iz an integral part of the Universiny
of Pennsylvania Abramson Cancer Center and the School of
Medicine. Taculiy appoimiment will be wnure-track Assistani,
Associate or Full Professor in an appropriate department in the
School ol Medicine. Raonk will be commensurate with experience.
Applicants must have an MD and/or PhL degree.

will paraeipate m undergruduate and mmauduate msimoelion. The Deparl-

ment offers the [3.8., M5, and Ph.D. degrees. Additional information is
availahle on the departmental web site at www.hioscicnees.ntoledo.edn.
Salary und sel-up lunds are compentive.

Roview of applications will bepan November 28, 2005 and cowinue
il the postiions are (lled. The sturimye dale for lree of these posilions
will be August 20006,

Interestod candidates should send a leder of spplicaiion, cumieulum
vitae, statements ot teaching and research interests, and arrange to have
three letlers of recommendalion sent o Chain, Facully Search Com-
mittee, Department of Binlogical Scienees, M5 601, University of
Toleds, Toledo, Ohio 43606-339. 1imail inquiries may be directed to
palricia. komupiecki@ uloledo.edu.

Checeliffed womten and minoritice are encouraged to apply: The
Diniversiiv of Toledo v an Affpmative defion'Egual Opporiunity
Friployer MY

Candidates who have scientilic interests and experience in any

- - . - . 4,
field of cancer biology, including but net limited to translational
research, cancer stem cells, cell eyele control, 1Umor suppressor
genes, ONCogenes, Cancer g{*nt‘.l'l(::s, .‘iigll'«ﬂ ll‘;-m:st]u(:li{m,
angiegenesis. and apoptesis, should send a letter of interest,
currclum vitae and the names ol relerences 1o

Craig Thompson, M.D. -Lorard & Madye
Scientific Director ABEAMSON
The Abramsen Family Can-

cer Research Institute @

4th F‘lno‘r - BRB 11 ANCER
421 Curic Blvd. EESEARCH
Philadelphia, PA 19104 NSTITUTE

«t the University of Peomeyivamia
www.uphs.upennedu/abramson Canger Centter

The Uitversity of Peimsyleania i an equal opportonigalliruatise acion Luploger,
Wornen aind minotity candidates are strongly encouraged 1o apply.
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BIOMEDICAL DIAGNOSTICS INSTITUTE

The Biomedical Diagnostics Institute (BDI] was established in October
2005 at Dublin City University, through an award of €16.5M from
Science Foundation lreland (SFI} under its Centres for Science,

I Engineering and Technology (CSET} prog in addition to a

g:gé‘:g;cﬁ‘é . / €6M contribution from industry partners. The BDI will carry out

INSTITUTE culting-cdge vesearch progronnmes focused on the development of
next-generation Biomedical diggnostic devices moeasuring Indicalars
af chvaric disease [e.g. cancer, cardiovascolar discaser,

We are currently ossentbling o teart of world-closs research scientivns to portaer with aittingedge research teams from onr fndustry partners (Analog Devices, Amic, Enfer, Hosgira,
Becton Dickinsen & lnverness Medical Innovations) and collaboralbing institulions (The Royal Colfege of Surceons freland (RCSI in Dublfin, the Nalisnal Cenlre for Biomedical
Engincering Science (INCBES) at NUT, Galway, and the Tyndalf National Institute (TG in Corky. The BIN team will be based primarify in DCL, wilh some vesearchers focaled in our

coflaborating nstitulions. Some applicants for the Postdoctoral posilions may be offered emplovment by our industeial parlners.

Applications ave invited for the felfowing contract positions:

RESEARCH PROGRAMMES

RESEARCH FELLOWS, POSTDOCTORAL RESEARCHERS &
POSTGRADUATE STUDENTS ave inviled 1o apply far various posilians i Lhe

following programmes;

Biomolecular Recognition (REF: BDI-RP1}

Pral Richard O'Kennedy (richard.okennedyi@don.ie}

Goal: To develop novel antibody and nucleic acid-based assays and to incorporate them
nla Binchip platlorms.

Expertise: Antibody production/engineering and immunoassay development / Nucleic acid-
based analysis / Immobilisation and surface chemistry of biomolecules,

Functional Diagnostics in Platelet Biology (REF: BDI-RP2)

Pral Dermol Kenny {dkennyigresiiel

fial: o dewvelap navel talogically velevanl assays of platelel Tunclion.

Exprrlise: el biology of plalclel Tundion & Lhrambosis § Malecular Prolein diemisley ! Bheology.

Transduction Science (REF: BDI-RP3)

Prof Robert Farster (robert forster@dau.ie)

Goal: To develop sensitive and seledive detection strategies for proteins and DNA through
combinations of curvent and light detection,

bxperlise: Elecochemiluminescenl malevials cspecially luminescenl pabymers ! lalelacial
characlevisalion lechnigues — Raman ant scanning probe micoscapy !

daval, +

Electrochemical / luminescent bi v d

Signal Amplification Science (REF: BDI-RP4)

Pral Brian MacCrailh (brian.maccrailh@deu.iel

Goal: To develop substantial sensitivity enhancements in a range of optical biochip
systems, with the emphasis on fluorescence-based platforms,

Expertise; Metal-enhanced fluorescence — Mlasmonics f Optoelectronic readout instrumentation
Toor Riochips ¢ High-hrighlness nanoparlicle labels.

Microfluidic Platforms (REF: BDI-RP5)

Prof Luke Lee {luke.lre@dcn.ie} & Prof Tony Ricce (tony.ricco@dru.ie}
Goal: To develop advanced microfluidic platforms for diagnostic applications.

Expertise;  Microfluidics and microfabrication / Integrated detection techniques ! Cell biology.

Coagulation Monitoring {REF: BDI-IP1)

Dr Tony Killand {lony.killard@don.ie}

Gaal: o develop advanced coagulalion manilewing devices Toe cheanie and onlical care
applicalions (including wearable cloged-loap anlicoagulant thevapy gyslems).

Expertise: Rheological, viscoelastic and haemostatic properties of blood ! Polymer MEWS &
micralluidics £ Bindevice inlevfacial modilicalion ! nlegralion af sensors and
wireless lechnology.

Biochip for Cardiac Wellness (REF: BDI-IP2}
Prof Brian MacCraith (brian.maccraith@dou.ie)

Goal: To develop a multianalyte, Gapillary-fill biochip for monitoring markers of cardiac
wellness,

Exprrlise: Microfluidies ! Oplical Biogensars based on luorcscence ! lTmmohilisalion of
b olecules.

Bovine Mastitis Diagnostics Chip {REF; BDI-IP3}

Prof Richard (YKennedy (richard okennedy@dcn,ig)

Goal: To develop a multi-analyte miniaturised assay platform for the detection of mastitis,

Expertise: Immuno ! Nucleic Acid-based assay development and validation / Analyte extraction
& sample prepavalion { Micrabiological and Binchemical analysis.

TECHNICIANS {REF: BDI-TN}

Technicians are also required to support the above research programmes,
Applicants must hold a minimum gualification in a relevant discipline at National
Certificate and preferably at National Biplema level, or cquivalent,

Salary: €30,626 — €50,137

MANAGEMENT & ADMINISTRATION

INSTITUTE MANAGER {REF: BDI-MN-MNG}

The Manager will support the Director in the establishment and angoing
development of the Institute and will facilitate the achievement of the Institute's
objectives by the eftective management of its resources and operations, including
financial and ad ministrative issucs. In addition, the Institutc Manager will be
responsible for all aspects of the Institute’s business relations and
commereialisation. Applicants must have an honours degree with at least three
yecars postgrad uate expericnee of team management.

Salary: 71564 - €46,039

Queries Tas Frof Brian MacCraith (bvian. macoraith@deu. ie)

EDUCATION & QOUTREACH (E&O) PROGRAMME

The BEDI has designed an ambitious E&C programme with initiatives targeting
the general public and all levels of education from primary through to post-

graduate level. Applications are invited tor the following positions;

EDUCATION & QUTREACH MANAGER (REF: BDI-EO-MNG}
Reporting directly to the E&Q Leader, the E&0 Manager will have responsibility
far the development and implementation of the Institute’s E&D programme.
Hefshe will also manage the overall science communication function of the BDI,
Applicants must have a minimum of an honours scicnece / cnginecring degree
with three years relevant postgraduate experience,

Salary: 46,134 - €67 507

POSTDOCTORAL RESEARCHERS, RESEARCH ASSISTANTS &
POSTGRADUATE STUDENTS {REF: BDI-EQ-RES}

Pasldocloval Researchers, Rescarch Assislanls and Poglgradwale Sludents are veguived oy
the development and delivery of the E&D programme, We are seeking candidates with
expertise i one or more of the following areas:

+  science Educalion or Science Communicalion

«  Lecturing experience in Biomedical Diagnostics

+ Developmenl & co-ordinalion of Maslers Degren programmes

Queries o Frol Richart 0'Kennedy (dchard ohennety® deo el

APPLICATION PROCEDURES:

Applicants are encouraged to contact the appropriate principal investigator for informal discussions.
Applications feomplete Application Form & Curviculuen Videe showld De macked with the appropriote reference code and sulimitied 1or
Human Resources Department, Dublin City University, Dublin 9, Ireland.

seience [oundalion ireland
fanoiireacht calslochta Lireann

Application forms are available from: Human Resources Department, Dublin City University, Dublin 9, Ireland,
Tef: +353 (0) 1 700 5149 Fax: +353 (0) 1 700 5500 Fmail: hr.applications@dcu. ie

Furll jerbr deseriptions ace available ol htgps//www.deu fe/vacancies/current.shtm{ r\\\:
Closing date for receipt of applications: Friday 25th November, 2005

WATIDNAL DEYELDFMENT PLAN

ScienceCareers.org
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FELLOWSHIPS

International Leibniz Research School for Microbial
and Molecular Interactions (ILRS Jena)

At the Leibniz Tnstitute for Natural Product Research and Infection Biology - Flans-Knoell-
Institute - in co-operation with the Friedrich-Schiller-University Jena and the Max Planck
Institute for Chemical Ecology

15 fellowships for PhD Students
are available.

The program starting February 1" 2006 will cover the following topics:

« intgractions betwegn microorganisms

= host/microbial pathegen interactions

= role of networks and bioinformatics

and is open to cutstanding praduates with a master’s degree, diploma or equivalent in biology,
biochemistry, pharmacy, bioinformatics and other life sciences.

Jena is an npcoming research ares which offers an exciting environment and access to state-
of-the-art research facilities.

The program consists of a three-year experimental project combined with an ambitious
graduate curriculurn. Communication and teaching language is English. Applicants are
invited to visit our website www.ilrs.hki-jena.de and to identify 3 projects of interest.

Candidates should send an informative letter of interest (300 words in maxirnum} by e-tnail
to Prof. Dr. Axel Brakhage (address below). Deadline is November 20™ 2005. Selected
applicants will be called to send complete applications and will get detailed information
about the recruitment process.

For further information please contact;

Prof. Dr. Axel Brakhage
Leibniz Institnte for Natural Product Research and Infection Biology
= Hans-Knoell-Institute -
and Friedrich-SchilleUniversity Jena
Bentenbergstrasse 11a, 07745 Jena, Germany
ilrs@hki-jena.de

Yale University
School of Forestry
& Environmental Studies

TROPICAL
RESOURCES SCIENTIST

A tenured faculty position is available for
4 (ropieal Tesources seientisl al the Yale
School of lerestry and Lavironmental
Studics. Candidates will have a Ph.ly.,
stirong grounding 1n natural resource sei-
cnees with an active, applicd research pro-
gram M the iropies and aclive sngagement
in (he policy process. We seek, expecially,
candidates with an interest in research issucs
at (he mierface belween natural and social
sciences, human-impacted ecosystems, or
the role of humans in managing tropical
[orest resolrces.

Applicants should scnd, by November 30,
205, their curmiculum vilae, slalements
of rescarch and teaching intercsts, a list
of three references, and three representa-
five publications 1o David Skelly, Chair,
Tropical Resources Scientist Search,
205 Prospect SL.., School of Forestry and
Environmenial Studies, New Haven,
Connecticut 06511, Lor additional
informalion, please conlacl David Skelly
{david.skelly @yale.edu).

Yorle Thriversity is an Fgual Opportuniny
Aftirmative Action Emplover Women
aned wintority scholars are encouraged to
appriv

University at Buffalo
The State University of New York

Tenure-Track Position
in Bacterial Pathogenesis

Job Description: A tenlme-tm.:kl\mitinn at the assistant, assnciate, nrﬁ]llpmtés‘.:m'
vl is avadluble in the Schoal of Medicne und Bomedicul Scdences [or un outslanding
scdertist wilh rescarcll interests nlaled (o buctadal pulhogencsis, Although junior
candidates are l\retérrec[, mare senior candidates hevingapropriate a.:cnml\lis:hments: il
alsn be considered. An athactive st package is available. Tndividuals sith expertise
in genitics, moleoular putliogenesis, host-pulhogen interuelions, or infeeliows discase we
enconraged tn by, as are those individuals sehio employ modern approaches such as
hinintmmatics, protemics, or genomizs. The ideal candidate will have a doctoral degree
amcl atleasl lwo vours ol post-dueloral rescardy experiones inbaclerad pathiogenesis, | ledshe
will be capeted Lo estallish and maintuin an cxtamurally lunded rescurch progran wod
e crwntribnte oo the graduate and protessinmal teaching responsibilities of the department.
U Depurlment of Microbiology and lmmunology 1 stromgly rescarclh-orienled,
wilh mujor progrons In buctaiology, pusilology, virology, wnd immumology. Most
departmental faculty are memhers ot The Witehly Center tor Microhial Pathogenesis
and Tmmunnlogy, an interdisciplinary gronp housed within a state-of-the-art hinmedical
researdl building, For more dituils on fuculty and rescirch proprams, rwhr lon <weew
smabsbullalocdu microbs and <wwweszibsbullalocdu wempis

The University at Butfiln (TR has Schools of Medicine, Trental Medicine, Public Health,
amel Pharmey, 1 | lsuplmunn- Woodward listtale (1 0W 1), an imtarmilionally rooognized
structural Mology inslilute, is Jocated newr the ubversily, & new rescarchy building with
HRLA00 5 of research space for honsing The New Yark State Center for Bininformatics
and T ife Sciences, shaved joirthy by TR and The Boswell Park Cancer Tnstitute, is scheduled
Lo wpen in Spring 2006,

Applications received hefare March 31, 2006 will he given pnetémnce. Applications from
minnvities and wanmen are especially encouraged.

Candidates should submit (1) a curriculum vitae, (2)

refarences to:

David Corry, M.D.

Immunoclogy Tralnlng Faculty:
Michael A Barry, Ph.D.

John W, Belmont, M.D., Ph.D.
Si~¥i Chan, M.D., Ph.D.

POSTDOCTORAL RESEARCH FELLOWSHIP

M

Applications are now being accepted from recent graduates for
postdectoral research fellowship positions in the Department of
Immunology at Baylor College of Medicine, through the MIH Training
Grant, “Molecular and Cellular Mechanisms of Host Defense.” Located
in Houston TX, Baylor College of Medicine is a leader in bismedical
research. The program provides mentorship in individual career
development, curriculum in grant writing and presentation skills, as
well as research opportunities in critical areas of immunology: signal
transduction, lymphocyte development, HIV pathogeresis, apoptosis,
autcimmunity, gene therapy and genetic vaccines.

Department af Immunology
Baylor
College
of Medicine

Applicants must be recent graduates, as well as United States citizens
or permanent residents. To apply, send a statement of research interest
and eligibility, C.V., and the names and email addresses of three

Tse-Hua Tan, Ph.D., Professor, Baylor College of Medicine
cfe rmcuthbe®bcm.edu

Dorothy E. Lewis, Ph.D.
Cliona Rochey, Ph.D.
C. Wayne Smith, M.D.
David M. Spencer, Ph.D.
Tse-Hua Tan, Ph.D.

reprints of their two most imﬂortant papers, (3) names
and contact information for three referees, and (4) a Farrah Kheradrmand, M.D.
Margaret Goodell, Ph.D.
Shuhua Han, M.D.

David P. Huston, M.D.

Jin Wang, Ph.D.
Rangfu Wang, Ph.D.
Li-¥uan Yu-Lee, Ph.D.
Biao Zheng, M.D., Ph.D.

description of present and future research plans to:
Do ) 1hay

Trepartment af Microhiclogy and Tmwmunalogy

138 Farler 11all, ULE SKBS

www.bem.edufIimmuno
OCM g an cqual EEDGAAASEA cmplayc
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Dr. Med., Vice President

Head of Cancer Research

Novo Nordisk has recently decided to establish a dedicated Biopharma-
ceuticals Research Unit and increase efforts in the area of cancer research.
As part of the expansion we have estahlished a Cancer Pharmacology
department. We are now seeking an excellent individual to lead the
department and take responsibility for furnishing it to support the overall
strateqy for the cancer research area.

Challenges: We are seeking a highly motivated and skilled individual to
lead and expand the team that presently includes three PhDs and six lah.
technicians. A rich pre-clinical project pipeline is in place, and several
highly innovative cancer projects are in development. You will be directly
involved in the project work, contributing personally to the innovation
and successful flow of the project pipeline. We wish to increase the staff
and introduce new state-of-the-art technologies over the coming years,
in order to fully match the project needs as the pipeline expands. Techno-
logy will also be accessed through external collaboration; the head of
department will be pivotal in pursuing such activities with the team. The
focus of Cancer Pharmacology is on in vivo models for pharmacological
investigations of new biological entities. Relevant supporting technolo-
gies, i.e cell biology, histology and pharmacokinetics, are available within
the department as well as in other departments in the research unit.

Qualifications: The position requires a strong scientific background {MD
or PhD and several years of postdoc experience} in oncology and exper-
tise in mechanistic studies in cancer models. Proficiency in in vivo hand-
ling procedures such as experience with anaesthesia and surgery is
required. Leadership talent and excellent communication skills are
important, and previous experience from pharma industry or biotech is
nreferred. You are a strong team-player who will support and further
develop the winning culture spirit in our organisation.

Contact: For further information, please contact lan Ahnfelt-Renne, Vice
President and Head of Pharmacology at +45 4443 4541,

Please forward your application online marked “NN21357-K Head of
Cancer Research Department”.

novonordisk.com/job

Being there: With more than
20,000 employees in 69 coun-
tries, diversity is a key word
at Novo Nordisk. Innovation,
passion and professionalism
are qualities that unite us
across national borders and
guide us towards our goal of
being the best in our markets
and making a significant
difference to people within
the areas of diabetes, growth
hormene therapy, haemostasis
management and hormone
replacement therapy. Our
turnover in 2004 was 29 billlon
DKK and we market our pro-
ducts in mere than 180 countries,

novo nordisk”

J
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il CASE

CASE WESTERN RESERVE UNIVERSITY

Department of Pathology, Case Western Reserve University School of Medicine
announces recruitment for Assistant, Associate or Full Professors in the following
arcas:

1.Basic Research in Cancer Biology

2.Translational Research in Cancer Biology

3.Research in the Immunobiology of Cancer

The Departiment of Pathology at Case Western Reserve University School of Medicine
{http:/fwww.eascedw/med/pathology/index.htm) 15 initiating an expansion in the
size of the Department’s faculty and the scope of its research activitics. Much of this
expansion will be accommodated in the newly constructed Wolstein Rescarch Building
{htip://www.case.cdu/visitftours/health/7. hitml), where the Department will occupy
approximately 41,000 square feet of rescarch space on the 5" and 6% floors. As part of
this initiative, the Departiment 1s recruiting biomedical scientists at the ranks ot Assistant,
Assoclate or Full Protessor to contribute to the Department’s research eftorts in cancer
biology and imnmumaobiclogy. Candidates must hald the Ph.I>. andfor MDD andfor V.M
degree, or thelr equivalents. Candidates with strong track records of research creativity,
productivity, and extramural funding are sought in the following three arcas:

Basic rescarch in the fiddd of cancer. We are secking candidates whose work may
invalve the use of model organisms to identify fundamental biological mechanisms with
dircct or indirect relationship to malignant transformation, invasion and metastasis in
mammals, as well as candidates working in human, mouse or other mammalian systems
of relevance to cancer.

Translational rescarch in the ficld of cancer. We are especially seeking candidates
whose work cmphasizes the development and exploitation of new technologics and
strategles In genomics, proteomics, or glyeomics to aid in the diagnosis and treatment
of cancer. The Department offers an expanding set of opportunities to work with hman
tissuc material via the Department’s surgical pathology and clinical pathology faculty.

Immunabinlogy of cancer. Candidates are sought with stromg track records in unveiling
new paradigims at the interface between the immune system and malignantly transformed
cells, or with a basic immunobiology research focus that will complement research
programs in cancer fimmunobiology.

Competitive startup packages are available tor candidates wishing to begin a career at
the Assistant Professor rank. Competitive transitional support paclkages are available
for candidates with established research programs at the Assistant 'rofessor, Associate
Professor, and Full Professor ranks. The Department offers opportunities to combine
rescarch activitics with clinical service activitics in surgical or clinical pathology. There
are abundant opportunities tor collaborative research in our Department, others at Case,
and in the Case Comprehensive Cancer Center (http:/feancer.case.edu/) and its core
facilitics. ‘The Departiment of Pathology maintains a vigorous Ph.D. program, and is
commuitted to providing its faculty with a strong mentoring environment. The Cleveland
metropolitan arca offers a vibrant culture and recreational environment, a substantial
diversity ot ¢ity and suburban living opportunities, and an affordable cost ot living index
(htip://www.ewrw.eduw/president/aaction/relocation. tml).

Academic rank and salary will be conumensurate with qualifications and experience. Send
curricilum vitac, a statement outlining the scope of your existing or planned rescarch
program and carcer goals and names of three references to:
John Lowe, MLIM.
Henry Willson Payne Professor and Chair, Departiment of Pathology
Casc Western Reseryve University
1090 Euclid Avenue
Cleveland, OH 44106-7288

Phone: 216-368-3611
Faesimile: 216-368-1539
Email: John LoweggCasc.edu

fn emmplovineni, as in education, Case Western Reserve University is comimiiied o

Equal Opportunity and World Class Diversity.

ThE UNIVERSITY
| OF lowA

FACULTY POSITIONS
AVAILABLE

Presidential Biological
Scholar Program

The Carver College of Medicine
and the College ol Liberal Arts and
Scicnees at the University of lowa
are secking now investigators of out-
standing promise in 1he basic biologi-
cul and clinical sciences. Up to four
voung investigators will be named as
Presidential Biological Scholars at
the rank of assistant professor in the
tenure-track. The award will provide
signiflicant financial research support
fora period ot four years. Funding for
salary und appropriate rescarch space
will be provided by a departmental
appointment. Scholars may apply
directly to the Presidential Biologi-
cal Scholar Program or be nominated
by Department TTeads of the Carver
College of Medicine’s basic and
clinical academic departments, or
by Department Chairs of units in the
College of Liberal Arts and Sciences
al the University ol lowa.

Candidates must have a Ph.D, or
equivalent, and a demonsiraied
record of cxceellence in scholarship
as evidenced by publications in lead-
img journals in appropriate disciplines.
Applications, including a cover Tetter
indicating the faculty position of
imterest, curriculum vitae, list of rel-
crences, and a summary of rescarch
accomplishments and future plans,
can be sent io:

Presidential Biological Scholar
Program
Richard Smith, M.D., Chair
William Nauseef, M.D., Co-Chair
Attm: Sonya Housholder
(Mfice of the Dean, 20 CMADB
The University of Towa
Carver College of Medicine
Towa City, 1A 52242-1101

Alist ol eligible departments is avail-
able at:
http/Awww.uiowa.edu/~phschol

The University is an
Affirmative Action/Equal
Opportunily Emplover and strongly
encourages appications from
women and minority condidates.
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Advertiserment Feature

EDCTP - European & Developing Countries Clinical Trials Partnership

[EBCTP — Curapasn b Developing Gouniries Glinical Trials Parinachic

The mission of the European and Developing Countries Clinical
Trials Partnership (EDCTP) is to accelerate the development of
new or improved drugs and vaccines against HIV/AIDS, malaria
and tuberculosis through the funding of phase II and III clinical
trials and capacity strengthening to support high quality

scientific research within Africa.

EDCTP provides a unique innovative platform for a better coordination of
European and African scientific programmes and involves African partners at
each step of its decision making process with the final objective of reducing
poverty by improving the health of the world’s poorest continent.

Grants awarded and planned Calls
EDCTP has 4 major grant schemes:

1) Clinical Trials:

Calls launched in 2005:

« Capacity Building for the conduct of clinical
trials of microbicides and vaccines against HIV
{planned for end of 2005) and tuberculosis

+« Support of clinical trials for the identification of
safe ARV in combination with tuberculosis drugs
in tuberculosis patients with HIV infection

Calls planned for 2006:

« Support of clinical trials to prevent mother to
child transmission of HIV

¢ Support of clinical trials on simplified treatment
strategies for HIV

« Support of climical trials for microbicides

« Support clinical trials for the treatment of
malaria in pregnant women

+« Support capacity building for the conduct of
clinical trials for malaria vaccines

« Support of clinical trials for treatment of
uncomplicated malaria

« Support of clinical trials for TB vaccines

2) Capacity Building

Calfls faunched in 2005:

« Capacity building for ethical review in Africa
{support of an African coordination office, support
for courses or seminars and Support of the
establishment of ethical review boards)

3) Training Awards

Annual launch of calls supporting:
« 15 MSc Studentships

« 5 PhD scholarships

« & Career Development Awards

¢ 6 Senior Fellowships

4} Networking

Calls launched in 2005:

+« Providing incentives for joint capacity building
programmes

« Prormotion of networks of training facilities for
clinical monitors

« Sponsorship of meetings or workshops of
sustainable networks

+« Coordination of research activities in Africa

« Support for national African networks of
scientists working on the 3 target diseases

For more information about the EDCTP
please visit our website at
www.adctp.org or contact:

The Hague Office

Dr. Cynthia Naus
Pregramme Coordinator
Tel: +31 (0) 70 3440880
Fax: +31 (0) 70 344089%
Email: naus@edctp.org

Cape Town Office

Dr. Michael Makanga
Capacity Building Manager
Tel: +27 (0) 21 9380509
Fax: +27 (0) 21 9380569
Email: makanga@edctp.org
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PROGRAM HEAD, GENETICS & GENOMIC BIOLOGY
The Hospital for Sick Children Research Institute

The Hospital for Sick Childran Research Institutz is seoking a now Head for its highly succassful Genatics and Genomic Biology Program. Rascarchers in this
pregran have conlibuled groundbreaking diseovaniss in huran genstics, dissass gene discovary, gename siruclure, coneparalive genonics, spigenelics dand huntan
dovelopmental gonatics. Tho now Program Head will bring an intomationally recognized reszarch program in genetic and ganomic rescarch that complamr onts
and enhances the currenl program strengths. The new Head will also bring proven leadsrship and neentorship skills 1 the prograne and sl play & neajor role in
proroting genetics within the broader mission of tho hospital inintegrating rescarch, cducation and climical care in the quast to irprove the haalth of childrzn.
The Hospital for Sick Children {SickKids), located in Toronto, Ontarie, is Canada’s most reszarch intensive hospital and the largast cantre dedicated to improving
childran’s hisalth in the country. 1ls mission is 1o provids the besUin fanily-centred, corpassionale cars, 1 lead in scientilic and clinical advancenent, and Lo
prepars the next genaration of lzadors inchild haalth. As Canada’s lzading paadiatric academic health scicnces cantra, SickKids providas accoss to diverse patiant
populations (or genelic research. The Hospital far Sick Chikdren Besearch Instilule housss  broad bass of ressarch programs lror lundamental discovery ressarch
through to climical applications and population outcomas inchild and youth health. Farmaore inforreation on tha escarch programs visit wwassickkids.ca/rasearch.
The Hospital for Sick Children is Tully afliliatsd with the University of Toronlo and is lecated within the vibranl Toron Lo biorredical ressarch conereunily, Susesssiul
candidalzs will hold @ PhD or MD and swill be sligible Tor a senior level geadaric appointrent al the University of Toronlo.

Interestad candidates should submit an application, including a curriculur vitac, a summary of rescarch achicvamants and Icadership skills, and the
names, addiesses, lelephone numbers and s-rail addresses of three relerences, by January 19, 2006, 1o Dr. Janet Rossant, Chief of Research,
The Haospital for Sick Children, 555 University Avenue, Toronto, Ontario, Canada M5G 1X8. Fax: (416) 813-5085. E-mail: janet.rossant@sickkids.ca.

The Hossizal for Sick Caildre a1 <he Universizy of Tararmo are smangly conmittad <o diversity witqin -he cormnunity and azpacially waleone asslications frarsizle minoizy graup
MEEIEr, s, Asorgivil persons, cersors wiln disazilitios, menbers of seal eivony grouss @ oo weo rry conlizue o lurher diversilication of ideas, Al qualilicd
catdidatas are encouraged to apely, howeewver, Catadian avd parnanats resideatz will ba given srioriny

SickKids

TORONTQO, CANADA

University of Toronto

College of Medicine
m &W['III‘E ? The ?uec?.ﬁ&m University System

Health Science Center

Pediatric Hematology-Oncologist

The Section of Pediatric Hematology/Oncalogy at Scott and White
Clinic and the Texas A&M University System Health Science
Center College of Medicine {TAMUS HSC-COM) are seeking a
clinician scientist with current research grants for a faculty position
in a rapidly growing program. The candidate should be BE/BC in
pediatric oncalagy and committed to an academic career. The
successful candidates will join and enhance ongoing efforts in
basic and translational research, with an institutional commitment
to building a world—class experimental therapeutics program. An
outstanding start-up package includes high quality laboratory
space, excellent benefits and competitive salaries commensurate
with academic qualifications. The position guarantees 75%
pratectad time for research activities.

Scott & White Clinic is a 500+ physician directed multi-specialty
group practice that is the leading provider of cancer care in Central
Texas. Scott and White Clinic and the 486 bed tertiary Scott &White
Memarial Hospital is the main clinical teaching facility for TAMUS
HSC-COM. Outstanding clinical practice and labaratary facilities on
campus that perform state of the art molecular and cellular biology
research, flow cytometry, genomics and biostatistics are in place to
support the research effart.

Please contact: Don Wilson, M.D. Professor and Chairman;,
Department of Pediatrics, Scott & White, 2401 5. 31st, Temple,
TX 76508. (800)725-3627 dwilson@swmail.sw.org Fax (254)
724-4974,

Faor more information about Scott & White, please visit www.sw.org
For Texas A&M wwwwtamhscedu. Scott & White is an equal
opportunity employer.

ANIMAL
DEVELOPMENTAL
BIOLOGIST

The Department of Biology at Millersville University invites applications for a
tenure-track position at the Assistant Professor level heginning in Augnst 2006
(Tall termd. The ideal candiedare can: &) teach wnelergraduate courses inintro-
ductory biolosy, b} teach a Developrmental Biolowy course wilh liboratory, <}
teach o1 upper level course in an area ol speciulization, ind o} supervise under-
graduate rescanch.

Required: PhTX in animalhiological scicnees with broad (from whole animal
o moleculir level) rammy and sxperiencs mdeveloprmentl bioloey, wiching
expenience al the undermuduale level, 1 strong commumment 1o liberul s edu-
cation, good general knowledge of hinlogy, excellent communication skills,
recond of lmhluatmn thar uses molecalar tochmqucq tor irveatigate some aspect
ol smimal devaloprma, successlul miervies i teaclin demonstriton.
Preferred: Leuching ind reseinch expenience evond e doctons, i record of
schalarly presentations at professional mectings, and training and expericnoe
that would permit them to confribune o the teaching of Zoology, Cell Biology,
Genelics, Moleculr Biology, andfor a cellulr ind molescular teclmiques
course, 11 1s desirable Gt the cundidate his fnlerests that complanen exisimg:
programs in the department with 19 fall-time Ph.D. faculty positions and over
SO0 unelergracduate majors.

The new und removiled science comples comains moden Gieilities
including ulira and high-speed comiafuges, coll cullure Gacilines, Quores-
cence microscapy, well-ecquipped molecular hiology lahs, a scanning
clectron  microscope, plus computer and audiovisual cquipment.
Adduional mlommuion can be lound at the depatment’s web sie:
hupymuweb millersyille, adu/~biology/index php.

Taall consideration will be gven to applications. received by December 21,
2005, No clectronic submissions accepted. To apply, please submit the fol-
lowiny: fems: 1} ledter of spplicaion addressimg quaifications, 23 sialement of
research ind legching nlerests, mneluding documentaion of previous leching
cxpericno/performance, 31 cwrment carricubam vitae, 4 copies of transcripis, 33
recent published papers and manuseripts in press, and 6) three caent letters of
relerence G et one of winch addresses eachimg skill), sent by tie releree, o
Dr. James Moné, Chair, Animal Development Search Commiliee,
Deparimeni of Biology/SCH04, Millersville Cniversity, PO, Box 1002,
Millersville, PA 17551-0302,

An EQIAA Institurion

MILLE ILLE

U F viE: R§ ] Ty
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NIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

School of Molecular & Gellular Biology and College of Medicine

The School of Molecular and Cellular Biology {http:fAwww life uiuc edu/mehbdd and the College of Medicine (hitp:/fwwe med.uivc.eduf) at the University

of lllinois at Urbana-Champaign invite applications for multiple tenure track faculty positions as described below. The starting date for these positions is

August 16, 2006. These positions offer the opportunity to join a rapidly growing group of outstanding biological scientists on a campus that provides a
highly interactive, interdisciplinary research environment and state-of-the-art research support facilities. The University of lllincis at Urbana-Champaign has added
significant faculty strength in the biological sciences over the last Tive years and we anticipate additional hires in these and related areas each year Tor the next several
years. Each of these positions offers excellent laboratory facilities, substantial start-up funds, and the opportunity to worl with outstanding graduate students.

.
g
5
3

The UIUC campus offers a wide range of state-of-the-art research support facilities, including mass spectrometry, NMR, X-ray crystallography, micro- and nanoscale
fahrication and analysis, the Roy J. Carver Biotechnology Center, the W M. Kech Center for Comparative and Functional Genomics as well as facilities for proteomics,
metabolomics, immunological resources and flow cytometry. Superb resources for computational biology are available on campus at the Mational Center for
Supercomputing Applications and the MIH Resource for Macromolecular Modeling and Bininformatics. The Institute for Genomic Biology {http:/fwwanigh. vivc edus, a
new 186,000 square foot facility devoted 1o biological research, will open in 2006.

Salaries for these positions are commensurate with experience and are competitive. Urbana-Champaign offers the residential advantages of 2 medium-sized

university city, excellent cultural opportunities, and easy access to Chicago, St. Louis, and Indianapolis.

Biochemistry — Assistant Professor

We invite applications for a fulltime, tenure-track faculty
position at the Assistant Professor level in the Departrment
of Biochemistry. We are seeking outstanding candidates
whose research investigates the molecular basis of biological
or biomedical processes. Our priority is for candidates
interested in membrans structure/function. but we will
consider strong applicants in all areas of biochemistry.
Appointment at the Assistant Professor level requires a
doctoral degree, postdoctoral experience, and evidence
of outstanding research potential and the ability to develop
a vigorous, independently-funded research program. In
exceptional cases, appointrment at more senior levels may be
considered, and would require strong evidence of outstanding
research accomplishments, including extramural funding
and international recognition. Appointees will be expected
to share in the Department’s responsibilities for teaching
undergraduate and graduate courses in  biochemistry.

Bininformatics =Rank Open

The Department of Microbiology in conjunction with the
Institute for Genomic Biology solicits applications for an
open rank, full-time tenure-track position in bioinformatics
and computational biology.  This position requires a
doctoral dearee, postdoctoral experience, and evidence of
outstanding research potential. The individual sought for this
position should be able to develop a cutting-edge research
program involving computational analysis of microbial
genomes. Possible research areas include the developrment
and application of new computational approaches for
genome annotation, for the identification of functions for
unknown proteing, for reconstructing metabolic pathways,
and for building computational models for metabolic and
regulatory networks. Candidates with expertise in generating
alobal physiomic profiles by integrating data from genomic,
proteomic, and metabolomic studies or in the areas of
pharmacogenomics, toxicogenomics, or pharmacogenetics
will also be considered. The successful candidate will be
housed in the new Institute for Genomic Biology. When this
state-of-the-art facility opens in Fall, 2006 it is expected to
house approximately 400 researchers across a varisty of

biclogical disciplines, providing ample opportunities for
collaboration. This position is part of a campus-wide initiative
in bicinformatics invelving multiple hires in the past year and
active participation by the National Center for Supercomputing
Applications.  Appropriately qualifisd applicants may also
seek affiliation with the Department of Computer Sciences.

Gell Biology - Rank Open

One or more positions are available in the Department
of Cell and Developmental Biology (hitp:/fwwwlife.uiuc.
edu/cdb/) for outstanding candidates whose research
addresses fundamental guestions of modern cell biology.
Applications for full-time positions at the Assistant, Associate
and Full Professor levels will be considered, and highly
qualified scientists at these levels are encouraged to apply.
Appointment at the Assistant Professor level requires a Ph.D.
and/or M.D. degree, postdoctoral experience, and evidence
of outstanding research potential. Appointees at this level
will be expected to develop a vigorous, independently
funded research program. Appointment at the higher levels
requires evidence of outstanding research accomplishments.
Applicants at all levels will be responsible for undergraduate,
graduate or medical cell biclogy teaching.

Pharmacology - Assistant Professor

The Department of Pharmacology in the College of Medicine
and the School of Molecular and Cellular Biology invite
applications for a full-time tenure-track facully position at
the Assistant Profassor lavel. A Ph.D. and/or M.D. degres
and postdoctoral experience are required for appointment to
this position. Applicants should be qualified to teach basic
principles of pharmacology to second year medical students
in the College of Medicine. Appointees will be expected 1o
develop a vigorous, independently-funded research program
that addresses contemporary questions in biochemistry, cell
and rmolecular biology, or physiology. Applicants may also
be considered for an appointment in Chemical Biology in the
School of Chemical Sciences (http://www.scs.uiuc.edus), if
appropriate.

Applications should clearly indicate the position{s} applied for and should be submitted to: School of Molecular and Cellular Biology Search, University of llinois
at Urbana-Champaign, 393 Morrill Hall, 505 3. Goodwin Ave., Urbana, IL 61801, The application must include a curriculum vitae with a complete list of publications,
a concise summary of past research accomplishments, and future research plans. Flease arrange to have no fewer than three letters of recommendation sent o the
same address.

Electronic submissions as pdf or Microsoft Word files are encouraged and should ke sent to mohsearchd&Elife uiuc.edu. Toensure full consideration, applications
must be received by January 3, 2006. Apnlicants may be interviewed before the closing date; however, no hiring decision will be made until after that date.

The University of lllinois at Urbana-Champaign is an Affirmative Action, Equal Opportunity Employer.
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FELLOWSHIPS

b
a

UNDERGRADUATE
SCIENCE RESEARCH
SCHOLARSHIP AWARDS

B 15 Awards Annudlly

B Scholarships up lo $25,000

B Two Summer Internships at
a Merck Research Facility

An applicanl musl:

four-year college or university
*  Have junior year academic status
*  Major in a life or physical seience
(fiest professional degrees excluded)
*  Have a minimnn enmulative GIPA

ol 3.3 (1.0 point scalc)

Applicants must be African Ame

GRADUATE
SCIENCE RESEARCH
DISSERTATION FELLOWSHIPS

B 12 Fellowships Annually

B Fellowship Stipends up to $42,000
B Department Grants
B Support for 12-24 menths

An applicanl wusl:

* Bea full-time student at any ¢ Beenrolled full-time in a Ph.1}. ¢ Hold a Ph.D, or eruivalent degree in
or equivalent docroral
program in a biotedical life or
physical science

*  Beengaged in and within 1-3 years
of completing dissertation vesearch

ican (Black), L5, cilizens or permanent residents,
and allending an institution in the U8, AL Applications must be postmarked by December 15, 2005
Yor application [orms and more information, please contact your department chairperson or Jerry L. Bryant, Ph.D.|
at the United Negro College Fund, 8260 Willow Ouks Corporate Drive, P.O. Box 10444, Fairlax, VA 22031-1511,
by fax (703) 205-3574, by e-nail al uncfinerck@unef.org, Apply online o download from our wehsile al
watre i, orgfmerckl

UNCFeMERCK SCIENCE INITIATIVE

“Amind is o terrible thing to waste”

€ MERCK

POSTDOCTORAL
SCIENCE RESEARCH
FELLOWSHIPS

B 10 Fellowships Annually

B Fellowship Stipends up o $70,000
B Department Granis ot $15,000

B Support for 12-24 menths

$10,000

An applicanl musL:

a biomedical life or physical seience

*  Beappointed as a now or continuing
postdoctoral fellow by the end of 2006
at an academic or non-academic
research institntion {private industrial
luboratorics are excluded)

I

POSITIONS OPEN

ASSISTANT PROFESSOR OF
RESEARGH POSITIONS

The Lahoratory of 1210 Richard Santen, at the University of
Virginia. Deparinent ol Ioternal Medicine, Division of
Endoctinology and Metabolism, is seeking to fill two Assistunt
Prolcssor of Rescarch Posilions. These posiions will conduct
molecular biologic, eoll colture. conlocal microscopic, senograll,
radivimmunologic, and mor biologic studies to examine the role
of estrogen n the prolueration, apoplosis, and cell invasion and
molility of breast cancer cells. Also. these positions will design
hypothesis oriated studies to critically examine the process of
bugast tumeor growth and cell death.

M.D andfor FhD required plus al least three vears posidocioral
crperience. Expericnes with baindng echinicians a plus. as these
positions will also he responsible for directing technicians to
conduet studics cxamining e wle of cslvogens in breast cancer
growlh and Geatment. Posilions will be required o present
findings at National and Intemational meetings and publish work
i high mopact., peer reviewed journals, and so CEpCriCnoe i
writing research papers and abstracts is encouraged. ‘The ideal
candidate will have knowledge in standard methods of molecular
biology. cell biology techniques. nnunocyiochermsiry, annnal
experimentation, morphology, and  all regular pathology
techmigues.
Positions are open until filled. Please send CV and statement of
Fescarch Intercsts to: D Richard Santen, University of
Virginiy, PO Bux 801416, Charlottesville, VA, 22908 or c-
mail to: RJSSY@virginia.cdu
The University of Vireinia is an Rqual Opportuniny
Affirmeaiive Action Employper

COLD SPRING HARBOR
LABORATORY

ASSISTANT

PROFESSOR POSITIONS
CANCER BIOLOGY & STRUCTURAL BIOLOGY

Cold Spring Harbor Laboralory is seeking oulslanding
candidates to fill several faculty positions at the Assistant
Professor level. Candidales musl have compleled al leasl 2
years of posldocloral Lraining and developed an innovalive
research program.

Several posilions are available in Cancer Biology. CSHL is
an NCl-designated Cancer Center, with research programs
ranging [rom basic sludies in gene expression and signal
transduction pathways to animal models for cancer and
cancer genomics.

One position is available in Structural Biology in the field of
Macromolecular Crystallegraphy in an area that complamants
Lthe CSHL programs in cancer biology or neuroscience, GSHL
is a member of the Participating Research Team (PRT) for
heamline X26C al lhe nearby Malional Synchrolron Lighl
Source al Brookhaven Malional Laboralory.

Applicanls should submil Lheir curriculum vilae, a brief descriplion
of research inleresls and career goals, and arrange lor 3 lellers
of reference to be sent to Facultyjobs@cshl.edu. Additional
informalion aboul CSHL can be oblained al www.eshl.edu.
We are an equal opportunity employer.
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ARIZONA STATE UNIVERSITY
FACULTY POSITIONS IN BIOMEDICAL INFORMATICS

Arizoma State University is estahlishing a new Department of Bimnedical Informatics. The Department has several faculty positions
open at all levels.

Associate and Full Professor Positions

Applications and nominations are invited tor ASSOCIATE and FULL PROFESSOR positions in the areas of bioinformatics (with a focus
on human genome or cancer research), clinical intonnatics (with a focus on nursing, imaging, or hospital informatics), or public health
informatics. The candidate must have carmed a doctoral-level degree {e.g., Ph.I>, MU, [ 8e.) in Biomedical Informatics, Biological
Sciences, Computer Science, Medicine, or a closely related field by the appomtment date. Application must show substantial evidence of
rescarch/scholarly activity, teaching and service in biomedieal informaties or medicine appropriate to the ranlk being applicd. Hvidence
of scientific, academic and organization leadership, educational imnovation, and demonstrated cffeetiveness in establishing clinical
partnerships are also desired. Selected candidates will participate in interdisciplinary research, teaching, training mitiatives related to
biomedical informatics; and to play an active role in developing the new Departiment of Biomedical Informatics. The Departiment of
Biomedical Informatics anticipates enrolling its first students in the fall of 2(06.

Assistant Professor Tenure-Track Positions
Applications are Invited for tenure-track positions in the areas of bloinformatics (with a tocus on human genome or cancer research),
clinical informatics {with & tocus on nursing, imaging, or hospital informatics), or public health informatics. The candidate must have
carned a doctoral-level degree (e.g., Phud, M2 D 8e.)in Biomedical Informaties, Biological Seiences, Computer Scicnee, Medicine,
or a ¢losely related field by the appointment date. Applicant must show exceptional promise of establishing a vigorous, extramurally
funded rescarch program, and participate in interdisciplinary research, teaching, trafning initiatives related to biomedical informaties.
Senior assistant professors with rescarch and teaching portfolios are also encouraged to apply.

Application packages must inchide a cover letter, detailed curriculum vitac, rescarch and teaching statcments, copics of four of the most
impartant publications, and the names, street addresses, and phone numbers of four references. Applicants are encouraged to submit their
materials by e-mail (a5 attachiments in either MS Word .doc or PDF format) to bmirccruitimei@asu.cdu. Alternatively, the application
package must be sent to: Chair, Biomedical Informaties Search Committee, Arizona State University, and P. O. Box 878809, AZ
85287-8809. Inquiries should be sent by e-mail to bmif@aswedu. The closing date for receipt of applications 1s Januaryls, 2006; 1f
not filled, applications will be accepted weekly thereatter until the search 15 closed. Anticipated start date 15 August 16, 2006, Pending
budget approval.

About the Department

The Department of Biomedieal Informatics will be primarily located in downtown Phoenix, adjacent to the Phoenix Bioscicnee eampus
that will house the new Phoenix track ot the University Of Arizona College Of Medicine, the Anzona State University College of Nursing,
and various other allied health departments. The Department wAill be located in a brand new building, which will provide statc-of-the-
art rescarch facilities and plenty of room for growth. The Departiment will serve as an integral part of Phoenix Bioscience Campus and
will play a role in research and graduate education at the medical school and nursing school. This 15 in line with our President’s vision
about the New American University, where rescarch and teaching oceur in a transdisciplinary sctting that rewards entreprencurship,
community engagement, and intellectual fusion. Joint or atfiliate appointments with other entities on the Phoenix Bioscience Campus
are possible.

The Departiment of Biomedical Intonmatics has strong connections to the local and regional clinical and biomedical research facilities.
These imclude the Mayo Clinie in Scottsdale and the Mayo Clinic and Mayo Medieal School in Rochester, Minnesota; the Barrow Neu-
rological Institute, a leader in research and medical care related to the neurosciences and in newrologieal disorders; and Banner Health,
which 15 one of the largest, nonprofit health care systems in the country. Researchers in the Departiment ot Biomedical Intormatics also
work closcly with the local genomics rescarch commmunity that includes the Translational Genomics Rescarch Institute (1Cien) and the
Interational Gienomies Consortiwm. Joint or affiliate clinical appointments with ASU’s partners are possible.

The Department of Biomedieal Informatics has close ties to the leading rescarch and academic departments at Arizona State University.
The Biodesign Institute, which represents one of Anzona’s largest investments in the biosciences, 1s a new multimillion dollar research
enterprise focused on integrating the Life sciences with computing and enginecring to design biologically inspired solutions for improving
human health, the environment, and national security. The Institute for Computer and Information Scienee and Engineering (InCISE) is
a collaboration of interdisciplinary research units that share expertise in Computer and Information Science. The Decision Theatre 1s an
immersive modeling and visualization facility that has applications to bimnedical data. The Department also has strong partnerships with
the Department Computer Scicnee, Department of Bioengineering, Department of Mathematics and Statisties, School of Life Scieneces,
and College of Law at Arizona State University. Joint or atfiliate appointments with these Departments and Colleges are possible.

Additional information about the Department can be tound at http://cseaasuedw'bmi html.

Arizona State University is an Fgual Opportunity/Affivmarive Action Employes A Background check iy reguived for emplovinent.

ScienceCareers.org
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SENIOR RESEARCH SCIENTIST
U. S. ARMY RESEARCH OFFICE
RESEARCH TRIANGLE PARK, NC

The Senior lLevel position is located in the 1.8, Army Research Office which conducts broad

heoretical and expenmental programs ol basie and applicd rescarch im plivsies, matomals sernee,
clecimumies, maulhomatical secenees, chomical and biolegical selenees, mechunies, covinommernal
science, and communications and information research. The incumbent’s principal area of
resporsibiliy wall span two or more of the Gollowing selivities: boicchnology, nanocclmoelogy,
microelectronics, solid-state physics, fluid mechanics, laser and optical sciences, atmospheric
science, energetic materials, quantum theory, advanced materials/materials processing. The
wmewmbenl will be mestmumental m developing stmuficant leelmoelogy imnsr aciiviies fom basic
research to applied research and in some instances through deployment into fielded Army systems.
l.eadershiprin intertacing the Army s technical needs with the extranural university community will
T it tmpwrtant component ol s posiion, The meombenn micraels with miemeastwnal coprmeers
and scientists from industry and academia, and with scientists and engineers in Army laboratories.
The incumbent uses these contacts and inherent expertise to assess priorities in the frontier areas of

PENNSTATE

FACULTY POSITION IN
RNA VIROLOGY
The Pennsylvania State University

The Deparioent of Biology al Ponn Stale
University invites applications for a tenure
track facully appointment {open rank].
We seel an oulstandimg seieniis) i BNA
virology, whose research is internationally
rocommized ad complonentary o exisiing
areas of expertise in our Department. The
successtil candidate will fhews on molecular
mechanisios vinderlying viral estublishment,
dynamics and pathogenicity in individual
hosts with a perspective on population level
cenlory and evolwion, For lurther informa-

serennes ind engmeer relevin 1o he Anoy, snd i mplement welmoloey iransfors w ol Ay, and
other military services and industry. It is anticipated that the individual research for this position
wonld be perfommed al o local {Rescarch Toangle area of Norlh Caroling) viversity ulilizmye the

Army Rescanch Qlliee stall' teseurch program.

Salury mmpe s $107,550 - $140,300 depending upon mdividual ualilications and salary los-

LT,

For [unber mlomation related o e postion, conacl: Do David Mann, ATTN: AMSED-
ARL-R(}, P.AY. Box 12211, Rescarch Triangle Park, NC, 27709-2211, (919) 5494249, cmail:

david. mannl(gus.army.mil.

You may obtain an application package and information from www.nsajobs.opm.goy, (click on
“job openings”, then Vacaney Announcement 12A-43-05) Direct any procedural questions to:
HEMD. 2531 Crystal Drive, Taylor Bldg. 83 Floor. Adlinglon/Crysial Cily, VA 22202, ATTN:

Tom Peters, (703) 602-2715.

tion about the Biology department, see hitp:
Hwww.hin.psu.edn.

Please submit letter of intent along with a cur-
neulum vilae, sluements of rescarch plans
and leachimye philosophy, coples of relevant
publications and arrange for three letters of
roconmnendatiion e be senl on vour belall
i Chair of RNA Virology Search Com-
mittee, 28 Mucller Lahoratory, Box W,
Penn Stale Universily, Universily Park,
PA 16802 Roview of applications will bepgin
Ieeember 15, 2005,

Preavir State is commitfed fo Affirmative
Action, Fgual Opportunite and the diversite
of Ty work force. AAEOE,

Berkeley

UNTVERSITY OF CATTFORS TS

FACULLY POSITION IN BIOENGINEERING

selence and Blolnstrunentation, We especially welcome cindidates who work at
the molecular, cellulin and tgzne level, Tle anicipated st date for the positon
s July |, 20K,

The Depantment of Bioengineering has a srong mdeagadngte degres proguatn
and @ joint graduwe progeam with he Unbvesity of Calilomis, San lrancisco
{TICEF). The interdisciphnary biocngineering program at U0 Borkeley oftors
outstanding epportunitics for colldhoration with  distinguished rescarchers i
relaed depanments and colleges, a: well o DOSE, Laweence Betkeley Mational
Laboratouy, and within the preaie Bay Avea biotech community, This exceptional
cnviremmicnt fiw tcaching and rescarch in a rapidly growring ficld will prowide
the sucecsstil candidare with a unigue opportunity to provide intellcetual and
technological leadazhip in boenginesing.

W scck an individual with domonsteated oxecllenee in the ficld to cstablish an
active and inmweeative rescarch program. The candidare will alse tcach i
sppropriate mea: of sclence and engineering snd shoonld bave a sttong
comrmitmenyt o and potential for excellence in teaching and leadazhip, To lean
mowe ahout o department please wisit htfpSThioenge horkeleyedu, Applicants
should have (or e abot g0 receive) a doctoral degree or caguivalent in a relevant
area of engineeing or e phyical ov blologival sclenves.

Applicants sheald sulmit a curdealuom vitac with a complets st of publications;
a hrict description of rescarch accomplishments; a seleetion of publication reprints
ifive or leag): and o buied gavoent of lotue vegearch plang and weaching aess.
Applicants shonld also arnange 1o have tnee leter: of reftvence gent to the depan-
ment diveethy. Podential reviowers arc retoreed to the Statement of Confidriality
at httpfapo.chance berkeleveduo/evalltehiml. Wi protor to reecive application
mateatals via email wo the following addiess: seareh9216E berkeley. e, We will
also aceept hard copy applications and roforenee Tetfors sent oz
Chair Thorian Licpmann, Department of Biocnginecring,

439 Ugans Mall MC 1762, Loivesily of Califounda, Berkeles, CA 94720-1762.
The revicew of applications will commenee on November 15, 20057 applications
must e reecived by JTanuay 31, 20060 tor consideration in this vear's reeraitmaent
cyele,

The Tniversity of California is an equal epportunity affirmative actien
employer, committed to excellence threuph diversity,

@ CoLumBiA UNIVERSITY

School of Dental and
Oral Surgery

Interdisciplinary Research Opportunities
Research Faculty Position{s)
Tostdoctoral Research Fellowship(s)
Stem Cell Binlogy/ Tissue Engineering/Regenerative Medicine

Multiple full-time research faculty and postdoctoral rescarch fellowship
positions are available at Columbia University Medical Center camgpus, This
research involves o collaboraion aimome the School of Trental unid Oral Surgery
(535, the College of Physicians and Surgeowus, and the Department of
Binmedical Logineering at the School of Lngineering and applied Scicnces.
The primary appoiiument will be sl STOS. The central focus is W engineer
human tssue amdfor organ analogs under the sponsorsihip of muliiple NTH
srants. Good verbal and written communication skills required. Positions
available Tanuary 1, 2006,
Research Faculiy Posilion(s)

Minimum of 6% years’ research expericnce in cell and molecular biology,
slemn cell binlogy, lissue enpineering, polymer chemistry, andfor blomalerials.
snecessful candidateds) will be cxpected to maintaiin an active rescarch
program and to obtain external funding, Although these positions are not
currenlly on the lenure track, there i the opportmily lor lenure track
appaintments in the Tulure. PRI in hiology or engineering, or equivalent
degree required, Animal surgery techniques preferred, Bank and salary con-
mensutale wilh experience.

Pestdoctoral Research Fellow(s)
Lescarch interest in cell and molecular biology, stem cell biology, tissue engi-
neering, polymer chemistry, silfor biomalersls required. Recenl recipient(s)
of the aloctorale, or itk prolessional edquivalent, are encouraged Lo apply.
lodividuals with related experience whe have training awards that allow
retrafining i a new discipline or specially will also b carelully comstilerel.
Tovapply, setl vig ¢ mail g slatement of career gouls, specific research inlerest,
and curriculuen vitae to Kathleen Pandrick (kt2154@® columbia.edu ).

Columbia Unisersity is an allirmative actionfequal gpporiumity empleyer.
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Group Leader Position — Growth Control

The Friedrich Miescher Institute invites applications for a tenure track group leader position in
the Growth Control Programme. We are seeking an outstanding individual who will estahlish a
vigorous and ambiticus research programme aimed at fundamental questions in Cancer Biology.
We are particularly interested in individuals who focus on signalling pathways and metastasis.

The Institute provides excellent core facilities for
genomics, protein chemistry and proteomics, monoclonal
antibody production, fluorescence-activated cell sorting,
fluorescence imaging, histology and mouse genetics.

Formal applications, including a C¥, names and
contact details of three referees and a concise
description of research interests and future plans
should be addressed to:

A highly competitive start-up package will he provided.

The Friedrich Miescher Institute, part of the Novartis
Research Foundation, is an international biomedical
research centre with 280 members, including 180 post-
doctoral fellows and graduate students (for further
information see www.fmi.ch}.

The Friedrich Miescher Institute is situated in Basel,

Professor Susan Gasser, Director
Friedrich Miescher Institute
Maulbeerstrasse 66

4058 Basel, Switzerland

The closing date for applications is:
December 1, 2005

Switzerland, a city offering an outstanding scientific and
cultural environment in the cenire of Europe.

UNIVERSITY OF CALIFORNIA,
BERKELEY
ECOLOGIST

The Department of Integrative Biology, Univer-
sity of California, Berkeley invites applications
to a faculty position in Ecology at the Assistant
Professor level. We are searching broadly, with-
ot regard to taxen or system, for individaals
who integrate experimental fizld studies with
theory, We will consider exceplional ecologisis
i all areas, bul are particularly imeresied in
those working vn species inleractions, biologi-
cal invisions, Lhe communil y-¢cosyslem mler-
face, and viher areas 1hal complement current
fucully sirengths oo campus, UCE provides
oulstanding aceess W field siles, including the
LG Maluraul Reserve System.
Applicants must have a PR produclive
pustdoctoral experience. and o demonsirated
recard of rescarch exccllence. Candidates
raat be strongly committed to developing an
cxternally fundad, internationally recognized,
reszarch progrant, and contributing significantly
tor bty the unddergradnate and grauate cureicula
throngh teaching and mentarship.
Submit a OV, ataternenta of research and teach-
ing intzrests, and the names and addresacs of
three references to: Chair, Feolngy Search
Committee, Dept. of Tutegrative Biology,
3060 Valley Lite Scicnces Bldg., #3144,
University of Californin, Berkeley, CA
947TI0-3140 U'sAL The deadline for receipt of
applications is December 16, 2005,
The Lntversitv of Coliforuia is an Equal
Opportunityy Ewmployer commiited to
excellence throush diversin:

Project
2061

AYAAAS
POSTDOCTORAL POSITIONS

Progeet 2061 1s secking: o [ hmee posttions ciiber a e Postdoctoral Fellow or Rescarch Associale
level. Successful candidates will assistin developing resources to advance smdents’ understanding of
the fundimmental serenee Weas needed w be seience lerate as deseribed m vanous sule sud nationsl
contenl standards documents, The worls nvolves claboratinge and clanCang che contont standards,
identitying phenomena and representations that support student understanding of the ideas in the
contenl standards, wrilige and Geld st assessment tems that est siodent understandimyge oD hose
ideas, and reviewing and writing swnmaries of related research on student learning. This work is
related to the Project’s long-term mission of reform in K-12 science education.

Applicants should have completed o doclural desmee m g seienee disciplinge or mosclenes cducation,
They should have a demonstrated interest in the teaching and learning of science, and a willingness to
analyiee and apply indwmental seimee weas ol only witlun o alse oulside e arca ol experiise,
The work is intellectually challenging and requires strong analytical, organizational, and writing skillz
and the ability to work well in a team environment. Three to five years prior teaching experience at
e B-12 bewvel 1s desimable but e reguimed.

These positions offer the opportunity for individuals with a deepunderstanding ofhasic science ideas
amd the wbality aid mierest m communicalimg those Wdeas W worke wl the natenal level o improve
the science literacy of all. A statement ot the ideals that guide the wink of Project 2061 can be found
in its seminal publication, Science for All Americans, on-line at www.projeet2061.aaas.org.

Address all mguiries along wih comeulum vite, made wsenpls, wd doee leders of meeom-
mendation to: AAAS, Hluman Resources Department, 1200 New York Ave., NW, Suoite #102,
Washinglon, DC 20005, The postlions ellered are for a one-vear poried 1o be renewed contingent
on grant funding. You may alzo reach us by Fax at 202-682-16340 and e-mail at hrtemp: aaas.org.
Visit us at www.aaas.org. Application materials should be received by December 31, 2005,

EOFE, Now-smoking wor envivommiend.

g
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WANT TO PLUG THE POWER
OF SCIENCE INTO PUBLIC POLICY?

Become a AAAS Science & Technology Policy Fellow.

What better way to connect your scientific

expertise to serve society? Yearlong
fellowships offer career-advancing
opportunities to work with Congress

or a federal agency in one of six thematic
areas: Congressional » Diplomacy

* National & Global Security » Health,
Education, & Human Services * Enerzy,
Environment, & Natural Resources

* Revelle Global Stewardship.

Stipends begin at $64,000.

Wark n Dynamic Washington D.C.

What better place to apply your expertise
to the decision-making process that
affects people everywhere? You can
focus your experience on your interests
in national or international issues while
vou add valuable new perspective to
your scientific training,

Enhancing Public Palicy, Advancing Science Careers
www.fellowships.aaas.org

Join a Networlc of 1,700 Fellows.
Applicants must have a PhD or equivalent
doctoral-level degree from any physical,
Biological, medical, or social science, or
any engineering discipline. Individuals
with a master's degree in engineering and
at least three years of post-degree profes-
sional experience also may apply. U.5.
citizenship is required and federal
employees are not eligible. Since 1973,
AAAS Fellows have benefited from a zrow-
ing and diverse network of rolleagues.

Apply for 2006—07 Fellowships by

10 January 2006.

Fellowships are awarded in the spring
and begin 1 September with a two-week
orientation. To apply, contact AAAS:
Phone  zpz-326-6700

E-mail  fellowships@aaas.org
Website www.fellowships.aaas.org

Eureka! You've found the perfect
canngaction between science and policy.

AVAAAS

ADVANTIMNG SCIENTE, SERVING $QCIEIY
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Max-Planck-Gescllschalt
Max Planck Socicty

Selbststandige
Nachwuchsgruppen

Independent Junior
Research Groups

The Max Planck Society invites applicati-
ons from outstanding voung scientists in
all fields of research pursued by the Max
Planck Society (Biology and Medicine;
Chemistry, Physics and Technology;
Human Sciences).

Successful applicants will have demon-
strated the ability to perform excellent
research. They will be offered an
Independent Junior Research Group
Leader position {(W2; equivalent to asso-
ciate professor level without tenure)
including a five-year grant (research
positions, budget, investments) at a Max
Planck Institute of their choice.

In addition, Independent Junior Research
Group Leader positions are available at the

Max Planck Institute for Medical
Research, Heidelberg (2 positions)
and the

Max Planck Institute for Biological
Cybernetics, Tiibingen (1 position)

Applications should include a CV, a list of
publications, copies of three publica-
tions, a one-page summary of scientific
achievements, and a two-page research
plan. For further information and detailed
application instructions see

http://www.snwg.mpg.de
The Max Planck Society is committed to
equal opportunities and to employing disa-
bled persons.

The deadline for application is Decem-
ber 20, 2005.

Computational Chemistry and
Biology Opportunities at
D. E. Shaw Research and Development

Extraordinarily gifted computational chemists, biolo-
gists, and other computational scientists ars sought to
join a rapidly growing New York-based research group
that is pursuing an ambitious, long-term strategy
aimed at fundamentally transforming the process of
drug discovery.

Candidates should have world-class credentials in com-
putational chemistry, hiclogy, or physics, or in a relevant
area of computer science or applied mathematics, and
must have unusually strong research skills. Relevant
areas of experience might include protein structurs
prediction, the computation of protein-ligand binding
affinities, the study of biologically important systems
using molecular dynamics and/or Monte Carlo simula-
tion, and the application of statistical mechanics to
biomolecular systems—>but specific knowledge of any
of thess arsas is less critical than exceptional intellec-
tual ability and a demaonstrated track record of achieve-
ment. Current areas of interest within the group include
maolecular dynamics simulation of functionally signifi-
cant globular and membrang proteins, the prediction of
protein structures and binding freg energies, struc-
ture- and ligand-based drug design. characterization of
protein-protein, protein-nucleic acid and protein-lipid
interactions, and the development of algorithms for
biomolecular simulations.

This research effort is being financed by the D. E. Shaw
group, an investment and technology developmant firm
with approximately $16 billion in aggregate capital. The
project was initiated by the firm's founder, Dr. David E.
Shaw, and operates under his direct scientific leadership.

We are sager to add both senior- and junior-level
members to our world-class team, and are prepared to
offer above-market compensation to candidates of truly
exceptional ability. Please send your GV {including list
of publications, thesis topic, and advisor, if applicable}
10 scigncemag-cc@desrad.deshaw.com.

. E. Bhaw Research and Devefopment. L.L.C. doas not discrini-
nafe in employment maftars on the basie of raca. color. refigion,
gender, nafional origin, age. military servica efigibility, vetaran
status, sexual orientation, marifaf stafus, disabifity, or any other
profected ciass.

4/

DE Shaw & Co

.
g
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University of Massachusetts Boston

Dean, College of Science and Mathematics

The Cwiversity of Massachusetls Boston invites applications and womiaiions Tor the
position of Dean of the Coellege of Science and Mathematics. The college has over 2,500
students pursuing graduate and undergracuate degrees. It con: of tan departiments and
i]]mgl.nn e luding those of Bioleey, Biechemisiey; Chemisiry, Conuler Scicnee:
ingrinerring, T ironmentsl, laath, and Ocem Scicnees; Mathermatics, and Pliysics
Through these programs, the college offers ten baccalaureate degrees, five mast
degress, and doctoral degrees in Computer Seciepce, i Environmental Biolegy, in

Envivonmental, Coastal and Ocemide Scicnces, in Caeen Chenitsiry, and e Molccular,

Cellular and Oreanismal Biology.

UMass Beston is 1 Camegie classified Intensive Research University locatad in one of the
most diverse and intellectually rich cities of the United States, Its wndersraduate and
graduate enrollment of dbout 12,000 students makes it the second largest campus of the
Universily of Massachusctls system. [s six colleges are composed of over SO0 full-time and
prart- Alime r.a;,ul1}_ whio 1]1’“\1[1(.. over 130 academic [ITURLTATTIS leadigs 10 bacialawrcale, masiers,

and doctoral degress (www.umb.edu .
Applicants for the position nmwst poss

duademic dclmllmcm [t
academic excellence, div

and imemiational cormmunitics.

e buyet. Hefs
faculty, provide v

Boston, YA G2125-330
TMlass Boston is an Affirm:
Tile 1X emplover aml siongly enconrages

51 an eamed doctorate In an appropriate discipline: an
odstamed g recod o traching, scholarship, o service worily of being mranicd fenure inoan
ellent Leadership swd communication shills; and commifment 1o

ity, and service, Applicants must also demonstrate 1 conunitinent to
interdiseiplinary and intercollegiate collaboration and an ability to build supportive ties and
sireaig vescaveh progmarms within the colloge swd sl extemal stakebelders within local, naional,

The dean s the college’s chicl administirative and academic officer sud veports direcily o the
provost and senior vice chancellor for academic affairs. The dean has responsibility for all aspects
of curriculum planning and development, Taculty sl stall Wirng, developmoe. and evaluation,
he will be cxpeoicd e belp marshal the vibrmes s crcaive auengics of the
onary leadership, and offer specific strategic steps necessary to lead the college
to national prominence, The dean will be joining a new chancellor and provost and will have the
apporiunily fo mahe new stralegic bires o helpy mold an esciting fuloe Tor the oiversity, The
salary for the position 15 compediive, commensaraie with coperence sl qualifications,
Applications and noeminations will be reviewed on an ongeing basis begiiming the end of October
2005 and evaluated until the position is fillad, Applicants must submit a cover letter nddrassing the
gualifivations delimeated sbove, a curmiculun witae, sl the
names, adidresses and welephoe numbers of foar relfemenees 1o
Oftice of the Provest and Scoior Vice Chanccllor for
Academic Aftairs, LMuss Boston, 100 Morrissey
Attention: Dean Sear'ch,
¢ Action, Fgual Opporunity,
omen, members
of all ethoie peoups, and peoples witl disabilities to appls,

* University of
Massachusetrs

P
Boston

UMASS www.umb.edu

Blvd.,

THE STATE UNIVERSITY OF NEW JERSEY

RUTGE

Tenure Track Faculty Positions
Computational Biclegy, Molecular
Biephysics, and Systerns Biclegy
The BioMaDl'S [nstitute for Quantitative Biology
al Hulgers Thiversily mviles applicaltons Tor
tenure track faculty positions at the junier or
senior level in compartational biology, melecular
hiophysies, and systoms biology, The posilions
will be joint with an aftiliated department in the
Faculty of Arts and Sciences or in Engineering,
Arcag of interest thelude bul are not limited Lo:
the structure and function of molecular and cel-
Iular machines, biclogical networks, stmctural
senmies and mroleomics. Applicants shonld
submit a cover letter, cmriculum vitae. research
summary and statement of future research goals,
and a statement of leaching expertoncee and
interests and arrange for four letters of recom-
mendation to be sent on their behalf Materials
should be submitted slectromically as PIIT files
to; Dr. Paul Ehrlich, Administrative Dircetor,
BioMal'8 Institure for Quantitative Biology,
Hutgers University, Piscataway NI 08854
{email: pchrlich@biomaps.ratgers.cdu}.
Currently BioMal'S Institate faculty hold jeint
arpotnbments wilh the Departments ol Chemisiey,
Mathematics, and Physics in the Faculty of Arts
and Sciences at Ratgers University, New Bruns-
wick Campus. Tor tewe mfinmalion aboul the
BiokIal'S Institute. the applicant is directed to:
http: /A www biomaps.rutgers.edu, The review
ol apphicalions will begm om December I, 205
Ruigers Untversiiv is au dffiewmarive AciionEqual
Oppeoriuntiv Emplo)er. Women aud minovit): con-
et cve expecially emconwaged b apply

ITIONS OPEN

PHYSICIST
JILA, Upiversity of Colorado and National
Tnstitute: of Standards and Technology,
Boulder, Calorado

NTA, a pramier academic research insdnuete ad-
ministered jointly by Natlonal lnstitnte of Standards
amd Technology (NTST), and the Tlniversiry of
Colorade, s searching fin ourstanding Scientises
preferably ar the nior level, Successtiel applicants
would be expected to establish an internationally-
recognized rescarch program involving gradumate,
wndergradiate, and postdoctoral students, and to
partivipare in deparnnental teaching responsibilities.
We have partionlar interest in candidates applying
advanced  techmigques to topics relared to JTTA
strengths in arooic, molecular and optical sclence,
laser technology, and precision measnrement. 'Larget
areas inclede, but are nor hmited o, quantinm in-
fimmation, quantum opics, quantinm control, high-
ficld plwsics, chemical phesics, nanescicace, and
lophoromics. JTLA has a mumber of exceptionally
suecesstiel faculty from underrepresenred  groups,
and cspreially secks applications from women and
inenity researchers.

Maore information about JILA can be found at
wihsite hrtp:/ Ailavwww.colorado.edo.,

Interested persons should send onrriathun vitae
and a detailed rescarch proposal {teo to three pages),
as well as arvange for three letters of recommenda-
tion tor be sent to: Physics Search Conuniteee, JILA
440 UCB, University of Colorado Boulder, CO
R0309-0440,

Application review will begin December L3, 2005,
amd wAll continue undl Januwary 3, 2006,

For further infonmation, contact: Teborah Jin,
e mail: jin@jilanl.colorado.edu, telephone: 303
492-0256, or Pam Teland, c-mail: lelandi@ila.
culundo edu, telephone: 303 492 4763, The Lai-

fur...)u Buolder and NIST are bodh comniiied 1o
diven r"!f}" aind equality i adication wd emplapment.

208

OHIO

UNIVERSITY

FACULTY POSITION
NEUROMUSCULAR BIOLOGY

The Trepartment of Tiomedical Scences of the
Ohio Universite College of Osteopathic Medicine
{websiter http:/ Svwwooucom.ohiouawedu /dbms /S
index.htm] secks applicants for g renure-track
faculty position at the ASSISTANDT or ASSOCT
ATE PROFESSOR leve]l Responsibilities for the
sitecessfil applicant are: (17 oo develop an indepen
dent, cxternally finded rescarch program in the
contest of the Tnterdisaiplinary Tnstinuee for Newo-
nurscidoskeletal Rescarch (website: heep: / /wwow,
oucom.ohivwedu TINR), and (2] o participeate in
a medical phwsiology cumriculum emphasiaing stu-
dent cogagement and active learning. [t is hoped
that the candidare will grow into g leadership role
within the Tnstiture, which enconmnpasses hasic
sgicntists, clinicians and enginecrs. Lhe Instimte is
funded throwgh 2010 by an exrrmoural grane
supporting, rescarch infrastucmre. A PFhIy. {or
couivalenty is required and postdoctoral twaining, is
desirable. The appointment begms as early as July T,
2006, Lhe L1 month salary will be commensurare
with experience amd accompanied by oan escellent
benefits package. Review of applications will hegin
December L, 2005, bt acw applications =ill be
reviewed until the position s filled. Subnut a
statemicnt of teaching and rescarch nterests, curric
ulwm vitac, represcnatative reprints, and the names of
three references to: John N TTowell, Ph.T)., Scarch
Comumittee Chair, Department of Biomedical
Sclences, Ohio University College of Osteopathic
\"IU(].IL“‘]L 228 Trvine IT1]| Arhens, OIT 45701,
b mail: hovi elli@ohio.edu. ()r-ﬂ Ulniversivy &5 an A
21 , Fatial Oppartsndty. Foployer with o Aun!

POSITIONS OPEN

GEOGERAPITIC INFORMATION SYSTEM/
SPATIAL INTEGRATIVE BIOLOGIST
St. Tanns Tlmiversiry, a Catholic Jesor Instinution
dedicated to stmdent learning, rescarch, health care,
and servicr is seeking :Lppl.umts for a temre track
Assistant Professor pt:\mnn in the TDeparnnent of
Biclogy. Bescarch interests in Spatal lntegrative Bi
ology required. We seek an individual warh expertise
i any ares of Wology whose research involves the
spatial distribuetion of organisms of processes,
derstanding how these are achieved and maintamed,
and for the ntegration of patterns and processes at
nutltiple scales, Expertise in geographizal infor
mation systems (GIS) 18 essential and expertise inoa
particnlar gronp of organisms, ecology, populaton
genedos, evolution, or hiogeography prefermed. The
successtul candidare will be expecred o develop an
independent, extrammurally funded research program
ard tor commribure tooowe undergraduare and grad-
uate curriculs. Fxeellent facilities and a competitive
start up package are provided, and oppormnitics are
available to collaborare with researchers at nearby
Universitics, Missonnd Botanical Garden, Danforth
Plant Sddence Center, Missomel Department of Con
servation, Army Corps of Tngneers, and 8t Tauns
Zoo. Applicants showld have a Phob, postdoctoral
experience, and a record of research productivity
All applications must be made online at website:
htep: / /jobs.slu.edu; applications mmst inchede our
rculurm vitae and separate statements of teaching
and rescarch goals. Scnd reprines and twer letrers of
recommicndation by post to: Dr. BRichard L.
Mayden, Department of Biology, St Louls Uni-
versity, 3507 Laclede Avenuve, St. Louis, MO
63103-20140. Information about the Thepartment
amd position s at wehsine: hropr/ Shiosleedu,
Review of applications will begin Newember 28,
2005, and will continue until \mr“]h]c, Lamlula'rc\ are
JdLntltlLd S Lewds Lind A‘lr.u n,
Lgual Opperieaiy Lmpleyer, amil eniousages

areer sictizork (welisite: bitp:/howw.obio.cdsdual).

aried qupliations of swamen and minaritied
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School of Medicine
Department of Community and
Environmental Medicine

UNIVERSITY OF CALIFORNIA
IRVINE

‘Ihe department is seelking 1o fill 4 position for an
Assislanl {lenure-rack) or Associse Professor or
Professor (lenured) in the School of bMedicine.
Demnonstrated suceess in publication in Hagship
Jourmals in the ares ofoxicology. enviromnental
heallh seiences and/or public bealih research is
reguired. Evidence of peer-teviewed funding is
reyuired I od resedrch area relaled W Lhe adverse
effeets of environmental chemicala on haman
health, with strong emphasis at the molecalar
Tevel, ar related areas in environmental health
aciences. A record of effective teaching akilla
i3 cazential, as the succesafil candidate will he
apected to contribute signiticantly to araduate
teaching in envirommental toxicology and
jublic iwalth. Applicants st possess the
Ph 1. oor b L degres. and postdocloral raining
i Loxicology or environmental health sciences
is preferred. Sulary will be commensurale wilh
experience.

Send curriculum vitwe wnd names of three
references 1o Professor Ronald €. Shank,
Department of Community and Epviron-
mental Medicine, University of California at
Irvine, lrvine, CA %26497-1825. Closing dule is
January 6, 20406,

The University of Califorutn, frvine fos o
GCHLE coresy ParIeEr Prograt and oi ASE
ADANCE proggram for Genter Fgrite and i
an Faperd Chopavictuenily Fagploper commiilod fo

-
UNCW.

UNTVERSTTY OF NORTITCAROTINA WITMINGTON

The Business of Marine Biotechnology
Postdoctoral Fellowships

The Cemter for Murine Science al the Umiversity of North Caroling Wilminglon is oftering two exceplional
postdoctoral fellowships in maine Motzchnology. Candidites must have w FhY in g bloeclnology-relued
arey and ure expected o conduct tesearch in murine science liborones st the University while pursuing
a professionul MBA degres m (e Universily's Cameron School of Business. The goul of this 24 month
progrearm is to produce individuals with a aolid acienee background as well as the basiness skills necded
tor praaper in a madarn competitive busineas environment. Stadents in the MBA portion of the program
will maater the care functions of business, develop analytical and quantitative business akills, and anudy
current and fuare busineas issues through real world experiences with regional companizs involvad in
marinz hiotechnology. The reacarch portion of the program involves working in one of 3 focus arcas: 1
Rioasaay technique development focusing on novel sensing methods with particular application in the
marine enviconment, 2. Tinfish maricalure which may inchade genetics and aelective hreeding, recirenlat-
ing aquaculnwe technology, nutrition, and commercial demonstration; and 3. Marine pharmaceuticals and
nutraceuticals from caltared organiams, bicengincered natural produets, novel cnzymes and hiosynthetic
pathways, Candidites should elearly wdenlify their imterests in one of he 3 focus wreas m Lheir cover
letier. Selerted candidites would receive salary and benefits including health insurance wnd retivernent
contribulions for 24 momths, Fosinon tide will be *Visiling Resewrch Assisiun Professor™. Tuition for
the coursework necessary o oblain the MBA s also provided.

Sereeniny of the applicants will begin Janwary 15, 2006 and apphcint would be required o start May
1. 2006 und all degres requirements must be mel al that dme (o qualify for the fellowship. Letter of
application, cumiculum vilae, sutnmary of Tesearch plins, and names and addresses of ree references
should be gent via he vnline gpplicstion process weailable on the Web ol hitp:Yconsensus.uncw.cdu

ool emailed or mailed. MY Word or Adobe POE attuchiments are sirongly preferved. For questions
regurding Lhe online applications process. contact Kathleen Ludeman wl 910-%62-244%3, For questions
regarding the poaitions orthe Center contact Hr. Ronald K. Sizemaore at Sizemorerigunew.edn ar visit
our wehaite at heep:/www.onew.edu/emsr.

LNCW s an Affirmaiive doton. Egual Opportuniiy Emploper.

exoellonos throwsh diversity.

Wovmeen cmef neimenitios ave encowraged o apel)

Faculty Recruitment in Basic
and
Translational Research

MNew Yook Umiversity School of Medieme smmounees @ majur cxpan-
siom el 1l Propmam i Candielopry Biology, under the dircetion of Drs.
Glenn 1. Fishman and Edward A. Fisher, at the new Joan and loel
Smulew Bescurch Bualdmyr, We are seelang up o lve new lonume imek
Creully eeruns engsged 1o basic andfor lranslaienal rescarch related
to cardiac and vascular hiology and disease. All will be members of'the
Program in Cardiovascular Biology with primary academic appoint-
ments in one of the basic science or clinical departments. 1.aboratories
will be available in the new Smilow Research Building scheduled for
weeupiiey m Febmuary 2006, Postions are avalable alall levels, inelod-
ing Assistant, Associate or full Professor. Areas of interest include, but
are not limited to: Flectrophysiology, Myocyte Growth and Death,
Vaseulur Brology and Discase, Candiovascular Development, Animal
Madels of Cardiovascular Disease, and Stem Cells and Repenerative
Moedieine, Invesugators whose rescarch wall enluuee the wanslation of
bisae rescarch lndmes mlo new emgpewie mierventons and the design
of new clinical trials are encouraged to apply. Successfil applicants
should held in MD andfor PhD wuh esiablished repulianons mothese
arcas ol escarch and visibaliy al che iwnal kevel,

Iuerested invesigulomarcencourgeed W visihid peiwwwared.oyu.edu’
smiloweenter/opporfunilies/ear diovascular_opps.himl 1o lewn
mare about the NYU Program in Cardiovascular 3iology, qualifica-
{rwns for carndidites aind our recruttment process, Qualdificd candudaes
can apply by following the instuctions found on that web site. All
application packets should be sent to evhsearchi@mmed.nyn.edu.

The {ardiovascular Bioloay recruitment efforts are partof a larger NYL
School of Medicine recriitment initiative. For more information, please
visil hilpsfwwwaed.oywedusmiloweenter.

DIRECTOR
University of Connecticut
Stem Cell Institute

The Umiversity of Conneclieul mvies applcaiions for the DIRECTOR
of the University of Connecticut Stem Cell Institute (LCSCI).

UCSCT iy v cross-campus nmliative thal will be stalled by exasting
scientiats as well a3 new recruits, all of whom are expected to establish
research programs of international distinction in the broad area of stem
cell biology and regencruive medieme. Wik e crnbuosiasie support
of stem cell rezearch by the State of {Connecticut, the Director will have
2 unique opportunity to establish a vibrant research enterprise with
sipmifieanl suppuort.

The Director of LCSCT will enjoy an outstanding resource package
conlgiminye rencrods starl-up lumds and space s new stale-olbhe-art
research building near the Farmington campus of the University of
Connecticut School of Medicine. The Director will also spearhead the
reemuimen of new Geolly members of the Instioe with the oplion of
tenure-track appointments at either the 1lealth {enter or $torrs campus
of the University of Connecticut.

The ideal candidate should be the leader of an intemationally recognized
rezearch program in areas such as embryonic, adult, hemopoietic or cancer
slem cells and have the scademic backpmound and leadership gualiies w
ensure vigorous growth and enhance symergistic and thematic interactions
within the Institute.

Applicants should subimit 2 complete curriculum vitae, a statement
of research interests and direction by January 1, 2006. Applica-
1wy should be imnsminled elecioomeslly i RTE or PDE fomma o
ueseii@uche.edu.

The Duiversive of Connecticnt is an Egual Opporiumin
Affirinative Aetion Faployper

ScienceCareers.org
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POSITIONS OPEN
FACULLY POSITION
MNutritional Metabolomics

Lhe Departments of Liood Sccnce and Himan
Nutrition {websiter  htrp: S Swwwclemsonaedo/
fonnlscienae /) and Genetics and Taochermisty (vwiehsite:
b/ Awww.clentson. edu /genbiochent ) ar Clenson
Tlmiversty invite applications fir g renure-track po-
sition in the area of hwman nutritional metaboloniics
at the lewel of Associate or Full Professor. (ual
ifcations include a ThoT2. and a history of external
rescarch finding, 'Uhe successfnl candidate will be
cxpected to develop a competitive, extranmrally
funded research (73 percent) program of national
distinction using bicinformatics tools, mrtrigenomics
knewledze and modem molecular 'rc,c}miqucx amd to
supervise and mentor andergraduate and graduare
research, Espericnce that inclndes a clinical compa
nent iy desirable. Teaching (23 percent) umdergrad-
uwate and graduate courses in the mutrition and
metbaolisnl areas is also anticipated.

The successful applicant will be a collaborator
within the biomedical emphasis arca and woudd be
an interface with the TDepartments of Thological
Suiences and Bioengineermg and the Greenwood
Genetics Center. Lhis ndividual will also be ex
pected to build strong collaborations with the Sourh

Caroling Nutrition Rrscarch Consortim (websive:
hep: / Swww.scnrc.org /) to enhance oy ability oo
focws on the discovery of basic mechanisms that
conld be msed in the development of stratcgics to
prevent mrtrition relared discases, and to build a
natiomally recogmized integrared maolecular nunitdon
gradiate program.

This position offers compedtive startup funds and
an attractive salay, Laboratory space will be pro
vided in the Department of Food Scicnce and Hue
wan Kutrition with ample opportumities to access
cutting, cdge rescarch instrumentation for high
throughput functional genonies and proteomnics
housed o the Genomics Tnstituee and the Tepare-
ment of Genetics and Biochemistry,

Tir apply, submit a letter of app]n_dmm cuITicu-
Tum witae, starements of reaching and  research
interests, and the names and addresses of three po
rential references as a single TDF file to: T, Felix
Barron at e mail: fbarron®@clemson.edu. I'leasc
include *Metabolomics™ in the subject heading,
Applications not in a single TTF file will be returmed
and mmst be resubmitted in the correct format.
Treadlne fir receipr of applications s Febrrary 7,
20046,

M eepe
£ eimeow i
f)pvun.emrj, i

aril womren o apply.
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Department of Wildlife and Fisheries Sdences
Faculty of Ecology and Evolutionary Biology
Genomics Signarure Program ar
Texas A&kM University

We seek a tenure-track ASSISTANT PROFES-
SOR with research espertise in comparative ge-
nomics and/or quantitative genetics of vertehrares
as applied to systematios, evolution, conservation,
and management of natural populatons. The candi-
date mnst establish an independently fonded gradue

ate research program, and reach in hisher ares of

cxpertise, Submit corricnlum vitae, statcment of re
scarch and teaching interests, relevant reprints, and
have three letters of reference sent to: Dr. Tohn W,
Bickham, Departnient of Wildlife and Fisheries
Sciences, 210 Nagle TTall, Texas A& M UTniversi-
ty, College Sration, Texas 77R43-2258. Tule-
phone: 979 845 5777, E mail: j bictham@tamu.
cdu. Reviews of applications will begine January T,
2006; start date Is cxpected to be September I,
2006

The Tewae
purRpiE L
dibd ot
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AEA Dlwiveriiry Spitem {0 Fyual Op-
loyer anid emcoirages appliaiions fom romen

ki

ITARVARD UNIVERSTITY
Deparunent of Earth and Planetary Sciences

The Department of Tarth and Planetary Scences
at Harvard University secks to fll a fenlts positon
at the ASSISTANT or ASSOCIATE PROFES
SOR Tevel (untenured] in the broadly defined area
of Geobiology, 'Lhe individual may bring strength to
the Department in the areais) of palecntology,
microbial hiology, evolutionary biology, Tarth histo-
v, and /ot peodiemistry, but the scarch is not limited
tos these subi-disciplines. This new position s part of a

broad inidative for growth in the Department of

Earth and PMlanetary Scicnees and mayv be coordinated
with allied departments such as Orgamismic and
Evolutdonary Biology, the Division of Enginecring
and Applied Sdences, or with the new Microbnal
Suences Tnittative. Applicants should setd by ool or
¢ maild a statement of rescarch and teaching, lnterests,
curriculum wvitae, and the names amd contact infor-
mation, incheding ¢ mail addreesses, of theee refer
cnces ton

Geobiology Search Commitre:
/0 Jason Miller
Department of Barth and Plancrary Scicnces
TTarvard University
20 Oxford Sureet
Cambridge, MA 02138 USA
E mail: milleré#eps. harvard.edu
Applications will be reviewed beginning Decan-
ber 13, 2005, For more infomnation about the The-
partment, please visit o website: hoep: 7,/ waw,
epsharvard.edu, 1 arti 11.l'.:uy Ee

1Rl

EASTERN MICHIGAN UNIVERSITY
Cellglar and Molecular Giology
Lhe Department of Biology invites applications
for a tenure-track position mocell and maolecular
biology at the Assistant Professor level, beginning

Lhe Departmcnt of Biological Scicnces at the
TTniversity of Nevada Tas Vegas (T7NTY) {website:
heep:,/ /biology.anly.edu /) iovites applications for
a full time, nine month, temure track ASSISTANT,
ASSOCTATE, or PROFESSOR m microbiology,
comicncing fall 2006, Lhe Deparoment has active
undergradiate and praduate programs (d5. and
Fh.Dj and a diverse faculny of 27 individuals rep-
resenting strengths in physiology, ccology and cvo
luticmary hiclogy, cell and molecular bology, and
microbiology, Research area is open, but preference
may be given to an individieal whe addresses current
problems in microbial ecology, pathogenests, ge-
nctics and for phesiology using, molecwlar biologs or
bicanformatics approaches. dMinimum requirements
malude a Ph.TY in wmicrobiology or closely related
field from an accredited collegr or wndversity, post
doctoral experience amd a record of creative and
significant vesearch in microbdology. Currently, the
Dicpartment has a growing core of faartlty i micro
biclogy (website: htrpr/ Sswweunlvoedo Sfaculry /
hjwing /microbiology.hun) and it is cxpected that
the sunccesstul candidate will interact with and
support this core, develop a vigorous extramuerally
finnded rescarch program and contribure to teaching,
ard mentoring i the Deparnnent’s B8 WS and
Ph.). prograoms, Tacellent core research facilides are
available threnrgh recent National Science Liomnda
tion Fsperimental Program o Stimulare Competi-
tive Research and NIH TdeA Networks of Biomedical
Brecarch Excellence infrastmenure awards. Salary is
conpretitive; contingent on kabor market and conti-
gent upon Amding. Please submic a cover letrer,
curriculing vitae, a list of three professional references
with contact infonmation, and statements of research
and teaching inrerests philosophy along, with i
tions of three key publications tor e Eduardo
Robleto, Scarch Committee Chair, Materials are
to be submirted va online application at website:
hrtpsz / Shrscarchounlvaedu, For assistance with
UNLW's application svstem, please contact Bob
Sitts ar telephone: 702-895-1655, or e-mail:
hrscarchi@unlvaedu, (TN 247 SN (T‘?':j

Revicw of all :Lpphmtlcuns will bLgm December L5,
2005 and comtinue until the positon is filled.

L1 e A finmiive Adion/ Lgueal Opoeriaiy -
calor aad L commlited to eveellence thronph diversiiy,

Angust 2006, We seck an individueal with a b1,
postdocroral expenence, and ability fo teach ar the

college level, 'Lhe position alse requires evidence of

rescarch in coll and moleoular biology. Preference
may be given o camdidates with expertise in hicin-
formatics. Lhe snccessfid candidate =ill be expected
tir teach core courses such as cell and molecular bi-
ology, and cellmolecular bology and genetos lab,
as well as carrv out an active research program,
Flease send a lerrer of mterest for Posting FOA1S
and inclnde cwrricnlum vitae, statcment of tmdnng
interests and philosoply, clcscription of rescarch, up
tos three current repmints, sraduate transeripts fun-
official acceptable, and e letters of reference to:
D, Tammy Greco, Department of Biology, 316
Mark Jetforson, EMU, Ypsilantd, MT 48197, Re-
vicw of applications =il begin December 2, 2003,
and continue until the successful candidate is hired.
Loy additional information, contact: Dy, Greco, tele
phone: 734 487 4242 E mail: tgreco@emich.
wdy. Fax: 734- 487-9235. Websine: htp: //\\"‘\’\\u
emich. edu/blolugt/ tert Mishipan Urirers
Ajfinmarie Aiion Opp:lmm.., Livployer, W ercomrage
women and deiile of inodty growe o owsider rhic
CRRIFTRRIF,

CELL BIOLOGY
University of Puget Sound

Lol timwe, tenure line Assistant Professor; beglins
fall term 2004, Ph.Y. with emphasis in ccll biology
requited. Postdoctoral teaching or vesearch experi-
cnee desirable, For complete job description and ap
plication procedures, visit website: hoep: s,/ waw,
ups.edo /employment.sml, Application deadling is
Diccember 1, 2005, the Laiversisy of Dupei Sownd & an
Fgual {uporteandty, ,']__!‘_Hr';amﬂ'v'e Action Rducutars Figploper.

MANAGER OF NOBRTH AMERICAN FOOT
AND MOUTH DISEASE VACCINE BANK

The 108 Department of Agdoulture, APTTIS,
Lioreign Animal Disease Diagnostic Laboratory on
Flum Tsland, New Tork, s seeking a full-thne Ver-
crinary Medical Officer (G5 L2/13; anmral salary of
$63,0L03 to 597,553 plus benefits). Inormbent will
serve gs the Manager of the North American Foor-
and Meunth Discase Vacclne Bank (WALMUDVE]L
The KAVMDVE 1s a collaboration among Canada,
Wlesico, amd the Tlnited States which purchases,
cvaluates, and stores vaccine a.lltigml cofweentrates oy
straing of foot-and-mouth disease vinus (FMTIV).

Tncumbent must have an in-depth knowledy e and
cxtensive expericnge o Foot and Mouth (LMS)
vaceme development and manufacteng as well as 2
thorongh waderstanding of international standards
for evaluarion of the efficacy and puriry of FMT
vacemes. In addition, ncinbent should have a zood
mnderstanding, of SLrOlOgJLIﬂ and melecular biclog,
twal rechniques used fo evaluate the status of animals
exposed o FMIIV, and a thorough knowledge of
clinjeal aspeets of LML in livestock.

The srecamebent paent e 0 LS citizen and alle o
ohtain a seover scserity cfearance while smploved for
the posivion. A degree of Doctor of Veterinary
Wediine with advanced training (Ph.T). preferred)
in microbiclogy or a related discipline is required.
The positiom 15 a tewo-year term appoinonent which
o renewable. & recruiting honus up to 25 percent of
the annmal salary may be offered. Deadline for ap
ication is Novewber 70 2005 A copy of an-
nowneement {job mmlb<:1 2487 2005 05881 can
b obatined at websive: lieep: / /jobsearch. 1151]01:5
opmuggiy or telephone: 631-323-3256 /3206 for
application procedures. the Deibers] Gorermmeni i@ an
Fopsiedl Fauplvgsmens {uportunity Fmplopaer.
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University of Wisconsin Medical School
McArdie Laboratory for Cancer Research
Faculty Position in Cancer Research

We are looking for a colleagie to join us in a temre-track faculty posi-
tion 2z an Assistant Professor in the McArdle Laboratory for {Cancer
Rescarch (hitp:/meardle.oncology.wisc.edu) al the Umversily of Wis-
conzin Medical School. The eighteen faculty at the MeArdle Laboratory
are committed to understanding the origing, prevention, and therapy
ol cancer throupeh buste and imnslanons] rescanch, Rescareh arcas of
particular interest for this search include cancer genetics, cancer cell
biology, and e development of wrgeed wrapies Gor e prevenion
or Ircalmenl of cancer, bul candidates o all arcas of basic cancer
research will he considered Members of the department participate
1 e Timversily of Wiseonsin Comprehensive Caneer Cenler and m
creellent, well-lunded sraduate and postdoctora] rammy progrms.
Faculty in the department have access to superb animal facilities, a
renomes Gwealuy, a lneh-thmoushpol small melecule sereoning Gualily,
[ eylomeiry, cxpenmiental paholowey, mlmmies, and bostansties,
Applicants are expected to have a Ph.). degree and significant research
avcomplishmens,

Tobe considered, please submit a curricuhun vitae, publication list, a 2-3
page stalemenl of rescarch accomplishiments and Duure olgeciives, and
have 3 qualitied individuals send letters of recommendation. Review of
the applications will begin on December 15, 2005, Applications and let-
s ol recommiendation should be sent wo: Facully Search Commillee,
MeArdle Laboratory for Cancer Rescarch, University of Wisconsin,
1400 Universily Avenue, Madison, WI 53706-1599,

The {frdversite of Wisconsin i an Fgual Opporfunin/Affirmative
Action Emplover, Minorine amed women condicates and all other
grecifified persons are enconraged fo apphe Under Wisconsin staiies,
soates, positione ond addresses of applicante and rominees mav he
sulject 1 release upoR reguest.

PURDUE Faculty Positien

S iIvEREBTTy N Computation

The Department of Medicinal {hemiztry and Molecular Pharmacelogy
il Purdue Universiy inviles applicainons ot aenoure-track postion, Tlos
pusiiion s parl ol'an micrdiserplinary vision w build oo esasting sireng b
atthe chemistryzhiomedical sciences interface fwww.memp.purdoe.edn).
Candidates shwuld use compuliiionad methods w solve chemical, blolog-
citl o oplivsical problems and huve cument or lulume nlerests relevia
to the hroadly defined area of drig design including diagnostic, thera-
pealie, vr proventive agens, Rescanch eould melude {bu s wet limied
L) compubition e prodict sysiems behavion or meleeolar medeling on
levels ranging from detailed atomic models to low-resolution models
arnd mulliseale metlods, The rescarch in e Deparlment 1s an miceral
compinent of the interdisciplinary activities across the Purdue campus
including the Purdue Cancer Center and the Centers of Discovery Park
{www. memp.purdue.eduw/research.php).

Candidates must have a Ph.D. degree and post-doctoral experience and
sl creeplional promse mrescarcly ad a comnuimen) o execlloes m
tichiny al the undenpraduaie and grmduaste levels, Exponenee with compu-
tation focused on molecular systems of biomedical relevance is preferred.
Quistunding semor candidates willh appropmate mescarch micrests and
seholarly achicvenents will be considered for appominent o g wenured
position. Submit curriculum vitae, a summary of planned andéor ongoing
reseired, wid three leulers ol referenee 1 Compulaiion Facully Search,
Purduc Univ, Department of Medicinal Chemistry and Moleenlar
Pharmacology, 575 Stadium Mall Dr, W Lafayette, IN 47907-2091.
Applications will be revicwod bepinmimy: December 1, 2005,

Purdiee Ui s o Sgual Opportanine/Fgued decesd/fflmmotive Aatioi
Emplayer fillv committed w0 achieving o diverse workforce, Women.
wrinority appdicants. and dheal coreer couples are
encmiraged fo apple

Yale UNIVERSITY
Department of Molecular, Cellular
and Developmental Biology

The Departrment of Malecular, Cellular and Developmental Biology
of Yale University invifes applications for either a junior or senior
faculty appointrment in Somputatianal Biology. The Departrment is
paricularly interested in individuals with expertise in mathematics
or computer science who combine theory and experiment fo solve
important problems in cellular, molecular or developmertal hiol-
ogy. including neurcscience. The successful candidate is expected
fo lead an active research group and parficipate in inferdiscipli-
nary research and fraining. The successful candidate should also
demaonstrate excellence in teaching af both the undergraduate and
graduate levels. Review of applicants will begin January 2, 2006
and e search will remain open until the position is filled.

Infarmation on the Deparfment can be found on our web site:
hitp:/fwww.medb.yale .edu.

Please submit curriculum vitoe and description of research
interests fo: “Seorch Committee” either by e-mail te
vileen.donnelly@yale.edu or by mail to Department of Molecu-
lar, Cellular ond Developmental Biclegy, Yale University, P.O. Box
208103, New Haven, CT 06520-8103. Candidates for assistant
professar should also request firee letters of recommendation
addressed to the Search Committes. Yale University is an Affirmao-
tive Action/Equal Opportunity Employer. Women and under-
represented minorify schofors are especiofly encourtged fo opply.

Incyle is a Wilming lon, Delaware-based drug discovery and
developmenl company with aclive internal drug discovery
programs focused on the identification of novel small
molecule drugs for inflammation, cancer and diabetes.
Under a collaborative licensing agreement, Incvte is developing,
Reverset™, a novel nucleostde analog reverse transeriptase
inhibitor, which is in Phasce 11 development, to treat human
immunaodeficiency vitus (V) infections,

Incyle Corporalion is looking for a broadly Lrained biochemist
wilh experience in prolein funclional characlerizalion,
enzymology and / or prolein chemistry. The successtul candidale
will inleracl broadly wilh biologists and chemisls in supporl
of our ongoing early slage drug, discovery efforls. Experience
with molecalar or cell biology 18 a plus. A Ph.D. degree plas
postdoctoral expoenience is required.

Ineyte is unigquely located close to Philadelphia, NY City,
Baltimome, DO, Now _]L‘rrSQ)-'_.-" Delaware beaches and Pocono
Mountain resorts. We offer a competitive salary, 401K and
olher benefils. For consideralion, please send your resume lo
careers@incyle.com, referencing Job Code LLG6416RW. To
learn more, please visil our websile al www.incyte.com.
Incyle Corporalion is proud lo be an Equal Opporlunily
Employer and recognizes Lhe lalenl of ils diverse worklorce.
EQE F/M/V

Incyte

BIOCHEMIST
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SITIONS OPEN

CHAIR, DIVISION OF PHARMACOLOGY
University of Missouri, Kansas Ciry
Schonl of Pharmacy

The School of Phannacy s seeking a quealified and
wetivated individual for the posinon of Chair of the
Division of Pharmacology. Lhe responsibilities of
this posittion mcdude: administration of 4 team of
cight faculty members responsible for pharmacology
nstction oo pharmacy, deatal, gradunate, and oursing,
stidents;, mentoring and recruitment of new faculny
coordination of both division and nterdisciplinary e
search programs; and an active individweal rescarch
progran. This position veponts directly oo the Thean of
the School of Phamacy and has interactions with
ather units myobeed in both professonal and graduare
education.

‘The snccessfl candidate showdd have @ terminal
doctoral degree (PhT3, Pharm T2, MT0) and sig-
mificant rescarch accomplishments including, a high
level of cxtranmral research funding which weuld
qualify the individual for the rank of professor. Pref-
crence will be given to individuals with pricr ad
inistrative experience and Soroan exemplary recond
in professional leadershipr, Salary will be commmensu-
rate with cxperience. Lhe position =ill be available
an or after April 1, 206, For fill consideration, ap-
plications should be received by Feborary 1, 2006,

Universite of Missomel, kansas City (UMBC) is 2
comprehensive research university exemplifying the
values of cduncaton tirst, innovation, accowntability,
diversity, and collaboration, Lhe Enhcuol of Pha.rnm\.y
is one of the fiur health professional schools on the
UMELC campus, and is engaged ina University wide
initiative to advance the life sciences in the Kansas
City corridor through the Kansas City Arca Lifc
Sciences lustitnte (KOCALSL) (website: hop://
www. kalifusciences.org). The Division of Phanna-
cology is one of thtee divlsions in the School of
TPharmacy, mterfacing with the Tivisions of Phanna-
ceutical Sciences and Phannacy Pracdee. Construc-
ton of a new facilite o house the School of
Tharmacy is underway, amd the successful candidare
will have an opportuemity for extensive input info the
Pharmacology space. More abour UMRC is at
wihsite: http: /£ Awwwoumbcedy Sstrategdeplan, o
o to website: huep: /A weww umle.edo,/pharntacy.

Nominations and applications indicating, inrerest
in the position, complete curniculnn vitae, and three
letters of reference should be forwarded to:

Ruobort W, Piepho, Ph.I)
Chair, Scarch Committe:
School of Pharmacy
University of Missouri-Kansas City
5100 Rockhill Road
Kansas City, MO 64110 2499
Telephone: 816-235-1609
E mail: piephor#umke.edu

TR G .
Srsiiiiicn
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Astion S Fgual Cuiportsisity

Trnversity of Tineds, Chicago, Thepartment of
Chemistry is cotering, a phase of long term growth
and invites applications for a POSTTION TN ALL
AREAS OF BIOCITEMISTEY, including structun-
al biology and chemical biology. Although preference
will be miven to temure-track Assistant Professors,
applications at all levels are weleome. Lhe successfnl
candidare will be cxpecred to carry out a full and
vigorous program of inmosative research and o
contribute oo the teaching of graduare and un
dergraduate stdents. FMlease submit applications,
including cniculm vitae, st of publicatons, sum-
mary of past rescarch, plans for fmee rescarch, and
letters of reference from three individuals who
are familiar with the candidate’s work, by No-
vember 29, 2003, to: Wonhwa Cho, Biochemisuy
Scarch Commitnee, Department of Chemistry
(M C 111), The University of Ilinois at Chicago,

#45 W. Taylor Storeet, Chicago, Illinois 60607
TO6Y. TN e an Affienative il Cppastaniny
Momen anit ority Candidaies ave sivongly en-

Lianployet.
sred ta s
raged ta gy,

912

RESEARCIT ASSISTANT PROFES-
SO, Nontenure track position at the Uni
versity of THineis at Chicago, Trepartment of
Ancsthesiology, for rescarch in molecular
biology andor mitochondrial metabolism.
Ability o work independently and establish
needed procedures. Able to dratt own publica
tions from research studies. Salary commensu-
rate with cxperience. Lior fitllest consideration,
subuit applicadons by November 21, 2005, o
Dr. June Palmer, University of Tlinois at
Chicago, Department of Anesthesiology,
m/e 515, 1740 W, Laylor, Chicagn, IL 60612,

Affteeativg Astian s Bl £hmarranity Fmploper.

INTEGRATIVE PHYSIOLOGIST
TENURE-TRACK T'OSITION
Portland State University
Department of Biology

Vertehrate Oirganismal Phesiologsts are invired fo
apply for a tenure tack position at the Assistant or
Associare Professor level, Comparative systerms prhys-
iologists that are skilled in cellular and moleorlar
approaches or cellular /moclecular physiologists thar
appreciate the importance of higher levels of inre-
gration are coqually acceptable. Lhe aquality of the
research program is more inportant than the specific
area of focus, The successful candidare will be ex-
pected oo establish an independent research program
that will attract extramural funding. The candidare
will alsa be expected to contriburte to the wadergrad
nate curricnhumn, as well as provide rescarch training
for undergraduate amd graduare students. Anearned
dectorate and an established rescarch carcer are
required.

Tnterested applicants should send current curricu-
lnm #itae, three letters of reference, a statemcnt of
research goals, and reaching philosophy and inter-
Csts 1o

Jason Podrabsky
Chair, Physiologist Scarch
Deparunent of Biology
PO Box 751
Portland State University
Portand, OB 97207 0731

This position wall remain open until filled; review
of :tpph\.:mcms will begin J_‘)c\.Lmbu 1, 2005,

PSIT e A inatiog o al ()p]]r?h?ﬂf}" Tmr fil-
tdan ad, in keeping with
; fvom diverse o

arelconmes 1UU'[||.<1[ M
b sHpl art ffl"f“’\lry.

FACULTY POSITIONS WITIT TENURE ar
Yale University: Lhe Department of Psyclwlogy at
Yale University annentnces scarches for two teamred
Faculry Positons, One positdon in hooan neuwre-
science sccks candidates who can bridge across teo
or more of the core areas in the Department (he-
havioral newroscience, dindcal, cognitive, develop-
mental, and social). Lhe second position in cognitive
pvchology seeks candidates who cand interact with
the broader prychology deparnment and also con-
tribete to tie Wnterdisciplinary cognitive scicnee pro
gram at Tale TTniversity. We invite applications from
candidates who have inrernational recognition for
creeptional rescarch, and =ho can also demonstrare
excellence m teaching ar both the undergraduare
and gradiare levels. All applicants should send a let
ter of application, curradlem vitae, one copy of se-
lected publications, and the names and addresses of
at least three referees. Materials should be scat to:
Chair, Scnior Scarch in (please indicate cither
human neuroscience or cognitive psychology),
Department of Psychology, Yale University, 2
ITillhouse Avenue, PO Box 208205, New ITaven,
CT 365320 8205, Applications must bc received by
TJchmbm 15, 2004, VYale Dhuveriry de an cfHonarive
g . w. M and ot of
ik h.»'egrﬂ.m.,h and culires are enconraged 1o

diverse rad

auply.

POSITIONS OPEN

PROFESSOR IN AGROECOSYSTEMS MAN
AGEMENT AND CITARLES R. PARENCIA
CHAIR IN COTTON ENTOMOLOGY. 'Lhe
Deparoment of Entomology at 'Lexas AfcM Und
versity seeks qualified applicants fin this endowed
chair position with a 67 prrcent rescarch and 33
pereent teaching appointment. Applicants shoodd
promsess 2 PhoT) o dn entonology or a closely related
biclogical science. Freference will be given to can
didates with a strong background in the ecology,
biclogy, and management of agroccosystems, par
tenlarly if related to cotton, Lhe incumbent is ex
[}CLTCAI to utilice a systes approach in addressing
issues associated with catton and inter related cca
systemns, thus focusing on quantitative aspects of
field-leve]l and regional management. The incuimn-
bent will teach one scction of Entomology 322 (o
sects 10 TTuman Soclery) one semester each year and
will develop a second undergraduare Saradate-level
cowse tanght one semester every other wear, Lhe
mumbent will also have responsibiling of mentor-
ship and lradership training of nndergradivare and
graduate students. %ec details at website: hop: 7/
insects.tamuadu for full descripton and instrue-
tons for submission of application marerials, Appli
cant review will begin Dhecember 7, MHI05, and
comtinue until a suitable candidate i selected. Tevar
ABM Llaiversivy seels individials who are able o work uo
diveren mm’erm wied ro.l"umr'\') who fuite M}Jm' s il
aad uta

i

IMMUNQLOGIST POSITION

St. Taans Tliversiry, a Catholic Jesnr instnudon
dedicated to student learning, rescarcly, healds care,
and service is secking applicants for a tenwre track
Assisrant Professon positdon in the Department of
Biologe, 'Lhe successfirl candidate will work in Im
mundologey or relared disciplines and be expected to
develop an independent, extramurally funded re-
scarch program and to contibute to onr nadergrad
uate and graduare curricula, Fseellent faclites and a
conmpreritive startur package are prosided, amd op-
portiitics are available oo collaborate with rescarch
ers ar the nearby TTealth Science Center and Tocal
Unijversitics. Applicants should have a Ph.0D., post
doctoral expericnce, and a record of research pro
ductivity. Al applications must be made anline at
website: htep:/ Sjobs.slu.edu; applications must in
clude curnculinn vitae and separate starements of
teaching and research goals, Send reprints and three
letrers of recammendation by post to: Dr. Richard
L. Mayden, Department ot Biology, 5t Louis
University, 3507 Laclede Avenue, St. Louis, MO}
63103 2010. laformation abeut the Department
arnd position s at wehsine: hopr/ Shiosleedu,
Review of applications will begin Nowember 28,
2005, and will continue untl suitable candidates ¢
wlentified. Se. Fowde Dhdeermity Hoan 1 fenative
Lgual Opperieaiy Lmployer, anid eniourapes aombiiions
ared pplicaeiane of wante avid miioriting

FACULTY POSITION

Chemical Engincering, Princeton University

‘The Department of Chemical Enginecring, seels
outstanding applicants fior 2 tenure-track position at
the Assistant Professor level in the area of bioen-
glncering, cfftctive as carly as Julv 1, 2006, Lhe
suceessful candidate should have a Ph.D. m o chemical
coagineering or related ticld, demonstrared excellence
in academic rescarch, and a strong commitment to
teaching and advising undergraduare and graduare
stidents. Applicants should send cuericubem vitac, a
detailed  desoription of teaching and research in-
terests, reprints of selected publications, and  the
names and addresses of at least theee references to
Faculty Scarch Commirtes, Department of Chem-
ical Engineering, Princeton University, Prince
ton, NJ 08544 5263, Applications are cncouraged
before Decanber 1, 2005 For informaton about
appleing to Minceton and how to sclf identfy, please
link to websiter hrtp:/ Aweh.princeton.edi /sites /
d.(}f/A[lPllC’lnt\Ih‘[‘(l home Peiwceron Dhdvarsitg 40 an
Lgieal Opporiai ifee Aciton Drploper, [omen
aried wisarivy candidases dee enoosramed toapaly
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Faculty Position

The Department of Materials Science and Engineering at MIT
invites applications far a tenure-track faculty position at the
assistant/associate professor level, to begin June 2006, Applicants
should hold a Ph.D. in Materials Science and Engineering or a related
seience ar enginearing discipling. The successful candidate will be
expected to develop a vibrant research program at the forefrant of
the field, and to harness their expertise in curriculum development
and teaching at the undergraduate and graduate levels, Research
areas of interest include, but are not limited to: materials for energy
praduction and storage, green materials processing, crystal chemistry,
materials chemistry, combinatorial materials characterization, soft
materials medeling, and clinical hicmaterials. Applicaticns received
fry February 1, 2006 will receive full consideration. MIT has a strang
and continued commitment to diversity in engineering educatian,
research and practice, and especially encourages applications fram
womean and minoritias.

Applications submitted sheuld include twe cepies of the following:
acomplete G\, a 30 5 page statement of research and teaching
interests, no mare than three publications, and complete contact
information for three references. Applications should be addressed
ta: Department of Materials Science and Engineering, Attn; Esther
Greaves Estwick, Rm 8-328, Massachusetts Institute of Technology,
77 Massachusetts Ave, Cambridge, MA 02139-4307.

MIT is an Affirmative Action/Equal Employment Opportunity employer.

III.
I Massachuseits Institute of Tochnology

http://dmse.mit.edu

Illr!-ll

DUKE INSTITUTE FOR

GENOME

SCIENCES & POLICY

“Ir"lll

DUKE INSTITUTE FOR

GENOME

SCIENCES & POLICY

FACULTY, CANCER GENOMICS
W as seeking applications o nnovative aod ascomplished Drsssipators with
stromg hackgrounds inomeslogy and genemics whose tature rescareh foens will henefit
from amd integrate with the programmatic initiatives within the Duke Institute for
Genome Scicnces and Policy, the Division of Medical Oneology, and the Duke
Comprehensive Cancer Center.

Candidates should have an M.T ot MDD degree and proven reeord of schicve-
meal o the akens of Mostivosl genomics aod oncolues, The candidats will becoms
part ol & lage inesdisciplinacy teoup thal includss pensticists, clinicians, and
compntatiemal seicntists engiged inoa variety of prodeos foeused on the application of
sehoreis lechpologles W addesss climeally-relssan problems. This will be & position
wilhin the Lnstitue for Genome Saences ol Policy with 4 primacy appeintcsnt in
the Thepartment of Medicine, Division of Medical Omerlogy. The candidate will be
capeeted tn devote the majority of histher time terescameh cffors in addivion te elinical
responsibilitiss, Slae-vl-the-arl reseaich spacs Is aeailable in vng of several newly
comatrueted fheilitics homsing eperations of the TSP and the Cancer Center.

Review nf applications: will hegin immediately and will elose on Decenther 31, 2005,
Applicativng (elseionie s PDL (lsst that include 4 curelenlome vilae, o staement of
researel acerplislmeents and futre rescareh plans, and the names and addresses
of three referenzes should he sent to: Cancer Genomics Facolty Search, Dule
Institute for Genome Seienecs and Poliey, Duke University Medical Center, Email:
Tonikahenry @ dule. cdu. Duke University is An Lgual Oppoctionity A 0liemetive

Actiom FEmployver. Female and minovity candidates ave cspecially enconraged

Huke Unitrersity
Metical Center

10 appli

Vice Chair of Emergency Medicine Research

Thue Trepariment of Tinergency Maedicme al the Toniversily ol Towa s actively
seeking applications for the position of Yice Chair of Emergency Medicine
Rescarch, Hequiremenis for the position are a doctonal degree (MY or PhI,
active parbivipalion tn either haste soenee or clinical veseanch broadly related
to acuwte medical disorders and demonstated experience promoting a diverse
work free/academic envivomment. Destrable guabilfivations e e Board Cer-
Lifivaion m Tmergeney Medicme or Pedialre Tmergeney Madicme, aclive
extramural funding and research accomplishments waTauting an appolitment
Loy the lenwre rack al sither the Associale or Ml Professor level, Tnvestiga-
Lews wilh experlise i the arcas ol sepsis, myocardial infarchon, stroke and
resuscitation are of particular interest,

Ciomsiderable release Gme, star up Munding, 3 TTT ol vescarch mersonmel (1
PhD and 2 research assistants} and approximately 2,000 square teet of wet
Lal: space are available for the successful applicant to begin building a world
class Tnergenwey hodicme Rescarch Center, TRaprwopriale, clmical dulies will
be prerfonmed al the Tomversily of Towa Health Care’s Tmergeney Treatment
Center, which Is the region’s only Level 1 Trauma Center.

Tracdttionn b deselompng the Tepariment’s research program, the Vice Chair
of Research will have direct responsibility for the development of junior
taculty in the Department’s temnre track. The individual selected tor this
mrosition will also be involved in Towa’s only Timergeney Modivine residency
TIAning progran.

Terweas Cily 15 o beanti il ouldoor and Gamily ortented commumily lovated along
Lhe banks of the Towa River just 200 miles west of Chicage. The hay 2005
edition of Expansion Management magazine named lowa City as the No. 3
most leable eily o the Untled States and 1ls sehool system as No. i1k “hoest
mehlic sehools™ national ranking.

University of [owa salaries and fiinge benefits are very competitive, luter-
esled applicants should send a OV and satement of rescarch milern and
accomplishments to: Eric Dickson, ¥.D., Head, Department of Emergency
Medicine, University of Lowa Hospitals and Clinics, 200 Hawkins Drive,
Tarwa Clicy, TA, 52242-1009 or Candace-barnhill@vinsva.edu.

Applicable hackeround cheoks will he conducted, The University of fowa is
et Fgaeerl Opporineming ceed Afffrmetive Aciion Raplaver, Bumen cnd seinori-
fieww amve xevowgly encowrared o appls

The University of Georgia

OPEN RANK FACULTY POSITION IN
MOLECULAR EPIDEMIOLOGY

The Department of llealth Administration. Biostatistics and Epidemiclogy
{[IABE} in the College of Public Health (www. publichealthuga.edu} in
canjunetion with the Department of Genelies (ww aegenelics.ugaedud m Lhe
Franklin College of Arts and Sciences atthe University of Georgin iwvites appli-
cations for an OPEN BANK, TENURE-TRACK, FACULTY MOSITION IY
MOLECTT AR FEPTDEMTIOLOGY. The antivipated starl e is July 2006,
The smecessiul candidate’s research program will be in the area of Molecular
Epidemiclogy with relevance to public health and human disease, The Uni-
vergily of Georada pronvides exscellent opportumities lo work collaboralively in
an exciting multidisciplinary envirorument and to build collaborative research
programs within the College, University and other institations within the state
inehuhing the Medical College ol Georma e Awgusta and the Cenlers Tor TDizease
Control and Prevention which is located in Atlanta approximately one hour from
campus, The successtul candidate will be provided with laboratory and otfice
s Ina hewly comstrweled rescarch building on the Toniversily of Georgia
camypas, The applicant st have ah D or MLD, and postdoctoral experience is
desired. The candidate will be expected to maintain a rigorous research program
andd Lo comtnbule Lo graduate teaching mmaeleewlar eptdamioloay and genelics
including human and population genetics, Academic appointment will be split
berween ILABE (531%) and the Department of Genetics (49%0).

Aphvants shondd send a cover letler, OV, slatements o rescarch and leachmg
Iterests, and no more than three representative publications to: Chairn, Scarch
Clommittee, Molecular Epidemiclogy, Depariment of Healih Administra-
ticm, Biostatistics and Fpidemidlogs, College of Public Heal th, Tiiversily
of Georgin, Athens, GA 30602-2102, The applicant should also anange tor
three letlers of revenmmendation Lo be mailed dircetly Lo the scarch comimilles.
Ter agsure Tull consideration, aprlications mus be weectved by Tamoary 31,
2006, Review of applications will begin on February 1, 2046,

The Univarsiiv of Georsia i conmmitied fo fncreasiems the diversiiv of s
Seeneliy conf wimgrhy ercosragges applicedions fromn badividals in
wrderrepresesied gromps. The Lidversite of Georgla is an
Affrmeive Aution wndd Bl Opprovaeiiv Fmployer
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POSITIONS OPEN

ASSISTANT PROFESSOR BIOLOGICAL
SCIENCES: The Department of Biological Sci-
ences and the Border Biomedical Research Center at
the University of L'exas at El Paso (U'VEP) is secking,
a tenure-track Assistant Professor staiing Tuls 2006,
for it expanding, rescarch emphasis in tomicology.
Candidates that focus on mechanisms of bioche mical
rosicology, pharmacology, or chemical carcmogenesis
are particlady invired, although all areas of oox
eologgy will be consadered. T the fall of 2008, the
Diepartment (website: htop: / /academics. utep.edu,/
biology) will cccupy a new $30 million state of the
art fadlity, which mcludes marmualian and aquatc
animal facilitics, and core facilitics in tssue culnwee,
wolecular bology, provein chenistry, microseogsy,
and TINA sequencing. The successtul candidate will
develop and malntain a swrong ndependent and cx
rramurally furded research program amd contibute
to hoth undergraduare and graduare (M 5 /P T
cducation,

Cualifications Bequired: Applicants st have a
Ph.Dy. or M.D., and postdoctoral rescarch experience,

Application Procedure: Applications should be
sent to: D Tisa Bain, Department of Biological
Sciences, The University of Lexas at El Paso, 300
W. University Avenue, El Paso, TX 79968-0519,
and should incude curniculinm vitae, a statement of
research interests, copies of tuce publicadons, and
comtact mformation fir three references. Applications
will be revicwed beginning Decomber 15, 2005, Sl
Chporialiy Lmployer,

ASSISTANT PROFESSOR,
BIOLOGICAL OCEANOGRAPHER
Florida Srare UTniversity

‘Lhe Department of Occanography s sceling ap
plications for a P13, level Biological Occanographer
fir a nme-month, tenure-carming appointonent at
the Assistant Professor level to begin as soon as Av
st 2006, We are particularly interested mea person
who studies the role of wooplankron In ecological
processes. Lhe position invelves rescarch, teaching
(primarily ar the graduate level), amd service. Please
seind a letter of application, cuericuhim vitae, and
contact information for three references to: The
Biological OQueanography Scarch Committee,
Florida State University, Departnient of (heean
ogrraphy, Tallahassee, FIL 32306-43 24,

Starting salary 15 negotiable, dcpcndJnT upHm
ql‘lalm\.atlons with a mininmm salary of $3%,000.

Cliwing dare 15 Thecamber T, M5, -‘\pp]n.dhnn
revicw will begin on Janmary L, 2006. Howewer, the
advertising and search process will remain active
until rhc, pn\]r](m I f'l]]c,d

ployer,
sty ;
A Al d e .-.‘ppn'}-‘ it
vardites dr aprapsiate. The Flodda Seate Dwieemiey dr oo
proklic weoeds amency pursdur to Chaprer 179 Flaedda
St

The Section of Rheumatology seeks full-tdime
academic Faoulty with demenstrated interest in ba
s1c, translatiomal and for cinical research In hmmu-
nology amd Sor autonamume diseases. The preferred
candidate nuest have an MU, Phooor 85 PhD.
with training in climeal and Ao Taborarory based
rescarch, Excellent teaching, skills arc alse requircd.
MDY, candidates minst be BC/BE in Rhcrnmatology
and st be eligihle for Im:dic:]] licensure 1 the
Stare of Minesis. Academic rank and salary commen
surate with background amd experience. Semd cur-
riculuim witae with references to:

Marcus Clark, M.D.
Chicf, Section of Rhewmarology
The University of Chicago
5841 South Marvland Avenue, (MCUY30)
Chicago, 1L 60637

e e L

The af Chicage 5 an AJF i

Fmplaper.

The discsplin of

FACULTY POSITION
Pharmaceutical Biotechnology /
Pharmacogenomics
College of Tharmacy, Western UTniversity
of Health Sciences

The Western TTmiversity of TTealth Sdences, Col-
lewe of Pharmmacy (website: hrep: £ www owesternu
edu/cp.hunl) nvites applications for a tenure track
Faculty Position in the Thepartment of FPharma-
ceutical Sciences. A PhT in pharmaceutical bio-
technology or pharmacogenomics or a closely
related disapline 15 required. The suceessful candi-
date will be expected to participate in the teaching
activitics of the professional (Pharm.13.) curriculum
as well as the graduate program in the College. Tn
addition, the candidate =il be expeeted to establish
and maintain an extramurally funded research peo-
gram. Rescarch startnp funds are available to the
successfill candidate.

Fank amd salary are negotiable, commensurare
with qualifications and cxpericnce. luterested ap
plicants shouwld submit a letrer of inteat, a teaching
and research statement, curdculum vitae, and
arrange to have twer letters of recommendation
sent to the search commnittes chair. Flectronic sub-
mmissions of all appropriate marerials are preferred and
cacomwraged. Please send all application marterials
too: Sunil Prabhu, Ph.I)., Chair, Scarch Commit-
tee, College of Pharmacy, Western University of
Health Sciences, College Plaza, 30 E. Second
Strect, Pomona, CA 91766-1854. Telephone:
909 469 3456. E mail: sprabhu@westernu.edu.
Twiveridty of Fealth Sdewsed 40 an Fgool
Hrinating iy Feuplorper and acivaly ek
appiiaiiciy fFom uoren il BNRoriies.

TENUBRE TRACK POSITION in biochemis
try, Departiment of Chemistry and Center for Bio-
molecular Swuene and Dynamics (CBSD, the
University of Montana, 'Uhe Deparoment of Chem
wrry ar the TTniversity of Montana seeks o fill a
tenure track position in biochemistry, Rescarch in
terests should be i biochemistry inareas that com-
plement our strengths in cnvironmental, orpanic,
physical or analytical chemistry, 'Uhe development of
externally fumded research programs, conmributing o
our undersraditate chemistry tLdLh.lﬂg and the de
wvelopment of upper division and graduwate courses
are required. The successful candidare wall also be-
conie a member of the Graduate Program in Biome
lecular Structure and Tlynamics (websiter hrtpe//
www.umtaedy Sgrad /programs S biomosl eoular /),
and the associated CBSD, in addition to their
tenure-track position in the Department of Chemnis-
v, A Phl), in chemistry, biochemistry or a related
tield, postdoctoral cxperience and cvidence of poten
taal fin teaching excellence ar the undergraduare lev-
cl are requited. We seek to Al this position at dae
Assistant Professor level, but applications for the As-
sowtare level from camdidiates with outstamding records
of scholarship and cxmanneral funding, are scleome.

Applications, moluding a complers curdeulum vi-
tag, a fnll description of fnwe rescarch plans, a
summay of past rescarch accomplislmcnts and a
statermnent of teaching philosophy should be sent to:
Nigel D. Priestley, Chair, Search Conuniteee, e
partument of Chemistry, The University of Mon
tana, Missoula, MT 59812-1656. Applicants
should arrange for three letters of recommendation
tir be sent to the same address. Tnformation abour
the department can be accessed from our websine:
hoep: / www nmt edu Schemtisery. Lhe revicw of

The ari of caring

applications will begin on December 2, M5, and
continue watil the posidon is tilled. Lhis positon
announcement can be made available in alternative
formats URON TEAUESE.

POSITIONS OPEN

FACULTY OPENINGS IN NANOSCIENCE
Purdue University

The Purdue University College of Science has
faculty openings in the broad area of nanoscience.
This 15 part of a campus-wide emphasis on nano-
scicner and nanotechnology. 'Uhis effort incledes the
Tirck Nanotechnolosy Center, g new $60 million
interdisciplinary facility, and approximately 20 new
faculty positions that 'm.l.l e added in the Colleges of
Tngineering and Science over the nest few years.

W seck exceptional fonlty, with Ph1D., o com
plement and expand ownr cxisting expertise i all
areas of experimental and theoretical nanoscience,
but will give special emphasis to candidates with
research interests in the areas of semiconducror
manostriectures, advanced fmaging ar the nanometer
scale cspreially as applicd to Mological systems, and
comprutational nanoscience. Sucoessful candidates
will likely have a primary home deparoment in plss
ics, biology, chemistry, or coamputer science, and
may have a joint appointment moanother of these
departments or in the College of Engincering at
Purdue.

Candidares ar all levels are encouraged o oapply.
Joint appointments across departments i the Col
lewe of Science, or invalving the Colleges of Suence
and Engineciing, are anticipared.

VFor more information o the Pordue University
Caollege of Suence, its areas of coalescence, amd how
to apply for a faculty position, visit cur website:
heep: /S www science. purdue. edu ACOALESCE /.
The review of applications wall begin immediarely,
and continue wntil al of the positions are flled.

i FRgual Copinettisdty Rgual
- it .me ]-'c'r ariil £y connniied (o bl

ldiag @

ASSISTANT PROFESSOR, Neuroscience and
Tiehavior, Deparnnent of Paychology, Tiniversity of
California at Santa Barbara, Applications arc sorglie
for 4 temne tack position beginning, huly 1, 2006,
The Dlepartment s secking 2 candidate whoo will
contribute to the diversity and creellence of the ac
adermic commmumity through research, teaching, and
service. The Graduare Training Program in Neuro-
scicner and Behavior is secking a candidate in the
area of neural development and Jor plasticity whose
research complements theose within the departmicnt
{(website: heep:/ /www.psych.ucsb.edu)d, though
stromg applicants ine all areas exaoining the rela-
tonship betsven brain and behavior will be consid
ered. A Th.T)m biopsychology or related disapline
1 required at the time of appointment. Please send
curricrthum vitae, statcment of rescarch and teaching,
miterests, representative pubilicanons, and the nanes of
three prospective references by November 15, 2005,
to: Chair, N and B Search Committes, Depart
ment of Prychology, University of (_'1]1'Enrm1 Santa
Barbara, CA 93106 9660, he t

i an Lawal Opporwaiy Zdffinmaine dao

FACULTY POSITION

Chemical Engincering, Princeton University

‘The Department of Chemical Enginecring, seels
outstanding applicants fior 2 tenure-track position at
amy tank inthe area of Materials, effective as early as
July L, 2006, I'he siccesstitl \.a.nchclatc shonld have a
Ph.T2in chemical engineering or related field, dem-
onstrated excellence in academic research, and a
strog, comumitmcnt to teaching and advising under
graduare and graduate students. Applicants should
send cwrricwlnm vitae, a detalled description of
teaching and research intereses, reprings of selected
prublications, and the mames and addresses of ar Jeast
theer references to: Faoulty Search Comumitree,
Department of Chemical Engineering, Trinceton
University, Princeton, N] 08544 5263, Applica
tons are cocowraged befiore December L, 2005 Liog
mftrmation abiout applying to Princeron and how o
self identify, please link to website: herp:/ Swelb.
princeron.edy Ssites Sdot S ApplicantsTnto htm,
Privwetorr Twdversity (0w Fgual {lupartssty; Hagtivg
Adion Lwployer, Momen amil sinovisy aonilid are en-
couraped o applp.
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Midwestern State University
Dean of the College of
Science and Mathematics

Midwestern State University invites nominations and expressions of inter-
st for the position of Dean of the College of Bcience and Mathematics.
The sueeesslul candidate will assume e posilion m summmer 2006,
Midwestern State University, a Texas public university with about
G300 siudents 1y located m Wicluly Fulls {population 110,000), 120
miles nonhwest of Dallas, The Collere of Scienee and Mathemal-
ics, one of six colleges, serves approximately 700 undergraduate and
30 gradusie stodents, Addilional mlonmastion can be found at hitp:
fseienceandmath.anwsu.edu,

Ior. Morman 1orner, dean of the Collepe, is retiving after many years of
dudiciled service Wl Umnversity, His successor will [ind o cooperative
College of about 50 faculty and statf members. [lis or her duties will
include working with the chairs of'the departments of 13ialogy, Chemis-
1y, Compuier Seienee, Geoscienwees, Matlematies, and Physies, and the
Me( oy School of Engineering, and teaching upr to R courses a year.

Applicants must lave an carmed doctorae moone of the Collese™ disel-
plines; an establizhed record of effective teaching and scholarly activity
that warrants appointment as a full Professor in the College; academic,
sdimamsivaive, aind Oscal manugement experienee; knowledee ol curment
trends and issues in higher education; commitmentto diversity; and stromg
leadership and communication skills.

The posilion will remain epen vl an oller s made and aceepled.
Qualified candidates should send a letter of application, that speaks to
1his adverisement, d curment curmeulum vitae, wid @ sy, meloding phone
numbers and e-mail addresses, of three references to: 1. Friederike
Wiedemano, Provosl, Midwestern Stale Universily, 3410 Tall
Boulevard, Wichiia Falls, TX 76308. E-mail: [riederike.wiedemann
armvsn.edn.

ADAVEEG

UClIrvine

SCHOOL OF BIOLOGICAL SCIENCES

ECOLOGY: TWO FACULTY POSITIONS

The Department of Leology and Ivolutionary Bicloay seeks to fill two
tenure-lrack Assistant Prolessor postinons mthe ares of Beology, Pos-
sible areas of specialization include hehavioral, population, community,
and ecosystern ecology, without regard to taxon or system. Researchers
studying any aspect of global biologieal chanee, meluding guestions
related to invasion, bindiversity, hiogeography, land transformations and
resloraiion, bogeochemistey, the eleow o dlimmate e, and conserva-
{ons ooy, are partweularly eneouraged b apply, Applicans nuerested
in theory and modeling, as well as those working in the laboratory or
[iedd, will be comsdered. Bach suceessiul candidie wall be ecopecied o
teach w undergraduate wd raduatle courses mceology, Applicalions
will he accepted until the positions are filled, but will be considered
sturiing on December 1, 2005,

Please submit a letter of application including a statement of research
and leacling micrests, g cumeolum viae, and o sample of relevanl
publications, and arrange 1o uve three levers of recommendalon senl
to: Keolngy Search Committee, Department of Keology and Evolu-
fionary Biology, 321 Sieinhaus Hall, Universily of Calilorpia, Irvine,
CA92697-2525, The Depanmer of BEeology amd Evoluiunary Baology
{http://eenevo.bio.nci.edu/) maimaing strong ties with the Department
ol Earth Systom Seiences o the ares of global clingeee ceology (hitp:
Hglohalchange.binaeiedo/ httpywaw.essoci.ednd).

The Universive of Californie. Irvine has an active career partner
prrogram, e an Faued Opporfuiity Eaployer eosmifted to exceflence
throueh diversify, aird has o Neional Scieice Fosidation 41FANCE

Frogram in Gender Equiiv,

NEUROSCIENCE CAREERS

Tenure-track positions are open far
outstanding individuals to establish research
programs at Institute of Molecular Biclogy,
Academia Sinica, Taipei, Taiwan.

Applicants should have a Ph. D. degree and
sufficient postdoctoral experience.
Individuals with demonstrated records of
research accomplishments and scientific
creativity in all areas of molecular and
cellular biology are strongly encouraged to
apply. Junior scientists for the level of
Assistant Research Fellow are most
favorable. Senior members with excellent
scientific performance are also welcome.
Deadline for application is December 31,
2005,

Interested individuals should send
Curriculum Vitaes, a deseription of past
research accomplishments and future
research interests, and three letters of
reference to:

Director’'s Office, c¢fo Fei Chen
Institute of Malecular Biclogy
Academia Sinica
Nankang, Taipei 115, Taiwan

Further infarmation can be obtained from
Ms Fei Chen at feichen @ covax. sinica.edu tw

\orfrom:http:.-‘Mww.sinica.edu.twfimb /

Faculty Position
Confocal/Multiphoton Microscopy
Medical University of South Carolina
(MUSC)

The Department of Pharmaceutical Sciences
al MUSC s scarching for a lenuwre-track Tac-
ully member whe wses confocalimulliphodon
microscopy to study ¢ell injury and death,
The Drepartment of Plummaeeulical Scienees 5
undergoing dramatic prowth, Two new confocal
microscopes {Zeiss LEM 510 NLO, CARVI[)will
arrive i Fanoary ancbwill be howsed nthe Center
tor Cell Injury, Death and Regeneration in the
new diug discovery building. Excellemt oppor-
lunibies exist for collaborations i the MUSC
Llolings Cancer Center, Neuresclience [nstitute
and Gazes Cardiac Research Instinte, MUSC,
Loveated T the beaodi Ml oceanstde hislore districl
of Charleston, receives over $1580 millionsvear in
research funding, Excellent salaries and benefits,
commprelilive sLor-up e kages and new labwwsdory
space will be offered. The successiul applicants
will have a Ph.D. and pestdoctoral experience
anid will be expected o develop an independent
research program while participating in praduate
and professional teaching,

Review of applications will begin December
20, 2045 and will continue until the position
i filled. Applicants shoald sabomil a earrmenlurnm
vitae, statement of research interasts, and contact
informatien for tour reterences to: Dr. John J.
Lemagiers, ¢fo Sandy Spence, Depariment of
Pharmaceutical Scicnees, MUSC, 280 Cal-
houn St., POB 25301440, Charleston, S 29425,
{843} 792-3117; spencesjimusc.edu.

MUSE ix an Mgpral Oppartonivg Feployer

THE UNIVERSITY OF FLORIDA
COLLEGE OF MEDICINE

Chair, Department of Neuroscience

The Lniversity of Florida CCollege of Medicine
invites applications and nominations for the
pustivn of Professor and Chair m e Deparl-
ment of Newroscience. The department hasz a
mission within the college of both research
and teaclung responsibiluies, The depart-
ment has 24 primary faculty members with
research interests in all aspects of nevroscience
{www.neuroscience ufledu). The deparimen
is housed within the Mcknight 13rain Inatitute
{vwww. mbiufledu). o suc-of-the-an Gwlity
Tor reseanch and leaching 1o neanoseience
and newroscience-related disciplines. The
successlul candidate will have a PLD., M.,
or RLDUPL T depree. We seel an secom-
plished scholar with a distingiished record of
reseurch, miermiinons] recopmuion, keadership,
and adminisirative skills,

The review of applications will hegin on
December 1, 2005 and will conlmue until
the position is filled. Applicants should pro-
vide a leler of applicaiion, cumeulum vuae
and the names of three relerences via email
to NS-scarch@ phys.med.ufl.edu or by mail
1x; Charles E. Wood, PhD., Chair, Search
Commillee, Box 100274, Deparimenl of
Physielogy and Fonetional Genomies,
Cuoiversily of Florida, Gainesville, FL
32610-0274.

The Uiiverwity of Flovichs is on Egual
Cpportunie Tistinion,

ScienceCareers.org
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POSITIONS OPEN

MOLECULAR BACTERIAT
PATITOGENESIST
Colorado State University

The Department of Microbiology, Tiomunology,
and Fathology is seeking ourstanding bacrenial patho-
graesis candidates for a noatennre track faoueley
position ar the Asastmt Professor level as pare of a
campus wide Infretions Discase [nitiative, 'Lhe posi
tion inwolves 2 95 pricent commitment o rescarch
with & percent combined reaching and service. Tris
anticipated that the successtidl candidare =ill initdally
collaborate with established programs oo the sordy
of Mycobacterium tuberculosis wathin the Myco-
bacteria Rescarch Laboratories (MBEL) leading to
an independent research program in infectouws Jdis-
eases. This imdividual is expected to build a research
program on molecular mechanisms of bacteria host
inters u_nmn leading to g physiological understanding
of infections discase processes. A FhD., M.D_/Ph.D.,
or DVALPh D in the arca of mculccu_lm' bactcrja.l
pathogenests and a minimuem of three vears of pose-
doctoral taining, are required.

Chualified individuals should subirmit apglications
by mail or e-omail. Complete applicatons, including
a cover letter; current cnrricuhum vitae; the names,
addresses, and e-mail addresses of three references;
and a short description of rescarch interests to:

Erin Napicr
Colorado Stare University
Department of Microbiology,
Tmmunology, and Pathology
1619 Campus Delivery
Fort Collins, Colorado 80523 1619
Fax: 970-491-0
E mail: erin napieré#colostate.edu.

Twaluation of applications will begin Thecember
Ta, M5, and wall contmue until the posidon s
LL].lcd Colorade Siate Ulniverstip s an Laeal Ohpporiseiig
Eomplayer.

BRADLEY UNIVERSITY

‘The Diepartment of Biology invites applications
for a teomre track position in cell biology,/molecnlar
b]n]n"u’dc\‘c]t:pmcnr“]] baclogy ar the Assastant Pro-
fessor lewel oo begin fall 2006, A Ph.U. is required
amd postdoctoral experience 15 preferred. The suc-
cesstul candidare will be expecred to reach cell and
molecular biology, courses in the area of sproializa
ton, and general biology courses. Tnoaddition, the
candidare will be expeeted to cstablish a produetive,

cuternally fnded rescarch program in the arca of

expertise, amd o contribute to the broader biology
cutriculnm,

Applicants nmst demonstrate a strollg oOnuic
went o undergradieare reaching and research, and
the promise of scholarly and prdagogizal cxecllence
i g Diberal arts serring. Submic a letrer of applica-
tion, curricnlum vitae, graduate and nndergraduate
transcripts, statements of teaching, interests and re
search plans, and three lerrers of reference tor Search
Comumittes, Biology Departnient, Bradley Univer
sity, Pueoria, TL, 61625, Applications received by
Trecemnber 15, 2005, will receive first comsideration.
TFor a full position description, please visit websire:
htrp: /£ Awwow . bradley.edy Shumanresources.

anm-
currsilp

tive Lmployer, The ¢
itted to attedcting grielifizd carneliedates __r?om et
wailerepresenied o our SwDN,

BENTHIC MARINE ECOLOHIST
‘Lhe Marine Laboratory at the Sanibel Captiva
Conservation Foundation seeks a full-time Tenthic
Marine hLOlCIngt (o, or M5 with expericnee)
with a specialty 15 in seagrass or mkerobial comme-
ity ecology. Wore dc,r“n]\ regarding the Foumdation
(website: hop:/ www.sechorg) and the position

are on o website, Applicants should send a Jerrer of

interest, detailed resumic, and contact information
for at lcast three reftrences tor Dr. Stephen Al
Bortome, Marine Laboratory Tdrector, Sanibel-
Captiva Conservation Foundation, 900A Tarpon
Bay Road, Sanibel, Florida 33957 TL.S.A.

916

POSTROCTORAL AND RESEARCIT
ASSOCIATE POSITIONS
Keck Graduate Institute of Applied Life Sciences
Available imumediately to develop coll based assay
for dimg screening. $uecessfil candidares must be
experienced in tssue culnure, wolecular and cellular
biology, Knowledge in cozvme kinctics desirable.
Good commmnication skills, problem solving skills,
atnlity to work independently and self-motreation
are cxpected. Keck Graduate lustinete (website:
hrtpz/ Awwwebgioedu) is a member of The Clare-
mont Colleges, Iocared about 30 miles east of Taos
Angrles. Lo apply, please sead cwriculum vitae and
names and addresses of three professional refer-
CLEcs o
. Chen-Chen Kan
Keck Graduate Tnstitute
535 Watson Drive
Claremont,CA 91711
Fax: 909-607-RO86
E mail: Chen Chen Kan@#kei.edu.

Biomolecwlar Nuclear Magneric
Fesonance Spectroscopy
Texas Alcd University

The Department of Tiochemisny and Tophysies
at Lexas A¥ed University invites applications for a
FACULTY POSITION in the area of macrinmo-
legular muclear magnetic resonance | NMRS spectros
copy. lndividials investigating the souctrre and
functiom of macromolecular compleses (protems
and mrcleic acids) and membrane proteins are par
ticularly encouraged toapply. Cutstanding candi-
dates at both the tenure-track  Assistant Professor
and Associate Professor levels will be considered.
Texas ABM University is commutted to building in
the area of stuctural biology, with cfforts wderway
to add an %00 MHz instrument to lowvcr feld in
struments (200 60050 currently avallable, The sue-
cesstirl candidare =il join 4 swong interdisciplinary
core of structural bi(i]ngix'm and become a faculty
trainer in our NTTT-supported Molecular Tiophysics
L'raining, Program. 1o addidon to cstablishing and
maintaining a vigorows mdepemdent research peo-
gram, the successful candidate will be commireed to
teaching, at both the undergraditate and graduare
student levels. Candidates should sulnnit curriculum
witac, a bricf description of rescarch plans (not to
cxreerd five pages), and arrange for three letters of
recommendation o be sent to: WMR Spectroscopy
Search Committee, Texas AScM University, De
partment of Biochemistory and Biophysics, 2128
TAMU, College Station, 1TX 77843 2128, B
vigw of applications =il begin December 1, 2005,
and wall continue untl the position 35 Alled. Tevw
ALAL B amative Aciion
Lmployer rommitied 1o i

SCIENCE ANALYST

Join the scientitic department of 2 New York Cige
law finn and help us to dentife, sionmariee and
critically cvalnare biclogical and medical rescarcl lic
crature and statistical data relevant to product
lahility Ifgation. We are seeking expertise in the
maoleaidar and cellular bMeology of cancer. Good com
munication skills — hoth written and oral — are re-
quired oy present ang s of meadical and saentific
fsmecs to monscientists, Aust be a team plaver and a
self-starter with the ability toset prionities and meer
deadlines. Troctoral dc,s_,w,c preferred. Txperience in
1 nonacademic position (consulting, industy, lic
igration, ete) a plus, This position does nor involve
appearances in cowt. Competitive salary and ex
cellent benefits, %end reswme, publication lst (i
apyrlicable], salary history and requirements o
Ms, Zweifler ar e mail: fdzweifler@jnifovlaw.
com, or fax: 212-524-5050.

‘Uhe Chinese University of Hong kong, Depart

ment of Physics, invites app]n_ahtm\ fur the post of
Professor | Fot. 05,/ 1641665 1,21, Applicants shomld
hawe (1) a doctoral degrec in Experimental Plgsics
or Materials Science or related discipline s
ountstanding, record of rescarch ac omphshmcntx

and 35 the ability to lead a visible and significant
research programme. Potential for mteraction with
faculty and rescarclicrs n scmiconductor plvsics,
surface science, optics, amd nanostruecture mareri-
als =il be considered favorably. Appointmicnt will
normally be oo a Axed term contract basis for up to
three years, with prospect for a Jonger-renn appaoine-
ment thereatter subject to mumal agreement.
Txceprionally, substantive appomtment can be oft
fered fonthawith to candidates of proven ahilice

Liar cnguiries, please e mail: physics@cuhk.edu.

hk. Manthly salary vanges from TTRSFa 435 —
TTE$23,810 [-'\}_\}_\H:xlnulrc exchange rate in Ooro-
ber 2005: USS1 - HEKS7.8]. The position is open
il filled. Salary will be highly compettive, com-
mcnsurate with qualifications and cxpericace, Lhe
University offers a comprehensive fringe benefits
prackage, moluding medical care, plus a contracr-end
grammity for an appointment of teo years or longer
ard howsing benefies for eligible appointees. Further
mformation about the TTniversity and the general
terms of service for appoilntments is available at
wehsite: hrop:/ Swwwocuhbedu bk Spersonnel.
The terms mentioned herein are for reference onlv
and are subject to revision by the University, PMlease
serd full resuime, copies of academic credentials, a
publication list and/or abstracts of selected pub

lished papers, statement of research interests and
proposed directions, togerher wirh names, addresses
and fax members,/c mail addresses of three refer

ences to whom the applicants” consent has been
given for their prowiding references (unless other-
wise speciticd), to: Chairman, Department of
Physics, Scicnce Centre, The Chinese University
of Hong Kong, Shatin, New Lerritories, Hong
Kong, or by fax: 852-2603 5204, The Persomal
Tnformation Collection Statement will he prowided
upon request. Please quote the reference mmmber
arud ark “Application — Contldential™ on cover,

TENURE TRACK POSITION
University of North Carolina, Chapel TTill
Marine Ecology,/Biological Oceanngraphy

The Warme Suences Deparnment invites applica-
tions to fill a faculry posidon at Assistant Professor
lewel W scck applications trom candidates in any
area of marine ccology or Mological oceanography
whose worlk ntegrates with existing stwrengths in
Loty the lfe and Fartl scicnces, and =l apply cx
permnental, quantitative, desoriptive o moelecular
techniques oo solve cutting edge, interdisciplinary
prohlems. The successtul candidate fin this position
will have the potential o fund and perform high
quality research and teach effectively at the graduate
aruld Uﬂdt:]'LJ aduate Tevels. The posidon carries nine
momnths of salary support. For further information
sce website: hoep: //weww.marine unc.edu. Submit
curricuhnn witae, and statements of research and
teaching intcrests to: Chair, Marine Ecology,
Bicliyrical Oeeanography Scarch, Department off
Marine Sciences, 12-7 Venable TTall CB 3300,
Chapel Hill NC 27599, Avange to have four
letters of reconnmendation sent to the sane address.
Brview of applications will begin on December Lst
205, bt the search will contine watdl the position
o filled. The Thdverity of Mah Claoling {0 an Fjpial
Croporiamity Lmployer,

POSTROCTORAL FELLOWSITITS, Tniver-
sty of Southern California (USCE KN1A tunded
training programs are accepting applications for fel-
lowships ine Newrobiology and Fndooinology of
Aging, Caleb Finch, Ph.D., P.I., Contact: Lisbeth
Ruiw, v-mail: lrobe@usecdu; and Multidisaplinary
Brsearch 'Uraining in Gerontology, Eileen Crimumins,
Ph.DD., P.I. Contact: Linda TTall, e-mail: lindahi
usc.edun, Tmmediare openings and recruitng for
2006, 2007, Must be U5, cidzen or hold curreat
1551,
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m MICHOLAS SCHOOL OF THE
ENVIRONMENT AND EARTH SCIENCES

W 5 UKE UNIVERSITY

Molecular Environmental Toxicology

Dhuke University™s Nicholas School of the Toviromment and Tarth Scicnees
{NETTEY v iles apphicattons fwa lenuwre-lrack mesibion @ maolecalar environ-
mental toxicology, Rank for this position is open at the assistant. associate and
Tull preolessor levels. Helevant rescarch milercsts inelude, bl are nol Biniled
Loy, cluetclation ol molevular mechandsims underly g eTeets ol envirommental
stressors including pollutants, toxicogenomics, comparative molecular biol-
oy and losteolomy, allormative model systoms Tor hwman heallh regearch, and
mulevular approehes G understanding covirommendal and hurosne health,

MNSEES, with an interdisciplinary faculty of 50, oife
degrovs and araduate {(MLS and PhILY degroes, anddisels T
ate environmental programs.

;. professional masters
ke’ unehereradu-

Thuere are munerous opmrerlonibics Tor inlerdizerplinary. collaboralion within
Lhe Wichelag School and with olher academte unils across the campas, O
particular relevance to this position ave existing NIELS-funded research centers
minvipally mecolying Ncholas School andthe T uke Toniversily Modical Conter
Tavulty (Superfiond Basiec Rescarch Conler, Center for Comparative Biology
of Vulnerable Populations, Center for Geospatial Medicine, and [ntegrated
Tesicology Program}. Additionally, the Nicholas School recently Lanched the
Michaolas Trgtitele for Tovirommental Policy Solutfons that will inkerface cwlting
edge science and policy approaches to solve major envircumental problems.

The sucecssiul applicant 5 expected lo have, or o develon, o nabionally
recognized. extemally funded research program and to teach 2.5 cowrses per
yvear. Send letter of interest. curriculum wvitae, a one to two page swnmary
ol rescarch and Leaching plans, and names and contact information Tor thiee
references to: Dr. Richard T. Di Giulio, Chair, Molccular Environmental
Toxicology Search Comumirtee, Nicholas School of the Environment and
Farih Sciences, Box 90328, Duke Universily, Durham, N 27T08-0328.
Roview ol appheants will cominence Januwary 2, 2008 and conlinus until the
position is filled.

Fheckes Umnivewsity is cor Egnead Opporowiiie/ A ffimecdive Avtion Emplayer

MASSACHUSETTS GENERAL HOSPITAL

Harvard Stem Cell Instilule s reeruitinge Geully m Siem Cell Biology
for a newly created, multi-disciplinary Center tor Regenerative Medicine
{CRM). The suceessul candidaie{s) will also be members of the new
Harvard Stem Cell Instinute and feoully members of Harvard Medieal
School. One to three Assistant Professor level positions are available with
b least vne speetfically focused on Candiovascular Stom Cell Blology,
Roeruts mhus ared will be joint membaers of e alilidded Candiovaseolar
Research Center (CV R,

The gwal ol the CRB s o provide detaled analyses ol nssue developnuat
for the purpose of modeling disease states and ereating practical methods
of tizsue regeneration, replacement or repair. It incorporates developmental
bnodogey, ES and adull siem cell biology, brocnmmneerings, magimge and
computational expertise to understand the complex relationships of
prumiive cells witly their microcnviromment. The CVRC cinphasizes
developmental peneies and cmbrvology, and cell fransduciion and
transeription; and translational rezearch to replenish or penerate new
licurt tissue,

The centers participate fully in the larger | larvard University-wide stem
cell rezearch efforts and araduate programs; both are in new space on
the MGH muin ciumpus, The HSCT 15 8 mujor new wmversily-wade,
interdizciplinary endeavor with substantial resources to speed pogress
m the feld, We are secking PL.D., M.D, or MDGPLD. seieniists wilh
i Instory of nmevaive, memelive escarch usinge wammalisn or mon-
mammalian systems.

Candidales should sed o leder of mierest meluwding: rescarch plans,
c.v.and 3 letters of support to Dr. David Scadden, ¢/0 Chris Pasker:
cpaskergpartmers.org and Dr. Kenneth Chien, ¢/o Elaine Tosto:
elosloi@pariners.org.

Department Head

The Department of Biological Sclences at Roch-
asler Tnstitute of Technology {RTT}Hs a dynamic,
exmanding depariment o 240 diverse Taeolly
and more than 4004 undergraduate and zradu-
ale sladents. We are secking a highly gualificd
merson W lead an exeiting wansformation rom
a predominant focus on undergraduate teaching
Lev oz Lhial also Gsters vesearch and scholarshp,
while mainlaining our cxeallence 1n teachimg and
careel development. Vigorous efforts to advocate
foor substantial vescarch Tunding and Facilitfes, and
Lev reeriL and relatn students aned facully from
aroups that are underrepresented in the biclogi-
cal setences ane also Tmporbml componenls o the
il Forther mfimmalicn aboud the posilion,
Biclogical Sciences and RIT and can be found at
waw bitlogi.ril.edu.

A comnpleles aprhication, Trom mdtvidoals helding
a doctorate in a pertinent area of life sciences,
musl inelude o cwericndiem vieee, bricl sum-
martes of rescarch tnleresls and administrative

and teaching philosophies. and four lefters of

reference yent f: Dr. G Thomas Frederick,
Chair, Depariment Head Search Commit-
tee (PCEBP11-AAASY, Rochester Institute of
Technalogy, 85 Lok Memaorial Drive, Roch-
ester, NY 14623 Review ol applicalions will
begin ne Later than December 1, 2005 and will
contmue wnlil suilahle candidates are idendi Ged.
W wish do GLL this 12-memth posilion by July 1,
2006. The Rochester Instinute of Techmology is an
Fepreed Oppwveoeined A fliemeriive Aeiforn Enipdones
Membus of prvrecied elases awed Inelivi ficals wivk
Hre alilit; fo conribuie i meoningfit wa)s o
Hhe sevivennine & comfimehigr compmitiens fo celneal
fiversity, plivalivm, cnul fndiviched differences are
encompaged 1o wake qpplication.

MOLECULAR MICROBIAL
ECOLOGIST

The Department of BGiological Sciences
soecks appheants for g wenure-immek postlon
in Molecular Microbial leology. This position
will be filled at the rank of Assistant Professor.
Candidates wilh an mieres) m adaplation of
organisms to environmental stressors, ranging
fromn alterations in cellular processes to the
crowlion of speeilic imenvenyitonments, aw
strongly encowraged to apply. The suceess-
ful candidate will be expected to establish
an nndependent, externully Omded tescarch
program and to teach at the undergraduate
ad praduate levels,

To apply, a0 to hitp:/ascjobs.seedn, or send
curriculiwn vitae, reprints of three representa-
ve publications, 4 statement of cument and
firture research interests and aoals, and a brief
dusenplion of leaching micrests; and lave
three letters of reeommendation seit 1o D
Charles R. Lovell, Chair, Maoleenlar Micro-
bial Ecologist Search Commillee, Depart-
menl of Biological Sciences, Cniversily
of Sonth Carcelina, Columbia, SC 29208,
Postducioral cxpenenee 1s reguired. Review
ol applicaiions will bepin December 1, 2005
and contimie until the position is filled. Intor-
mation on the Deparlment snd 1he Environ-
mental Microbiology group can be found at
website: http://www.hiolse.edu.

Ap Eepread QoporrminyAffimeitve Action
Fuiployper. Women and Minority candidates
are strongly enconraged o apele

POST DOCTORAL POSITION

DEPARTMENT OF
BIOCHEMISTRY

Virginia Commonwealth
University School of Medicine

A postdocioral position 15 available n
the laboratory of Dr. Paul Dent, Masscy
Caneer Center, Virgima Commaonwealth
Lniversity, Richmond, Vireinia, USA. The
project myvoelves the use of novel thera-
peutic agents in ¢ells to manipulate sipnal
transduciion pathways and cell survival.
The applicanl muosi have a strong work
cthic and background in biochemistry and
maolecular biology and ke able (o mleract
with individuals in the laboratory of Dr.
Steven Grant. Experience in the cullure
of mamumalian cells and in the assessment
ol cell death i requited

Please contact  Dr.  Dent  at
pdent@hseven.edu wilh curmiculum
vitaz and the names and addresses of three
Telerences.

Firginio Commonwealth University is an
Lepwad Opprortunity Emplorver

ScienceCareers.org
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TIONS OPEN

ASSISTANT PROFESSIONAL SCIENTIST
LARGE-RIVER ECOLOGIST

The Center for Aquatic Ecology and Conserva-
don (CATC) at the Tincis Karural Tlistory Survey
(THTTS) s accepting applications for an ecologst
who works on larpe rivers. Lhe position is ar the
Tevel of Assistant Frofessional Scientist, and the suc-
cessfil candidate will direct the linels River Bio
logical Station (IRBS) and develop an externally
funded research program. Professional sclentsts
within CAEC conduct self directed rescarch, have
fnll access to UL campus facilitics and resources, lwold
adjunct or affiliate postions in TTniversity depare-
ments, teach courses, and supervise graduate stu
dents. The TRBS in TTavana, TT., 1% one of s1x field
statinms associated with the Tong Term Resource
Monitoring Frogram. lacilities ar the [RBS inchede
wet amd dry laboratories, offices, research boas, ve-
licles, and river samplma cquipment. 'L'a qua.hh for
this position, candidates mmst possess a doctorate in
aquatic ecology or a related discpline and have had
rescarch expericnee in larpe sivers or other large
freshweater ecosystems, Candidates with postdoc-
roral research experience whao desire to work on in-
terdisciplinary  projects with scicatists nside and
outside of the TRTTS are preferred. For full posi-
ticuy annowncement and application instictions sec
website: hrtp: /A www.inhs.uine.edu,/opportinities
index.html. ThHreor techmical questdons to: T, Juhn
Chick, telephonpe: 618 466 969, E mail: chicld#
inhs.uinc.edu. Deadline for application: December
T, 2005 Start dare: August T, 2006, INHS i an Fgual
Chpednniy Linploper,

TENUERE TRACK ASSISTANT PROFESSOR
Tuerrestrial Animal Beology

‘Lhe Departoment of Aoclogy, University of British
Colinnbia, seeks applications fir a Tenure-Track
Tosition m tervestrial aninmal ecology . The successtul
applicant is cxpected to develop a strong rescarch
program, teach courses in ecology or organismal
biology and actively participate in the UBC Bio
diversity Rescarch Centre.

Salary wall be commensurare with experience.
Appointment will be at the Assistant Proftssor lovel
and s subject to final budgetary apgrosal.

Applicants should send a cumiculnn vitae, sum-
mary of rescarch nterests and teaching philosoply,
and reprints of three ke publications. Terrers should
be sent divectly from three rveferees. Addvess all
materials to: Dr. Bill Milsont, Head, Deparunent
of Zoology, University of Brivish Columbia,
6270 University Boulevard, Vancouver, BC,
Canada, VaT 174, E-mail: hecad@xoology.ube.ca,
fax: 604 R22-57R0. Deadline for applications is Th
December 2005, or untl a suitable candidate is
foouml.

A giealified wp'h..m_ are c‘mum-lgw It 100'
- (Zens
wity. The
o el anil v comm

TENUERE TRACK ASSISTANT PROFESSOR
Biomedical Science
Applications are encomraged from candidates =ith
a doctorate and postdoctoral cxrpericnce in an area
of Binnedical Scence such as nevrobiology, emdo-
crinology, developmental biology, cancer biology,
pathology or related field. Successful candidares are
expected to participare in undergradiate and grad-
uate teaching and to develop an externally funded
research program. Send letrer of application, academ-
ig transcripts, statcments of rescarcl interests and
teaching philosoply, witac, and names and contace
information fin five references to:
Cynthia Mondragon
School of Biological Scienees
Ross TTall, Box 92
University of Northern Colorado
Grecley, CO RB0630
Vor details ser website: hop: //www.nnco.edu,/
nhs/employment /. For questions contact e-mail:
Review of applications begins January 10, 2006, T i
o Nottherm Goloraide f an Afadire Aio, Lol
Cluportanity Fmulaper.
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;
DES MOINES ¥ UNIVERSITY
FACULTY POSITION IN ANATOMY

The Department of Anatomy at Des Moincs
TTniversity- Chreopathic. Medical Center invites ap-
plicaticons for a 12 menth, tennre track facnley posi
tiom at the Assistant or Assoclate Professor level. The
sirecessfil candidate shall have demonstrated teach
ing excellence in the anatomical scienees, primails

hinman gross anatomy, embrace the applicaton of

cffective integration of techinology in the cducational
process, and develop and sustain an extranmrally
funded research program. Applicants must have a
dectorate degree and postdoctoral cxpericnce, Posi
tiom is available nomediarely. For best constderation
apply by January 13, 2006. Submit 2 letrer of afr-
plication, curricnhum vitae, statements of teaching
philesophy and research inrereses, and comrace -
tormation for three references to:

Dres Moines University-Osteopathic
Medical Center
A200 Grand Avenue
Des Moines, Towa 50312-4198
E mail: employmentédmm.edu
Wohsiter hrtp: /S woew dimu.edo
MICROBIOLOGIST
ORGANISMAL BIOLOGIST

The Department of Biology ar the Tniversity of

West Georgia (website: heop:/ Swww. westga.edu,/
~hiology) mwvites applications fin teo tenure-track
faculty positions at the rank of Assistant Professor. A
doctoral degree and recard of rescarch productivine
in the disaipline and Aor i pedagogy are required;
postdoctoral traiming amd teaching experience are
preferred. Lvaching, responsibilitics include partic
ipration in the required core for undergraduare bi-
ology majors or monsdence majors and advanced
undergraduare and graduare biology courses In spe-
cialty area. Position T, Mioobiologist area of spe-
cidlization is open, although qualification to teach
erviremmental microbiology and Son microbial phys-
iology s preferred. Position 2, Orpanismal Biologist:
arca of speclalization is open but qualification to
teach behavioral iology s preferred. Please submir a

letter of application, curricnhun vitac, statcments of

teaching, philosophy and rescarch interests/plans,
copies of transeripes, and mrange for three anrent ler-
ters of recommendation w0 be seat to: D, Leos Kral
(Microbology position) or D Greg Tayne {Or-
wanismal Biology position), Deparoment of Biclo-
oy, University of West Georgla, Carrollton, GA
A0118. Subnnissions in PTF funoat may be sent o
e mail: biosearch@westga.edu. Revicw of applica
tons will begin Nevember 18, 2005, with an antic
iprared stare da'rc, of August M6, DTG an Fioel
Cappotisaiivy ; i Linploger,

BESEARCH SCIENTIST POSITION
Stable Tsorope Boology /Geochemistry

LThe University of Wroming, Stable Isotope Liacil
ity seeks a vesearch solentst and faciline manager.
Minimunn qualifications: Ph.Tr. with demomstrated
rescarch cxpericnee (publications, grants] wtilizing
stable wotopes for enviromnental or paleoenviron-
mental rescarch, cxperience managing an isotope
lab, and at least tew vears of cxpericnee operating
stable dsotope ratio mass spectrometers. This 1 oa
permanent, tull time {tevlwe month) appointment
as an Academic Trofessional Research Scientist with
a starting date of Novernber 28, M5, Applicants
should submit curtdeuhnm vitae, letter of nterest,
and names amd contact infonnation for three ref-
CICICES To
Dr. Travid G. Williams {e-mail: dgw@ovwyouedu)

Department of Eenewable Resources
University of Wyoming
Laramic, WY, 82071

Brview of applications =il begin on November 14,
2005. 'Lhe University of Wyoming, is an Equal Op
prortunity SAffmmative. Action Amployver. Full joboan-
neonnccment at website: hoep: / vwadmnweb uwyo.
cdu hremployment2 MNonclass hmm#ES4637.

POSITIONS OPEN

ARID LANDS ECOLOGIST
Colorado State University

Assistant Professor, tenure-track, nine-month aca-
denie faculty position; Tepartment of Forest, Range-
latud and Warershed Srewardship, The Department
of Liorest, Rangeland, and Watershed Stewardship at
Colorado Stare TTniversiny { CSIT) Invires applications
and nominatons for an ASSISTANT PROFESSOR
in the ceology, management, or conscrvation of arid
ard semiartd lands. A connplete job deseription and
general information about the Departoment can be
fiound at website: hoop: //www warnerenr. colostate.
eduwArws/. Cualificatons: Required: (13 ThId in
rangeland ceology,/science, landscape ceology, plant
community ceology, conservation biology, or cosely
related field; (2] expertise m the ecology, manage-
ment, or conservaton of add and semiarid lands rel
evant tor goals for sustainable production. Thesirable:
(L1 a gradnate or nndergraduate degree in range
land ccalogy/scicnce; (2] teaching expericnce: (3)
refereed publications; (4) experience In comduer-
ing rescarch at the landscape scale: (3] postdoctoral
experience; () ability o involve stakeholders inore-
searchy; (7] ahality fo commmumieate scientfic knowl-
cdge to practiticners, managers, and policy makers;
(8] experience working in mrt:rdm_l}_\]]ndr\ rearms; (9]
interest and Sor cxperience working in the western
United States and internationally.

For application information and a detaled johb
deseription please log, on to Websn:e‘ http S

rarnercnt.colostate. edu,/hr /. o Lawal
Cpaartsinit fliriarive Adion FRiapls J‘r’er

ASSISTANT PROFESSOR
BIOLOGICAL OCEANOGRAPHER

The Department of Tiology and Maine Tiology
ar the University of North Caroling, Wilmingtan
(UNCE) invites applications for a tenure-track po-
sifion starting in August 2006 Candidates inoany
subdiscipline of bislogical occanograply mayv apply.
Dhuties inchnde undergraduate and graduate teach-
Mg, mamtaining an active vesearch progrom, and
directing, gradiuate students. Lhe Department otfers
RALME and ThaTy. degrees in manne hiology and
other degrees. A modern scicnee building, and the
Center for Marine Scicnee offer excellenr support for
marine research Cwebsites: http:/ Svwwewoanew.edu/
bio and heg: /A wwwnnew.edu Sontse ). Candidares
must have 9 PhoT2oand postdoctoral esperence. To
apply, complete the onlme application process avail-
able ar website: hop:///consensus.uncw.edu. A
letrer of application including brlef’ statements of
teaching and rescarch nterests, curricnlm vitae, and
cantact information for trce references should be
addressed to Dre Lawrence Cahoon, Oceanogra-
phy Search Conunittee, and attached to the online
application,, not e-mailed ormailed. Microsoft Word
or Adobe PTIF attachments are preferred. For ques-
tons abont the enline application process, contact:
Ms. Dwbbic Cronin, telephone: 910-962-3707.
Sereening of applications will begin Tanuary 10, 2006,
Under North Caroling law, applications and related
materials are confidential pcr\(mnc] docinments and
not subjeet to public release. GNCW B oan Lgeal
Cppartsindiy /o Henative Aaion Fplaper. Thoman aod mi-
wwitiee ave stwostaned t aphy

POSTDOCTORAL FELLOW

A Postdoctoral Fellow pesition is open in the
laboratory of Tr. Brian B. ITaab to study cancer-
related alterations in specific blood proteins, We are
particnlatly interested in the effect of oxidative stress
o the slyean composition of secreted protems, which
w address nsing, movel, multiplexed, protein analvsis
methods. The position requires a PhTY inoa Jife sa-
ences discipline or an WT wirh a research foouws,
Cmalified candidares should submit corrienlnm vi
tae, a brief cover letrer desenbing intereses and goals,
and the names and addresses of three references to
e mail: vari emplovment#vaiorg or mail to: Van
Ande] Institure, TTuman Resources - Rey. 589, 333
Bostwick NE, Grand Rapids, MI 49503, e
Cipnartsidty Fmploper
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AWARDS

THE 2006 LOUISA GROSS HORWITZ PRIZE
FOR BIOLOGY OR BIOCHEMISTRY
COLUMBIA UNIVERSITY IN THE CITY OF NEW YORK

The Leu'se Gross Herw'tz Prze was cstablished under
lha wil ol tha ala 5. Gress Horwile threugh a bequest Lo
Calumbiz Un'versty and s named tc haner the dancr's
mather, Louise Grass Horwitz was the daughter cf
Lr. Samuel David Gress (1805—1889), 2 prom’nenl
surgeen of Phadelphia and auther of the cutstand'ng
Spstams of Surgery, whe sarved as presidanl of 1he
Amercan Medica Assacaticn.

Each year since its ncepticn in 1867, the Leu'se Gress
Harwilz Priza has been awardad by Columbiz Un"versily lor
autstand'ng bas'c rescarch in the ficlds of bralagy cr
biocherslry. Tha purpess of Lh's award "5 1o honar a
scentfic “nvestigator, ar group af invest'gators, whese
cenlritlens e know adge in either of thase Mads s
deemed worlhy of special racogn’lan.

The Przc consists af an henarzrum and a c'tatian whch
are awardad al 2 spea’al prasanial’on avanl. Unless
atherwise recorimended by the Prize Cemmittee, the Prize
is awarded annualy. Dr Ada Yenah of he Weizmann
Inslilula of S¢’enca, Rehowel, 1srel, was tha 2005 awardae.

QUALIFICATIONS FOR THE AWARD

The Prize Cemmittee recagn’zes ne geagraphcal mtaticns. The prac
ray be awarded o anindividua or 2 group. Whan the prize s awarded lo
a graup, the henararum wil be dvded ameng the recprents, and cach
merber wil rece’ve a citat on. Preference wil be goven towark dene “nthe
recanl pasl.

Praspective recipients should be naminated electranically at:
http:/fcume. calumbia. edufhorwitz/

Electronic naminations should include:

1A summary, prafarab:y ess Than 500 words, of the research an wh'ch
Ihis neminalicn is basad.

2 A& surmary, preferabily less than 500 werds, of 1he "anilicanca of This
rasearch "o lhe Halds of Bo ogy or B echamisiry.

3. A briel bicgraphica skaloh of tha nem'nee, neluding pas'licns held
and awards raceivad by 1he nemnee.

44 isling of up Lo len af the ner'nee’s mosl s an'licanl pot: icalions
ra aling o the rasearch nolad undear ilem 1.

5. A cepy cf the nernee’s curriculur vitac,

Nominations must be submitted no later than January 21, 2006.

AWARDS

Great jobs

don’t just fall
from the sky. Let
ScienceCareers.org
help. ’

* Save multiple resumes and
cover letters to tailor job search

¢ Apply online to job postings

* Saved job searches update automatically
* Search by city/state or city/country

* And much more

ScienceCareers.org
RlAAAS

We know science

i ’ NEUROFIBROMATOSIS
Cq-l [dren s * YOUNG INVESTIGATOR
. Um(c)ir St AWARDS 2006
(9}11‘1”%‘5','0?”,' Neurodbromatesis (NF) cocompasses

neurelibromatosis 1, neurolibromalosis
2 and schwannomatosis, disorders that causze potentially devastating
neurologieal nimors and anoaray of complications meluding Jdealhess,
vision loss and leamning disabilities. NF affects an estimated 106,000
persons in the U%; can seriously impact on health and quality of lite;
anwl can be fatal,

Children’s Tumor Foundation is committed to ending neurofibromatosis
through rescarch, The Foundaion ofers e Young Tnvestipator Awards
e coeourise pre-doctoral and posidocioral rescarchers o mone lun
four years after completion of docteral training) in the neurosciences
aind olher diseiplines o foews e career on neumolibromalosts relatod
rescarch, Atcas of rescurch relevant o NF melude, bul are not limital o,
nunor signal transduction pathways; cell lineage and cell ditferentiation;
medeeular peneties; mechanisms and management of pain; wd cognuive
function. Applications are welcomed that address basic research, trans-
lational or clinical studies.

Avwards provide salury support commiensurale willh NIH-cguivalent level
of training, up to $43, 000 year for up to two years. Financial support for
alendanee al the Foundation™s annual NF Consoriium wd other relevant
meetings or raming courses will be available,

For a fill deseription of this program see our 2006 Request for Applica-
s al hlipsfwwwelLorg/prolessionals/via him. Or visil vur booth
{#1024) at SEN 2006

2006 APPLICATIONS: Applicaiion malenials will be available Tanury
L, 2006 al www.clLorg, Intent o submil application {limst 2 pages) due:
February 14, 2006. Full application due: April 1, 2006,
For further infonmation conticl:
Ms. Cicely Acosta, Grants Administrator
Children’s Tumaor Foundation
Tel: 212-344-6633 or email: cacostagellorg

ScienceCareers.org
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POSI NS OPEN
FACULLY POSITION
X-Ray Crystallography
Deparunent of Biochemistry and
Molecular Biology

University of Oklahoma TTealth Sciences Center

‘Lhe Departmicnt of Biochemisty and Meleenlar
Tiolengy ar the TTmversity of Cklahorma TTealth Sciences
Ceater (website: http -/ /w3.oubsc.edu/biochem /)
invites applications fior a teanre tack posidon at the
Tevel of Assistant or Assoclate Professor. Candidates
shouwld have a I'h.D., MDD, or cquivalent degree, and
significant postdoctoral expericnor. Candidates =ith
an established track record amd exstramural funding
will be considered at the Associate Professor level or
higher. The successtul candidare will use X-ray orys-
tallography as a primary research tool to Investigate
aquestions of bislogical importance. Lhe candidate
will develop a well-funded research program and have
a major role in the direction of the Laboratory for
Macromolenilar Crystallography (website: heep: /7
wi.ouhseedy /biochem /Crystallography Sindex.
bom}. 1n additicon to the arystallography laboravory,
which has recently been upgrraded, the Teparoment
has core fadilities inomass spectrometry, slyeobiol -
opy, and biophesics. Uhe Department has 18 full
rime and ten adjuncr faculty, who maintain active
and well firnded research programs. 'Lhere is an ac
tive crvstallography commmnity on camps that in
cludes members of the Oklahoma Medical Research
LFoundation {OMRI). Lhe University of Oklalioma
[OL7) Health Sciences Center and the OU Medical
Center, comprised of seven colleges, four hospitals,
the Presbvterian Health Lemndation Rescarch Fark,
and the OWMRFE, with cver 2200 faculry, is Jocated
o a 2 acre modern campus, Applications shenld

include a cover letter, cwrricnlum witac, outine of

current and future research, contact mformation for
thtee references, and up to fve papers. 'Lhe Scarch
Conmamittee will begnin reviewing applications. No-
vember 2T, 2005, and will continue undl the prosi-
tion is tilled, Applications shemld be sent as a single
TTOF tos e-muail: Xral Scarch@ouhse.cdu, wang Crys-
m]]m.,rflphx Search Cormnirree as the subject line. T_I‘H‘

Helakoma i an Laweal Ohppovismin i

A POSTDOCTORAL POSITION 5 available
on Dhchenne mmusonlar dystropliy gene therapy. Ap
plicants must hold g doctoral degree and have 2
strong background inomolecular bology and Sor prhes-
iology. Flease send curricuhim vitae and the names
of three references to:

Dongsheng Duan, Ph.DD,

Muolecular Microbiology and Tmmunology
Mal6 Moedical Sciences Building
University of Missouri
Columbia, MO 65212
E muail: duand@missouri.edu
Website: herp:/ /www. niissouri. edu s/
~mmivww dongsheng /dd.php

o request AL awommodations, please wll teleplene:
STF-AR4-TIFR (VTTY).

The Secrion of Tram Tumer Biology, Deparnnent
of Nowrosirgery, Braln Dwmor Center of Exeellence
(BLCOE), of the Comprehensive Cancer Center,
TWake Forest Tniversity School of Medioine 15 re-
cniting a POSTDOCTORAL FELLOW. Lhe can
didare should have strong interest I stidying bram
tmers and expertise in one or more of the fol
lenwing areas: molecular pharmacology, molecular
bology and Aor biochemisory. The position 1s NTIT-
fonded and the starting, date is dexible. Send o
riculuin witae, statement of research interests amd
rwo references to; Waldemar Debinski, MDD,
Ph.D.; e mail: debinski®wfnbme.edu.

SENIOPR SCIENTISLT [(New Jerscy): Owersee
analytical method  development amd validation for
new products (Abbreviated New Drung Application
ar New Dimg Applicadon . Requited: M8, or cquiv
alent amd five years of experience. Send resume o
Human Resources, Alpharma, 200 Elmora Ave
nuw, Elizabeth, NJ 07207, Artn: Ellen. Ko calls.

920

POSITIONS OPEN

TWO ASSISTANT PROFESSOR POSITIONS
CELL BIOLOGIST AND
VERTEBRATE BIOLOGIST

The Department of Tiology and Marine Tiology
ar the TTniversity of North Carcling 37 ]mmﬂ"rcm
invites applications for two tenure track positions
starting August 06

Cell Biologist: Candidates in anv subdiscipline of
cukaryotic cell biology are encontraged to apply.

Vertehrate Biologose: Candidares with an inrerest
in integrative and comparative biology are cocorr
aged to apply,

Tuties for both posidons include undergraduare
and graduiate teaching, and maintaining, an acdvwe re
search program that involves both graduate and un-
dergraduate stidenti. The Department offers a ToA.
in biologe, B and M5, degrees in biology and in
marine biology, and 2 PhT2 in manine bology.
Modern laboratories and diverse core facilities are
available n the Department and ar the Coater for
wlarine Soence (wabsites: httpe /A wvwwanewaedo/
bioy/ and hrep: 7 /www. unew.edu fomsr,/ ). Candi
dates must have a PhT) and postdocroral expe-
rence. To apply, complete the online applicaton
available at websive: htrp:/ consensus.unew.edu.

The application package should inclede a letrer of

interest that mmst contain brief statemcnts of teach
ing and rescarch interests, curricnlem virae, and
contact information for three references. Worosoft
Word and Adabe DL dacwments are the preferred
programs for attacluments. Lhe Chair of the Cell
Tiologst search 15 T, Stephen Kinsey {telephonae:
910 942 7398), and the Chair of te Vertehrare
Tiologist search s D T Ann Pabst (telephone:
91 P62 F266), Departcnt of Biology and Marine
Biology. For questions about the online application
provess, contact My, Tracie Chadwick (nelephone:
914 962 3536). Applicadon review will begin Jaum
ary T, 2006, TTnder North Carolina law, applications
and related materials are confidential pi:r\tmnc] dc:n_-
nments and not sub|th oo public release. STV i an
Faual {pperraningofimnarive Action Faployer. T
aried mnarinied e eaminged o auply

POSITIONS OPEN

POSTDOCTORAL POSITIONS are available
ar Cieonze Mason Tniveraty for two Comprutational
Nowroscientists and one Experimental Newroscien
tist beginning, in Janrary 2006, L'wo positions are
fumded by the Kational Tnstitures of TTealth to study
dopanine activated sccond messenger pathevays in
the striatum in collabosation with Dictmar Plenz;
one position s funded by the TTiman Frontiers
Science Irogram to study the role of A kinase an
chorning proteins and second messenger pathways in
hippocampal svnaptic plasticity. 'Lhe cxperimental
nenroscientist should have a Pho. in newrescicnce
or g relared field and electrophysiology or fnaging
skills. L'he computational newrcscientists showld
have a Ph.T in newroscience or a quantitative field
(marh, physics, engineering amd G programimimg
or nenral modeling skills, Salay S35.000. Lor
further details see website: hope/Awwwogmuedu/
departments Skrasnow /CENlab /CENlab.html.
Brview of applications will begin December 1, 2005,
and continee untl filled. Send conicelinn vitae, a
brief description of vour motivation, and references
to: Kim Blackwell, V.M.D., I'h.D., Krasnow
Tnstiture for Advanced Study, M.S. 2.1\1 Goorge
Mason University, Fairfax, VA 22030; or ¢ mail:
avrama®@gmu.edu, lrh..um.,e 1rrmmF,qh.n Cppaastisi-
ty Fmplaper.

RESEARCIT SCTENTIST: Seeking Physicist with
background momathematios to work m human neu-
rophysiclogy laboratory on brain dynamics. Knowl
edze of signal processing destrable amd knowledze of
statistics a plus_ Expeticnce with UNIX and Windeows,
Knewledge of at least one teclnical programming,
language and two soripting languages required. din-
imuem M8, required; b1 desirable. Salary range
FROAMD to SE0,00. Freellent benefits. Flease send
curiculun vitae tor Bernice Porjess/TTenrd Begledter,
Departnient of Psychiatry, State University of
New York Downstate Medical Center, TLO. Box
1203, 450 Clarkson Avenue, Brooklyn, NY 11243,
ot fax: 718 270 4081, Lagwal Cpporwniny Lnploper,

ASSISTANT PROFESSOR: Tiochemistry,
Chemistry and Physics Department at Niagara Uni
versity invites applications for @ tenure-track ﬂlcu]ry
position in biochemisory ifall 20060 PhT2 in bae-
chemistrw, preferable; suecesstul postdactoral cxpe
rience, stromg pm m:m'm] to develop an externally
firnded rescarch program, domonstrate comimitnent
to teaching at undergraduare level, and strong oval /
written communication skills. Responsibilines: prosi-
sion of high qualite teaching and scholarship, men
toringr students, supervisimg practicums, and serving
omdepartmental Aeollege conmnittees, Thepartment is
cwrently cxpanding and wishes to hire faculty that
will encourage that growth, With many new stare-oft
the art facilitics, the swccessfirl candidare will have
plenty of oppornwmity to develop a stong rescarch
Hatform and wall be part of the newly founded
Niagara University Academic Center for lntegrated
Suences, which encourages collaboratons with oth-
er deprartiments as well as Tocal industry. Tnitial start-
up fimds =il be provided. Located near the scenic
Miagara Falls, Kiagara Tlmiversity 15 a predominanthy
wdergraduate liberal arts university in the Catholic
Vincentian tradition, Application letrer, crrricnlnm
vitae, three lerrers of recommendation, reaching phi-
loscuph}’, and rescarch plan to: Dr. l\rlar} J.\'].C(_:Ell‘ll't
Chairpuerson, Chemistry, Biochemistry, and Ph}-‘sicx
Dypartment, MNiagara University, NY 14109-2044.
Applications reviewed ! position tilled. Affmszive
Aetinng Fyuel Cppertanity Famplaper.

A TOSTDOCTORAL POSITION is available
oy study the struecture and function of Aleheimer’s
amyloid precursor protein { Medeeslor Ceff 15:34 3
AR3, MMM Txperiences in protein chenvisery and
miclear magnetic resonance are required. Please
send ourricwlnm vitae, a beicf description of carecr
soals, and names of three references to: T, Ya TTa,
333 Cedar Street, New Haven, C1 06320,
L.5.A. E-mail: ya ha@yaleedu.

POSTDOCTORAL POSITION: Position avail
able to study the pathophysiclogy of the septo
hipprocampral systemn. The laboratory work s foowsed
in nnderstanding, septal newronal nerworks and
ther role In abnormal excirability states inclueding
Alshehmer's disease. The position requires expertise
i clectraphysiology. Skills in immunchistachemis
try, s culture and molecular bology are desirable.
Flease send curticulum vitac, summaty of rescarch
interests and three letters of reference oo Luis V.
Colom {c-mail: luis.colom@uth.cdu), Department
of Biological Sciences, The University of Texas at
Brownsville, 80 Fort Brown, Brownsville, Texas
TRI2.

POSTDOCTORAL RESEARCIT POSITIONS
Biological /Social Pyychiatry
Harvard Medical School

Research traiming in climical newroscence and
developmental psvehopathology, incduding, family
stinhies with integrative serminar. For PhTs and
WL w whao are TD8. ativens or permanent residents.
Brviews begin Jaomary 2, 2006, Contact: Clinieal
Rusearch Training Program, Judge Baker Chil-
dren’s Center, 53 Parker ITil Avenue, Boston,
MA 02120 3235, LTelephone: 617 232 83940,
extension: 4293; comail: ertp@jboc.harvard.edu,
Misorily applicaiions encontaged,

The Arnold Avborerem of TTarvard . TTniversity
announges the availability of MERCER AND
PUTNAM POSTDOCTORAL FELLOWSHIPS.
Applications are due Thecember T, 2005 Suppaont of
a sponsoring faculty member or senlor rescarcher
ar the TTniversity is essentdal. Tnformarion and ap-
icariom instructions can be ohtained at websine:
hwep:,// www.arboretunt. harvard. edu fresearch /

rescarch awards.html.
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Cold Spring Harbor Laboratory
2006 Meetings & GColrses

Meetings

Neuronal Circuits: _
From Structure 6 Function
March 9 -_12g88

~PTEN Pathways
March 15 - 19

Systems Biology: Global
Regulation of Gene Expression
March 23 - 26

Channels R chtot.s &
April 18 .

Co-.umssw H—
Protein_Purification-&____
Characterization

_March.29 - ApriL_H

Cell & Developmental
Biology of Xenopus
April 411

Genetics of Complex-Human
Diseases
June. Jo=13

Advanced Bacterial Genetics
June /7 - 27

lon Channel Physiology
dJune 7 27

Molecular Embryology of the
Mouse
DRl 2 7

Integrated Data Analysis for
High Throughput B1o!ogy
June14 - 27

Retroviruses
May 23 - 28

71st Symposium: Regulatory RNAs

May 31 - June 5

Glia in Health & Disease
July 20 - 24 b
Ben Barres, Martin Raff

ComputatlonaI Neuroscﬁn_c' ;
e N

=isign —e——v
June 16 - 2?__ .
A = :
- Adva'rwe_ﬂ;ﬂ'emnlques in
Plant Science
dune 30 - July 20

S, e —— ::F

Net'robiology of Drosopﬁita
June 30" July 20

Mechanisms of Neural
Differentiation & Brain Tumors
July 6 - 12

Advanted Techniques in
Molecular Neuroscience
July 6 - 20

Proteomics
dulyd. - 20

Eukaryotic Gene Expression
July 25 August 14

Imaging Structure & Function in

the Nervous System
July 25 - August 14

-~ duly 25 August 14

e e!egans
July 27 < Auglst 14 e

Stem Cells“& Regeneration
Algust-3we_16

X-Ray Methods in Structural
Biology 2
October 16 - 31

Programming for Biolegy
October 18 - 31 :

Immunocytochemistry, In Situ
Hybridization & Live Cell Imaging
Octeber 18 - 31

Phage Display of
Proteins & Peptides
MNovember 7 - 20

Computational & Comparative
Genomics
November 8 - 14

Above: Weekend sailing off the
Cold Spring Harbor Laberatory beach
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Q_

Who’s helping
build the future
of science?

e
phnte i Lo

‘ | read my Science an

the wark site. Formerly
a chemist, | found my true call-
ing in woodworking. Reading
Science helps me answer gues-
tions from colleagues about
the safety and efficacy of
building materials. ,’
AAAS member Miltan Trimitsis

AAAS is committed to advancing
science and giving a vaice to scien-
tists around the waorld. Helping our
members stay abreast of their field
is a key priority.

One way we do this is through
Science, which features all the
latest groundbreaking research,
and keeps scientists connected
wherever they happento be.

To jointhe international family of
science, go to www.aaas.org/fjoin.

AVAAAS

ADVANCING SCIEMCE. SERYIMNG SOCIETY

www.aaas.org/join
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MARKETPLACE

MARKETPLACE

Promih Biolechnolopgies Ine
Custom Monoclonal
Antibody $4,200

23000 CLONLS WILL B SCREENED

www promab.com infaggpromab.com

% GenScript Corporation
www.genscript.com 877-436-7274
Custom Peptide
54.80raa

Synthesize Any Gene
$1.450

Vector-based siRNA

CMV. UG, inducible promoters, cGFP tracking
Lentiviral, Retroviral, Adenoviral Delivery

Custom Polyclonal Antibody: $600
Monoclonal Antibody: $5000

a’ﬁwant

www, swant.com info@swart.com
Antibodies to
Calclum Binding-Proteins

Ibumln

Molecular Cloning Laboratories

High thronghpur DNA sequencmg
Gene synthesis $2/bp any siwc
Protein expression & purification
Yeast 2 hybrid/phage displaying

W mclahoom, BEs-623-20%

Vapor Pressure

Osmometer

The preferred method of

measuring the osmolality

of any biologleal fluid.
WESCOR, INC. 1-800 453-2725

Anti Asialo GM1
For NK Cell Depletions

Wako BioProducts
www. wakousa.com

(877} 714-1920

, RESULTS FAST..
PEPscreen’
om Peptide Libraries

DELIVERY IN 7 BUSINESS DAYS!

L}
L]
L]
L]
L]
L]
L]

QC: M5 supplied for all paptides
Ameunt: 0.5- 2 mg
Length: 6-20 amino acids
Modifications: Variety available
Format: Lyophilized in 96-tube rack
Minimum order size: 48 peptides
Price: $50.00 per peptide (unmodified)
SIGMA
GENDSYS
www.sigma-genosys.com/MP

MNorth America and Canada - 1-800-234-5362
Email: peptides@sial.com

Great Oligos
@
Great Prices

Get the Details
www.oligos.com

The Midland Certified Reagent Co, Inc.
A112-4 West Cuthbert Avenue
Madlamud, Texas 79701
ROG-247-8700

Design
Whole Genome
Tlllng Arrays

www.PrammrBloaoﬂ.th‘m—-- — Ph: 650-856-2703

POLYMORPHIC

=iy Pulymarphic (4 Tacologine, Inc=
SNP Discovery
uging DNA sequencing
$.01 per base.

Assay design, primers,
PR, DNA sequancing
and analysis includad.

883.762.0023
wvw.polymorphicdne.com + Info@palymorphicdnacom

COMBINIX CHEMISTRY
AND ANALYTICAL SERVICES

CUSTOM CHEMICAL SYNTHESIS

RESEARCH SCALE: 1 TO 500 MG, 95%
HPLC, ES-MS, FT4R, ONLY $49 each

WWW.COMBINIX.COM (650) 9690718

www.sciencemag.org
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SAMPLE PREPARATION

Maximize

vield & convenience
with our
 D-Tube” Dialyzers
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