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Antimicrobial Peptides

cell sciences

.. . experiment, discover, understand

Antimicrobial peptides are important members of the host defense system. They have a broad ability to kill microbes.
Antimicrobial peptides and proteins form an important means of host defense in eukaryotes. Large antimicrobial
proteins (=100 a.a.), are often lytic, nutrient-binding proteins or specifically target microbial macromolecules. Small

Description

Alpha-Datensin 1-3, mAb D21, biotinylated

BPI, human, mAb 4E3 ...
BPI, human, mAb 4H5 ..
BPI, human, pAb .....ccooniee

CHIPS, purifiad

Elafin'SKALP, human, pab ...

Elastase, human, mAb 265-3K1 ...
Galectin-3, human, mAb B2C10 ...
Galectin-3, mouse, mAbB2C10....
HMP 1-3, human, ELISA ...............

HMP 1-3, human, mab D21 ...........
HMP 1-3, human, mAb D21, Biotin ......

Lf, C-lobe, bovine, mAb a-bC-lobe ...
Lactofemin, boving, pAD ..o,

Lactofamin, human, pAb ...

LBF, human, ELISA ...

LBP, human, pAb ......cccommmn.
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Applications Key

IF: Immunofiucrescence

Alpha-Defensin 1-3, human, ELISA ...
Alpha-Defensin 1-3, human, mAb D21 ..........

Alpha-Datensin 1-3, natural, human .................
BRI, humamn, ELISA .......commisssenssnsnismomssmsisnssnia
BPI, human, MAB 3FY ........cooeeerrrmss reesmssmmarmes

Calprotectin, rmm.an ELIEA .................
Calprotectin, human, mAb27E10 ...
CHIPS (C-terminus), mAb JCCT ..o
CHIPS (M-terminus), mAD JMCT ..o

CRISP-3, human, PAD ... cnciiisecsenne
Elafin/SKALP, human, ELISA ........ccoooovivvcenec
Elalin/'SKALP, human, mAb TRAB2F ........cccccee
Elalin'SKALP, human, mAb TRAB2O ................
— N
Elafin'SKALP(57aa), rﬂmmblnmt. humnn

Elastaga, human, ELISA ....ominiiieninns
—
Elastaze, Muman, PAD ..o momsmssemsn

HMNP 1-3, purified, natural, Ruman ...
Lactolerdcin, bovine, mABSF12.1.2 . e,
v 1AW

— .
Lactolamin, human, ELISA ........coccovivnnccicea:
Lactofemin, human, mAb 265-1K1 ......ccvcimarens

LBP, multi-species, ELISA ......coooeoocorvsvrr e
LBP, multi-species, MAB BG3 ..............cooovvmnnns
— |
LBP, human, MAB 107 ....oocemmsocimsscesssensnnas
LBP, human, MAB BG3 ... sensene
L IAIPW

LBP peplide (a.a. Bﬁ 99: hLu'nan
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B: Inhibition of biclogical activity  F: Frozen Sections
IP: Immunapracipitation

FC: Flow cytometry
P: Paraffin sections

antimicrobial peptides act by disrupting the structure or function of microbial cell membranes. A multitude of antimicro-
bial peptides have been found in the epithelial layers, phagocytes and body fluids of multicellular animals including man.
Beside their role as endogenous antibiotics, antimicrobial peptides have functions in inflammation, wound repair and
regulation of the adaptive immune system. Cell Sciences offers the following associated products.

Description Applications
LEP, recombinant human

Plasma with low LBP level, human

LBP, mouse, mAb M330-19 ... —— -

LBP, mouse, mAb M302-2.....ccemmmimmommsmess AW

LBP, mouse, mAb RR433-8 ... B IAW

LBP, recombinant mouse

LL-37, human, ELISA .. I}
LL37/CAP18, human, mAJ:H 1‘312 W
LL3IZICAP18, human, mAD 3017 ..cemrmvimsensesss P

LL37 peptide, human

Lysozyme, human, pAD _......c.cocvommenmncnneeeees A IPW
Mannose Receplor, human, mAb 15-2 ............. FFCFS IAIP'W
Mannosa Receptor, mouse, mAbMRSED3S ... FFCIPW
Mannosa Recaplor, human, mAb 15-2, Biotin ... F FC 1AW
MPO, human, ELISA .. e i 1K

MPO. human, mAb EBB-EIH wrisisnsein FIAW

MPO, human, mAb 266-6K1, Bmtmﬂatﬂd .. FIAW

MPO, human, mAb 266-6K1, FITC .. e FIAW

MPO, mouse, ELISA .. p—— .}

MPO, mouse, mab BF4 . — o T ]

MPO, mouse, mAb 8F4, biuuny!amﬁ AR—— 1 o iy |

MPO, mousae, mAb 8F4, FITC .. a— o 1Y

MPO, rat, mAb 204 . FFCIAIF
MPO, rat, mAb 2D4, h allrryla'b&d FFCIAIF
MPO, rat, mAb 2D4, FITC .. wimesssnnnnins. I PG DA TF
MRAP-&/MRP-14, human, EL1$A A AR T e el .
MAP-8/MRP-14, human, mab 27E10 ............. FFCIAIPP W
Meutroph Delensin 5, rabbit, mAb R3 ... FFCIAP'W
MNeutroph. Lipocalin, human, mAb 897 ........c..... IAIF

nGAL, Lipocalin, human, mAb 837 ....... 18 1F
Polymyxin B, mAb 45 .. L
Proteinase 3 (PR3), I'u.!mm mﬁb FFIB:G-E .. FFCIAW
Proteinase 3 (PR3}, human, mAb WGM2 ........ BFFCIAPW
S100A8/A8, human, mAb 27E10 ......c.cccieeweees FFCIAIPPW
S100AB/S100A8, human, ELISA ... 1A

SLPL human, ELISA oo i 1K

SLPI, human, mAD 31 ..vcmn
SLPI, human, mAD 31, Biotin
SLPI, human, pAb ..

TiR1, CDT1, human.mﬁh BBBEM

TIR1, CO71, human, mAb 68-1G10 .........ceees

FS: Functional Studies
W: Western blot

. FIAIPPW

FlaPW

- A IPW

FFCIAIPW
FFCIP

1A: Immunoassay
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You could

Yes, it can happen to you:
If you're a young scientist making inroads in neurobiology
research, the next Eppendorf and Science Prize for

Neurobiology could be yours!

This annual research prize recognizes accomplishments
in neurobiology 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.

lo be eligible, you must be 35 years of age or younger.
If you're selected as this year's winner, you will receive
525,000, have your work published in the prestigious journal

Science and be invited to visit Eppendorf in Hamburg, Germany.

Get recognized!

N o el e — o
Deadline for entries:

June 15, 2007

www.eppendorf.com/prize
www.eppendorfscienceprize.org

“I feel incredibly
honaored to receive this
prestigious prize."”

2006 Winner
Daris Tsao, Ph.D.
Institute for Brain Research
University of Bremen
Germany

&: Science
PRIZE FOR
NEUROBIOLOGY

FID0ARINC © J0F. X006 Epperdar Al EDDSGrT & § e aees] Fadeeas
o Fpperciard A The i ASA G 0 g e e oF e ARAS




you've got
bettgr
things
to do...

better consistency
better purification

better results
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GE Healthcare e AKTA

100,000 scientists
working with proteins believe in
AKTA, UNICORN and wizards.

To 100,000 scientists worldwide, AKTA™ sets the standard in protein purification. All systems

in the AKTAdesign™ family work with intelligent UNICORN™ software, which makes it easy to
control every stage of your purification process. But we're never content to stand still. The
result is products like AKTAxpress™, which can solve low expression and double-tagged protein
purification challenges, and AKTApurifier™, a ime-saving automaoted protein purification
systemn that can be configured to suit your personal application and workflow needs.

By continually developing technology that can turn your scientific ideas into reality, we're
bringing science to life and helping transform healthcare.

We call it Protein Separations Re-imagined.

Discover the legendary purification power of UNICORN and AKTA, visit
www.gehealthcare.com/akta

I- m U g I n G tl 0 n U t wo rk GE Haalthcare Bio-Sciences AB, 0 General Electric Compaony

Bjorkgatan 30, 751 84 Uppeala, Sweden
© 2007 Geneml Electric Comparny - All rights reserved

GEOS-06. First printed 2006




COVER

Microscopic marine plants (Chaetaceros,
a chain-forming diatom) are consumed by
zooplankton animals (Weagloboguadring,
a foraminifera, lower inset; tail of
Neocalanus copepod, upper inset),
Marine plankion food webs can affect
climate by regulating the removal of
carbon dioxide in surface waters and
transporting this carbon to the deep sea
via sinking particles. See page 567.

Photos: Mary Silver
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EDITORIAL

515 The Biofuels Conundrum
by Donald Kennedy

NEWS OF THE WEEK

Stem Cell President Quits After Acrimonious Meeling

Humangous Eruptions Linked to Dramatic
Emvironmental Changes

Congress Restores Funds for NASA Robotic Landers
Exoplanets: Habitable, But Not Much Like Home

Proposed Biosecurity Review Plan Endarses
Self-Regulation

SCIENCESCOPE
Erasing MicroRNAs Reveals Their Powerlul Punch

Reseq frcle . Reporls pp. 604 and 608

Researchers Get in Synch Down Under

NEWS FOCUS

Killing Whales for Science?

Pentagon Asks Academics for Help in Understanding
Its Enemies

Improved Monitoring of Rainforests Helps Pierce Haze
of Deforestation

American Physical Society Meeling
Giavity Probe Researchers Report "Glimpses of
Long-fwaited Payali
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Snapshots From the Meeting
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LETTERS

Health Clues from Polar Regions T. C. Erren el al.
Science, Religion, and Climate Change
5 A Kolmes and R. A. Butkus
Clarifying a Quote on Women in Science A. Millis
Notes on Modeling Light Water Reactors G. Jofinsen
The Evolution of Eukaryotes W. Martin et al.
Response C. G. Kurland, L. J. Collins, D. Penny

CORRECTIONS AND CLARIFICATIONS
BOOKS ET AL

American Perceptions of Immigrant and
Invasive Species Strangers on the Land
P. A Coates, reviewed by J. Gurevitch

Aldo Leopold's Odyssey
. L. Newton, reviewed by F. R. Davis

POLICY FORUM

Building a "Green" Railway in China
C. Peng et al.

EDUCATION FORUM

Benefits of Undergraduate Research Experiences
S. H. Russell, M. P Hancock, . McCullough

PERSPECTIVES

Getting Closer to the Whole Picture
U, Sawer, M. Heinemann, N. Zambom

= Report p, 593

How to Fill a Synapse
P . Robinson == Research Article p. 570

A Promising Mimic of Hydrogenase Activity
I B. Rauchfuss == Repart p. 585

Factoring Numbers with Waves

M. 5. Zubairy

A

J. /. Eberly and T. YU >= Report p. 579

Oxygen and Evolution
R.A. Berner, | M. VandenBrooks, B D. Ward
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QlAcube — pure efficiency

Wintad o he New Prodes Sward [NPA|
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Eliminate manual processing steps

Continue to use trusted QIAGEN spin-column kits
Free up your time with affordable, automated sample preparation -

Purify DNA, RNA, or proteins from up to 12 samples per run

Standardize your results and increase your productivity COOD0

o00eesd
®
Contact QIAGEN today or visit www.giagen.com/MyQIAcube . QIAGENMJ

Sample & Assay Technologies
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Science

SCIENCE EXPRESS

WWWW.SCICNCEXRDICS5.0rg

CELL BIOLOGY
SCF2 Contrals the Oscillation of the Circadian Clock by Directing
the Degradation of Cryptochrome Proteins

L. Busino et al. ;
10.1126/science. 1141194

The After-Hours Mutant Mouse Reveals a Role for Fbxl3 in Determining
Mammalian Circadian Period
5 L H. Godinho el al.

10.1126/science. 1141138
Genetic and biochemical screens identify the same protein, which determines period
lengthi of the circadian clock by degradation of a known component.

CELL BIOLOGY

Revisiting the Role of the Mother Centriole in Centriole Biogenesis
A. Rodrigues-Martins et al.

Wew centrigles can form in the absence of an existing centriole, showing that

the process occurs by template-free self-assembly,
10.1126/science. 1142950

CONTENTS I

MEDICINE

MET Amplification Leads to Gefitinib Resistance in Lung Cancer

by Activating ERBE3 Signaling

1. A. Engelmaon et al.

Human lung cancers can become resistant to 3 kinase inhibitor by producing

multiple copies of a gene in the same pathway, bypassing the inhibited step.
10.11264f¢cience. 1141478

GENETICS
A Genome-Wide Association Study of Type 2 Diabetes in Finns Detects
Multiple Susceptibility Variants

L. J. Scott et al. ]
10.1126/5ckence. 1142382

Genome-Wide Association Analysis Identifies Loci for Type 2 Diabetes
and Triglyceride Levels

Diabetes Genetics Mnilialive
10.11 26/5cience. 1142358

Replication of Genome-Wide Association Signals in U.K. Samples Reveals

Risk Loci for Type 2 Diabetes

E. Zeggini et al, :
10.1126/science. 1142364

The hereditary component of type 2 diabetes reflects the contribution of at least 10

genelic variants, each with a modest effect on risk.

REVIEW

MATERIALS SCIENCE

The Problem with Determining Atomic Structure
at the Nanoscale

5. ). L. Billinge and 1. Levin

BREVIA

MATHEMATICS

Fast Routing in Road Networks with Transit Nodes
H. Bast, 5. Funke, P. Sanders, D. Schultes

Careful consideration of early access routes to a faraway destination
permits much faster algorithms tor choosing the optimal route.

RESEARCH ARTICLES

QOCEAM SCIENCE

Revisiting Carban Flux Through the Ocean's
Twilight Zone

K. 0. Buesseler et al.

Loss of sinking particles in the "twilight” zone of the ocean
(150 to 500 meters) by remineralization or destruction varies greatly,
complicating estimates of carbon sequestration,

561

566

567

www.sciencemag.org SCIENCE WVOL 316 27 APRIL 2007

NEUROSCIENCE

A Selective Activity-Dependent Requirement for
Dynamin 1 in Synaptic Vesicle Endocytosis

5. M. Ferguson el al.

A small regulatory protein is required for recycling of synaptic
vesicles during high-frequency neuronal activity, but an independent
mechanism maintains basal recycling.

370

== Perspective p. 551

MOLECULAR BIOLOGY

Control of Stress-Dependent Cardiac Growth and
Gene Expression by a MicroRNA

E. van Rooij et al,

A microRNA coded within an intron of a myosin gene increases the
pathological expression of embryonic myosin after stress.

=> News sfory p. 530; Reports pp. 604 and 608

REPORTS

PHYSICS

Environment-Induced Sudden Death of Entanglement
M. P. Almeida et al.

Entanglement between two qubits, which wsually decays
asymptotically, can be suddenly lost when there is a partial
loss of caherence in one of them.

> Perspective p. 555

a75

579

CHEMISTRY

Enantioselective Organocatalysis Using SOMO
Activation

I. D, Beeson et al.

A chiral nitregen-containing catalyst used with a one-electron
oxidant allows highly selective carbon-carbon bond formation
through a generally applicable activation route.

582
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Synergy. Strength. Leadership.

Cambrex Bioproducts is Now Part of Lonza

Following the acquisition of Cambrex Bioproducts, Lonza is now your leading supplier of cutting
edge products for cell and molecular biology, including:

* Clonetics™ & Poietics™ Primary Cells & Media

» BioWhittaker® Media & Sera

* MycoAlert Mycoplasma Detection Assays

» SeaKem®, NuSieve® & MetaPhor” Agarose

We offer the same dedicated sales, marketing, customer service and technical support teams
you know — and the quality and reliability you trust. Visit www.lonzabioscience.com/bioproducts
to find out more about our research products,

US BO0.638-8174 or 301.898-7025 » Europe 32 (0] B7 321611
www.lonza.com




REPORTS CONTINUED...

CHEMISTRY

A Dinuclear Ni{u-H)Ru Complex Derived from H, 585
5 Ugo el al.

A compound containing nickel and ruthenium mimics the active site

of iron-nickel hydrogenase and, like the enzyme, is able to cleave H,
in water.

== Perspective p. 553

GEOCHEMISTRY

Paleocene-Eocene Thermal Maximum and the 587
Opening of the Northeast Atlantic

M. Storey, R. A. Duncan, C. C. Swisher 1l

Massive eruption of basalt associated with the opening of the
northern Atlantic Ocean was simultaneous with and may have
helped trigger the Paleocene-Eocene thermal maximum.

== News story p, 527

DEVELOPMENTAL BIOLOGY

NOW (CCN3) Functions as a Regulator of Human 590
Hematopoietic Stem or Progenitor Cells

R. Gupta, D. Hong, F. iboira, 5. Sarno, T. Enver

Human blood progenitar cells, which must successfully engraft

in bone marrow transplants, require a known transcription factor

for their early development.

GEMETICS

Multiple High-Throughput Analyses Monitor the 593
Response of £, coli to Perturbations

N. Ishii et al.

In maintaining metabolic homeostasis, bacteria respond to genelic
disruptions with large changes in metabolites but to environmen tal
disturbance with changes in enzyme levels.

== Perspective p. 550

GENETICS

A Synthetic Maternal-Effect Selfish Genetic Element 597
Drives Population Replacement in Drosophila

C.-H. Chen et al.

Agenetic element that uses RNAI against maternal RNAs and rescue
by zygotic transgenes for resistance can rapidly spread the latter
throughout pest populations.

AVAAAS

od Scierare. The Hile YOENCE a

MEDICINE

Modeling the Initiation and Progression of 600
Human Acute Leukemia in Mice

F. Barabe, ]. A. Kennedy, K. J. Hope, . E. Dick

A new type of mouse model can be used to identify the human cell
types that initiate leukemia and to study how these cells evolve as
the disease progresses.

IMMUNOLOGY

Requlation of the Germinal Center Response 604
by MicroRNA-155

T.-H. Thai et al.

Requirement of bic/microRNA-155 for Normal 608
Immune Function

A. Rodriguez et al.

Deletion of a microRMNA sequence in mice impairs their immumity,
causing abnormal immune responses and cytokine production, as
well as gut and lung inflammation.

> News story p. 530; Research Article p. 575

IMMUNOLOGY

Distinct Pathways of Antigen Uptake and 412
Intracellular Routing in 04 and D8 T Cell Activation

5. Burgdorf, A Kauiz, V. Bihnert, B A, Knolle, C. Kurts

When immune cells process foreign antigen via the endosomes,
effector T cells are stimulated, whereas antigen processed by
lysosomes activates helper T cells.
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Real Time Performance.
Real World Price.

v~

ReichertSPR systems The Real Deal.

A powerful tool for determining biomolec-  or slow. An optional autosampler provides
ular interactions, the Reichert Dual Channel  capability for fully automated analysis.
Surface Plasmon Resonance (SPR) instru- S

ment provides real-time, simultaneous mon-  Easy-to-use data acquisition software

itoring of sample and reference channels. makes it simple to set up instrument
Dperadung parameters, T_Drlllﬂlr ;a_:ncé T ||( R h

" - reécord your expenment in réal time,
The SR7000DC’s affordable and flexible .4 Eﬁi};iently E;.fe and analyze data. alk to Reichert .
modular design offers outstanding value
for research and gquality control. Configure Create a partnership in precision. .
the instrument system to do your work. Reichert will prove your samples before
Temperatures are programmable, micro or installing any instruments and will work
macro flow cells are available for different with you to ensure your instruments
surface work, and flow rates can be run fast  perform to or exceed your expectations.

Call: 716-686-4500

0 Toll Free: 888-849-8955
REIchert lifesciences@reichert.com

Innovative precision instruments for over a century www.reichertai.com

Careers in Biotech and Pharma

Big Biotech?
Small Pharma?

The commercial job market is being redefined by a major

shift in how companies approach their research. What

does this mean for your career? Find some of the
answers on page 619 of this week’s issue.

UPCOMING FEATURES:
May 11—Focus on Diversity
June 8— Regional Focus: NC/Research Triangle

Also available online at: ESECEEC T CC g

www.sciencecareers.org/businessfeatures | m i sess (e

20007 Jupiterimages Corporation




CREDMT {(SCENCE CAREERS): PALLAVA BAGLA

SCIENCENOW

www.sciencenow.org DAlLy NEWS COVERAG

Ancient Rainforest Rises Again
A 300-million-year-old jungle found in llinoks coal mine may give
clues to major extinction.

Hopes Dim for Perfect Lens
Plans to develop necessary “left-handed” materials for visible light
run afoul of causality.

No Fountain of Youth for Fibratic Cells
Aging lung tissue may explain some cases ol mysterious lung
disease.

e

Resolving inflammation.

SCIENCE'’ SSTKE

www.stke.org SIGNALTR UCTION KNOWLEDGE ENVIRONMEN

EDITORIAL GUIDE: Focus Issue—Keeping the Immune Response in Check
I F. Foley, E. M. Adler, N. R. Gough
Switching off the immune response is as important as switching it on.

PERSPECTIVE: Professional and Part-Time Chemokine Decoys in the
Resolution of Inflammation

C. Hansell and R. Nibbs

Chemokine receplors that mediate the cellular infiltration that causes
inflammation can change hats and help to bring about resolution.

PERSPECTIVE: Striking Back at the Activator—How 1xB Kinase
Terminates Antigen Receptor Responses

M. Hinz and C. Scheidereit

The scaffold involved in activating NF-kB also plays a role in terminating the
immune response.

PERSPECTIVE: Regulation of Interferon Production by RIG-1 and LGP2—
A Lesson in Self-Control

0. Vitour and E. F. Meurs

Interactions in cis and trans control the activity of CARD-domain proteins involved
in regulating immune responses.

PERSPECTIVE: CARD-Bcl10-Maltl Signalosomes Missing Link to NF-xB
E. Wegener and D. Krappmann

Signaling complexes using different CARD scaffolds, as well as Bel10 and Maltl,
link receptors in various cells to NF-kB.

ONLIN

WW,SUEIIEEMBEI.GFQ

Research exchanges with India.

SCIENCE CAREERS

www.sciencecareers.org CAREER RESOURCES FOR SCIENTISTS

GLOBAL: Special Feature—Research Opportunities in
India—An Upward Trajectory

A. Kotak

Scnence Careers reviews the current and future state of scientilic
exchanges with India.

MISCIMET: Educated Woman, Postdoc Edition—Baby Steps
M. P DeWhyse

Micella hasn’t made any concrete decisions, but she has taken
baby steps to make life more tolerable.

ASIA: India—~A New Knowledge Hot Spot

P. Bagla

India is last becoming a place where people from around the world
qgo to do scientific research.

EUROPE: U.K.-India Initiative Aims to Renew Old Ties
A Swarup

Research opportumities in India are limited for UK. citizens,
but new initiatives are making up for lost time,

US: American Tales in India

A, Fazekas

American researchers who have lived and worked in India say that
the benefits outweigh the many challenges.

GRANTSNET: Guide to Financing Research Exchanges
With India

A, Kotok

Scientists seeking funds for research in India can look to
inernational and bilateral sources.

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

in a word, fast.

Phusion™ High-Fidelity DNA Polymerase from New England Biolabs

EXTREME PRECISION WITH UNPARALLELED SPEED AND ROBUSTNESS

. a " ] meadified Fhusion
With Phusion High-Fidelity DMNA Polymerase, there is no need o compromise any aspect of furiosus F. furiosus DNA Polymernse
s i ] 15 unizs) (2.5 units) N it}
your PCH performance. A superior choice for cloning, this recombinant polymerase has an 1 15 18 78 1 15 18 78

error rate 50-fold lower than fag ONA Polymerase, making it the most accurate thermostable
polymerase available. Phusion DNA Polymerase is supplied in a variety of formats, or with a

{ start modification for increased specificity

Advantages:
s Extrerne Fdelity - Highest of any ® Phusion High-Fidelity DNA Polymerase B8 F-5305/L
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<< Micromanaging

the Immune System

Micro-RNAs (miRNAs) are abundant small RNA species that

have emerged as key regulators in many biological
processes. Rodriguez et al. (p. 608; see the news story by
Couzin) observed that mice deficient in miRNA-155 develop
spontaneous inflammation of the lungs and have accompany-
ing defects in antigen presentation, as well as T cell and B cell
function. Exploring the same miRNA, Thai et al. (p. 604; see the
news story by Couzin) observed a similar T and B cell deficiency
that resulted in a suboptimal response of the germinal center, which
is needed for T cell-mediated antibody production. Although bath
studies provide some evidence for how this miRNA mediates its
effects, the next important step will be to identify the precise mecha-
nism and critical target genes involved.

EDITED BY STELLA HURTLEY AND PHIL SZUROMI

Solving Nanoscale
Structure

For many materials, il you can grow suffidently
large, high-guality crystals, there are many tools
for determining the crystal structure, and in some
cases the process can be fully automated.
Hawever, for materials that have structural fea
lres that are inherently nanoscale (such as cages
in zeolites) or that may not be fully crystalline, the
solution of the phase problem is more daunting.
Billinge and Levin (p. 561) review recent
progress in this area and note the benefits of
greater integration of data through complex mod
eling from a wide of range of direct and indirect
methods that probe both bulk and local details.

Disappearing in the
Twilight Zone

Most of the organic carbon produced in the sunlit
upper layer of the ocean is recycled (remineral
ized) as dead organisms sink to greater depths,
but there is considerable uncertainty about how
efficient this remineralization process is in the
ocean's "twilight zone” (depths between the bot
tom of the euphotic zone and about 1000 meters).
Buesseler et al. (p. 567, see the cover) have used
neutrally buoyant sediment traps that can sample
sinking particles more faithfully than traps moored
in fixed spots that are subject 1o strong cross-flow
from ocean currents. The transfer efficiency of
sinking particulate organic matter differed by
more than a factor of 2 between the two sites

CREDITS (TOP TO BOTTOME TOGETHER DESIGM/LONDOM U: MITSLRD HAYASH
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examined; this dilference is poorly represented in
present biogeochemical models,

Life Without Dynamin

Dynamin 1 is a neuron-specific guanosine
triphosphatase involved in the endooytic
recycling of synaptic vesicle membranes.
Ferguson et al.
(p. 570; see the S 5
Perspective by v
Robinson) created
genetically engi
neered mice lacking
dynamin 1 and found,
surprisingly, that they con
tained functional synapses and

had limited postnatal viability. However, the
synapses of these dynamin 1 knockouts con
tained branched, tubular plasma membrane
invaginations capped by clathrin-coated pils,
cansistent with dynamin 1's proposed role in
clathrin-coated vesicle scission, Also, after

strong stimulation, synaplic vesicle endocytosis
was severely impaired but could resume effi
ciently upon stimulus termination. This finding
reveals the existence of a dynamin 1-independent
mechanism that can support limited synaptic
vesicle endocytosis.

Mimicking Hydrogenase
Hydrogenase enzymes rely on the cooperation of
two metal centers in their active sites (either
iron, or iron and nickel) to break down H, into

protons and electrons. In contrast, effective
synthetic H, cleavage catalysts tend to be
monometallic, and the mechanisms underlying
hydrogenase efficiency remain only loosely
underslood. Ogo et al. (p. 585; see the
Perspective by Rauchfuss) have enhanced the
mechanistic picture by synthesizing an active
sile model, consisting of ruthenium and nickel
centers, that replicates the enzyme's essential
feature of heterolylically cleaving H, in water a
room temperature, The reaction liberates a
proton and leaves behind a paramagnelic
hydride-bridged Ni-Ru complex, the

structure of which the

authors confirmed using
“= neutron diffraction,

Sudden Death of
Entanglement

Quantum information processing relies on the
constituent parts, the qubits, forming entangled
states and remaining coherent. The guantum fea
tures of many systems decay uniformly as the
result of decoherence, which arises from the
unavoidable coupling to the enwironment, and
much effort has been directed to extend the
coherence time of these qubits. However,
Almeida et al. (p. 579; see the Perspective
by Eberly and Yu) show that under particular
circumstances where there is even only a partial
loss of coherence of each qubit, entanglement
can be suddenly and completely lost.

Continued on page 513
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This Week in Science

Continwed from page 511

These results should mark an important consideration in the design and operation of future quantum
information networks.

The Heart of Stress Responses

Two myosin heavy chain (MHC) genes are expressed in opposing manners in the mouse heart;
BMHC is expressed embryonically, whereas «MHC is up-regulated postnatally. Cardiac stress shifts
this ratio toward BMHC with negative effects on cardiac function, and previous work has identified
microRNAs (miRNAs) as possible regulators of cardiac growth and function. Van Reoi) et al.

(p. 575, published online 22 March} now show that miR-208, which is encoded by an intron

of the ceMHC gene, is a cardiac-specific regulator of PMHC expression in response to stress and
hypothyroidism in the heart. Deletion of the coding region of miR-208 resulted in inhibition

of PMHC expression and a reduced stress response in the heart. Thus, miR-208 may act through
thyroid signaling to regulate BMHC expression, possibly by repressing expression of the thyroid

receplor co-regulator THRAPL.
..-.' %E ¥
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Volcanic Release of Buried
Greenhouse Gases

The Paleocene-Eocene thermal maximum (PETM) about
55 million years agoe was marked by a rapid emission of
greenhouse gases (either CO, or methane) during a
period of a few thousand years that increased global
temperatures by 5° to 10°C. However, the trigger for
this sudden event has been uncertain. Storey et al.

(p. 587: ses the news story by Kerr) date a volcanic
layer that overlies the marine sections marking the
PETM and a volcanic ash at the top of a massive volcanic
seguence in Greenland and Europe that likely erupted
within about 300,000 years, marking the beginning of the opening of the Northern Atlantic
Ocean, The dates are identical within error, implying that timing of the PETM overlaps that of the
volcanic sequence. Massive intrusion of basalt into carbonaceous sediments may have released
methane or CO, to the atmosphere, perhaps explaining at least some of the causes of the PETM.

“,-’/. ; *?? 5

Selfish Genes, Pushy Genotypes

In the past few years, transgenic mosquitoes have been developed with significantly lower ability to
transmit dengue and malaria based on the action of single "effector” transgenes. These genolypes
are exciting, but they are of little practical use without a gene-drive mechanism to force them to high
frequencies in natural populations of the pathogen-vectoring mosquito species. Chen et al,

(p. 597, published online 29 March; see the 30 March news story by Enserink) provide one polential
drive mechanism that is expected lo be very efficient al quickly increasing the frequency of
nonvectoring genotypes. They engineered a matemal-effect selfish drive element in Drosophila

by using RNA interference against essential, maternally supplied RNAs and rescue by a zygotically
expressed gene, This modification, which provides the capacity to move to fixation after introduction
in only about 10 generations, may provide a roule by which wild insect populations can be replaced
with insects unable to transmit disease.

Modeling Human Leukemia in Mice

Mouse models have been a mainstay of leukemia research for two decades and have provided
many important insights into the physiological roles of genes that cause or suppress the disease.
One limitation of these models, however, is that the leukemias typically originate from mouse
rather than human hematopoietic cells, thereby precluding analysis of the human cell types that
initiate the disease. Barabé et al. (p. 600} have created a new mouse model in which acule
myeloid and lymphoid leukemias arise from primitive human hematopoietic cells expressing an
MLL {mixed-lineage levkemia) fusion oncogene. The leukemias in these mice show many features
of the human diseases. The authors identified the leukemia-initiating cell and studied its evolution
during disease progression.
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Donald Kennedy is the
Editor-in-Chiel of Scence.

The Biofuels Conundrum

THIS STORY BEGINS WITH GOOD NEWS, FOLLOWED BY A PROBLEM. MANY GOVERNMENTS
around the world, and even some states within the United States, are Ninding ways to reduce
greenhouse gas emissions. A major step is the almost completed buyout of the giant Texas elec-
tric utility TXLU by an improbable concatenation of big investors, environmental organizations,
and bankers. This promising deal would kill 8 of 11 projected coal-fired power plants and
require the others w meet environmental performance standards, That's like a 15th seed making
the final four or Watford winning the FA Cup. Meanwhile. there is hopeful talk in Silicon
Valley about “clean tech,” and "biefuels™ 1s the new entrepreneurial mantra there. But the
problem s that limiting carbon emissions with biofuels like ethanol is complex terrin, and most
proposals turn out to carry external costs.

Let's start with the explosive growth of a corn ethanol industry in the
tallgrass prairies of America’s West, This boon for those rural economies
sicceeds a long history of dual-purpose farm legislation, in which pro-
duction objectives are mixed with rural welfare goals. Refineries now
number well over 100 with more being added rapidly, as farmers expand
cultrvation into lands formerly set aside for conservation and drop soy-
beans o make room for com. Even if corn could yield 30 of the equiv-
alent energy of gasoline (the goal set by the Secretary of Energy). that
would create a whole array of collateral distortions. One would be its envi-
ronmental impact in the United States, Another would be distortion of
the price structure of an imponant grain commodity that is traded inworld
markets and used in livestock production. Will that make maize or meat
more alfordable to poor countries that must import it, or to the poor
people who need to buy it? Not likely,

Ethanol derved from sugar cane is better: Growing the plant is energetically less costly, and
extraction and fermentation are more efficient. That's what must have interested President Bush
during his “Chavez shadow tour™ of South America in March. Of course, U.S. companies would
love o import this valuable product, which now accounts for a quarter of the ground-transporta-
tion fuel n Brazil. Despite such hopes, some senators supporting alcohol-from-corn have

helped lay a heavy ULS, protecuve tariffon Brazilian alcohol derived from sugar, Ifwe got rid of

that, it would reduce total carbon emissions. though only if Brazil could expand its production
substantially. Is there some deal i progress? Alas, nothing’s up.

Sugar alcohol is better than corn aleohol, but palm oil is even better in your tank (though not
in your martini). lts relatively high energy efficiency per unit volume makes it a good biodiesel
fuel. Trucks can run entirely on palm oil, although it is usually mixed with conventional fossil
fuels. A large-scale effort is under way to convert lands in Indonesia to palm oil plantation
agriculture, with plans to double current production in a few years, But again, the effort has a
downside. Not only will the needed rainforest destruction (by burning) partly cancel any energy
advantage supplied by the palm oil. but the conversion will also threaten orangutans and other
endangered species.

The best course 15 to abandon this cluttered arena and invest senously in a direct approach.
As Chris Somerville pointed out in this space.® the conversion of cellulosic biomass (corn
stover, wood chips) has a far higher potential for fuel production than any of the above biofuels.
The challenge is biochemical: Plant lignins occlude the cellulose cell walls; they must be
removed, and then the ensymology of cellulose conversion needs o be worked out. The technol-
ogy 1s complex.t No commercial reactor has vet been built, though six are funded. Some hope
has been raised by new commitments, like the 5500 million joint project between British Petro-
leum and the Universities of Califormia and [llinois, Nevertheless, as Somerville notes, the
sobering reality is that what the ULS. government spends on all of plant physiology is only one-
hundredth of the research budget of the National Institutes of Health, That's far too little for a
venture this important,

-Donald Kennedy

10.1126/science, 1142978
*C. Somerville, Science 312, 1277 (2006). TR, F. Service, Science 315, 1488 (2007).
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MATERIALS SCIENCE

Reducing Together

Lanthanide intermetallics, which display
the large magnetic anisotropies needed for
high-field permanent magnets, are usually
synthesized by reaction-diffusion processes
that require the removal of components
previously introduced to accelerate these
transformations. For example, the synthesis
of the ternary material Nd,Fe B with CaH,
necessitates the removal of the calcium
ions. Kim et al. report the agueous synthe-
sis of this intermetallic by sodium borohy-

dride reduction of the metallic chlorides to
form an easily isolable amorphous nanoparticulate product, which they characterized by electron microscopy and a range of
diffraction techniques. The authors argue that electrostatic coupling of the Nd{Ill) ion with an initially formed Fe-B alloy helps
to overcome the high reduction potential of the lanthanide ion to the cormesponding metal. Heating of the product converts
these soft magnets into a ferromagnetic material with higher coercivity. — PDS

BIOTECHNOLOGY
Improving the Balance Sheet

Plants incorporate (fix} CO, into hexoses (sug-
ars) by coupling it to the five-carbon compound
ribulose-1,5-bisphosphate in a reaction that is
catalyzed by the enzyme rubisco. Unfortunately,
a compelitive and apparenily unavoidable reac-
tion, which is also catalyzed by rubisco (see
Tcherkez et gl. for more on this abominably
perplexing phenomenon), uses 0, as a substrate
and generates one molecule each of
glyoxylate and glycerate (instead of
two equivalents of glycerate). Glyoxy-
late is then converted—via subsequent
reactions in the peroxisome and mito
chondrion—into glycerate, but in
doing 50 one-quarter of the
already fixed carbon atoms are
lost as CO, with the concomi-
tant debiting of already

fixed nitrogen atoms in the
form of ammonia. Increas-
ing the local concentration
of CO, relative to 0, is an evolutionary
achievement found in C, plants (such as corn),
and efforts to introduce a CO-concentrating
module into C; plants (such as rice) have

been pursued.

Kebeish et al. describe a means of reduc-
ing the material cost of carbon-atom recovery
from glyoxylate, They have engineered the tar-
geting of three bacterial enzymes to the chloro-
plast in Arabidopsis. The result is that when two

27 APRIL 2007 VOL 316

1. Am. Chem. Soc. 129, 10.1021/20706347 (2007).

malecules of glyoxylate are converted into one
of glycerate, the CO, that is liberated is not losl,
but is recaptured by rubisco; the consequences
are a decrease in photorespiration, an increase
in photosynthesis, and more biomass (leaves
and roots) produced. — GJC

Proc. Natl. Acad. Sci. U.5.A. 103, 7246 (2006);

Mat, Biotechnol. 25, 10.1038/nbt 1299 (2007).

GEMNETICS

Are We Close Yet?

Large-scale genome-based surveys that look for
correlations of phenolype with genotype typi-
cally examine large numbers of individuals;
the results often depend on assumptions,

which may not always withstand
close scruting, about the underly-
ing structure of the populations
from which these individuals
are drawn. Building on analy-
sis of variance lests that assess
whether the observed variation

Genetic relations across
51 populations,

between populations is signifi-
cant and on cluster analytic methods,
Nievergell et al. introduce the general-
ized analysis of molecular variance
(GAMOVA). This approach extends a previous
technigue known as the analysis of molecular
variance by creating a genetic background dis-

tance malrix and applying it to a multivariate
regression analysis to test hypotheses about pop-
ulation structure. Several large human data sets
{Centre d"Etude du Polymorphisme—Human
Genome Diversity Project; Howell's craniometric
characters; and HapMap) were reanalyzed with
GAMOVA in order to demonstrate its potential
for detecting population-level structure even
among individuals in regions of low population
differentiation. — LMZ

PLoS Genel. 3, 51 (2007).

CHEMISTRY
Heptacoordinate Mercury

Although diffraction technigues have offered
detailed pictures of atomic arrangements in
solids, determining the corresponding structures
in solution, where most reactions occur, is hin-
dered by rapid fluctuations in the coordination
environment. The solvation shell structure of
agueous mercuric ions is of interest on account
of the metal’s toxicity, but has proven to be an
especially elusive targel because of the absence
of strong characteristic features in the visible
absorption spectrum. Inferences from the solid
state have favored a distorted octahedral, or
hexacoordinale, arrangement of water molecules
around the central Hglll) ion,

Chillemi el al. present experimental and theoret-
ical evidence implicating the presence of an
extra water molecule in the shell, giving rise to
an unusual seven-coordinate arrangement. Pri-
mary support for this claim emerges from x-ray

SCIENCE www.sciencemag.org
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absorplion near-edge spectra, which are not con
sistent with an octahedral shell. Quantum chemi-
cal calculations and accompanying molecular
dynamics simulations paint a picture of a flexible
seven-membered shell that persists for several
nanoseconds, while occasionally accepting or
expelling water to create much shorter-lived six
and eight-coordinate environments. — ]5Y

J. Am. Chem. 5oc. 129, 10.1021/ja066%432

(2007).

CELL BIOLDGY
A Ribbon-Cutting Ceremony

The Golgi complex is a collection of stacked and
interconnected membranes found in a juxta
nuclear position in most nucleated animal cells.
During cell division,
the Golgi complex
fragments, presumably
to allow for the parti
tioning of Golgi mem
branes to both daugh
ter cells, and a protein
referred to as BARS
(brefeldin A-ADP ribo
sylated substrate, also
known as CIBP1-5) is
impartant in this
process. The BARS pro
tein acts to disconneci
Golgi stacks from one
another, and this fis
sional step has been
shown to be required
for successful mitosis.
How then can some
cells divide without
BARS? Colanzi et al.
addressed this issue by
examining Golgi charactenstics in a vanely of cell
types. They found that fibroblasts from mice
genetically deficient in BARS did not possess an
interconnected Golgi ribbon, and that BARS activ
E ity was not required for the completion of milosis.
= On the other hand, in normal fibroblasts, where
% Golgi stacks were robustly linked, BARS-mediated
5 scission was essential. — SMH
EMBO . 26, 10.1038/j.embo). 7601686 (2007).

Intact (bottom) and
severed (top) Golgi
ribbons.

IMMUNOLOGY
Alleviating Allergies

The aberrant activation of T helper 2 CD4* lym
phocytes can result in damaging allergic
responses, and hence a greal deal of effort has
been directed toward understanding the mecha
nisms that normally regulate these cells.
Grohmann et al. show that a soluble form of the
B glucocorticoid-inducible tumor necrosis factor

OIT COLANTIETAL, EMBO ) 24, 10.1038/51 EMBDJ

EDITORS'CHOICE

receptor (GITR) cross-regulates allergic
responses in mice by signaling through its own
ligand. This causes plasmacytoid dendritic cells
(pDCs) to produce indoleamine 2, 3-dioxygenase
{1D0), which mediates strong immunomodula-
tory effects though the catabolism of tryplo
phan. Administration of the synthetic glucocorti
coid dexamethasone reduced symptoms of aller
gic responses in mice, including airway inflam
mation, and this effect depended on GITR
induced 100, suggesting that this pathway may
promote some actions of corticosteroids. In
another study, Xanthou et al. observed that the
regulatory cytokine osteopontin is expressed in
the lungs of asthma patients and can directly
affect allergic airway inflammation in mice,
again via the activities of pDCs. In this system,
however, allergic responses were promoted by
osteopontin during the primary phase of anti
gen challenge, whereas it exerted an anti
inflammatory influence during secondary
challenge. The two mediators identified in
these studies—GITR-induced 100 and osteopon
tin—may offer targets lor the treatment of
asthma. — S§JS

Naot. Med, 13, 10.1038/nm1563; 10.1038/nm1580

(2007).

APPLIED PHYSICS
An Electrical Spin on Magnetism

Magnetic ferroelectrics (multiferroicsh are mate
rials that can respond to electric and magnetic
fields. Itis common in devices such as hard
drives to take advantage of the large response
{to an applied magnetic field) of the electronic
state of a material with giant magnetoresistance,
In contrast, the inverse effect, control of the
magnelic struclure by an applied electric field, is
comparatively rare, Because of the prospect of
faster switching times in smaller memory
devices, there is much interest in developing
such electrically controlled magnetic materials,

Recent theoretical work suggested that a key
property o look for in such a material is spin
chirality: It was proposed that materials in which
the magnetic moments of the individual atoms
form a spiral structure should also exhibit an
electrical response. Yamasaki et al. go some way
loward putling that theory into practice by
showing that the spin helicity in single crys
talline TbMnO, can be electrically switched from
rotating clockwise to counterclockwise by appli
cation of an electric poling field as the material
is cooled through the helical spin transition
temperature, Probing by neutron scaltering
revealed that the handedness of the chiral spin
structure is controlled by the polarity of the
poling field. — 150

Fhys. Rev. Lett. 98, 147204 (2007).
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SPOTLIGHT: SINGAPORE

Dr. Edison Liu is Pushing Science
to the Highest Level at Singapore’s Cancer
Syndicate and Genome Institute

Dr. Edison Liu is a Stanford University-trained breast cancer specialist and former Division
Director of Clinical Sciences at the National Cancer Institute in the United States. A Hong Kong
native and U.S. citizen, he relocated to Singapore in 2001 to become Founding Director of the
Genome Institute of Singapore (a research institute of the Agency for Science, Technology and
Research, A*STAR) and Executive Director of the Singapore Cancer Syndicate. Dr. Liu has
received the Rosenthal Award from the American Association of Cancer Research and the Brinker
International Award from the Susan G. Komen Breast Cancer Foundation. His work focuses on
the molecular biology of breast cancer and, more recently, cancer genomics.

Q&A

With breast cancer as your
special area of interest, what
is your research focusing on
right now?

We are focusing on the systems biology
of cancer. Transcription factors such as
the estrogen receptor and p53 are central
to the development of breast cancer.
With genomic technologies, we can
map the exact control mechanisms of
these factors and potentially direct
precise changes using special drugs.
We are hoping to make targeted
therapeutics a reality.

What drew you to relocate after
so many years in the U.S. and
your success at the National
Cancer Institute (USA)?

| was intrigued by the offer to create a
research institute that integrates
genomics with computational sciences,
biology and medicine. | knew this
required not only excellent funding, but
also administrative freedom and the
ability to craft a new research culture.
All of this was built into Singapore’s
scientific environment. Then there was

Singapore's vision of making science
and technology a real cornerstone of its
economy, and research a part of its
social culture. The opportunity to do
good for a society through one’s daily
work was too good to pass up.

Do you enjoy everyday life
in Singapore?

Yes, very much. It is a lively, changing
environment that is truly multicultural.
The efficiency and rationality of the
government is legendary, but the real
joy has been in participating in the buzz
of change. Singapore is a very
cosmaopolitan metropolis, an example
of what we will all need to become. As
natural resources become depleted in

this world and there are no more
habitable territories to colonize, we
must all emulate Singaporeans in how
we manage our precious natural and
human resources. This requires
thoughtful leadership and for all

of us to be intelligent stewards

of our environment.

Tell us about the Singapore
Cancer Syndicate.

The cancer syndicate is a funding
agency that arose from my conversations
with Sydney Brenner (Chairman of the
Biomedical Research Council, A*STAR,
Singapore) and Philip Yeo (former
Chairman of A*STAR, now Senior
Adviser on Science and Technology to
the Minister for Trade
and Industry,
Singapore). They
asked my opinion of
what Singapore
needed to solidify its
beachhead in cancer
research. | told them
that the greatest
challenge was to
enhance translational
research capabilities
and to encourage
organized cooperation
among Singaporean




researchers. Knowing precisely what
the challenges are for translational
research from my experience at the
National Cancer Institute (USA), |
proposed a funding agency that supports
physical and talent infrastructure, uses
“just-in-time” funding to encourage
progressive results and continuous
quality improvement, and demands the
building of research consortia. This was
a significant break from the standard
funding mechanisms, but it worked.
This syndicate template is being used in
other fields now, such as stem cell
biology and bio-imaging.

And how about your work as
director of the Genome Institute
of Singapore?

It has been one of the most rewarding
experiences of my life. We started
from scratch with only three members
and now have over 260 full-time staff.
Following examples in Singaporean
history, we were able to create
something good out of nothing. My
time is devoted to recruiting and
mentoring scientists, to helping my
colleagues here push their science to
the highest level, to maintaining a
culture of excellence, cooperation and
collegiality, and to enhancing the
reach of research and science into the
fabric of a society.

Tell us about some of the
exciting work at the Genome
Institute. Are there recent
breakthroughs?

Qver the past few years, our Genome
Biology and Technology group, headed
by Yijun Ruan and Chialin Wei, has
developed several novel cloning
technologies that allow for remarkable
speed and precision in identifying all
the transcripts in a cell system and all
the binding sites of any transcription
factor. This breakthrough technology
has enabled us to explore fundamental
control mechanisms, especially in
cancer (p53, myc, and estrogen
receptor) and stem cells (Oct4,

Sox2, Sald, Nanog).

Biopolis, Singapore's biomedical sciences bub

How does the Genome Institute
fit into Biopolis, Singapore’s
hiomedical hub?

Biopolis is a 210,000 square-meter
biomedical research complex
comprised of nine buildings. It houses
six research institutes and more than
2,000 scientists. Built at a total cos! of
more than SS500 million (approx.
US5328 million), Biopolis has state-of

the-art facilities for biomedical research.

The Genome Institute of Singapore is
one of the research institutes, and it is
housed in its own building.

What makes Biopolis a unigue
home base for research?

The concept is that Biopolis is a place

where scientists can work, live and play.

With its superb scientific facilities, plus
restaurant, cafes and bistros, shops,
gyms and access to public
transportation, Biopolis provides a
complete environment in which
research can be conducted with
minimal external stress. The co-location
of private sector R&D labs also allows
for close interaction and collabaoration,
and synergizes well with the public
research institutes.

Who are some of the other
scientists working in Singapore
that you particularly admire?

There are too many to count. However,
special mention should be given to the
remarkable scientists working in the
Genome Institute of Singapore. Yijun
Ruan and Chialin Wei, who head our
Genome Technologies group have
developed very novel ways to clone and

sequence cDNA libraries to achieve up
to 300-fold efficiency from standard
approaches. Huck Hui Ng from our
Stem Cell and Developmental Biology
group has done a superb job of
mapping the precise control nodes of
the master switches of embryonic stem
cell differentiation. Qiang Yu, who came
with me from the National Cancer
Institute (USA), has identified a novel
compound that disrupts an epigenetic
pathway to kill cancer cells.

What does Singapore’s ability
to attract high-profile scientists
from around the globe mean for
your work?

It means we have more friends to play
with and that the impact of our work
will be even greater. It also means that
Singapore will achieve international
status as a locus for scientific research
much faster than one can imagine.

See you in Singapore at:

The Lancet Asia Medical Forum
u;:' 21-22, 2007
wyvnw.asiamedicalforum.com

Healthcare Information
& Management Systems
Euclely ?HIMSS}

.' 1-1|| .-_JL”-l_'

‘IBth WONCA Wl:ll'|d Conference,
Genomics & Family Medicine
July 24-27
www.waonca2007.com

American Association of Cancer
Research (AACR) Conference on
Translational Cancer Medicine
November 4-8, 2007
WWW.daCr.aorg

];':"]u‘rlld Healthcare Congress Asia
L rworldcongress.com
Far mare information, confact:
Singapore Exhibition & Convention Bureau
115F Avenue of the Americas

]

lilshire Bivd.
Suite 1550
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mirVana“ microRNA Isolation.

TagMan® Assay Quantitation.
All in Real Time.

miRNA Expression Analysis Made Simple.

Due to their small size, microRMNAs can be difficult to isolate and detect, creating a2 unigue challenge to guantitate their
expression levels. Applied Biosystems, now including Ambion, offers the only complete suite of reagents, instruments and
protocols dedicated to the investigation of miBNAs using Real-Time PCR. Our optimized Ambion mirVana” miBNA Isolation Kit,
efficient TagMan™ MicroRNA RT Kit, sensitive and specificTagMan MicroRMA Assays, proven Applied Biosystems Real-Time PCR
Systems, and the protocols provided with them—provide a reliable and ready-to-use approach for guantitation of miBNA
expression levels from a variety of sample types. The result? Lower barrier to get started, reduced experimental variability,
and access to world-class technical support across your entire experiment —providing you the freedom to focus on making
eritical biological discoveries.

To start exploring right away, see our simple step-by-step guide to miRNA expression
analysis experiment design at www.ambion.com/ABsynergy/miRNA
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Galapagos
Islands

& ECUADOR
Expedition
July 21-30, 2007

An outstanding introduction
ta the Galapagos Islands, this
10-day expedition offers an
exceptional opportunity o
hecome acquainted with the
natural heritage of the
Galapagos Islands.

The Galapagos
Islandsare one of
the easiest places in the
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Algorithmically Yours

Like other controversial proposals, a plan for
protecting polar bears threatened by receding
mare Lthan
lo the U.5. Fish and

ice touched off a torrent of mail
hall a million comments
Wildlife Service (FWS).

This time, to head off a logistical
nightmare, social scientists and computer
researchers funded by the National Science
Foundation are creating language-recognizing
algorithms to spot form letters, group
similar comments, and even delermine
whether a comment is pro or con. The hope
is to enable bureaucrats to sample relevant
letters without having to plow through all
ol them,

But teaching compulers Lo get the gist of a
letter isn't easy, says political scientist Stuarl
Shulman of the University of Pittsburgh in
Pennsylvania. "People will say ' hate the Bush
Administration,” ... but they are for the list
ing.” He adds that hundreds of thousands of
emotionally charged form letters from environ
mental groups create “noise” that can drown
oul what the agency wants to hear about most:
science and economics. FWS has until January
to make a final decision.

Modern Life Bad
for Boys?

A study this month reparted a slight but steady

decline in the ratio of boys to girls born in

both the United States and Japan since 1970.
Normally, 105 boys are born for every

100 girls. Epidemiologist Devra Lee Davis and

W.sCl

EDITED BY CONSTANCE HUOLDEN

Astro Tool Kit

Whether rummaging through reams of data files or manually clean-
ing up charge-coupled device images of galaxies, astronomers face
their share of drudgery. The National Virtual Observatory (NVO)" aims

colleagues at the University of Pittsburgh,
Pennsylvania, report that the decline is
small, but the changes between 1970 and
2002 are equivalent to a shilt from male to
female of 125,000 babies in the U.5. and
135,000 in Japan.

Many industrial chemicals have estrogenic
effects that can sabotage male gestation, the
authors relate online in Environmental Health
Perspectives. Bul increasing obesity, late-age
childbearing, and the use of reproductive tech
nologies could also have a hand. Nailing
causaes will require more detailed studies, they
say. For example, researchers at the University

to make these tasks less burdensome by pointing space
researchers to tools, databases, and other useful sites.
Run by scientists from around the United States, the
portal is part of an international network of astronomy
resources, It includes a master list of cosmic catalogs,

image archives, and other information caches. If you've
already nabbed an exposure of the night sky, another feature will
“unwarp” it to remove telescope distortion and scour the image for
celestial objects. For more timesavers, such as a module for analyzing
and comparing spectra, check the related VO Web Services site.t ==

of Ottawa, Canada, reported in 2005 that in
the Aamjiwnaang First Nation community in
Sarnia, Ontario, the sex ratio had declined to
about 103 since the early 19905—believed
to be related to the tribe's proximity to
petrochemical plants.

The decline in male births coincides
with “other signs that male reproductive
health is in danger,” such as lower sperm
counts, Davis warns. Harvard epidemiologisl
Marc Weisskopl says the study adds to
evidence that “there are secular changes
in sex ratio occurring, but the causes are
still not clear

THE RABBIT AND THE CUCKOO

A bird in hand led to a rabbit in the bush recently for a Wildlife Conservation Society (WCS) leam
working in Sumatra, Indonesia. In January, a local trapper presented them with a live Sumatran
ground cuckoo, a species once thought extinct (below). Seeking more data, the leam sel up camera
traps in Bukit Barisan Selatan National Park. Instead of a bird, they got shots of the equally rare
and endangered Sumatran striped rabbit, last spotted by camera trap 7 years ago. “You don't

expect to see rabbits in a tropical rainforest,” much less

striped ones, says Nick Brickle, head of the WCS

Indonesia Program. It was believed to be the only
striped rabbit in existence until researchers discovered

one in 1999 in Laotian mountains.

Meanwhile, the team recorded the call of the

captured cuckoo, “We went back into the for-
esl, played the lape, and oul pops a
couple of wild ones,” the first ever seen
by scientists, says Brickle. The group
plans further studies of both species.
Perhaps more importantly, says Brickle,
they have gained two appealing sym
bols for the ongoing battle to protect
the forest from farmers and loggers.

ENCemaa.org
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An Unspeakable
Campus Tragedy

BLACKSBURG, VIRGINIA—Two days after a student gun-
man Killed 32 people and himself here at Virzinia
Polytechnic Institute and State University. the Drillfield
at the heart of campus was eerily quiet. Instead of hun-
dreds of students hustling to class or o551 Frishbegs, a
tew dozen people stood solemnly around a makeshit
memorial. Among those Killed in the massacre were a
popular professor and eight students in the Department
of Civil and Environmental Engineerning (CEE). The
Department of Engineering Science and Mechanics
(ESM) lost two esteemed faculty members and their
home building: Morris Hall, where most of the victims
died, will be closed indelimitely. Last week, the faculty of
two engineering departments held emergency meetings,
trying to come to grips with the tragedy. A candlelight vigil
at Virginia Tech on
17 April.

Science mourns the lives lost on 16 April and offers
condolences to the survivors, Staft writer Gereg Miller

CREDITS (TOF TO BOTTOME XBEHUALANDOV: VIRGIMNIA TECH; REUTERSLANDOY

provides these remembrances of some of the victiims.

LIVIU LIBRESCU
A Romanian-born aerospace engineer,
Librescu, 76, survived the Holocaust as a child
and emigrated to |srael in the 1970s, He joined
the ESM department at Virginia Tech in 1985.
Librescu studied how the inherent flexibility in
structures such as airplane wings and helicopter
rotor blades affects their aerodynamic proper-
ties, says Walter 5ilva, an aerospace engineer
at NASA's Langley Research Center in Norfolk,
Virginia. "He s very well-known internationally,
and he had some reason 1o be arrogant, but he
was actually very humble,” Silva says.

Students recall Librescu as a father figure.
A former student and
longtime collaboratar,
Ohsep Song of Chungnam
National University in
Daejean, South Korea,
says that Librescu always
returned from far-off
conferences with presents
tor the children of his
graduate students, treat-
ing them as if they were his own grandchildren.

According to many reports, Librescu threw
his body against the door of his classroom,
giving his students time to flee as the gunman
tried to force his way in. One note left at the
Drillfield memorial read: "Librescu. My hero.
Goodbye, Professor.”

KEVIN GRANATA

Granata, 46, an ESM faculty member, was a ris-
ing star in biomechanics whose research
bridged the gap between engineering and
medical sciences. “Kevin had a very keen mind

for evaluating move-
ment disorders,”

says Mark Abel, an
orthopedic surgeon al
the University of Virginia
in Charlottesville who
had a collaboration

with Granata aimed at
designing better braces
for children with cerebral palsy.

Granata was also a valued mentor. "He
taught me how to be an engineering professor,
says Sara Wilson, a mechanical engineer at the
University of Kansas in Lawrence, who trained
with Granata as a postdoc. "He was passionate
about his research and worked really hard, but
he also reserved time for his family.”

Granata’s office was on the third floor of
Maorris Hall, one floor above where the shoot-
ings took place. Hearing the noise below,
Granata went to see whether he could help—
but only after ushering 20 students from a
nearby classroom into the safety of his office,
according to a report in the Washington Post.
"Kevin was a tough guy,” says Abel. "He's not
the kind of guy to hear a bunch of commotion
and crawl under a desk.”

G. V. LOGANATHAN

Colleagues uniformly describe Loganathan,

51, as one of the nicest people they'd ever met.

Born in India, Loganathan came to the United

States for graduate school and joined the

CEE department at Mirginia Tech in 1982. He

was an expert in water-resources management.
Unassuming and collegial, Loganathan

had a gift for teaching. Among many other
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accolades, he won one of three universily-
wide Wine Awards for Excellence in Teaching
last year. Loganathan seemed to inspire
undergraduates with
his enthusiasm and,
say his colleagues,
knew how to push his
grad students hard
without being unkind,
Loganathan was
teaching his Advanced
Hydrology course 1n
Norris Hall when the gun-
rman burst in, killing him and nine students.

THE STUDENTS

It was clear from the beginning that

leremy Herbstritt was enthusiastic about
science, says CEE professor Panayiatis Diplas,
who was his adviser, Attending an open
house for prospective graduate students

last year, Herbstritt stretched his scheduled
15-minute visit with Diplas into a 40-minute
discussion of potential research projects,
"He was a person with tremendous energy,”
Diplas says.

Herbstritt was one of seven CEE graduate
students from Loganathan’s class who died,
along with Brian Bluhm, Daniel O'Neil, Juan
Ortiz, Waleed Shaalan, Matthew Gwaltney,
and Partahi Lumbantoruan, The othe
two victims in that class were Julia Pryde,

a graduate student in biological systems
engineering, and Jarrett Lane, a civil
engineering major.

5!:': [Jli!-:_':’ I,JHE'E_"[[].‘LI.Q: uates I1I|,'!JU[IIHJ N 5C1-
ence or engineering were killed in the rampage,

IL 2007

525



526

STEM CELLS

MicroBNAs and
immunity

Stem Cell President Quits
After Acrimonious Meeting

Zach Hall was so ratled by a recent meeting
at the California Institute for Regenerative
Medicine (CIRM }—the 53 billion stem cell
institute set up by statewide referendum in
20004—1that he decided to quit as president
earlier than he had planned. Hall ¢ited the
“contentious” nature of the meeting as well
as his disappointment over likely delays in
disbursing money for construction of new
research facilities that scientists say are
crucially needed.

CIRM has scheduled a special tele-
conference meeting of its board for 2 May to
respond to Hall’s 30 April departure and
the conflict over how to proceed with a
£222 million construction program.

Both issues arose from a 13 Apnl meet-
ing of CIRMY facilities working group, at
which patient advocates balked at the idea
of having a Request For Applications
(RFA) ready by June tor the so-called
large facilities grant program. The mem-
bers of the group wanted more time to
consult experts on technical 1ssues and
sound out the public on what and where
facilities are needed.

MNeuroscientist Hall, CIRM s founding
president. had earlier intended despite
planned prostate surgery in May to stay
through the 5 June meeting of the Indepen-
dent Citizens” Oversight Committee
(1COC). But, he wrote the board. “the
excecdingly contentious and occasionally
personal tone of the ... meeung suggests that
it 1% in both my best interest and that of the
Institute for me to step down at this nme.”

The state’s universitics see construction
of new research facilities as an essential part
of the grand plan for CIRM. At a 10 April
ICOC meeting., members representing
research institutions expressed the need to
move speedily. [COC Chair Robert Klein
observed that costs are rising, and at a
1 0% inflation rate, a l-year delay would
cost 560 milhon. The panel decided in a
straw vote not to lose more time by conduct-
ing a “survey of institutional plans™ to gain
more information on which to base the RFA.

Hall confidently predicted that the RFA
covering 5150 million for a handful of big
construction grants and 572 million for
55 million to 510 million grants—would be
ready by July at the latest

Hall was taken aback by the very differem
reception he got atthe facilities group meeting
3 days later. That group is made up of disease
advocates who are also members of [COC, as
well as California real estate specialists; for
conflict-of-interest reasons, it contains no
researchers or university officials,

Arguing that they were ill-prepared to
gauge the need for facilities in the state,
members of the working group lobbied for
more time for assessment, “If we don’t,
we're gomg to be in a situation where we're

backing the Brinks truck up to a couple of

Burned out. Zach Hall, facing surgery, is leaving
CIRM this month,

Australia’s big
science entry

really well-established institutions that have
access 1o a ton of wealth,” warned AIDS
patient advocate Jeff Sheehy. Diabetes
patient advocate Marcy Feit said the public
has to be consulted: “l don’t care if we have
to meet with a hundred people or a million
people. ... Thats our responsibility.”

Judging by the meeting transcript, the
atmosphere got a bit tense. Hall seemed per-
plexed, saying that he faced a “dilemma™
because “there 1s a real split between what
this ... working group is saying, and what
wits said at the [COC meeting by ... those
representing the scientilic community.” The
facilities group ended up voting unani-
mously for public hearings. There is a “cul-
tural difference™ between the discase advo-
cates and scientists “who understand the
urgency™ of the program. Hall concluded.

Such a difference was evident in com-
ments by Joan Samuelson, who represents
the Parkinson’s Action Network, “1've been
hearing from lots of people [who say].
‘Don’t throw a lot of money at facilines.” ™
said Samuelson. She added that it's private
COMnISs, NOL unn ersities, that come up
with cures. Sheehy later told Science. “I'm
stunned. ... | teel betraved™ by Hall's
attempt to dismiss the arguments of the dis-
ease advocates. At this point, he says, the
working group has “no evidence basis from
which to proceed.”

CIRM’s board faces a full agenda at
next week's meeting: whether w 2o ahead
with hearings on the facilities program,

and whom to appoint as interim head of

CIRM. Also needed 15 a new head for the
[acilities committee, whose chair, Califor-
nia developer Albert “Rusty™ Doms.
resigned abruptly without explanation
after the 13 Aprl meeting,

But there's light at the end of the tunnel.
The presidential search 1s moving ahead
apace. The search committee will be inter-
viewing a half-dozen top contenders in
May. with final candidates to be considered
atthe June ICOC meeting. CIRM also faces
its final hurdle in the lawsuits that have
stymied its efforts to raise money, The Cal-
ifornia Supreme Court is expected shortly
to turn down a final appeal from groups
that have been tryving to get CIRM declared
unconstitutional, in which case money
tfrom bond sales may start rolling in as early

as this summer. =CONSTANCE HOLDEN
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Whaling in the
name of sc

Pipsqueak. Large igneous
provinces can boast a million
times the lava produced by

Humongous Eruptions Linked to
Dramatic Environmental Changes

Researchers looking for the cause of g, cat-
astrophic changes on planet Earth have fin-
gered a new one: so-called flood basalt erup-
tions, or large igneous provinces (LIPs) erup-
trons. These are no Mount 5t. Helenses or
even Krakataus, which cooled the planet a
degree or so and painted pretty sunsets for a
couple of vears. No, a single LIP eruption can
spew 100 times the magma of anything seen
in historical times. The 100D such eruptions
that can follow the first could build a lava pile
of mulhons of cubic kilometers, Such massive
volcanic activity seems to have dramatically
altered the atmosphere and oceans for hun-
dreds of thousands of years 94 million years
ago and again 36 nillion vears ago, according
to two new studies.,

The newly strengthened link between
megaeruptions and major environmental
events comes in studhes that deaw on 2 single
geologic record containing two signatures:
that of a LIP eruption and another of'a geolog-
ically abrupt environmental change. On page

587, geochronologist Michael Storey of

Roskilde University in Denmark and col-
leagues use precise rock dating to tie the out-
pounings of a LIP—whose remains now span
the North Atlantic from Greenland to Great
Britain—to the sudden 5°C warming 36 mil-
lion years ago known as the Paleocene-Eocene

wWiwW. sClencemacd. org
b Lkl B

thermal maximum, or PETM (Science,
19 November 1999, p. 1465).

Scientsts have long thought that the siga-
ton burst of greenhouse gas—carbon dioxide
or methane—that marked the beginning of the
PETM must be hinked to the 5 million to
1O mullion cubie kilometers of erupted North
Adlantic magma. if only because they hap-
pened at about the same time. But having o
date the two events in different records using
different technigues made the case less than
convineing. So Storey and his colleagues dated
more rocks from the LIP using the argon-argon

technigque based on the radioactive decay of

potassium-40, Combined with previously pub-
lished dat, the dating places one of the knzest
surges of magma of the past quarter-billion
years at 56,1 = 0.5 million vears ago,

The team also applied argon-argon dat-
ing to voleanie ash buried in marine sedi-
ments southwest of Great Britan that also
contain a record of the PETM. That ash
layer had been linked to a LIP ash deposit
in East Greenland with a similar age. but
the researchers beat down the uncertainty
by making a total of 50 age measurements
on the two ashes. Using additional pub-
lished dating of the sediment between the
ash layer and the start of the PETM, Storey
and his colleagues put the beginning of the

SCIENCE

Making for
count

PETM at 55.6 million years ago.

The new dating thus places the most dra-
matic warming of its Kind just within the uncer-
tainty of the beginning ofone of the largest vol-
canic outpourings ever. I think that the dating
15 quite good,” savs Paul Renne of the Berkeley
Geochronology Center in Cahforma. It “cer-
tainly provides strong linkage between the
PETM and the [LIP].”

Another study has strengthened the link-
age between massive voleanism in the

Caribbean and an abrupt transformation of

the oceans 94 mullion vears ago, known as
oceanic anoxic event 2 (OALE2), OAEs were a
half-dozen episodes in the warm mid-
Cretaceous period 120 million o 80 million
years ago when ocean sediments accumulated
with so much organic matter that the sedi-
ments twrned black, Something shifted ocean
conditions to produce these “black shale™
sediments, perhaps by ehiminating oxveen
from the deep seq. The leading candidate fora
trigger is large voleanic eruptions,

OAL2. the archetypal OAE event, had been
linked to the massive Caribbean LIP through
dating, but geochemist Junichiro Kuroda ofthe
Institute for Research on Earth Evolution in
Yokosuka, Japan, and colleagues ook a differ-
ent approach. They harked back w the scarchin
the 19805 tor markers ot a large impact bured
along with the remains of dinosaurs and other

life snuffed out 63 million years ago. Instead of

the element indium brought in by an impacting
asteroid, they looked at sedimentary lead, a
potential marker ofa rock’s source. They traced

lead’s isotopic composition across the onset of

OALE2 an an outcrop in laly.

In a few centimeters of sediment leading up
to the start of OAE2 and bevond the relative
praportion of lead-208 dropped precipitously,
they found. “The way 1t moves 15 difficult
explain without a volcano™ contributing its dis-
tnctive mix of lead sotopes, savs geochemist
Catherine Chauvel of the University of Grenoble,
France. In addition, the new lead-isotope come-
position bears a particular resemblance to that
of the Caribbean LIP

So. rare and extraordinary volcanic erup-
tions coincide in time with rare and exceptional
environmental changes, strongly linking erup-
tive cause o environmental effect. However,
that hink 1sn et clan fving just how LIPS wreak
their havoc. For that. researchers will need more

timings on more of the cascading effects of

humongous eruptions, =RICHARD A. KERR
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LUNAR SCIENCE

Congress Restores Funds for NASA Robotic Landers

Angry U.S. lawmakers have
come to the rescue of NASA's
robotic lunar lander program,
NASA chief Michael Griffin had
pledged to shut down the pro-
aram to save money, but after
strong pressure from both House
and Senate members, the space
AECney has _ur;tnh:l.l It a reprieve.
The reversal, although welcomed
by lunar researchers. puts more
pressure on Griffin to pare other
missions or win additional fund-
ing from Congress.

Ina 10 Apnl letter, the chairs
ol NASA's two spending panels,
Senator Barbara Mikulski {D-MD)
and Representative Alan Mollohan
(D-WV). ordered Griffin to restore
%20 million to operate the lunar robotics
office based at Marshall Space Flight Cen-
ter in Huntsville, Alabama. The letter 1s a
response to the agency’s 2007 operating
plan detailing how it intends to spend its
%16.2 billion budget, approved in February,
the plan must pass muster with Congress.
As late as 12 April, GrifTin was insisting that
there is no need for robots bevond the Lunar
Reconnaissance Orbiter planned for launch
next vear. But on 19 Aprnil, a NASA
spokesperson said that “nght now there are

EXOPLANETS

no plans to close™ the lunar robotics office.

The about=face has more to do with jobs
than lunar data. Faced with a S700 million
shortfall in NASA’s exploration program,
Ciriffin decided this winter that the landers
the details of which have not yet been
defined—were a luxury he could not afford
(Science. 16 March, p. 1482). That decision
upset Alabama Republican Senator Richard
Shelby, who spearheaded the effort to keep
open the Marshall office, with s 32 employ-
e¢es. Inan 18 April speech, according to
Fhe Hunesville fimes, the senator noted than
he was “counting the days— 1 vear and eighi-

Habitable, But Not Much Like Home

For the first time, astronomers have found
an Earth-like planet that could be habitable.
Like an oasis in space, the rocky world, pos-
sibly covered with oceans, orbits a puny red
dwarfl star just over 20 Light-years away in
the constellation Libra, “On the treasure
map of the universe, one would be tempted
to mark this planet with an X, says team
member Xavier Delfosse of Grenoble
University in France.

Muost of the 200-plus exoplanets found to
date are massive balls of gas similar to
Jupiter. Only two have been found weighing
less than eight times the mass off Earth. One
of these is oo cold. the other too hot for lig-
uiel water to exist on iis surface. But the new
planet, found by Stéphane Udry of Geneva
Observatory in Switzerland and his col-

leagues, orbits right in the habitable zone of

its mother star. Gliese 581, where tempera-
tures are between 07 and 40°C.
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Being a cool red dwarf, Gliese 3817% hab-
itable zone is close-in: The planet is a mere
10,7 mullion Kilometers from the star—one-
fourteenth the distance of Earth from the
sun—and completes an orbit every 13 days.
Two years ago, the team found a more mas-
sive planet in an even closer orbit around the
same star. And in the new data, taken by the
European Southern Observatory’s
3.6-meter telescope at La Silla in Chile,
they alsouncovered a third planet ina wider,
S4-day orbit. The results have been submit-
ted to Astranoin & Astroplysics.

Tiny periodic wobbles of the star indicate
that the mass of the new planet could be as
small as Five times that of Eanh. strongly sug-
gesting a ball of rock, not gas, Udry concedes
that the true mass might be larger, depending on
the anzle between the orbit and our line of sight.
But, he savs, the mass cannot be much larger or
the planetary system would be unswmble.

and-a-half months
[NASA] administrator.” Two days earhier,
Griffin had reminded an Alabama delegation

[until] we have a new

visiting Washington about Marshalls central
role in the human exploration effort, which
anmis o retum astronauts w the moon by 20260,

MNASA'S operating plan for the fiscal vear
that ends on 30 September also reflects the
rnsing costs of several science missions,
NASA will spend $63 million more in 2007
than 1t initially planned to keep the launch
date for its Mars Science Laboratory from
shipping beyond 2009, It will add $17 million
to ensure a Movember launch of the Gamma
Ray Observatory and 537 million above
what it had anticipated so that the Kepler
mission to find extrasolar planets can take
ol by the end of 2008,

Those increased costs, combined with
completing the space station and building a
new launcher. are forcing NASA o find
ways (o save money. Although the proposed
elimmation of the lunar robotics program
didn’t fly with key legislators, NASA's
larger budget problems aren’t going away.
Last week, several Democratic lawmakers
urged the White House to meet with con-
gressional leaders wo find a way out of the
morass. But so far, that call for a space
summit has ehecited no response.

=ANDREW LAWLER

The new discovery is “wonderful news.”

says Geoffrey Marcy of the University of

Calitornia, Berkeley, whose team has found
more than half of all exoplanets so far, But
planet hunter William Cochran of the Uni-
versity of Texas, Austin, says, “It remains to
be seen how habitable this planet actually
1£.” Cochran points out that the planet may
always keep one face toward 1ts mother star.
Moreover. some theorists think that because
of the way they form, planets close to red
dwarts may accumulate little water.
Although it could in principle harbor liguid
water, anyone visiting this cosmic oasis would
find it very different from Earth. Says Udry:
“The Holy Grail would of course be a planet
with the mass ol the Eanth, orbiting a star like
the sun., mn a 365-day orbat. But we have w go

step by siep.” ~GOVERT SCHILLING

Govert Schilling is an astronomy writer in Amersfoort,
the Metherlands.
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BIODEFENSE

Proposed Biosecurity Review
Plan Endorses Self-Regulation

A federal advisory group has come up witha
long-awaited blueprint for how the LLS. gov-
ernment should oversee biological research
known as “dual use,” or experiments that
could potentially be used by bioterronsts to
cause harm. The voluntary plan would let
scientists themselves decide whether their
project rases concerns, which would then
trigger a higher-level review—a process
some critics think is woefully inadequate.

Many microbiologists like the idea of
self-regulation. But even supporters are
frustrated by the lack of details provided by
the 25-member National Science Advisory
Board for Biosecurity (NSABB) after
2 years of work. Meanwhile, a few universi-
ties have begun reviewing all genetic engi-
neering experiments for dual use. an
approach that some say is inevitable.

The report follows the explosion of
federal biodefense research in response to
the 2001 anthrax attacks. A 2004 National
Research Council (NRC) report warned
that stringent regulations could impede
legitimate research and called for a self-
governing system of oversight. That panel
described seven types of “experiments of
concern” that would automatically
be reviewed. such as enhancing the viru-
lence of a pathogen, but left it to a new
federal advisory commitiece—MNSABB—1o
develop guidance.

NSABB, chaired by microbiologist

ES GATHAMNY/CDE

i Screen test. Proposed guidelines would have

& investigators decide whether their research could
S be useful to bioterrorists.
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Dennis Kasper of Harvard Medical School
in Boston, has now done that. In a 50-page
draft report released last week, it savs scien-
tists should report annually whether their
research is potentially “dual use of con-
cern.” perhaps starting with a check box on
their gram proposal. A committee, perhaps
an expanded version of the institutional
biosafety committees (IBC) that now over-
see genetic engineering experiments. would
then review the flagged projects.

Although the microbiology community
is generally pleased with the plan. it is not
entirely clear how it might work. Ronald
Adtlas ofthe University of Louisville in Ken-
tucky savs it is “somewhat schizophrenic™
that the report calls for a voluntary system
vel sugoests that funding agencies make
compliance a condition of funding. Nor
does the report tackle synthetic biology
directly, he says, leaving it unclear whether
an experiment 5 years ago that built a
poliovirus from scratch would even be cov-
ered. Also left undecided is whether the
rules should cover fields ouside the hife sci-
ences, such as chemical engineering,

Richard Ebright of Rutgers University in
Piscataway, New Jersev, is much harsher.
He lambastes the committee’s recommen-
dation that even if an experiment fits into
one of the NRC report’s seven categories, an
ivestigator could decide that the work 1sn't
risky enough to be “of concern.” These sub-
jective criteria “preclude meaningful over-
sight,” Ebright says. Ebright and others,
such as Alan Pearson of the Center for Arms
Control and Non-Proliferation in Washing-
ton, D.C.. also say the guidelines should be
mandatory and should cover privately
funded research,

The report will now go to an interagency
committee. which will seek public com-
ment and likely ask NSABB 1o hone the
guidelines. But some universities are going
ahead on their own. At Duke University in
Durham, North Carolina, and two other
schools participating in a regional bio-
defense center. IBCs are already screening
all genetic engineering projects for biose-
curity risks, on the grounds that scientists
don’t have the expertise or objectivity to
decide, savs Megan Davidson of Duke,

=] OCELYN KAISER

Think Tiny, Kremlin Says

With 51 billion in new announced government
financing at its disposal, one of Russia’s lead-
ing centers of scientific research, the Kurchatov
Institute, will manage Russian nanotech
research and development. The $1.1 billion
nanotech windfall, announced last week, is an
enormous sum for science in Russia, where the
average researcher is slated to eam only
51000 per month by 2010. The first 3 years of
investment, aimed to outfit a dozen or so
research cenlers with laboratory equipment,
will be followed by a second stage to run
through 2015.

"This will help Russia emerge on the inter-
national stage in nanotechnology, where il
had been in a state of decay,” says Mihail
Roco of the U.S. National Science Foundation.

-BRYON MACWILLIAMS AND
JOHN SIMPSON

Think Big, Report Suggests

The U.5. government needs to do a betier job of
putting into strategic context its plans for new
nuclear weapons, says a panel convened by the
American Association for the Advancement of
Science, which publishes Science. The main
points of a new report by the panel were dis-
closed in February (Science, 9 March, p. 1348),
but the final version includes new emphasis on
the “international implications” of the nascent
Reliable Replacement Warhead (RRW) effort

to make bombs that don't need to be tested.

C. Bruce Tarter, panel chair and former director
of Lawrence Livermore National Laboratory, says
that the White House must explain “whal are
nuclear weapons for ... [and] how many do we
need.” The chair of the House spending panel
that controls nuclear weapons, Peter Visclosky
(D-IN}, is an RRW skeptic and has called for
such big-picture answers. ~ELI KINTISCH

Indian Rockets Prove Lucrative

NEW DELHI—India entered the fiercely com-
petitive commercial space market with a bang
on 23 April with the launch of an Italian
astranomy satellite. The Indian Space
Research Organisation (ISR0O) is muscling in
on a multibillion-dollar business that has
been the exclusive domain of rocket efforts in
Europe, China, Russia, and the United States,
ISRO is trumpeting its cost advamtage: It
charged Italy about $11 million, a competi-
tive price given the launch location close Lo
the equator, Italy’s AGILE craft will study,
among other things, gamma ray bursts and
dark matter. ISRO chair G. Madhavan Nair
called AGILE's launch a “historic moment,”
-PALLAVA BAGLA
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GENETICS

Erasing MicroRNAs Reveals Their Powerful Punch

For more than 2 decades, biologists have illu-
minated the roles of genes by deleting them in
mice and studying these “knockout™ animals,
which lack the proteins encoded by the tar-
geted genes. Now, scientists say they re begin-
ning to uncover an entirely new laver of gene
regulation by using the same strategy © erase
portions of genes that make snippets of RNA.
Justas knockouts of raditional proein-coding
senes yielded a wreasure rove ol knowledgee
about how different genes govern health and
disease, this next generation of knockouts
could 11l in the gaps that remain.

In a Murry of papers, four independent
groups have for the first time deleted mouse
genes for microRNAs, RNA molecules that
can modulate gene behavior, Each time, the
rodents were profoundly affected, with
some anmimals dropping dead of
heart trouble and others suffering
crippling immune defects.

Since their discovery more
than a decade ago, microRNAs
have electrified biologists,
Geneticists estimate that the
human body employs at least
500 during development and
adult Iife. But it wasn’t clear,
especially in mammals. how
important individual microRNAs
were, because some evidence sug-
gested that these gene-regulators
had backups. In worms. for
example, erasing a particular
microRNA by deleting the rele-
vant stretch of DNA occasionally
had a dramatic effect but more
often didn’t appear to do much,

“I think there was a fear that
nothing could be found™ by delet-
ing microRNA genes in mammals
one at a ime, says David Corry, an
immunologist at Baylor College of
Medicine in Houston. Texas. As it
turns out, the opposite 15 true.
“There's a lot more that the
microRMNAs are doing that we
didn't appreciate until now.” says
Frank Slack. a developmental
biologist at Yale University who studies
microRMNAS in worms.

Two ofthe groups that produced the mam-
malian microRNA knockouts deleted the
same sequence, for miR-155, and describe the
effects on the mouse immune system on pages
604 and 608. One team was led by Allan
Bradley ar the Wellcome Trust Sanger Institute

and Martin Turner of the Babraham Institute,
both in Cambridge, UK.. and the other by
Klaus Rajewsky of Harvard Medical School
in Boston, The other teams, one whose results
were published online by Seience on 22 March
'[“'“'\"'.'..\'uli:Il:ﬂﬂk:llli.lg.l![!_"kfl_'i ciomtent q'.'l.h!'i-tri.lli.:t'

[ 13908%) and one whose work appears in

the 20 April issue of Cell, eliminated dif-
ferent microRMAs and documented defects
in mouse hearts.

The two groups that deleted miR-155
found that the rodents’ T cells, B cells, and
dendritic cells did not function properly. leav-
ing the animals immunodeficient. The muta-
tion also cut down the number of B cells in the
gut, where the cells help fight infection, and
triggered structural changes in the airways of
the lungs, akin to what happens in asthma,

Missing molecules. Compared to a normal mouse heart (top, left), one from a
mouse with a deleted microRNA (top, right) overexpresses a skeletal muscle gene
{in red), among other defects. Erasing a different microRNA increased collagen
deposits (green) in mouse lungs (above, right) compared to a narmal organ
labove, left).

Sull, left alone in a relatively sterile lab,
mice lacking miR-155 survived easily. But
when vaccinated against a strain of salmo-
nella, the animals failed to develop protec-
tion against the bacterium—as quickly
became apparent when most who were
exposed to 1t died within a month. *The ani-
mals were no longer able w generate immu-

nity,” says Turper, an immunologist.
Biologists typically see a specific defect
when they knock out a protein-coding gene,
but eliminating a microRNA may pack a
bigger a punch, because many are thought

to control multiple genes. In the case of

miR-135, “vou get much broader brush
strokes ... [and] very diverse immunologi-
cal perturbations.” says Corry.

There's a flip side to the promiscuity of

microRMAs: A single gene may be the target
ofmany microRNAs. That led some biologists
to speculate that built-in redundancy would
limit damage caused by deleting individual
microRMNAs, In the Cell study in which
miR-1-2 was deleted the microRNA actually
has an identical twin that's encoded by a gene
on another chromosome. “We thought that
wed have w delete both of them
see any abnormality in the amimal,”
savs Deepak Srvastava of the Ung-
versity of California, San Fran-

holes in the heart. Others later died
suddenly, prompting Srivastava
and his colleagues to look for, and
Find heart rhythm disrbances.
The heart problems discovered

Texas Southwestern Medical Cen-
ter in Dallas and his colleagues.
which are also descnbed on page
375, were more subtle. They erased
the microRNA miR-208 and at
first thought the mice were normal.
Only when they subjected the ani-
mals to cardiac stress, by mimick-
ing atherosclerosis and blocking
thyroid signaling, did they observe
that the animals” hearts reacted
inappropriately to such strain,

The tour teams that knocked out
the various microRNAs sull don’t
know all the gene targers of each
molecule. The Nindings, sayvs Turner,
“really doleave opena lot more ques-
tions than perhaps there are answers.”
One is whether these and other
microRMNAs help explain inhented defects in
diseases for which genes have been elusive.
Adlments from cancer to Alzheimer’s disease,
savs Carlo Croce of Ohio State University in
Columbus. who is studying microRNAs in
malignancies, may “have a microRNA com-
ponent.” It's one that scientists are beginning to
hunt for in carnest. -]ENNIFER COUZIN
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cisco, who led the work. But half ol
his group™s mice died young of

by Erie Olson of the University of
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BIG FACILITIES

Researchers Get in Synch Down Under

MELBOURNE, AUSTRALIA—When his protein
crystals melted en route to Japan last June,
Jose Varghese bemoaned the loss of “months
of work.” Varchese, a protein crystallozrapher
who directs the structural biology program at
CSIRO, Australins national science agency,
had planned o use Japan’s Photon Factory to
study the structure of human [ amyloid, a pro-
temn implicated in Alzheimer’s disease. Now
he no longer has to worry about project-
wrecking long-distance journeys: Starting this
summer, he will be able to carry out the same
studies without leavimg the continent,

Last week, the state of Vietoria unveiled
the $170 million Australian Synchrotron
the nation’s first. “'We ve always been the poor
neighbor who can’t come to the party.” says
Dean Morns, a physicist who has directed the
machine’s construction and Fine-tuning. But
with a svnchrotron of their own—and the only
one on this side of the Southern Hemi-
sphere—set to come online in July. Morris
savs, “Australia will be a destination for
researchers from around the world.”

Australia is pinning much of its hopes for
blossoming into a science powerhouse on
what is essentially a gigantic doughnut-shaped
microscope. By accelerating electrons to
nearly the speed of light and bending their path
within a 200-meter-long magnetic racetrack,
the synchrotron produces pencil-width beams
of photons a million times more intense than
sunlight, The Auvstralian Synchrotron will not
be the most powerful in the world: that title
belongs to the S Pring-# synchrotron in Hyvogo,

Japan. But its design allows fora wide range of

applications, from nanotechnology and cell
biology to forensic sciences, Because of this
versatihty, the synchrotron “has attracted

more support across the whole spectrum of

national science thanany other project in Aus-
tralia’s research history,” says John Brumby,

Australia’s minister for innovation.
At full capacity, the synchrotron is expected
to host as many as 1200 scientists a year, up 1o

a third of whom will be from abroad. { Four of

13 planned beamlines will be available by sum-
mer,) The dream, Morns says, “is 1o put Aus-
tralia on the scientific map for big international
collaborations.” He says that many here were
chagrned that Australia was not invited to join
the ITER fusi
Cadarache, France. *We have the expertise to
take part in these sorts of projects, but without
any world-class research facilines of our own,
we're not considerad as being in the same
league.” The new synchrotron is half of the
solution, Morris says. The other half is a new
research reactor near Sydney
an alder facility-—that provides neutron beams
for materials science experiments,

Earning respect 1sn’t the only aim. The
svinchrotron should also boost homegrown
products: Casting the high beams onwool. for

ion reactor now being built in

instance, will reveal the fine structure of

fibers and enable scientists to tinker with tex-
tile propertics. And the country’s mining
establishment will benefit from a future
beamline dedicated 1o minerals research. The

facility “will transform the technical nature of

many Australian industries.” predicts syn-
chrotron director Robert Lamb,

Lamb and others hope the new machine
will help squelch one export: scientific talent.
By opening major science facilities, Aus-
tralian universities hope to entice top expatri-
ate scientists to come back home. “These
tools ... will enable Australia to compete
effectuvely with researchers in the strongest
Morthern Hemisphere countries.” says Robert
Robinson, head of the Bragg Institute in
Svdney, The Australian Synchrotron puts out
its first call for project proposals next month.

=]OHN BOHANNON

an upgrade of

Things Looking Up

To keep up with other spacelaring nations, the
United Kingdom needs its own space agency,
the Royal Society said this week in a submission
to a government consultation aiming to draw
up a space strateqy for the years 2007-10.
With government spending spread across nine
departments and funding agencies, Brilain's
space effort lacks focus, the society says, mak-
ing it particularly hard for the UK. to speak
with one voice when negotiating bilateral proj-
ects apart from the multinational programs of

the European Space Agency.

& new national agency would replace the
British MNational Space Centre, which now plays
a coordinating role but has a staff of just 45 and
no budget of its own. The UK. spent just over
5400 million on space research and missions
in the 2005-06 fiscal year and provides only
7% of the budgel of the European Space
Agency; France and Germany give 25% and
20%, respectively. "It can be difficult at times
to get agreements for international missions,”
says space scientist Andrew Coates of Univer-
sity College London, "8 more effective voice
would be extremely welcome.” Butit's not all
about perception. "We should be fighting for
mare money for space,” Coates says. “Our ambi-
tions go far beyond what we can currently do.”

Lights Out, Please

-DAMIEL CLERY

Astranomers upped the ante in their efforts to
fight light pollution with an intemational con-
ference last week that drew up a declaration on
a “right to observe the stars” and promoted the
idea of specially protected dark-sky reserves,
“There is lots of protection for different envi
ronments. Now there isa movement to look at
the night sky in the same way,” says Graham
Bryant of the British Astronomical Association.

AUNESCO-sponsored
meeting, Starlight 2007
braught astronomers
logether with Lourism, envi-
ronment, and culture experls
on the Spanish island of La
Palma, whose dark night
skies have been protecied by
law since 1988. "By mixing
up the various communities,
everyone wins,” says David

Crawford, head of the Intemational Dark-Sky
Association. Cipriano Marin of UNESCO sug-
gests that tourism authorities in astronomy hot
spots such as La Palma and Hawaii could
develop trip packages that exploit each locale as

a “clean-sky destination.”

-DANIEL CLERY
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Killing Whales
For Science?

A storm is brewing over plans to expand

Japan's scientific whaling program

WHEN LOUI5 HERMAN, PROFESSOR EMERITUS
at the University of Hawaii, Manoa, sets out
to study humpback whales in Hawaii, the
goal 15 to see the animals as individuals. His
team identifies whales genetically, with
small skin samples taken with a retractable
dart. and physically. with photos of their tail
Mukes. Whale by whale, he and other marine
biologists around the world are building a
picture of a population rebounding from the
overhunting of the last century. At the same
time, however. another kind of study is
planned for Antarctic humpbacks: Japanese
rescarchers plan to Kill 30 annually in an
effort they claim will help explain eco-
system dynamics in the Southern Ocean, It
would be the first time 1n 33 years that
humpbacks have been killed for science.
Japan’s intention to expand their scien-
tific whaling. which has been condemned by
many Western scientists, will be discussed m
what all expect to be a Fery meeting next
month in Anchorage. Alaska, when some
200 whale researchers gather for the Scientific
Committee meeting of the International
Whaling Commission (IWC): it will be fol-
lowed by the commission’s full-court meeting,
which is expected to be equally rancorous.”

* 59th Annual Meeting of the International Whaling
Commission, 4=31 May, Anchorage, Alaska.
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“There are going to be some fireworks,” pre-
dicts Doug DeMaster, a marine mammal
biologist, director of the Alaska Fisheries
Science Center in Seattle, Washington, and
deputy commissioner of the US. delegation.
The roster 1s peppered with contentious
topics, mcluding aboriginal subsisience
whaling and whales as byeatch, but none is as
explosive as scientific whaling.

Ewven before the delegates have gathered,
tempers are aring over Japans larger catch
of Antarctic minke whales (in 20035, it
upped 1ts annual take from 440 to 935) and
its plans o Kill 50 humpback and 30 fin
whales each year, "I Japan wants to resume
commercial whaling, it should just come
out and say that's what s domg,” fumes
marine biologist Mick Gales of the Australian
Antarctic Division in Kimgston, Tasmania,
who is a member of IWCs Scientific Com-
mittee (IWC/SC), “But to do this in the
name of science is simply not defensible.”

Scientists at the Government of Japan's
Fisheries Agency., which oversees the
hunts, contend that their project is indeed
scientific. “We are attempting to build an
ecosystem model of the Amarctic’s South-
ern Ocean.” explains Jop Monshita, direc-
tor for the agency’s mternational negotia-
tions. “And to do that, we need to include
data from the humpback and fin whales,

populatighs-are

On the rise. Humpt
rebounding “SparkingglansEint
them for research purplisess

since their biomass now equals that of the
minke whales. We need 10 know their num-
bers, what they eat, how much. when and
where, and whether they are outcompeting
other whale species.”

The 1ssue highlights the sharply differ-
ing perspectives of wildlife conservation
and resource management. Humpbacks, for
example, were nearly hunted to extinction
in the 20th eentury and now serve as the
poster child for many conservation organi-
zations: most Western nations consider
them, as well as the fin whales, to sull be
endangered. But Morishita takes a different
view. “It’s dangerous to make the hump-
back a special animal that cannot be used”
he says, “What's wrong with using an abun-
dant species while we still protect the
endangered ones?™

Some fear that the tension may ulti-
mately break the frazile convention itself,
The 73-member voluntary organization is
virtually divided between pro- and anti-
whaling nations and suffers from unhappy
memories of previous meetings marred by
insults and physical attacks. I'WC, many
say. is sinking like a harpooned humpback
{although at least six new countries will
Join this year, as each side cultivates new
members). Scientific whaling “has polar-
ized the [IWC ] Scientific Commitiee,”

WiwW.sCIencemad.org

CHEDIT THE DOLPHIN BESTITUTE FHOTO OSTAIMED UNDER THE AUTHORTY OF NMFS PERMIT NO. 1071177003



g
5
=
:
g
g

says Scott Baker, a conservation gencticist
at Oregon State University’s (OSU's)
Marine Mammal [nstitute in Newport.
“We're asked to review Jupan’s proposals, to
treat them as science when they are not.
And that is objectionable.”

In the beginning

Scientific whaling was not the original
purpose behind IWC, which serves as the
decision-making body for the International
Convention for the Regulation of Whaling
(ICRW). Rather. itwas setupin 1948 for the
interests of commercial whaling. At the
time various nations, including the United
States, were concerned that many species of
the great whale were being overhunted.
According to [CRW's charter, it was organ-
1zed “to provide for the proper conservation
of whale stocks and thus make possible the
orderly development of the whaling indus-
try.” The convention also sanctioned scien-
tific whaling under the four sentences of
Article VIII. which allows members to
catch whales for scienufic purposes, Coun-
tries doing so are charged with regulating
their own hunts, with no catch himits or
oversight from member nations.

Article VI was drafted by Norwegian
whaling expert and first chair of I'WC,
Birger Bergersen, now deceased. “It's clear
that in his mind he was thinking that the
number of whales a country could take for
science was less than 10; he didn’t intend
for hundreds to be killed for this purpose.”
says Lars Walloe, a physiological biologist
at the University of Oslo, Norway, who has
written about Bergersen and heads the
Morwegian delegation to the Scientific
Committee, “He had in mind, for instance,
the possibility of finding a new animal and
thus needing to take some in order to
describe them scientifical ly”

In 1982, with many populations plum-
meting to near-extinction levels, ITWC
enacted a moratorium on commercial whal-
ing, which ok effect in 1986, and its focus
shifted to conservation. *The moratorium is
probably one of the greatest conservation
success stories of the 20th century,” says
Phillip Clapham, a marine biologist with the
Alaska Fisheries Science Center in Seattle.
“Many species of whales that were really
hammered are now making remarkable
comebacks.” including some populations of
humpback and fin whales. But some blue,
right whale, and bowhead populations
remain worrisomely low. he adds.

Notevery IWC nation joined the morato-
rium. Member nations can lodge formal
objections o the body’s decisions, which it

has no authority o enforce. Norway
objected and has continued commercial
hunting of minke whales, which are smaller
(% meters in length) baleen whales thought
to number in the hundreds of thousands.
Last year, Norway unilaterally upped its
annual quota from 745 to 1032, Japan settled
on a different tack, withdrawing its formal
objection but launching scientific whaling
programs in the Southern Ocean and North
Pacific under Article VIIL. In the past
5 vears, [eeland has also started both scien-
tific and commercial whaling programs
targeting minke and fin whales, although
its take 15 only a fraction of Japan’s (see
table, below),

Although many whale researchers decry
lceland’s decision, they are even more
alarmed by the ever-increasing scale of
Japan’s scientific program and the fact that
Japan kills whales within IWC's Southern
Ocean Whale Sancwary, Under the scien-
tific whaling program launched in 1987
(called JARPA, for Japan’s Whale Research
Program under Special Permit in the Antarc-
tic), the Japanese have Killed an estimated
6500 minke whales there: that compares to
about 2100 whales killed worldwide under
Article VIII by all nations combined
between 1952 and 1986,

Recent Total Whale Catches by Country

NEWSFOCUS

with its announcement that it was beginning
a new operation (JARPA 1), which would
include taking humpback and fin whales in
the Southern Ocean Sanctuary. So far, it hos
harpooned 12 fin whales and intends to
begin killing humpbacks in 200708,

Science under scrutiny

Under the convention, the Scientific Com-
mittee is required to review scientific whal-
ing proposals, and many rescarchers are
sharply eritical of the results of JARPA [
"“The science and data are very poor.” says
Clapham, echoing a complaint voiced by
many other IWC/SC members. “It’s outra-
ceous to call this science; it's a complete

charade.” charges Daniel Pauly, director of
the Fisheries Centre at the University of

Brtish Columbia in Vancouver.

The committee produced a consensus
review of the | 8-year JARPA I study last
December, but the document includes few
areas of agreement. On minke whale abun-
dance: “The workshop has not developed
any agreed estimates.” On the role of whales
in the marine ecosystem, “relatively little
progress has been made.”

Yet the Japanese stand Girmly by the sci-
ence behind their whaling program. “We
hear these criticisms all the time.” says

Gl |emmtce|  dmm | MUREETR| st MU
2001 552 —_— 598 113 15 158
2002 634 — &84 134 50 164
2003 647 £ 704 131 41 209
2004 544 25 755 112 43 204
2005 639 39 1243 126 &8 193
2006 * 546 EF 1320 140 39 197
Total * 3562 138 5304 756 316 1125

Japan began its second scientific whaling
operation (JARPNM) in the North Pacific in
1994, where it targets minke, Bryde's, sei,
and sperm whales. According to Article
VI1IL the meat from these hunts should be
used and despite low demand, it is available
in Japanese markets. Some 1s now stewed in
ketchup at schools for lunches. and some
can be found in restaurants and for sale
online, says Naoko Funahashi, a conserva-
tionist with the International Fund for Ani-
mal Welfare in Tokyo,

In 2005, at the 537th IWC meeting in
Ulsan, South Korea, Japan stunned IWC/SC

* 2006 data incomplete.

Morishita. “A lot of non-lapanese scientisis
are always calling for us to submit our data.
and we present our research resulis every
vear to the Scientific Committee and at
other scientific meetings. 11 they think our
data is so useless, | dont think they'd
demand it. We would also hike to publish our
papers in more leading Western science
Journals,” but Morishita perceives these as
being biased against scientific whaling, “We
are also the only scientists collecting age data
on these populations.” Scientists determine a
whale’s age by its waxy ear plugs. which
can only be studied if the whale is dead.
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Morishita argues that humpback
and fin whales are now compet-
ing with the minke for krll and
says their new program will test
this idea.

Some researchers agree that
the Japanese data are important,
“They are doing valid science,”
savs Norway s Walloe, pointing
in particular to Japanese genetic
data that suggest the minke
whale numbers in the Southern
Ocean are dechiming, and tha
minkes there are growing slimmer, losing
blubber. “Whether or not it 15 necessary for

their study to take so many hundreds of

whales every year for science. | cannot com-
ment.” Walloe adds that the Japanese also
provide biopsy samples., which are rare from
large baleen whales in the Southern Ocean,

But these data can be gathered without
Killing the whale, say Herman and others.
“The Japanese want to ask which breeding
populations the whales belong to. if these
are crowing, and where do they feed.” says
Ciales. “These are all questions which can be
answered using nonlethal technigues includ-
ing observation, satellite tracking. and
genetic studies.” He and many others are
unconvinced by the idea of food competition
and say that it betrays an overly simplistic
view of complex maring ecosystems,

Researchers on all sides agree that the
humpback whales” numbers in the South-
ern Ocean are increasing, Indeed, the
data should “make everyone happy.” says
Morishita. “Their numbers are so large
now that their increase seems to be
adversely affecung the minke whale. We
want to see 1if that is the case”

CROSS-CULTURAL RESEARCH

Taken. Japanese ships catch minke whales like this one, as well as a few other
species, under scientific programs.

But Clapham says not all southern
humpback populations are rebounding.
Whales from a variety of breeding popula-
tions congregate in the feeding area of the
Southern Ocean. Most are part of two fairly
large populations (totaling nearly 20,000)
that travel from Antarctica to Australia’s
coasts, where they mate and birth their
calves, Others, however, hail from far
smaller populations that breed in the waters
off Fiji. New Caledonia, and Tonga. “These
stocks were devastated by illegal Soviet
whaling in the late 19505 and "60s.” says
Clapham. “They ve never recovered and
still number i the mere hundreds or fewer,
But they feed in Antarctica with the whales
from Australia. It's impaossible to tell them
apart: they don’t have signs on their backs,
How are the Japanese going 1o be sure they
don’t take humpbacks from these highly
endangered populations?”

Japan’s program suggesis to O5U's
Baker that the science 15 largely about man-
aging whales for future harvest. Whaling
“can be done sustainably, which is why
Japan collects the kind of data it does.” savs
Walloe. *If whales are poing to be hunted in

Pentagon Asks Academics for Help
In Understanding Its Enemies

A new program at the U.S. Department of Defense would support research on how

local populations behave in a war zone

The Irag War was going badly in Divala, a
northern province bordering Iran, in late
2005, A rash of kKidnappings and roadside
explosions was threatening to give insur-
gents the upper hand, Looking for insights on
how to quell the violence, the LLS, Depart-

ment of Defense invited a handful of

researchers funded by the agency to build
computer models of the siuation combining

recent activity with cultural, political. and
economic data about the region collected by
DOD-funded anthropologists.

The output from one model, developed by
sociologist Kathleen Carley and her col-
leagues at Carnegie Mellon University in
Pittsburgh, Pennsylvania, connected a series
of seemingly disparate incidents to local
mosques, Resulis from another model, built

a sustainable manner, then we
need this kind of information.
But. if we're not going to kill
any whales, then it could be
argued we don't need it.” And the
killing of whales, he notes. has
now become more of a political
than a scientific question,

Because the scientific whal-
ing program is “out of control,”
says former LS. Whaling Com-
missioner Rollie Schmitten. it
might be better to Just phase it oul
and permit tightly controlled commercial
whaling, while prohibiting any international
trade in whale meat. IWC has attempied to
negotiate similar agreements at its annual
meetings since 1996—but it has always
failed, partly because some countries,
notably Australia, New Zealand, and the
United Kingdom. refuse to consider remov-
ing the ban. Meanwhile, subsistence hunts by
aboriginal peoples in the United States,
Russia, Greenland. and the Canibbean nation
of 5t Vincent and the Grenadines are also up
for renewal this vear. All this sets the stage
for a contentious meeting when the full IWC
gathers at the end of May.

As a small island nation. Japan defends its
right to marine resources. Japanese generally
pereeive antiwhaling sentiment as anti-
Japanese, says Funahashi. But she holds out
hope for change. “Most Japanese don’t know
that we hunt whales in Antarctica.” she says.
“They think it’s only in Japanese walers.
When they hear about this other, they don’t
approve. Now more Japanese are going whale
watching, and this 1s changing people’s atti-
tudes.” 1t’s harder, after all. to eat an animal
vou know, ~VIRGINIA MORELL

by computer scientist Alexander Levis and his
colleagues at George Mason University
(GMU) in Fairfax, Virginia, offered a better
strategy for controlling the insurgency: Get-
tng lragis 1o take over the security of two
major highways, and turning a blind eve to the
smuzeling of goods along those routes, the
mode] found. would be more effective than
deploving additional troops. The model also
suggested that a planned information cam-
paign in the province was unlikely to produce
results within an acceptable period of time.
Researchers and DOD officials say these
insights, however limited, demonstrate a role
for the social and behavioral sciences in com-
bat zones. And a new program called Human
Social Culture Behavior Modeling will
greatly expand that role. John Young Jr.. direc-
tor of Defense Research and Enginecring and
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architect of the program, has asked Congress
for 37 million for fiscal vear 2008, which
begins on | October. as a down payment on a
fi-year, $70 million effort. Agency officials
expect to direct an additional $54 million in
existing funds to socil science modeling over
the next 6 vears. Under the new program., the
agency will salicit proposals from the
research community on broad topic areas
announced periodically. and grants will be
awarded after an open competition.

Officials hope that the knowledge caned
from such research will help LS. forces hight
what the Bush Administration calls a global
war on terror and help commanders cope with
an incendiary mix of poverty, civil and rehi-
gious enmity. and public opposition to the
U.S.~led occupation of Irag. *We want to
avold situations where nation states have
unstable governments and instability within
populations, with disenfranchised groups cre-
ating violence on unsuspecting citizens,” says
Young. “Toward that goal, we need computa-
tional tools to understand to the fullest extent
possible the society we are dealing with, the
political forces within that governmeni, the
social and cultural and religious influences on
that population, and how that population is
likely to react to stimuli
to the presence of LS. troops.”

The approach represents a broader and
maore scientific way to achieve military objec-
tives than by using force alone, according o
Young. “The malitary i1s used to thinking abowt
bombs, aircraft, and guns,” he says. “This is
about ¢ reating a |‘|l.'||'|'l.1|i.I|I'-!|'| environment
where people feel that they have a voice and
opportunity.” Such tools would not replace the
war games that military commanders cur-
rently use to simulate combat between con-
ventional defense forces. Instead, the models
would give military leaders knowledge about
other options, such as whether improving eco-
nomic opportunity in a diswrbed region is
more likely to restore order than imposing
martial law and hunting down insurgents,

from aid programs

Once developed in academic labs, the soft-
ware would be installed in command and
control systems.

The plan has drawn mixed reactions from
defense experts. “They are smoKing some-
thing they shouldn’t be.” says Paul Van Riper.
a retired licutenant general who served as
director of intelligence for the U.S. Army in
the mid-1990s, Human systems are far too
complex to be modeled, he says: “Only those
who don’t know how the real world works will
be suckers tor this stufl”

But retired general Anthony Zinni, former
chiet of LS. Central Command and a vocal
crinie of the Administrations handling of the

WWW. SCIENCEMag.org

Irag War, sees value in the program. “Even if

these models urn out to be basic,”™ he says,
“they would at least open up a way for com-
minders to think about cultural and behav-
ioral factors when they make decisions
example, the fact that a population’s reaction
to something may not be what one might

for

expect based on the Western brand of logic.”
The new program is not the first time the
military has tried o integrate cultural, behav-
ioral, and economic aspects of an adversary
into its battle plans. During the Cold War, for
example, LS. defense and mtelligence agen-
cies hired dozens of anthropologists to pre-
pare dossiers on Soviet society. Similar efforts
were made during the US. war in Vietnam,

Beyond bombs and guns. DOD officials
say social science models can supplement
the use of force to reduce violence in lrag.

with little success. But proponents say that
today’s researchers have a much greater abil-
ity to gather relevant data and analyze the

information using algorithms capable of

detecting hidden patterns.

A few such projects are already under way.
At the University of Maryland, College Park,
computer scientist V. 8. Subrahmanian and his
colleagues have developed software tools to
extract specific information about violent
incidents from a plethora of news sources,
They then use that information o tease out
rules about the enemy’s behavior. For exam-
ple, an analysis of strikes carned out by
Hezbollah, the terrorist group in Lebanon,
showed that the group was much more likely
to carry out suicide bombings during times
when it was not actively engaged in education
and propaganda. The insight could potentially
help security forces predict and counter sui-
cide attacks. “This 15 a very coarse hinding,
not the last word by any means,” cautions
Subrahmanian. adding that a lot more data
and analysis would be needed to refine that
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rule as well as come up with other, more use-
ful ones. Last vear, the researchers applied
their tools to provide the U.S. Army with a
detatled catalog of violence committed
against the United States and each other by
tribes in the Pakistan-Afzghanistan region.
Other modeling projects are addressing
more fundamental questions. With funding
from the Air Force Office of Scientific
Research, mathematical economist Scout Page
of the University of Michigan, Ann Arbor, and
his colleagues are modeling societal change
under the competing influences of an individ-
ual’s desire 1o act according to his or her val-
ues and the pressure to conform to social
norms. The work could shed light on which

environments are most supportive ol terrorst
cells. information that could help decide
where to focus intelligence-gathering efforts
and how to bust those cells. The research
could also help estimate, by looking at factors
such as rise in unemplovment and growing
social acceptance of violent behavior, when a
population may be plunging into chaos. That
in turn could help commanders and policy-

makers decide when and how to intervene.
Accomplishing those goals is a tall order,
Page admats. “Despite tons and tons of data
from LLS. elections.” he says, “we are still not
very good at predicting how people will vore.”
Building comprehensive and realistic
maodels of societies is a challenge that will
require enormous amounts of empirical data,
says GMU's Levis, a former chiel scientist of
the U.5. Air Force. But it is doable, he says.
adding that the field will benetit greatly from
linking social science researchers and come-
puter scientists, “The goal here is 1o win pop-

ular support in the contlict zone,” he says.
=YUDHIJIT BHATTACHAR]EE
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CARBOMN EMISSIONS

Improved Monitoring of Rainforests
Helps Pierce Haze of Deforestation

Deforestation produces a significant amount of greenhouse gas emissions through
burning, clearing, and decay. But exactly how much?

Twenty-five years ago, the best way for Brazil-
1an scientists o zauge the rate of deforestation
in the Amazon was to superimpose dots on
satellite photos of the world’s larzest rminforest
that helped them measure the size of the
affected area. INPE, the government agency
responsible for remaote deforestation monitor-
ing. didn’t release regional maps and refused 1o
explun s analviical methods, The result was
data that few experts found credible.

Today, Brazil’s monitoring system is the
envy of the world. INPE has its own remote-
sensing satellite, a joint effort with China
launched in 1999, that allows it to publish
vearly wtals of deforested land that scientists
regard as reliable. Using data from NASA'
T-vear-old Terra satellite, INPE also provides
automated weekly clear-cutting alerts that
other tropical nations would love to emulate.

Peering Through the Clouds
' S ot
Rt

NATION SATELLITE SENSORS

u.s. Landsat5  Optical 30 m
U.S. Landsal 7  Oplical 30 m
India IRS-2 Optical 6-56m
Japan ALOS Radar 50 m
China/ CBERS-2 Optical 20m
Brazil

U.5. Terra Optical

France SPOT Optical 20 m
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And image-analysis algorithms have elimi-
nated the need for measurement dots,
“*They ve really turmed things around.” says
toresiry scientist David Skole of Michigan
State Umiversity i East Lansing.

Crenerating good data on deforestation 15
more than an academic exercise. The process
of cutting down forests and clearing the
Land—by burming the wood, churning soil for
agriculture or grazing, and allowing the
remaining biomass to decay—produces as

much as 23%

o of the worlds yearly emissions
of greenhouse gases. That makes keeping
tabs on deforestation a crucial 1ssue for gov-
ernment officials negotiating future climate
including a meeting next
month in Bonn, Germany, and one next vear
in Bal to extend the 1997 Kvoto agreement
after its 2012 expiration.

dgreements

RESOLUTION FEATURES

This aging workhorse offers images every 16
days 1o any nation with satellite recenving station.

Some researchers have managed to use it
effectively despite a crippled sensor.

Experimental craft shows promise,
although images are hard to acquire.

Researchers hope cloud-penetrating radar
could be key to deforestation studies.

Experimental; Brazil uses on-demand images
ta bolster their coverage.

250-1000 m Dala easily available, almost daily.

Indonesia, Thailand use alongside Landsat data.

VOL 316 SCIENCE

Despite solid improvements by scientists
N monmoring deforestation. the uncertainties
are still substantial. The gap between remote-
sensing data and field measurements on the
amount of deforested land is between 3% and
0%, say researchers. And the error bars on
estimates ol the amount of CO, released by
clear-cutting those tracts, 1]1_|:} note, are
25% to 50%. Those errors, related 1o gaps in
fundamental understanding of forest carbon,
will make it harder for developing nations o
verify the extent to which they have managed
to reduce deforestation and, thus, reduce ther
output of greenhouse gases. In tum, the uncer-
tainty undermines efforts to convince skepti-
cal lawmakers in industrialized countries that
efforts to diminish deforestation should be a
part of future climate-change agreements.

“We need o get these error bars down,”
says climate negotiations veteran Annie
Petsonk of Environmental Defense (ED).
a New York City—based nonprofit. More
precise satellite data for calculating carbon

flux could also shed light on the role of

trees in the global carbon cyvele, a key
ingredient in undersianding whether global
warming will accelerate.

Margins of error

When negotiators in 2001 agreed on what the
Eyoto treaty would cover. they omitted defor-
estation. One reason was fear that clear-
cutting halted in one country trying to achieve
its Kyoto goals would move to another coun-
iry under less pressure to curb the practice.
But uncertanty about the science didn’™ help.
Al the time. INPE was releasing only totals,
not maps, and few nations had experience
tuming visual data from Landsat 5 and other
satellites (see chart, left) mto mtegrated wotals,
"You'd have [negotiators] sayving that it’s
impossible to measure deforestation.” says
ecologist Paulo Mountinho of the Amazon
[nstitute of Environmental Research at Para
State, Brazil. “There was all this data but not
enough know-how,” adds regional ecologist

Crreg Asner of the Carnegie Institution of

Washington in Stanford. Califomnia,

In the last 5 vears. a growing cadre of

researchers in rainforest nations has begun
tapping satellive data to monitor their forests:
the list includes India, Thaland, and Indone-
sia. In addition to Brazil's weekly alert system,
CXPEris across the Americas are I'I'Iiil\iﬂ:‘__'
mereased use of NASAS medium-resolution
Terra. which can scan any point on Earth
roughly each day, at a decent resolution,
Policymakers are taking notice of that
increased capacity. A side presentation on
detecting logging that Asner offered at the
international climate meeting in Montreal in

wWww.sclencemag.org
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THE MATURE COMSERVAMNCY AND HANSEMN AND DEFRIES.

December 2005 drew hundreds of negotia-
tors. There, Papua New Guinea and Costa
Rica proposed including credit, afier 2012, for
efforts to curb deforestation. The idea has
gathered momentum, and environmentalists
are hoping that next month’s meeting in Bonn,
convened by a United Nations technical body,
will lay the groundwork to measure and credit
action against deforestation by developing
countries. “The science has really driven the
policy.” says EDs Stephen Schwartzman.

The Bonn delegates will confront a number
of technical challenges. The first is how o
reduce primary errors in detecting forest losses
from space. Brazil’s yearly survey, dubbed
PRODLES, is based on the situation each
August, before fall clear-cutting season. and
uses software that searches images for bare
ground. But Landsat passes over any one forest
area only twice ina month, and clouds can
obscure areas during one or both passes. Any
gaps are Filled with data from July or Septem-
ber. massaged with algorithms. “You're pro-
viding the best of vour knowledge,” savs math-
ematician Thelma Krug of INPE. which
reported that 18793 km? of Amazon forest.
with 2 4% margin of error, were destroved in
2003, That figure includes only clear-cutting,
because the satellites’ 20- to 30-meter resolu-
trion cannot detect less dramatic disturbances,

One important omission is selective log-
aing for tmber, says Asner. In 2005, his team
determined the fraction of green reflectance
from each Landsat pixel, aided by consider-
able feldwork to calibrate how nonvisual
light frequencies could inform that caleula-
tion. They concluded that Brazil was omitting
a whopping 12.000 knm? or more of so-called
selectively logged forest
areas per year (Science,
21 October 2003, p. 480).
Asner fears that any sys-
tem rewarding efforts to
halt deforestation could
miss a substantial source
of emitted carbon il selec-
tive Jozging 15 not included. Others believe
that logging has less of an impact; Skole says
Asner could have mistaken thin forests or
wetlands for logged forests because their
infrared image can “mimic ... a logged for-
est” He also notes that many logged areas
grow back. INPE estimates that the per-
hectare emissions from selective logging are
2% of those from clear-cutting.

Even if scientists improve their monitoring
of activities on the ground, however, they have
only crude methods of calculating how much
carbon a particular area of raintorest will emit

ﬁ once cleared. Estimates of the Amazon’s total

organic stock of carbon—including living and

“We need to get these
error bars down.”

—Annie Petsonk,

Environmental Defense

Global Deforestation, 1990-2000
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B 0-6% Deforestation

B 72:-17% Delforestation

B 18%:-50% Deforestation

Going, going... Tropical deforestation, in hot spots including Brazil, Madagascar, Indonesia, and West

Africa, is a big driver of rising CO, levels.

dead rees—range from 60 billion 1o 120 bil-
lion tons. National estimates are equally
uncertain: Brazil caleulated that deforestation
and loss of grassland had emitted roughly a
billion tons of CO, into the atmosphere in
2004, plus or minus 30%. Several ex perts told
Science that the margin of error is even larger.

One problem is the heterogeneity of forests
and the mability to identify denser, tller forest
areas within larger regions. Historical sam-
pling measurements in western Brazil only
include trees at least 10 cmoin diameter. “We
need more science,” savs geographer Ruth
DeFries of the University of Maryland, Col-
lege Park. One low-tech step. says ecologist
Richard Houghton of Woods Hole Research
Center in Massachusetts, would be repeated
sampling of trunks and better biomass equa-
tions that encomypass the whole ree. *“We dont
have many studies that
have looked below ground
at the roots.” he says. Even
within a I-hectare site,
he says. the vanability
is maddening,

Better eves would also
help. Japan's Advanced
Land Observing Satellite ( ALOS). launched
last vear, uses radar to see through the canopy
and spot cleared sites that Landsat’s cameras
would miss. Initial results show decent contrast
between forested and nonforested areas to a

S0-meter resolution, says Woods Holes Josel

Kellndorfer. Upcoming ground studies in
Brazil, Congo, and Uganda will mim to cali-
brate ALOS s ability to estimate biomass, aided
by interferometry that could infer tree heights.

Radarwould also be a boon o cloudy coun-
tries such as Gabon. whose rainforests have
been largely hidden from satellites unul now,
And ALOS’s youth is also welcome. Widely
available and relied upon, Landsat 5 was built

For a 3-vear stint and is nearing a quarter-
century of labor. It “could go any moment.”
warrics DeFries. Christopher Justice of the
University of Maryland, College Park, says
that possibility highlights the need for “better
international cooperation” to make sure data
from other sources is just as easy to share.

Ground truth

DeFries says that those who care about rain-
forests shouldn’t let the quest for improved
detection stand in the way of making good use
of what 15 already clearly visible, She'’s cheered
by a campaign that has protected tens of thou-
sands of square kilometers of Brazilian rain-
forest since 2004, A general rend of falling
beef and sov prices has helped by cutting
demand for land environmentalists say. 5o has
daily daa from Terra, analyzed by INPLE, that
Brazilian officials have used 1w probe roughly
100 instances of possibly illegal deforestation,
says INPE's Dalton Valeriano.

The government could step up its enforee-
ment activities, says geographer Carlos de
Souza Ir, of independent watchdog Imaeon in
Brazil, if its mapping work were more solid.
Using the same data that INPE collects, de
Souza has calculated monthly totals that
exceed or fall short of the government’s num-
ber by thousands of square kilometers. He fin-
pers data-sampling techniques, clouds, or dif=
ferent aggregating methods as possible cul-
prits. And he worries that the government is
learning about some illegal clear-cutting belat-
edly. from the yearly PRODES survey. “The
most important thing is stopping deforestation
as it is happening, not alter” says de Souwza.

An international incentive system could
strengthen Brazilian resolve. says Daniel
Nepstad of Woods Hole. “If this is happening
without a carrot, imagine what would happen
with a carrol.” he savs, =ELI KINTISCH
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Gravity Probe Researchers Report
‘Glimpses’ of Long-Awaited Payoff

Adter nearly halt a century of plans, pro-
posals, probing. and problems. NASA's
Gravity Probe B satellite has finally
reported a scientific finding. But physicists
will have to bide their time a few months
longer for the result they have been waiting
all those decades lor.

Concerved in the late 19505, Gravirty
Probe B was finally launched in 2004 to
test subtle predicuons of Emnstemn’s theory
of general relativity (Science, 16 April
2004, p. 385). Essentially a 3-ton Thermos

Guide Star
IM Pegasi
(HR 8703)
-

39 milli-a cond
(0.000011 degre

p

hottle housing four precise gyroscopes, the
probe was designed 1o measure the drag-
ging of spacetime around a spinning
body—in this case, Earth

Physicists reported here on 14 Aprnl that
alter a vear of data collection and a vear and a
hall of analysis, they have tound “glimpses™

ol the frame-dragmng effect. But they oftered

A specific measurement wis,
however, reported for a second effect, caused
by relativistic warping of spacetime. That

"'_l_'_u_'-||1_|L'I,h_'“ eftect tilied the LY roscopes |'|"\. dan

no numbers

angle of 6638 milli-arc seconds (mas) pel
viear (give or take 97).

It Isaac Mewton’s simple laws of gravity
ruled the universe. each gyroscope’s axis ol
spin would stay pointed toward a “guide

star” tracked by a telescope on board the

IL 2007

probe, which tlew mn a 640-Kilometer-high
polar orbit. Relativity’s effects, however,
should tilt that spin axis shghtly away from
the star by about 6600 mas per vear. within
the range of Gravity Probe Bs margin ol
CITOr | =8¢ |-:I_!_'I,II'{|

But the geodetic effect has previously
been measured more precisely by other
methods. Gravity Probe B's primary purpose
wis o measure the much smaller effect

caused by frame dragging, predicted to be a

mere 39 mas per vear: about the width of a

542 kilometers

Frame-Dragging Precession

human hair seen from 400 meters away.

Measuring the tilt caused by frame drag-
ging—at rght angles to the geodetic dritt
wis complicated. however, by unanticipated
wobbles and twists in the gyroscopes’
motion. Eight more months of data analysis
will be needed w smooth those glitches out of
the data, saud physicist C. W Franeis Evenitt
of Stanford University in Palo Alto, Califor-
nix, Gravity Probe Bs principal investigator.

“We have some glimpses of the frame-
dragging effect, and | think they are probably
authentic,” he said. “We're on track, but
we're not there yet.”

The latest problem i Gravity Probe BS
long history arose from an oversizht involy-
ing the gvroscopes. quartz spheres the size of

Ping-Pong balls, coated with a thin layer ol
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niobium, and caged i a quartz housing,
Detectors tracked the spheres” spin direction
by sensing magnetism induced in the nio-
bium coatings. The mission was designed 1o
avold many possible sources of error, Everin
saidd. “But there were a couple of things that
CAME 1N Lo SUrprse us.”

Most serious of those surprises was the
presence of electrostatic charges on the
gyros” quartz housings, The rogue charge
caused misalignment between the spin of the
gyvros and the spin ol the satellite 1tself,
which was pomted toward the star [M Pegasi
to provide a constant frame of reference,.
Fortunately, Everitt said. the orientation ol
the satellite was precisely monitored
throughout the mission, o researchers can
recalibrate the data to correct for the erro
But it will take them until December to
extract the fimal result.

“We're optimistic that we're voing to have
more interesting results”™ when the data analy-
sis is Finished, said Stanford’s G. Mac Keiser.
the nussion’s chiel scientist.

[deally, Gravity Probe B would be able 1o
measure frame dragging’s effect to within
halta mas, about 1% of its expected value
But the new problems suggest that goal might
be unrealistic, said Chifford Will, a gravity
expert at Washington University in St. Louis,
Missourt, and chair of an expert team that
advises the Gravity Probe B project. “It's not
clear. given these eftects that arose. that
they 'l reach the halfa malli=are second a vear
that NASA was thinking about 10 years
before launch.” he said

Depending on its Final level of precision,
Ciravity Probe B's result may not be much
better than a previous frame-dragging meas-
ure reported in 2004, based on experiments
with the Earth-orbiting LAGEOS satellites
22 Ocrober 2004, p. 392). Than
report, published in NVartre, claimed an accu-
racy of 10

| H.; enNCe,
%Y. although Will said many
experts suspect that the actual uncertainties
may be 20% or more.

In any event. some physicists have sug-
gested that Gravity Probe B's scientific pay-
olts might not match the mission’s $760 mil-
lion price tag. [f the probe confirms general
relativity with only moderate precision. it will
have accomphlished nothing new: 1f its ulu-
mate answer contradicts Einstein, many
physicists will more likely conclude that the
expenment, not Einstein. was in error

It the result does differ from relativity s
forecast, Everitt smd. “we would publish it as
long as we were convineed 1t was truth. Then

mag.org
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Snapshots From the Meeting >>

Top mass. Fermilab's Tevatron accelerator has reported
a new value for the mass of the top quark, nature’s heay
iest basic particle. Combining data from the Tevatron's two
experimental collaboralions gives a top quark mass of
170.9 = 1.8 giga-electron volls, Kevin Lannon of Ohio State
University, Columbus, reported at the meeting.

Precise knowledge of the top quark’s mass is impor-
tant for determining the likely mass of the Higgs boson,
the as-yet-undiscovered particle that physicists believe
must exist in order for other particles o possess mass. Combined with the
latest value for the mass of another relevant particle, the W boson, the
new top mass implies that the Higgs may still lie in the range detectable
by Fermilab experiments. The Higgs will be one of the main guarries of the
more powerful Large Hadron Collider near Geneva, Switzerland, sched-
uled to begin operations later this year.

Cosmic extinction. For years, scientists have pondered fossil evidence

Safe zone? Galactic plane may
block deadly rays.

NEWSFOCUS

some periodic cosmic influence. The latest analyses find a
62-million-year cycle in biodiversity, curiously close to
the 64-million-year oscillation of the solar system above
and below the plane of the Milky Way galaxy. But if radi
ation from sources within the galactic plane is lo blame for

biodiversity swings, the periodicity should be half as long,

because Earth passes through the galactic plane twice each
trip: on the way up, and on the way back. On the other
hand, the 62-million-year cycle makes sense if the radia-
tion attacks come from outside the galaxy, and only from
one side, say Mikhail Medvedev and Adrian Melott of the

University of Kansas, Lawrence.

“The oscillation of the solar system gives you the right periodicity,
but only if you have the effect on the north side,” Medvedev said at the
meeting. The reason, the Kansas scientists say, is that the whole galaxy
is rushing toward the Virgo Cluster, north side foremost. When the
solar system is north of the galactic plane, galactic magnelic fields no
longer shield it from radiation assaults emanating from Virgo. A paper
describing the analysis has been accepted for publication in the

that mass extinctions of life on Earth occur at regular intervals, suggesting

we would leave other people to worry about i.”

Everitt and other scientists on the Gravity
Probe B team point out that the experiment
has value bevond just measunng relativistic
effects. It has produced technical advances
already used on other space missions and has
provided helpful lessons for planning future
precision space probes, such as the proposed
LISA mission to measure gravitational radia-
tion from space.

And Will sand that the very tact that the
mission flew. and worked as well as it did
after decades of waiting, should be con-
sidered a mumph.

“Everything worked almost perfectly,”
he said. “A few things didn’t work as well.
And there are these strange effects that
nobody could have imagined beforehand.
But that's physics.”

Neutrino Study Finds
Four's a Crowd

The family of self-effacing subatomic part-
cles known as neutrinos should give up
hope for the existence ol an eccentric
cousin, new results from the Fermi National
Accelerator Laboratory (Fermilab) in
Batavia, lllinois, suggest.

Physicists know of three types, or “fla-
vors,” of neutrino, designated electron,
muon, and tau for their associations with
other particles with those names. Neutrinos
are notoriously difficult to detect and are
very nearly massless. They must, however,
possess at least a small mass, as they have

WwWiww. sCIENCEMag.org

Astraphysical Journal.

shown the ability to switch idenuty in tlight,
a rick impossible for massless partcles,

These identify shifis, or “flavor oscilla-
tions,” have been well-established for
years. Measurements of the oscillation rate
provide clues to the differences in mass
among the three known flavors. Such
experiments at New Mexico'’s Los Alamos
Mational Laboratory in the
19905 implied an unusually
large mass ditterence, hinting
that a fourth neutrino flavor
ought to exist, in a “sterile”
form that does not interact with
other particles as ordinary
neutrinos do.

Over the past decade, an
international team of researchers
using a neutrino beam at a
Fermilab particle accelerator
has sought evidence 1o confirm
or refute the Los Alamos results.
If correct, the Los Alamos find-
ings imply that many of the
muon neutrines in the Fermilab
beam should oscillate into elec-
tron neuirinos before reaching a
detector 500 meters away. But the Fermilab
experiment, known as MiniBooNE (for
“Mini Booster Meutrino Experiment™),
found no evidence for the brand of flavor
shifting reported at Los Alamos,

“We do not see any evidence for muon
neutrinos oscillating into electron neutri-
nos,” Los Alamos physicist Heather Ray. a
member of the MiniBooNE team, said at
the meeting.

Although apparently ruling out the Los
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Alamos evidence for a sterile neutrino. the
MimiBooNE expeniment turned up a possi-
ble new mystery: a higher number of low-
energy electron neutrinos than expected
from “background™ sources,

“They may be a misestimation of the
background. but they may be interesting.”
said team member Eric Zimmerman of the

No trace. MiniBooMNE's sensor array failed to confirm earlier hints
of noninteracting “sterile” neutrinos.

University of Colarado, Boulder,

Further analysis of the data and tests of

new data now being gathered will be
needed to clarify the reason for the low-

energy anomalies. said Janet Conrad of
Columbia University, one of the leaders of

the MiniBooNE team. “There’s stll some
possibility that there are some bizarre
effects zoing on,” she said.,

~TOM SIEGFRIED

Tom Siegfried is a writer in Los Angeles, Calilornia.
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edited by Etta Kavanagh

Health Clues from Polar Regions

IN HIS EDITORIAL "CELEBRATING POLAR SCIENCE™ ON THE FOURTH INTERNATIONAL POLAR YEAR (IPY)
(16 Mar., p. 1465). Alan Leshner wntes that the poles are among the scientfically nchest places on
Earth. Although we certainly agree, the Special lssue on Polar Science (16 Mar, pp. 15131540}
misses the opportunity w mention another promise of circumpolar regions, namely, that they can
provide options to better understand determminants of health and disease in humankind.

Indeed, one of the main health characteristics of Arctic populanons, based on long-term
maonitoring of cancer data of some [O0L000 Tnuit (in Alaska, Canada, and Greenland) appears
1o be the pronounced deficit of breast (7)) and prostate (2) cancers when compared with popu-
lations from lower latitudes. Why two of the leading malignancies worldwide should be com-
paratively rare in the Arctic certainly ought to be investigated. It has already been speculated
that winter darkness at the extremes of lt-
itude may offer protection against these
hormone-dependent cancers (3, 4). The
fact that the development of frequent
“winter blues” among circumpolar inhab-

light turther suggests that the Arctic could
offer unique opportunities 1o study light-
related disorders and discases.
Empirically, the differental
araphic distribution of health has pro-

geo-

vided clues to disease before: Some 63
years ago, Kennaway alerted us wo the dif-
ference in liver cancer occurrence among
Adricans and African-Americans (5). Rather than being due to ethnie or genetic factors, his
observation was later explamed by the different geographic distmbunion of “extrinsic factors,”
namely, hepatitis B infections and the influence of allatoxin on food products. Ina similar vein,
the possible eftects of hight (and darkness) on diseases, including cancers and seasonal affective
disorders ( 5AD), could be studied more ngorously in populations that expenence exposure (o
visible electromagnetic radiation that differs from that of other populations by virtue of geogra-
phy. Although a considerable amount of work in these areas is already being carried out and an
entire medical journal (the firernational Jowrnal of Circempedar Heafth) s devoted o health-
related issues in the Arctic, more can, of course, be done. We should not have to wait for a pos-
sible 5th IPY to instigate concerted circumpolar studies of human health and disease.

THOMAS C. ERREN,* V. BENNO MEYER-ROCHOW,* MICHAEL ERREN?
YInstitute and Policlinic Tor Qccupational and Secial Medicine, 5¢hool of Medicine and Dentistry, Universaty of Cologne,
Kerpener Strasse 62, D-50937 Cologne, Lindenthal, Germany. “School of Enginesring and Science, Jacobs University

Bremen, D-2875% Bremen, Genmany. YInstitute of Clinical Chemistry and Laboratory Medicine, Westphalian Wilhelms-
University of Monster, MOnster, Germany.
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itants is also linked 1o the seasonal lack of
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Science, Religion,
and Climate Change
A MOMENT OF AGREEMENT HAS ARRIVED FOR

scientists to join forces with religious groups
on Issues of climate change. This is signaled
by the summary for policv-makers from the
[nterzovernmental Panel on Climate Change
(IPCCYs Fourth Assessment Report, the
AAAS Board’s consensus statement on cli-
mate change. and the unanimity of scientists
(/). Lynn White Jr. proposed in these pages in
1967 that (2) “we shall conunue o have a
worsening ecologic [sic] crisis until we reject
the Christian axiom that nature has no reason
for existence save to serve man.” In their
Policy Forum “Framing science” (6 Apr.,
p. 36), M. C, Mishet and C. Mooney mention
the more contemporary and less divisive
effons of some evangehical leaders o frame

“the problem of climate change as a matter of

religious morality.”

As faculty members at a Catholic univer-
sity, we know the strong stance ol Catholic
documenis on good science as the foundation
for discussions of chimate change. Two recem
cxamples from the
Catholic Bishops (USCCB) make 1PCC Find-
mgs their scientific basis, The IPCC Third
Assessment Report led w the USCCBS
Celobe! Clintate Chanee: A Plea for Dialogiie,
Privdence, and the Common Ciood | 3), which
states: “Global chimate change 15 by its very
nature part of the planetary commons, The
earth’s atmosphere encompasses all people.
creatures, and habitats.”

The scientitfic Summary for Policy Makers
of the Fourth Assessment Report (4) was
addressed by the charrman of the USCCBs
international policy commitiee. He said in a
letter to congressional leaders that the 1PCC
“has outlined more clearly and compellingly
than ever before the case for senous and
urgent action to address the potential conse-
gquences of clhimate change as well as gh-
lighting the dangers and costs of inaction.”

Additional reflections on climate change
have come from numerous relimous traditions.
They are listening carefully to the science.
Scientists ought to be in dialogue with them.

STEVEN A. KOLMES® AND RUSSELL A. BUTKUS®

wWww.sclencemag.org
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Clarifying a Quote on
Women in Science
THE ARTICLE "LL.S. AGENCIES QUIZ UNIVERSITIES

on the status of women in science” (News of
the Week, 30 Mar., p. 1776) comtains a quote
from me that was taken out of context from a
lengthy conversation and that does not repre-
sentmy views on the subject,

While the specific issue [ referred to in the
gquote { gender bias relating to which studemts
miary use what equipment ) is. to my knowledge,
not a problem i our department or other
physies departments. the status of women 1s
very important to us. We are committed to
removing barners to achievement and to
increasing the diversity of our department. We
are working hard w0 increase the representation
of women and underrepresented minorities
among our students, research associates, and
taculty and o ensure that there 15 no discrimina-
tion nor any other barner to achievement. We
support the Title IX process as a way 1o help
achieve these important goals.

ANDREW MILLIS

Professor and Chair, Department of Physics, Columbia
University, New York, NY 10027, USA. E-mail: millis@
tserver(, phys. columbia.edu

Notes on Modeling Light
Water Reactors

AS A LONG-TIME EMPLOYEE OF THE IDAHO
Mational Laboratory (INL), I wish to share my
VIEWS 0N sOme of [E'IL' Cl‘];lﬁ!ﬁlcrl!:!l!”]li made
in the article “Former Manne seeks a model
EMPRESS™ (E. Kintisch, 9 Feb.. p. 794) as
they relate to modeling light water reactors,
The assertions that “[¢]xisting reactor com-
puter models haven’t been overhauled much
since the heyday ofthe US. nuclear enterprise
in the 19705 and 19805 and that “nuclear
engineers still depend on crude, 235-year-old
computer programs” do not square with
the tacts, The RELAPS computer code, dev-
eloped at the INL for the US. Nuclear

Regulatory Commission and the Department
of Energy, has been under continuous im-
provement and refinement since the original
release in [978. Today s version, RELAPS-3D,
15 the current state of the art in modeling light
water reactors and is the most widely used
code of 1ts Kind in the world for satety analysis
of current generation and next generation
{(Generation 1) reactor designs.

RELAP3-3D includes a three-dimensional,
two-phase flow hydrodynamic model coupled
o a three-dimensional nodal neutron kinetics
model. The code has been extensively validated
against experimental data as documented in
hundreds of peer-reviewed technical papers,
The mathematical models in the code are based
on first principles and literature-based empini-
cal correlations that were defined through tra-
didonal engineering practices and procedures
and are thoroughly documented (wwwanl gov
relap3/rimanuals.htm).

GARY JOHNSEN

1950 Ririe Circle, Idaho Falls, ID 83404, USA. E-mail:
gany@johnsen.myrf.net

The Evolution of Eukaryotes

IN THEIR REVIEW "GENOMICS AND THE IRRE-
ducible nature of eukaryote cells™ (19 May
2006, p. 1011), C. G. Kurland et al. purport to
“review recent data from proteomics and
genome sequences,” but delivered only biased
opinions. Asserting genome sequence evi-
dence 1o suggest “that eukaryotes are a unigue
primordial lineage,” they present an introns-
early (and eukarvotes-first) view of early evo-
lution that was current in 980 (/) and that
was shown by conventional scientfic criteria
to be untenable over a decade ago (2). Their
Fig. | indieates reductive evolution of pro-
karyotes from an ancestrally eukaryotic state:
that idea was called streamlining in 1980, and
its phylogenetic implications were drawn [Fig.
2ol ()] ina Fashion indistinguishable from s
2006 remcamation,

The cellular structures and proteins that
eukaryotes possess but that are lacking in
prokarvotes are incorrectly asserted to “track
the trajectory of eukaryote genomes from
their origins.”” Uniquely derived characters
lacking homologs in other taxa neither pro-
vide evidence of evolutionary relationships
nor of genome trajectory, nor do they diserim-
inate between alternative hypotheses. Were
the host that acquired the mitochondrion a
prokaryote, the origin of eukaryote-specific
proteins and structures would follow mito-
chondrial origin{ 3-3); were the hosta cukary-
ote (1, 0), theirorigin would have been carlier,

The assertion that *most eukaryote pro-
teins wogether with most prokaryvote proteins

diverge from a common ancestor” i1s unsub-
stantiated. Even at the level of protein struc-
ture, only 49 out of 1244 known protein folds
(4%) are universal among 174 sequenced
genomes (7). They claim that “ d]ifferent rates
of evolution ... may account for the weak,
shifting affinities between the molecular
machineries encoded by eukarvote, archacal
and bacterial genome sequences.” However,
they also claim that sequence comparsons
can falsify particular models for eukaryote
origins alier all. Hence, they arbitrarily pick
and choose among available observations
relating to sequence simularity: The patterns
of sequence similarity that fit their opinions
are attributed 1o genuine evolutionary signals:
the ones that counter their opinions are dis-
missed as rate fluctuation.

The statement that “[eJukaryote proteins
that are rooted in the bactenal or in archaeal
clusters are few and far between™ is inaccu-
rate. The genomes of both yeast (&) and hu-
mans (g, S (%) harbor many bundreds of
proteins that have readily identifiable homo-
logs among a-proteobacteria but not among
archaebactena, and vice versa,

They opine that “[i]t is an attractively sim-
ple idea that a primitive eukaryote took up the
endesymbiont/mitochondrion by phagocyto-
sis.” yet all testable predictions of that idea
have failed (4). By contrast, examples of
prokaryotes that live within other prokaryotes
show that prokaryotes can indeed host
endosymbionis in the absence of phagocyto-
sis (00, 11), as predicted by competing alter-
native theories ().

They misattribute the notion that a eukary-
otic “raptor” phagocytosed the mitochondrion
to Stmier and van Miels classical paper (/2),
which does not mention mitochondrial origin,
and to de Duves 1982 exposé (1.3), which
argues for the endosymbiotic origin of micro-
badies while mentioning “alleged symbiotic
adoption™ of mitochondria in passing, but
without mentioning phagocytosis. Their refier-
ences (25) and (2%) are misattributed as exam-
ples of “fusion™ hypotheses; indeed, they
indiscriminately label views on eukaryote ori-
gins that differ from their own as “fusion™

Letters to the Editor
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hypotheses [see (4, /4. 13) for more differen-
tiated discussion).

Finally, and most disturbing, if contem-
porary eukaryotic cells are truly of “irre-
ducible nature.” as Kurland ¢r al s title de-
clares, then no stepwise evolutionary pro-
cess could have possibly brought about their
orgin, and processes other than evolution
must be invoked. Is there a hidden message
in their paper?

WILLIAM MARTIN, TAL DAGAN,*
EUGENE V. KOONIN,? JONATHAN L. DIPIPPD,}
]. PETER GOGARTEN,* JAMES A. LAKE*

Hnstitute of Batany ||, University of Ddsseldorf, Disselder
40225, Germany. “Mational Center for Biotechnology
Information, Mational Library of Medicine, National
Institutes of Health, Bethesda, MD 20894, USA. *University
of Connecticut, Biology/Physics Building, 1 North Eagle-
ville Road, Storrs, CT 06269-3125, USA. *Molecular Bic-
logy Institute, Depariments of Molecular, Cell, and Develop-
mental Biology, Human Genetics, and Mational Aeronautics
and Space Administration Astrobiology Institute, University
of California, Los Angeles, CA 90095, USAL
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Response
OURVIEWIS THAT CELLULAR AND MOLECULAR

biology, especially genomics, reveals signs of

an ancient complexity of the eukarvotic cell.
This new information was not available
older hypotheses for eukaryote origins; they
were answering questions that were incom-
pletely formulated.

Our primary conclusions regarding the
ancestral complexity of the eukaryote cell are
illustrated in fig. 81 (/). which depicts a
microsporidian cell and the subeellular location
of its eukaryote signature proteins (ESPs) (2,
3). Even though Microsporidian genomes are
among the most heavily reduced in eukaryotes,
they sull have many ESPs. An anaerobic endo-
parasitic life-style has reduced their mitochon-
dria to mitosomes (4) and allowed the charac-
teristic proteins of phagocytosis to be lost.
Mevertheless, it is striking that characteristic

WWwW.sClencemag.org

ESPs are found throughout the cell; nothing in
this picture suggesis they are chimenc descen-
dents of archaeal and bacterial ancestors.

We emphasize the role of molecular
crowding [excluded volume effect ( 5)]. which
restricts the diffusion of macromolecules in
cells, A dynamically efficient large cell is an
impaossibility, unless it 1s highly companimen-
talized. Yes, that reasoning also applies to the
smaller prokaryote cells. but the problem
increases with the cube of cell radius. Mol-
ecular crowding. like gravity, is ubiguitous,
We infer that it 15 a major physicochemical
reason for the evolution of functionally spe-
cialized. membrane-bound compariments in
cukaryote cells,

We also challenge the use of Blast searches
to infer deep phylogeny. For primary se-
gquences, our Markov models use only a
small number of parameters and so are both
tractable mathematically and “identifiable™
statistically (6). However, they rapidly satu-
rate from random mutations and lose all infor-
mation about deep phylogeny (7). Even for
moderately deep phylogeny, whole genome
data can give different trees for the deepest
animal divergences; systematic errors exceed
sampling error (§).

Tertiary structure maintains homology
longer than primary sequences, which makes
them suitable for Blast searches (Y1, Never-
theless, there 15 no theory to relate this signal
to deep phylogeny. and it can mislead (/0),
Our general understanding of the relationship
between protein structure and evolutionary
rates was established by the early 1970s.
Kimura's neutral model leads wo basic princi-
ples of molecular evolution (/7). And in the
first issue of Jowmal of Molecwlar Evolution
in 1971, Dickerson (/2) relaes the rate of
protein evolution to the numbers of uncon-
strained amino acid sites (and outlined how
this can change) and Fitch (/3) expanded
his covarion model where individual sites,
over evolutionary time. change between con-
strained and unconstrained states,

However, there are too many free parame-
ters 1o infer phylogeny from changes in terti-
ary structure. Because three-dimensional
{3D) interactions vary, sites where mutations
are nonlethal can differ between lineages.
There is thus no limit on the number of para-
meters required for 3D models: there is no
“common mechanism™ for their evolution
(/4) as there is for primary sequences. The
problem oceurs in both experimental data i /5)
and simulations (16), For example, we used
RNA-shape comparison metrics (/7) to infer
that the ribozyme MEP arose from RNase P
in early eukarvotes (eukaryote RMNase P was
more similar in structure to RMNase MRP than

LETTERS

1o bacterial or archacal BMNase P). We have had
to revise that conclusion (/&) because MRP 15
now found more widely in eukarvotes, as isits
substrate, Yes, Blastology is brilliant at pick-
ing up distant homologies but it is not, by
itself, a phylogenetic method.

It is still premature to decide between
introns first, early, or late (/9). Nevertheless,
our primary conclusion is that there is good
progress on understanding the complexity
of the ancestral eukaryote cell (“Fred™).
Despite his venerable pedigree. Fred is sull
alive and well.

C. G. KURLAND,* LESLEY ]. COLLINS,?
DAVID PENNY?

1Department of Microbial Ecology, Lund University, Lund
5-221 00, Sweden. Allan Wilson Center for Molecular
Ecology and Evolution, Massey University, Private Bag
11222, Palmerston North, New Zealand.
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CORRECTIONS AND CLARIFICATIONS

News of the Week: “Selfish genes could help disease-free
mosquitoes spread” by M. Enserink (30 Mar., p. 1777).
Kenneth Olson is not a faculty member at Morth Carolina
State University in Raleigh, as the story said, but at
Colorado State University in Fort Collins. Richard Beeman is
a scientist at the Grain Marketing and Production Research
Center in Manhattan, which ks part of the U.5. Depariment
of Agriculture’s Agricultural Research Service, as well as an
adjunct professor at Kansas State University.

MNews Focus: “Spinning a nuclear comeback” by D. Charles
(30 Mar., p. 1782). GE Energy is located in Wilmington,
North Carolina, not Wilmington, Delaware.

Special Section: Stardust: Reports: “Mineralogy and
petrology of comet B1PAWIld 2 nucleus samples” by M. E.
Zolensky et al. (15 Dec. 2006, p. 1735). An author was left
out of the author list. Sinne Fakra should be listed batween
Stewarl Fallon and Denton 5. Ebel, and Fakra's affiliation
should be Advanced Llight Source, Lawrence Berkeley
Mational Laboratory, 1 Cyclotron Road, Mail Stop 2-400,
Berkeley, CA94720, USA,
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ECOLOGY

Sparrow Wars, Reptilian Eucalypts,

and Xenophobes

Jessica Gurevitch

verthe past decade and a half, invasion

ecology has come to dominate a great

deal of both fundamental and apphed
ecology, as the enormous impacts of bio-
logical imvasions have
become more appar-
ent in so many parts of
the world. Invasions
have presented seem-
ingly insuperable chal-
lenges for conserving
and restoring natural
'._‘L'HZ\'-:Q.'.‘“U“'IT\, L‘[L'."I[L‘I.J.
hundreds of millions
of dollars in damage,
and caused the de-
cline and extnction
ol species. They have
also presented unpree-
edented opportunities for addressing basic
questions in ecology and evolutionary biol-
ogy: The reshuffling of biota has facihitated
the ability of scientists to test what determines

the limits to species’ ranges, the number of

species that can coexist in natural communi-
ties. the extent and rapidity of coevolutionary
change. and other long-standing 1ssues.

The study of biological invasions has also
been the focus of heated controversies in
ecology and in the social sciences. How
important, relative to other factors such as
habitat destruction, are invasions in causing
species dechines and extinctions? Do the
responses of researchers to biological inva-
sions reflect leginimate sciennfic concerns?
Or are they merely an expression of under-

lving xenophohia and thus a question of

debatable values?

In American Perceptions of Inmmigrani
and fmvasive Species, Peter Coates presents a
lively and nuanced historical perspective on
these issues. Coates (a historian at the
University of Bristol) focuses on the chang-
ing interpretations and various voices among
scientists, naturalists, and govermnment work-
ers from the mid- 19th century to the present
in the United States, with occasional discur-
sions for perceptions in other countnes, The

book does not fall neatly into one area of

The reviewer is at the Department of Ecology and
Evolution, Stony Brook University, Stony Brook, NY
11794-5245, USA. E-mail: jgunichg@life biosunyshedu
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Deplored introduction. The house sparrow
(Passer domesticus),

contemporary history: rather, it incorporates
environmental, social, and cultural history
with history of science and a dash of philos-
ophy (particularly rhetoric). For example,
learn  the
dangers of anthropo-
morphism from their
first ventures into the
discipline as students,

ecolomists

but Coates enlarges the
issue by introducing
its Inverse, naturaliza-
tion, “which refers to
our proclivity for en-
dowing people with
the attributes. positive
and negative, of nat-
ral entities (ammate
and inanimate).” Sci-
entists will find this short history provides a
general context and background for the cur-
rent issues and debates and offers a number
of surprising insights,

Many will be intrigued, for instance. to
learn about the acrimonious “sparrow wars,”
beginning n the 18705, which pitted “cos-
mopolitanists”™ in favor of species intro-
ductions against “pativisis”
alarmed at the impact of inva-
sives, Coates quotes William
Dawson, 2 mnatvist, who
wrote in FH3, “Without ques-
tion the most deplorable
event in the history of Ameri-
can ormithology  was  the
introduction of the English
Sparrow™ (now called the
house sparrow ). Coates com-
ments. “This may sound
absurd to those acquainied
with the passenger pigeon’s fate. Yet Dawson
insisted that the notonous extinctions of the
pigeon and the great auk ... were mere ‘tri-
Hes™ compared to the frightful repercussions
for various small native birds of the ‘invasion
of that wretched foreigner.™ And those who
assume that sentiments deploring non-native
plants are new will be enlightened and
perhaps amused by the views expressed by a
traveler in Italy in 1915 about non-native
eucalyptus trees: “this particularly odious

representative ... thiseyesore . thisreptile of

a growth with which a pack of misguided

American Perceptions
of Immigrant and
Invasive Species

s onthe Land
by Peter A. Coates

v of California

enthusiasts have distigured the entire Medi-
terranean basin.... A single eucalyptus will
ruin the fairest landscape.”

Such nativist sentiments were dramatically
countered by others who vigorously champ-
oned the importation and establishment of
non-native plants. It is sobering to read about
“kudzu enthusiasts™ and others who felt that
native landscapes were depauperate and ugly,
and who worked enthusiastically to transform
them by importing nop-natives (some of
'I.'I.'I'I:]L'h went on to |'|:...‘i.'i.'il'l.'ll...' ITENOT Vs es).
But the good and the bad, the prescient and the
misguided, are intriguingly tangled. Prom-
ment and important fgures promoted non-
native species; equally prominent scientists
and others delended natural environments and
native species while espousing despicably
racist and anti-foreigner opinions.

Coates does a reasonably good job in put-
ting the human dimensions of the perceptions
and controversies regarding alien species (or,
to use the more neutral term he suggests,
newcomers) into the context of the actual

ecological mvasions occurring at differem
times. It would have added to the book's
depth had he also attempted w0 place this
debate in the historical context of what was
happening at the nme m the science ofecology,

Perhaps the most interesting thread
throughout Awierican Perceptions of Tnunigrant
amd [nvasive Species 15 the charge that the
'.ll."lrl'l'l. ll|'|'|1L]l I]'I'II'I'I];:F';[I'.I[ OTEanisns slems 1ll'i'l]'l'l
racist and xenophobic fears of human
immigranis. Coates handles this question
with nuance and subtlety, and he
addresses itwith evidence rather
than emotion or political correct-
ness. Prominent early scientists
and opponents of the promaotion
ol non-native species sometimes
were r.'ll..‘iHl, Il.:lllli'lllllljhl]l.,' XCno-
phobes who equated human
immigrants with undesirable
imponted insects, plants, and
birds—or the and
Coates demonstrates the con-
nections convincingly, The evi-
dence for a modern connection 1s, apparently,
weak to nonexistent, while there is consid-
erable evidence to the contrary. Accusations
that those advocating the promotion of native
plants, for instance, are purists or, worse,
fascists, racisis, nativists, and Nazis are ex-

CONVErse,

amined and found wanting (and, | would add
perpetuate the trivialization of the actions of
the actual Nazis), To paraphrase Coates and
Freud, sometimes a plant is just a plant,
and the concern with its impacts on bio-
diversity is just that.

10.1126/5cence, 1140898
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ECOLOGY

Toward the Ideal of
a Healthy Land

Frederick R. Davis

iting Homer, Aldo Leopold noted that

when Odysseus returned from the

Trojan wars. he hanged a dozen slave
airls on a single rope on suspicion of misbe-
havior. Such a brutal and callous act raised no
questions of propriety as the slaves were con-
sidered property by the ancient Greeks.
Similarly. 20th-century Americans felt no
remorse at degrading what they considered 1o
be their property, the land, although slavery
had long since been abandoned. Leopold
devoted most of his adult life to formulating a
collective land ethic that incorporated
an understanding of ecology and
evolution. Most of us know Leopold
through the posthumous collection
of s writings, 4 Sand County
Almanae (1), published in 1949 and
still in print. As in those essays,
Leopold’s refined prose consistently
c:,tptun::-i ll'l.l..‘ CasCNee ﬂr(,‘l:'ll'l sEvil-
tion ethics,

Laying aside for the moment
Leopold’s gift tor the wnitten word,
what were the sources tor his ideas?
We think of Leopold as a pioneer in
the study and practice of game man-
:_I.;_'L‘I'I'Il.f'rll, H11] ."It..'klll!'l.'l.']l..‘{_l_'__'l'l'll:]'ll ]'!l..'
deserves. Yet. no one’s thoughts de-
velop in a vacuum, least of all a
distinguished professor with a
strong commitment to practical
applications,

In Aldo Leopold s Odyvssev, Juli-
anne Lutz Newton has meticulously
traced the origins. evolution. and
broader dissemination of Leopold’s
ideas regarding conservation, New-
ton’s account opens with Leopold as
a young assistant forester in the ULS. Forest
Service. He had just graduated from Yales
School of Forestry, while retaining the rigor-
ous classical education of its College. From
the start, she focuses on Leopold’s intellectual
development rather than the detals of his hile
and work—which can be found in Curt
Meine™s monumental biography ().

To capture the intellectual milieu in which
Leopold embarked on his career, Newton

The reviewer is at the Department of History, Florida State
University, Tallahassee, FL 32306-2200, USA. E-mail:

fdavism fsu.edu

WWW.SCIENCemaq.org

looks to expected sources, such as the writings
of Gifford Pinchot and William T. Hornaday,
as well as to classical Iiterature and the
Bible
Bevond the direct influences, Newton dis-
cusses sources of the American ideals of inde-
pendence and the frontier. This initially struck
me as a bit excessive, but [ gradually realized
that elements of Leopold’s philosophy chal-
lenged certain core beliefs of Americans,
Thus, Newton's Frederick
Jackson Tuner and his notion of forest clear-
ings as “the seed plots of American character™
and Walt Whitman's expansive and inex-
haustble landscapes serve as counterpoints to
Leopolds conservation ethic. The author’s
insights into Leapold’s ideas
are not limited to his pub-
lished works, Often Leo-
pold’s manuscripts, drafis,
and letters reveal stronger

inn all of which he was well versed.

references o

sentiments than those exhibited i his
published writings.

Far from vory tower academie,
Leopold remained connected with his experi-
ences 1in wildlife and land management. He
witnessed the deleterious effects of overpopu-
lation among white-tailed deer and the impact
of soil erosion on the farms of the Great
Plains. In the case of the latter, Leopold
argued that conservation required “both pro-
grams of public land acquisition gnd the coop-
eration of private landowners.”

Like many biologisis and wildlife scien-
tists, Leopold was influenced by the progeni-

dAn
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Aldo Leopold's Odyssey

by Julianne Lutz Newton

BOOKSETAL

tors of American ecology such as Victor
Shelford, Frederic Clements, and Alfred
Emerson as well as the English ecologists
Arthur Tansley and Charles Elton. In develop-
ing his biotie or land pyranid, Leopold drew
upon Elton’s 1927 pyvramid of numbers { with
. abundant herbivorous animals at the
bottom and a few larger carnivores at the
apex) and incorporated additional research.
Building on their shared intellectual interests,
Leopold and Elton became lifelong friends.

Leopold extended his biotic concept
bevond the ecologists w include conser-
vation. As Newton remarks, “No ecologist
before had presented such a comprehensive
and comprehensible concept of the land and
explained its implications for the
broad range of conservation
concerns.” At the University of
Wisconsin, Leopold sought to
instill basic values in his students
as stewards of the land. His
wildlife ecology courses intro-
duced “a new perspective on land,
science. and the values of the land
as a whole” As a member of a subcommitiee
ofthe Wildlife Society charged with develop-
ing qualifications for wildlife practitioners
{an endeavor in which Elton was one of his
ardent supporters), he added a measure of
professional authority to this approach,

In the years leading up to A Sand Cowny
Afmanac, Leopold developed his land health
concept, synthesizing decades of study, For
Mewton, Leopold’s essay “Odyssev™ (3) 15
the clearest distillation of these ideas, draw-
ing together ecological knowledge and
practical wisdom. Having illuminated the
richly textured backdrop of Leopold’s mtel-
lectual influences. she presents this essay as
capturing the essence of his vision for “a
new kind of conservation.” one that inte-
grates “enduring prosperity and ecological
harmony among humans and the entire
community of life.”

Newtons account ends on the eve of
Leopold’s death, which is to say before the
publication of his most influental work. Bui
with its careful analysis of Leopold’s vanous

smal

sources of inspiration, Alde Leopolds
dvssey enriches our appreciation of both
Leopold and A Sand Counn Almanac.
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ENVIRONMENT

Building a “Green” Railway

in China

Changhui Peng,'?* Hua Ouyang,? Qiong Gao,* Yuan Jiang,? Feng Zhang,? Jun Li.2 Qiang Yu?

he Oinghai-Tibet Railway (QTR) was

built durnng China’s Tenth 3=Year Plan

(2001-03) and. in China, is considered
a landmark project (/). The QTR completed
in October 2005 and in trial eperation since |
July 2006, is the world’s highest-clevation
ailway and the longest highland railway,
extending over 1956 km from Xining (Qing-
hai’s capital in northwestern China) to
Lhasa, the capital city of the
Tibet Autonomous Region
{see figure, right), The
Chinese government has
invesied an unpreceden-
ted amount of money to
protect the area’s ecology. A
total of 26.2 billion yuan (US.
$£3.39 billion) was budgeted. and
1.54 billion yuan was allocated to
ecosystem restoration and envi-
ronmental protection.

An Environment-

Friendly Railway

The railway project has raised
serious concerns about its possible
L‘I'I.‘\'Ifﬂ['l['l'll..'lllill I..‘HI't:'iL'L'lIL‘I'IEI..'.‘Z th'
cause the Quinghai-Tibet Plateau,
covering more than 360,000 km. 15
aumgque and fragle high-altitude
ecosystem (2). The mean annual
temperature of the plateau ranges

12N

permatrost, To avoid disrupting the seasonal
migration routes of animals. including the
famous Tibetan antelope (Pantholops hodg-
sonif), planners added a network of tunnels
to their blueprints. To minimize the negative
impacts of the construction. the Chinese gov-
ernment implemented several key measures:
{i) Locations where earth was removed
and construction sies

were placed were

carefully selected,

Vegetation was then
removed from these
sites and was restored
after the work was com-
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Construction of the Qinghai-Tibet Railway, the
world’s highest railway, has been achieved with
ecological protection at the top of the project’s
agenda.

tion. Recyeled water is prevented from direcily
enterimg natural bodies of water. (vi) Railway
construction was monitored by a third-party
environmental inspector (the Qinghai Enviro-
nmental Protection Bureau). (vii) The trains
that will use the rilway are fully enclosed o
provide additional environmental protection.

In addition, planners established Tive
nature reserves along the rowe [Kekexailh
(Hoh Xil), Qinghai Sanjiangyuan, Chang
Tang. Lin-chou Pengbo. and La-lu]. and six
more are planned (5). In these reserves, a
large number of endangered species such as
the Tibetan antelope and black-necked crane
( Crrues migricoffis) live, To protect animals and
plants, additional brid-
zes and passages for
animals will be built
in sections ol the rail-
way that go through
the reserves,

During  construe-
tion, efforts were made
to reduce noise dunng
the fieldwork and to
avold alarming  am-
mals. Moreover, plan-
ners wentified areas
where animals trav-
eled, and built more
than 33 passageways
in the Hoh Xil nature

2ICHUAN PROVINCE

between — 47 and 6°C, and the aver-
age alttude is 4000 m, As aresult,
the Chinese government and local

The highest railroad in the world. The Qinghai-Tibet railway from Xining to Lhasa (1956 km).
Distribution of vegetation based an the MODIS product (MODOSAIV4E), 21 July 2005. Locations
af the centers of five established natural reserves; (1) Kekexili (Hoh Xil) {92.3°E, 34.8°N); (2)
Qinghai Sanjiangyuan (96°E, 34°N); (3} Chang Tang (87.2°E, 34.2°N); (4) Lin-chou Black-

reserve in Qinghai and
the Chang Tang nature
reserve in Tibet to per-

officials took great pains to ad-
dress environmental concemns during
their preparation for the construction of the
OTR. The railway planners developed a
“areen policy™ that emphasized protection
of soils, vegetation, animals, and water
resources (3-3).

In total, 350 km of the tracks were laid on
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Montréal, Montréal, OC, Canada, H3C 3P8. “Institute of
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Normal University, Beijing 100875, China.
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Necked Crane (21.3°E, 29.9°N); and {5) La-lu wetland (20.8°E, 29.8°N).

plete (see figure, page 5347). (i1) Where possi-
ble. the ratlway path was directed around sen-
sitive natural zones, and construction work
was contined to the smallest possible area sur-
rounding the railway. (1ii) Planners detoured
around wetlands and lakes wherever possible,
and when this was not possible, they built
bridges rather than surface routes to minimize
the impact. (iv) [nsulation and temperature-
reducing facilities for frozen layers were used
below the tracks to stabilize permaftrost along
the railway line. (v) The number of stations
established along the line was mimmized to
reduce the impact of human wastes, and water
treatment facilities were installed at every sta-

mit undisturbed migra-
tion. The results of
these measures were that the construction did
not significantly affect species such as the
Tibetan antelope. In 2006, the number of
pregnant female antelopes was more than
30,000, the largest number ever recorded in
this area (6).

Protection of bodies of water was also pri-
oritized dunng the fieldwork. Construction of
the huge railway bridge across three big rivers
of the Clear-Water and Qumar was performed
by the 12th bureau of China Railway Con-
struction. Builders used 48 drilling machines
to establish supports for the bridges in areas
with permafrost, This approach prevemed sed-
imentation of river water when drilling to

WL SCIENCEm Eg L0rg
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establish underwater piers and
when hauling sand along water-
courses. In the wnneling work
through Fenghuo Mountain, work-
ers resorted to methods such as
wet-spraying of cement and wet-
drilling to reduce dust emissions.

In April 2001, the railway con-
struction unit signed a letter of
responsibility with the Qinghai
Environmental Protection Bureau
(7). This is the first letter of re-
sponsibility for environmental pro-
tection in the history of railway
construction in China. It covered
not only the underlying principles
and main tasks (including protec-
tion of vegetation, wild animals,
natural reserves, wetlands, per-
mafrost, and the water quality
of the main sources of China's
five major river systems): but also detailed
construction standards and regulations;
the responsibilities of leaders, staff, and work-
ers; and reporting, managing. and monitor-
INg SYSIems.

In addition, builders promoted the use of

nonphosphate detergents at base camps and
prevented dischargze of untreated sewage.
Workers used o1l-buming boilers to stay wanm
and solar energy to power electrical equip-
ment, rather than burnimg local woody vegeta-
tion such as wrees. All daily waste generated
by construction workers was collected and
treated, and monitoring teams thus found no
evidence of littering. A recent investigation

conducted by the State Administration of

Ernvironmental Protection on the environmen-
tal protecnon work at the QTR construction
sites reported no obvious changes mn the water
environment on the Qinghai-Tibet Plateau
since the project started and stated that the
area’s vegetation and animals had been effec-
tively protected (7). More measures will be
taken to keep the environment clean. including
the use of clean energy sources (e.g., solar
power, wind power, and other non-fossil fuel
sources of electric power) for railway stations
built along the QTR and passenger trains will
have proper rubbish disposal facilities on
board, However, long-term monitoring of the
local environment and of wildlife must be car-
ried out to provide advance warning of any
developing problems and to permit tmely
improvements.

Local Transportation and Ecotourism

The new ralway will greatly reduce trans-
portation costs for materials entering and exit-
ing Tibet, and this will help domestic and for-
eign enterprises that want to establish a pres-

Grass restored. Grassland vegetation and its root soil layer were
removed during construction then were replanted once the work

was complete (1.2).

ence in the Tibetan market. In addition, the
QTR will boost cross-border trade with Nepal
and India and will turn Tibet into a new eco-
nomic frontier for southern Asia.

The QTR will also promote local tourism
and related economie development. The tour-
ism resources along the railway are very rich,
with a wide range of landscapes., biology, and
ethmie cultures. Regional authorities estimate
that by 2010 the number of tourists will dou-
ble from the 2006 1otal of 2.5 million, and
tourist revenues in the region will rise to 5.8
billion yuan (L.S.5750 million) per vear (8).
Although tourism creates excellent opportu-
mities, it also carries the nsk of increasing pol-
lution, habitar destruction, and the introduc-
tion of exotic species (¥). It will need to be
carefully managed o promote and ensure
long-term ecosystem health and sustainability
in the region.

Concerns for the Future

Recent studies indicate that plateau tempera-
tures have risen remarkably since the 19805
and that winter temperatures could increase
by another 17 1o 2°C by 2050 (/). Such warm-
ing could cause permafrost to melt and might
seriously threaten the stability of the raillway’s
toundation. It will be necessary to find ways
to stabilize the gradually thawing earth.

The most serious environmental problems
created by the QTR. including garbage dis-
posal. water treatment, and ecotourism. will
only become apparent in the long run, These
problems will not be identified in time unless
the authonties assign clear responsibility for
this task, The key to protecting the region’s
fragile emvironment from direct and indirect
human damage will lie i tightly controlling

the number of ecotourists and the speed of

economic development.

POLICYFORUM

In addition, mining and animal smug-
gling present a serious problem. There will
need to be monitoring to ensure that Chi-
nese local governments enforce environ-
mental protection laws. Nongovernmental
organizations (e.g., Green River) can also
help to prevent local exploitation of animals
and to protect biodiversity in the nature
reserve areas.

Another concem is that construction of the
OTR. by increasing movement of people into
the region. could have a serious impact on the
prevalence of diseases such as AIDS (/]).
Active disease surveillance and the ability to
impose quarantine rapidly when warranted will
be the most effective way to reduce the risk of
disease spread.

IF carefully managed. the Qinghai-Tibet
rilway will ulumately promote the sustainable
ecological, social, and economic development
of western China, We hope that it will be
remembered as more than just an engineering
accomplishment—that it will also be remems-
bered as an ecological miracle and a successful
example of'a green railway that can be followed
by other regions and developing countries.
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Benefits of Undergraduate
Research Experiences

Susan H. Russell,” Mary P. Hancock,' James McCullough?

ndergraduate students’ partici-

pation in hands-on research

is widely believed o en-
courage students 1o pursue ad-
vanced degrees and careers in sci-
ence. technology. engineering,
and mathematics fields. SRI Inter-
national conducted a nationwide
evaluation of undergraduate re-
search opportunities (UROs ) to under-
stand who participates, what effects
the experience has on them, and
what factors favor positive out-
comes, Our study included four
Web-based surveys, conducted be-
tween 2003 and 20035 and involving
almost 15.000 respondents, The
survey instruments, detailed data
tables. and analybtical reports are
available online (£ ).

Respondents to the First survey
were approximately 4500 undergraduates
and 3600 faculty, graduate student, and
postdoc mentors who participated during

2002 or 2003 in UROs funded by any of

eight NSF programs with a substantial
undergraduate research component. Two
vears later, about 3300 individuals who
were undergraduates in the iniual survey
responded to the follow-up survey.

In 2003, we surveyed a nationally repre-
sentative sample of individuals (ages 22 o
35) who had received a bachelor’s degree in
science, technology, engineening. or mathe-
matics (STEM ) (i = 34000); in 2004, we con-
ducted a parallel survey of individuals who
had received a bachelor’s degree in a social,
behavioral, or economic science (SBLES)
{n = 3200}, OF the STEM and SBES survey
respondents, some (sponsored researchers)
knew their research to be sponsored by
NSFE NIH. or NASA. Others (nonsponsored
researchers) did research that was not (as far
as they knew) sponsored by NSF, NIH, or
NASA. A third group (nonresearchers) did
not participate in UROs.

About half of STEM and SBES survey

15RI International, Menlo Park, CA 94025, USA. ISR
Intemnational, Arington, VA 22209, USA. *To whom corre-
spondence should be addressed. E-mail: susan.russellg
&ri.com
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Raising interest. UROs often increase a student’s interest
in STEM careers.

respondents had participated in UROs. For
about | in 135, this rescarch was sponsored
by NSF, NIH, or NASA, The experiences
and outcomes reported by sponsored re-
searchers in the STEM and SBES surveys
proved to be similar to those of the NSF-
participant surveys.

Profile of Undergraduate Researchers
The efforts of NSF and other entities to
encourage the representation of groups his-
torically underrepresented in STEM fields
appear to have been effective. In all of our
surveys. undergraduate researchers were
demographically diverse, with women, blacks,
and Hispanics/Latinos represented at rates
at least equivalent to their rates in the overall
college population. Those who began their
undergraduate education at a 2-vear college
were as likely to participate in research
as those who started at a d-vear college
or university. However, URO participation
rates differed across various disciplinary
fields. In the STEM survey. participation
rates ranged from 34% in mathematics and
37% in computer sciences to 72% in chem-
istry and 74% in environmental sciences.
In the SBES survey, rates ranged from 38%
in economics and political science to 63%
in psychology.

Undergraduate researchers were mainly

Surveys indicate that undergraduate research
opportunities help clarify students’ interest in
research and encourage students who hadn't
anticipated graduate studies to alter direction
toward a Ph.D.

Juniors and seniors, and they tended to have
relatively high grade point averages, reflect-
ing the competitive nature of many under-
graduate research programs. They also were
more likely than nonresearchers o expect to
obtain an advanced degree (2). The STEM
survey found that those who participated in
UROs were twice as likely as those who
did not to have pre-college expectations
of obtamimg a Ph.D, ( 14% versus 7%) (F).
Interest in STEM was likely to have begun in
childhood: 39% of NSF researchers re-
ported that they had been interested n
STEM “since [ was a kid” and another 29%
said they became interested when they were
in high school. This suggesis that an effec-
tive time to attract students o STEM may
well be while they are in elementary school
i{4). In contrast, interest in SBES was most
likely to have developed during high school

or college.

Undergraduate Research Outcomes
We found that UROs increase understand-
ing. confidence, and awareness (3-&). Most
( #3%) of the respondents to the NSF tollow-
up survey reported that their understanding
of how to conduct a research project in-
creased a fair amount or a great deal, 83%
said their confidence in their research skills
increased, and 73% said their awareness of
what graduate school 15 like increased.
UROs also clarify interests in STEM
careers (Y), OF respondents to the NSF
Follow-up survey, 68% said their interestin a
STEM carcer increased at least somewhat as
a result of their URO (see figure above).
Finally, UROs increase the anticipation
of a Ph.D. (/). Of respondents to the NSF
follow-up survey, 29% had “new™ expecta-
tions of obtaiming a Ph.D.—that 1s, they
reported that before they started college they
did not expect to obtain a Ph.D.. but now (at
the time of the survev) they did expect
to obtain one. In the STEM survey. “new™
expectations of obtaining a Ph.D. were
reported by 19% of sponsored researchers,
12% of nonsponsored rescarchers, and only
3% of nonresearchers (see hgure, page 549).
Students who participated in research

because they were truly interested and who
became involved in the culture of research
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attending conferences. mentoring other stu-
dents, authoring journal papers, and 5o on
were the most likely to experience the
“positive” outcomes noted above, such as
increased interest in a STEM career. The
overall duration of research experiences and
the variety of research activities also were
related to positive outcomes ( /1), For exam-
ple. in the STEM survey, 30% ol researchers
with more than 12 months of research expe-
rience reported that they expected to obtain
a Ph.D., compared with only 13% of those
with | to 3 months of research experience
and 8% of those with no research expen-
ence. However, some of the commonly as-
signed research activities—preparing writ-
ten final reports, in particular—tended to be
unrelated to positive outcomes. The time of
year in which the research experience took
place (summer versus academic year) also
wits largely irrelevant,

We found hitle evidence of a relationship
between mentoring characteristics and posi-
Live oulcomes In responses o our structured
(multiple-choice) questions. For example,
neither involvement in decision-making nor
perceived adequacy of mentor guidance was
very strongly related to positive outcomes,
However, in response to an open-ended ques-
tion, by far the most commeon suggestions
that students made about how to improve
undergraduate research programs concerned
increased or more effective faculty guidance.
We suspect that the absence of strong rela-
tionships on the structured questions reflects
the complexity of the mentor’s role rather
than its unimportance. Respondent com-
ments, as well as other researchi [2), suggest
that mentors who are able to combine enthu-
stasm with interpersonal, organizational, and
research skills play a large role in facilinating
positive outcomes,

Differential Group Needs
Among racial/ethnic groups, effects of
UROs tended to be strongest among
Hispanies/Latinos and weakest among non-
Hispanic whites, but mosi racial/ethnic-
group differences that were statistically sig-
nificant were nevertheless relatively small
{typically less than 10 percentage points).
Our surveys found almost no differences
between men and women on any of the study
variables. supporting observations of gender
similarities in mathematics and science ( 1.3).
Similarly, in our survey of NSF principal
investigators (Pls) and mentors, only 4%
identified differences in needs between men
and women, and only 2% specitied differ-
ences by racial/ethnic group.

We also explored whether it is important

NSF researchers

STEM sponsored researchers

SBES sponsored researchers

STEM nonsponsored researchers

SBES nonsponsored researchers

STEM nonresearchers

SBES nonresearchers

EDUCATIONFORUM

= Eypected Ph.D.
before college

=== Did not expect
Ph.D. before college

L
20 30 40 50 60
Percent

Ph.D. expectations. Participation in undergraduate research opportunities allects expectations of

obtaining a Ph.D.

for women and minorities to have mentors
who are similar o themselves ( /4). We found
that women who had some female mentors or
all female mentors were no more likely than
those who had no female mentors to expect
to obtain a Ph.D. or to gain new expecta-
tions of obtaining a Ph.D. The findings with
regard to blacks and Hispanics/Latinos simi-
larly showed no statistically significam differ-
ences. Across many comparisons, all groups
men, women, minorities. and nonminorities—
who had both male and female mentors or
both same- and different-race/ethnicity
mentors tended to have slightly “better” out-
comes {e.g., greater gains in confidence) than
did those who had either only same or only
different mentors. However. statistically sig-
nificant differences were as common among
men as among women and more common
among non-Hispanic whites than among
minorities. Thus, our findings suggest that
having a mix of mentors (in terms of their sex
and race/ethnicity) is likely to have a mildly
beneficial effect for all studenis, not just
wormen and minorities,

Conclusion

The large number and variety ol students sur-
veved represented a variety of colleges and
universities. Many types of undergraduate
research experience fuel interest in STEM
careers and higher degrees. No formulaic
combination of activities optimizes the URO,
nor should providers structure their pro-
grams differently for unique racial/ethnic
minorities or women. Rather. it seems that
the inculcation of enthusiasm is the key

element—and the earlier the better. Thus.
greater atention should be given 1o fostening
STEM interests of elementary and high
school students and providing UROs for
college freshmen and sophomores.
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GENMETICS

Getting Closer to the Whole Picture

Uwe Sauver, Matthias Heinemann, Nicala Zamboni

major challenge of biology is to un-
ravel the organization and interactions
of cellular networks that enable com-

plex processes such as the biochemisiry of

growth or cell division. The underlying com-
plexity anses from intertwined nonlinear and

dynamic interactions among large numbers of

cellular constituents, such as genes, proteins,
and metabolites, As well, interactions among
tl:'ll.,.'.‘\'ﬂ I..'l.'l-l'l'll'!lill'l:l.,.'lﬂﬂ VAry n nature |T1..‘;_'I.I.|'.l!l.!r:q.'.
structural, and catalvtic), effect, and strength.
The reductionist approach has successfully
identified most of the components and many
interactions but, unfortunately, offers no con-
vincing concepts and methods to comprehend
how system properties emerze. To understand
how and why cells function the way they do,
L't!l'l'lpﬁ:h!.'l‘.lﬁl'\';_' Lt]'lﬂ.l t]l];]ll[ll:l!l"- e d.'l[.'l On Conl-
ponent concentrations are required to quantify
component interactions. On page 593 of this
issue, Ishinet al. (1) provide unsurpassed com-
plete and quantitative data of components at the
various constituent levels in a bactenal cell.
Rather than a reductionist viewpoint (that
is, a deterministic genetic view ), the pluralism
of causes and effects in biological networks is

The authors are at the Institule of Molecular Systems
Biology, ETH Zurich, Switzedand, E-mail; sauer@ethi.ch

SYSTEMWIDE COMPONENT
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better addressed by observing, through quan-
titative measures, multiple components simul-
tancously, and by rigorous data integrat-
1on with mathematical models (2). Such a
systemwide perspective (so-called sysiems
l'-"il'lli."_'.!}'l on component interacoons 15 re-
guired so that network properties, such as a
particular functional state or robustness (3),
can be gquantitatively understood and ration-
ally manipulated.

The technical challenges of the systems
biological approach (4) are mainly along
four lines (see the Dgure): (1) systemwide
component identification and quantification
(“omics™ data) at the level of mRNA, pro-
teins, and small molecular weight metabo-
lites: (11) expenmmenial identification of phys-
ical component interactions, primarily for
information processing networks: (i) com-
putational inference of structure, type. and
quantity of component interactions from
data: and (iv) rigorous integration of hetero-
veneous data. The last step is required to
achieve a holistic, gquantitative, and predic-
tive understanding through mathematical
models that enable an iterative cyele be-
tween prediction and experiments. the hall-
mark of systems biology,

The development of experimental meth-
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A quantitative data set of RNA, proteins,
and metabaolites provides an unprecedented
starting point to understand, at a systems
level, the effects of perturbations on a cell.

ods relating 1o the first challenge has made
tremendous advances in the past decade. but
the level of sophistication and the associated
cosis have led o a situation where primarly
single-component data—that is, data solely on
genes, proteins, or metabolites—are avinlable.
Until the study by Ishii er af., at best two dif-
ferent types of component data were reported
fora given experiment, which severely limited
progression along the iterative cycle between
experiments and theory.

By joining forces among specialized labs,
Ishii er al. report systemwide data on three
main component lavers of cells—transcrip-
tome (mRNA ). proteome (protein). and meta-
bolome (metabolites)—with a partcular
focus on central carbon metabolism of the
model bacterium Escherichia coli. Bevond
component concentrations, the functional
endpoint of gene. protein. and metabolite
interactions—the  intracellular  metabolic
were quantified from C-labeling
experiments (3). In a laborious procedure.
data on steady-state growth were collected
from 24 mutant strains of £, colf in which a
different gene that functions in carbon metab-
olism was removed from each strain. All
mutants were grown at the same specific rie
(), thus mimmuzing mdirect etlects ot the

fluxes

PHENOTYPE/PHYSIOLOGY

Information fluxes through
signaling and regulatory networks

gmental data

Pradiction Material fluxes through

ﬁv metabolic networks

‘38

Mental data

A systems roadmap. The comprehensive component concentrations reported by Ishii ef al. provide input data for inferring component interactions using computa-
tional methods. The challenge for computational modeling methods yet to be developed is to predict the functional network state from the concentrations and to infer
the information processing network that controls the functional state.
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lareely ditferent muam physiology thar would
otherwise hamper data interpretation from
batch cultures.

The highly reproducible results from these
genetic perturbation experiments were com-
plemented with steady-state growth data from
the wild-type bacterium grown at a range of
growth rates in the same culture conditions,
with the extreme cases of near starvation and
almost unlimited supply of glucose (the limit-
ing nutrient). An interesting observation is the
active response of the bacterium’s metabolic
system o environmentally dictated changes in
arowth rate. There were global alterations in
the expression level of many mRNAs and pro-
teins, By contrast, upon genetic perturbation
of the metabolic system, surprisingly few
changes were observed at any component
level (besides some obvious and inevitable
local perturbations such as altered educt and
product concentrations due 1o a deleted reac-
tion). These results indicate that metabolic
networks employ fundamentally  different
strategies o maintain active operation in the
face of genetic or environmental perturba-
tions. However, many important questions
remain unanswered. Why does this particular
distribution of flux in metabolism emerge
from the determined component concentra-
tions”? What 1s actively regulated and by which
mechanisms? Which mechanisms contribute
to the observed robusiness?

These questions remain open because the
known component interactions have not yet
been considered and because the regulatory
network that controls metabolism 15 only
partly known and qualitatively understood at
best. But Ishii er af, provide, for the first time,
a quantitative data set that includes both the
constituting components and the functional
state of a metabolic network. From these data,
we can begin to unravel the conditional and
quantitative relevance of regulatory mterac-
tions and discover new circuits, thereby
addressing the question of how a functional
state arises from the components, The call is
thus open to integrate this heterogeneous data
set into a coherent whole from which testable
hypotheses on general principles and network
regulation can be derived. Although this par-
ticular data set will not be sufficiem—{for
example, it lacks nme-resolved dynamic data,
and the conditions studied are limited—is
unprecedented completeness has the potential
to become a cornerstone for computational
systems biology.

A number of computational approaches
are already available to integrate subsets of the
Ishii ef af, data. Statistical analyses of meta-
bolic and transeriptional data. for example,
can identily key featres that are important for

WWwW.sClencemag.org

respiratory oscillaons (7). Alernatively, com-
putational mapping of transcriptome and
metabolome data onto a graphic model of
component interactions can provide guidance
tor dissecting control at the level of genetic
regulation from regulation of protein activity
(8). In contrast 1o statistical analyses, a me-
thod rooted in constraint-based modeling (4)
allows combining metabolite concentrations
with metabolite flux data using thermody-
namic principles o denve hypotheses about
active or new regulatory mechanisms (Y).
The extensive data set reported by Ishii er
al. now opens the way 1o use existing coms-
putational approaches and to develop new
ones to extract new biological insights about
a fundamental physiological process. From
this starting point, model-based design of
targeted experiments for further conditions

PERSPECTIVES

will reduce the unrealistically tedious and
expensive collection of large-scale data sets
while working toward a truly holistic under-
standing of cellular behavior. We are one
step closer.
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MEUROSCIENCE

How to Fill a Synapse

Phillip J. Robinson

Knockout of a member of a family of proteins that support neuronal signal transmission reveals a
number of unexpected pathways at work at distinct times during neuron stimulation,

he basis of almost all communication

between neurons relies on vesicles

containing chemical neurotransmit-
ters. At the junction, or synapse, between two
neurons. synaptic vesicles laden with neuro-
transmitter release their contents {exocyiosis)
from terminals of one neuron. The chemicals
act on the opposing neuron, propagating a
specific signal. Replenishing the presynaptie
neuron with synaptic vesicles is critical to the
signaling that underlies processes such as

learning. and failure to control this evele of

vesicle formation and deployment can lead o

conditions such as epilepsy. On page 370 of

this issue. Ferguson and colleagues () show
that the mechanism producing new synaptic
vesicles 15 not as simple as once envisioned,
but involves a family of proteins that manages
the supply of vesicles both during and afier a
neuron is stimulated. Their discoveries reveal
how a synapse maintains its full complement

of synaptic vesicles to support all functions of

the nervous system.

A protein called dynamin | has generally
been considered the great ensurer of neuro-
transmitter-filled synaptic vesicles in a presy-

The author is in the Cell Signalling Unit, Children's Medical
Research Institute, Sydney, Australia. E-mail: probinsong
CILCOm.AL

naptic nerve terminal. These vesicles are
poised 1o fuse with the plasma membrane
when the neuron i1s stimulated. Dynamin |
acts after fusion and neurotransmitter release
in a process called endocytosis. After the
plasma membrane invaginates, dvnamin |
torms a helix around the neck of the new bud-
ding vesicle, acting as a spring. As dvnamin |
expands and twists, it pinches the membrane
into a synaptic vesicle that can subsequently
be filled with newly synthesized neurotrans-
mitter (see the figure). But Ferguson er al.
show that, unexpectedly, synaptic vesicles
can form in the absence of dynamin 1. By
genetically engineering mice that lack dy-
namin | (knockout mice). they performed
experiments that few thought would be fruit-
ful. The mice appear normal at birth, with
near-normal numbers of neurons and synaptic
vesicles, However. the mice barely survive the
first week after birth. and none survive two.
The data of Ferguson ef af. are full of sur-
prises. The first is that nerve terminals in the
synapses of dynamin | knockout mice contain
these vesicles at all. This reveals that another
endocytosis mechanism can generate these
vesicles. The next surprise is the heteroge-
neous size of the synaptic vesicles that are
formed in the absence of dynamin 1. Synaptic
vesicles are considered the smallest cellular
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vesicle, produced within a narrow
size range of 40 1w 43 nm. Indeed,
the data of Ferguson ef al. indicate
that dynamin | is likely responsi-
ble for this by generating the high-
est possible membrane curvature
through its helical assembly and
twist (2). The larger synaptic
vesicles in the dynamin 1 knock-
out mice were an average of 47 nm
and up to two times larger than
normal. This was matched by an
increase in quantal size, an index
of the quantity of ransmitter in a
vesicle, and they could stll sup-
port synaptic ransmission,

The most surprising observa-
tion in these animals is that synap-
tie vesicle endocytosis was almost
totally absent during intense stimu-
lation of neurons, vet resumed at a
normal rate after the simulus was
terminated. Normally, endocytosis
continues during and after neuron
stimulation, This suggests that the
dvnamin I-independent mecha-
nism is suppressed by the nflux of
caleum jons that oceurs when a
nedran is stimulated.

The new observations show
that dynamin | is dispensable for
forming synaptic vesicles, It be-
comes indispensable when a bur-
den is placed on the neuron by
moderate or prolonged stimula-
tion. Minimal neuronal activity of
up to 10 stimuliin 1 s uses only
about 10 1o 20 vesicles. But when
the frequency or duration exceeds
this. exocyvtosis of many more
synaptic vesicles occurs. Indeed,
about a minute of stimulation is
sufficient for the release of all 200
synaptic vesicles in the average
nerve terminal (7). Withouta mech-
anism for fast generation of new
vesicles, neuronal activity cannot
be sustained and nerve communi-
cation stops. Ferguson ef al. sug-
gest that very soon after sumula-
tion ceases, dynamin | relin-
quishes its role in synaptic vesicle
endocytosis to a dynamin 1-inde-
pendent pathway. Dypamin |
normally becomes activated dur-
ing nerve stimulation, when it
becomes dephosphorylated and is
inhibited immediately after stimu-
lation by phosphorylation ().
This phosphorylation cvele may
allow the dynamin 1-independent
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Synaptic vesicle cycling. (Top and Middle) A normal presynaptic neuron con-
tains uniform, small synaptic vesicles. After electrical stimulation, vesicles
release neurotransmilter. New vesicles are primarily produced by dynamin
1-dependent endocylosis. (Bottom) In the absence of dynamin 1, Ferguson et
al, observe vesicles of heterogeneous sizes, some coated with clathrin, formed
through dynamin 2 and 3 pathways.
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mechanism to 1ake over endocy-
tosis.

Attention will now turn to the
two other dynamin family mem-
bers, dynamin 2 and 3. as likely
mediators of the dynamin 1-inde-
pendent mechanism(s). Ferguson
et af, reveal important presynap-
tic roles for dynamin 3. The
expression level of this protein
does not change in the knockout
mice, but it is recruited into the
synapses. as ifatempring 1o com-
pensate for the lack of dynamin 1.
In an elegant expenment. svnap-
tic vesicle endocyiosis that occurs
during stimulation was fully res-
cued when dynamin | or dynamin
3 was expressed in neurons cul-
tured from the brains of dynamin
| knockout mice. Therefore. dy-
namin ¥} may share a dynamin
I-like role in generating uni-
formly small synaptic vesicles.
These two dynamins are also
phosphorylated on  analogous
amino acids, further indicating
similar control mechanisms (5).
However, dynamin 3 expression
is much lower than that of dyna-
min 1. and it cannot cope with
the inereased demands imposed
at high neuronal activity in the
knockout mice.

Dynamin 2 is ubigquitously
expressed and in all cell types
examined it mediates formation
ofvesicles, via endocyiosis, that
are coated with the protein
clathrin, In presynaptic nerve
terminals. clathrin is shed, and
the vesicles become synaptic
vesicles filled with neurotrans-
mitter. Ferguson e al. show that
an average synapse contains less
than one clathrin-coated vesicle,
Expression of dynamin 2 does
not change in the dynamin |
knockout mice, nor can it rescue
synaptic vesicle endocyiosis
during intense activation of neu-
rons. Rather, it appears to play a

role in the slow replenishment of

synaptic vesicles after stimula-
tion. Ferguson ef af. found a 24-
fold increase in the abundance
of clathrin-coated vesicles, with
occasional synapses showing up
to 30 clathrin-coated profiles. In
a few synapses lacking dynamin
I, synaptic activity produced

CREDIT ADAFTED BY P HUEY/SCIENCE



larze membranous wbules in the presynap-
tic neuron, from which large numbers of
clathrin-coated vesicles emerged. They
appear trapped at the point just before
dyvnamin normally acts. Although more
clathrin is recruited into synapses of these
neurons, dynamin 2 15 not. Therefore,
dynamin 2 abundance may be the rate-limit-
ing factor in allowing the synapse to gener-
ate many vesicles after intense stimulation.
This is in stark contrast o synapses forged
by the neurons of normal mice, where
dyvnamin | can muntain synaptic vesicle
cyeling for hours during sustained neuronal
acuvity. If dynamin 2 mediates the bulk of
slow synaptic vesicle formation, then why is
this pathway suppressed during stimula-

tion, only o operate again at normal rates
after stimulation 1s terminated? There 15 no
evidence that dynamin 2 is phosphorylated
or dephosphorylated in nerve terminals
(5). The simplest explanation is that a high
calcium concentration in nerve terminals
during stimulation suppresses dynamin 2
{or dynamin 3-) dependent endocytosis,
while stimulating dynamin 1-dependent
vesicle formation via dephosphorylation.
In practice, this may divide the work load
between two mechanisms of synaptic vesi-
cle endocytosis,

The main discovery by Ferguson et al. 1s
that there are at least two pathways mediating
synaptic vesicle endocyiosis, working in
series: ahigh-capacity dynamin | {or dynamin

PERSPECTIVES

31 pathway that works primarily during
intense neuronal activity, and a low-capacity
pathway. probably mediated by dynamin 2,
that is suppressed during stimulation but is
gradually activated when stimulation ceases.
Thus, there 1s more than one way to fill a
synapse with synaptic vesicles.
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CHEMISTRY

A Promising Mimic of
Hydrogenase Activity

Thomas B. Rauchfuss

vdrogenases are  en-

zvmes that catalyze the

reversible oxidanon of
dihvdrogen (H,). They have at- '
tracted intense interest because
of their extraordinary efficiency

and their unusual active sites, ; N

which feawre carbon monoxide

(CO)Y and cyanide (CN7) as

cofactors. Furthermore, a de-

tailed understanding of the hvdro-

genases may lead to new kinds of bio-
mimetic catalysts for the hydrogenation
of organic compounds and for hydrogen
production.

There are two types of widely distributed
hydrogenases, which contain different met-
als in their active sites: nickel-iron (Ni-Fe)
and ron-only hvdrogenases (/). Progress on
model compounds that capture the main fea-
tures of iron-only hydrogenases has been
rapid, but models for the more prevalent Ni-
Fe hydrogenases have proven far more chal-
lenging to obtain. It has been difficult to
introduce the most obvious feature of the
Mi-Fe active sites—the hydrde (H=) lig-
and—into biomimetic models or to obtain
any sign of catalytic activity, On page 585 of
this issue. Ogo er al. (2) report the discovery
of an easy-to-prepare biomimetic catalyst

The author is at the School of Chemical Scences, University of
INinais, Urbana, IL 61801, USA. E-mail: rauchfuzi@uiuc.edu
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N,

7. .\"“H/ \Sm

N is shown to transfer 1o unsaturated substrates. Nickel and its lig-
ands are shown in green, iron and its ligands in red, (Bottom) The
structure aof the enzyme active site,

"-'5"5'---.5I 5

Ni-Fe hydrogenase active site

A chemical compound that mimics the active
site of nickel-iron hydrogenases is catalytically
active, Related compounds may serve as
catalysts in a hydrogen economy.

inspired by the Ni-Fe hydro-
genases. More faithful struc-
tural replicas of the Ni-Fe
active site are known (see the
figure. top panel), but they are
Ni not catalytically active, in part
because they lack the hydnde
ligand (3. 4).

[n the quest for biomimetic
catalyvsts, scientists seck 1o
replicate  the coordination
sphere that surrounds the metal centers, with
the expectation that function will follow
form. A straightforward approach to the
assembly of models for the Mi-Fe active site
follows from its structure (see the Mgure,
bottom panel); Ni is bound to four eysteine
residues. two ol which bridge to the
Fe(CN),(CO) subunit.

Thus, it should be possible to generate
mimics by combining nickel tetrathiolate
compounds and Fet CN),(CO) fragments (3,
6). However, because nickel complexes with
four thiolate ligands are often labile, chemists

Biomimetic hydrogenases. (Top) Current structural models for
the active site of the Ni-Fe hydrogenases, Note the absence of the
hydride, which is required for activity. (Middle) Ogo et al ‘s route
ta their biomimetic catalyst, with Ru(C,(CH,) )** playing the role
of Fe(CN),(CO). The hydride ligand between the Ni and Ru centers
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have wrned increasingly 1w the use of relaved
[Ni(5,N, )] complexes containing two amines
and two thiolates ( 7) as building blocks for
the assembly of bimetallic compounds. For
the other half of the system. Ogo ef al. mimic
the Fe(CN L (COMH~ module with the elec-
tronically related fragment { C Me JRul® (8),
where Me denotes a methyl group. They
assemble their model compound by simply
combining agueous solutions of the NS, N, )
and [(C Me,)Ru(H,0),1** building blocks.
Relative to other RuMi models (9, /6. the
species reported by Ogo er al. is unigue in
that it undergoes the crucial reaction with H,
to give the corresponding hvdride (see the
figure. middle panel). This conversion w the
hydride entails scission o H,, into H=and H":
as a result, the pH of the solution drops.
Spectroscopic and crystallographic data
show that the hydride ligand bridges the Ru
and Ni centers, as expected. The results sug-
gest that the RuMNiH core could be described

as Ru-H—-Ni. which indicates that the Ni(Il)
serves as a Lewis acid to stabilize the other-
wise highly basic hydnde. Such insights
would be unattainable through studies on the
enzyme itsell, because protein erystallogra-
phy cannot detect hydride higands.

The greatest surprise from the results of
Ogo e al. 15 that their compound is catalyti-
cally active: It catalyzes the hydrogenation
of benzaldehyde to the corresponding alco-
hol. Tt is also intriguing that the catalyst fea-
tures a sulfur-rich core. Sulfur compounds
poison most industrial catalvsts, but nature
relies heavily on sulfur-rich environments
for catalvuie transformations involving CO
and H,. There is much interest in the devel-
opment of sulfur-tolerant industrial catalysts
for related transformations.

Given the progress reported by Ogo ef
al., what is left 1o model? The answer is
clear: a related complex, with Ru replaced
by Fe. because nature always uses iron when

working with hvdrogen, The results reported
by Ogo er af. show that such a feat should be
achievable and that such advanced models
can deliver new kinds of catalysts,
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Factoring Numbers with Waves

M. Suhail Zubairy

Ithough it may seem a mundane

problem in number theory. the abil-

ity to factor a number into its primes
lies at the heart of modern e-commerce.
Anvone with a pocket calculator knows it i1s
trivial to multiply two prime numbers toge-
ther, but carrying out the reverse—inding
the unknown prime factors given a large
number—is extremely difficult. This diffi-
culty is what enables some of the encryption
svstems used on the Internet, in which a
secrel key 1s exchanged between the sender
and the receiver on a public channel, Any
method for efficient factoring, therefore,
attracts immediate attention. For example,
the entire field of quantum computing (/).
which had its beginnings in the early 1980s,
did not receive much attention until Shor (2)
demonstrated in 1994 how a guantum com-
puter could potentially Factorize a 1000-
digit number relatively rapidly. whereas the
same problem would take today’s fastest
computer several billion vears. This theoret-

ical developmen has caused the held of

quantum computing to take off.
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Finding prime factors of a number by means of
wave interference may have applications in
quantum computing and security systems.

1 tween the waves have a

= 0.5

wide range of values. the
result is a combination of
destructive and construc-
tive interferences, The amp-
litude of the combined
wave 1s substantially lower
° than when all the waves
interfere constructively. But
™ constructive interference
causes a peak in the ampli-
™ tude when all the relative
phases are an integer mul-

=
—
=
Pl
(=]

Peak factors. & plot of the absolute value of the truncated Gaussian sum A
for N = 157,573 and truncation parameter M = 10. The sum is maximum
for values of [ that are the prime factors of N (13, 17, 23, and 31). This fac-
torization method has been implemented with NMR techniques (3, 4).

[adapted from (3) ]

An interesting but very different approach
to factonzation based on wave interference is
reported in two recent papers (3, 4). When
two waves are combined, they can create
destructive or constructive interference,
depending on their relative phase (that is. “in
phase™ the waves add up, “out of phase™ they
cancel out). When the number of waves
becomes large and the relative phases be-

a0 tiple of 21,

Mehring ef arl. (3 use this
property of waves to factor
numbers, They consider a
quantity called the truncated
Ciaussian sum, which corre-
sponds to the amplitude of a
collection of MW waves, where
the phase ofeach wave depends onthe number NV
that is to be factonzed and another mteger /. The
total phase is chosen such that they are all equal
to an integer multiple of 2m only if / happens o
be a factor of N, Thus. the sum is maximized
by constructive interference when / is a factor
of N. A scan of the truncated Gaussian sum for
different values of fwill then vield the factors
of N (see the figure).
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How can this truncated Gaussian sum
factoring method be implemented experi-
mentally? Mehring ef af. (3) and Mahesh ef
al. (4) do this with the techniques of nuclear
magnetic resonance (NMR). They excite an
ensemble of spins (specifically, protons in a
maoelecular liquid) by a sequence of radio-
frequency pulses. The spins rotate in small
steps Just as a mechanical pendulum would
move under the action of perodic kicks. The
number of pulses corresponds to the trunca-
tion parameter M, and the phase of the radio-
frequency wave depends on N and / in such a
way that, at the end of the pulse sequence,
the collection of excited spins corresponds
to a truncated Gaussian sum. The resulting
signal emitted from the spins contains infor-
mation about the various radio-frequency
pulses used in the excitation, The maximum
signal is obtained when / is a factor of N.
Using this method, Mehring er al. factored
the number 157.573 (3) and Mahesh et al.
factored 52,882,363 (4).

This is essentially a classical scheme that
employs the principle of superposition
obeyed by the classical waves. Hence, it

scales exponentially (that is. as the size of

the problem inereases, the time needed to
solve it goes up exponentially). The gquan-
tum computing algorithms, however, are
rooted In quantum entanglement, a notion
peculiar to the nature of quantum mech-
anics. In an entangled system of several
objects, the objects are highly correlated so

that it is impossible o consider the objects
independently. Their properties are inter-
twined. For example. in an entangled pair of
atoms, we may not know the precise state of
the individual atom before making the mea-
surement. However, ifthe first atom is found
in the ground state, then the other 15 neces-
sarily in an excited state and vice versa,
These nonclassical entangled states allow
us. in principle, to do simultaneous manipu-
lations on different states of the total system.,
a luxury not afforded in the classical world.
This is the root cause of the speedup of
quantum computers,

This inherent parallelism represents the
good news. The bad news, however, is that it
is very difficult to generate such entangled
states, especially when many particles are
invalved. More important, entangled objects
are among the most fragile objects in nature.
Any interaction with the environment tends
to destroy the high degree of correlation
between the objects, So far, only the number
15 has been factored using Shor's algorithm
{5). and an extension to larger numbers
remains elusive,

A challenge is how to reduce the compu-
tational complexity of the scheme discussed
by Mehring et al. (3) by using the parallelism
offered by quantum entanglement. Can we
prepare the system in such a way that the
spins are in an entangled state and then
manipulate different values of / simultane-
ously? This is indeed an exciting, but chal-

PERSPECTIVES

lenging, possibility. The ideas presented
may, however, offer new possibilities in other
directions, such as an efficient scheme to
find the periodicity of a function, the key to
finding prime factors in Shor’s algornithm
{2). Another interesting problem relates to
searching for a marked object in a data base
containing N objects, Classically, this is done
on average with N2 searches. However,
quantum searches can lead to searches in vV
steps (6. 7). The question is whether one can
do better than that and, at least in some spe-
cial cases. recover the desired object in one
or few steps. The work of research groups,
including that of Mehring ¢ al, and Mahesh
et al., may lead the way.
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PHYSICS

The End of an Entanglement

J. H. Eberly and Ting Yu

n quantum physics, decoherence is a

catch-all term that usually implies

degradation of the purity of a quantum
state. Over the past few decades it has been
used as a guide to understand the loss of the
two-body coherence called entanglement,
which is an intrinsically quantum effect. In
this context, it is relevant to fundamental
questions such as: Why is the world mostly
classical when we believe quantum theory
provides all of the governing principles (f,

2y The answer lies in the critical role of

“largeness™: simply put. larger bodies lose
coherence more quickly. This is the essential

The authors are in the Department of Physics and Astronomy,
University of Rochester, Rochester, NY 14627, USA, E-mail:
eberly@pas.rochester.edu; ting@ypas.rochester. edu

WWW.sClencemag.org

ingredient in producing nearly instanta-
neous decay of entanglement between two
large bodies or beiween a large body and a
small one, The role of largeness 1s seen
when decoherence occurs increasingly
faster with the size of the environment.
[See, for example, (3) for an instance of
the effect.] Preservation of coherence is
important in maintaining steady behavior of
quantum systems whose coordinated action
15 entical, for example, among the working
units of quantum computers when they
become available.

A small body (spin, photon., atom, exci-
ton, quantum dot, Cooper pair, etc.), on the
other hand, can continue o behave as a
quantum mechanical unit. even if not macro-
scopically entangled. A topic that remains

Observations of the early disappearance of
quantum coherence between two systems may
hawve implications for information processing.

open in almost all decoherence discussions,
however. is the preservation or destruction
ol two-body quantum coherence when both
bodies are small, For example, it has been
predicted only recently that the one-body
and two-body responses to a noisy environ-
ment can follow surprisingly different path-
ways to complete decoherence (4. 5).
Experimental entry into this new domain is
needed, and impressive results are now
reported on page 579 of this issue by
Almeida et al. (6). They have devised an ele-
gantly clean way to check and to confirm the
existence of so-called “entanglement sud-
den death™ (ESD) ( 7). a two-body disentan-
glement that is novel among known relax-
ation effects because it has no lifetime in any
usual sense—that 1s, entanglement termi-
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nates completely after a finite imerval, with-
out a smoothly diminishing long-time til.

The lack of a smooth and lengthy degra-
dation has to be regarded as unexpected and
potentially troubling. Error correction tech-
nology applied to entangled quantum infor-
mation networks (8, 9) allows even the
smallest amount of degraded entanglement
1o be restored to full usefulness. However,
error correction comes up short in the face
of exactly zero entanglement. 1.e., sudden
death. As a practical matter. familiar local
(one-body) lifetimes have been commonly
used to estimate all accompanying nonlocal
(multibody entanglement)
lifetimes. Until  recently
there has been no reason to
think. and certainly no evi-
dence, that these lifetimes
would be substantially dif-
ferent. The experiment of
Almenda er af. puts the first
evidence on the table,

Since the discovery of
ESD (4. 3). a large number
of instances ol this surpris-
ing effect have been identi-
fied in the theoretical litera-
ture [see (10-17) and refer-
ences in (A)]. All of these
share the property  that
while local (one-body) co-
herence decays smoothly 10
zero, requiring an infinite
time to do so, nonlocal (two-
body ) entanglement vanishes
after a finite time (see the
figure for a schematic rep-
resentation).

Although two-body entanglement is cen-
tral to preservation of pairwise quantum cor-
relations, there is an interesting unsolved
problem in quantum mechanics related 1o it
Simply said, a computable quantity that uni-
versally measures entanglement of more
than two bodies in partially relaxed (impure)
states has yet to be identified by anybody.
Along with Almeida er al.. we have used for
ESD swdies the two-body measure discov-
ered by Wootters (f48) and called concur-
rence (labeled ¢ on the vertical axis of the
right panel of the figure). It agrees about the
boundary for zero entanglement with all
other two-body measures and 1s more con-
venient than most,

It is often implied and sometimes said
explicitly, in textbooks as well as in physics
colloguia. that our evidence for the quantum
character of natural phenomena comes from
the existence of wave-particle duality in the
microworld, But this is misleading at best,
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Wave mechanics is just optics for particles,
and 1t contains effects no more exotic than
are found in physical optics (rays, diffrac-
tion, tunneling, etc.). In striking contrast,
gquantum mechanics exhibits features that
have no classical wave counterpart at all.
Duality is no help in understanding the
entangled nature of Schridinger’s Cat,
which “exists™ in a strange entangled state,
equally likely dead and alive (/9-21).
Toinvestigate quantitatively the time devel-
opment of a property such as the degree of
entanglement of tWo Or more quantum systems
15 to enter what is probably the largest nonclas-

sical sector of the world we live in, and the
report by Almeida of ol brings new evidence o
bear on these questions., They have used a pho-
tonic Cat: a pair of qubits (quantum bits in the
form of photon polarizations) whose degree of
mutual entanglement they can study in the
clear absence of mutual imeraction. Each of
these photonic qubits interacts only with its
own individual environment, and this produces
smooth dephasing of each individual photon’s
polarization angles. But this provides very
misleading guidance to a quantitative under-
standing of the photons” Cat-like properties.
One-body information about the photons is
useless to explain the sudden death of their
entanglement.

Different types of environmental noise
can have differenmt effects on two-body
entanglement (22). and Almeida et al. have
studied both phase- and amplitude-damping
environments. They also mention that entan-
glement has a turther unusual relaxation

property in addition 1o sudden death. Ir can
happen that different entangled states with
the same initial degrees of entanglement
may evolve to completely different final
states. and examples of this are available (4)
showing many pairs of mixed states with
identical initial degrees of entanglements
but with evolution pathways to very differ-
ent final results. In addition, it 1s known that
some two-qubit states are more robust
against disentanglement than others (23)
and that evolution to sudden death can be
avoided in some cases by purely local (one-
body) initializations (22).

Parting ways. (Left) Sketch of entanglement sudden death, with spheres representing snapshots of the individual qubits mov-
ing together in time. The sphere radius indicates the coherence of a single qubit. As the qubits interact with their environment,
the spheres naturally shrink smoothly, and in an infinite time each will shrink 1o the single point that represents its final state.
However, entanglement can cease much earlier, as represented here by the time at which the two spheres cease overlapping.
(Right) Entanglement sudden death is not limited Lo the initial states reported by Almeida et al. (). An independent example (4)
is shown here, where concurrence ¢ is plotied vertically against the probability of decay p (which goes to 1 as time goes to infin-
ity) and a, a parameter Lhat selects different initial states. The plot shows an entire family of mixed states, all relaxing under the
influence of environmental amplitude noise. In this example, dilferent values of 2 can correspond Lo the same initial entangle-
ment ¢ but lead 1o very different final conditions, some showing entanglement sudden death and some not (black lines).

Smull-system entanglement dynamics is a
domain with many borders. It touches on a
wide spectrum of current research activities in
coherence control. dynamie error correction,
and experimental excursions in the vicinity of
the quantum-classical interface. to name a few.
The state of the theoretical frontier for entan-
glement dynamies is summarized in a review
by Mintert eraf. (24). The report by Almeida er
af, 15 not the final word in studies in this
domain, and given the central role of small-
system entanglement in any quantum imforma-
tion network, it is likely that other experimen-
tal investigations will follow their work,
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EVOLUTION

Oxygen and Evolution

Robert A. Berner, John M. VandenBrooks, Peter D. Ward

he rise of atmospheric oxygen (0,)

concentration during the Precambrian

eon (~450010 ~550 million years ago)
was closely tied to biological evolution.
Additional changes in atmospheric O, con-
centrations over the past ~550 million years
{the Phanerozoic eon) have probably also
been intertwined with biological evolution,
Here we examine the evidence for changes in
0, concentrations and their biological causes
and effects during the Phanerozoie,

Evidence for variations in atmospheric O,
concentrations over Phanerozoic time comes
mainly from the geochemical eyeles ol car-
bon and sulfur. The weathering of organic
carbon and pyrite sulfur results in O, consumpt-
ion, and their burial in sediments results in O,
production (/ ); organic burial represents an
excess of global photosynthesis over global
respiration, Existing combined carbon-
sulfur-oxyeen models all show distinet varia-
tien of O, over time, with & maximum cen-
tered around 300 million vears ago, but with
differences between maodels for the past 200
million yvears ( £). They are based on either the
abundance of reduced carbon and sulfur in
sediments, the BCMC and ¥S2S values for
the oceans, or the interaction of the carbon
and sulfur cycles with eyeles of other ele-
ments such as phosphorus,

The model shown in the figure is the most
detailed for the entire Phanerozoic and lends
iself readily to the discussion of evolution-
ary phenomena. Note the large rise in O,
prior to 300 million vears ago. The primary
cause of this rise is believed 1o be the evolu-
tion of large vascular land plants (/). The
plants caused inereased burial of organic
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matter (and hence increased O, production)
because of the introduction of a new bio-
degradation-resistant substance, lignin. The
excessive bunial of lignin and other plant
debris in swamps during the late Paleozoic
(=360 to 260 million years ago) led to the for-
mation of vast coal deposits and 1o increased
wildfires, as evidenced by abundant fossil
charcoal (2). The drop in O, concentration
across the Permian-Triassic boundary (=260
to 245 million vears ago), and the relative
lack of coal deposition during the last 5 mil-
lion years of this time span. are believed to
have been due mainly to a substantial reduc-
tion in the geographic extent of lowland
forests and swamps, This resulted ina drop in

Changes in atmospheric oxygen concentration
may be linked to key evolutionary events
during the past 550 million years.

global organic matter burial and in O, input
to the atmosphere (3).

How has the variation in atmospheric O,
concentration through the Phanerozaoic al-
fected the evolution and development of life
on Earth? In 1970, McAlester (4) noted that
to understand these effects, it 1s necessary 1o
first run “long-term experiments on the
effects of abnormally high or low O, partial
pressures on the living representatives of the
many groups which exist today”

Unfortunately. few scientists have heeded
this call, and the effects of the modeled O,
concentrations (~13 to 31%) on modern
physiology and development are sull poorly
understood, especially in the hyperoxic range
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A possible link. The atmospheric O, curve is taken from (23). The upper and lower boundaries are estimates
of error in modeling atmospheric O , concentration. The numbered intervals denote important evolutionary
events that may be linked to changes in O, concentration (see text).
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(=21% 0, the current anmospheric O, con-
centration). Furthermore, most studies have
focused on the effect of O, on insect develop-
ment, and even those limited studies exam-
ined O, levels outside the range of geologic
variation (5). However. the existing studies
point to a substantial effect of this range of O,
variation on development and evolution,

Many studies have used Dvosophila
melanogaster to study these effects. For
example. it has been shown that hyperoxia
causes an increase in body size in [ melana-
gaster through multiple generations (6),
whereas hypoxia decreases body size (7). O,
concentration is negatively correlated with
tracheal diameter in insects of the same
body size (8), and hypoxia causes a de-
crease in cell size (99,

Fewer studies have investigated the effects
ol 0, concentrations on vertebrates, For ex-
ample. hyperoxia (35% 0,) induces regres-
ston of the external gills in tree frogs (Agaly-
chnis callidrvas) and causes early hatching
when the frogs are subsequently exposed o
air levels of O, (21%) (10). When juvenile
trout { Oncorhynchus mykiss) are exposed
to hyperoxia (38% 0,). their body weight
imcreases compared to those at 21% O, (/).

One of us has studied the embryonic de-
velopment of Alligator mississippienis under
seven different O, concentrations between
16 and 35% lsn:mn'ing the entire Phanerozoic
O, range) (/2). The results show a positive
effect of O, on body size, developmental rate.
and bone composition, with a developmenial
optimum at ~27% 0,, beyond which the
negative effects of increased O, concentra-
tion begin to play a larger role and cause
increased mortality.

Four major events in the history of life
illustrate the effects of rising, or high. con-
centrations of O, on evolution. First, the ori-
gin of the first ammal body plans (see the fig-
ure, interval 1) coincided with a rapid rise in
atmospheric O, concentration (/.3).

Second, the conguest of land by animals
occurred during two independent phases of
high O, concentration (/<). The earliest.
~410 million vears ago (interval 4).
involved mainly arthropods; the other,
which followed the Devonian mass extine-
tion and a period of stasis (Romer’s Gap,
interval 6), involved both arthropods and
vertebrates {interval 7).

Third, with increasing O, concentra-
tions through the Carboniferous and Per-
mian (interval 8), gigantism developed in
several arthropod groups. and body size
increased across primitive reptile-like ani-
mals and their descendants (/2. /3. [6).
The gigantism has classically been atrib-
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uted to an increase in diffusive capacity
caused by an increase in atmospheric O,
concentration. This may explain the effect
seen in egg-laying vertebrates, because dif-
fusion across the eggshell will be increased
and have an effect on hatchling and there-
fore adult body size. Alternatively, in some
insects, body size is limited by the amount
of their body that can be allocated to tra-
chea. Because tracheal diameters decrease
with increased O, concentration, a higher
maximal body size can be achieved in
tmes of higher O, concentration (/7).

Lastly, the increase in mammalian body
size in the Tertiary has been linked to nsing
O, concentrations (/&) (interval 12), although
the direct mechanism remains unclear, and
community diversification occurred during
the Ordovician rise in O, (interval 3),

Dropping O, or relatively low O, concen-
trations also had evolutionary consequences.
Several extinctions appear to comncide with
dropping O, concentrations superimposed on
global warming from increased greenhouse
gas concentrations (/%, 20, Three of the
major extinctions—in the Late Devonian
{interval 3), Permian-Triassic (interval 9),
and Triassic-Jurassic (mterval 11 )—were
also followed by an extended period of low
atmospheric 0O, concentration. The afiermath
of a major extinction is often a time of rapid
evolution. potentially producing novel body
plans. Many of these new body plans may
have supported more efficient respiratory
systems, which may have been selected for
under low-0, regimes that coincide with
posiextinction time periods,

For example, late Cambran/Ordovician
lineages of fsh and cephalopods evolved
anatomieal structures that wok advantage of
their swimming ability to force larger
volumes of water across their gill surfaces,
which in turn allowed for mnereased O, uptake
(interval 2). Adaptations for more efficient
respiration also occurred among terrestrial
organisms. During the latter part of the
Triassic (interval 10), a time of low modeled
0, concentrations. the evolution of the
dinosaur body plan involved a novel air-sac
system (2 1), which was inherited in modified
form by their descendants, the birds, Air-sacs
allow highly efficient respiration even at high
altitude (22). They may similarly have
conferred a respiratory advantage to early
dinosaurs as compared to other contemporary
terrestrial animals,

In the past, respiratory structures were
viewed as add-ons to body plans evolved
larzely o allow movement. Yet, the evidence
discussed above suggests that the basic
designs of many animals seems to maximize

SCIENCE

respiratory efficiency, with locomotion or
protection (as with a mollusk or arthropod
shell) as a secondary benefit.

To further this research, a better under-
standing of the effect of varying O, concen-
tration on the physiology of present-day ani-
mals is needed. Multigenerational studies on
a wide range of animals (both vertebrates
and invertebrates) are necessary o accu-
rately infer responses of fossil taxa to O,
variation. to test evolutionary impacts of
varying O, concentrations, and to understand
the long-term effects of living under hyper-
oxic and hypoxic conditions. The resulis
could be used to develop proxies for past O,
concentrations. thereby improving O, mod-
eling (which also needs constant updating
based on better isotopic measurements).
Once better modeling and more modern
physiological studies have been carried out,
we can begin to move from simple correla-
tion to causation and truly test the hypotheses
presented in the figure.
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Ambitious Joint Project Will Provide
Science Support to School Boards

SAN FRANCISCO-—Rescarchers call it an
“urgency gap: While school officials and
business leaders see a eritical need for
improved science, mathematics, and technol-
oay cducation, students and their parents are
complacent.

Helping to close that
gap will be one ol the
central goals in a his-
toric new collaboration
between AAAS and the
National School Boards
Association (NSBA).
which have launched
a 3=year project under-
written by the Ewing
Marion Kauffman

Board members at the San Francisco con-
ference echoed that sentiment. and they wel-
comed the AAAS/NSBA project as a way to
obtain expertise and training that will help them
meet unprecedented challenges in preparing
students for the 21 s1-
Ceniury cconomy.

The project creales a
powerful partnership
between NSBA, which
represents 95,000 local
school board members
in nearly 15,000 local
school districts serving
more than 47 million
public school studems,
and AAAS, the world's

Foundation 1o give local
school boards advice
and resources for pro-
moting science-related
cducation n communi-
tics across the United
Stancs.

By February 2008, NSBA and AAAS
CXpeCt 1o Dl'l‘dliln."i.‘ a 5¢t of resources on science,
mathematics, and technology cducation,
imcluding a CD=-ROM that can be tailored for
different districts with different needs and a
regularly updated Web site focused on science-
cducation news. Both will be based on exien-
sive dialogue with school board members,

['he program debuted 14 April before
some 200 local school board members who
attended a symposium at the NSBA annual
conference in San Francisco, The biggest sur-
prise to emerge from the 3-hour event”! While
Kansas City school board members inter-
viewed for the project worry aboult the evolu-
tion issue emerging in their districts, most
say that the need o improve science. mathe-
matics, and technology education is a more
pressing dav-to-day and long-term issue, said
Alison Kadlee, senior public engagement
research associate at the civie rescarch firm
Public Agenda.

“What Kind of jobs are out there, and what
kinds of skills do kids need 1o be successful in
those carcers” Thats what [ want w know more
about, and think more about, as [ do my job,” one
of those board members wold Public Agenda.

www.sciencemag.org SCIENCE

Divyesh N. Patel, a member of the Rio Rancho (NM)
Board of Education, was among some 200 local
school board members who discussed the chal-
lenges of impraving science-related education.

largest general scien-
Lfic and a
global leader in scienee
education. Other parti-
cipants include AAASS
Education and Human
Resources division: Project 2061, AAASS sci-
ence literacy initiative; and the International
Technology Education Association.

“Our partnership with the NSBA is very
exciting,” said Conmie Bertka, who oversees
the project for AAAS as director of the associ-
ation’s Program of Dialogue on Science,
Ethics, and Religion (DoSER ), “The scicntific
community will now have an opportunity to
discover firsthand what the needs and concerns
of school board members are around science,
math. and technology education. We can work
collaboratively with school board leadership 1o

socicty

respond o those needs.”

“We have been working for the past
10 years w0 help school board members 1o ree-
opmize that student achievement is the top pri-
ority for school boards - that’s what they
should focus on.” added Joseph 5. Villam,
NSBAs deputy executive director, “Content
expertise with science, math, and technology
15 somcthing that we don’™ have a lot of experi-
ence with, and that’s the value of working
with AAASR”

AAAS initially had considered engaging
with school boards about the issue ol teaching
evolution in schools. But in discussions with
NSBA and other expents, the need emerged fora

broader initiative, said Pevton West, a senior
program associate with DoSER. The project is
funded by a new S7T39,000 grant from the
Kansas City- based Kaulfman Foundation,
which works o advanee entreprencurship and
improve the education of children and vouth.

The Foundation “recognizes the eritical role
that local school boards play in mproving math-
ematics, science, and technology education
through the decisions they make regarding hir-
ing, curriculum, and facilities.” said Dennis
Check, its vice president Tor education. “This
agrant will provide local school boards with
high-quality, up-to-date tools and information
that can inform their local deeisions 1o signifi-
cantly improve programs...at all levels of pre-
K-12 education.”

Erin Adams. a 10-vear veteran of the school
board in Minnetonka. Minnesota, said that the
project could engage entire communities.

“The ultimate value of a project like this
would be to give board members—who are
often not experts in these Nelds, and don’™t have
the level of education that the students them-
selves need-—a resource pool and training so
that we can advocate these goals for our come
munities.” Adams sand. “10we have a more con-

sistent recommended policy, a definition of

what it means to be mathematically and scien-
tifically literate, in the 215t century, we can
articulate that vision.”

AAAS

Regional Divisions
Help Carry AAAS to
the Grassroots

This September, before winter setthes in, hun-
dreds of scientists from Alaska, Canada, and
other polar regions will travel 1o Anchorage for
the 58th AAAS Arctic Science Conference. It
won't be as big as the AAAS Annual Meeting,
but the conlerence and the scientists who will
attend 1t play a vital role mn expanding the asso-
ciation’s knowledge and extending its impact on
polar science and policy issucs.

AAAST three other regional divisions—the
Pacific, Caribbean, and the Southwestern and
Rocky Mountam divisions
focused on environmental 1ssues. They are
engaging scientists and helping inform local
policy-makers and the public not only about ¢li-

also are closcly

mate and sustainability, but also a range of

issues that are priorities for AAAS and the world
scientific communily.
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“For decades. our regional divisions have
been doing important work for AAAS, with a
grcat deal of enerey but usually without a lot of
fanfare.” said AAAS CEO Alan 1. Leshner.
“They provide a forum for scientists in their
regions. They engage with teachers, students,
and the public, including many minorities and
indigenous people. They help to carry the
themes we set cach yvear at the AAAS Annual
Mecting 1o the grassmoots, and thats very help-
ful o the scientilic enterprise.”

At Pacific Division™s S8th Annual Meet-
mg from 17 1o 21 June, the theme will be
“Seience for a Green Future,” said Executive
Director Roger G. Christianson, professor of
biology at Southern Oregon University.
Among the featured programs will be sym-
posia on “green cities,” wilderness protec-
tion, and 150 vears of human impact on the
Wests “sagebrush steppe”

The Southwestern and Rocky Mountain
(SWARM) Division of AAAS held its
82nd Annual Meeting in Houston from 18 to
21 April, opening with a symposium on energy

PROJECT 2081

research and development; the closing sym-
posia were on the leachimg ol evolution m pub-
lic schools and stem cell rescarch, SWARM
Exccutive Director David T, Nash said that ses-
sions on climate and sustainability are under
consideration for the 2008 division meeting.

The Caribbean Division has cosponsored an
exchange program involving environmental
education teachers from Puerto Rico and Wis-
consin, Like meetings in years past, this vear’s
meeting —on 20 October in Puernto Rico—will
feature environmental themes, said division
President Margarita Irizarry-Ramirez, a
researcher at the University of Puerto Rico
Medical Sciences Campus.

The Arctic Division, founded i 1951 (as the
Alaska Division), has emerged asa key forumon
a range of polar environmental issues, including
climate change. Iis Arctic Science Conference in
September will focus on the International Polar
Year(IPY ) a global, scientific program that runs
from March 2007 1o March 20009,

Arctic Division President John Kelley, a
professor of marine science at the University

New Atlas Maps Out Routes to Science Literacy

-
-
-
-
w

AL this month’s meeting of the National Science Teachers Associ-
ation in S1. Louis, AAAS's science literacy initiative Project 2061
released the second volume of its groundbreaking Atlas of Sci-
ence Literacy. Like its 2001 companion Atlas 1, the new book is
a collection of “roadmaps” that can help teachers build science
literacy from kindergarten through the 12th grade,

The atlas debuts as new federal science learning standards
are laking root in American classrooms. Beginning with the
2007-2008 school year, the U.5. No Child Left Behind Act
requires science testing at least once in each of three grade
spans:3to5, 6109 and 10 to 12.
vaes Teachers may need to adjust when they teach certain topics
to prepare their students for the new testing schedule, accord-

ing to Elizabeth Petersen, a middle-school science teacher in

Ladue, Missouri, and past president of the Science Teachers of Missouri. The Atlas is "an enor-
mously powerful tool to help teachers choose the most important science concepls at each stage,”
Petersen said. “The maps also underscore the fact that teachers at every grade level have such an
important role to play in promoting science literacy.”

Maps in the two-volume Atlas of Science Literacy connect the K-12 science leaming goals rec-
ommended in Project 2061's respected Science for All Americans and Benchmarks for Science
Literacy. VYolume 2 contains maps for 44 new topics, including weather and climate, compulation
and estimation, and health technology.

“The maps chart the ideas and skills that students are expected to learn, when they might be
able to learn them, and how the set of ideas and skills fit together to support science literacy,”
explained Jo Ellen Roseman, director of Project 2061.

St. Louis—area K-12 teachers who took part in an Earth Systems class praised the Atlas map
format, according to course instructor Sharon Kassing of the 5. Louis Zoo and the Center for
Inquiry in Science Teaching and Learning. "They really liked the Atlas maps,” she reported. “The
way the information is arranged, and the notations about how and when related topics can be
addressed with students were popular features among the teachers.”

A preview of the new Atlas and information on ordering the volume is available at
www.project 2061.0rg. Project 2061's Benchmarks of Science Literacy and Science for Al

Americans are now freely available there, too.

of Alaska Farbanks (UAF), served on the
MNational Academies of Science Planning
Committee for US. participation in the IPY.
“The IPY and the membership of the AAAS
Arctic Division will have an opportunity 1o
leave a legacy brought about by the presenta-
tion of results of international collaborative
science and engincering through the publica-
tion of the proceedings of the Arctic Science
Conference.” Kelley said.

Aretic Davision Executive Dircetor
Lawrence K. Duffy, professor of chemistry
and biochemistry at UAF, noted that the
annual AAAS Arctiec conference also is an
important forum for young scientists and sci-
ence students.

“Learning about the role polar regions play
in global climate processes and the resilience
of Arctic peoples will inspire the next genera-
tion of scientists, science educators and policy
leaders,” Dufly said.

AAAS members who live or work within
one of the regional divisions are automati-
cally considered division members. To learn
more about the regional divisions, visil
www.aaas.org go/divisions.

SCIENCE CAREERS

Tap into Federal Funds
with GrantsNet 2.0

Rescarchers can now use the ScienceCarncers.org
GramsNet site o find US. government grant
announcements, significantly expanding the
funding opportunitics available o GrantsNet
visitors.

The new announcements, directly imponed
from the federal Grants.gov database, should
increase the number of “hive™ grants on the site
From 9000 w 14060 by the end of the vear, accord-
ing to Alan Kotok, ScienceCarcers managing
editor. Many of these new grants are in the phys-
ical sciences, social sciences, and engineer-
ing—a change from GrantsNet's original focus
on biomedical and life sciences.

Along with the site’s extensive database of
nongovemmental grants, the new GranisNet
“gives rescarchers and administrators a single
lecation to Nind funding from all sources, with
obvious savings n tme and energy,” Kotok said,
noting that the number of visitors to the funding
section of ScienceCareers 15 up 3%6 from this
time last vear.

The revamped database i1s only part of the
site’s transformation to “GrantsNet 2.0.7 The
site also offers two new monthly RSS feeds that
will alert users dircctly about new rescarch
funding and student and institutional support,
But one thing hasn"t changed: GransMet is still
free of charge and requires no registration
1o use. To test-drive GrantsNet 2.0, visil
hip: sciencecareers.sciencemag.on/ funding.

— Becky Ham
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The Problem with Determining Atomic
Structure at the Nanoscale

Simon ]. L. Billinge'* and Igor Levin®

Emerging complex functional materals often have atomic order limited to the nanoscale. Examples
include nanoparticles, species encapsulated in mesoporous hosts, and bulk crystals with intrinsic
nanoscale order. The powerful methods that we have for solving the atomic structure of bulk crystals fail
for such materials. Currently, no broadly applicable, quantitative, and robust methods exist to replace
crystallography at the nanoscale. We provide an overview of various classes of nanostructured materials
and review the methods that are currently used to study their structure. We suggest that successful
solutions to these nanostructure problems will involve interactions among researchers from materials
science, physics, chemistry, computer science, and applied mathematics, working within a “complex
modeling” paradigm that combines theory and experiment in a self-consistent

computational framewark.

he “structure problem™ can be stated

straightforwardly: Given a new materal,

what is the atomic armngement inside it?
Having this knowledge is a prerequisite to further
theoretical understanding of the materials prop-
erties. For the case ol crvstals, there are robust
and quantitative solutions. 1o this problem, as far
as the avermge momic positions are concemed. In
miany cases, it is possible o put a crystal on a
computer-controlled x-ray dilfractometer (XRID)
and have the computer retrieve the structure. This
15 not so for nimostructured matenals, such as
nanopariicles. mesoporous matenals, and bulk
crystals with short-range stuciural fuctuations.
What emerges Irom the XRD when a sample of
nanoparticles, for example, is loaded is not a
structural model but o broad and continuous
intensity distribution that is not amenahle w a
crystallographic structure solution. The need 1w
determine atomic arangements in nanostructuned
materials, quantitatively and with high precision,
15 what we call the “nanostruciure problem.” A
number of powerful probes exist for studying
local and nanoscale structures, but in general we
have no widely applicable solution 1o the nano-
structure problem,

Solving the crystal structure problem was far
from trivial, the history of wlich 1s dotted with
Nobel prizes. The reason is the “phase problem™;
the mherent loss of information that occurs when
scaitered intensitics are measured, The challenge
is 1o reconstruct the lost phase information from
the intensity data. In most cases, this is done by
solving a large, nonlinear, global optimization
problem, where the degrees of reedom are the
unknown phases, or atomic coordinales, and
where the constrints come from the data ( Bragg

'Department of Physics and Astronomy, Michigan State
University, East Lansing, MI 48824, USA. *Ceramics Divi-
sion, Mational Institute of Standards and Technology,
Gaithersburg, MD 20899-1070, USA,

*Ta whom correspondence showld be addressed. E-mail:
billimge@pa.msu.edu

peak positions and intensitics). Such a problem is
salvable in principle if there are more constraints
than degrees of freedom and solvable in practice
il this condition is matched with suitable
algorithms, Crystal structure problems are usual-
Iv well conditioned because thousands ol Bragy
peaks are measured to determine hundreds of
atonn positions in the unit eell (in the case of pro-
tein erystallography, these numbers are farger),
and the existing algorithms work well,

This global optimization approach is com-
pletely generic and presents 1o us a road map for
solving the nanostructure problem. First, we necd
o ensure that the particular nanostructure prob-
lem is well conditioned: We have more con-
strainis from data, and other prior knowledge,
than degrees of freedom in our model. Second,
we need algonthms that can reconstruct the three-
dimensional (3D) structure from the information
at hand. In the case of nanostuctures, both
aspeets present substantial challenges.,

Many techniques exist for probing nanosiruc-
tured materials. Some are mbherently local, such
as trmnsmission electron microscopy (TEM) and
scanning probe microscopics. Others ane bulk
avermge probes that are sensitive to local struc-
turg, such as the aomic pair distnbution function
(PDF) method or extended x-ray absorpion fline
stucture (EXAFS) analysis. The prnncipal difh-
culty with the application of these methods 1o
solving the nanostructure problem is that, in gen-
cral, any one technigue does not contain sulli-
cient information 1o constrain a unique structural
solution. A coherent stritegy is requined for com-
bining input from multiple experimental methods
and theory in a sell=consistent global optimiza-
tion scheme: something that we refer o as
“complex modeling,”

Types of Nanostructure

Many crystals are now bemg made and studied
that have local atomic armngements substanially
different from those infemed from the crystallog-

< A

rphy (/). We refer to these as nanostructured
bulk matenials, and an example 15 shown in
Fig. 1AL In these matenals, domams ol local
structural order exist whose correlations ex-
tend over nanometer-length scales withowt
destroying the average lattice, There s a grow-
ing realization that this behavior is not rare but
widespread and can be extremely usclul, For
example, the most desirable ferroclectrics for
transducers are relaxors with polar nanodo-
mains () the most promising bulk thermoelec-
trics have nanoscale phase separations perlectly
tuned o seatter heat-conducting long-wavelength
phonons (3, 41 and nanoscale phase separa-
tion, possibly an imtrinsic property of the elec-
tronic svstem, s thought w be essential for
obtaining colossal responses in advanced clec-
tronie materials such as colossal magnetoresistant
(CMR) manganites and high-temperature super-
conductons (5),

By defimtion, sofl matenals produce a large
response 1o a mechanical load. The emerging

nanostructured bulk materdals can be thought of

as hard materials that are ¢lectronically or mag-
netically (or in some other regard) soft. They
have locally comrelated domains of order that can
be casily Nipped or switched, producing a large
response (5). Because the structure s scale-
dependent, the response also depends on the
length and time scales ol the probing excitation.
Understanding the fommation of nanostructures in
{and their effects on the propertics of) these ma-
terials 15 a complex problem because the differem
seales cannot neecssanly be considered mdepen-
dently from each other. Muluseale modeling 15 a
major [rontier in computational materials science
1), The same could be said for multiscale studies
in the experimental materials domain.

Mesoporous materials, illusuated in Fig. 1B,
are bulk matenals that contain porosity with
nanometer-scale dimensions. They have a wide
range of uses, including catalysis, chemical sep-
aration, waste remediation, hosts for hydrogen
storage, passivation of reactive species, as well as
hithero unforescen applications. Just about every
bulk materal is a candidate for being manufac-
tured in mesoporous form, bul most progress has
been made in covalent network systems, such as
dluminos=silicates ( 7). carbon (X), and sihicon (9).
Attention has recently been focused toward
making narrow band-gap scmiconducting
materals in the mesoporous form (/). The
intermal pores of these matenals can also be
functionalized with molecules o modily their
redclive propertics.

Structural questions are twolold in these sys-
tems: What is the structure of the Famewaork. and
what is the structure of species intercalimed inside
the pores? These are also muliscale problems,
The performance of the material s not only
sensitive 1o pore siecs (1 1o 100 nm) and connec-
tivity, but also 1o access 1o the pore network that
depends on particle size (1 w0 100 pm) and
morphology. Except in the mmority of crystalline
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cases, such as the zeolites, noncrysialline meth-
ods are needed. In general, the mtercalated
species are not armanged peniodically i space,
s nonerystallographic nanostructure methods
are required 1o solve their structure,

Starting in the lae 19805, chemists began
synthesizing nanopanticles: nanometer-scale
erystals of semiconductng and metallic matenals
(Fig, 1C) (41} The symthetic ingenuity has de-
veloped rapidly, so that there is now enonnous
control and breadth of composition, size, shape,
polydispersity, and self~assembly. Some nano-
panticles even have their own substructure, Nano-
particles lave already found application, for
example, as nongquenching uorcscent ags for
biclogical molecules, Assemblics of nanopani-
cles offer an entirely new and hardly explored
[rontier for apphications.

The physical propertics ol the nanoparticles
are modified as a resull of their finite size that
modifies the clectronie structure through quan-
tum confinement ( £/). However, equally impor-
tant is the modification of the local atomic
structure resulting from a substantial proportion
of the sample being associated with a surface.

The surface itsell’ relaxes, but the presence of

surlace strains also can modily the “bulk™ struc-
ture and the nature of stable extended delects
(12). The nanopanticle structure can also depend
on the chemical environment in which the nano-
particle resides and the nature of the passivating
surfactant lavers (/3), However, because of the
nanostructure problem, most structural studices
have been semiquantitative at best and often rely
on extrapolations from the bulk material. When
considening discrete nanoparticles, it is also

b1
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important 1o consider the true nature of the
metenal and to fomulate the pertinent structural
question: for cxample, is the sample an ensemble

of entical paricles, a statisiical distnbution of

similar particles, or a single nanoparticle in a
device?

Experimental Methods for

Nanostructure Elucidation

Experimental probes of nanoscale structure Fall
into a number of categories. Such probes can
vield direct or indirect information about the
atomic armngement. XRD is an example of the
former and Raman spectroscopy the latter. They
can be methods that probe small, nanometer- 10
microneter-sizad megions of samples or bulk
averge probes of local structure. In genermil,
methods from different categones provide lughly
complementary information and are much more
powerful when used wgether. In Table 1, we list
and eategonze the different techmiques desernbed
below.

Une standard approach o crystal structure
solution involves neconstructing the phase, as
wellas the known intensity, of cach Bragg rellee-
tion. Lost phase information can also be recon-
structed from nonperiodic svsicms in a process
knowm as diflraction imaging (14, 15). The exper-
imental requirament s @ highly coherent x-ry
beam with a cross-sectional arca that is more than
two times tha ofthe nanoparticle under study. The
nanoparticle or particles are mounted on a non-
scattening (or weakly scattenng) support. Power-
ful algonthms exist for reconstructing the lost
phase information when the arca illuminated by
the coherent beam s more than twice that of the

Fig. 1. Examples of nanostructured materials. (A) Nanostructured bulk materials. (B} Intercalated
mesoporous materials. (C) Discrete nanoparticles. In each case, ball-and-stick renditions of possible
structures are shown on the top, and TEM images of examples are shown on the bottom. Ball-and-stick
images were reproduced with permission {in (A} and (B) from the American Physical Sodety [from (52)

and (53), respectively] and in (C) [from (23}]}.
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nanoparticle. This allows for a dincet Fourier
transform to reveal the density  distribution,
which is an mmage of the sunple (/61 The first
successiul expenmental demonstration vsed soll
x-rays 1o image 100-nm-diamcter gold spheres
armanged as letters (/7). Cumrently, these tech-
nigues have not demonstrated atomic-scale resolu-
tion from x-nry measuraments and show  more
promise in the short temm as a nanoscale imaging
method. In panciple, with a probe of sulliciently
shont wavelength, individual atoms could be
imaged, and this approach could be used for struc-
ture determination. Atoms on a carbon nanotube
have already been imaged in this way by means
of clectron diflraction (/8),

Nanostrucures can alko be solved from
conventional diffmetion data by computer mod-
cling. For some ume, it has been possible o
extrct nanoscale siructure with the use of 1oial
scattering data that includes both Bragg (where
it 1s present) and difluse scattermg intensitics
i, 19 Such data wield the local and mter-
mediate mnge structure and are olten probed by
Fourier-transforming 1o real space. vielding the
atomic PDF (/9). This function gives a measure
of the probability of lnding pairs of aloms sep-
arated by some distance. For example. a strong
peak in the PDF can be seen at the nearcst-
neighbor distance between atoms, then another at
the second neighbor, and so on. Where a well-
defined structure exists, peaks are observed m
intermediate and long ranges, bevond 30 nm in
SO CASCS,

Total scattering data are nch in nanoscale
structural information. The scattening pattern in
reciprocal space and the PDF in neal space are
readily calculated from a model atomic configu-
rtion. The model can then be updated by mov-
ing atoms (or other parameters) umil a good
agreement s obiained between the caleulated and
measured pattems: a process called struciure re-
fincment. The diffuse scattering from nanostnuc-
tured regions of single crvstals can be swdied with
x-rays and newutrons (20 however, quaniitative
analysis of the data is a challenging computa-
tional problem that is under active development.
Cireater progress has been made with modeling
the sotropic scattering from powders. When the
analysis 15 carned out in reciprocal space, the
mdel ofien consists o many atoms that are
moved around with the use of a simulated an-
nealing approach known as reverse Monte Carlo
i.21). This approach is widely used lor extracting
structural configurations from more highly dis-
ordered matenals, such as glasses and liquids,
with little a priori knowledge of the structure.
Disorder in ervstals is frequently modeled in

al space in an approach that is similar 1o
Rictveld refinement of regular powder x-ray or
neutron diffmetion daa (229 but which vields
the local structure because it is the PDF that is
being it (23, 24). The optimization method can
be a local downhill-secarch method (24), such as
Newton or Levenberg-Mamguardt, or a global
scarch methed, such as Monte Cardo (250 the
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tormer being much faster but requiring the initial
guess 0 be mther close to the actual solution,
There is sometimes bene it to fiking jomtly in real
and reciprocal space (25),

None of the above approaches allows for the
ab initio solution of unknown nanoparticle strue-
tures from well-ondered nanoparticles (1. the
case where a specilic solution exists), However,
by means ol a recently developed algorithm, the
3D structure of Ceg was determined from PDF
data alone (26), In this case, the information
content of the dawa (18 distinct atom-pair
distances and their multiplicities) was enough o
give a unigue 3D reconstruction of the G60-aom
buckyball, as illustrated in Fig. 2. The case of Cgy
proved 1o be well conditioned, though it was not
obvious a prion that this would be the case. In
general, total PDF data will have 1o be
augmented with information from other sources
such as EXAFS, nuclear magnetic resonance
(NMR)., TEM, or chemucally resolved PDFs
obtained from differential measurcments making
use ol the different scattering strengths of
isolopes (neutrons) or resonantly scattering
elements (x-rays). The local structural methods
deseribed here are beginning 1o be applied o
study excited-state structures of materials with
the uwse ol time-resolved pump-probe experi-
ments (27, 28), Developments in nanostruclure
determination can therefore be quickly extended
to excited-state structures in the future,

Neray and neutron small-angle scattering,
nanoscale tomographic imaging, and reflectivity
measurements are widely used 1o study nano-
structured systems. They do not vield atomic-
resolution information but provide important
ancillary data {for example, about the homoge-
neity of the sample) that will be important in
constraining the proper atomic-scale structural
solution. Similar highly complementary 3D in-
formation about materals, with atomic resolution
and chemical specilicity but not quaniitative
bond-length nformation, is also available by

means of the destructive atom probe tomographic
technique (29).

EXAFS 15 a bulk probe that camies infor-
mation about near-neighbor distance distribu-
tions, coordination numbers, and, less directly,
bond angles. EXAFS probes only the lirst few
coomdination shells and therefore doces not reveal
nanometer-scake structure, However, it contains
crucial chemical-specific local structural infor-
mation and is sensitive to dilute species. Thus, it
is a natural complement 1o the nanoscale, but
chemically unresolved, PDF data, EXAFS is a
widely applied local structural technique, Simul-
taneous quantitative analysis ol diffraction and
EXAFS dma sets, cumently mther rare (3409, will
cerainly grow i importance n the futune,

X-ray absorption near-cdge structure
IXANES) also reveals information on inter-
atomic distances and coordination numbers but
is substantially more sensitive 10 bond angles
than EXAFS. XANES commonly serves a5 a
fingerprint for the coordination type and oxida-
tion state of a given chemical species, but it can
also provide such structural details as the magni-
tudes ol local metal displacements and chemical
shor-ange order parmmeters (31) in trnsition
metal oxides. Unlike EXAFS, the agreement be-
tween calculated and experimental XANES in
many cises is still only semiguantittive, though
the theory is rpidly developing (32). Full quan-
titative Mg will allow direct incorporation of
this important information inlo nanostruciure
problems.

Raman spectroscopy in solids exploits the
inclastic scattering of light by optical phonons.
As such, 1t 15 an indirect probe of structurne;
however, Raman spectra are extremely sensitive
1o local deviations rom the average periodicity,
making this a valuable probe of local structure.
Imerpretation of Raman specira reguines accurale
assignment of Raman peaks to specific vibrations
trom an independent preknowledge of the siruc-
e, Although group theoretical analyses provide

Table 1. Experimental probes of nanoscale structure categorized as direct versus indirect measures of
structure and whether they probe the whole sample (bulk probe) or a small part of it {local probe).

Probe

Direct (DVindirect (1)

Bulk (B)/local (L)

measures probes

Total scattering/PDF
Diffuse scattering from single crystals
EXAFS

XANES

Raman spectroscopy
NMREMossbaverusR
Small-angle scattering”
Tomographic imaging™®
Diffraction imaging
TEM/electron diffraction
Atom probe tomography
STMIAFM

X-ray/neutron reflectivity*t

D

m

~ e e e DQ DD omeoeom

D
D
|
|
|
I
|
D
D
D
I
I

-

*A direct measure of structure at low resolution that gives infermation that could be wsed indirectly in a nanostrecture salution.

tlocal in the sense that it only probes surfaces and interfaces.
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initial insight into the nature of” Raman-active
modes, lirst-pranciples calculations are essential
for a rehable peak assignment. First-pnnciples
calculations of Raman intensitics are feasible (33)
but still scarce, even for ideal arystals, Currently,
Raman specim serve as fingemwints for phase
identification in nanostructurcs, providing impor-
tant constrmints for the comeet structural model.
Considering the broad  availability of Raman
spectroscopy and its sensitivity o local structural
details, this technique has a potential 1o become a
standard laboratory ol Tor rapid local structure
analysis. Full access 1o the rich local structural
information contained in Raman specim neces-
sitates development of theoretical models and
elficient computer algonthms in systems that are
distoned from the adeal structure,

Solid-state NMR (34) and related techniques,
such as Mosshaver and muon spectroscopics, are
other spectroscopic methods that are sensitive 1o
kocal structure. They yield information about the
local symmctry and coordination of the probe atom
or site and can also be valuable for establishing and
quantifying phase separation where it exisis.

Advanced TEMs provide a mulitude of
complementary diflraction, imaging, and spec-
troscopic techniques —all available in a single
instrument —that enable quantitative, atomically
resolved, structuml and chemical information
over scales ranging from a micromeler to an
angstrom.  Real-space structwral imaging from
thin sections of material in high-resolution TEM
(HRETEM) and scanning TEM (STEM) modes
provides infommation on the nature of nanocrys-
tals and nanostructures i bulk materials. Dif-
fraction patterns are also available from these
small aneas.

The dynamical nature of the cleciron scai-
tering means that HRTEM images contain all the
phase information as well as the amplitudes of
diffracted beams, which should facilitate ab initio
crvsial structure determination: however, the im-
age contrast also depends on nonstructural factors
such as sample thickness, lens abemations, and
imaging conditions. Only for sufliciently thin
samples, as encountered in the studies of nano-
particles, can Fourier restorations of the clectnon
wave il the exit surface of a sample enable direct
interpretation of phase contrast i tenms of the
crystal potential, The power of this approach 1s
highlizghied in determinations of the chirlity of
single-walled carbon nanotubes (SWNTs) (33)
and atomic amangements in 1D semiconductor
crystals (36). The phase information contained in
HETEM images can be combined with the
amplitude infonmation from electron diffraction
patterns o solve the stracture in a manner similar
to the direat methods of x-ray crvstallography
{37) Despite considerable promise, ab initio
solutions of the nanostructure problem with the
use of HRTEM and clectron erystallography are
far from routing, and alomic anangements are
more commonly found by matching a computed
phase contrast for a wial structure w0 the experi-
mental images.
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Annular dark-field STEM images, reconded
by mcans of electons scattered to large angles,
exlubit a so-called # contrast with the mmage n-
tensity bemg approsimately proportional to the
atomie number, £, squancd. Atomuc-resolution Z-
contrast images carry both structural and chem-
ical information that, in many cases, can be
mferred directly from the image without com-
puter simulations. Z-comrast maging s often
combined with electron enerzy-loss spectroscopy
(EELS)—a wehnique analogous 1o soll x-ny
absomption spectroscopy— 1o oblain additional
clement-specific chemical and structural infor-
mation on the atomic scale, The Z-contmst EELS
combination is particularly uselul for determi-
nation of nanoscale chemical and charge order-
g (34 and the locanon of dopant atoms (39),
Recent drmmatic advances in TEM mstrumen-
tation in the form of lens spherical-aberration

correctors substantially improve the mernits of

both HRTEM- and STEM-basced wechniques for
determumation ol local atomie amangements,
subject o sample limitations and radiation dam-
age. Direct HRTEM imaging of oxygen aloms
(41, a 3D-like HRTEM imaging of SWNTs
i1y, and depth-resolved STEM imaging of a
single-impurity atom (£2) are just a few exam-

ples that illustrate the potential contributions of

aberration-corrected TEM 1o solutions of nano-
structure problems.

Elcciron diffrmction is a highly sensitive ool
for the detection of diffuse intensity (43) because
clectrons are scattered by matter 1000 1o 10,000
times more stomgly than X-rays or neutrons. As
with x-rays, the diffuse inensity encodes nano-
seale structural mformation that can, in principle,
be modeled 1o yield nanostucture, though tully
quantitmive analysis of the data is difficult. Pre-
cession methods that make the electron scattering

TERI RN
TR WTE W]

4 &
riA)

miore kinematical in natre (44) would help o
neake these analvses more quantitative, though
this kind of analysis is in a Nledghng state. Elec-
manodiflraction m a STEM
contams structurl miormation Irom nanometer-
sizedd regions and can be used directly (43), or
combined with STEM imaging in hybrid meth-
ods such as Muewation microscopy (46), to deter-

ron mode also

mine medivm-range structural corrclations. As
with the x-ray case, ime-resolved measurcments
of excited-state structures are also possible with
electrons and are especially apropos for nano-
particles (47),

In the world of nanostructures, TEM-based
methods are positioned to play a eritical role by
providing single-crystal strucural models that
can be used in subsequent refinements by means
of powder scalering and  spectroscopic ools.
Simultancous quantitative analysis of TEM and
other types of structural data (c.g.. PDF and
EXAFS) should greatly faciliate the determina-
tion of local atomic arangements but will require
the development of suitable computer soltwarne.

Surface imaging probes, such & scanning
tunneling microscopy (STM) and atomic force
microscopy (AFM), also provide valuable nano-
scale information, They offen have atomic resolu-
tion and can also give spectioscopic infomation
on the nanoscale (48). Nanoscale-resolution
x-ray imaging probes are under development and
will give bulk projections and, with the use of
tomographic methods, will yield 3D reconstruc-
tions of manostructures. These methods vield
similar information 1o diffraction-based lensless
imaging weehnigues desenbed above and cument-
ly have similar resolutions. X-ray imaging probes
do not have atomie resolution, but combining the
imfomation with other atomic-resolution data 1s a

powerful way to extract complex muliiscale struc-

Fig. 2. Example of ab initio nanostructure determination with the use of PDF data and the “Liga” algorithm
(26}, (A) The PDF data are used to extract interatomic distances and multiplicities. This information & used
by the algorithm to build up clusters that are consistent with that information, to backtrack by removing
atoms in poorly performing clusters, and then to rebuild until a good solution is found. R is the radial
distribution function, and r the interatomic distance. Black asterisks indicate the pesitions of PDF peak
maxima and shoulders wsed to determine interatomic distances present (shown as dashed lines). Red and
green triangles indicate the integration limits used to determine peak intensities and therefore multiplicities
of those distances. The procedure is illustrated in (B) where a number of intermediate clusters are shown on
the way to a successful reconstruction of Cgp (top right comer). The colors of the spheres indicate the amount
of error contributed to the atom at that position. It is a continuows color scale from dark blue {low error) to
dark red (high error). Images were reproduced with permission [from (26)].
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ires: Knowing the nanoscale momphology of the
neterial can act & a constraint for other higher-
resolution probes. In cxceptional cascs, it may be
possible to get amuliscale structune solution by this
approach, as has boen demonstrated in the solution
of virus structures by combining  low-resolution
ervogenic clectron microscopy (ervo-EM ) images
with atomic-resolution structurcs of the mdividual
proteis making wp the virl capsid (49 A dis-
tribution of discrete but identical viral capsicds tha
are frosen on a subsicate in rmndom odentations is
maged in the microscope, and soflware is used
reconstruct the low-resolution structure of a ep-
resenttive copsid, 11 the structure of the fohded
proteins making up the capsid hus been solvad by
mgans of protem erystallograply, then those pro-
tem structures can be supermmposed on the low-
resolution clectron density map from the avo-EM
for give i more complete solution,

The Future: Complex Modeling

The complex mature of the nanostrocture problem
ez that the solution will require a coordinated
response from nesearchers with a broad mnge of
scientific expertise. This currently happens but in
an incoherent way: Muliple proups work inde-
pendently on the same problan and interact
through the literture and conferences. Coherence
requires that experimental data are collecied, w
the extent possible, on the same or same-batch
samples, and the data are shared in a commaon
computational global optimization lmmework.
The distinction between theory (predicting oul-
comes) and expernment (measunng oulcomes)
becomes blurned because both contribute w0 our
state of knowledge of the system and can be used
o regularee the problem. For example, theory
can inform us ol the presence ol physically
unreasonable structural solutions that are. none-
theless. consistent with data in an otherwise under-
constrained  siluation. In principle. theoretical
calculations can be includad in the regression cv-
cle. where approximations in the model are con-
sidered as degroes of froedom. Direct energy
minimizations and data fitting in the form of ¥*
minimizations can be combined in the global op-
timization framework. This concept is not new: In
crystallography, theoretical constraints (such as
positivity of intensitics) and prior knowledge from
other methods (such as the ammo acid sequence
of a potcin) are crucial in finding stuctural
solutions. However, despite some imitial efforts
(300 31}, the approach is not being sysiematically
exploited in matenals scienoe. Great strides towand
more mobust and widely applicable quantitative
solutions 10 the nanostructure problem: will be
made a5 we leam how o combine the results of
experimental methods and theory more effectively.
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Fast Routing in Road Networks

with Transit Nodes

Holger Bast,” Stefan Funke,® Peter Sanders,®* Dominik Schultes®

omputing the quickest roule in a road
‘ network from a given source to @ given
target is an imponant problem vsed in di-
verse applications, such as car navigation sys-
tems, Imemet route planners, ralfic simulation, or
logistics optimization. Dikstra's classical al-
gonthm for this poblem (f) neratively visits all
nodes that are closer to the source than the tanzel
betore reaching the target, On road networks fora
subcontinent like Westem Europe or the United
States, Uns tkes about 105 on a workstation, which
i5 o0 show for many applications. Commercial
systerms instead use heunsties that are much faster
but that do not guarntee optimal routes, Thene has
been considerable interest in faster wechniques for
computing exact routes. The Supporting Online
Material (SOM) text summanzcs previous tech-
nigues, These use special propentics ol road nat-
works and often precompuite some connections,
Our approach, transit node routing, hos its
basis in a simple observation intuitively used by
humans: When vou drive 1o somewhere fr away,

"Max-Planck-Institut fir Informatik, 66123 Saarbricken,
Germany, “Universitdt Karlsruhe (TH), 76128 Karlseuhe,
Germany.

*Te whom correspendence should be addressed. E-mail:
sandersgpira.uka.de

Fig. 1. Finding the quickest route between two points somewhere
between Saarbrucken and Karlsruhe (triangle-shaped flags), Germany,
amounts to retrieving the 2-by-4 access tramsit nodes {(diamonds),
performing 16 table lookups between all pairs of these nodes, and
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vou will leave your current Jocation via one of
only a few aceess routes 1o a relatively small sat of
transit nodes inerconnectad by a sparse network
relevant for long-distance tirmvel. We therelore pre-
computed the following connections: from each
potential source or larget o ils access transil nodes
and between all pars of mmnsit nodes. We also
noeded an effective notion of *Gr away™ A local-
ity filter determines when the precomputed infor-
mation guarantees optimal results, Figure | gives
an example.

For an eflicient implementation, we adapted
highway hicrarchics, the fastest previous approach
(2). A highway hicrarchy consists of a sequence of
levels, where level 7+ | is constructed from level 7
by bypassing low-degree nodes and removing
edges that never appear [ar away from the source
or targd of a quickest path. Interestingly, these
levels are geometrically decroasing in size and
otharwise similar to cach other. Connection que-
ries can be computed efficiently because, sulli-
ciently Far away from source and target, only high
levels of the hierarchy necd 1o be considerad. The
nodes of the highest level become the transit node
sel For a commercial dirceted moad network for

Western Europe (resulis for North Amenca are
similar) with 18,010,173 nodes, we goi 11,293
transit nodes, an average ol 99 access wansit

noddes, and a lecality filter allowing us to treat
98, ol all quencs by using a few table lookups
(7).

We were not done yet, because the ramaining

A% of local quencs are also impontant in ap-

plications, Theretore, we introduced an additional
layer of secondary trmnsit nodes. Because the sce-
ondary distance table only neads 1o store regional
connections nol covened by the primary bver, mem-
ory consumption renains reasonable, although in
our example graph we have 323,356 secondary
transit nodes, After applying a third layer with
2034,721 tentiary transit nodes, the remaining lo-
cal scarches mvolve only a handful of nodes. We
obiamed query times between 5 ps for global que-
nes and 20 ps for local queries (e, 51}, The pre-
computation needs less than 3 hours overall, and
the precomputed information consumes 4.5 giga-
byvies. We also have versions with considerably
lower space consumplion at the cost of mone ex-
PRTSIVE QUOTISS,
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checking that the two disks defining the locality filter do not overlap. The
levels of the highway hierarchy are drawn by using the colors gray, red,
blue, and green for levels 0-1, 2, 3, and 4, respectively. The other transit
nodes are drawn as small yellow squares.
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Revisiting Carbon Flux Through
the Ocean’s Twilight Zone

Ken O. Buesseler,»* Carl H. Lamborg,* Philip W. Boyd,® Phoebe ). Lam,? Thomas W. Trull?
Robert R. Bidigare,* James K. B. Bishop,*® Karen L. Casciotti,® Frank Dehairs,” Marc Elskens,”
Makio Honda,® David M. Karl,* David A. Siegel,” Mary W. Silver,’® Deborah K. Steinberg,™
Jim Valdes,? Benjamin Van Mooy, Stephanie Wilson™*

The oceanic biological pump drives sequestration of carbon dioxide in the deep sea via sinking
particles. Rapid biological consumption and remineralization of carbon in the “twilight zone”
(depths between the euphotic zone and 1000 meters) reduce the efficiency of sequestration.

By using neutrally buoyant sediment traps to sample this chronically understudied realm, we
measured a transfer efficiency of sinking particulate organic carbon between 150 and 500 meters
of 20 and 50% at two contrasting sites. This large variability in transler efficiency is poorly
represented in biogeochemical models. If applied globally, this is equivalent to a difference in
carbon sequestration of more than 3 petagrams of carbon per year.

he tmnsfer efficiency of the biological

I pump () depends upon how much sink-
ing panticulate organic carbon (POC) s
remineralized and consumed by resident biota
within the ocean’s twilight zone. This downward
POC lux in the ocean comprises a complex mix-
ture of living and dead cells, excrctory products,
detrital matter, and amomphous aggresates (7).
Remmerlization of POC and sssociated  bio-
clements sets the concentration of deep ocean
nutrients and via subsequent upwelling is a feed-
back on the strength of primary  productivity.
Since the 1980s there have been various at-
lempts 1o parametenze this ux atienuation (3),
the most common being F = Fyolz/100)77,
where = is the rap depih, Fygy is the POC flux at
100 m. and b is a unitless parameter detemmining
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the degree of flux attenuation with depth. A
single empirical (it using six Nonh Pacilic sites
yielded the Martin curve, with Fig = 4.2 mM
Cm* day ' and b = 0.86 (4), which is still
widely used in models 1o describe particle
Mux attenuation across regions and also glob-
ally (5-7).

In the past 10 1o 20 vears, concems have
grown over the validity of the Manin curve due
in part to the possibility of collection bigses in
upper ocean sediment tmps, which are open
cylinders or cones, tetherad 10 surface Noatation,
used 1o diectly sample sinking panicles (8).
Morcover, Hux predictions from global circula-
tion and data assimilation models (%, 1) and
measurements of ux variability in the decp
ocean (1) have gquestioned the global applica-
bility of this flux curve. Aliematives have since
been proposed (1, 1.2, but their value is unclear
because they have their basis Jargely in models
andior traps in the deep occan, where flux
collection biases are reduced but panticle flux
attenuation is much weaker (/3).

VERTIGO (Vertical Transport in the Global
Ocean), The VERTIGO project overcame many
of the ssues of rap collection biasces in meso-
pelagie waters by wusing neutrally buovant sodi-
ment trps (NBSTs) (F4) These new-gencrtion
particle mterceptors address the hydrodynam-
ic concern of particle capture in a fluid moving
several orders of magnitude faster laterally
(km perday) than mean particle sinking rates
(10 10 100 m day™") (2). NBSTs are free ve-
hicles that sink 1o a predetermined depth, di-
rectly intercepting sinking panticles in collection
tubes for a preset penod (days), afier which the
tubes close and the NBSTs surface (15 (figs.
S1and 82). We deployed NBSTs twice for 3 10
5 days using two to three instruments per depth
(1530 m for 3 days, 300 m for4 days, and 300 m
for 5 days). Such replication of flux measure-
ments is rarely done. Another unique facet of

VERTIGO was the 21 -day occupation of cach
study site, which enabled us, with replicate de-
plovments, W relate changes in fux at 500 m o
processes in the surface water occurring several
days prior [the majonty of panicles sink = 100 m
day™ (/6) and thus would reach 500 m within
~5 days].

VERTIGO swidied two contrasting environ-
ments, ALOHA is within an oligotrophic sub-
tropical gvre and is the site of the Hawaii Ocean
time series (HOT) (/7). A ALOHA, consistently
low macronutrients within a warm surface ocean
resull in an ecosystem dominated by picophyio-
plankion and low seasonality, with relatively low
and constant rates of pnmary production and
POC Nux at the base of the cuphotic zone. K2 15
situated in the Northwest Pacilic subarctic gyre
and s the site of a moored lime-serics program
(/%) K2 15 chameterized by colder waters and
high nutrient conditions, resulting i more
scasonality - algal stocks, production, and
export (/8 Another important contmst is that
the biomineral content of sinking particles at
ALOHA was dominated by particulate inorganic
carbon (PIC, e, carbonate conments of 30% al
SO0 m and 60% w4000 m, Table 1), whereas
fuxes m K2 during summer were dominated by
biogenic silica (b5i, i.c.. opal) because of surface
dimtom productivity (80%% a1 500 and 4000 m).

K2 had higher POC Muxes than ALOHA m
all depihs (Fig. 1AL Fluxes at ALOHA were
similar during both trap deplovments, whercas a
K2 POC NMux decreased threefold between the
two deployvments, indicatig substantial wemporal
phasing ol export at this site. The nommalieed Tux
profiles display lower POC ux atenuation at K2
than a1 ALOHA (Fig. 1B). POC flux profiles
from both K2 deplovments collapse onto each
other upon nommalization 1o Tux ot 130 m (Fig.
1B}, despite their difference in POC Nux. This
suggests that POC flux attenuation is not
determined by the magniwde of ux but rather
by the nature of the exportied POC and the
processes within the mesopelagic that are site
specific. The degree of Mux attenuation can be
expressed as mesopelagic transfer efficiency
(T or the mtio of POC flux at 300 to 150 m.
At ALOHA, T is only 20%., whercas for K2
Femr cquals 46 10 55% (Table 1),

This pattemn of more rapid POC flux anenu-
ation at ALOHA versus K2 holds for all
associated bioelements and follows an inemally
consistent pattern (Fig. 2. At cach site, atlenua-
tion follows the same relative order, with
chlorophyll a = POC = panticle mass = bSi =
PIC. and wracks the lability of these elements,
with phytodetrital Mux decreasing  fastest and
much smaller losses of biominemls such as bSi
and PIC i they sink. This implies that, for cach
component within the sinking particles, a larger

proportion would sink 1o greater depth

associated with biomineral phases. All particle-
associated elements reach greater depith ar K2,
which would enhance € sequestration at K2
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relative to ALOHA and consequently result in
greater remineralization length scales a0 K2 for
nuiricnts such as silicate.

The differences in particle flux atienuation
between K2 and ALOHA must be related 1o the
propentics that characterize cach site, These
include pelagic food web structure, the propor-
tion of fecal pellets versus phytoplankton
ageregates, the fraction of expon associated with
ballast minerals and their sinking rates, water
temperature, and C demand of the mesopelagic
bacteria and zooplankion communities, or com-
binations thereoll Also, higher zooplankton
abundances a K2 will have an impact on ¢
transfer 1w depth via surface feeding and daily
migration 1o mesopelagic depths,

Our observatons demonsimte that the dutom-
dominated ccosystem at K2 s associated with
more eflicient ransport of POC through the
twilight wzone than the cecosyvstem at ALOHA. In
addiion 10 the high T the mesopelagic, the
high efficicncy of this “silica pump”™ in the
Norhwest Pacilic for POC transpont 1o the decp
ocean has been noted previously (19). Thus, our
mesopelagic data contrast with predictions of the
POC-carryving elficiency of dillerent ballasting
agents developed by using bathypelagic rap
data, which suggested preferential deep ocean
POC Mux in association with PIC and not bSi
(1, 2.

The structure of the food welb can also change
temporally at any given site. Forty days alter
preak diatom production at K2 (/8), we observed
a continued decrease in primary production and a
decrease in the fraction o C lixaton attributable
to =20 pm phytoplankion during deployment 2
{Table 1). A decrease in the expont ratio from 21

o 1% [e rato is tap-derived flux a1 base of

cuphotic zone divided by primary productivity
(PP)] fits with lower expon predicied with a shifi
to smaller cells (24, 22). The constant Ty a K2
ina changing Mux environment suggeests that Mux
atenuation processes below the euphotic wone
respond proportionally and rapidly o the flux.
During both K2 deployments, most of the
identifiable material intercepted by traps was
fecal matter from larger zooplankton, in panicu-
lar copepod specics. In the water column above
the traps ot K2, both zooplankion siee and the
median size of fecal pelles were significamly
larger (42% of zooplankion biomass from 0 o
150 m was =2 mum; 0.1 7 pg C perpellet at 1530 m;
fig. S3) than at ALOHA (18% of biomass was
=2 mmy;, V036 pg C per pellet). Larger pellets
tend to have higher gravitational sinking rates
(3), Sinking rates would be further increased by
the higher percemage of more dense biomineral
phases within the sinking particles at K2 (80%
opal and carbonate by mass m K2 versus 21% at
ALOHA in 150-m trap:; Table 1), although
slower settling rates in colder, more viscous
wialers are a potential Factor that would oftsal
some of these density-driven changes in sinking
rate. Therefore, a simple explanation that may
account for much of the twotold higher Torat K2
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compared with that at ALOFLA s a faster sinking
rate due to differences in ballasting and z00-
plankten pellet size. The impact of colder
temperatunes on the mte of heterotrophic metab-
olism may also contnbute to this higher Topat K2
because of slower biological degradation of
sinking particles,

The extent of flux amenuation a1 the wo
VERTIGO sites is not captured by the Martin
curve. Alter normalizing the observed flux 10
130 m, average b values for POC ot ALOHA (b=
1.33 + 0.15; fined value = 15E) are higher than
predicted (4), indicating greater (lux aticnuation,
and Jower m K2 (& = 0,51 = 0.05), indicating
more eflicient C wansfer o depth (Fig, 1B).
Indeed, the contrast m POC flux attenuation
between ALOHA and K2 exceeds the range seen
across the six sites used 1o derive the Martin
curve (h ranged from 0.64 1©0 0.97) (). Applying

the Martin curve at ALOHA would resull in a
POC flux at 300 m that is double (i.e., 36 mg C
m day Y our observations. At K2, POC fluxes
would be 5% oo small. The same over- and
underpredictions would hold for other elements
as well (Fig, 2) and thus would mpact relative
rtios ol nutniems associated with remineraliza-
tion of sinking particles,

Recent modeling studics based on extensive
WOCE nutrient and alkalinity data (/) sug-
gest that geochemical distributions in the deep
ocean are highly sensitive 1o the choice of POC
Nux parameterization. By using global circula-
tion models and simulated export production,
Howard e al, (103 found differences of =60 gmol
dissolved inorganic carbon (DIC) kg ' in the
deep ocean between models and observations by
using a Manin-like lux pammeteriantion and
increases of 30 pmol DIC kg ™' by increasing the

Table 1. VERTIGO site characteristics (14). Temp. is temperature, § is salinity, and dep. is trap
deployment. ALOHA O, taken from HOT bottle data average for June and July 2004. POM is particulate
organic matter and is calculated to be equal to 2.2 times mass of POC (20). Opal is calculated to be
equal to mg of bSi times 2.4 (26). CaCO0y; is equal to 8.33 times PIC. Deep particle properties for ALOHA
are from annual averages from a 4280-m trap [15.5°N, 151.5°E; Honjo et al. (27)], whereas K2 data are
from 4810-m K2 trap samples corresponding to a VERTIGO cruise in 2005. Primary production from
VERTIGO cruises are based on shipboard deck incubations using *C and *C methods and integrated to
the 0.1% light level. For ALOHA, these are within 95% confidence intervals for HOT PP data for upper
100 m but =2 times lower than in situ PP on HOT cruises before and after VERTIGO. K2 PP are higher
(D1} and similar to PP estimated by Honda et al. (15) for the same time period. Size-fractionated PP
calculated as the percent of total PP attributable to »20-um cells. Euphaotic zone e ratio uses POC flux at
0.1% light level extrapolated using POC flux curve fits (Fig. 1) to mesopelagic data. Measured 150-m
flux/PP ratios are 10 and 8% for ALOHA D1 and D2, and 12 and 6% for K2 D1 and D2, respectively.
Mesopelagic transfer efficiency defined as 500-m/150-m POC flux.

ALOHA

K2

Dates on site
Deployment start dates

22 June to 9 July 2004
23 June and 2 July 2004

22 July to 18 August 2005
30 July and 10 August 2005

Mixed layer depth 49 m 26'm
Depth of 0.1% light =125 m =50 m
Physical properties
Temp. (°C) 5 0z (uM)  Temp. (*C) 5 0z (M)
Mixed layer 26.10 i4.63 210 9.61 32.91 285
150 m 2193 35.26 204 217 33.46 198
300 m 13.55 34.33 210 337 33.97 29
500 m 7.62 34.04 115 317 34.18 21
1000 m 3.94 34.45 45 2.57 34.43 21
Particle properties (average by weight)
% POM % CaCO; % Opal % POM % CaCO; % Opal
150 m 63.9 13.3 7.7 17.2 3.6 76.8
00 m 51.6 27.1 11.4 13.2 3.2 B1.8
500 m 54.9 319 16.3 14.1 3.4 80.4
4000 m 133 59.9 26.9 7.6 8.5 77.0
POC fluxes (mg m™ day™)

First dep. Second dep. First dep. Second dep.
Integrated PP 180 220 530 365
150-m POC flux 18 18 62 23
300-m POC flux 7.2 6.0 a7 17
500-m POC flux 3.6 36 29 13

Froduction, export, and flux ratios

First dep. Second dep. First dep. Second dep.
% PP =20 ym 12% 11% 30% 19%
e ratio = flux at 0.1%

light/PP 13% 11% 21% 11%

Ten = 500-m/150-m flux 20% 21% 46% 55%
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Fer by a factor of 2.5, VERTIGO data conlinm
the existence of regional ditferences in POC Ty
of twolold or more. Our sites represent low-
latnude ohgotrophie and  lngh-latude meso-
trophic regions and thus are unlikely 10 be
biogeochemical end moembers for the global
occan or even seasonal extremes at these two
slCs.

Implications and conclusions, Cur high and
low T il applied to the global shallow expon
production estimate of Laws ef af. of 11 Pg C
year ' (23), would result in a POC flux at 500 m
ranging from 2.3 0 35 Pe C vear ' or a dif-
ference in ocean O sequestration below 300 m

of more than 3 Pg C year . For comparison,
global amthropogenic emissions of C are 6o 7
Pg C vear = Certainly the entire ocean 15 not
charactenzed by enther single Togs however, this
caleulation shows that, in addinon 1o climate-
induced changes o primary production, lons-
tics, and shallow export, changes w0 meso-
pelagic communitics and T would have a
large impact on the magnitude ol occan C
sequestration and hence be a substantial fedback
on climate, The predicted increase in occan
stratification and the decrease in nuirient supply
because of climate change are thought w favor
small phyvioplankion at the expense of dintoms

POC flux (mgm~ d”) Normalized POC flux
0 20 40 60 80 00 05 1.0
0 A 4 * + ; + + B " '
100+ ALOHA K2 L 4
gl O
E 200 1
§ 3001 wA Qo 50— .
lf..i'
400 + 1 ," 1
I"?"'Har:m @t al
500 & - -0 ,", Dr 1987 1

Fig. 1. POC Hux versus depth at ALOHA (227 45" N, 158° W) and K2 (47" N 160° E). (A} POC flux
at ALOHA (triangles) and K2 (circles) with open and solid symbols for deployments 1 and 2,
respectively (deployment start dates in Table 1). (B) Same data normalized to 150 m POC flux and
compared with Martin et al. (4) (dashed line). For each depth, up to three independent NBSTs were
deployed from the same launch site, and the POC fluxes are shown (A} for each NBST, with a slight
vertical offset, as the mean and standard deviation of replicate POC measurements (n from 2 to 4).
Fits to normalized data (B) used a power function of the form Fifigg = {z.fISDJ_”, where 7 is the
depth of the trap, Figg is the POC flux at the 150-m reference depth, and b describes the rate of

flux attenuation,

Fig. 2. Relative rates of flux
attenuation as parameterized by
power law fit of Martin e al. (4)
for chlorophyll a, POC, mass, b5i,
and PIC. These are calculated for
deployment 1 (open) and 2 (solid}
for ALOHA (top) and K2 (bottom),
with an error bar derived from the
curve fit to multiple NBST flux data
at three depths. Also shown for

comparison as a horizontal dashed
line is the b value for the Martin
curve of 0.86, with larger values of
b indicating faster flux attenuation,
i.e., increasing remineralization.

Total Chl
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{24). Also, a decrease in ocean pH with increased
L0 would tend 1o decrease the fraction of oocan
production attnbuted to calcium carbonate pro-
ducers (23). Both of these eflects would result in
not only less-clicient shallow export production
but also likely lower mesopelagic Tog and hence
reduce occan O sequestration, which would
ereatly amplify this positive feedback on climate
change.

These data help conneet surlace-water pani-
cle sources 1o mesopelagic Muxes, Both the
lraction of production leaving the surface and
the proportion of expon reaching the deep occan
arg highly variable and of similar importance w
the sequestration of C i the deep ocean,
Although process studies at contrasting  siles
using NBSTs can help unravel differences i
particle ux attenuation and i1s controls, meso-
pelagic time-series observalions are necessary 1o
catch episodic events and the full range of flux

varability. This variability m the atteruation of

sinking particle flux s not yvet considered
ocean models and is poorly constrained by
existing data from the twilight zone.
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A Selective Activity-Dependent
Requirement for Dynamin 1 in
Synaptic Vesicle Endocytosis
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Dynamin 1 is a neuron-specific guanosine triphosphatase thought to be critically required for
the fission reaction of synaptic vesicle endocytosis. Unexpectedly, mice lacking dynamin 1 were
able to form functional synapses, even though their postnatal viability was limited. However,
during spontaneous network activity, branched, tubular plasma membrane invaginations
accumulated, capped by clathrin-coated pits, in synapses of dynamin 1-knockout mice. Synaptic
vesicle endocytosis was severely impaired during strong exogenous stimulation

but resumed efficiently when the stimulus was terminated. Thus, dynamin 1-independent
mechanisms can support limited synaptic vesicle endocytosis, but dynamin 1 is needed during high

levels of neuronal activity.

ynaptic wransmission is dependent on the
cominuous reformation of synapiic vesi-
cles via local membrane recveling (£, 2).
Although the precise mechanisms of” svnapiic
vesicle reformation remain a matier of debate

{3-7), there s strong evidence for a key mole of

the guanosine riphosphatase (GTPase) dymamin

in this process (8420, as well as m a varety of

endocytic reactions in all cell types (Y [3-16).

Dryranmin 15 thought wo eligomenze at the neck of

endocytic pits and to mediate neck constriction
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and fission (&, 9, /7). However, previous siudics
have addressed the action of dynamin ai synapses
through dominant-negative interference or phar-
macological inhibition strategics, which may
also elicit dominant-negative effects from the in-
activated protein, Thus, we investigated the im-
portance of dynamin in membrane taflic at
synapses i dynamin 1-null mutants.

Mammals express three dynamins with dif-
ferent expression patterns (N, S0 (/7). Dy-
namin | is expressed exclusively in the brain,
whereas dynamin 2 is ublquitously expressed,
and dynamin 3 is expressed selectively in brain

and testis (fig. S1B) (48) In neurons, levels of

dynamin 1 increase with synapse formation in
parallel with the levels of synaptic vesicle pro-
teins (fig. S1E). These and many other observa-
tions (% 18 19 strongly suggest that dynamin

Fig. 1. Dynamin 1-KO mice appear 4
normal at birth. (A) HT and KO pups
several hours after birth. Arrows high-
light less milk in the stomach of the KO
pup. (B} Immunoblot analysis of cell
lysates from primary cortical neuron
cultures (15 to 21 DIV) with dynamin
isoform-specific antibodies and a pan-
dynamin antibody. Clathrin LC, clathrin
light chain.

| plays o dedicated and cssential role in the
reeveling of synaplic vesicles and, thus, a entical
role m nervous system lunction.

Dynamin 1-KO mice appear normal at birth.
A null allele of the mouse dynamin | gene was
penerated by deleting exon 1 (21 (Fe. S1F).
Heterozyvgous mice were viable, fertile, and
without any apparent health defects. Ther
matings viclded wild-type (WT), helerozygous
{Hu) and, surprisingly, knockout (KO) pups in
the expected Mendelian ratio (table 513 At binth,
KO mice breathed, moved, and suckled and were
not distinguishable from their littermates (Fig.
IA) Thus, dvnamin 1 is not required for cither
cmbryonic development or for the neurotmns-
mission that supports perinatal life. However, a
reduction in the ingestion ol milk was apparent
i KO pups within several hours alter barth
(Fig. 1AL and poor motor coordination became
obvious over the following days. Overall, dynamin
=K pups failed w0 thove and died within 2
woeks (fig. S3),

Immunoblot analysis of brain tissue and cor-
tical neuron culiures demonstrated the absence of
dynamin | in KO mice and a dramatic deerease
of total dynamin levels (Fig. 1B and fig. 52).
confinming that dyvnamin | s by far the predomi-
nant dynamin in the nervous system. Levels of
dyvnamin 2 and 3, as well as ol a variety of pro-
teins mvolved in synaptic trnsmission and endo-
cylosis, were not changed (Fig. 1B and fig. 52).

Synaptic transmission in dynamin 1-KO
neurons. Wholecell voltage-clamp recordings
from primary cortical cultures were camied out 1o
study the mmpact ol the loss of dynanun | on
synaptic tansmission. Recordings of mimature
excilatory and inhibitory postsynaptic currents
(mEPSCs and mIPSCs, respectively) revealed a
large increase (Fig. 2, A and B), possibly duc 10
increased vesicle size (see below). Next, evoked
synaptic transmission was analyzed in paired
recordings from low-density  contical  cultures,

KO

WT KO

Dynamin 1ess
Dynamin 2 s s
Dynamin 3 s s
Total Dynamin ess
a-Adaptin = ==
Clathrin LCTRE 8
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Both EPSCs and IPSCs clicited by single
presvnapiic stimuli (Fig. 2C) were recorded,
and a statistically significant reduction in peak
amplitude was observed for IPSCs at KO
synapscs, Other chamcteristics ol IPSCs were
unchanged (able S2),

IPSCs were further reconded durng trams of

OG0 stimuli, Peak amplitudes of TPSCs tended 1o

depress faster in KO neurons than in control
(WT/H U newrons (time constants = 8.5 + 2.5 5 for
control versus 3.9 £ 1.2 s for KO; P=0.26; 1 iest)
(Fig. 2E). Funhenmore, given the smaller initial
peak amplitudes in KO synapses, synaplic trans-
mission Guled at carlier imes in these synapses,
IPSCs recovered (as assessed by test stimuh
delivered m 0,1 He) within 100 s 10 46.0 £ 6,6%
of the mnial response n contro] cultures, but 1w
only 11.2 = 3.2% of their initial IPSC value in
KO cultures (Fig. 2F) Thus, dynamin 1 is not
essential for synaplic ansmission, bul is re-
quired for efficient and sustained evoked release.

Synaptic vesicles form without dynamin L

Unexpectedly, in view of the predicted essential
role of dynamin | i synaptic vesicle reeyeling,
but consistent with the presence of a functional
nervous system in KO mice, electron microscopy
{EM) revealed an abundance ol svaaptic vesicles
in both control and KO syvnapscs in tlissuc
sections examined at postnatal day 6 (g 85),
as well as in primary cultures of contical neurons
at all ages examined (Fig. 3. A to E, and fig. 56).
However, EM micrographs of cultured cortical
neurons [mean age 21 days in vitro (DIV))
revealed a modest reduction (=20%%) in synaptic
vesicle numbers (389 + 2.3 per active 2onc
profile in WT versus 31.3 £ 2.1 in KO, P=0018,
1 test). In addition, synaptic vesicles had a more
heterogencous and genemlly slightly larger sieze
in KO synapses (mean extemal dimmeter = 43.13
£ 019 nm for WT versus 47.27 = 0.25 nm for
KOz = 0.00010, £ westh (Fig. 3G, see Fig, 3C and
fig. 85C ) in agreement with the increased quamal
siee detecied clecrophysiologically (Fig. 240,

Accumulation of clathrin-coated buds. A
characteristic ature of KO synapses relative to
controls was a much higher occurrence, striking
at some synapses, of clahrn-coated vesicular
profiles (Fig. 3. B to F and H) In ultrathin
sections, many of the coated profiles appearcd o
be imerconnected clathnn-costed buds rmther than
free coated vesicles (Fig. 3D, inset). Accordingly,
they wene accessible o extracellular tracers, such
as horscradish peroxidase (HRP, a flud phase
tracer) (Fig. 40G) or HRP-labeled cholerm toxin (a
membrane tracer), even when cultures were la-
beled with the tracer on fee (Fig. 3E and g, 56).
Electron tomography  unambiguously  demon-
strmted that these stuctures were buds connected
to the plasma membrane by narrow branched
twubules (Fig. 3F) Thus, the fission of clathrin-
coated vesicles was impaired,

The accumulation of asscmbled clathrin coats
in KO neurons was also reflected in a modified
distribution of clathrin and clathrin adapiors (¢.g.,
a-adaptin subunit o AP-2) as shown by

immunofluorescence (Fig. 4A and fig. 87).
Although the abundance of these proteins was
unchanged (Fig. 1B and fig. 52}, their mmuno-
reactivity had a much more punclate pattern in
KO cultures, A similar change was observed for
dyvnamin 3, which strongly colocalized with
clathrin puncta in KO neurons (Fig. 4A and fig,
S41; however, the dynamin 2 staining pattem was
weak and diffuse in both KO and conwrols { fig.
S4). These eflects, together with the accumula-
tion of coated intermediates revealed by EM,
were more prominent when neuron density or
culture age was incressed. Hence, we suspecied
that the accumulation of coated imermediates
reflected a backup of endocy tic traflic in response
Lo spontaneous network activity, Indeed, ollow-
ing blockade of action potential firng with
tetrodotoxin (TTX), clustering of clathrin and
dvnamin 3 immunorcactivity and accumulation
of clathrin-coated profiles were no longer
observed (Fig. 4, A and B, respectively )

A B
1.0+ X0 1.0+
0.8 0.8+
0.6 1 0.6+
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Impaired vesicle recycling during stimula-
tion. To measure stimulation-dependent synap-
tic vesicle reeyveling direetly, neurons that had
been acutely stimulated in the presence of the
extrmeclular trmcer HRP were analvieed by EM.
Afier a 90-5 stimulation with high-potassium
bufler, numerous labeled synaptic vesicles were
observed in WT synapses (Fig, 4E). In contrast,
in KO synapses, mainly clathrin-coated profiles
and other endocytic intermodiates were labeled,
and the total number of synaptic vesicles was
more sieeply reduced (Fig. 4. C and H).
However, after a recovery peniod of 10 min in
HREP-contaiming comrol buffer, numerous la-
beled synaptic vesicles were visible in synapses
of both genotypes (Fig. 4, C, F, and 1), On
average, recovery in KO svnapses lagged behind
that of the controls (Fig. 40, consistent with the
delaved recovery from depression observed
chectrophysiologically (Fig. 2F): nevenheless,
obust dynamin | independent vesicle for-

9]

150 pA 0.0 05 1.0 minutes 1.5
0w ] 200 400 600 BOO 1000
Stimulus #

Fig. 2. Synaptic transmission in primary cultures of dynamin 1-KO cortical neurons. Cumulative
probability histograms of peak mEPSC (A) and mIPSC (B) amplitudes from WT (black lines) and KO
cultures (red linesh. The mean mEPSC amplitude was increased from 17.0 + 1.8 pA in WT neurons to
24.8 £ 2.5 pAin the dynamin 1-KO neurons {t test, P = 0.011, n = 2495 and 2435 respectively). A
similar increase in amplitude was observed for mIPSCs (mean for WT = 17.3 = 0.8 pA, n = 2369
versus 22.2 + 1.0 pA, n = 2731, ¢ test, P = 0.0006). {C) Modest reduction in single evoked (2-ms
depolarization to +30 mV) EPSC amplitudes [WT n = 45, KO n = 40, P = 0.0967 (t test)] and
significant reduction in single IPSC amplitudes in KO neuron pairs [*P < 0.001 (¢ test, n = 39, 38 for
WT, KOl (D) Examples of evoked IPSCs for WT and KO respectively. Shown are the 1st, 3rd, and 7th
IPSC responses to stimulation at 10 Hz. Presynaptic stimulation is indicated as membrane voltage
(gray dotted lines). (E) IPSC depression curves for control (black) and KO (red) during a sustained
10-Hz stimulation. Averaged data points represent 16 (control) and 7 (KO} cell pairs, binned into
nonoverlapping groups of 10 responses. (F) Slower recovery of IPSCs from depression induced by
1000 action potentials at 10 Hz (shown in E) as assessed by 0.1-Hz stimulation. Averages represent
unbinned data from 12 control and & KO cell pairs. The recovery (mean of the last five points) was

markedly slower in the KO (f test, P = 0.0024).
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mation was observed in some KO synapses
(Fig. 40).

Frequency-dependent endocytic blockade.
To gam lTurther quantitative and emporal msight
into the synaptic vesicle recveling defieet, we
perfomed dynamic imaging assays of exo- and
endocytosis. Cultured contical newrons were
transfected with synapto-pHluorin, a chimernic
synaptic vesiclke protein whose uorescence is
low in the acidic environment within the lumen
ol a synaptic vesicle and high when exocytosis
exposes it 1o the cell surface (24 ) In WT newrons,
the peak synapto-pHluorin Nuorescence in re-
sponse 106 given number of action potentials wias
lower for a 10-Hz stimulation than for a 30-1z

stimulation, presumably because the abiliny of

endocytosis o keep up with ongomg exocylosis
wis impaired with an increase of the stimulus
frequency 1o 30 Hiz (223 fig. S8, see also Fig, 5E).
Incomtrast, in dynamin |- KO neurons, the extent
of accumulation was almoest wentical ollowing
both stimulation conditions (g, 8¥), which
suggested that endocytic capacity was alrcady
saturated by stimulstion at 10 He, Note, however,
that the recovery kinetics afier the end of the
stimulus train were similar in WT and KO synaps-
o5 [ fig, SK),

This result was conliemed by a dilferem
experimental protocol involving both svnapto-
pHluorin and the 1 -ATPase (adenosine triphos-
phatase) inhibitor bafilomyein, which block
synaplic vesicle reacidification, thus quenching
the pHluorn signal after endocviosis (23). Al
WT but not st KO synapses, the mcrease in
Muorescence produced by 300 action potentials

delivered at 10 Hz was higher in the presence of

bafilomyein, the “endocyiosis-blind™ condition
(Fig. 5, A and C). Acid-quench experiments
excluded the possibility that this difference
wias due to a defect in acidification (Fig. 3B ).
Similarly, this difference could not be aitributed
to differences in exocyiosis rates during stimula-
tion (Fig. 53C). As observed above (fig. S8), when
the stimulus was removed. Nuorescence declined
in both seis of synapses al remarkably similar
rates. Nonctheless, as 33% of the membrane that
had undergone exocytosis had already been
recovered by endocyvtosis during the stimulus,
recovery 1o prestimulus levels was Gaster in the
control synapses (Fig, 5C) Smlar resulis were
obtained using synaptoagmin-pHlvorin (24)
as the reponer of synaptic vesicle recycling
(Fig. 3D). The endocytic blockade duning stimu-
lation was fully rescued i dynamin | was co-
transfected into the KO neurons along with
synapto-plluorin (Fig. 3Dy When cotrans fected
under the same conditions, i.e. conditions that
result in overexpression, dynamin 3 produced an
efficient rescue but dynamin 2, only a partial
rescue (Fig. 31). This result demonstrates that all
three dynamin isoforms can participale in synap-
tic vesicle endocytosis, but also reveals a greater
functional similarity between dynamin | and 3, It
further suggests that dynamin | -independent
recyeling is mediated by dynamin 2 andior 3,
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consistent with the complete block of synaptic
vesicle endocyiosis by pharmacological nhi-
ten of dynamin that s not isolform-specilic
(2. 25

The endocytic detect in KO synapses during
stimulation (as quantificd by caleulation of the
endocytic/exocytic mtio), did not reach statistical

stimulation (Fig. 3E). and it was less severe
durng stimulation at 10 Hz when extracellular
[C '.'12'| was decreased to U753 mM (Fig. 5F).
Under these condinons, the siee of the exocylic
responses and the accumulation of presynaptic
[Ca®*] are both expected 1o be anenuated.
Conversely, at a higher sumulation requency

(20 Hz), the endocytic/exocytic mtio was dm-
matically decreased also in WT synapses, as

significance following 300 action potentials at
lower stimulation frequencies [2-He and 5-Ha

2oz
§U'I

nGN W 80 &
Vesicla Diamater (nm)

G
g:i'

Fig. 3. Ultrastructural defects in dynamin 1-KO synapses of cultured neurons. (A) WT synapse. (B
and €} KO synapses revealing an abundance of clathrincoated profiles {arrows highlight stalks
connecting clathrin-coated buds), an increase in the average synaptic vesicle size, and the presence
(C) of several abnormally large vesicles. (D) A KO synapse with a massive accumulation of
interconnected clathrin-coated buds (arrowheads) and only a small cluster {arrow) of heteroge-
neously sized synaptic vesicles. An asterisk indicates an evagination of an adjacent cell into this nerve
terminal. (Inset) A plasma membrane connected network of clathrin-coated pits observed in a serial
section from this same synapse (~200 nm away). {(E} Accessibility of clathrin-coated profiles
(arrowheads) in KO neurons to cholera toxin-HRP (10 pg/ml for 5 min on ice) supports their
connection to the plasma membrane (the arrow indicates the location of the synaptic vesicle cluster
within this synapse). (F) Partial reconstruction of a dynamin 1-K0O synapse from electron tomegraphy
data shows three branched tubular networks (pale green, blue, and yellow) capped by clathrin-coated
pits (white arrows) that are connected to the plasma membrane (green) in close proximity to two
synaptic vesicle clusters (SVs, blue). (G) Quantification of synaptic vesicle external diameter (black,
WT; red, KO; 10-nm bins). Vesicles exceeding 80 nm in diameter were 5.4 times as abundant in KO as
in WT synapses (87 vesicles in KO versus 16 vesicles in WT) but were excluded from the analysis
presented in (G) as their identification as synaptic vesicles remained questionable. (H) Histogram of
clathrin-coated profile (CCP) counts from 75 WT and 87 KO synapses. WT = 0.2 £ 0.05, KD = 4.7 £
0.89 CCPs/synapse (means + SEM, P < 0.0001, ¢ test), Data derived from three independent
experiments. Horizontal black line is the mean. Scale bars, 200 nm.
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expected (22, 24) (Fig. SE) Thus, the absence of
dynamin | lowers the threshold of activity at
which syvoaptic vesicle endocytosis becomes
unable o compensale for exocyloss,
Discussion. Surprisingly, dynamin 1, the ner-
vous svstem-specilic dynamin, and by far the
major dynamin in neurons, is largely dispensable
for the biogenesis and endocyne reeveling of
synaplc vesicles, Dynamin | only becomes es-

sential when an intense stimulus imposes a heavy
load on endocyiosis and only as long as the
stimulus persists. The mpontance of dynamin
| under these condimons 1s ikely to be related 10
s abundance but also, @t least m pan, to s
unique propertics. Endocvioss ocours efliciently
in hoth WT and KO svnapses immediately after
remioval of the stumulus, when the endocytie load
is stll maximal. Thus, dynammm | may have a

A
Clathrin

4 IRE 502

e

Total

Untreated

B
amin 3 Clathrin Dynamin 3
C
125

!'1
E
i

25

90mM KCI

Fig. 4. Activity-dependent synaptic vesicle recycling defects in dynamin 1-KO synapses. (A)
Immunofluorescence for clathrin light chain and dynamin 3 reveals a predominantly diffuse
distribution in cultured WT neurons, but a punctate and overlapping distribution in KO neurons
(see also fig. S4). Treatment with TTX (1 pM, 16 to 24 hours) caused clathrin and dynamin 3 in the
KO neurons to redistribute to a diffuse localization resembling the localization of these proteins in
untreated WT neurons (scale bar, 10 um). (B} Morphometric analysis of EM images demonstrating
that the accumulation of clathrin-coated profiles in KO synapses was reversed following TTX
treatment {1 pM, 16 to 24 hours). (€ to I} EM analysis of synapses from cortical cultures of WT and
KO brains incubated with the extracellular tracer HRP (10 mg/ml} in control Tyrode’s buffer (90 s),
following a 90-5 stimulation with 90 mM KCl and then a further 10-min recovery period in Tyrode's
buffer. (0 Quantification of changes in total synaptic vesicle number and in the number of vesicles
positive for the extracellular tracer HRP. (D to I) Representative examples of HRP uptake by WT and
KO synapses under the conditions described above. At rest, HRP-labeled clathrin-coated buds
emerging from the labeled plasma membrane invagination are visible in the KO synapse (G).
Following stimulation, the WT nerve terminal (E) contains labeled and unlabeled vesicles, whereas
in the KO synapse (H) synaptic vesicles are nearly depleted {long arrow) and labeled clathrin-
coated buds (short arrows) are visible. After recovery, synaptic vesicles, including labeled vesicles,
are present in both genotypes (F and I}, It is expected that, at this concentration, only a fraction of
the endocytic vesicles should take up HRP. EM scale bar, 200 nm.
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specific function within stimulated  synapses.
Strong stimulation produces a change n the state
of phosphorylation of a variety of nerve termi-
nal protems (26), Several proteins implicated
in endocytosis, meludimg dynamin 1, undergo
Ca®'~dependent dephosphorylation by calci-
neurin, and this process, which is rapidly re-
versed upon cessation off the stmulus, enhances
their recruitment o endocytic sites (26). Given
the ability of dynamin 3, when overexpressed,
to efficiently rescue the dynamin 1-KO pheno-
type, i is noteworthy that dynamin 1 and 3
share conserved phosphorvlation sites on key
residucs controlling  protein-protein  interac-

tions (27, 28}, Furthemmore, the coclustenng of

A}

dynamin 3 with clathrin in nerve terminals
favors the hypothesis that dynamin 3 has over-
lapping functions with dynamin 1, but 15 n-
sulficient to support endocyiosis at high levels
of activity.

The morphological changes observed in
nerve ermimals of KO synapses under conditions
of basal network activity are consistent with a
role of dynamin | in fission. The slightly larger
and more heterogencous size of synaplic vesicles
rises the possibility that actions of dyvnamin | al
the Iree edge of the clathan com of budding
vesicles may help 1w control their size. The
fidelity of this process may be disrupted when
the overal] dynamin coment of the nerve terminal
is drastically reduced. Indirect effects ansing
from the lack of dvnamin | should also be con-
sidered because increases in svnaplic vesicle s
and size heterogencity have been observed in
neurons with other mutations that cause endocy-
tosrs defects (29, 30)

The most stnking morphological change 15 the
presence of deeply mvaginated  clathrin-coated

endocytic pits. gencrally locaied at the tip of

branched narrow tubules that are likely gen-
crated by the numerous clathrin accessory fac-
tors with membrane wbulating propentics (1),
This is in conmrast o the collared but uncoated pits
ol the Dvosophife Shibire mutant (a emperature-
sersitive dyvnamin allele) synapses alier stimulation
al the nonpemmissive temperature (320 Alhough
the longstanding delate conceming the potential
ocoumence of two major pathways of synaplic
kiss=and-run  versus  clathnne-
7 33-30)

vesicle recveling

mechated endocytosis—is ongomg (6,

our resuls strongly support an imporant ole of

clathnn-mediated endocyiosis,

The selective requirement for dynamin 1 in
stimulation-dependent synaptic vesicle reforma-
tion is in contrast with the powerful complete
block of several forms of endocytosis produced
by expression of mutant forms of either dy-
namin | or dynamin 2 in a variety of cell types
(&, 13, 15 160, These dominant-negative effects
may reflect hetero-oligomerizntion of muam
dvnamins with endogenous dvnamin(s),
ing to impairment of actions that require the
coordinated function of subunis within a poly-
meric complex. Overexpressed mutant  dy-
mumins could addinionally sequester critical

cad-
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Fig. 5. Frequency dependent impairment of synaptic vesicle endocytosis in dynamin 1-KO neurons
(A} Representative traces from WT (left panel) and KO (right panel) synapto-pHluarin expressing
neurons stimulated in the presence (blue circles) or absence (black squares) of bafilomycin (Baf). A
10-Hz field stimulation began at t = 0 and ended after 30 s (300 action potentials, no Baf) or 905
(900 action potentials, Baf). (B} Brief application of extracellular, membrane impermeant acid
rapidly quenches all surface synapto-pHluorin in the prestimulus period (KO neuron). Following a
30-s stimulus (end marked by arrow), the fluorescence is quenched to the same level as the
prestimulus period. The average degree of quenching poststimulus was 94.0 = 1.4% in WT (n = 5)
and 94.6 + 1.0% in KO (n = 8). {C) The pooled average kinetics of exocytosis (exo = AFgy) from
WT (blue) and KO (green) neurons after 900 action potentials (10 Hz in presence of bafilomycin)
and the pooled average kinetics of endocytosis (endo = AFgy — AFna gar) from WT (red) and KO
{cyan) neurons after 300 action potentials at 10 Hz (stimulus ends at first arrow), The dashed line
indicates the extent of exocytosis at the 30-s time point where endocylosis to exocytosis ratios
{endofexo) are calculated. Error bars are shown at two time points on the endocytosis curves (n = 9
for both WT and KQ). (D) The average endo/exo ratio after 300 action potentials at 10 Hz as
determined by using either synapto-pHluorin (spH) or synaptotagminl (syt1)-pHluerin gray bars).
Rescue refers to dynamin 1-KO cells that were cotransfected with synapto-pHluarin and dynamin
1, dynamin 2, or dynamin 3. (E} Endo/exo ratios following 300 action potentials at different
frequencies. (F) Mean Endo/exo ratios after 300 action potentials (10 Hz) in 0.75 mM [Ca®*]. The
numbers shown in parentheses in (D, E, and F) represent the number of independent experiments
and error bars in this figure show + SEM.

binding partners in nonfunctional protein com-
plexes. In conclusion, dynamin 1, one of the
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Control of Stress-Dependent
Cardiac Growth and Gene
Expression by a MicroRNA

Eva van Rooij,! Lillian B. Sutherland, Xiaoxia Qi,* James A. Richardson,'?

Joseph Hill,* Eric N. Olson*

The heart responds to diverse forms of stress by hypertrophic growth accompanied by fibrosis
and eventual diminution of contractility, which results from down-regulation of a—myosin heavy
chain (MHC) and up-regulation of BMHC, the primary contractile proteins of the heart.

We found that a cardiac-specific microRNA (miR-208) encoded by an intron of the wMHC gene is
required for cardiomyocyte hypertrophy, fibrosis, and expression of PWMHC in response to stress and
hypothyroidism. Thus, the «MHC gene, in addition to encoding a major cardiac contractile
protein, regulates cardiac growth and gene expression in response to stress and hormonal

signaling through miR-208.

ardiaze contrctility depends on the expres-
‘ sion of two MHC genes, o and i, which
are regulated i an antithetical manner by
developmental, physiological, and pathological
signals. BMHEC, a relatively slow adenosine

triphosphatase (ATPase). s the dominant isofonm
expressad in the embryonic heart, whersas oMHC,

a fast ATPise, s up-regulated postnatally ([)

Thyrowd hormone (T3 ) signaling stmulastes aWHC

and mhibits BUWHC mnscnpion alier binh (2), In
contrast, hypothyroidism and varous forms of car-
diac stress increase BMEIC expression with conse-
quent diminution in cardiac performance (3-3)
aMHC s the major adult candiac isoform in

RESEARCH ARTIC

rolents, whereas IMEIC is the prodominant iso-
form in adult human heans and bocomes even
more abundant dunng cardiac discase when
aMHC 15 down-regulated (6-9). Bociuse even
relatvely subtle vanations m the mtoe of aMHC
and MHC can profoundly miluence cardiae func-
tion, there has been great interest in deciphening the
mechanians that coordinate aMHC and MHC
expression and in sratcgics o therpeutically
manipulate cardiac MHC expression (J10),
MicroRNAs (miRNAs) are stall, non-protein-
codding RNAs that base pair with specific mRNAs
and inhibit translation or promote mRNA degm-
dation (/7). MIRNAs arise from primary (rn-
seripts of vanable sizes that are processed o
Ti- 1o 100-nueleotide hairpm-shaped precursors,

which are processed o mature mIRNAs of
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Mouse TOACGGGTGAGCTTTTGGCCCGGGTTATACCTGACTCTCACGTATAACACCAGCARAAAGCTTOTTGGTCA
TOACGOCTOAGCTTTTGOCCOGOGTTATACCTOACTCTCACGTATAMGACCAGCAAAAAOCTTOTTGETCA
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Fig. 1. Expression of miR-208 and corequlation with «MHC. (A) MiR-208 is
encoded by intron 27 of the wMHC gene. Asterisks indicate sequence
conservation. (B) Detection of miR-208 transcripts by Morthern analysis of
adult mouse tissues. U6 mRNA serves as a loading control. (C) Rats were
treated with PTU or PTU + T3, as indicated, for a week, and the expression of
miR-208 was detected by Northern blot. Hearts from four animals under each
condition were analyzed. (D} Transcripts for oMAHC and WHC and miR-208
were quantified by real-time polymerase chain reaction (PCR) analysis at the
indicated times after treatment with PTU. Expression of the miR-208 pre-miRNA
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Failing
pre=miR - - -

MR-208 # = & & “ @\ W= = = = o

UUamEES. caemee-

aMHC: 0.2 15 03 18 32 27 03 01 01 04 01 04

parallels that of «MHC gene expression, whereas the mature miR-208 con-
tinues to be expressed even after the disappearance of wMHC mRNA. Values
represent mean = SEM of hearts of four animals at each time point. (E)
Transcripts for aMHC and miR-208 were detected by Northern blot of cardiac
tissue from six normal individuals and six individuals with idiopathic
cardiomyopathy. Indicated «MHC levels were relative to average expression
level in normal hearts. There is a close correlation between the level of
expression of aMHC and pre—miR-208, whereas mature miR-208 expression
is maintained after the latter RNAs have been down-requlated.
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I8 to 25 nucleotides. MIRNAs that base pair
perfectly with target mBNA sequences result
im mBENA degradation, whercas those that dis-
play imperiect sequence complementanty with
target mRNAs generally result in translational
inhibition (/7). Overexpression  experiments
have mmplicated miBRNAs in diverse ecllular
processes (J3-79), but to date, there have been

no reports of the consequences of deletion of

miRNA genes in venchrite organisms, Recently,
we idemified a signawre patiemn of miRNAs
associated with pathological cardiae growth and
remodeling (/9. Here, we deseribe miR-208 as
an essentinl cardiac-specilic regulnor of BUWHC
expression and mediator ol stress and T3
signaling in the hean.

Requlation of miR-208 expression. MiR-208
15 encoded by mtron 27 of the human nd mouse
aMHC gene. The sequences of miR-208 found in
humans, mice, rats, and dogs are wentical and
the pre-muiBNA s highly conserved m mammals
(Fig. 1A). Consistent with the specilic expres-
sion of aMHC in the heant and the pulmonarny
myocardium (20), miR-208 is expressed specil-
ically in the heart and a1 trace levels in the lung
(Fig. 1B). Blockade of T3 biosvithesis with
propylthiouracil (PTU) represses aMHC and
induces PAHC expression (21) Adler mits were
treated with PTU for one week, the expression
of aMHC mRNA declined in pamllel with the
level of the miR-208 stem loop, whereas mature
milR-208 showed litle or no change in expres-
sion. T3 treatment blocked the effects of PTU
on expression of WWHC mRNA and pre-miR-
208 (Fig. 1C and g, S1A).

A time course of PTU weatmment showed tha
aMHC and pre-miR-208 expression decreasod

and BMHC incrcased during the firsst 9 days ol

PTU weatment (Fig. 1D and fig. S1, B and C).

Expression of pre-miRNA-208 paralleled oMHC

mRNA expression, whereas even afier 21 days
of PTU wreatment, bong alter aMAC mENA expres-
sion had ceased, 30% of the mawre miR-208
remained (Fig. 1D and fig. S1, B and C). We
infer from the coregulation of pre-miR-208 and
the aWHC transcnpt that miR-208 is processed
from the aMHC intron rather than being tran-
scribed as a separate RNA. The sustained ex-
pression of miR-208 after the pre-muBNA and
aMHC tansernipts are down-regulated by PTU
sugeests that it is extremely stable, with a half-
life of =12 days.

Although aMHC mRNA constituies only
about 30% of wtal MHC mBNA expressed in
nommal adult human heart (8, miR-208 cxpres-
sion was readily detectable in human cardiac tis-
sue (Fig. 1E). Consistent with its relatively long
hal=life, miR-208 was also dewctable in idio-
pathic ailing human hearts in which aMHC
levels were diminished relative 1o normal heans,

Generation of miR-208 mutant mice. We
deleted the miR-208 coding region by introduc-
ing Jox P sites for Cre-mediated recombination at

both ends of an 83-base pair (bp) region of

imtron 27 of the mouse aMHC gene, which en-
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codes the complete pre-miBNA sequence of
milR-208 (Fig. 2A and Nig. S2A) Breeding of

miR-208"""" mice w mice beanng a ubiqui-
tously expressed Cre necombinase tmnsgene re-
sulted in deletion of the miR-208 genomic
sequence and the complete absence of miR-208
in homoey gous mutant animals (Fig. 2B and lig,
S2B). Disruption of the aMHC gene causcs
carly embryonic lethality (220, Thus, it was im-
portant that the miR-208 targeting strategy not

alter aMHC trmnseription or splicing. Deletion of

miR-208 did not imerfere with aMHC mRNA
splicing or alier the expression o aMHC or
BEMHC proeins in hearts of newbom mice (Fig.
2C and fig. S2, C and D), A Western blot using
an antibody against all stiated myosins indicated
no visible differences between wildype and
miR-208 mutant animals (fig. S3A)

Mice homoeygous Tor the miR-208 deletion
were viable and did not display obvious abnor-
malitics i size, shape, or structure of the heart up
1o 20 weeks of age. Analysis of cardiae function
by echocardiography showed a slight reduction
in contractility, measured by fractional shorten-
ing, in miR-208" animals compared with the
contractility of wild-type littenmates at 2 months
ol age. which was aurbutable primanly 1o an
increase in left vemricular diameter during systole
(fig. S3B). Avadvanced age (=6 months), candiac
furction declined further in mutant animals as a
result of abnommalities in sarcomere structure,

Fig. 2. Generation of A -

Microarmy analysis on hearts from wild-type
and miR-208 " animals at 2 months of age ne-
vealed that the removal of taR-208 resulied
promounced expression of last skeletal muscle
contractile protein gends, including those encod-
ing Troponin 12, Troponin T3, and mvosin light
cham-alkali, which are nomally not expressed
in the heart. Transenpts encoding the natriurctic
peplides atrial natriuretic factor (ANF) and b-type
matriuretic peptide (BNP), and hat shock proteins,
which serve as markers of cardiac stress, were
also up-regulaed in the heans of miR-208
animals (fig. 53, C and D, and able S1). None
of the up-regulnted rnscripts contained pre-
dicted target sequences for miR-208, suggesting
that they are megulated indircctly by miR-208,

MiR-208 regulates JJMHC expression and
cardiac remodeling. To further investigate the
potential functions of mil-208, we compared the
response of wild-type and miR-208 mutant mice
to thoracie aotic banding (TAB), which mduces
cardiac hypertrophy by increased aftedoad on the
heart and is accompanicd by down-regulation of
alMHC and up-regulation of BUWHC (23). aMHC
mRNA expression declined as expected afier TAB
(fig. S4AL but miR-208 was sill abundantly
expressed 21 days alter TAB (lig. S4B), consistent
with its relatively long half-life,

In response to TAB, wild-type mice showed a
pronounced increase in cardine mass secompa-
niad by hypertrophic growth of cardiomyocyies

20 kb >

miR-208 mutant mice,
(A) Strategy to generate
miR-208 mutant mice by
homologous recombina-
tion. The pre-miRNA se

Spel 83bp Spel

Wiige I min208 T ——— -
—— o= —

5'Probe " L - , ¥ Probe

quence was replaced with 3 x - Spel ', b
a neomycin resistance '9‘““9 LY 4
cassette (Neo) flanked by Sk 34 kb 33kb
loxP sites, The neomycin Lox P = Lox P
cassette was removed in
the mouse germ line by Mm
breeding heterozygous J\ -
mice to transgenic mice - 13.8 kb > T7kb
harboring the CAG-Cre e Spel
transgene. DTA, diphthe- T"m —— ; —
ria toxin A. (B) Detection 5' Probe - 3 Probe
of miR-208 transcripts by Cre-Mediated
Northern analysis of hearts E’THW
from wild-type (W) and =
miR208 mutant KO)  poreg P R ot
mice. (0 Western analysis Allele _M
of aMHC and JMHC pro-
tein levels in hearts of
neonatal mice of the indi- B WT +- KO C ; L) i - . e .
cated genotypes. Two mice [ = ] T Y|
of each genotype were an- pro-miR | aMHC F“-w‘
alyzed. Glyceraldehyde-3- ! !
phosphate dehydrogenase
(GAPDH) was detected as ~ miR-208 |l . MHC |
a loading control. I | T T —
UG -
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Fig. 3. MiR-208™" mice show reduced cardiac hypertrophy in response F WT KO G
to pressure overload. (A) Histological sections of hearts of wild-type CaA Ty = T S Hlu-rrp- mln-m ‘l'n
(WT) and miR-208™" (KO) mice stained for Masson trichrome. The i } P———y——y———
absence of miR-208 diminishes hypertrophy and fibrosis seen in wild- ﬂ“i; Ll —— h-
type mice subjected to TAB for 21 days. Scale bars, 2 mm (top); 20 um | Y ‘ ! . aMHC I -
{bottom). (B) Transcripts for JMHC, ANF, and BNP were detected by [ 1
real-time PCR in hearts from wild-type and miR-208~"" mice after sham m| | e (IMHC -
or TAB surgery, Values are expressed as fold increase in expression (+SEM) _ T . E - e -
compared with that of wild-type mice (n = 3) that underwent sham G!.Pbl-l-—”--—- GAPDH ™= =—=— ———

l |_

operations. {C) Western analysis of «MHC and PMHC protein levels in adult
wild-type and miR-208 mutant mice 21 days after sham and TAB surgery.
(D) Histological sections of hearts of 6-week-old mice expressing a calcineurin transgene (CnA-Ta) and hearts of miR-2087"": CnA-Tg mice stained for Masson
trichrome. The absence of miR-208 diminishes hypertrophy and fibrosis seen in CnA-Tg mice. Scale bars, 2 mm (top); 20 pm (bottom). (E} Transcripts for
FMHC, ANF, and BNP were detected by real-time PCR in hearts from the indicated genotype. Values are expressed as fold increase in expression (+SEM)
compared with that of wild-type mice (n = 3). (F) Western analysis of «MHC and BMHC protein levels in adult wild-type and miR-208 mutant mice with and
without the presence of the CnA transgene. (G} Western analysis of «MHC and MHC protein levels in adult wild-type and miR-208 transgenic animals.

A

and ventricular fibrosis (Fig. 3A) In contmst,

miR-208 mutant animals showed virually no il . 14 1800 ot
hypertrophy  of cardiomyocyies or  fibrosis in WT KO WT KO L 1500 -

response o TAB (Fig. 3A). Echocardiography 1 m— 3 . i 1200 ~

confirmed that miR-2087"" animals displaved a AMHC mmm e | e o3 ::: 900 -

blunted hypertrophic response and a reduction £ o0a 2 600

i contractility (fig. S4C). Most notably, mutant PIMHC -_Em — - ; 02 3 300

animals were unable o up-regulate PMHC, In- E— PTU— -
stead, aMHC protein expression increased in- GAPDH SESENENNED | e e o o o ﬂ' J [ W‘I‘_‘.' Kﬂ‘ i

miR-208 mutant hearts in response 1o TADB,
which may reflect a compensatory mechanism
to maintain MHC expression in the absence of
BMHC up-regulation. Other  stress-responsive
genes, such as those encoding the natriuretic
peptides ANF and BNP, were strongly induced

Fig. 4. Regulation of thyroid hormone responsiveness of the [WHC gene by miR-208. (A) Westemn
analysis of aMHC and BMHC expression in wild-type (WT) and miR-208 mutant (KO} mice at baseline
and 2 weeks after PTU treatment. (B) Transcripts for aMHC and BMHC were detected by real-time PCRin
hearts from wild-type and miR-208~" mice after PTU treatment. Values are expressed as fold increase in
expression (+SEM) compared with that of wild-type mice that received reqular chow (n = 3).

in miR-208 mutant animals (Fig. 3, B and C).
Microamay analysis on heans from wild-type
and miR-2087"" animals confimed that the ab-
sence of miB-208 resulied i a highly specilic
block o BMHC expression (able 52),
MIR-2087" mice were also resistant o [ibro-
sis and cardiomyoeyte hypertrophy In response
o transgenic expression of activatled calemeurin
(Fig. 3D}, an especally powerdul stimulus for car-

diac hypertophy and hean Bilure (241, Sim-
thirly, BMHC mRNA and prowcin failed w0 be
up-regulmed in hans of miR-2087 calcineunn
transgene mice a6 weeks ol age, wheneas ANF
and BNP were strongly induced (Fig. 3, E and
F). Thus, miR-208 is necessary for up-regulation
of BMHC and cellular remodeling, but not for
expression of other markers ol cardiae stress,

To test whether milR-208 wis sulficiem for up-
regulstion of PAHC expression, we generated
mnsgenic mice that overexpressed miR-208
under control of the MO promoter, aMHC
miR-208 trnsgenic mice were viable, and their
miR-208 expression was about three tmes as high
s that of wild-type heans ( iz, S4D). Heans from
a transgenic line representing the average over-
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expression of the transgene showed no oven signs
of pathological remodeling at 2 months of age bat,
niodably, displayed a marked up-regulation of
BMHC expression (Fig. 3G and fig. S4E) Thas
activity of miR-208 was specific, as shown by
trnsgenic overcxpression of miR-214, which is
induced during cardiac hypertrophy (/9), but had
no cffect on PUWHC expression. Because the
endogenous level of miB-208 in the adult mousc
heant is insulliciem 1o up-regulate BUHC ex-
pression, the finding that a threefold incrcase in
milR-208 expression in these ansgenic mice re-
sults i up-regulation of BMWHC expression sug-
gosts that there is a sharp threshold (or the control
of BWHC expression by this microRNA,

MiR-208 regulates T3-dependent repression
of PMHC. T3 siznaling induces aMHC tanscrip-
tiont through a posiive T3 response clement
(TRE), whereas a negative TRE in the promoter
of the BMHC gene mediates ransenptional re-
pression (233 To test whether miR-208 was re-
quired for T3-dependent regulation of BAFHC,
we fed mutant and wild-type littermates PTU-
containing chow for 2 weeks to block T3 signal-
ing. Norhem blot analysis verified that miR-208
was abundantly present after 2 weeks of PTU
treatment (g, S3A). PTU, as expected, induced
a decling in heant rate and comractility and an
increase i dilation, with no marked differences
berween wild-type and mutant animals (g, S5B).
However, whereas wild-type animals showed
the expected decrease in aMHC and increase in
BMHC i response o PTLU, the miR-2087 ani-
mals again appeared resistant o up-regulation
ol BWHC, although a tace ol PUHC expres-
ston was detectable (Fig. 4). ANF and BNP
were up-regulated by PTU in mRB-208 7 ani-
mals, conlirming the speeilic role of miR-208 in
PBMHC expression (fig. S5C). Because PTU in-
duces the oMAC0-BUAHC isoform switch by
interiering solely with thyroid hommone receptor
(TR) signaling (2/1), these findings suggest that
miR-2008 poteniates BAHC expression through
a mechanism involving the TR.

MiR-208 targets TR-Associated Protein 1.

Among the relmtively few predicted targets of

miR-208, the mENA encoding thyroid homone
receplor Associated Protein 1 (THRAPL ), also
known as TRAP240, scored as the strongest
predicted target with the PicTar target-prediction
progrm (26). THRAPIL, a component of the
TR-associated TRAP complex, modulates activ-
ity of the TR by recruitment of ENA polvmer-
as¢ 11 and general initiation factors (27). The
putative miR-208 hinding site in the 3" untrans-
laed region (UTR) of the THRAPI mRNA
showed high complementarity with the 5 ann

of miR-208, the most crtical determinam of

miRNA trgeting, as well s evolutionary con-
servation (Fig, 3A). Based on the imperfect com-
plementanty of miR-208 and THRAP! 3-UTR
sequence, miR-208 would be expected 1o inhibi
tanslation of THEAP.

To test whether the putative miR-208 target
sequence in the THRAPT 3 UTR could mediate
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translational repression, we msenad the (ull length
3 UTR of the THRAPT tmanscript inte a lucil-
crasc expression plasmid, which we transtected
e COS1 cells. Increasing amounts of CMV-
driven miR-208 resulted in a dosc-dependent
deercase in luciforase activity, whereas compa-
rable amounts of miR-126, which served as a
control, had no efleat (Fig. 3B) CMV-miR-208
also dose-dependently abrogated translation of a
hemagglutinin (HA }-tagged malony] cocneyme
A decarboxylase (MCUD) expression cassetie
linked 1o the THRAP! 3-UTR binding sequence,
but not a mutant miR-208 wrget sequence (Fig.
30, In addion, THRAPD protein expression
was inerepsed in cardise protein lvsates  from

miR-208 ° mice compared with that in wild-tvpe
linermates (Fig. 5D, whercas THRAP] mENA
was compamable m bearts of the two genotypes
(. S6), consistent with the conclusion that
miR-208 acts as a negative regulator of THRAPI
trnslation in vive. Under situations of stress, the
negative mfluence of miR-208 on THRAP! pro-
tein expression may be even greater, in light of
recent studies showing that stress augments re-
pressive actions of miRNAs by promoting the
association of miBNAs with Angonaute ( 28),
Discussion. Our results demonstraie thm
miR-208, which is encoded by an intron of the
e MO gene, rezulines stress-dependent cardio-
myocyte growth and gene expression. In the

A N L LI T, . e
¥ 1
Human UUCUUGCUUUAAAGCAAUUGGUCUAAAAUAUAUGUA -~ -~ UUGCAGUAG
Chimp UUCULGCUUUAAAGC AAUUGGUCUAARAUAUAUGUA - - - - AUCGUCUUAAUUAMRAACGUUGCAGUAG
Mouse UUCUBGCUUUAAAGC AAU UGG UCUARARAAUTAUAUGUA - - - - AUCGUCUUAAUUARAACGUUGCAGUAG
Rat UUCUUPGCUUUAAAGC AAUUGGUCUARARUATAUGUR - - - - AUCGUCUUARU U AAARCGUUGCAGUAG
Dog UTCUUGCUUUARAGC AAUUGGUCUAAAAUAUADGUA - - - - AUCGUCUUAAUTUARAACGUUGCAGUAG
Chicken UUCUVGCUUUAMGC AAUUGGUCUARAAUAUAUGUA - - —-AUCGUCUUAAUUAAARCGUUGCAGUAG
Fugu UUCCUGCUUUAA =GCAAUUVGGUDGARAAUATAUGUAUGUAR DGGUCTUUARU LU AAARAAAC ARACUAR
Zebrafish UUCCUGCUUUAAAGCAAUUGGUCUARAAUATAUGUA -~ --AUCGUCTUICAUUACAAARACGAACCAL
wAE SEsdedEd dessdesded LA RS R R LN LT E deEsdedeEE &8
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Fig. 5. MiR-208 targets THRAPL. (A} Sequence alignment of putative miR-208 binding site in 3’ UTR of
THRAP1 shows a high level of complementarity and sequence conservation. (B) COS1 cells were
transfected with a THRAPI 3-UTR luciferase construct, along with expression plasmids for miR-126 and
miR-208. Values are fold change in luciferase expression (+50) compared with the reporter alone. (C)
CO51 cells were transfected with either HA-MCD—wild-type (WT) UTR or HA-MCD-mutated UTR along with
increasing dosages of pCMV-miR-208 ranging from 0.1 to 2 pg. HA levels were detected using
immunoblot. (D) THRAP1 Western blot using a THRAPL specific antibody on THRAPL-immunoprecipitated

cardiac cell lysates using 400 pg of protein from either wild-type or miR-208~" (KO) animals.

Fig. 6. A model for the role of
miR-208 in cardiac gene regulation.
The «MHC gene encodes miR-208,
which negatively regulates expres-
sion of THRAPL and skeletal muscle
genes (and probably additional
targets). The «wMHC and PMHC
genes are linked and miR-208 is
required for up-regulation of PMHC
in response to stress signaling and
blockade to T3 signaling by PTU.
aMHC and SMHC promote fast and
slow contractility, respectively.
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absence of miR-208, the expression of PAHC 15
severely blunted in the adult heart in response to
pressune overload, activated calcimeunn, or hypo-
thyrowdism, suggesting that the pathways through
which these stimuli induce BMHC transcription
share a common miR-208- sensitive component
(Fig. 6). In conrast, BUWHC expression wis un-
aliered in the hearts of newbom miR-208"" mice,
demonstrating that miR-208 participates specili-
cally in the mechanism for stress-dependent
regulation of BWHC expression,

A clue 10 the mechanism of action of miR-208
comes [rom the nsemblance of miR-20587 heans
to hypenhyroid hearts, both of which display a
block 1w BMIC expression, up-regulation of
stross-response genes (29, 300, and protection
against pathological hypertrophy and  flibrosis
i34, 32). The up-regulation of st skeletal mus-
cle genes in miR-208"" hearts also mimics the
induction of fast skeletal muscle fibers in the
hyperthyrond state (33) T3 signaling represses
BUHC expression in the postnatal heant, and
PTU, which causes hypothyroidism, induces
BUHC (2, 21). The inability of PTU to induce
PMHC expression in miR-208" heans further
implicates miR-208 in the T3 signaling pathway.

Ohuir results suggest that miR-208 acts, at least
in pann, by repressing expression of the TR
corcgulator THRAPL, which can exat positive
and negative eflzets on mnscription (34, 35) The
TR acis through a negative TRE 1 repress BMHC
expression in the adult heart (2). Thus, the increase
in THRAPD expression in the abscnee of miR-208
would be predicted 1w enhance the repressive
activity of the TR wward BWHC expression,
consistent with the blockade w BUHC expression
in miR-208"" hearts. In contrast, the regulation of
aMHC and BMHC expression duning develop-
ment s independent of T3 signaling (2) and is
unaliccted by milR-208. Notably, other TR target
eenes, such as phospdredaahan and sarcofeido)
plasnic reticuliin calcinm ATPase 2a and ehy-

cose fransporter 4 owere expressed normally in
milR-208 ° mice (g 57). I has boen proposed
that the PMWHC gene may respond to specilic TR
isolorms (36-38). Perhaps THRAPI acts on
specific TR isoforms or selectively on a subset
of TR-dependent gencs through  inleractions
with promoter-specilic factors, Because miRNAs
genemlly act through multiple dovwnstream tar-
pets 1o exert their elfeets, additional targets are
also likely o contribute o the effects of miR-208
on cardiae growth and gene expression,

Relatively minor increases in pMHC com-
position, as occur during cardiac hypentrophy and
heant Bilure, can reduce myolibrllar ATPase
activity and systolic function (9). Thus, ther-
apeutic manipulation of miR-208 expression or
interacton with s mENA wrgets could poten-
tially enhance cardiac function by suppressing
FMIIC expression. Based on the profound -
Nuence of miR-208 on the candiae stress response,
and the regulation of numerous miRNAs m the
discased heart (19), we anticipate that miRNAs
will prove to be key regulators of the functions
and responses 10 discase of the adult hean and
possibly other organs.
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Environment-Induced Sudden
Death of Entanglement

M. P. Almeida, F. de Melo, M. Hor-Meyll, A. Salles, 5. P, Walborn,

P. H. Soutoe Ribeiro, L. Davidovich®

We demonstrate the difference between local, single-particle dynamics and global dynamics of
entangled quantum systems coupled to independent environments. Using an all-optical
experimental setup, we showed that, even when the environment-induced decay of each system is
asymptotic, quantum entanglement may suddenly disappear. This "sudden death” constitutes yet
another distinct and counterintuitive trait of entanglement.

he real-world success of quantum com-
putation (/, 2y and communication (3-9)

relies on the longevity of entanglement in

multipanicle quantum states. The presence of

decolerence (/0 i communication channels
and computing deviess, which stems from the
unavoidable mierction between these systems
and the environment, degrades the entang lement

when the panticles propagate or the compatation
evolves. Decoberence leads 1o local dynamics,
associated with single-particle dissipation, diffue
sion, and decay, as well as w0 global dynamics,
which may provoke the disappearance of cn-
tnglement at a (indte time (/f-/5). This phe-
nomenon, known as “emanglement sudden
death™ (13), is strikingly dilferent from single-
paricle dynamics, which occurs mymptotically,
and has thus stimulated much recent theoretical
work (/- £3). Here we demonstrate the sudden
death of entanglement of a two-gqubit system
under the mfuence of mdependent environ-
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ments. Our all-optical setup allows for the con-
trolled investigation of a vanety of dyvnamical
maps that desenbe fundamental processes m
quantum mechanics and quantum information.

Consider a two-level quantum  system S
(upper and lower states ¢ and @), respectively)
under the action of a4 2CO-ICMPCrAlUNe reseryoir
R. At zero temperature, the reservoir R is in the
U) g (vacuum) state, and the S-R interaction can
be represented by a quantum map, known as the
amplitude decay channel (/)

@0 — [2)e @0}

[e)e®@10)p— /T- plels®@[0)g + /Plls®| g

(1
Under this map, the lower sme g} 15 not
aftecied while the upper state ¢ cither decayvs
o @) with probability p. creating one excitation
in the environment (state |1}gh or romains i ¢,
with probability 1 — p. This would be the sit-
wation, for mstance. in the spontancous cmission
ol a two-level atom. In this case, the state 1)y
would correspond 1o one photon in the reservoir,
Under the Markovian approximation, p = |
expl - [k that is, the decay probability approaches
unity exponentially in time. As an initial pure
state a¢d + b decavs, it gets entangzled with
the environment, gradually losing its coherence
and its purity over time. Complete docay only oc-
curs asymplotically in time ( p— | when t — =),
when the two-level system is again described
by the pure state @), Note that the map in
Eq. | encompasses several other kinds of dynam-
ics, which differ only by the time dependenee
of the parameter p.

Now consider two entangled qubits that decay
according 1o this map. How does the entanglement
of the two-gubit system evolve? Docs it mimic the
asvmpiotic decay ol cach qubit. disappeanng at
I == oo, ordoes it disappear at some finite time? This
question has been explored theoretically (/- 15),
but up w0 now there has been no experimenial
investigation of the relation between the global
entanglement dynamics and the local decay of
the constituent subsvsicms,

To answer these questions, one first needs a
formal definition of entanglement. A two-qubit
prure stte is entangled, or nonscparable, iand only
if the towal stae cannot be expressed as a product of
the ndividual qubit states: w) # 0@,
Likewise, a mixed bipartine state represented by
a density matrix p is separable ifand only it it
can be written as a convex sum of products of
individual density matrices: p =5 0 M@,
with 0 < g <= 1. A convenient measure of ¢n-
tanglement for a two-qubit state p is the con-
cumence C (/6), given by

C = max{0, A} (2
whene

1,':&._: LY :'._1
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and the quantitics &; are the positive cigenvalues,
in decreasing order, of the matnx

ploy@ay)p’ (a,8a,) (4)

where o, s the second Pauli matrix and the
conjugation occurs in the computational basis
L0, (O, 110y, (11}, € quanmtifies the amoumt
ol quantum correlation that is present in the sys-
tem and can assume values between O (only clas-
sical correlations) and 1 (maximal entanglement),

Forthe dynamics given by Eq. | and an initial
state of the form (48 = gy + B expl{id) ee), the
entanglement decay dynamics depends on the
refation between @ and (B (f4). Concurmmence in
this case is given by

C = max{0.2(1 - p)|Bl{|a] = pIBI} (5}
From this expression, one can see that for (3 < .,
entanglement disappears only when the mdivid-
ual qubits have completely decaved (p = 1),
whercas for |[§ = |, entanglement disappears lor
p =/l < 1, which corresponds to a finite time.
This phenomenon has been called “entang lement

sudden death™ (£5). Because the concurrence of

the initial state (p = 0) is C = 2Jufl, the en-
tanglement dynamics of two states with the same
initial concurence can be quite different,
Photons are a usclul expenmental ool lTor
demonstrating these properties and, more gen-
erally, for studving quantum channels like the
one given in Eq. 1, as the decoberence mech-

Fig. 1. Experimental setup. (A} A
Amplitude decay channel for a
single photonic qubit. Because of
the polarized beam splitter PBS1,
the H and V components of polar-
ized photons respectively propagate
along counterclockwise and clock-
wise paths within the interferome-
ter. With half-wave plate HWP1 set
at 0°, they are coherently recom-
bined into the outgoing spatial
mode a, which represents the
"vacuum state” of the reservoir.
For other angles of HWPL, the V
component undergoes a rotation,
corresponding to its probabilstic B
"decay” into the H companent,
which PB51 sends to outgoing
mode b, representing the “one-
excitation state” of the reservoir.
Wave plates HWPZ2 and QWP2,
together with PBS2, are used for

HWPI@8
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anisms can be implemented ina controlled man-
ner. Let us associate the ff and 17 polanezations of
a photon, respectively, to the ground and excied
states of the two-level system 8. The reservonr £
in wm is represented by two different momen-
tum modes of the photwon.

Figure 1A shows a Sagnac-like imerferome-
ter that implements the amplilude-decay channel
| for a single qubit. A photon, initially in the
incoming part of mode @, is split into its horizontal
(A and ventical (1) polarization components by a
polarizing beam splitier (PBS1 ) Let us ignore the
hal Fwave plates HWPT and HWPC momentarily.,
The Fpolanzation component s rellected and
propagates through the interferometer in the
clockwise direction, and, 1" unaltered, reflects
through PBS1 into the ouwgong pan of mode a.
The H-polanzation component 1s ransmitted and
propagates through the interferometer i the
counterclockwise direction and transmits through
PBS1, also mito the outgoing pan of mode a (/7).
The imterterometer is aligned so that the two paths
are spatially separated, making it possible 1o
manipulate the M and 1 poladzation components
independently.

To realize the amplinde decay given in
Eq. 1, we use HWPI to rotate the polarization
of the I component o cos{20) 17 + sini200H ),
where 8 is the angle of HWPL. Suppose that an
imcoming photon is Fpolanzed. When this pho-
ton exits the interferometer through PBSI, it is
transmitied into mode b with probability p
sin’(28) and reflected into mode @ with prob-
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ability cas(26). This evolution can thus be de-
scribed by (P ya) — /(1 — p) ¥ ya) + JpH D),
Identitying the outgomng medes a and £ (which
comespond 10 orthogonal spatial modes) as the
states of the eservoir with zero and one exci-
tation, respectively, this operstion is cquivalent w
that on the &) g state in Eg. 1. An incoming
H-polarized photon is left untouched, come-
sponding to the fist line in Eq. 1. This process
therefore realizes the amplinde decay channel
and s identical 1o the decay of a two-level
system. Hal Fwave plate HWPC, oiented at 07, is
used solely 1o match the lengths of the two
optical paths, The path lengths are adjusted so
that if HWPI s orepted m 0%, the polanzation
stale i mode ¢ after the interferometer is exactly
the sume as the mput state, Photons in modes
and # are then directed to the same quanium state
tomography (QST) system (/X), composed of
quarter-wave plate QWP2, half-wave plate
HWP2, and polanzing beam spliter PBS2, and
then registerned using a single-photon detector
equipped with a 10-nm (full width at hall’ maxi-

P

Concurrence

Fig. 2. Results for amplitude decay channel (A)
Experimental amplitude decay for a single qubit.
PAV) and Pyll) are the probabilities of detecting an
input V-polarized photon in the V¥ and H states,
respectively; PUH) and Py{H) are the probabilities
for an input H-polarized photon. The points
comespond to experimental data, and the lines are
linear fits. (B} Entanglement decay as a function of
the probability p. The squares correspond to
experimentally obtained values of A for the case
II* = 3lul®. The solid line is the theoretical
prediction of the concurrence for this state, given
by Eq. 2; the dotted line shows the value of A, given
by Eq. 3. The triangles are experimental values of A
for the case |2 = lul/3, and the dashed line is the
theoretical prediction for A and C, which are
equivalent for this state.

mum) imerference filter and a 1.5-mm-diameter
aperture, Mode £ 15 recombined mmecherently
with mode a on PBS2, so that both modes can be
detected with a simgle detector. This 15 achieved
by assuring that the path length difference be-
tween modes a and £ s greater than the coher-
ence length of the photons, which s determined
by the width of the interference filiers (0.1 mmy),
The half-wave plae HWP3, aligned at 457,
translonms H-polarized photons into F2polamzed
ones, Because PBS2 wransmits  H-polarization

and reflects polarieamion, the combination of

HWP3 and PBS2 reflects photons that were
originally H-polanzed. This assures that the
QST performed is wentical for both modes a
and b,

Using the mterferometer desenbed above,
we studied both the decay of a single qubn and
the dynamics ol two entangled two-level sys-
tems interacting with independent amplitude-
decay reservorrs. In the experimental sctup (Fig.
1B}, polanzation-entangled photon pairs with
wavelength centered around 884 nm were
produced using a standard source { 19) composed
ol two adjacent type-1 LilOy nonlincar crystals
pumped by a H1.6-nm continuous-wave He-Cd
laser. One crystal produces photon pairs with
palarization and the other produces pairs with
H-polarization. Alter propagation and spatial
mode filtering, the A and 17 modes ane spatially
indistinguishable, and a photon pair is described
by the pure state o) = lal HEH )+ 3 explis) 1717)
with high fidelity. A hall=wave plate and a quaner-
wave plate placed in the pump beam (Fig. 1B, left)
allow the conrol of the coefticients o and | and
the relative phase & of the state (/%)

The decay of a single qubit was investigaied
experimentally  for both f- and  Fpolarized
phoions by gencrating states 171 and (B ) and
registering coincidence counts, with one photon
propagating through the inerferometer and the
other serving as a trigger. The coincidence
detection window (¢ = 5 ns ~ 1.3 m) was larger
than the path difference between outgoing modes

Y 5 SRR DL NN S . S R KNI
08 '—i—‘ i N
- T -
=z osf i
=

€ oaf :
- 5 .

[¥] L il il L il L

[] 02 [+T] 6 [{T] 1

p

Fig. 3. Purity as a function of p for the
amplitude damping channel. The squares cor-
respond to experimentally obtained values of
the purity for the case IpI® = 3lul®; the solid
line is the theoretical prediction. The triangles
are experimental values of the purity for the
case |pI? = lal%3, and the dashed line is the
corresponding theoretical prediction.
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aand fr (=5 cm). Figure 2A shows Pe(17)L Pd17).
Peth ) and Pyl H )as a function of p, where PAR)
& the probability of finding an nput K-polanzad
photon m the J state atter the mterferometer. The
lincar behavior in g is charmcterstic of exponential
decayin, ifp =1 - expi-Tn,

For the mvestigation of entanglament dy-
namics, nonmaximally cntangled states were
prodduced and cach photon was sent o a separte
interferometer, which implemented an amplitude-
damping reservoir, and then 1o a QST system.
The hall=wave plates HIWPT and HWP4 were st
o the same angle 9, so that the reservoirs, al-
though independent, acted with the sume proba-
bility 2. QST of the two-photon state followed the
usual necipe of 16 coincidence measurements (/).
Each measurement lasted 90 s, giving an aver-
age of about 250 coincidence events. We re-
peated the same procedure for different values
of p, obtaining the wmographic reconstruction
of the output two-photon polarzation state in
all cases. The concurrence was caleulated using
Egs. 2 and 3. In all figures, horizomal error bars
represent uncertainty in aligning the wave plates,
and vertical eror bars correspond 1o the standard
devigtions o Monte Carlo samples oblained
from randomly generated counts following the
statistics of the experimental data (20),

Figure 2B displays the concurrence and the
quantity A, given by Eqg. 3, as o function of the
decay probability p, for two initial states that, al-
though not pure, ane very close to ) = w/ HH)
B exp(id) [117): state 1, defined by B2 -
(triangles), and state 11, defined B2 = 3’
(squares). Tomography of the mitial states |
and 11 showed them o have the same concur-
rence (= 0.8) and similar purity (=091 1o 0.97).
The theoretical curves were obtained by applying
Eg. 1 1o the expenmentally determined initial
states, which comrespond 1o p = 0. For initial state
I. entanglement disappears asymplotically, and
the concurrence goes 1o 2ero only when both in-
dividual sysiems have decayed completely ( p= 1),

11
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Fig. 4. Experimental results for the dephasing

reservoir. Concurrence (squares) and purity (trian-
gles} are shown for the case Ililz = 3lul®, The solid
line is the corresponding theoretical prediction for
concurrence, given by Eq. 2. The dashed line is the
theoretical prediction for purity, given by trp®, The
concurrence goes to zero asymptotically,
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For initial state I, however, the entanglement
behaves very differently; The concurmence goes to
Zero for pr= 1, thus demonstrating “entanglement
sudden demth.” We stress that the onsat of
separability (O = 0) oceurs at the same point for
all emanglement quantifiers and is not a particular
artifact of the concurrence,

It is also illustrative 1o study the purity, de-
fined as tp?, as a function of the decay prob-
ability (Fig. 3) for states | and 11, In both cascs
the purity reaches a minimum but is restored
when p = 1, when all photons have “decayed”
o the H-polariation stie. State 11 5 more
mixed than stae | in the imermediate stages of
this process because it has a larger [1717) com-
ponent and thus becomes more entingled with
the envirenment.

To further illustrate the vscelulness of the
present scheme for studying decoherence of
entangled systems, we performed a second ex-
periment studying the phase-damping  channel,
deseribed by the map (/)

e @|Wp = @@ |0},
@0} = ".-"-I Plele@|Mp \_.-:r) i@ I}ﬁ'
()

This map could represent clastic scattering be-
tween atom and reservoir. States (@) and [2) are
nod changed by the imteraction, but any coherent
superposition of them gets entangled with the
reservoir, There is no longer decay, but only loss
ol coherence between ground and excited states,

The dephasing map can be implemented with
the same interlerometer through the addition of
an extra HWP at 45° in mode b belore the QST
system (or, equivalently, through the removal of
HWP3 and redefnmion of the QST measure-
ments ), For the dephasing channel, pure states |
and I present identical behavior, becoming
completely  disentangled only when p = |
Figure 4 shows the concurrence (squarcs) and
bipartite purity (riangles) as a function of p for
the entangled state 11

In demonstmting the sudden disappearance
of the entanglement of a bipartite system, in-
duced by the imermction with an environment,
our results show that enangled siates with the
same mital concurrence may exlubit, for the
same reservolr, either an abrupt or an asymplotic
disappearmmee of entang lement, even though the
constiluents of the system always exhibit an
asymptotic decay. We have explicitly shown
that this behavior also depends on the char-
acteristics of the reservoir through two ex-
amples corresponding 1o amplitude decay and
dephasing. The experimental setup represents a
reliable and simple method for studying the dy-
namics of entangled systems interacting with
controlled environments.
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Enantioselective Organocatalysis
Using SOMO Activation

Teresa D. Beeson,™® Anthony Mastracchio,* Jun-Bae Hong,™?

Kate Ashton,’® David W. C. MacMillan2*

The asymmetric «-addition of relatively nonpolar hydrocarbon substrates, such as allyl and aryl groups,
to aldehydes and ketones remains a largely unsolved problem in organic synthesis, despite the wide
potential utility of direct routes to such products. We reasoned that well-established chiral amine
catalysis, which activates aldehydes toward electrophile addition by enamine formation, could be
expanded to this important reaction class by applying a single-electron oxidant to create a transient
radical species from the enamine. We demonstrated the concept of singly occupied melecular orbital
(SOMO) activation with a highly selective -allylation of aldehydes, and we here present preliminary
results for enantioselective heteroarylations and cyclization'halogenation cascades.

ver the past four decades, the capacity
o induce asymmetnc tmnsformations
with enantioselective catalysts has re-
mained a focal point for extensive research
efforts in both industral and academic settings,

'Merck Center for Catalysis, Department of Chemistry,
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Durng this time, thousands of asymmetric cat-
alytic reactions have been invented (/). in ac-
cord with the increasing need for enantiopure
medicinal agents and the mpid advancement of
the lield of asymmetric synthesis, Most catalvtic
enantioinductive processes are derived from a2
small number of long-cstablished  activation
modes, Activation modes such as Lewis acid
catalysis (2), a-bond insenion (3), r-bond mser-
tion (4), atom tmansler catalysis (), and hydro-
gen bonding catalysis (6) have cach spawned

countless asvmmetnce reaction classes, thereby
drumatically expanding the synthetic wolbox
available 1o rescarchers in the physical and bio-
logical sciences. A necessary objective, there-
fore, for the continued advancement of the field
ol chemical synihesis is the design and imple-
mentation of distingl catalytic-activation modes
that enable previously unknown translormations.

Over the past 8 years, our laboratory has
been involved in the development of the field of
organocaialysis, a rescarch arca that relies on the
use of small organic molecules as catalysts for
cnantioselective transfommations, As part of these
studics, we ntroduced the concept of iminium
catalysis (73 an enal or cnone activation mode
that lowers the encrey of the substrate’s lowest
unoccupicd molecular orbital, faciliiating enantio-
selective C-C and C-N conjugate additions,
cveloadditions, hydrogenations, and Friedel-
Crafts alkylations (%), Simulaneously, Barbas
and List (%) brought 1o fruition the concept of
enamine catalysis (Fig. 1), which mises the
energy of the highest occupied molecular orbital
(HOMO) in aldehydes and ketones o promote
cnatioselective a-carbonyl  functionalization
with a large mnge of clectrophiles (/1) These
two modes of catalyst actvation (iminium and
enamine) have provided, in total, more than 60
asymmetic methodologics over the past 7 vears,

Wiww.sClencemadg.org




Civen the established capacity of cnamines
and imnium tons o rapidly mterconvert via a
redox process (enaming has four © electrons and
i has two m clectrons ), we recently ques-

tioned whether it might be possible 1o inter-
rupt this equilibrium chemically and therehy o
access a mode of catalytic activation that elec-
tronically bisccts enamine and iminium forma-

j\,“ iminium catalysis enamine catalysis SOMO catalysis
H LUMO activation HOMO actvasion SOMO activation
aldehyde

I'Iiﬂl. A A R

Fig. 1. SOMO catalysis via single-electron oxidation of a transiently formed enamine. LUMO,
lowest unoccupied molecular orbital; R, an arbitrary organic substituent.

Table 1. Representative SOMO catalysis. Enantioselective aldehyde w-allylation is shown. Bz,

benzoyl; Boc, tert-butyl carbamoyl; Et, ethyl,
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*Reactions performed with allylsilane (CH,=CHCHSiMe,).  $¥ield determined by gas chromatographic analysis.

performed with octanal.
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tion. More specifically, we hypothesized that a
one=clectron oxidation of a transient cpamine
species (Figo 2A) should generate a three-n-
clectron madical cation with a singly occupied
molecular orbital (SOMO) that is activated toward
a range ol enantioselective catalytic trnsfomia-
tions not currently possible with stablished ca-
talysis concepts,

From the outset, we identificd three key de-
sign elements o substantiate this proposal. First,
we recognized the mechanistic requirement that
an equilibrium  population of enamine  must
underzo selective oxidation in the presence of
an amine catalyst, an aldehyde substmte, and an
iminjum ion precursor. Theorctical support lor
such a chemoselective pathway was derived
from the wonzzaton potentials (1Ps) of 1-(but-1-
enylipyrrolidine (1P = 7.2 ¢V), pymolidine ([P =
8.8 eV and butanal (1P = 9.8 eV)-—data that
reveal the tmnsient enamine component o be
sullicicntly more susceptible o oxidation than
the accompanying reaction partners (1, 12),

Sceond, we understood that the widespread
application of SOMO analysis would require
the identification of an amine catalyst that could
generically enforee high levels of enantiocontrol
in the coupling of the pivotal radical eation with
a variety ol m-rich nucleophiles. On the basis of
density functional theory (DFT) caleulations
(13, 14), we proposed that the imidazolidinone
catalyst 1 (8) should selectively form a SOMO-
activated cation, DFT-2, that projects the
three- r-clectron svstem away from the bulky
ten-butyl group, while the radical-cemerad
carbon selectively populates an E configurmtion
o minimize nonbonding interactions with the
imidazolidinone nng (Fig. 2B). In wrms of
enmntiofacial discrimination, the calculated
DFT-2 structure also reveals that the benzyl
group on the catalyst svsiem should effectively
shicld the re face of the radical cation, leaving
the si face exposed for enantioselective bond
formation.

Third, we knew that the intrinsic value of
this activation mode would be defined by its
capacity 1o enable usclul enantioselective reac-
tions. Radical cations show great potential in
this vein, because they already participate in
many noncatalytic C-C, C-0, C-N, -5, and
C-X (where X 15 a halogen) bond formations
(349, Our analysis reveals the atractive
prospeet of applying asymmetnic SOMO cotal-
ysis 1o important problems such as direct and
cnantiosclective allylic alkylation, enolation,
arvlation, carbo-oxidation, vinylation, alkynyla-
tion, or intermolecular alkylation of aldehydes.,

To test this activation concept, we selected
the direct and enantioselective allylic alkyla-
tion of aldehydes as a representative transform
(200 20 We recognized that the accompanying
allvlation products have been established as
important chiml synthons in chemical symthesis
122, 220, Experimentally, this ally laion protocol
was first examined in dimethoxy ethane (DME)
solvent with octanal, imidazolidinone catalyst 1,
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ceric ammonium nitrate (CAN) as the stoichio-
metne oxidant, and allylinmethylsilane as the
SOMO nucleophile (Table 1) (24). Prelminary
studies revealed the suceessful exceution of our
design ideas to provide (R)-2-allyl-octanal with
excellent levels of enantioinduction and in good
conversion [Table 1, entry 15 81% vicld, 91%
cnantiomeric ¢xecss (ce)]. Experiments  that
probed the scope of the aldchyde component
in this reaction are summarized in Table 1,
entries | o 6. There appears 1o be substantial
lwitude in the sweric demand of the mdical-
cation substituent (compare entries | and 3, with
the substituent being hexyl versus eyelohexyl),
allowing access 10 2 broad variety of 2-alkyl-
substituted-4-pentenals (75 10 81% yield, 91 1w
94% ce). Morcover, a vanety of chemical fune-
tionalitics appear 1o be inert under these mild

propanal catalyst 1
IP=88eV IP=88aV

oxidative conditions, mcluding olefins, ketones,
esters, and carbamates (entries 2 to 4 and 6; 70
to 753% vield, 87 to 95% ec),

Additionally, Table 1 reveals that a diverse
array of m-rich olefinic silanes (25) will readily
participate as allylic alkylating reagents in this
catalytic protocol (entnies | and 7 w 10), For
example, methyl, phenyl, and 2-alkyl substituted
allylsilancs can be wlerted without losses in
reaction clliciency or enantiocontrol (entrics 7 10
9; 77 1o BE% yield, 88 10 91% ee), The clectron-
deficient olefin ethy l-2-( methyHrimethylsilyl -
acrylate also functions ellectively as a SOMO
nucleophile o provide the corresponding alkyl-
ated adduct m 81% yield and 90% ce (entry
10}, This last result provides circumstantial evi-
dence for the gencraton and participation of a

radical-cation species, given the capacity of

Fig. 2. (A) Catalytic chemical steps leading to formation of the SOMO-activated intermediate. Me,
methyl; Ph, phenyl. (B) DFT—calculated three-dimensional structure of the enantio-differentiated radical
cation. (C) Possible transformations arising from emantioselective organocatalytic SOMO catalysis.

A 20 mol% cat. 1

o]
{,r W CAN (2 equiv), :
Hk/\-’f,\ur N NaHCO3, 24 h "“*u@ 85% yield
BOC DME, -20 *C — B84% oo
B o 20 mol% cat. 1
T
H LiCI, 24 h
THF, -10°C
c CAN (2 aquiv), ?
Low oL
3 H
H N 4 Pn NaHCO3-20°C \fi\]/tl:
octanal radical clock dg-acelone 65% yield  OMe

Fig. 3. (A} Enantioselective u-heteroarylation of aldehydes via SOMO catalysis. CAN, ceric am-
monium nitrate. (B) Enantioselective olefin cyclization via SOMO catalysis. THF, tetrahydrofuran. (C)
Mechanistic investigation to determine the intermediacy of a radical cation versus a carbocation,
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cthyl-2-tmethyl-trimethy lsilvl-acrvlate w0 func-
tion as a viable SOMO nucleophile on account
of the captodative eflect (26 ), vet not as cflective-
ly as a HOMO nucleophile because of dimin-
tshed 7 density at the olefin wrminus, The sense
of asymmetric induction observed m all cases
{Table 1) is consistent with sclective engagement
of the allylsilane substmte with the sf face of the
SOMO-activated species 2, in complete accond
with the caleulaed strueiure DFT-2.

A survey of reaction media for this organo-
catalvtic allylation has revealed that a vanety of
solvents may be used without a substamial loss
in reaction elliciency, provided that water is
present as an addend (27), Although the use of
DME provides optimal selectivity, reaction rle,
and chemical vield (28), acetone can ofien be
used as an alternative solvent without allylation
of the bulk medium (2¥). Morcover, extended
reaction mes do not lead 10 product epimeri-
zation or the formation ol o.o-diallvlaldely des
or aldehyde dimerization adducts.

To highlight the anticipated broad scope of
SOMO activation, we present preliminary
results for the enantioselective a-hetervarylation
ol aldehydes (Fig. 3A). Specilically, exposure of
octanal and M-tert-butyl carbamoyl pyvirale 1o
our SOMO activation conditions enables formyl
ci-arylation with useful levels of enantiosclectiv-
ity and excellem yields, Morcover, we have
found that unsaturated aldehydes rapidly
undergo enantiosclective cvelization with
tapping of an exogenous halide. As revealed
in Fig. 3B, actvation of cis-G-nonenal with our
SOMO proqocol i the presence of LiCH leads 1o
the formation of a swercochemically  dense
cyclopeniyl rng system with excellent sterco-
control [85% vield, =10:1 diastercomeric ratio
dr), 953% ce). This latier result again provides
circumstantial evidence for the gencmtion and
paricipation of a rdical-cation species, given
the propensity of radicals 10 undergo cyclization
with unactivated olefins,

We have undenaken studies o more defin-
iively investigate the participation of the
putative radical-cation intenmediate in this cata-
Ivtic process. Specilically, aldehyde activation-
addition experiments were performed with the
vinyl eyclopropane substirate 3, an cstablished
radical clock that was designed by Newcomb
el al (30 w differentiate between radical-
mediated  pathways and  cationic mechanisms
(Fig. 3C). Addiion of the activated aldehyde
intermediate to the olefin 3 occurs with sub-
sequent scission of the benzylic cyvelopropyl
bond and not the a-methoxy cyvclopropyl bond.
This result is i complete accond with a radical
pathway and not a cationic addition mechanism.

These results highlight the substantial scope
of SOMO activation for uselul mnsformations
in organic synthesis, We anticipate a wide mnge
of applications for phamaccutically important
compounds and intermediates, After our initial
submission of this work, a similar approach was
also applied to aldchyvde a-oxidation (31,
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A Dinuclear Ni(p-H)Ru Complex

Derived from H,
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Takashi Ohhara,* Taro Tamada,® Ryota Kuroki®

Models of the active site in [NiFe]hydrogenase enzymes have proven challenging to prepare. We solated a
paramagnetic dinuclear nickel-ruthenium complex with a bridging hydrido ligand from the heterolytic
cleavage of Hz by a dinuclear MiRu aqua complex in water under ambient conditions (20C and

1 atmosphere pressure). The structure of the hexacoordinate Nifu-H)Ru complex was unequivocally
determined by neutron diffraction analysis, and it comes closest to an effective analog for the core

structure of the proposed active form of the enzyme.

vidrogenases are bacterial eneymes that
Hc:tl:lly'ﬂ: the activation of Hs mio two

protons (H7) and two clectrons (¢7) (F-3).
Hydrogen isotope exchange experiments ime-
plicate as a first step the heterolytic cleavage
of Hs mto a proton and a hydride won (1) /- 3),
Hydrogenases are classificd ino two major

familics on the basis of the metal content of
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their respective dinuclear active sites—that is,
[FeFelhvdrogenases (4) and [NiFe|hydrogenases
(5, 6) Recent progress oward the structures and
function of the hyvdrogenases has been provided
by ey analysis, spectroscopic technigues,
theoretical methods, and model swdies (7).
Xeray crystallographic studics have shown
that the resting-state core structure of [ NiFe jhy-

drogenase from Desulfiovibeio gigas consists of

one nickel atom and one iron atom, which are
bridged by two eysteic thiolates and one uniden-
tified ligand (depicted as X in Fig. 1) (2. 5, 6).
The bridging ligand X in the resting state is
proposed 1o be an oxyvgen ligand such as [0,
O, or (7 (&), The role of metal atoms and
brideing S and X higands in the Hy cleavage has
s0 [ar been the subject of controversy (8).

Many synthetic modeling ¢ffons have been
devoted 1o clucidating the core structure of the
active fomm of the | NiFe]hydmogenase, such as prop-

aration of [NiRu|eomplexes by Rauchiiss and

others (9 15) A Nilp-Ship-H)Fe specics is one of

the candidates for the active form (/. 5. 16, I7).
However, "M(u-S)s(u-H)*M complexes [where
"N = group 10 metals (NI, Pd, and Pt) and *M =
group 8 metals (Fe, Ru, and 0s)] as models for
the active fomm of the [NiFe|hvdmogenase have
yel o be reported.

Here, we repont the successiul solmion and
crysial structure of the parmmagnetic Nijp-1)Ru
complex, [INP"LYH2O Wu-H :uu‘fn"{'f,m-.-ﬁmxm
H2HNO3) . where L = NN -dimethyl-N -
bis( 2-mercaptocthy -1, 3-propanediamine.,  which
we synthesized by reaction of' a dimmagnetic dinu-
clear NiRu agua complex [(Ni"L)Ru"(H.0)
(f-CaMeg) [(NOgds HTINOs ) with Hy in water
under ambient conditions (20°C and 0.1 MPa)
(Fig. 2).

We obtanod the highly water-soluble NiRu
aqua complex | TS0y) by reaction ol the utheni-
um inagua complex lRl.l-[n"-{},u"rIuﬁ];I 1500 J S0,

Fig. 1. Core structure of the resting form of
[NiFelhydrogenase from D. gigas, determined
by x-ray analysis. [Adapted from ()]
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Fig. 2. Formation of a
Nifu-H)Ru complex ob-

tained from the reaction *"";" H’D\
of a NiRu aqua complex i _h
with dihydrogen (Hp) in Q\ES/
water under ambient con-

ditions (20°C and 0.1 MPal.

Fig. 3. Structure of [2](NO;) as determined by
neutron diffraction analysis. The ellipsoids are
cut open to reveal the three principal axes and
are drawn to include 30% probability density.
Selected bond lengths (MA) and angles (o/deg):
Nil-H1, 1.85% + 0.007; Nil-01, 2.122 + 0.005;
Nil-51, 2.359 = 0.010; Nil-52, 2.362 =
0.009; Nil-N1, 2.119 + 0.003; Nil-N2,
2.117 + 0.004; Rul-Hl, 1.676 = 0.008;
Rul-S1, 2375 + 0.011; Rul-S2, 2388 + 0.007;
Nil-H1-Rul, 101.47 + 0.043; Ni1-51-Rul,
70.7 + 0.3: and Ni1-52—-Rul, 70.4 = 0.2.

HANSOu (F8 with the nickel complex [:\;'j“LI (4]
(9 i agueous solution (20, Complex |I]2' Wils
characterized by nuclear magnetic resonance
INME) (Ags. S1 1w 83) and infrared (1R) spec-
troscopy (fig. S4), ms well as by electrospray
miss onceation spectrometry (ESLMS) (gs, 83
to 87) and x-ray photoclectron spectroscopy
(XPS) (ne S8, A and C). Magnetic susceptibil-
ity measurements confimmed that the complex
was dimmagnetic (g, S9A) The solid s
structure of [17° was chamcterized by x-ray
diffraction from a red crvstal of [ 1{OT: (where
OTF = CF3503). obtained from an aqueous
solution of [INOT. prepared by an anion
exchange [1](50g) with NaOT! in water (fig.
S10) A varety of amons (such & ‘Slhz', OT1,
or MO ) were investigated with regard 10 their
ability 10 induce solation of the compleses as
crystals (Mg, S The Niocenter of [1[(OT1 )
sits in the pocket of the tetrmdentate ligand in
a square plnar armngement (fig. S10), The
Rul 01 {aqua ligand) bond length is 2,154 -
003 A (where D003 s SD), wheneas the
Nil+0l distance is 2.858 + 0.003 A, (Further
parmeters are given in tables 81 and 82.)

The dinuclear NiRu agua complex [ 1iNO5);
was quantitatively obtained  from anion ¢x-
change of [1{504) in water at approximately
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2

H‘E i-
n malei' under X
ambient __..
conditions /
(20°C, 0.1 MPa)

pH 7 (fig. S11% Hy (0.1 MPa) was bubbled
through the phosphate buller solution (pH 6.8)
of [1(NOs): at 25°C 1w gradually precipiate
dark-red crvstals of [2JiNO;). which were
isolated by Nilmtion |34% isolaed yield based
on [H{NOs)ki. As the reaction progressed
(without the addition of the phosphate buffer),
the pH of the solution steadily deercased (from
pH 6.4 10 pH 4.6). indicating the heterolytic Hs
cleavage (27), which generated H as a co-
product. The HaO ligand of [1[iNO4 ) may act
as a base to release HyO (Hy + HaOd — H
H40") (22). We characterized |2)(NO5) by IR
(fig. S12), ESI-MS (fig. $13), XPS (fig. S8, B
and D), NMR (lig. 514), elecron spin reso-
nance (ESR) spectroscopy (fig. S15), and mag-
netic susceptibility measurements (lig. S9B).
Dark-red crystals of [2JiNO3) obtained from
the aqueous solution of [2HNOs) were chare-
temacd by x-my (fig. S16) as well a8 neutron
diffraction analvsis, the latter chosen for its
sensitivity 1o hydndes (Fig. 3 and fig. 517) The
Ru-1 distanee (1676 + 0008 A by neutron

diffraction analysis) in the Nip-1TRu moicty of

[2](MN0) is substantially shorer than the Ru-H
distanees (averaging 1.755 A by neutron dif-

fraction analysis) in the Rulp-HHRu moiety of

[HP-CeHyha(SiMea b | [Rua( COYp-T) | BE,)
with a bulky dimethylsilyl linker (24). The Ni atom
of [2iNOy) adopis a distorted octahedrml coondi-
nation geometry with the wetradentate ligand, one
aqua ligand, and one hvdrido ligand (Fig. 3). The
bridging H atom is closer 1o the Ru awom (Ru-H

16T = 008 A, Ni-H = 1859 = 0,007 A in the
Ni(p=-HRu moicty. The Ru-H unit may serve
as a two-¢lectron donor to the Ni unit through
the bridging H atom (24), much as in M{p-11)B
complexes (where M is o transition metal), in
which the B-H umnit acts as a two-clectron donor
to M (23)L In this context, there are three ex-
amples o hexacoordinate Nip-H)B complexes
with 8 ligands whose structures have been de-
tenmined by x-ray analysis (Ni-H = LE3 w0
1.98 A)(26-28), The Ni-S5-Ru angles (70L77 +
0.3% and 70.4° + 0.29) for [2J(NO3) ane substan-
tially smaller than the Ni-5-Ru angles (86,817 «
0.04% and 87.20° = 0L05%) for [1INO3). The
tunable Ni-5 Ru angles allow such structural
changes in these dinuclear complexes. The Ni=-Ru
distance (2,739 + 0,003 A)of [2[(NO1) is shorter
than that (30611 « 00006 A of [1)iOT1 ). A
similar tendency has been observed in the
[NiFelhvdrogenase; e, extended x-ray absormpion
line-structure studics on the [ NiFe|hydmogenmse
have shown that the Ni--+Fe distance in the active
formis 2.512 + 0,007 A, which is shorer than the

Ni--Fe distance (2.906 -
form (29},

A positive-ton ESDmass spectrum of [ 2050 )
in Ha0) is consistent with the above formulation
and dinucleanity (fig. S13) A prominent signal at
a mass-to-charge matio (m'z) of 343.2 [relative
imensity = 100% i the m/z rnge from 200 ©
[000] has a charactenstic distribution of 1s0-
topomers that matches well with the caleulated
isotopic distribution for [2-HO[", To conlirm
the origin of the hydndo ligand of [2JiNOy), we
synthesized D-labeled [2]INOs) by reaction of
[TINO3 ) with D oin Ha2O for 10 min, In ESI
mass spectra, the signal at miz 343.2 shifis w
3442 (hig. S18) This result indicates that the
deuterium atom s ncorporated into [2iNO;).
We have confimmed that there 15 no H/D ex-
change between D and HaO under the condi-
tions of this experiment (ot pll 7 109 in H,0 for
| hour at 25°C m 0.1 MPa of Dy). An IR spec-
trum of [2|{(NO5 ) in the region of 1D 1o 2000
em ! shows a peak shift from 1740 1o 1248 em ™!
after isotopic substitution of H by D in the
hydrido ligand position. Magnetic susceptiblity
mcasurements of [2JNO;) vield gy = 1.5 < 1077
clectromagnetic units (emu) mol " ar 300 K,
comesponding 1 a magnetic moment of 232
BM. 'H NMR and ESR measurcments also
mdicate paramagnetism in [2[(NOy) The reason
for parmmagnetism is explained on the basis of
the ransfommation of the nickelill) spin state
between a singlet (8 = 0) square planar of |17
and a triplet (5 = 1) pseudo-octahedrl of [2],
tnggercd by the coordination of H™ and H,0 1o
the nickel ion. Complex [2JIN0;) 15 one of a few
examples of stable parmmagnetic metal hydride
complexes (30). The binding energy of Ni 2py0
for XPS of [2)(NOs ) indicates that a Ni atom has
asimilar chanze (883.2 ¢V) to that of [1 NOTDa
(8829 ¢V) which comesponds w0 a Nifll)
species.

Previous studies of dinuclear ransition metal
complexes with two bridging sulfido ligands,
M(p-5):M (where M = Ru or Ir), that activaie
Ha to give Mip-5)a(p-HHM species have been
reported (37, 3. However, in those reported
studics, the reactions have been carried out in
organic solvent such as wluene, We attached an
agua higand w0 the Ni(p=5 s Ru unit not only o
wain waler solubility but also to act as a base o
form the Nijp=S)aip-H)Ru specics in waler,
because we assumed that the hydrogenases
require the X ligand (H20, OH™, or 0%} in the
resting siate 1o activate Ha in aqueous media in
the same manner of this study.

(L0014 Adin the resting
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Paleocene-Eocene Thermal
Maximum and the Opening of the

Northeast Atlantic

Michael Storey,” Robert A. Duncan,” Carl C. Swisher IlI?

The Paleocene-Eocene thermal maximum (PETM) has been attributed to a sudden release of carbon
dioxide and/or methane. “ArP*Ar age determinations show that the Danish Ash-17 deposit, which
overlies the PETM by about 450,000 years in the Atlantic, and the Skraenterne Formation Tuff,
representing the end of 1 + 0.5 million years of massive volcanism in East Greenland, are coeval. The
relative age of Danish Ash-17 thus places the PETM onset after the beginning of massive flood basalt
volcanism at 56.1 = 0.4 million years ago but within error of the estimated continental breakup time of
55.5 = 0.3 million years ago, marked by the eruption of mid-ocean ridge basalt—like flows. These
correlations support the view that the PETM was triggered by greenhouse gas release during magma
interaction with basin-filling carbon-rich sedimentary rocks proximal to the embryonic plate boundary

between Greenland and Europe.

uring the Paleocene-Eocene thermal
Dnmximum (PETM) (), the sea surface

temperature rose by 3°C in the tropics (7)
and more than 6°C in the Arctic (), in con-
Junction with ocean acidification (#) and the
extinction of 30 o 50% ol deep-sea benthic
tormaminileral specics (7). The initiation of the
PETM 1s marked by an abrupt decrease in the
&13C proportion of marine and temestrial sedi-
mentary carbon (4, @), which is consistent with
the rapid addition of =1500 gigatons of -
depleted carbon, in the form of carbon dioxide
and/or methane, into the hydrosphere and
atmosphere (7). The PETM is thought to have
lasted only 210,000 10 220,000 years, with maost
of the decrease in 6"°C occurning over a 20,000
year peniod at the beginning of the event (8).

YQuaternary Dating Laboratory, Department of Enviranment,
Society and Spatial Change, Roskilde University Centre, Post
Office Bax 260, 4000 Roskilde, Denmark. *College of Oceanic
and Atmospheric Sciences, Oregon State Universty, Corvallis,
OR 97331, USA. *Department of Geological Sciences, Rutgers
University, Piscataway, N] 08854-8066, USA.

A possible mgger for the initiation of the
PETM is a period of imtense flood basalt mag-
matism atiending the opening of the Nonh Atlan-
tic (%, Jih, by generating metamorphic methane
from sill intrusion into basin-1illing carbon-rich
sedimentary rocks (1) Here we present WP ar

age determunations that allow the comelation of

Early Tertiary volcamc rocks of East Greenland
and the Facroe lslands wath the Danish Ash-17
deposit, which closely overlies PETM sequences
in the North Atlantic, In East Greenland, a =5-km-
thick sequence of platcau basalis formed in 1.0 ¢
0.5 million yeas (My). A surge in magma pro-
duction, couplad with the cruption of mid-ocean
ridie basalt (MORB)-like Mows in the lower pan
of the Nlood basalt sequence, indicates the initiation
of sealloor spreading at 5533 + 0.3 million years
ago (Ma), The onset of the PETM comelates
closely with this breakup-related magmatism,
The North Atlantic 1gneous Provinee (NAIP)
includes the basaltic and picritic lavas of Baftin
lsland and West Greenland; the ~7-km-thick,

predominantly tholaitic lava flow sequences of

the Blosseville Kyst of East Greenland; the
seaward-dipping reflectors of the Greenland and
northwest European voleanic nfied margins: the
Facroe Islands and British Tertiary basaltic lavas:
and the ascismic ridges conneeling lecland 1o
cither margin of the centml Northeast Atlantic
{Fig. 1). The total area of the NAIP is 1.3 = 10°
k™ (12) and its volume is estimated 1o be 5 = 10°
km” to 10 = 10° km* (12 14). The East Greenland
iBlosseville Kysth and Facroe Islands lood basalis
lic s opposite ends of the Greenland-leeland-
Facroes Ridge (GIFR ), the postulated Teeland hot-
spol track, and record voleanie activity leading up
ter, dunng, and afier continental breakup between
Gireenland and Europe (Fig. 1)

WA Ar age determinations show that pre-
breakup volcanic activity in East Greenland and
the Facroes began at 61 Ma (/3-47). Seven
lava flows cover the duration of magnetochron

C25n (300000 years) in the uppermost part of

the Facrogs lower series (FLS), indicating a very
lowe eruption rte by =57 Ma (/&) (Fig. 2). The
FLS extends imo caricst C24n as the lava fow
immediately below the capping - 10-m-thick coal-
bearing sediment horizon (79) is reversely mag-
nctizad (/W) The volcanic hiatus as represented

on the Facroes, afier the and of the mitial phase of

volcanism, has an estimated duration of 0.6 =
0.4 My (Fig. 2). In East Greenland, volcaniclastic
sediments overlie the FLS equivalem, the Nansen
Fiord Fonmaton (20), which includes labars that
contain coal fragments and plant imprints (2/).
After the period of lile or no volcanism,
flood basalt eruptions commenced on a massive
scale in East Greenland and the Faeroes (Fig. 2).
Flood basalt activity in East Greenland is rep-
resented by four regionally extensive Torma-

tions with a combined stratigraphic thickness off

=3 km. The Milne Land Formation (MLF), the
oldest of these four formations, includes MORB-
like low-Ti basals halfway up the succession
(20 that provide corelation with the Faeroes
middle senes (FMS) and upper senies (FUS) (Fig.
2y Paleomagnetic data sugeest a high cruption
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Fig. 1. Map of the
North Atlantic region
showing the distribution
of igneous rocks related
to the NAIP and DSDP
site 550, where Danish
fsh-17 closely overlies
the PETM. A24, sea-floor
magnetic anomaly 24r;
BK, Blosseville Kyst; GC,
Gardiner Complex; MAR,
Mid-Atlantic Ridge.

Fig. 2. Correlation of a
composite marine record,
which encompasses the
PETM, Danish Ash-17,
and magnetoechrons C25n
and lower C24r, with the
continental East Green-
land (68°N) and Faeroe
Islands flood basalt record.
Tie points are indicated
by dashed horizontal
lines. Tie point 1, corre-
lation between the SF
Tuff and the marine Dan-
ish Ash-17; tie point 2,
correlation of the East
Greenland and Faeroes
flood basalts, based an
the first occurrence of
MORE-like flows in
the respective volcanic
recards (20); tie points
3 and 4, top and base
of C25n correlate the
Faeroes volcanic record
to the marine record.
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rate at the onset of the FMS (/8). In the MLF,
East Greenland, lavas show a regular decnease in
the Dy/Yb ratio up through the section, mdica-
tive of a progressive drop m the mean pressure of
partial melting (22) and consistent with rfting and
thinning of the lithosphere. A “Ar™Ar age
determination on plagioclase fromm a lava flow @
the base of the MLF yielded an age of 56,1 = 0.5
Ma (/6), in agreement with age determinations
for MLF-equivalent lavas inland (/7). The
weighted mean age is 56,1 + 0.4 Ma |26 intemal
standard emor (SE) used throughout; all ages are
reponted relative 1o the currently accepted age of
2802 Ma for the “Ar™ Ar standard Fish Canvon
Tull Sanidine (23)). A high-precision *Ar™ Ar
age of 3512 + 006 Ma (mble 51) on samdine
from a wi? near the wop of the Skmenterme For-
mation (SF), the uppermost of the four volcanic
formations, indicates that the entire sequence was
crupted in L0 & 05 My (Fig. 2) The lowest
stratigrapluc occurrence of MORB-like lows,
approximately 0.8 km above the base of the first
flood basalts, was dated w 55,1 = 0.5 Ma (/6)on

I {f' Gig Xo . plagioclase from two samples of interlayered
- Oftshore Basalt Flows & SIHE" £~ Lk Fe-Ti basalis (Fig. 2). Funther and more precise
| & ¥ b d K
» Seaward-Dipping ! ¥ age constraints are provided by the H!-.Lb.'l‘_lt';ﬁllll
Reflector Sequences | ® DSDP 550 {:\) \ intrusion age. The parental magma of the
hnsew = lO"W : R . ;
Skacrgaard intrusion his boen comelated  with
CONTINENTAL RECORD MARNE RECURD
East Greenland (68" N — 52.0
T % | =
gﬁthumm wernmmrmann [[Jonnananaas 5&12#&12“:@_:1 5 = 1530
% S PostBmaan |
RF #{55.2+04Ma YA Mett Production
- GIR= |
GPF | skaergaard Faeroes PETM - Y = 54.0
intrusion b =
MLF |5575:0.35Ma #5512 05 Ma EEEE =
- 1..“ . (A [ S—— 55.0
upper Fe-Ti basalts and w ]
sy 355& MORE-liko flows |t to Drift’ 2.9 2
MLF — ul'“""ﬂ.l“": -1 56.0 E
h d “m v
lower E 24r cars E
=
.5&-1 #M'Ih _4_0_5 - R ““_ ET.ﬂ F:
Lahars and Coal- Meh Production
fossil plant bearing bearing : Fasrces& 7580
sadimants sadiments ".* : EastG land
4 : g
T~ S—— 0o : 590
Zin 4 :
NF LS 7 Lava Flows "__-' é 4600
= R | R - -0.5 - ;
0 3000
NF, Nansen Fjord Formation; RF, Romer Fjord Formation. Faeroes: LS, lower series; MS, middle series; US, upper series. Marine ::34’;3 Wﬁw
mimy,

record: CIE, carbon isotope excursion. AT, change in time. “®Ar/**Ar age determinations for SF Tuff and Danish Ash-17 are

Eiuen in tables 51 and 52 and Fig. 3. The “®Ar/**Ar age for the MLF is from (16, 17). The “°Ar/**Ar ages for the RF and Faeroes US/MS are from (16). The

®Ar/* Ar-based Skaergaard intrusion age is from (26). The +1.11 My between the top of C25n and the beginning of the CIE is from (29). The +1.55 My between
the top of C25n and Danish Ash-17 is based on the observation that Ash-17 occurs in the midpoint of C24r (32} and that C24r has a total duration of 3.11 My
(29). The right panel shows magnetochron ages (30) and the estimated variation in magma productivity over time [from (16)]. There is a low melt production rate
by the beginning of C25n and a surge in magmatism (curve 1) during early C24r. Curves 2 and 3 represent upper (6000 km'/km per My) and lower uncertainties
on magma productivity during the rift-to-drift phase. Post-breakup melt production is based on seismic images of crustal thickness for the Greenland-iceland

Ridge (GIR) (14).
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the Geike Platcau Formation (GPF) (24), which
overlies the level of the MORB-like flows i East
Circenland (Fig. 23 VAP Ar ages on biotite and
homblende from trnsgressive granophy res with-
in the Skacrgaard intrusion, i combination with
models of cooling history (233, give an intrusion
age of 55.75 + 035 Ma (26). The weighted
average of the Skacrgaard intrusion age and
the less precise age for the FUS/FMS is 55.5 +
0.3 Ma, This age for the MORB-like flows al-
lows Tor the possibility that the majority of flood
basalts were emplaced in <300,000 vears as con-
cluded from a Muid inclusion study on lne-stage
granophyres from the Skacrgaard intrusion (2 7),

The avergze meh production rate for the Tood
basalts is 3000 ( #3000/ 1000) km™km of rift per
My (Fig. 2), assummg that the lndden cumulates
have a comparable volume © the bvas (28). Al-
though there is a large degroe of uncentainty, the
figure s i accond with crustal thickness - basod
cstimates of magmatic productivity of 1800 + 300
ki km of nft per My for the GIFR, proximal to
the volcanic rified margin ( £4) (Fig. 2) The surge
in melt production after renewead voleanism in East
Greenland and the Facroes suggests a short-lived
rifi-to-dnift phase beginning at 56,1 « 0.4 Ma, with
the eruption of MORB-like low-Ti basalts s 55.5 «
(.3 Ma marking the opening of the nonheast At-
lantic a1 6R°N, above the ancestral leeland hot spod,

Although the PETM has been identilied glob-
ally in marine and also in some continental sed-
imentary  sections, there has been uncenainty
about its timing relative o the on-land strafigr-
pliy of the East Greenland-Facroes flood basalis.
Orbital-hased calibration for magnetochrons C24r
and C23n, using cores from multiple dnll holes on
the Walvis Ridge in the South Atlantie, indicates

Y S Tult

(East Greenland) || 55.12= 0.06 Ma

S

| Ash A7 122012
kg B0 55.12 = 0.12 Ma

E R

Number of Analyses

-
=

o

52 53 54 55 s & 58
Age (Ma)
Fig. 3. Probability plot for sanidine “®ArP%Ar ages
for the SF Tuff (top) and Danish Ash-17 (bottom).
With the exception of an anomalously young age, the
SF Tuff ages conform to a simple Gaussian distri
bution. Ages are arithmetic mean + 2 SE. Analyses
are reported in tables 52 and 53.
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that the total duration of C24r s 3,12 « (L05 My
and that the base of the PETM s 111 = 004 My
above the C240C25n boundary (2¥) (Fig. 2). This
indicates an age of approximately 55.5 1o 55.6 Ma
for the onset of the PETM, rclative to the geo-
magnetic polarity time scale value of 36,67 Ma lor
the C240/C25n boundary (30), Further age con-
strints are provided by Danish Ash-17, a wide-
spread stratigraphic marker horfzon that is found
in Early Teniary marine sediments from the Nonh
Sea region and the Nonth Atlamic, Danish Ash-17
overlies the PETM at Deep Sea Drilling Project
(DSDP) site 550 in the middle of C24r (C2465)
and has been used for the calibrtion ofthe PETM
(Fig. 134, 320 Danish Ash-17 has been comelated
previowsly with an alkaline samdine-beanng witin
the SF near the wp of the East Groenland Terry
Lavar pale (Fig 23, owing to similar mincralogy and a
AP Ar age of 550 + 03 Ma (33). The pyroclas-
tic deposit is believed 1o onginate from the Ealy
Tertmry Gandiner melanephelimie-carbomatite vol-
canic complex on the East Greenland manzin
(Fig. 1) To test the comelation, with the aim of lo-
cating the stratigrphic position of the PETM in
relation 10 the East Greenland and Faeroes Hlood
basalis, we have redated both Dansh Ash-17 and
the SF Tull, carrying out more than 30 individ-
ual age memsurcments (34), Figure 3 shows that
OAr M Ar laser-fusion age determinations on sani-
dines from the SF Tufl and Ash-17 are analytically
indistinguishable. OFthe 13 sanidine analyses from
the SF Tull, 1 is anomalously young with an age of
54.2 Ma, possibly reflecting **Ar loss by alteration.
The remaining 14 analvses give ages ranging be-
tween 550 and 553 Ma and conlonm 1 a simple
Gaussian distribution with a mean age of 5512 ¢
0.06 Ma (Fig. 3). Sanidine from Ash-17 is liner-
prained, and overall the muliiple- as well as single-
grain analyses are less precise. However, the
sanidine fusion ages for Ash-17 arc mosily evenly
distriibuted around 55.12 = (L12 Ma There is a
smaller fraction of older ages, which cluster around
36 Ma (fig. S1) and are considered 10 include an
inherited (xenocrystic) componen.

The similar new high-precision ages for Danish
Ash-17 and the S5F Tul indicaie that they ane
cocval and, due 1o the mrity of sanidine-beaning
wif1s in thas time interval in the North Atlantic, most
likely represent the same cruplive umit (331 Ash-17
occurs m the madpomt of C24r (309, which would
place 1 approcimaicly 430000 years above the
base of the PETM (29). Relative to the BarPar
daies for the SF Tufl and Danish Ash-17, the stan
of the PETM would thus comespond 1o an age of
356 Ma The onset of the PETM was most likely
affer the beginning of massive Nood basalt vol-
canism @ 36.1 -+ 0.4 Ma, but is within emor of the
estimated age of continental breakup a1 55.5 ¢
0.3 Ma, marked by the auption of MORB-like
flows (Fig. 23 We suggest that ffi propagation
and magmatism (above the ancestral lecland hot
spot) during the final stages of breakup between
Groenbnd and Europe wriggered the PETM event,
probably via the release of "C-cnriched methane
though messive sill intrusion and contact metamor-
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phism of carbon-rich sediments contained in
basins proximal to the embryonic plate boundary
between Greenland and Europe (17,
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NOV (CCN3) Functions as a
Regulator of Human Hematopoietic
Stem or Progenitor Cells

Rajeev Gupta, Dengli Hong, Francisco |borra, Samantha Sarno, Tariq Enver*

590

Clinically successful hematopoietic cell transplantation is dependent on hematopoietic stem anid
progenitor cells, Here we identify the matricellular protein Nephroblastoma Overexpressed (Nov, CCN3)
as being essential for their functional integrity. Nov expression is restricted to the primitive (CD34)
compartments of umbilical vein cord bleod, and its knockdown in these cells by lentivirus-mediated
RNA interference abrogates their function in vitro and in vivo. Conversely, forced expression of

Nov and addition of recombinant Nov protein both enhance primitive stem and/or progenitor activity.
Taken together, our results identify Nov (CCN3) as a regulator of human hematopoietic stem or

progenitor cells.

small population of sell-renewing mul-
tipotent hematopoictic stem cells (HSCs)
sustims blood  production throughout

life. They maintain a pool of multipotential pro-
genitors that retain some features of HSCs. but
that have the capacity to mpidly differentiate into
mature cells [reviewed in ()], Despite their elin-
ical importance, a detailed molecular understand-
ing of these primitive compartments in humins is
lacking. Alhough the ex vivo expansion of trans-
plantable human cells has been achieved, for ex-
ample, by evtokine addition or forced expression
of cell-intrinsic regulators such as Noteh or HovBd
( 2}, no endogenous gene has been demonstrated to
b an essential physiological regulator of human
hematopotetic stem and’or progenitor cells (3).
Such mtnnsie regulators have been dentified
munne H5Cs by pene targeting (3-6): however,
their roles in human HSCs remain uniesiced.
Molecular profiling is a uscful source ol nov-
¢l candidate regulmors (7), and using such an
approach, we have previously identilied Nephro-
blastoma Overexpressed (Mov, OCN3) as a can-
didate marker ol the undifferentiated state (8),
The New pene was originally chamctenzed as a

site of proviral imegration in an avian model of

nephroblastoma (%), and it encodes an epony-
mous member of the CON (Cyr6 1, CTGFE, Nov)
family of multimodular matricellular signaling
proteins (/0). Nov protein localizes both intra-
cellubarly and in the extrmccllular matnx; s a
nommal component of human scrum (/) and s a
regulator of wound-healing and angiogencsis
(12, 13).

Civen (i) the clinical imponance of the human
primitive hematopoictic stem and'or progemitor
compariment in transplantation; (i) the differ-
ences in the growth and tansformation propenics
of human and mouse cells (74), including their
responsiveness o stem cell-active signaling

Medical Research Council Molecular Haematology Unit,
Weatherall Institute of Molecular Medicine, University of
Ouford, John Raddliffe Hospital, Headingtan, OX3 905, UK,

*Ta whom correspondence showld be addressed. E-mail:
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pathways such as Wit (/) and (ibroblast growth
Lactor ( £5); and (1) the increasing utility of cord
blood n stem cell allogmiting (£6), we used 1t as

a system m which o understand the effects of

Nov in primitive hematopoictic cells (/7). Re-
verse transeription polymerase chain reaction
(RT-PCR) analysis showed that Nov expression
was highest in primitive (CD347) cells, which
inchude HSCs and multipotential progenitors (g,
S1) To achieve stable knockdown of Nov in
these cells, we cloned short-hairpin RNA
(shRNA) oligonucleotides directied against hu-
man Nov into the lentilox3.7 lentiviral vector,
which contains green NMuarescent protein (GFP)
as a reponter (Fig. 1A (I8). The resulting knock-
down virus (Novi) redueed Nov prolein expres-
sion in a eell line and in cord blood CD34" cells 7
days after infection (Hgs. 52 and 53), and thes was
confirmed by RT-PCR (fig. S4). Immunocyiochome-

ical analysis of prmitive [CD34 lincage(ling |
cond blood cells showed both nuclear and cyto-
plasmic expression of the Nov protein (Fig. 1B,
lefi), which was abrogated after transduction
with Nowvi (Fig. 1B, muddbey; the extent of knock-
down is guantified in Fig. 1B (nght) Taken
together, these data show that Nov is expressed
at the RNA and protein levels in pnmitive
hematopoietic cells, and validate our knock-
down strategy.

Cord blood CD34° cells wansduced with
Novi were functionally impaired in in vitno as-
says, Using quantitative limiting dilution analysis,
wie evalumed the frequency of long-term culture
mitiating cells (LTC-ICs)the most primitive
buman progenitor assessable in vitro; we saw that
loss of Mov abrogated LTC-1C readowt (Fig. 1, C
and D). Expression of Bond and Gfif, genes
previously implicated in murine stem cell self-
renewal (4, 5), was similarly diminished (g, S5).
In contrast, loss of Nov did not abrogate the
clonogenicity of more mature  progemilors as
tested in methyleellulose colony-forming cell
(CFC) assays (performed 6 10 9 days afier
infection), Loss of Nov led to a modest increase
in colony number (Fig, 1E), but withow a dil-
ference in lineage distribution (g, S6). However,
cells from these primary colonies failed 0 gen-
crate secondary colonies in methvleellulose re-
plating experiments (Fig. 1F) which implies a
defect in progenitor seli=renewal (/9). This in-
crease in pamary CFC activity, but loss ol see-
ondary CFC activity, may represent a diversion
ol progenitor Fate from selt=renewal 1o dilferen-
tiation in the absence of Nov. In other systems,
NOV has been reported 10 regulate Notch sig-
naling ( 20y this pathway plays a ole in regu-
lating hematopoiesis (2f). Consistent with this,

C D &
A Nﬂ\i 1.0 -
: K\k Movi E
5 = conirol =
shNowvi temmunmor ; T “: 1]
u =
) :
2 | fNovi cellswell  10¢
% |= ctrl Novi
.E' (| eomml E F
E i MWK 1.5x 60
z B
Fig. 1. Nov is required for stem and/or progenitor function in _"3 | =;
vitro. (A) The Nowi vector; shRNA is transcribed from the U %Iﬂu T 10
RNA-polymerase Ill promoter. (B) Immunofluorescence anal- .2 ‘3_. i
ysis of Nov expression in representative cord blood CD34*lin~ = g
cells transduced with either control vecter or Novi. Mov is  ~ E
labeled with Alexa-488 (green). Nuclei are stained with TO- -
PRO-3 (red). (Right) Average intensity of Nov staining in 500 =" i Nowi “etrl Navi

cells transduced with either vector. (C) Representative LTC-IC

assay by limiting dilution of cord blood CD34" cells transduced with either control or Nowi virus; —ve wells,
negative wells, fraction of wells showing no CFC activity. The LTC-IC frequency for control cells & 1/6260.
Readout from Novi cells was not observed. (D) Mean LTC-IC frequency of control and Novi cells in =6, P <
0.01). Novi cells gave LTC-IC in only one of six experiments, which gives a computed frequency of 1/82,500
cells. (E) Methylcellulose CFC frequency in control and Novi cells. Novi cells showed a 1.5-fold increase in total
CFC(n = &, P = 0.016). (F) CFC replating frequency of primary control and Movi colonies (n = 4, P = 0.015).
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Fig. 2. Nov is required for i
stem andfor progenitor cell

A = B myelo- D
b primiive monocytic enthroid B cell
function in vivo, (A) Design of = — .
the stx-Novi virus. The shRNA Pl Y

14x NS C
6l ’-.I 1N
Co - #
sequence is identical to Novi's.
erigrafted 145+ W &

(B} GFP expression in cord blood CD34% cells
transduced with sbe-Movi (lefth or control vector

before transplantation and in human CD45 cells input CO34* W Six-Novi Control

. . T =DVl “ontr T F :‘ r
isolated from primary NOD/SCID recipients 10 weeks S S S SO
Ocrr- @ GFP+

p=l
p=NS ]

®GFP
Cobuaies/ 14

CDdSe cells

after transplantation (7 = 4), showing a reduction by a factor of 14 in relative engraftment by
GFP Novi cells. {C) Lineage contributions of GFP and GFP~ engrafted human cells isolated from
primary recipients of sbe-Novi or control cells (stem cells, CD34°CD387; myelomonocytic, CD33°;
erythroid, CD235%; B cell, CD19*). (D) Frequency of GFP* and GFP™ B cell colonies generated

Crrl GFP+
MNowi GFP-
Novi GFP+

by MS-5—supported culture of total human CD45" cells isolated from primary reciplents of N 1.5x P i
control or sle-Novi cells, (E) (Left) Representative fluorescence-activated cell sorting (FACS) 15% —] 0
histogram showing Hoechst 33342 fluorescence of CD34*CD38lin~ cells transduced with M
control vector or Novi. (Right) The Gz/M phase of the cell cycle is marked and is increased in -
Movi cells. (F) Relative abundance of p21 mRNA in CD34°CD™38lin~ cells transduced with :’: M cControl ; E
control vector or Novi. HPRT, hypoxanthine-guanine phosphoribosyltransferase. -~ ‘JE B Novi E E

Hoechst 33342 _,E =

E z
Novi hematopoictic cells were found 1o express A B 5] c D E
less Hesl, a reponter of Notch activity, than FLAG  His 7 1.8x 15y 20
controls. Funthermore, they exhibited a severely IGFBP TSP = i = A0 - -
impaired Hes ! ranscriptional response alter acti- - E E E S =§
vation of Notch signaling by addition of the T OVWEC  CICK . - [ 1 B0
Notch ligand ,iuggt:dll (fig. S7). These findings - 30 31__. 200 'é E _
indicate that loss of Nov markedly diminishes the g £ £75 g
functional capacity of the primitive  hemato- Kl = I ] I E _3
podetic compartment, as tested by LTC-IC assays, %0
and also abrogates the self-renewal, but not the .Trﬁ . W control [ RhNow 5
dilferentiation capacity, of more mature cells o E
CFC assays. =
Currently, the most primitive cell in the hu- g G N H 3 8y

man hematopoictic hicrarchy that is experimen- Emerald =: My 2 l
tally assessable in vive is defined by its capacity | TR pSFFV GFP s ' 8 g
for hematopoietic reconstitution of sublethally ir- e N 2 = = Curl. vector
radiated nonobese diabetic mice with severe yes : 3 15 li ] NOVH
combined immunodeficiency (NOD/SCID mice) NOVH l 5 15
(22, 23) and is wrmed a SCID repopulating cell Anti-FLAG-PE g : g l
(SRC) (24). Therefore, we further iesied the (NOWVH) |

effect of Nov knockdown on the function of the
SRC-containing compariment in xenotransplan-
tathon experiments,

CD3CD3R cells miected with cither con-
trol or Movi vinuses were transplanied by intra-
venous injection inle NODSCID mice. The

Fig. 3. Invitro effects of recombinant Nov on hematopoietic progenitors. (A) Recombinant Nov molecule
showing domain structure (ss, signal sequence; IGFBP, insulin-like growth factor binding protein domain;
VWFC, von Willebrand factor type C domain; TSP, thrombospondin-like domain; CTCK, C-terminal cysteine
knot), and FLAG and histidine (His) epitope tags (upper). Western blot using FLAG-spedific antibody of
rhNov (lower) showing the two major isoforms described previously (32), lane 1, and efficient depletion
after passing over a histidine column, lane 2. (B) Methylcellulose CFU-GEMM output n = 7, P < 0.01) and

contribution of Novi cells 10 engrafiment as-
sessed afier B weeks was found 10 be lower than
that of controls by a factor of 22, as determined
by quantification of viral sequence in the
genomic DNA of human cells isolated from re-
cipient bome marrow (fig. S8). For a more exten-
sive analysis of the impact of Nov abrogation on
engraftment, we exchanged the cytomegalovirus
(CMV)-driven GFP reporter cassette [which is
known to function inefficiently in NOD/SCID
mice (253 for a spleen focus-forming  vins
(SFFV)-GFP (26) w0 generate the slx (empty
vector controly and slx-Novi vinuses (Fig. 2A),
and we repeated the experiments, Consisten with

(C) Total CFC replating frequency (n = 4, P = 0.045) in cord blood CD34™ cells after addition of rhNov or
control eluate (17). (D) LTC-IC frequency in CD34" cells maintained for 10 days in the presence of rhiNov
or control eluate (n = 3, P = 0.06). (E) CFC replating frequency of Novi cells in the presence of rhNov or
control eluate (m =9, P = 0.001). (F) (Left) NOVH lentivirus showing how an internal ribosomal entry site
(ires) links Nov expression to emerald-GFP. (Right) Intracellular expression of recombinant Nov protein in
CD34" cells transduced with NOVH. (G) CFU-GEMM (n = 3, P= 0.05) and (H) LTC-IC frequency (n=3,P=
0.07) in CD34* cells transduced with NOVH or control vector.

the analyvsis of engrafiment by DNA, engraliment
as assessed by GFP expression was dmmatically
reduced in six-Novi recipients; it was un-
detectable in half of the animals analvecd (Fig,
2B). This relative failure of primary engraliment
by Novi edlls was not attributable 1o an alteration

in their homing capacity (figs. 59 and 510). In
those animals where limited engratiment of Novi
cells was detected, lincage analysis revealed tha
they did not contribute to the stem, myelomono-
cytic, or erythmoid compartments. Those Novi
cells that did persist in the grafl were found o be
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Fig. 4. Fffects of recombinant Nov on
human cord blood SRC function. Repre-
sentative FACS traces showing similar GFP
expression in C034* cells transduced with
either NOVH or control vector (A) before
transplantation, similar intensities of GFP
expression are indicated; (B) in primary
recipients & weeks after transplantation,
overall GFF engraftment is unchanged,
GFP™ cells are indicated. (C) CD34 expres-
sion in GFP* cells from primary NOVH
imean 43%, n = 3) and control recipients
{mean 16%, n = 2). (D) Sizes of CD34"
CD38™ pools in GFP* and GFF™ human cells
from NOVH recipients (n = 3). (E) Limiting
dilution LTC-IC amalysis of human cells
from primary recipients of NOVH or
control cells. In NOVH recipients, LTC-IC
frequencies for GFP* and GFP™ are /600
and 1/ 4000, respectively. (F) GFP and
human CD34 expression in a representa-
tive secondary recipient 8 weeks after
transplantation. (G} Secondary engraft-
ment in unfractionated bone marrow from
five NOVH recipients by genomic PCR; we
used human chromosome 17 « satellite—
spedific oligonucleotides [u-satellite PCR
product, 853 bp; mouse glyceraldefyde-3-
phosphate dehydrogenase (GAPDH) PCR
product, 872 bp], NC, uninjected mouse.

GFP

CD34

exclusively of the B lincage (Fig. 2C). Further
immunophenotypic analysis showed that these B
cells were predominantly long-lived mature B
cells expressing immunoglobulin [gM (g, S11).
This was confimmed in functional experiments
where hittle or no B cell progenitor activity could
be deiected in GFP cells from Nowi recipicnts
(Fig. 2D). To exclude the possibility of of-aneet
eifecis of the panicular short-hairpin sequence
used, we used a second shRNA vector tareeting
independent Nov sequences, and we observed
similar defects in engrafiment (fig. 512). These
data comoborate our in vitro findings and further
indicate that Nov is required for persistent stem
cell-dependent engrafiment in vivo.

We nest examinad possible mechanisms for the
fikre i primary engrafiment by Novi cells. Time
munophenotypic anglysis of cultured cells revealed
a reduction in the pnmitive CD34°CD38 lin- come-
partiment afier loss of Nov (fig. $13) The failure
of engrftment could also reflect differences in
cell eyele kinctics or cell survival, which ane in-
Muenced by Nowv in other svstems (f3). Cell sur-
vival was found 10 be unaftected by loss of Now
under the range ol conditions tested (fig. S14). In
contrast, cell evele analysis showed an increased
[raction of culiured CD34°CD38 Tin™ cells in
Gia/™ phase in Novi, compared with control veg-
tor, tmnsduced cells (Fig, 2E) Consistent with
this, we observed a reduction in p2J expression
in this population (Fig. 2F) (3).

Taken wgether, our studics suggest an in-
tnnsic requirement for Nov in human stem or
progenitor cell function and point to mechanistic
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defects in Notch signaling and cell eveling after
MWov knockdown, Although it is already expressad
in the prmitive hematopoictic companment, o
cormoborate this hypothesis, we performed gain-
ol-function studics 1o ask ilincreasing Nov levels
could enhance stem andlor progenitor activity.

A FLAG-tageed recombinant human Now
protein (thNov) was punficd from transicnly
transfected 2937T cells (Fig. 3A), and its effects on

hematopoietic ¢ells were studied. Addition of

rhiNov to CFC assavs under serum-free condi-
tions caused a twofdld increase in mixed colony
[colony-forming  unit-granulocyie, cryvthrocylte,
monocyie, and megakarvoevie (CFU-GEMM)|
formation by cord blood CD347 cells (Fig 3B)
and enhanced colony replating (Fig. 3C). There
wis no significant change in myclomonocytic or
crvthroid output, which suggested an ellect on
multipotential, but not more committed, progen-
iors, Furnthermore, in the presence of rthMNoy,
Jagzged] nercased wital colony ompat 1.3-fold in
CFC assays (fig. S13). Next, we expanded cord
blood CD34" cells for 10 days under serum-free
conditions with Fli3-L, stem cell factor, throm-
bopoictin, and interdeukin 6, with or without
rhNov, before assessing LTC-1C cultures. The
mean LTC-IC frequency measured by limiting
dilution, after 6 weeks, in cells tha had been
exposed 1o rhNov was 2.5 tumes that of controls

(Fig. 3D} these effects on LTC-IT frequency of

Now are comparable w those reported for Hox B4
on human cells (27) These data suggest that
extrccllular Nov enhances the function of prim-
itive hematopoictic cells in vitro, In addition,

Mouse GAPDH

Human chr 17
o satellite

™oy wis able o reverse the functional defect
shown by Nowi cells in the progenitor replating
assay (Fig. 3E), which provided Turther evidence
for the specificity of the shRNA eflects.

To score any addinonal effeas of enforced
endogenous expression of Now, we constructed
the NOVH plasmid, in which expression of the
recombinant tagged Nov gene is controlled by the
SFFY promoter in the pHR-SIN-CSGW lenti-
viral vector (Fig. 3F) (26). Cord blood CD34
cells transduced with NOVH expressed the Nowv
transgene (Fig. 3F jand, in CFC assays, exhibited
a threefold increase in CFU-GEMM (Fig. 3G).
Mimicking the effects seen with punificd Nov
prodein, these cells also showed increased LTC-1C
frequency when quantificd by limiting  dilution
(Fig. 3H). These data suggest that enfrced in-
traccllular expression of Nov also enhances the
functon of primitve hemamopoictic cells i vito,

To test the effects of porsisient Nov expres-
sion in vivo, we tansduced CD347 cells with
cither NOVH or empiy-vector control viruses
and xenotransplanted them by intrmvenous injec-
tion into NOD/SCID recipiens. The viml trans-
duction efficiencies and levels ol GFP expression
were similar (Fig. 4A), which implied similar
genomic integrtion frequencies for cach virus
(2%). When mice were analyzed, the levels of
GFP expression in human CD437 cells were now
considerably higher in the NOVH than in the
conmrol veetor recipients (Fig. 48), which sug-
gested that, invive, high levels of Nov expression
(Nen™ cells) confer a selective engralimen
advantage over low Nov-expressing cells, CD34
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expression wis, on average, three times as high
m GFP cells from NOVH recipients as in those
from control {(CSGW) recipients (Fig, 4C) In
addion, m cach ammal, this population exhib-
ited o CD34'CD3R fraction four times that of
GFP cells, which suggested an expanded stem
and'or progenitor companment in the virally
transduced population (Fig, 4D). A similar in-
crease was observed using a more stringent im-
munophenotype (CD34"CD3E lin Thyl™) for
stem cells (fig. S16). Consistent with this, the
LTC-IC frequency in GFP human cells isolated
from NOVH recipients was almost seven times
that in GFP™ human cells from the same animal
(Fig. 4E). These NOVH GFP” cells isolated from
primary recipients could be mamtamed m hgquid
culure for 4 weeks and sull retamed CD34 ex-
pression (lig. S17% by this time, GFP™ cells from
NOVH recipients and GFP™ cells from control
recipients had expired,

In view of the preferential engraliment of
Nov™ cells, their enhanced LTC-IC capacity, and
their ability 1o maintain high CD34 expression in
liguid culture, we assessed the effects of enforced
Nov expression on stem cell selFrenewal, as clas-
sically measured in secondary transplantation as-
says. Therefore, we intravenously trmnsplanted
NOVH GFP™ cells that had been isolated from
engralted animals and subsequently cultured for
4 weeks into secondary recipients ot a dose of
| 5,000 cells per mouse. The frequency of SRC
has been estimated to be 1 per 20,700 in conrd
Blood CD347 cells in primary engrmftmen assavs
{20y, and s <1/10th that amount in secondary
transplantation (30}, Thus, we consider 15,000
cells in a secondary tansplant setting 10 be a
stringenily limitng dose. Adter 8 weeks, engrafi-
ment was assessed in recipient bone marrow by
GFP Mluorescence (Fig. 4F), and, remarkably,
given the limited cell dose and the intervening
culure period between the primary harvest and
the secondary transplantation, was seen in five
out of five mice mjecied. To confinm engrafi-
ment, genomic DNA from wotal bone marmrow in
cach mouse was purificd and tested lor the pres-
ence of human DNA by PCR using primers
specific for human chromosome 17 a-satellite
sequences (37), Evidence for engmfiment was
seen in cach secondary recipient (Fig, 4G). About
2% ofengrafied cells also expressed CD3d (Fig,
4F), and expression of human CD33 and CD1Y
could also be detected, which suggested that
muhilineage engratiment had occurred.

Using complementary approaches, we have
identified a role for Nov in human hematopoictic
stem or progenitor cell function, which implicates
it as an essential regulator. The key findings are
that loss of Nov abrogates primilive progenitor
function, both in vitre and in vivo. Homing,
survival, and differentation appear imtact, bt
defects in cell cyeling and Notch signaling are
apparcnt., The requirement for Nov in assays that
functionally test several wypes of primitive cell
raises the possibility that it has an impact on
generic sell=renewal machinery common to all of

these subsets, Mirmoring these observations, the
addion of Nov either extracellulardy or by
entorced mtrcellular expression, enhances stem
or progenitor read-out movitro. [n tmnsplantation
assays, enforced expression enhances stem cell
and progenitor cell activity within the grafl, as

judged by immunophenotype and LTC-IC fre-

quency, as well as sccondary ransplantability at
limiting dose,

Although the role of NOV in the function
ol primitive hematopoietic cells in other
species s vet 1o be tested, our results support

the notion that Nov is a central regulator of

these cells in humans, NOV thus provides a
hithero unexploned axis for understnding the
critical cell-fue decisions of the hematopoietic
stem and progenitor compartments,
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Multiple High-Throughput Analyses
Monitor the Response of
E. coli to Perturbations
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Aminul Hoque,™® Pei Yee Ho,® Yuji Kakazu,* Kaori Sugawara,® Saori lgarashi,?
Satoshi Harada,® Takeshi Masuda,? Naoyuki Sugiyama,® Takashi Togashi,
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Yoshihiro Toya,? Yoichi Nakayama,™? Takaaki Nishioka,™** Kazuyuki Shimizu,***
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Analysis of cellular components at multiple levels of biological infermation can provide valuable
functional insights. We performed multiple high-throughput measurements to study the

response of Escherichia coli cells to genetic and environmental perturbations. Analysis of metabolic
enzyme gene disruptants revealed unexpectedly small changes in messenger RNA and proteins
for most disruptants, Overall, metabolite levels were also stable, reflecting the rerouting of fluxes
in the metabolic netwark. In contrast, E. coli actively regulated enzyme levels to maintain a stable
metabolic state in response to changes in growth rate. E. colf thus seems to use complementary
strategies that result in a metabolic network robust against perturbations.

he complex relationships between differ-
et lavers of hiological information that
give nse o cellular functions can only

be captuned by combining global measurements
across these different levels (1-8). Morcover,

most curent global methods such as DNA
microarmy and shotgun proteomic aalyses aim
o interrogate the composition of intrmecllular
components rather than o accurately determine
the quantitics of molecules in cells, More quan-
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titative methods such as quantitative reverse tran-
scription polymerase chain reaction (gRT-PCR)
and metabolic Mux analysis end 1o be more tar-
geted but are essential 1o detect small changes m
responise o perturbation. In the present study, we
masurcd the global response of Escherichia cofi
K-12 cells o genetic and environmental perturba-
tions it the level of protein and gene expression,
and compared this with a detailed guantitative
analysis of specilic metabolic pathways,

To probe the global cellular response, we
detenmined the relative quantities of gene and
protein expression using DNA microarmay anal-
yais and two-dimensional differential gel eleciro-
phoresis (2D-DIGE)} (¥). For more detailed
analysis, in addition w gRT-PCR and metabolic
Mux analysis, we used capillary electrophoresis
tme-ol-fhght mass spectrometry (CE-TOEFMS)
for metabolome analysis (f0, [ and  hguid
chromatography  tandem mass  spectrometry

(LC-MS/MS) for absolute quantification of

protems (/7). As molecular targets for these
more detailed guantitative analyses, we selected
genes, proteins, metabolites, and Muses that make
up the bulk of reactions of the central carbon
metabolism of £ oofi K-12, including glyeolysis,
the pentose phosphate pathway, and the i
carboxylic acid cvele (g S1), Because these
pathways play a crucial role in encrgy gencrtion
and in the production of important macro-
molecular precursors, we wanted to characterize
the cellular response o disruptions in order to
[ulfill basic meabolic neads and maintain the
growth phenotype.

We collected data using these multiple high-
throughput analyses for wild-type E. coli K-12
and 24 single-gene disroptants, which were
selected from the Keio collection (/3) and cover
most vigble glvcolysis and pentose phosphate
pathway disruptanis (ic., galM, gik, pem, pai,
pikA, plkB, tho, thal, papC, gpmA, gomB, pykd,
Pk, ppsA, swl, pal, mad, rpe, pid, B, ikid,
thtf, refd, and radB) The cells were grown at a
single fixed dilution rate of 02 hours™ in
glucose-limited chemostat cultures, and  wild-
tvpe cells culiured at the same specific growth rate
were used @ a reference sample for comparison,
To allow a comparison of the effects of these
genctic perturbations with the effects ol en-
virommental  perurbations, wild-type cells were
examined at several different dilution mates (0.0,
0.2, 0.4, 0.5, and 0.7 hours '), In chemostat cul-
tures, the concentration of growth-limiting sub-
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strnte can be controlled by the dilution mate (f4);
the dilution mte was thus vaned in this study lrom
an almost glucose-starved state 1o a nearly
unlimued ghicose supply. Changes m diluion mte
theretore atleet growth mte and can be considerad
a specific type of environmental change,

To evaluate differences between samples in
the various penurbation expenmments, we usced an
exprossion index (EI (/2), which scales the data
lo the same deviations for all molecules examined,
regardless of their nature (SOM text), 0 that
changes in mRNA, protein, and metabolite can be
comparcd more casily. Figure 1 shows the Els
derived from the targetad analyvsis of metabolic
pathway componenis. FormRNA and protein, the
effocts of changes i growth rte are obvious and
appear 1o be larger than the effects of most gene
disruptions. In contrast, except for nucleotdes,
changes i metabolites did not show any distine-
tive pattems, which could indicate diflferent
responses in melabolite levels agamst vanous

Fig. 1. Overall repre-
sentation of changes in
the targeted cellular
companents. The heat
map shows the El values
of intracellular compo-
nents that were detected
in more than half the
samples. RF, reference
sample (wild-type cells
cultured at a specific
growth rate of 0.2
hours™); GR, wild-type
cells cultured at the indi-
cated specific growth
rates; KO, single-gene
knockout mutants cul-
tured at a specific growth
rate of 0.2 hours™. The
numbers of individual
components shown are
metabolites, 130; pro-
teins, 57; and mRNA
transcripts, 85, The same
type of representation,
including all component
names, & shown in fig.
53, and all El values are
shown in table 58,

cation

nucleotide

i =
3
o
—_
o

perturbations. The bower levels of nucleotides
obscrved insome disruptants (g8, o, pod, pokd,
and k) may reflect problems i quantification
owing to the chamcal mstabality or mconsistem
extraction ¢fliciency of these molecules, and we
thus provide resulis caleubned including and
excluding nucleotide measurements,

To capture the magnitudes of the eflects scen
in Fig. 1, we caleulmed an average EL the
average expression index (AED (12), for cach
type of component (mRNA, protein, and metab-
olite) and compared them between samiples (Fig.
2 and tables S10 and S11), One-way analysis of
varance (one-way ANOVA) and post hoc tests
(Games-Howell vest) were performed (/2) for all
compansons o west for sioustically sigmificant
differences (P < 0,05) (SOM 1ext).

Al higher growth rates, the AEL for mRNAS
and proteins gradually inercased in both trgeted
and
that

global quantilication methods, suggesting
E coli actuvely regulmes global pene and
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protein levels o meet increasing metabolic
demands (Fig. 2, A, C, and D). In contrast, the
AEl values for metabolites did not change
significantly with growth rate. This relative
stability in metabolite level may be a conse-
quence of the observed regulation of enezyme
levels, Closer examination of particular compo-
nents revealed the induction and repression of
mRNAs and specilic eneymes alter a change in
specific growth mte (figs. S5 and 56), The levels

A B

of proteins involved in glucose uptake (PisH and
Pisl) were induced considerably when the
specific growih rate increased. This s to be
expected, because substmte uptake is the fist
step an fulfilling nutnent demands. The observed
increase i the expression of phosphoenolpyr-
uvale carboxylase (Ppe), decrease in the expres-
sion of phosphocnolpyruvate carboxykinase
(PekA), and repression of glyoxylate shum
engymes are also logical responses to enhance
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mRNAs  Proteins  Metabolites Metabolses mAMAs  Proteins
(Nutlsotides removed)

Fig. 2. AEl values for mRNA, protein, and metabolite levels. RF, GR, and KO are defined in the
legend of Fig. 1. (A and B) The AE| values of a specific sample are represented as a heat map. The
three panels in each box show three quantitative values corresponding to the AEl for mRNAs as
determined by qRT-PCR (left panell, proteins as determined by LC-MS/MS (middle panel), and
metabolites as determined by CE-TOFMS (right panel), respectively. (A) AEl values for GR. The
labels in each row of the heat map correspond to either a specific growth rate (hours™) or the two
reference samples (RFO2 and RFO3). (B) AEIl values for all gene disruptants displayed at their
respective locations on the metabolic pathway map. Abbreviations for metabolites are as shown in
table 51. (C) Quantitative measurements obtained by targeted analysis. (D} Semigquantitative cell-
wide measurements. The numerical values are provided in table 59. In (C) and (D), numbers 1, 2, 3,
and 4 correspond te specific growth rates of 0.1, 0.4, 0.5, and 0.7 hours™, and numbers 5, 6, and
7 correspond to rpe, pgi, and pgm disruptants, respectively,

REPORTS

the tncarboxylic acid cvele Mux (2). which
comesponds o energy production under acrobic
conditions and the components of which are
Important precursors in biomass production,

In contrast 1o the changes observed 0 wild-
type cells cultured at varous growth rates, most
gene disruptants showed only subtle changes n
AEls for both mERNA and protein of central
carbon metabolism eneymes, which fell within
the range of vanations observed in wild-type
samples at the same specilic growth mte (Fig.
20°). The AEI values for these targeted analyses
of mRNAs and proteins in all disruptants were
smaller than the AEI values observed for wild-
type cells at a specific growth mte of 0.7 hours ',
and the differance was signmificant in 23 dis-
ruptants for mRNAs and in 16 disruptants for
proteins, Similar results were obtained tor the

AED values representing the global analysis of

mRNA and protein expression (Fig. 2D), These
findings suggest that £ coli does not appreciably
respond 1o the loss of a single central carbon
mictabolism creeyme by regulating the abundance
of other compensatory  enzymes. This was
especially apparent when examining changes in
the expression of genes encoding isozymes of the
respective disrupled eneymes (g, S5), Isozyimes
that might be expected 1o compensate for the loss
of an important enzyme were not up-regulated,
although many were induced at higher growth
rates. The two exceptions to this general pattem
were the induction of pfk8 in the pfkd disruptant
and the very considerable induction ol rpiB in the
ipid disruptant. However, in both cases, we
found that eclls accumulsted additional muta-
tions that are known o nduce expression of the

isoeymes (13, 16). Therelore, the induction of

these penes was not solely dependent on dineet
regulation (SOM text). It seems apparent that,
except for these genes, enzymalic capacity is
already expressed in the cell through structural
redundancy (presence of isozymes andior
altemative routes).

The AEl values for metabolites in three
distuptants (pem, pei, and rpe) were higher than
those of wild-type cells at high specific growth
rtes (0.5 and 0.7 hours™) (Fig. 2C). This
phenomenon does not appear 1o be caused by
the problems associated with nucleotide mea-
surements i some dismuplants, because simlar
results were obtained even when  nucleotides
were excluded from the AEL caleulation (Fig.
2C). In the rpe disruptant, which had a particu-
larly high AE! for metaboliics, the levels of a fow
linked metabolites were increased o a large ex-
tent (Fig. 3A, rpe). However, these local changes
were not responsible for the large metabolite AE
for this panicular disruptant,. Also, an overall
stability in metabolite levels, ie., low AEL was
maintained in most disruptants, even if the local
metabolic network was perturbed (Fig, 2B and
Fig, 3B, rafB). This stability of metabolite levels

is ikely achieved through structur] mobustness of

the metabolic network stself’ (17, 18), even when
considerable rerouting of fluxes occurs, For ex-
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ample, in the mwi disruptant, the overall ux
within the pentose phosphate pathway  was
reversad 1o compensate Tor the blocked route tor
the production of cssential molecules, but, -
terestingly, this task can be achieved without lange
changes in enzvime levels m the pathways in-
volved (Fig. 3C and able 55).

Our results reveal that the intracellular
metabolic natwork of £ coli is remarkably

stable and robust in the face of various types of

Fig. 3. Perturbations in
the local metabolic net-
work caused by enzyme

disturbances. Highlighting the functional im-
ponance ol this global stability tor elficient cell
growth, E coli can actively respond to changes
in the concentration of growth-limiting substrate
by regulating the level of engyme expression 1o
maximize growth rte, which is reflected in the
observed stability of metabolite levels. Using
this stratcgy, £ coli can react quickly and
cilectively to this environmental change, but
the strategy might be costly, because the cell

gene disruptions. The El
values for proteins (circled)
and metabolites (boxed) in
rpe (A, talB (B), and 2w
(C) disruptants are shown
mapped onto the local
metabolic network. The
disrupted enzymes are
highlighted with an X,
and the specific reaction
eliminated by the dis-
ruption is shown with a

dashed line. Reactions
indicated with red arrows
are running in the direc-
tion opposite to that in the
wild-type. Colorless sym-
bols represent components
that were not measurable,

and components not de-
tected in the specific mu-
tant are shown with an
asterisk,
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must provide additional systems (such as sensor
proteins, signal mediators, and transcriptional
regulitors) o detect and react approprately to
cach specilic perturbation. Because active re-
sponse 1o the environment at the level of gene
expressions is @ widespread phenotype of E,
colf, this might be a common strategy that the
cell can use when it faces environmental
changes, This strategy contrasts with the finding
that £, colf does not appear to react significantly
to the disruption of most single metabolic genes
by regulating multiple other mRNA or protein
levels. In this case, structural redundancy in the
mctabolic network isell provides the necessary
robusiness (/9 20), allowing the levels of most
metabolites to remain constant, although some
localized perturbations are mevitable. This
strategy s likely to be less costly than the one
mentionad above, because it requites no specilic
sensors for cach mutation, while providing
resistance against many of these mutations.
Even il this strategy appears insullicient in the
lace of some mutations, £ coff may survive by
accumulating additional mutations, as we
observed for pfkd and rpid disruptants. Using
multiple strategies may thus enable £ coli 1o
maintain a stable state when exposed o vanous
tvpes of perturbations, Additional infomnation is
available at the project Web site (27).
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A Synthetic Maternal-Effect Selfish
Genetic Element Drives Population
Replacement in Drosophila

Chun-Hong Chen," Haixia Huang,* Catherine M. Ward,! Jessica T. Su,!
Lorian V. Schaeffer,’ Ming Guo,” Bruce A, Hay™*

One proposed strategy for controlling the transmission of insect-borne pathogens uses a drive
mechanism to ensure the rapid spread of transgenes conferring disease refractoriness throughout
wild populations. Here, we report the creation of maternal-effect selfish genetic elements in
Drosophila that drive population replacement and are resistant to recombination-mediated
dissociation of drive and disease refractoriness functions. These selfish elements use microRNA-
mediated silencing of a maternally expressed gene essential for embryogenesis, which is coupled
with early zygotic expression of a rescuing transgene.

osquitoes with a diminished capacity
to transmit malana or dengue have been
identified in the wild and/or ercated in

the labortory, demonstrating that endogenous or
engincered mosquito immunity can be hamessed
to attack these pathogens (F-5). However, it will
be necessary 1o replace a large percentage of the
wild mosquito population with refructory insects
to achieve substantial levels of discase control
(f-&). Mosquitoces carrving genes that confer dis-
case reffactorness are not expecied 0 have a
higher liness than native mosquitocs, implying
that Mendelian transmission is unlikely to result in
an increpse inthe frequency of transgenc-bearing
individuals after their initial release into the wild
(. 9. Thus. eftective population replacement will
require the coupling of genes conferring discase
refmcioriness with a genetic mechanism for dnv-
ing these genes through the wild population at
greater than Mendelian froquencies (10, 1
Matemal-cflieet selfish genetic clements | first
desceribed i the Mour beetle Fribolivm castanenm
and known by the acronym Medea (matcmial-
effect dominant embryvonic armest) | select for their
own survival by inducing maternal-ciieet lethal-
ity of all offspring not inhenting the clement-
hearing chromosome (rom the maternal and/or
patemial genome (123 (Fig. 1A). Currem models
predict that if Medea elements are introduced

'Division of Biology, Mail Code 156-29, Califonia Institute
of Technology, Pasadena, CA 91125, USA. *Departiments of
Neurology and Phammacology, Brain Research Institute,
David Geffen School of Medicine, University of Califormia,
Los Angeles, Los Angeles, CA 90095, LISA,

*To whom correspendence showld be addressed. E-mail:
haybruce@caltech.edu

ine a population above a threshold frequency,
determined by any associnted finess cosl ey
will spread within the population (/2- F4)(Fig. 1,
Cand D). When introduced into a population at
relatively high frequencies, Medea clements are
predicted o rapadly conven the entire population
into e¢lemeni-bearing heterozypotes and homo-
ayvpotes (Fie. 10 Medea in Tribwoditnm 1s hyvpoth-
esized o consist of a maternal lethal activity (a
toxing that kills non-Medea-bearing progeny and
a Zygolic rescue activity (an antidowe) that pro-
tects Medea-bearing progeny from this matemal
lethal effect (12, £5) (Fig. 1A,

To ereate o Medva-like matemal-effect selfish
genetic element in Dvosopdhila, we generated a P
transposable clement vector in which the matemal
germline-spocilic Mooid (hic) promoter drives the
expression of a polvcistronic transeript encoding
two microRNAs (miRNAs) designed 1o silence
expression of sme8s (the gene producing the
toxiny |Fig, 1B and (/6)], Maernal Myd88 s
requircd for domsal-ventral pattem formation in
carly ermbrvo development. Females with gemm-
linc loss-ol=function mutations for pnd®S zive
rise 1o embryos that lack ventral siruciures and
thus fail w hatch, even when a wild-type (WT)
paternal allele is present (/7). This vector (known
as Medead™ ™) also camies a matemal miRNA
insensitive pnd®Y mansgene expressed under the
control of the ey embryo-specific bomleneck
(k) promoter (the gene producing the eyvgotic
antidow) (Fig. 1B) Our analysis focused on (lics
carrving a single autosomal inscriion of this
clement, Medea™®*!,

Matings betwoen heteroey gous Meded™ 114
males (where + indicates a chromosome that

does not camy Medead™ ™) and homozygous

¢ females resulted in high lkevels of embryo
Tog g ra o s v
viability, similar to those for the w"" strain vsed

for transformation (Table 1) In addimion, 300 of

+ vl H¥=1
the adult progeny carricd Meded™ . BS

expected for Mendelian segregation without
dominance, Maungs among homozygous
Medea™ ¥ flics also resulted in high levels
of cup viability. In contrast, when heteroeygous
Medea™ 15 females were mated with homo-
wygous ++ males, <5300 of progeny embryos
had ventral patteming defects (g, S1) and did
not hatch (Table 1) All adult progeny (n -
12000 flies) carried Medea™* ! (Table 1). On
the basis of these data and the resulls of several
other crosses (Table 1), we inferred that a single
copy of hic-driven miRNAs targeting maternal
w88 expression was sulficient o induce

maternal-effect lethality and a single copy of

#yaotic k-driven mvdS8 expression wis sulli-
cient for rescue.

The above observations, in conjunction with
the lack of any obvious fitness effects (lathalityy

in individuals camving one or two copics of

Medea™ ! qugpested that Medea™r95%!
should be able 1o drive population replacement.
To test thas prediction, we mated equal numbers
of WT (+/+) and Medea™ ™ Modea™ ™!
miles with bomozygous +/4+ females, giving rise
to a progeny population with Meded™ !
present al an allele frequency of =25% (/6). This
level of imroduction. although high, is not
unreasonsthle, given previous insect population
suppression programs (/&) Replicaie population
cage experiments, camried oui in o darkened
incubator © prevent Medead™ ™! bearing Mics
twhich are P*" and thus red-cved ) from obaining
any viston<dependent advantage over their +/+
counterpans (which ane w'™ and white-cyed)
9, tollowed three replicates for 200 generations.
A sccond set of four replicates, which were
initiated by crossing heterozy gous Medea™ /4
males with homoevgous ¢4 fomales, was fol-
lowed for 15 genemiions. In both experiments,
non-Melea™ ! beanng flies permanently dis-
appeared from the population between generations
[0and 12 (Fig. 1E), without a loss of non-Meadaa

bearing + chromosomes (in Medea™ !/
individuals) in the population (Fig. 1F). The ob-
served changes in Medea™ ™! were not signil-
icantly differem from the null hypothesis than the
clement had no finess cost |(76) and g, S2), al-
though we cannot exclude the possibility that a
Medea™ ¥ _associated cost is counterbalanced
by an unknown negative effect associated with
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the w'™ mutation in +/+ individuals. Finally, we
carried out three further replicate population
cage expenments i which the Mudea™ !
trnsgene wis miroduced at a frequency of 25%
into the Oregon-R strain, which is WT with re-
spect o the endogenous w locus (and thus mem-
bers of which are red-eved), Evidence for
population replacement by generation 12 was
observed in this context as well (£6), suggesting
that Meded™ ™! associated P** expression is
unlikely 1o be a major contributor o the ability of
Meded™ ™! 10 drive population replacement.

For any gene-drve mechanism to be success-
{ful in reducing parasite ransmission, there must
be tight linkage between the genes that mediate
dnve and effector functions (f0). IF the drver be-
comes separated from the effector gene through
chromosome breakage and nonhomologous end
joining {as in a reciprocal translocation) (Fig,
2A), and the effector gene carmics a liness cost,
selectuon will favor and promote the spread of
individuals carry ing Mevdea elements that lack the
eftector (Medea® ™). Locating the effector gene
between the toxin and antidote prevents a single
chromosome breakage and end joining event
from creating a Medea™ -bearing chromosome
(Fig. 2B). However, it does not prevent the
creation of Medea™-bearing chromosomes that
carry the antidote, and perhaps the eflector, bt
not the toxin (Fig. 2B). Madfor™ -bearing clro-
mosomes are insensitive o Medva-dependent
killing. IT the presence of the wxin andor the
effiector results in a fitness cost, then Medea™-
bearing chromosomes gain a finess advantage
with respect 1o those carrving the complete
Mefenr elament, thereby promoting spread of the
formmer. This outcome can lead w the reappear-
ance ol pathogen-transmitting insects { 4).

One way o prevent chromosome breakage
and end joining-mediated formation of Medea™™
and Mefea™ elements is o put the oxin and el
fector genes into an intron of the antidote (Fig. 2C),
Toviest this approach, we genermed lics camrying
P** Medea™ ™ ™ in which the toxin, a transcript
gencrating matemally expressed miRNAs anpetng
S, was placed v an intron of the zygotically
expressod antidote, buk=driven s3SI the oppo-
site orientation (Fig, 20)). We chamctanzad the be-
havior of one autosomal inscriion ol this clement
Medea™ ! \which behaved as a matemal-
cffect selhsh genctic clement (Table 2). Females
heterozygous for Meded™ ™ ™! pave rise 10 a
high frequency of Medea™ ™™ carrying prog-
ey (=99%), and the matemal-cifect lethality asso-
ciated with a single copy of P™ Medea™ ™!
was rescucd by zypotic expression of the antidote
from cither the matemal or paternal genome
{Table 23 However. when homozygous element-
bearing females were crossed with non-element-
bearng males, progeny embryo survival was very
poor (~20%), sugecsting an incilicient zygotic
rescue, porhaps resulting from meflicient splicing
of the sndd88 anilicial inton, Population replace-
ment for an clement with these fimess charmcter-
istics is still expected o occur, though with some
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Medea™ -bearing chromosomes can also arise
if the toxin mutates w0 inactvity, Although oxin
mutation cannol be prevented, the use of

delay (fig. 53) as compared to that for an element
i which the liness costs are a stmple function of
copy number m either sex (Fig, 1. Cand D)

Male
A Medea + B
G e
+ Medea Maternal Toxin  Zygotic antidote
Female Medea| Medea/+ |Medea!Medea| Bicokd
Medea | + Mir B.1-MydBa-142 Promoter
O @ @ o SO
* + 4+ Medea /+
Cc D
; 1 1
0.9 0.9
Zos 0.8
gﬂ.T 1 =} filness cost iﬂ.? 1
0.6 = 0.5 hinas sl i”"
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Fig. 1. Characteristics of a maternal-effect selfish genetic element (Medea) and a synthetic Medea element
in Drosophila. (A} It is postulated that females heterozygous for Medea (Medeal+) deposit a protoxin or
toxin (red dots) into all cocytes. Embryos that do not inherit a Medea-bearing chromosome die because
toxin activation or activity is unimpeded (bottom left square). Embryos that inherit Medeo from the
maternal genome (top left square), the paternal genome (bottom right square), or both (top right square)
survive because zygotic expression of a Medea-associated antidote (green background) neutralizes toxin
activity. (B} (Top} Schematic of a simple molecular model that accounts for Medea behavior postulates the
existence of two tightly linked lodi. One locus consists of a maternal germline—specific promoter that drives
the expression of RNA or protein that is toxic to the embryo. The second locus consists of a zygotic promoter
that drives the expression of an antidote. (Bottom) Schematic of Medea is shown. ORF, open reading
frame; Mir 6.1-Myd88-1+2, transcript encoding two copies of Drosophife miRNA 6.1 modified to target the
mydB8 5" untranslated region. (O Frequency of genotypes lacking Meden for an element carrying the
additive fitness costs indicated, over generations, with Medea introduced at a 1:1:2 ratio of homozygous
Medea-bearing males, non-Medea—bearing males, and females lacking Medea, Generation zero refers to
the wild population (non-¥edea/non-Medea = 1) before population seeding. Generation one refers to the
progeny of crosses between these individuals and homozygous Medea-bearing males. (D) Frequency of the
non-Medea—bearing chromosome for the populations described in (C). (E and F) Medea™®% drives
population replacement in Drosophila. Medea™ ™ was introduced into seven population cages at an
allele frequency of ~25%bs (16). (E) The frequency of genotypes lacking Medea (+/+) over generations is
indicated for two separate sets of population cage experiments, involving three (green lines; 20
generations) or four (blue lines; 15 generations) population cages each. The predicted frequency of
genotypes lacking Medea, for a Medea element with zero fitness cost (introduced at an allele frequency of
25%] is indicated by the red line. (F) The frequency of the non-Medea™™®®-)—bearing chromosome
(+/Medea and +/+) over generations from the population cage experiments in (E) is indicated as above,
as is the predicted frequency for an element with zero fitness cost.
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Table 1. Medea™*®*? shows maternal-effect selfish behavior. Progeny of crosses between parents
of several different genotypes (M refers to the Medea™®%*~bearing chromosome; + refers to the
non—element-bearing homolog) are shown. The maternal copy number (0 to 2) of bic-driven
miRNAs targeting the endogenous myd88 transcript {maternal toxin} and zygote copy number (0
to 2) and percentage of embryos inheriting brk-driven myd88 (zygotic antidote) are indicated, as
are the adult progeny genotypes predicted for Mendelian inheritance of Medea™" ™ and the
percent embryo survival. -, not measured. The asterisk denotes that embryo survival was nor-

REPORTS

miRNAs as toxins can provide a degree of
redundant protection because multiple miRNAs,
cach processed and tunctioming as an indepen-
dent umit, can be hnked m a polycstronie
transcipt [(Fig. 1B and (/6)]. The use of
miRNAs as wxins also provides a basis by which
selfish genetic element drive can be limited 1w the

malized with respect to percent survival (+ SD) observed in the w9
(97.1 + 0.7%).

Inherited by the

Parental genotype Adult M progeny (%)

stock used for transgenesis

target specics. Medea elements only show drive
when maternal-effect lethality crcates an oppor-
tunity for avgotic rescue of progeny that inherit
the element. Therefore, drive can be limited 10 a
single species by the use of miRNAs that are

Docyte Embryo Embryo survival (%)* spectes-specilic in their '.Lh_i_]il} e target the

Male Female Maternal Lygotic Predicted Observed matemally expressed gene of interest.
toxin  antidote (1, %) Perhaps the most likely point of failure in any
= population-replacement strategy  involves the
W+ hi% 9 3 :g 0 ( Efﬂﬂﬂ:l Nl cffector. Effector genes can mutate 1o inactivity,
WM WM 5 2' 100 100 Lz 081 = 0.4 creating .'l.‘q.*:.l’-.-::‘ﬂ"'n-lx'uring chromosomes. In
. Py G. 0 1' A : fz‘ addition, parasites may undergo selection for
L - 1 1“ :g ’ ( IDZUM'D} 0,32 resistance fo these effectors, These events, as well
e o " 1" si 100 e Gl e as the possible appearance of Medea™-bearing
¥ 2" c0 i = chromosomes discussed above, will lead 1o the
o reappearance ol permissive conditions for discase
i ks 1 3' :: 75 i 43203 transmission. Therefore, it is important that strat-
2' a5 ezies be available for removal ol'an element from
: the population. lollowed by its replacement with
e o £ ; :g 30 Wl a new eclement. One potential strategy for
. achicving this goal, i which differemt Medea
;’: ﬁﬂi’- : i' igg igg i :g; = g: clements located at a common site in the genome

- A0

Fig. 2. A strategy for enhancing
the functional lifetime of Medea
elements in the wild and for
camying out cycles of population
replacement. (A to D) Locating
Medea toxin and effector genes in
an intron of the antidote prevents
chromosome breakage and end
joining-mediated separation of
drive and effector genes and cre-
ation of Medea™-bearing chromo-

compete with each other for genmline transmis-

Medean+1
T antidole™ ! M Toxin™ ! Ermecter

somes. [(A) to (O] Medea constrycts C —  — :. F 'ﬂf‘:““ i

with different gene arrangements eocenlil R T ORE T Elegor & antidole

are shown. Sites of chromosome A L a.:u:" et

breakage and end joining with a 1!2ﬂj 3*

second nonhomologous chromo-

some are indicated by the crossed D AbAI88 SDNA @ @

lines, Recombinant products referred ot exon2/ais Female Medes™' o i . "

to in the text are indicated by thick Medea™ | «

lines, the color of which indicates

the centromere (solid circles) in- Hic Promater

volved. (A) Recombination at site 31“'@"'“"”‘“"”“"”"“"c"f"""*'“"'-ﬂ @ @
ins . ldine-rich

1 generates a Medea™ -bearing chro- Srmckpem. P + it s

mosome that carries the effector.

Recombination at site 2 generates a

Medea™"-bearing chromosome. (B) Recombination at site 1 or site 2
generates a Medea™-bearing chromosome. (C) Recombination at sites 1 to
3 generates benign chromosomes that cannot show Medea™ or Medea™"
behavior. (D) Schematic of Medea™ ™. Splice donor and acceptor sites are
indicated in large red letters, with the branchpoint and polypyrimidine stretch
in small red letters. (E and F) A strategy for carrying out cycles of population
replacement with Medea. (E) A first-generation Medea element (Medea"),
driven by Toxin" and Antidote”, is integrated into the chromosome [thick black
line with centromere (solid circle) at the right] at a specific position (triangle).

A second-generation Medea element (Medea™?), driven by Toxin™* and
Antidote™*, can be integrated at the same position using site-specific
recombination (24). Locating both elements at the same position limits the
possibility of homologous recombination creating chromosomes that car
both elements. (F) Because progeny carrying Meded” are sensitive to Toxin™*",
the only progeny of females heterozygous for Medea™ * that survive are those
that inherit Medea™?, regardless of their status with respect to Medea”. In
contrast, the progeny of Medea™ females that fail to inherit Medea" survive if
they inherit Antidote” as a part of Medea™?.
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Table 2. Medea™ ™™ shows matemal-effect selfish behavior. Progeny of crosses between
parents of several different genotypes are shown, and notations are the same as those in Table 1.

Inherited by the
Parental genotype Adult M progeny (%)
Gocyte el i Embryo survival (%)
Male Female M:::;:al Irgut:::angl dote Predicted Observed
M+ +/4+ 0 0, 50 50 51 98.4 £ 0.6
1, 50 (n = 5000)
Mm MM é 2,100 100 - 98.6 £ 0.8
+4 M+ 1 0, 50 50 99.5 48.7 £ 0.6
1, 50 (n = 5000)
MM M+ 1 1. 50 100 - 98.4 = 0.7
2, 50
M+ M+ 1 0, 25 75 - 7136 +1.2
1, 50
2, 25
M+ MM 2 1, 50 100 - 57.2 £ 15
2, 50
+i+ MM é 1, 100 100 - 20.2 £ 1.1
MM +/+ 0 1, 100 100 - 98.5 = 0.7

sion m trnsheteroeygous females, s illustrated
im Fig. 2, E and F.

Our data show de novo synthesis ol a selfish
genetic element able to drive itsell into a
population. This laboratory demonstration not-
withstanding, several obstacles remain 10 the
implementation of MWedea-based population
replacement in the wild. First, for pests such as
mosquito species, there is little genetic or
molecular infornution regarding genes mnd pro-
moters used during oogenesis and carly embryvo-
genesis. This infommation is strightforward 1o
generate, with the use of transcriptional profiling
to wentify appropnately expressed gences and
transgenesis and RNA interference i adult
females 1o idemify those required for embryonic
development, but it remains o be acquired. In
addition, current models of the spread of Moo
do not take into account important real-world
variables, such as migration, nonmandom mating,
and the Ba that important disease vectors such as
Anopieles gambioe consist of muliple partially
reproductively solated srains (20, 21). Although
an undersianding of the above issucs is critical for
the success of any population-replacement strat-
ey, the problems arc not intractable, as evidenced

by past successes in controlling pesis by means of

stenle-male release (I8 and a5 implicd by our
growing understinding of mosquito population
sepnchics, mmmunity, and ccology (260-23),
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Modeling the Initiation and
Progression of Human Acute

Leukemia in Mice

Frédéric Barabé,™**** James A. Kennedy,"** Kristin ]. Hope,™* John E. Dick™*t

Our understanding of leukemia development and progression has been hampered by the lack of in
vivo models in which disease is initiated from primary human hematopoietic cells. We showed that
upon transplantation into immunodeficient mice, primitive human hematopoietic cells expressing a
mixed-lineage lenkemia (MLL) fusion gene generated myeloid or lymphoid acute leukemias, with
features that recapitulated human diseases. Analysis of serially transplanted mice revealed that the
disease is sustained by leukemia-initiating cells {L-1Cs) that have evolved over time from a primitive

cell type with a germline immunoglobulin heavy chain (IgH) gene configuration to a cell type
containing rearranged IgH genes. The L-1Cs retained both myeloid and lymphoid lineage potential
and remained responsive to microenvironmental cues. The properties of these cells provide a
biclogical basis for several clinical hallmarks of MLL leukemias.

kemic blast cells have the potential 1o initiate
and recapitulate discase when transplanted
into immunodelicient mice (/-3 To date, these

In human leukemia, onlv a subset of leu-

approaches have not permined identification of

the cell wpes) from which leukemin-imitiating
cells (L-1Cs) onginate or sssessment of how these
L-ICs phenotypically evolve during discase pro-
gressione. In onder o mvestigate these questions,
we have developed an in vivo model of kukemia
initiated from primary human hematopoictic cells,

Over 50% of infant acute leukemias ex-
hibit rearrangements of the srived-fincage fen-
femvia gene (MLL, also termed ALL-T and HRX)
at human chromosome 11923 (). Translo-
cations of MLL 10 =40 differem pariner genes
have been idenufied, and the resulting fusion
profeins are strong transcriptional activatlors
that drive the aberram expression of homeobox
family genes (31 In view ol the potem oncogenic
propeics of MLL fusion genes, we tested the
kukemogenic potential o MLL-dleven-mineteon
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ferkemia (ENL), the product of 1(11:19) that 1s
tound in both acute myeloid leukemias (AMLs)
and acute lymphoid leukemas (ALLs ). A lineage-
depleted fraction of human umbilical cord blood
enrichead for stem and progenitor cells (Lin~ CB)
was infected with either a retrovirus encoding
MLL-ENL and an ephanced green uonescent
protein (EGFP) marker gene or a control retro-
virus encoding EGFP only and then injected into
sublethally iradiated immunodeficient mice ().
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Control MLL-ENL

—— Conirol (n=1%)
-==MLL-ENL (n=21)

The recipients of cells transduced with the control
retrovirus (herealter referred to as control mice)
displayed no overt pathology. In contrast, =75%
of the mice receiving MLL-ENL-trmansduced cells
(hercafter referred 1o as MLL-ENL mice) were
dying within 133 days of tmnsplantation, ap-
peanng pale and lethargic (Fig. 1A} Postmornem
analysis revealed splenomegaly and generaliaed

lvmphadenopathy (fig. 51), and in 26 out of

29 MLL-ENL mice, L1 type lymphoblasts were
fownd in the blood and bone marrow (BM),

which is consistemt with the development of

ALL. As in the human discase, these cells also
infiltrated the liver, lungs, Kidneys, braim, and
testes (Fig. 1, B and €, and fig. S2A). To assess
the hineage and maturation stage of the leuke-
mic blasts, buman grafls were studied by How
cytometry (Fig. 1, D and E, and fg. 83). In
control mice. the human gralt made up 76 ¢
15% of the BM and consisted mainly of leu-
kocyies expressing the pan-B cell marker
CD19, with a minor population of myeloid cells

REPORTS

(CD33CDIY), as previously described (7). In
contrast, in MWLL-ENL mice, the human grafi
e up 96 = 2% of the BM and consisted almiost
exclusively of B cells, The human B cell popula-
tion in control mice showed evidence of nomal
terminal differcnuation, whercas in MLL-ENL
mice, these cells were amested at the pro-B cell
stage of differentiation (CD197, CD207, lgM-,
and gDy (&) Thus, the ccll surface phenotype
and tissue-infiltration patiem of the lukemic blasts
seen in this model resemble those observed in
B-ALL paticnts with this tmnslocation (¥, ),
B-precursor ALL has rarely been observed in
previous work where various WLL fusions were
sudied in transgenic mice or by munne BM
trnsplantation (/-4 7).

We next wested the leukemogemie potential of

MLL-AF9, a different fusion gene predomi-
nently associated with AML (5, f0). Clinically,
different MLL Tusions are associated with disting
frequencies of myeloid and  lvmphoid  Jeuke-
mizas. In contrast 1o our lindings with MLL-ENL,

MLL-AFS (B-ALL)
g = -]

-Il.l- r

N T :“‘1'
MLL-AFS (B-ALL)
- —
- — -'h-
"—I'l'l T ™
- {oCm

=1

e :“:'

Fig. 1. Morphology, tissue infiltration, and immunophenotype
of MLL-induced ALL and AML. (A} Kaplan-Meier survival analysis
of control and MLL-ENL mice. n, number of mice. (B} Blood
smears and BM cytospins [May-Griinwald-Giemsa (MGG} stain-
ing] of representative mice injected with control cells, MLL-ENL
transduced cells, and MLL-AF9 transduced cells. Scale bars, 10

wum. (€} Organ infiltration by lymphoblasts in a representative MLL-ENL mouse, Tissue sections are stained with hematoxylin and eosin (H&E) and with
a human-specific antibody to CD45. Scale bars, 100 um (lung, kidney, and testis} or 25 um (brain). (D and E) Flow cytometric analysis of BM and
hlood from representative mice with MLL-induced B-ALL. The upper row in (D) shows the human erythroid cells (GlyA* cells) and the human leukocytes
(CD45"GlyA™ cells) that compose the human graft; the cells of mouse origin are in the lower left quadrant (CD457GlyA™ cells). Contour plots are gated
on all live cells [upper row in (D] or on human CD45* cells [ID), lower row, and (E)].
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Lin® (B cells expressing MLL-AF9 initiated
otk B-lymphoid and mveloid disease upon
transplantation (Fig. 1. B, D, and E; figs. S2B,
53, and S4; and table S1), Eight of 16 MLL-AFY
mice developed B-precursor ALL with features
identical 1o those noted with MLL-ENE. Two
mice developed AML, charactenzed by mydo-
monocytic blasts in the blood and BM with dif-
fuse organ infiltmation. This discase cornesponds
phenotypically o the myclomonocytic or mone-
blastic leukemias seen in the majority of patients
with MLL-AFY ianslocations. A single MLL-AFY
mouse developed a mixed leukemia composed
of both B-lincage lvmphoblasts and myeloblasis,
Thus, as seen in mouse models of MLL leuke-
mias and i patients, the identity of the fusion
partner plays an instructive role in determining
leukemia lincage in our model (/8).

Table 81 summarizes the data corresponding
o all primary mice from six independent trans-
duction experiments. Using the clinical delini-
tion of human leukemia (=20% blasts in the
BM), we found that T8% of mice (35 oul of 45)
injected with cells expressing WLL fusion genes
developed leukemia in less than 19 weeks, and
two mice were preleukemic when they were

A

HLL-EH. B-ALI.

HLL-ENL B-ALL

killed (=20% blasts in the BM, but present in
blood and peripheral organs), Among mice that
were engrafled with tmnsduced  human cells,
93% devdloped discase (8). This high penctrance
of leukemia and the shont latney to discase
sugecest that ML fusion genes efficiently mitiae
leukemogenic programs and that minimal coop-

crating events are required for the development of

fully ranstormed leukemic stem cells that are ca-
pable of sustaining aggrssive discase, These re-
sults cleardy contrast with models of solid wmors
that required at least three different oncogenes 10
transform primary human eells (f/9-2/1),

For L-ICs w0 sustain and propagate discase,
they must selifrenew, We assessed the sell-
renewal of MLL-derived L-ICs by seral trans-
plantation. BM cells from control, MLL-ENL,
and MLL-AF9 primary mice were trmnsplanted
into 34 secondary recipients (lable S2), After 15
weeks, the BM from controls gencrated no
detectable human grmfis in secondary mice. In
contrast, recipients of BM from MLL-ENL and
MLL-AFY mice were engrafied with human cells
and developed leukemia of the same pheno-
type (cell surface markers and organ involve-
ment) as the coressponding primary mouse, but

c

bl

2

..,3 iy

¢

MLL-ENL B-ALL
T 1

¢
:5 &g

‘g'i
T1.

e

-

Enzyme: Bgtl
Probe: EGFP

Fig. 2. Clonal analysis of MLl-induced leukemias. Southern blotting was
performed by digesting DNA with the indicated enzymes and probing with
either an EGFP cDNA probe (to assess retroviral integration) or a probe specific
for the region 3 to the ]y segments of the human IgH locus (IGH]&) (to analyze
IgH gene rearrangement). All secondary recipients were derived from BM cells
of the primary mouse analyzed on the same membrane. (A and €) Black ammows
(control mouse) and solid arrowheads (leukemic mice} indicate clones with
unique proviral insertions. The open arrow in (0 indicates a novel clone
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with a shorter latency (fig. S5). Secondary trans-
plantation of’ hmiting doses of leukemic blasts
from primary mice allowed us to estimate that the
L-IC frequency was =Yaem cclls (table S3),

To investigate sell-=renewal at a clonal level,
retrovirl insertion sites were analyzed by South-
ern blotting. The transduced human gralt in
the BM of control primary mice was denved
from two o five clones (Fig. 2A), as previously
reported (7 In all MLL pamary mice, the lou-
kemic grafts were composed of dther one or two
major clones with vanable numbers of minor
contributors (Fig. 2, A and C, and Nig. S6). In
general, the predominant clone from a primary
mouse persisted o generate monoclonal discase
in its comesponding sccondary mice, However, m
two instinces, a novel cdone that was below the
detection limit in primary mice made a substantial
contnbution in secondary recipients (Fig, 20).
Ome interpretation of this inding, supported by
clonal tmcking studics in buman AML (3, & that
such clones arose from L-ICs that were quicscent
in primary mice and became activated after
secondary transplantation.

To determine the type of cell wansformed by
MLL fusion genes, Southem blotting was used

0
Day 81
Day 0
Day 13
Day 81

5

EGFP  EGFP  IGHJE

present in a secondary mouse that was not detectable in the coresponding
primary mouse. (B) The germline IgH configuration is surmounded by a
rectangle. Open arrowheads indicate rearrangements common to primary and
secondary mice. Gray arrows point to new rearrangements common to all
secondary mice that were not detectable in the primary mouse. (D) Example of
a spontanegus lineage switch that occurred during the in vitro culture of BM
cells from an ML-ENL mouse. (E) Clonal analysis of this culture for both
proviral insertion and IgH rearrangement.
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to study immunog lobulin heavy chain (Igh) gene

reamangement, an ¢cvent that eccurs at a slage of

B-lymphowd differentiation between the com-
mon lymphowd progemitor (CLP) and the pro-B
cell (220, Although control and MLL-AF9 mice
with AML displayed only the germline amange-
ment (1. S6), all pimary mice with B-procursor
ALL displayed varying reamangements of the
IgH gene, in addition to the germline band
(Fig. 2B and {ig. 56, In ~40% of the primary
mice, the germline configuration accounted
for =50% of all the IgH gene configurations.
These data allow us 1o exclude the possibility
that, in these cases, trmnsformation oceurred in
a committed B cell with a rcarmnged 1gh gene,

Population
in IL-3 and SCF

128 150

[} 2 B0 78 100
Time (days)

Fig. 3. MLL-ENL and MLL-AFF cells cultured in myeloid-promoting conditions
generate different graft phenotypes upon injection into immunodeficient mice.
(A} In vitro growth curves of control, MLL-AF?, and MLL-ENL cells under
conditions that promote myeloid differentiation. At the indicated time points,

Instead, they indicate that a more primitive
cell type that had not imtiated lgH gene rear-
rangement (such as the hematopoictic stem

cell, CLP, or the carly B cell) was the target of

transformation,

A companson of the lgH gene-reamangement
pattems i secondary mice and their comespond-
ing primary mice showed a consistent decrease
in the intensity of the germline configurition,
accompanicd by a greater contribution by clones
with mearmnged IgH alleles. The same mear-
rangements were often present in muliple sec-
ondary mice denved from the same primary
animal (Fig. 2B and fig. S6), suggesting that the
L-ICs in primary mice underwent self-renewal
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divisions and genemied daughter L-1Cs capa-
ble of mitiating ALL upon trnsplantation. Thus,
i Jeukenuas where a pamitive cell type was
deemed 10 be the tanget of transtonmation, we can
conclude that the L-ICs present at later time
points were not identical 1o those initally gen-
crated, though they shared the same retroviml
inegration. [nstead, it appears that the phenotype
of the L-1Cs evolved over time rom a pamitive
(germling IgH) cell type 1w a el ype with
reamunged JgH genes. This clonal evolution
indicates that analysis of L-1C properics and
phenotype at a single time poim may not provide
a complete picture of L-IC biology or insights
o the identity of the cell of ongin.

cultured cells were injected into immunodeficient mice. IL-3, interleukin-3; SCF,
stem cell factor. (B} Types of human grafts generated in mice. Contour plots are
gated on live cells, and BM cytospins (MGG staining) illustrate the morphology
of the indicated leukemias. Scale bars, 25 um.
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Because a pimitive cell was the target for
the transtfommation in ~40% of our expenmental
leukennas, we imvestigated the differenteation
potential of MEL-derived L-1Cs. Leukemic cells
were harvested from the BM of pomary mice
and cultwred in vitro under conditions support-
ive of both B-lymphoid and myeloid cells. Both
AML and B-precursor ALL grew for = 100 days
(g 87, A and B), and in 10 out of 14 cultures
initiated from mice with MLL-ENL B-ALL, a
CD3ICDIY myeloid population emenzed.
Three of these culures underwent a complete
switch from a B-lymphoid o a myeloid blastic
population; in one instance, this was ollowed
by a reversion back 10 B-lincage cells (Fig. 2D
and fig. 87, C and D). Retroviral integration
analysis showed that clonality was mamtained
duning these lincage switches. but cdlls with
cither rearranged Ighl alleles or sirictly germbine
status were compelent 1o swilch lincages (Fig,
2E and hg. STE)L Consistent with these obser-
vations, imclonal lincage switching has been
documented in patients with MEL leukemias
upon relapse (23-25) and was also found in our
in vive studies (fg. S8) Together these in vitro
and in vivo daa indicate that MLL-denved L-1Cs,
including those with rearmanged lall genes, retain
Both vmphoid and mveloid potential, a linding
ako observed in munine models (1),

Finally, 10 investigate the influence of
microenvironment on MLL L-1Cs, we sceded
cells expressing MLL-ENL or MLL-AF9 into
myeloid-promoting  suspension cullures imme-
diately after wansduction. Under these condi-
tions, cells expressing MLL Tusions  outgrew
controls, generating populations of monoblastic
cells (MLL-ENLY and myelomonoblastic cells
(MLL-AF) (Fig. 3A and fig. 89). Analysis of the
leukemia-initiating capacity of cells from difler-
ent times in culure showed that at the carliest
time point, culured MLL-ENL cells generated
B-precursor ALL in vivo: however, m later pas-
sages the phenotype of the human grafis shified
toward the myeloid lineage, with some mice
showing monoclonal mixed-lineage leukemias
and AML (Fig. 3, fiz. 510, and wable S4). Thus,
exposure (o mycloid-supportive conditions was
pemmissive forthe development ol clones capable
of generating myveloid discase in vivo, In contrast
to MELL-ENE, the mjection of MLL-AF% cells from
culiwre resulicd in smctly myeloid ougrowths i
all but one engralied mouse, again highlghting an
instructive role for the MLL fusion panner in
determining leukemia lincage.

Onir data show that WLL Rusion genes can ini-
tinte both myeloid and bmphoid eukemogenic
programs in primary human hematopoietic cells.
Which program is ultimately followed &5 influ-
enced by the identity of the fusion panner, as well
as by microenvironmental signals, The rspon-
siveness of MLL-derved L-ICs 10 exinnsic cues,
coupled with their Iympho-mycloid  potential,
prowides a biological basis for several Tallmarks
of MLL leukenas, meluding lincage switching at
relapse and the high incidence of B-ALL in
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infants (26), where the mntrinsic and extrinsic de-
termmants of neonatal hematopolesis favor B cell
development (27, The finding that L-1Cs undenzo
clonal evolution indicates that discase progression
is linked 10 the biological propertics of the leu-
kemia stem cells that underlic the discase, mther
than w the evolution of leukemie blasts, Thus, it
will be essential to understand the cellular and
malecular propertics of L-1Cs at all stages, from
leukemic initiation 1o discase progression, in order
o devise thermpies 1o tanget their aadication,
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Regulation of the Germinal Center
Response by MicroRNA-155
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MicroRNAs are small RNA species involved in biological control at multiple levels. Using genetic
deletion and transgenic approaches, we show that the evolutionarily conserved microRNA-155
{miR-155} has an important role in the mammalian immune system, specifically in regulating T
helper cell differentiation and the germinal center reaction to produce an optimal T cell-
dependent antibody response. miR-155 exerts this control, at least in part, by regulating cytokine
production. These results also suggest that individual microRNAs can exert critical control over

mammalian differentiation processes in vivo.

icroR NAS are emerging as key players
in the control of biological processes,

and the siage-specific expression of

certain microRNAs in the immune system
suggests thal they may panticipate in immune
regulation. One such microRNA is milR-135,
produced from the non- protein-coding trnscript
of the Me gene. e was discovered as a recur-
rent integration site of avian leukosis virus in
chicken lyvmphoma cells (f). The haimpin from
which miR-15% is processed represcnts the
only evolutionarily conscerved sequence of the
bic gene, indicating that miR-135 mediates hic

function { 2-4). bic/miR-1353 has been shown 1o
be highly expressed in a varicty of human B
cell lvmphomas, mcluding the Hodgkin-Reed-

ICBR Institute for Biomedical Research, Harvard Medical
School, Boston, MA 02115, USA. *IFOM=The FIRC Institute
for Molecular Oncology, Milano, Via Adamello 16 Milan
20139, haly. 'Regeneron Pharmaceuticals, 777 Old Saw
Mill River Road, Tarrytown, NY 10591, USA. Department
of Pathology, Brigham and Women's Hospital, Boston, MA
02115, USA, *Max Delbriick Center for Malecular Medicine,
Robert-Rassie-Strasse 10, 0-13125 Berlin, Germany.

*lo whom carrespondence should be addressed. E-mail:
rajewsky@che.med. harvard.edu

WWW.SCIENCemang.org




Fig. 1. bic/miR-155
regulates the GC re-
sponse and is induced
upon activation. (A) The
percentage of PP GC B
cells was determined by
FACS in bic/miR-155""
mice (n = 13) and
controls (n = 15), and
in B cell™ % mice (n =
16) and controls (0 =
17). (B) (Left panels) bic
promoter activity was
measured by LacZ stain-
ing in GC B cells with
the use of FACS. I[Riq?t
panels) In B cell™™*
mice, bic/miR-155 expres-
sion in matuwe B cells is
reported by EGFFP expres-
sian. (€} RT-PCR was used
to detect bic in pro-
genitor, resting B cells
and anti-lgM-(Fab )—
stimulated mature spleen
B cells (10 pg/ml). The
smaller transcript repre-
sents the spliced form of
bic. (D} miR-155 expres-
sion was detected by
Northern blots in the
same samples as in (C).
LPS, lipopolysaccharide.
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Fig. 2. bic/miR-155"" mice show impaired T cell-dependent antibody responses. (A and B) Mice were
immunized intraperitoneally with NP-CGG/Alum and analyzed on days 7 and 14 after immunization.
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GC B cells was determined by FACS. Un: unimmunized. (C) Immunohistochemistry was performed on day 14 NP-immunized spleen sections from wild-type (a), B
cell™®5 (b), and knockout mice (c) to detect GCs (brown, PNA*; blue, hemotoxylin). High-magnification image is shown in (d). Images are representative of
three mice per group. (D) Number of GCs (+SEM) was determined from sections in (C); n = 3 mice per group. (E) The frequency of W33L replacement was
determined by sequence analyses with spleen GC B cells 12 or 14 days after NP-CGG immunization.
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Stemberg cells in Hodgkin's discase, and miR-
| 55 ransgenic mice develop B cell lvmphomas
(3-8 In humans, Me/miR-135 expression was
detected i activated mature B and T lympho-
cvies (7, ¥ includmg germunal cemter (GC) B
cells (3, 71, as well as in activated monocyics
(/0 Germinal eenters represent sites of anti-
body affinity matwration and memory B eell
gencration in T cell-dependent antibody re-
sponses (/).

To obtain insights imo the physiclogical
function of Me/miR-135, we generated two
mtan mouse strains, In the s, a major portion
of the Sic second exon, including miR-135, was
replaced by a Bealactosidase (lacZ) reporter
(12y, generatmg a loss-of-funcuon allele des-
ignated  bic'miR-135"", The reporter allows
ome o study the Mie/miR- 155 expression pattem
through lacZ expression (g, S1)(/.3). Nonhem
blots showed that miR-135 expression was
completely ablated in activated bic/miR-155
B eells (fig. S1C) To generate the second mu-
tant strain, we used a previously established
knock-in strategy (14), 1o conditionally express
miR-155 and an enhanced green fluorescent
protein (EGFP) reporter in mature B cells, in a
Cre-dependent manner (hig. S2A) (/5). Fou
simplicity, mice carrving the miR-135 knock-in
and the CD2 1-cre alleles will be refermed o as B
cell™® 155 mice,

Mhe gut-associated vmphoid tissue (GALT),
including Pever’s patches (PPs) and mesenteric
Ivmph nodes {mLNs), contains both B and Teclls
and activated, proliferating B cells undergoing
GO reactions i response to chronie stimulation
by put-denved microbes. We found increased

[ractions of GO B cells m both PPs and mLNs of

if-15% . 3 = 5=
B cel™® ' mice (Fig. 1A and figs. $3 and

S4A), and most of these cells, as well as the non-
GC B cells, expressed the EGFP reporter. In
contrast, in do/'miR-133
GC B cells, detenmined by Muorescence activated
cell sorting (FACS) and immunohistochemisiry,
was significantly reduced in PPs and mLNs (Fig.
I A and figs. 83 and 54, A and B). In Me/miR-
1557 mice, the vast majority of the non-GC B

cells were negative for lacd, whercas =60% ol

GC B cells expressed the lacZ reporter (Fig. 1B
and fig. S1B). Because the detection of p-
galactosidose activity depends on the sensitivity
of the assay a5 well as the persistence ol the
cevme in dividing cells, we conclude that many
or perhaps all GO B cells express bic/ miR-153 in
the course of the GO response.

o futher charcteneze miR-155 expression,
we isolated spleen B cells from wild-type mice
stimulated through the B cell receptor (BCR),
CD40, or with mitogens that bind Toll-like
receptors (TLRs). Although linle Aic/miR-153
expression was seen in cells before activanion,

strong up-regulation was deected under each of

these activation conditions (Fig. 1, Cand D). The
signaling requirements were diflerent for BCR
versus TLR CD4O-mediated bic/mR- 155 mdue-
tiont. The fommer appeared to depend on the

27 APRIL 2007 WOL 316 SCIENCE

mice, the (raction of

calcineurin™FAT (nuclear lacior of activated T
cells) pathway, but not NEMO, an cssential
component of the nuclear factor ¥B (NF-xB)
signaling pathway. The latter required both
MyD®S and NEMO (lig. 55) (/6). A kinetic
analysis upon BCR cross-linking showed that
both Mie and miR-155 up-regulation was tran-
sient, with a maximum induction of the fomer at
3 hours and the latter at 24 hours, consistent with
a precursor-product relationship (Fig, 1, C and
D). Thus, in the GC response, B cells may up-
regulate i/ miR-135 w0 ns initiation or recur-
rently during proliferation and
antigens,

"l.";"..: |:I.'J'|.-|.," ;,I.L'N.ll nl'im:nm,l that b I]:jR-155
expression was absent in nonlymphoid organs

selection by

{lungs, kidney, bram, liver, and beant) as well as
in resting, naive CD4” T eells, but strong up-
regulation occurs upon activation of these cells
by T ecll antigen receplin cross-linking (fig. S6),
in accord with carlier work in the human (3, 9},

The reduced fraction of GC B cells i the
GALT of hic/miR-155
INCrease in mutants overex pressmg mik- 155 m B

mice, together with its

cells, suggests that miR-155 may indead mediate

Hie function and may alse be involved in the
conirol of the GC reaction. To determine whether
higmiR-155 15 also mvolved m nduced GC
responses inthe spleen, we immunized mice with
alum-precipitated 3-hyroxy-4-nitro-phenylacetyl
(NPy coupled to chicken gamma globulin
(CGOY, which nomally imitiates a GO response
accompanied by the production of antigen-
specilic antibodies detectable at day 7 after
immunization and reaching a peak | week later
(7)., Amtigen-specilic immunoglobulin Gl
(lgGy) antibody titers and the fractions of GO B
cells were compared between immunized mu-
tant and wild-tvpe mice, In mice overexpressing
mil-1535, the antibody response was marginally
enhanced at both time points (Fig, 2A) In con-
trast, the HicmiR-155
one-lifth as much NP-specilic antibody tters as
their littermate controls (Fig. 2A). The percent-
ages and numbers of spleen GO B cells were

mice produced abowm

higher in the miB- 155 overexpressing mice, but
reduced m the knockouts, compared 1o controls,
most notably on day 14 alier immunization { figs.
2B and 57}, Futhenmore, bic/miR-155
displayed reduced numbers of GCs that appeared

splecns
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Fig. 3. bic/miR-155"" B cells are deficient in TNF and LT-u
production. All experiments were done with CD19% mature
spleen B cells, (A) TNF expression determined by FACS was
analyzed before and after siimulation with anti-lgM-Flab )z
antibodies for 2 days (gated on blasted cells). Numbers in
panels represent the percentage of cells. Histograms display
the amount of TNF expressed at the indicated time points
after stimulation. (B) TNF production was measured with
the Beadlyte mouse cytokine kit in supernatants from (A).
(C) mRNAs were detected by RT-PCR in cells from (A).
Lanes: WT (lane 1), bigmiR-155"" (lane 2) and bic/miR-155~"

D WT bic/miR-155"~

I ¢
W o wo” 'Gc-P

TNF
LT-cx

LT-f
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mice (lanes 3 and 4), and no ¢DNA input (lane 5). Data are representative of five independent
experiments. (D) mLNs non-GC and GC B cells were sorted, and RT-PCR was performed as in (C).
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. L
smaller than those of controls and B cell™

mice (Fig. 2. C and D). Together, these results
complement those oblamed for GO formation
i the GALT and indicate that muR-1355 plays a
specilic role in the control of the GU reaction
in the context of a T cell-dependent antibody
FEAPHISE,

We next investigated a possible molecular
basis for the cffects of miR-155. With no
abviously relevant predicted miR-155 targets in
hand, we locused on basic Ratunes of the GO
response; namely, B cell prolileration, the gener-
ation of somatic antibody mutants, and selection
of mutated B cells that bound antigen with high

affiniy. We also examined the production of

tumor necrosis factor (TNF) and lymphotoxin-o
(LT-et) and LT-B by mutant and control B cells,
bocause it is known that TNF and LT-w, produced
by B cells, are enitical for GC formation (/8- 200},
When bic/miR-1557" B cells were induced 1o
proliferate m vitro by a vanety of stimul, ther

proliferation profile, determined by dilution of

the cell-bound carboxyMuorescein diacetate suc-
cinimidyl ester (CFSE) label, was indistinguish-
able from that of control cells (fig. S8). There
wits thus no indication from these experiments
that miR-155 expression is directly involved in
the control of B cell proliferation, The anti-NP
response is characterized by the preferential
usage ol the Vg 186.2 gene scgment of the 1gl i"
haplotype. Furthermore, high-afTinity anti-NP
anmtibodies acquire a try plophan-to-leucine mu-
tation at position 33 (W33L) (/7). GC B cells
were thus isolated from dicmiR-155"" and
hic/miR=135"" mice on day 12 or 14 afier im-

A
A

bic/miR-155~/-

IL-4

THN

munization with NP-CGG, and rearranged
Vil 86,2 gene scgments were sequenced (/7).
Although there were no notable differences in
overall mutation frequency  between control
and mutant cells, the selection for the W33L
mutiation was compromised in bic/miR-155
knockout cells (Fig. 2E). Therefore, although
miR-155 is not required for somatic hyper-
mutation of antibody genes in GC B cells, it
contributes to an optimal sclection of cells ac-
quiring high-alfinity antibodies. A possible
clue 1o an understanding of the defective GC
reaction in Aic/miR-135 knockout mice came
from the analysis of evtokine production by
activated B cells from knockout and control
mice. Two days after in vitro activation by BCR
cross-linking, TNF production by bic'miR-135"

B cells was noticeably neduced when companed
with that of the controls (Fig. 3A). Consistent
with this, the concentration o TNF in cullure
supematants of the mutant B cells was about one-
third of that in control supermatants (Fig. 3B).
The differences in TNF production between
knockout and wild-type cells were also apparent
at the level of gene expression, as demonstred
by reverse imnscription-polymerase chain re-
action (RT-PCR) analysis of TNF-specific tran-
seripis (Fig 30), We lurther showad, by RT-PCR,
that i~ but not f- expression is also compro-
mised in the mutamt eells. These defeets were also
observed in ex vivo sorted GC and non-GC B
cells from mLNs of the knockout mice, where B
cells may be chronically activated by exposure o
bacterial antigens (Fig. 3D). Together, these data
sugeest that miR-155 controls the GO response at

B ,
bic/miR-155"""
04| T8

— IL-10 —»= — IFN

IL-4

Fig. 4. bic/miR-1557" T cells show a Ty2
cytokine bias accompanied by a higher
fraction of cells producing IL-10. (A) Tyl
(I-12 + anti-IL-4), T2 (IL-4 + anti-IFN-y +
anti-IL-12), nmonpolarizing (TyN; no addition
of exogenous cytokines or blocking antibodies)

conditions were used to study T cell differentiation with purified CD4* T cells from peripheral lymph
nodes. On day 5, intracellular IL-4 and IFN-y production was measured by FACS (mean + SD; five
knockout and four wild-type mice from three independent experiments). (B} Cells prepared as in (A)
were differentiated under the influence of a limited quantity of IL-4 (12.5 UWiml) {mean + 5D, four
knockout and three wild-type mice, from two independent experiments). Numbers in panels represent

the percentage of cells.
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least in part at the level of cytokine production.

Although this control may ollow pathways of

postimnscnplional gene silencing, we note that
fragile-X mental retardation-related  protoin
| (FXRI1) and Argonaute-2, an RNA-binding
protein involved in the microRNA pathwary, were
shown to asociae with an All-rich element in
the 3 untranslated region (UTR) of the TNF
mRNA dunng tanslation activation (27) A
conserved miR-155 binding site (AGOGUUA)
downstream of this element could contribute 1o
the targeting of Argonaute-2 and FXR1 1o the
TNF 3 UTR.

Because Mo/miR-153 15 also expressed i
T ¢cells upon activation and dilTerential cvio-
kine production is a hallmark of T cell differ-
entiation imto T helper eell | {Tyl) and T2
cllector cells, we tested Tyl and T2 difTer-
entiation of knockout and control T cells in
vitro {22, 23). We found that T cell differen-
mation procecded nomally in both cases (Fig.
4A). However, when T cells were cullured un-
der conditions that promote neither differentiation
pathway or suboptimally promote Ty2 differ-
entiation, hicmiR-155" cells produced more
interleukin-=d (IL<h) and less interferon-y (1FN-y),
suggesting that they were more prone o T2
differentiation than controls (Fig. 4 and fig. S9).
In addition, mutant T cell culwres  generated
more cells producing 1L-10, a eviokine known o
dampen immune responses (24, 25),

Although it remains o be seen whether these
observations relate to the impaired GO re-
sponse in the mutants, the present expenments
catablish, through a combined genctic loss-
and gam-of-function approach, that miR-1535 is

critically involved in the in vivo control of

specific differentiation processes in the im-
mune response and that it exerts s functions
at least panly at the level of comtrol of eyiokine
production.
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Requirement of hic/microRNA-155 for
Normal Immune Function

Antony Rodriguez,™ Elena Vigorito,”* Simon Clare,* Madhuri V. Warren,*? Philippe Couttet,®
Dalya R. Smnd,z Stijn van [.'n:mgp.ln,'1 Russell ). ﬁmmtk,l Partha P. Das;‘ Eric A. Miska,‘
David Vetrie,* Klaus ﬂkkenhaug,z Anton ). Iinright,'JL Gordon DDUQHH,1

Martin Turner,’t Allan Bradley 1

MicroRNAs are a class of small RNAs that are increasingly being recognized as important regulators
of gene expression. Although hundreds of microRNAs are present in the mammalian genome,
genetic studies addressing their physiological roles are at an early stage. We have shown that mice
deficient for bic/microRNA-155 are immunodeficient and display increased lung airway
remodeling. We demonstrate a requirement of bic/microRNA-155 for the function of B and T
lymphocytes and dendritic cells. Transcriptome analysis of bic/microRNA-155—deficient (D" T
cells identified a wide spectrum of microRMA-155—regulated genes, including cytokines,
chemokines, and transcription factors, Our work suggests that bic/microRNA-155 plays a key role
in the homeostasis and function of the immune system.

icroRMNAs (miIRNAs) posttranscrip-
Mtinn:l!ly regulate gene expression by

forming imperfect base parng with
sequences in the 3 untranslated region (3" UTR)
ol genes o prevent protein accumulation by ne-
pressing ranslation or by inducing mRNA deg-
radation (/. 2% More than 300 miENAs have
been identified in mammals, although their fune-
tions are only now being elucidated (3). In the
immune sysiem, the enzvme responsible for
regulatory RNA biogenesis, Dicer, is requined
fior T cell function, which suggesis regulaton
roles for miRNAs in lvmphocyies (4, 5). One
miRNA, miR-155 (6), maps within, and is pro-
cessed from, an exon of the noncoding RNA
known as bic (7, &) its primary miRNA pre-
cursor (¥). higanmiR=-155 shows greatly mcreased
expression in activated B and T cells (9-11), as
well as m activated macrophages and dendriic
cells (DCs) (42, 13). Overexpression of e
miR=153 has been reported in B cell lymphomas
and solid twmors (/4), and transgenic miR-133
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mice have also been shown to develop B ecll
malignancies in vivo (/5), indicating that the
locus may also be Iinked to cancer.

To define the i vivo role of bicimiR-1335 (hicl,
we generated mutant alleles in embrvonic stem
cells (16) 10 obtain bic-deficient (hic™"™ and
hic™ ™) mice (fig. S1. A and B). hic-deficient
mice were viable and fertile but developed lung
pathology with age. At 320 w 350 days, 56%
(5 outof)of bic™"™ mice displaved significant
remodeling of lung airways, with increased
bronchiolar subepithelial collagen deposition
and imcreased cell mass of sub-bronchiolar myo-
fibroblasts (Fig. 1, B, D, and F), relative 1o age-
matched contral mice (v = ) (Fig. 1, A, C, and
E) A statistically significant increase in the ratio
of collagen thicknessbronchiolar diameter and
smooth muscle cell arca/broncluolar diameter
could be measurcd in Me-deficicmt mice, come
parcd with wild-tvpe controls (Fig. 1, G and FHy,
Increased airway remodeling in aged hic™"™
mice was accompanicd by a significant increase
in the numbsers of keukocytes in bronchoaly colar
lavage Nuids (BAL) (Fig. 1. 1) but not the lung
interstitium. These changes are reminiscent of the
lung fibrosis that ofien complicates systemic
autoimmune processes with lung involvement
(17, 18). We also noted that many bic™"™! mice
developed enteric nflammation, a trait we have
not investigated futher. Thus, the phenotype we
observed suggested that Mo R-155 may panic-
ipate or play a role in regulating the homeostasis
of the immune system,

The pathology observed in Aic-delicient
mice prompted us to examine the requirement
of bic/miR-135 in immunity. Although no gross
defect in myeloid or lvmphoid development n
Mie-deficierm mice was obscrved (1ables S1 and
52), protective mumunity did appear 1o be -
paired, Thus, after intravenous immunization
with the live attenuated form of the entenic path-
ogen Sabwonclla tvphimueivm (arod mutant
strun), muce were assessed for thar ability 1
resist oral challenge with virulent S Aphimraim
bacteria (19, 20), Both unvaccinated hic™ ™ and
wild-type control mice (5 out of 5; n = 5) died
within 7 days afier infection (Fig. 2A). However,
unlike their wild-type counterparts, bic™ ™ mice
were less readily protected by amd vaccination,
and the majority of mice (5 out of 6 # = 6)
succumbed to challenge with the virulent strin
by 33 days afier infection (Fig. 2B) Thus,
immunized Me-deficient mice, unlike wild-tvpe
mice, could not be protected by immunization 1o
this pathogen.

Protective immunity requires the function
of T and B Ivmphocvies. Therefore, we next
examined the in vivo B and T eell responses ol
Mig-deficient mice immunized with the T-
dependent antigen, tetanus toxin fragment
protein (TetC). Immunized bic™"™' mice
produced significamly reduced amounis of
immunoglobulin M (IgM) and switched anti-
gen-specific antibodies (Fig. 2C), indicative of
impaired B cell responses. For examination off
T cell function, splenocyies from mice immu-
nized with TetC were restimulated in vitro,
and ithe levels of interleukin (IL)-2 and
interferon (IFN)-y cviokines were measured,
As expected, splenceyvies from wild-type mice
immunized with TetC produced  significantly
inereased Jevels of IL-2 and IFN=y relative o
naive mice (Fig. 2D). In contrst, Aic™"™ im-
mumnized mice failed w0 produce significant levels
of these cyiokines (Fig. 2D). Thus, B and T ecll
responses were dimimshed in Bic-delicient mice.
possibly contributing 1o thar impaired enteric
imimunity.

To understand the nature of delective im-
mune responses in vivo, we explored the possi-
bility of an intrinsic requirement for bic/miR-155
in B cells and T cells. Dendnitic cell (DC) fune-
tion was also tested, because these cells act as
proficssional antigen presenting cells (APCs) with
the ability o influence T cell activation and dif-
ferentiation, Production of 1gGl by lipopoly-
saccharide (LPS) - and IL-4- stimulated hic™>™*
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B cells was signilicantly reduced (Fig. 2E), al-
though this defect did not appear to comespond
with abrormal proliferation (fig. S2). Adler en-

Fig. 1. Mice deficient for bic/
miR-155 show increased lung
airway remodeling (A to F) Histo-
logical examination of sections of
lung bronchicles from control wild-
type (A, €, and E) and bic™™ mice
(B, D, and F). Scale bar, 100 um. (4
and B) Haematoxylin and eosin stain;
{C and D) Masson Trichrome stain; (E
and F) Immunahistochemical stain-
ing for smooth muscle actin. Col-
lagen layer (white arrows), lung
myofibroblasts (black arrows), bron-
chioles (B), and blood vessels (V) are
indicated. (G) Quantitation of peri-
bronchiolar collagen thickness or (H)
airways smooth muscle cell (ASM)
mass in bic™"™ mice compared
with that of wild-type mice. (G) P <
0.02 or (H) P = 0.0001, in com-
parison with wild-type group, Stu-
dent’s two-tailed t test. Open
circles, control mice; filled trian-
gles, bic™v™

countering antigen, DCs increase their immuno-
stimulatory capacity (2/) through a process that
15 mimicked o vitro by stimulaben with LPS.

REPORTS I

Adter treatment with LPS 5ic™ ™, bone mamow
darvad DOs expressad levels of major histo-
compatibility comples-11 and costimulatory mol-

L

%9400

P < 0001
wt  bigmimi

mice. Notably, bic™ ™! mice with increased collagen layer thickness also had increased ASM mass. (1) Total and differential cell counts in BAL from

the indicated mice. Data are the mean + SE from seven bic-deficient mice and six control mice. **P < 0.01 in comparison with wild-type group, Student’s two-

tailed 1 test.
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Fig. 2. Defective adaptive immunity by bic-deficient mice. (A} Survival curve
for mice (n = 5 in each group) infected orally with 1 x 10® colony-forming units
(CFUMvirulent 5 fyphimurum strain SL344. As expected for mice of this genetic
background, all failed to survive challenge, (B} Survival of mice {n = & in each
group) infected intravenously with 1 x 10° CFU of 5. typhimurium arol strain
followed by oral challenge with S. ngphmm'wn 5L344 & weeks after prime. In
contrast with control mice, Hic™™ mice demonstrate reduced survival after
challenge. (A and B) Line, control C57BL/G] (wild-type) mice; dashed line, NS
C57BUS) backcross bic™™ mice. (C) TetC-specific Ig levels from control mice
{open circles) or bic-deficient mice (filled triangles) immunized with TetC at days
1 and 21 and analyzed 13 days after secondary immunization. P values denote
significant differences; Student’s two-tailed  test. (D) Production of IL-2 and
IFN-7 by splenocytes isolated from wild-type or bic™ ™ -naive mice (open
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bars) or immunized with TetC as in (C) (closed bars) and cultured for 48
hours in the presence of TetC. Data are the mean = SE from four mice. *P <
0.05 versus naive mice; Student’s two-tailed t test. (E} Reduced IgGl
production by bic™*™ B cells cultured in the presence of LPS and IL-4 for 4
days. Data are the mean + SE from 3 mice. **P < 0.01 versus wild-type;
Student's two-tailed ¢ test, (F) Significantly reduced proliferation and IL-2
production by ovalbumin T cell receptor transgenic (OT-1I) cells cultured
with LPS-matured, bone marrow—derived, bic-deficient DCs in the presence
of cognate (2.5 pM) ovalbumin protein, Cell proliferation was determined
by [*H]-thymidine incorporation at 72 hours. IL-2 was measured from
supernatants by enzyme-linked immunosorbent assay (ELISA) at 48 hours.
Data are the mean + SE from five mice of each genotype. *P < 0.05 versus
wild-type; Student’s two-tailed ¢ test.
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ecules similar o those scen on identically treated
matured wild-tvpe DCs (fig. 53, A and B), which
mdicates that Micmif=£35 15 not roquired  tor
maturation. Nevertheless, fic™™ DCs failed 10
efficiently activate T cdlls, consistent with defie-
tive antigen presentation or costimulatory  fune-
tiom (Fig. 2F) Collecuvely, these results suggest
that the effects of bicdniR-155 may operate in
part on T ¢clls through its influence on DU
function,

To establish whether there is also an
intrinsic requirement for bcmiR-155 in T cell
function, the response ol receplor-stimulaed
naive bic™™ CD4" T cells was tested.
Despite normal proliferation, uncommitted
hic™ ™ CD4" cells showed a significant
reduction of the T helper (Thy 1 cyviokine,

IFN-y, afier stimulation with antibodies 10
CD3 and CD28 (fig. 540 A reduction by a
factor of 3 in the number of IFN-y-producing
cells was also observed after restimulation of
hic™¥™2 D4’ T cells cultured under
conditions designed not 1w polanize Th
responses (Fig, 3AY and was accompanied
by a doubling in the number of 1L-4 smgle-
producing cells (Fig. 3A)L In light of the
expression of bicmiR-155 in both Thl and
Th2 cell lincages (fig. 55, A and B), we next
examined the phenotype of hid™ ™ CD4" T
cells after culture in conditions that promote
Thl or Th ccll differentiation, The levels of
IFN=y, as well as the pumber of bic™ ™ Thi
cells secreting evtokine, were similar o
comtrols, which indicates thmt bicniR-135 15

A wi bigmama Isotype Cirl
T 11.3| [18.2 29 4 i A
t 2
' K THN

IL4 Co-5

IFN-y IL-2

IFN9y IL-2 IL4  IL-§ IL-10

Fig. 3. Increased Th2 polarization and amplified Th2 cytokine production by bic-deficient CD4* T
cells. CD4*CD&2L* cells of indicated genotypes were cultured under (A, middle panel, and B} Thl
conditions, (A, lower panel, and € Th2 in vitro differentiation conditions, or (A, upper panel)
nonpolarizing (ThN) conditions and restimulated with immobilized antibody to CD3 (10 pg/ml) and
soluble 2 pg/ml antibody to CD28 on day 6. (A) Intracellular cytometric analysis for IFN=-y and IL-4
production (16). The panel shows a representative result of three mice of each genotype analyzed
in the same experiment. Data are representative of two independent experiments (n = 3 per
genotype). Numbers in each quadrant are percentages of cells of indicated phenotype. (B and C)
Cytokine levels were assayed by ELISA 21 hours after restimulation of cells cultured under (B} Thl
or (C) Th2 polarizing conditions, Data are the mean + 5E from three individual mice, *P < 0.05 or
**P < (.01 versus wild-type; Student’s two-tailed t test.
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nel required for Thi differentiation (Fig. 3, A
and B). However, phenotypic alterations were
observed as bic™™2 Thl cells produced
clevated levels of CCL-5 (Fig. 3B and table
53 By contmst, mereased commutment 1o the
Th2 pathway was evident in 5™ ™2 Th2 cell
cultures as higher numbers of IL-4- producing
cells were observed (Fig, 3A) In support of
this result, enhanced levels of the Th2
cyvtokines [L-4, IL-5, and IL-10 were gencrated
by bic™ ™2 cells afier culture in Th2 polariz-
ing conditions {Fig. 3C). Taken together, these
data demonstrate that bic-deficiemt CD4™ T
cells are intrinsically biased wward Th2
differentiation. Moreover, Thl cells may have
altered function despite nommal production of
IFN-v.

To understand how SicdiR-135 regulates
Th2 commitment and to gain a more global
insight into the extent ol dercgulation in Thl
cells, we analyzed gene expression in big™2™?
Thl or Th2 cells using microarmay analysis. In
addition, because the 5 region of miRNAs
{referred 1o as the "seed" region) is believed to
be crucial for target mRNA recognition ([, 2).
we searched the 3" UTRs of significantly up-
regulated genes in microarmys for the presence
of seed matches specific for miR-155, In fie-
deficient Thl eells, we dentified 46 ol 33 up-
regulated transcripts as potential miR-155
targets (lable S3 and fig. S6). In bie-deficient
Th2 cells, 33 out of 99 up-regulated transcripts
were predicted targets (lable S4 and g, S7).
To confirm these pencs as likely targets of
miR-155, we then searched the 3" UTRs for
seed matches specilic for all of the known
mouse miRNAs in the miRbase public
database (). miR-155 seed sequences were
signilicantly  overrepresented over all other
tested mouse miRNAs, indicating a significant
probability that these genes are direct targets
of miR-155 (Fig. 4. A and B). This compu-
ttional data swrongly suggesis that miRk-153
represses a wide assortment of genes in CD4" T
cells and lends support for the hypothesis that
miRNA targets are generally abundant in mam-
mals (22),

A wide spoctrum of miR-155 target genes
with diverse molecular moles, such as T cell
costimulation (e.g., T, chemotxis (eg.,
Cef-3), and signaling (e.g., fibke), were identi-
ficd. Among these, we noted that the ran-
seription factor e=Meaf contains phylogenctically
conserved miR-1535 seed matches inthe 3 UTR
(fig. S8). c-Mal is a potent transactivator of the
fL-4 promaoter, and ectopically expressed e-Mal
is sulficient 1w cause increased 1L-4, 1L-5 and
IL-10 production by Th2 cells (23-25). In con-
cordance with the microarray results, o signil-
icant induction of ¢-Maf mRNA was detected in
™™ Th2 cells, and the levels of c-Maf
protein were corrcsponding ly icreased (Fig. 4,
C and D). By contrast, levels of Gaald
transeript, which does not comain a miR-135
secd, were not elevated (Fig. 4C) Increased
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Fig. 4. miR-155 pattern
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sequences are enriched in
the Thl and Th2 cell up-
requlated genes, and ¢-Maf
is a bona fide targel of
miR-155. (A and B) Fold
enrchment of 5" miRNA pat-
tem sequences of the indi-
cated types contained in the
3' UTRs of the (A) Th1 or (B)
Th2 ¢cDNA microarray signif-
icantly up-requlated gene
sets. The standard deviation,
Z score, and P value were

miR-155
Z-scome: B8
P<2xio™

Poon

miR-155 Fold Ennchment

- b W B o B - @ W

|

calculated by sampling 1000
random sets of 53 (for Thl
set) or 99 (for Th2 set) genes
from the mouse genome
{16). Data are fold enrich-
ment + SD. (C) Quantita-
tive PCR analysis for Gata3,
c-Maf, and /l-4 transcript
levels from Th2 cells re-
stimulated with antibodies o-

W biga

ul |

to CD3 and CD28. Data are c-Maf

expression of o-Maf may thus contribute, at
least in part, 0 the increased Th2 cevtokine
production phenotype observed in higm2im

Th2 cells. To Turther confirm whether o-Maf

15 a direet target of miR-155, we ¢loned its 3
UTR into a lueiferase reporter plasmid. The
wild-type o-Maf reponer exhibited signifi-
cant miR-135 dependent repression relative
to the reporier with a mutant seed sequence,
which indicates that this is a direct target lor
miR-153 (Fig. 4E). We conclude from these
cxperiments that bic/miR-135 modulaies
levels of e=Maf in CD4" T cells and this is
likely 1o contribute to the atienuation of Th2
cell responses in vivo,

Our data demonsirate that mice carrying a
null mutation in the bicdniR-155 gene display
altered immune responses. Thus, along with an
merease i airways remodeling suggestive of
altered homeostasis, we observed that ficdnifl-
135 regulates the function of both lymphocyies
and DCs, leading 1o an overall diminution of
immune responses. The idemification of
multiple novel potential targets of miR-155
supports the view that fic/miR-135 is a core
regulator of gene expression in multiple cell
types, with a "targetome” optimized to modu-
late the immune response. Inerestingly, bic-
deficient mice share some of the cellular
feawres observed in CD4-Cre/Dicer™ mice,
including defects in CD4° T cell evtokine
production and immune homeostasis (3, ). It
will pow be important o define the patho-
physiology of dic-deficient lvmphocyies and
further test the role of miR-1535-dependent

1

the mean + SE from three mice. *P < 0.05 versus wild-type; Student’s two-
tailed t test. (D) c-MAF protein levels were assessed by Western blot of nuclear
extracts of Th2 cells isolated from the indicated genotypes. Expression of lamin
AJC was used as loading control. (E} miR-155—dependent repression of ¢-Maf
reparter in vitro. A luciferase (Rluc) reporter was used to validate c-Maf as a

Gafal

repression of o-Maf” on immune responses in
vivo, The strength of the Micdnif-155 mutam
phenotype more generally  suggests  eritical
roles for miRNAs in vive, with potentially
severe loss-of-function phenotypes  dineetly
relevant 0 human disease. In this regard, it is
intriguing that the human BIC/miR-135 gene
maps o an asthma, pollen sensitvity, and
atopic demmatitis susceptibility region on chro-
mosome 21g21 (26-28). Given the severe
phenotypes noted in these mice, BIC/miR-133
should be investigaied as a potential immune
disease locus in humans.
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Distinct Pathways of Antigen Uptake
and Intracellular Routing in CD4
and CD8 T Cell Activation

Sven Burgdorf,” Andreas Kautz, Volker Béhnert, Percy A. Knolle, Christian Kurts*

612

The mechanisms that allow antigen-presenting cells (APCs) to selectively present extracellular
antigen to CD8" effector T cells (cross-presentation) or to CD4* T helper cells are not fully resolved.
We demonstrated that APCs use distinct endocytosis mechanisms to simultaneously introduce
soluble antigen into separate intracellular compartments, which were dedicated to presentation to
CD8" or CD4* T cells. Specifically, the mannose receptor supplied an early endosomal
compartment distinct from lysosomes, which was committed to cross-presentation. These findings
imply that antigen does not require intracellular diversion to access the cross-presentation
pathway, because it can enter the pathway already during endocytosis.

daptive mmmunily requires activation of
AT lymphocyies by dendntie cells (DCs),

which present antigen bound by major
histocompatibility complex (MHC) molecules
(7). Antigens that are synthesized intracellularly
(for example, those of viml or tumor orgin) are
presented by MHC | molecules and activate
cytotoxic CD8™ T eells. In contrast, extracellular
antigens are presented by MHC 11 moleculss to
activate CD4" T helper cells (1, ). A funher
mechanism  termed  cross-presemation pennits
some forms of extracellular antigen 1o also stim-
ulate CDR™ T eells via the MHC [ pathway (3-5),
This is required for immunity against viruscs
that do not infect APCs direetly or against tumor
antigens that are notl endogenously expressed
by % (31, The mechanisms that diven
endocytosed antigen from the classical MHC
1 restricted presentation pathway 1o that facili-
ing cross-presentation are conroversial (/0-16),
Before substantial experimental evidence  for
cross-presentation had become available, the as-
sumption that extracellular amigen was presented
exclusively o CD4™ T cells had implied thar the
different: mechanisms of endocyiosis supplicd
only MHC [ restricted antigen preseniation. Thus,
the possibility that a differential influence of these
uptake mochanisms on antigen presentation might
exist, in particular on cross-presentation, ramainod
to be clanfiod.

We recently demonstrited that mannose e-
cepror | MR )-mediated endocytosis of the mod-
¢l antigen soluble ovalbumim (OVA) enabled
its cross-presentation o CDE™ T cells (F7). We
therefore investigaied whether this was spe-
cilic for the class | pathway or whether the
MR also targets extracellular amtigen for MHC
[-restricted  presentation. DCs from MR-
deficient (/8) and wildype control mice were
allowed to endocytose OVA (/9), and the
response of OVA-specilic CD4™ T cells (OT-11

Institute of Malecular Medicine and Experimental Im-
munology, Friedrich-Wilhelms-Universitat, Bonn, Germany.,

*To whom corespondence should be addressed. E-mail:
churts@meb.de (CK); sven.burgdorf @ukb.uni-bonn.de (5.8.)
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cellsy was examined. This revealed a complete
independence from the MR for all OVA concen-
trtions tested (Fige 1AL In contrast, the re-
sponse of OVA-specilic CDE™ T cells (OT-1
cells) was absolutely dependent on the MR,
regardless of the antigen concentration (Fig. 1A).
Intrinsic differences in DOUs resulling from MR
deficiency, such as alered costimulatory maole-
cule expression or proportions of DU subtypes,
were nol observed (f7), Thus, MR-mediated
endocyiosis was cssential for cross-presentition
but dispensable for MHC 11 restrcted presenta-
tion of OVA,

Tor clucidate the pathway by which antigen
was endocyvtosed for the activation of MHC
II-restricted OT-T cells, we studied the n vitro
uptake ol OVA labeled with the Nuorochrome
alexagys (OVALS) by DCs. Although a distinet
DC subset ook up large amounts of OVAgs
vin the MR, a smaller Muorescence shift of
about four- 10 livelold was noted, which was
MR-independent and appeared 10 encompass all
DCs (Fig. 1B). This shilt could be blocked by
dimethylamiloride (DMA), an inhibitor of
pinocyiosis that leaves receplor-mediaed endo-
cviosis imact (Fig. 1B). DMA treaiment of
DCs during OWVA uptake abrogated the activa-
tion of OT-11 cells in a dose-dependent and MR-
independent manner (Fig, 1C), mdicating that
only pinocytosed, but not MR-cndocytosad,
OVA was used o activate CD4™ T cells. The ne-
sponse of OT1 cells wos unaffected by DMA
(Fig. 1C), excluding woxic cffecis

Pinocyitosis was active both in MR™ DCs
that endocyviosed a larze dose of OVA and in
MR DCs that did not because both DC subsets
were able 0 ke up luciler yellow (LY) (Fig
1D}, a pinocyvtosis marker (200, Despite slightly
smaller pinocyiotic activity (Fig. 1D) and se-
verely reduced wotal uptake of OVA (Fig. 1B),
MR~ DCs were superior at activating OT-11 cells
as compared o0 MR DCs (Fig, 1E) This indi-
cated that MR™ DCs processed pinocytosed
antigen more clliciently than MR DCs, which
is consistent with the recent linding that antigen
processing for MHC 11 restricted  presentation

depended on intrinsic propertics of particular
DC subtypes (240 In summary, all DCs con-
stitutively pinocytosed small amounts of OVA,
which was wsed specifically for presentation to
(D4 T cells, while MR™ DCs could simul-
tancously intemalize large amounts of OVA
exclusively Tor cross-presentation.

Cross-presentation requires @ high antigen
dose (7). Thus, its dependency on the MR may
simply be due 1o the large amount of antigen
endocytosed by this receptor as compared 1o
the small amount intemalized by pinocytosis
(Fig. 1B). This possibility was addressed with
the use of another type of APC capable of cross-
presentation: bone mamow - denved macrophages
(Mes) (221 As with DOs, cross-presentation of
OVA by these APCs was entirely MR-dependem
(Fig. 2A) In contrist 10 DCs, however, Mds
also internalized lange amounts of OVA n the
absence of the MR (Fig. 2B). This additional
uptake could be blocked with polyvinosinic acid
{polyly (Fig. 2B}, a specilic inhibitor of scav-
enger receplors (SRs) (23). The inability of MR-
deficient Mebs 1o activate OT-1 cells, despite
having intemalized large amounts of OVA via
SRs, indicated that the moechanism of endocyiosis,
rither than levels of antigen, was a requisite for
cross-preseniation, Morcover, SR-madiated OVA
uptake was not responsible for OT-1 el ae-
tivation, because MRB-mediated endoeyviosis was
sullicient (Fig. 2C). In lunther experiments using
polyl and DMA blockade, we demonstrated that
Mds used pinocvtosed OVA, as well as SR-
endoeytosed OVA, only v presentation 1o COT-1
cells (Fig. 2, A and C)

To investigate why pinocyviosed, SR- and
MR-cndocviosed antigen were presented diller-
ently, we monitoned their intracellular routing
by fluorescence microscopy in immature APCs,
which are active in endocytosis (Fig. 3 and fig.
S51). Within DCs, endocyiosed ONAgyr sirictly
colocalized with the MR (Fig. 3A). whereas the
small quamtities 1aken up by pinocyiosis (Fig.
1B) were insullicient for microscopic visualiza-
tion. Therefore, pinocytosed antigen was moni-
tored with the use of the surogate marker LY
amplified by antibody staining. This approach
revealed that LY and OVA did not colocalize
(Fig. 3A and table S1), indicating that pinocy-
tosis and the MR supplicd distnet intracellular
compariments. MR-cndocyiosed OVA was lo-
calized i organclles expressing the carly endo-
somal marker Rab3 and the carly endosomal
antigen | {EEA1). Consistent with the previ-
ous finding that the cytoplasmic domain of the
MR did not target antigen woward lysosomes
124), MR-endocyviosed OVA was excluded
from Jate endosomes or Iyvsosomes revealed
bv Rab7 or lysosomal-associaled membrane
protein 1 (LAMP-1) staining or by the
fluorescent dyve Ivsotracker that accumulaies
in the acidic lvsosomes (Fig. 3B and table 51).
In contrast, pinocytoscd antigen was (rans-
ported exclusively toward lysosomes lacking
the carly endosomal markers (Fig. 3By, This
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separation was stable becaise, even for & hours
aller antigen uptake, MR-endocytosed OVA re-
mained confined to EEAL™ endosomes and was
excluded from lysosomes, whereas the opposite
wis observed for pinocytosed matenal (fig. 52).

Subeclular antigen localization correlated
with the sclectivity of its presentation, because
pinocytosed LY colocalized specifically with
lysosomal MHC 11, whereas MR-endoeytosed
OVA colocalized exclusively with MEC 1 (Fig,
3C). Only MR cardy endosomes, and not MHC
7 lysosomes, contained cross-presented OWVA
(Fig. 3D and wble S1), which was visualized by
means of the menoclonal antibody 23-D1.16
(f9) that specihically recognizes the OVA
peptide SIINFEKL  (Ser-lle-1le-Asn-Phe-Gilu-
Lys-Leu) when bound o the MHC 1T molecule
K" (25) and that has been previously used for
immunofluorescence microscopy (J1, 26), Spee-
ificity of 25-D1.16 stining for cross-presented
OWVA was confinmed by the lack of such staining
i the absence of antigen or of the MR and aller

Fig. 1. DCs use only
MR-mediated endocy-
tosis to obtain antigen

A

wsy mmAt*

for CDB* T cell activa- 1] OMR"
tion and pinocytosis for §

Co4* T cell activation. QT-ll - -

(A) MR-deficient DCs can- o,

not cross-present OVA to
OT- cells, whereas OT-Il
cell activation is unaf-
fected. IL-2, interleukin-2.
(B} The MR mediates the

2

uptake of large amounts M. MFIi*
of OVA by a subpopula- _1sd OMR
tion of DCs, resulting in i

an =100-fold fluorescence QO T-] &'H

increase. All DCs took up 2 o

small amounts of OVA

by DMA-inhibitable pino- o

cytosis, causing a four- OVA[mg/ml] 0 02

to-sixfold fluorescence
increase. Gray areas de-
note DCs cultured without
antigen. Mean flusrescence
intensity values = 5D are
shown. Asterisks refer to
given P values. (C) Block-
ing pinocytosis does not
alter cross-presentation
te OT-l cells, whereas L]
OT-1 cell activation is

['E
abolished. (D) Pinocytosis OvVA -
of LY is unaffected by DMA - -
MR-mediated OVA up- 260
take. (E} MR~ DCs, ob- 178
tained by cell sorting, = 150
present OVA to OT-11 cells i
more efficiently than MR* OT-l i‘m
DCs. Error bars in (A), (C), 3 e
and (E) indicate 1 5D, TR

(1]
OvA -
DMA -

OVAImg/m] © 02 05 1

blockade of the proteasome (fig. S3), which is
required for cross-presentation (4, 7, &, [0 12),
The confinement of cross-presented OVA 1o
a distinet class of endosomes and 1ts exclu-
sion from lysosomes were also observed in
Mebs (Fig, 3E and table S1) and in ex vivo

isolated splenic DCs (Fig. 3F). This suggests
that cross-presentation of OVA in these ox-
periments depended on antigen location in an
carly endosomal companment. This interpreta-
tion was tested with the use of MR-deficien
Mibs 10 detenmine the subcellular location of
SR-endocytosed OWVA, Such OVA was not
cross-presented (Fig. 2A and fig. 53), despite
uptake at high amounts (Fig. 2B) thi even sul-
ficed for direct intracellular visualizmion (Fig.
3G I anugen location i these carly endo-
somes was required for cross-presentation,
then such organelles should not contain SR-
endocytosed OVAL Indeed, this appeared 1o be
the case (Fig. 3G and mble 51), because SR-
endocytosed OVA did not colocalize with EEAL

REPORTS

{Fig. 3G) or MR-cndocytosed amtigen (Fig. 3H).
Instead, it colocalized with pinocytosed LY n
Iysosomes over an extended penod (Fig. 3G and
figs. S4 and S5) These findings provide further
evidence that high-dose antigen intended for
MHC 11-restricted  presentation and for cross-
presentation are wouted through different organ-
clles in M, The ability of the MR 1o sequester
OVA away from lysosomal degradation may
also explain why bone marrow-derived Mids
were paticularly eflicient at cross-presentation
in our experiments (Fig. 2), although their lyso-
somal compartment has been shown o de-
grade amigen far more efficiently than that of
DCs (27).

The experoments examining T cell responses
m Figs. | and 2 did not permit us o quan-
titatively and dircetly compare the capabilities of
DCs and Mibs 1o cross-present. However, some
compansons could be made by directly exam-
ining cross-presentad antigen on the APC sur-
face. When viable DCs and Mds were stamed
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Fig. 2. Mdss use only MR-endocytosed antigen for CD8" T cell activation,
whereas pinocytosed and SR-endocytosed antigens were used only for
CD4* T cell activation. (A) MR-deficient Mcs cannot cross-present OVA to
OT-1 cells, whereas OT-I1 cell activation is unaffected. (B} Endocytosis via
MR and polyl-inhibitable SR is responsible for high-dose OVA uptake by

with the 23-DL16 antibody, Tow  cyvtometny
revealed o small NMuorescence shift (g, S6),
which has been reported 1o indicate the presenee
ol cross-presented OVA on the cell surface (8).
This shift was confined w0 MR™ DCs and MR
Mis and was absent from APCs lacking the MR
(fig. St). Thus, only those APCs canving cross-
presented OVA in endosomes also displayved it
on their cell surface, which is consistent with
the observed restriction of OT-1 cell activation
to these APCs (Figs. 1A and 2A). Quantitative
analysis showed that, on a per cell basis, MR”
DCs were superior to Mdes at displaying cross-
presented OVA on the surface (fig. S6).
These resulis support a model of antigen
presentation, in which the MR introduces OWA
specifically into a stable carly endosomal com-
partment  for subsequent  cross-presentation,
Simultancously, pimocylosis and, i Mids, SR-
mediated endocytosis conveyed OVA 1o [yso-
somes for MHUC l-restricted presentation (Fig,

il Owr results indicate that mechanisms of

antigen uptake can dictate the inracellular des-
tination compartment and thus the presentation
of antigen to CD4" or CDR™ T cells.

Several possible implications anse fom this
model. First, receptor dependence ol cross-
presentation may allow APCs 10 restrict this
pathway 10 stages of maturation that express
suitable receptons) or to disunet classes of an-
tigen, Sccond, receptor dependence may be a
complementary mechanism w differenees in in-
trmcellular processing pathways (24) that restrict
cross-prescntation to panticular APC subpopus-
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lations, Consistent with previous reports show-
ing that munne CDRa”™ DCs had dedicated
cross-presenting  functions (9, 27, 28, 29), we
observed that only CDEa”™ DCs expressad the
MR (fig. STy suggesting that only these DCs
could intemalize OVA into endosomes dedi-
cated o cross-presentation. DEC-205 may be a
turther recepior linked 1o such endosomes, be-
cause antigen tarpeted o this molecule on CDRa”
DCs by means of a specilic antibody was cross-
presented (2f). However, DEC-205 differs from
the MR by s ability 10 also target antigen
toward MHC 1 restncted presemation (24, 240,
Consistent with this capability, a major pan of
DEC-205 intemalized amtigen has been re-
poried (o be Jocalized within lysosomes (24).
Future studies may determine whether DEC-205
can targad s cargo both to the lvsosomal com-
partment and o the MR™ cardy  endosomal
compartment desenbed here. Third, the consti-
tive activity of pmocytosis seen i all DC
subsets may ensure that cross-presenting DCs
can acquire antigen for induction of cognate
CD4" T cell help. Such help requires that the
same DU stimulates both specific CD47 and
CDS" T cells, which is essential for effective
CDS" T cell responses (30, 37) Constiutive
pinocyiosis avoids siwations in which cross-
presenting DOCs cannot simultancously stimu-
late specific CD4” T cells because of a lack of
receptors capable of wrgeting the MHC 1T pre-
senation pathway. A founh implication per-
tains to the cell biology of cross-presentation.
Current mechanistic models assume that anti-

L] L] ]
+poly | _ I I-
- = OT'l 3‘
i~ T e e Y ow ow W W
Ij ;.;tu.a ]- 46205 *
2m 58+ 16 &
P = 0.02 H oo OVA - + + + +
polyl - - + - «#
OVA DMA - . . 4+ 4

Mds. Gray areas denote controls without antigen. Mean fluorescence
intensity values + 5D are shown. Asterisks refer to given P values. (C)
Simultaneous blockade of the SR with polyl and of pinocytosis with DMA
abolishes OT-1l cell activation, whereas cross-presentation to OT-1 cells is
unaffected. Error bars in (A) and (C) indicate 1 5D,

gen must be rescued from ysosomal degrada-
tion by intracellular diversion twoward less acidic
compartments (4, 7-f2, 13, 32). Qur linding
that soluble antigen can already enter the cross-
presentation pathway dunng endocyiosis dem-
onstrates  that intracellular anmtigen  “crossmg™
may not be necessary, but this of course does
not rule out an additional role of intracellular
antigen-sorting mechanisms. Fifih, the Rabd
EEA1T siable early endosomes that we identi-
fied as committed W cross-presentation resemble
organclles recently described by Lakadamyali
e al. (33), who proposed that endocviosed cargo
was not indiscriminately delivered 1o a common
ecndosomal pool. Instead, the cargo was into-
duced cither into dynamic, fast-naiuning endo-
somes camying cargocs loward mpid lysosomal
degradation or into Rab3™ EEAL™ “statc™ carly
endosomes. whose biological mole in antigen
presentation was not addressed o that siudy,
Further studics that characterize the cell biol-
ogy of a possible carly endosomal compartment
committed o cross-presentation are required 1o
clucidate their relation to previously described
static early endosomes (33 Finally, the lack of
inracellular staining  for cross-presented OVA
after proteasome blockade suggested that anti-
gen had 1o be expontad 1o the evtoplasmic pro-
tepsome for peptide gencration, meminiscent of
the recently desenbed export of cell-associmed
antigen from phagosomes and subscquent re-
impont of peptides for MHC 1 loading within
phagosomes (8, £1, 123 It is possible that sim-
ilar antigen-relocation mechanisms  operate in
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Fig. 3. MR-mediated endocytosis conveys antigen
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OVA is excluded from the organelles that received

LY.

(B) Pinocytosed LY & localized in lysosomes

ilentified by lysotracker but not in organelles
expressing EEAL, Rab5, or Rab7. MR-endocytosed
OVA s located only in early endosomes containing
Rab5 amd EEA1 but not Rab7, LAMP-1, or lyso-
tracker. (C) Pinocytosed LY colocalizes with MHC 11
but not with MHC I|. MR-endocytosed OVA does
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Tissue Homogenizer
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The benchtop Precellys 24 is dedicated to the grinding, lysis, and homogenization of bio-
logical samples. It can handle difficult samples such as microorganisms and bacteria
spores; hard tissues such as teeth, bone, kidney, muscle, and hair; soil samples; plants; and
more, It can load up to 24 tubes simultaneously. Protocols are flexible and easy to set.
Buffer and samples are added in 2-ml tubes pre-filled with specific beads, either glass,
ceramic, or metal. The single-use tubes prevent cross-contamination. The high speed and
specific motion guarantee homogeneous and efficient grinding for reproducible, high-

quality results,
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Liquid Chromatography Literature

A new CD contains a large collection of liguid
chromatography (LC) application notes in a
concise template for ease of searching and ref-
erence, It includes more than 230 one-page
application notes and alphabetically catalogs
infermation regarding more than 500 com-
pounds. The CD also includes the PerkinElmer
consumables catalog.
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The new High-Throughput Dynamic Light 5cat-
tering (HTDLS) instrument combines the bene-
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perature control and low sample volume. The
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per sample,
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tem for analysis of pharmaceutical compounds
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highly lipophilic steroids to water-soluble nucleo-
side analogues. The individual well capacity of
the low-sorbent mass phases used in the Micro-
lute are sufficient for robust and reproducible
analysis of drug metabolites in the low ng/ml
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cal fluids. The instrument offers automated,
high-throughput SPE sample preparation in a
convenient microplate format capable of rapidly
processing 96 samples. Constructed from a single

piece of molded plastic, the Microlute will not
bend or distort because individual SPE car-
tridges do not have to be repeatedly plugged in
and out. Featuring a proprietary sorbent slurry
loading technigue, the instrument eliminates
the channeling effects that often limitl the per-
formance of dry-powder-loaded SPE columns.
Each well on the Microlute has an individual
drain spoul, ensuring 100%: sample transfer
and no crossover contamination.

Porvair Sciences For information

+44 1932 240255 www.porvair-sciences.com

MAPK Cell Signaling Antibodies

A number of antibodies are available to study
the mitogen-activated protein kinase (MAPK)
cell signaling pathway. Anti-ACTIVE MAFK and
Anti-ACTIVE |NK antibodies are designed
specifically to detect the active, dually phos-
phorylated forms of MAPK (ERK1 and ERK2)
and JNK, respectively. Anti-ERK1/2 pAb, Rab-
bit, is an antibody that recognizes both the
phosphorylated and non-phosphorylated forms
of ERK1 and ERK2. Anti-pT183 MAPK pAb recog-
nizes phosphorylated ERK1/2 at the threonine
residue in the TEY motil present in the catalytic
core of ERK1 and ERKZ.
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Peroxidase Substrate

The ImmPACT DAB is based on a new formula
for diaminobenzidine (DAB)-based peroxidase
substrate. Its enhanced sensitivity generates a
darker, crisper, brown precipitate than conven-
tional DAB substrates. It is suitable for immuno-
histochemical staining and membrane-based
blot detection with any horseradish peroxidase-
based detection reagents. The ImmPACT DAB
reaction product is resistant to ethanol and
organic solvents, enabling dehydration and

permanent mounting of stained preparations.
The sharp color deposition on tissue seclions
allows for excellent contrast with traditional
counterstains like hematoxylin or in combina-
tion with other enzyme substrates for multiple
antigen labeling.

Vector Laboratories For information
650-697-3600 www.vectorlabs.com

Cytochrome ¢ Release Kit

The InnoCyte Flow Cytomelric Cytochrome ¢
Release Kit relies on selective permeabilization
of the cellular membrane to release cytosolic
components, while leaving the mitochondrial
membrane intact. Cells are fixed and can be
used for multi-parameler analysis of apoptotic
cells or stored for future analysis. Cytochrome ¢
is detected with a specific monoclonal antibody
and a secondary antibody labeled with lluores-
cein isothiocyanate (FITC), either by flow cytom-
etry or fluorescent microscopy. Other fluores-
cent-labeled antibodies can be substituted for
the FITC-labeled secondary antibody, offering
the flexibility of multi-parameter analysis.
Viable cells stain cytochrome ¢, but cells com-
mitted to the apoplotic process release
cytochrome ¢ from the mitochondria to the
cytosol and do not stain. Unlike traditional cel-
lular fractionation protocols, this assay is
amenable to high throughput screening and
useful for analysis of scarce samples.

EMD - Calbiochem For information
B00-854-3417 www.calbiochem.com

Hewly offered instrumentation, apparatus, and laboratory
materials of interest 1o researchers in all discaplines in academic,
industrial, and government erganizations are featured in this
space. Emphasis is given fo purpose, chiel characieristics, and
availabibity of products and materials. Endorsement by Scence
o ARAS of any products or materials mentioned is not implied.
Additional information may be ablained from the manufacturer
or supplier,
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POSITIONS OPEM

ASSISTANT CURATOR
The Field Museum, Department of Geology
Chicago, Illinois

The Fiedd Museum™s Deparmment of Geology sceks
a broadly interested, productive colleague with an in-
novative srucirm:n based rescarch program in inver-
tebeate paleontology. Special arcas of interest include
systenmatics,  phvlogenctcs, momphologie evolution,
biogeography, biostratigraphy and  faunistics, and
paleoccology. The successtul candidate will have a
Ph.D., a significant record of scienmfic achicvement,
and 15 expected to build a strong rescarch program
with a ficld component. The position entails the oo-
ration of a major fossil invertebrate collection, Cura-
tors participate in a wide range of public karning
programs (including exhibits, mentoring, and informal
education ), institutional advaneement, administrative
and service activities. Particdpation in undergraduace
and graduate educanion ar arca universities is also
strongly encouraged.

The scarch s targeted at the Assstant Curator
level, but candidates at a higher level may be con-
sidered. Please include: curncalum vitae: statement
of rescarch objectives; and copies of relevant publica-
tions. Dircct applications to, and amange for three
letrers of reference o be sent m:

Search Committee, Department of Geolopy

The Field Museum
1400 South Lake Shore Drive
Chicago, IL 60605-24%96

Please ensure thar all of the listed items except copies
of publicaons are also sent a5 c-mail arachmenes,
such as PDFs or Word docaments (the preferred ap-
plication is Microsoft Word, although Word Perfiect
is also acceprable). E-mail address for this search is
e-mail: klawson@fieldmuseum.org,.

Deadline for applications 15 Scptember 1, 2007,
Constderation of applications will begin September 25
2007,

MULTIPLE FACULTY POSITIONS
IMMUNULOGY, BACTERIAL, and VIRAL
PATHOGENESIS
Indiana University School of Medicane
Department of Microbiology and Immunology
Website: hoep: /Swww.iupui.edu / ~micro/

The Department of Microbiology and Immunol-
ogy 15 secking outstanding candidates wath a Ph.D.
or M.D_/Ph.D. degree for faculty poations in the
areas of cellular and molecular mechanisms of im-
munology, andor bactenal or viral pathogenesis,
Academic credentials and expericnce will determine
faculty rank.

MIH Rescarch Projece Grant Program or cquiva-
lent external peer-reviewed funding s required, as is
peer-reviewed publications in high-ranking journals.
The faculty member will be expeaed o pursue
independent programs in onginal basic research, con-
tnue to secure external grant support, and partici-
pate i teaching graduate and medical studenes.,

A competitive startup package s available includ-
ing new laboratory space. The environment is highly
interactive and productive with close tes on campus
to other basic science and clinical departments, and
rescarch centers,

Interested candidates should send their curricu-
lum vitae, deseription of research goals and names,
addresses, phone, fax numbers, and e-mail addresses
of at least three references to;

Hal E. Broxmeyer, Ph.D.

Chairman and Professor
Department of Microbiology and Immunology
Scientific Director, The Walther Oncology Center
Indiana University School of Medicne
635 North Barahill Drive, Room 420
Indianapolis, IN 46202-5120 U.5.A.

feicdiirrar 1 '.lrll'!'r.ill'}' oS i .'Uﬁl:lr].ﬂ'flr Aitair f."nf.lur ﬂ.’”mr-
nmriry Employer. Minonities, fonles, persons st disabilinies,

School of Pharmacy

TEMPLE UNIVERSITY

TEMPLE UNIVERSITY
SCHOOL of PHARMACY
Assistant,/Associate,/ Full Professor of Pharmaceutics

Temple University School of Pharmacy s secking
pharmaceutics specialists for tenure-track faculty
positions in the Department of Pharmosceutical Sa-
cnees, Chmabified applicants (recent PhoD., postdoctoral,
or expenenced academic or industrial pharmaceutics
specialists |, who could maintain an independent re-
search program and contribute to teaching professional
and gradate students, are cneouraged oapply. Temple
University is in the midst of unprecedented growth
and ofters many intemal and exrernal collaborative
research opporuinitics locarad in the hean of the phar-
maccutcal mdustry.

Applications will be reviewed immediately and
continue until the positions are filled. Mail a letter
of mtent, curniculum wvitac, and the contact infor-
mation for three references by regular mail or c-mail
to: Robert B. Raffa, Ph.D., Chair, Search Com-
mittee, Temple University ‘id]ml of Pharmacy,
3307 North Broad Street, Philadelphia, PA 19140,
E-mail: robert.raffa@temple.edu.

'H'Jr.lrulr !IIFII\'l’lJFF’ 1 dn I.'.p|.r.f lJljlljs,urrnm”'".-!fi':irm.mlr
Action A ALA Enployer

Board of Governors’ Gene Therapeutics Re-
search Institute, Cedars Sinai Medical Center, and
Department of Molecular and Medical Pharnacol-
ogy, Univasity of California at Los Angeles. A
POSTDOCTORAL POSITION i available in the
Gene Therapeutics Rescarch Institute and the De-
partment of Maolecular and Medical Pharmacology,
University of Califomia at Los Angeles, to study the
mialecular and cellular mechanisms invalved in brain
immune responses and the formation and function
of immunological synapses in vive, (See: fonrmal of
Experimentad Medicose 203; 2005- 107, 2006; Cancer
Rer 65: 7194-7204, 2005; Nar Bioveclmal. 19:
282-5, 2001; Proc, Natl, Acad. S, USA 97: 7482-7,
2000; Nar. Med. 5: 1256-63, 1999). A srong back-
ground in immunolegy, cell binlogy, virology, neuno-
anatomy, and image analyas is cssennal. Please visit
our website for more information, websites: hueps //
www, cedars-sinai.edu /3255, hml or hop:/ Awrwew,
uchaccessuclaedu UCLAACCESS /Web/ Faculty.
aspxciri= 10016,

Our Insutuee s located ar the Cedars Sina Med-
ical Center campus and offers state-of-the-art faeil-
ities i oan exciting environment for postdoctoral
rescarch. A strong background in molecular, cellular,
neuroanatomical, and for confocal microscopy tech-
miques s required. Interested candidates should have
a Ph.Id and for an M_D and have under five years
of postdocroral experience. Salary is dependent on
ecducarion and rescarch expericnce, with a range of
36,000 o 545,000, Please submit a cover leter,
curdiculum virae including bibliography, and con-
tact information for three references to: Pedro R
Lowenstan, M.D., Ph.D., or Mara G. Castro,
Ph.D., Cedars Sinai Medical Center, 8700 Beverly
Boulevard, Davis Building, Room: R5090, Los
Angeles, CA 90048, E-mail: lowensteinp@cshs.org
or e=mail: castrompg@chs.org.

Two POSTDOCTORAL POSITIONS wailable
immediately in the Department of PMharmacology,
Toxicology, and Therapeutics under the direction
of Dr. BT, Zhu, Professor (website: httg:.éé
www. kume.edu/pharmacology), o study
methylation and cstrogen™s actons. Hardworking,
self-motivated applicants with experience in bio-
chemistry, molecular biology, and//or immunology
must apply online only at website: h'l? {..-_;iubs.klmx.
edu and scarch for ;wml:u:u'- JODE4Y5A anc el
Applicants should provide curriculum vitae and the
mames of three references. The Ulniversity of Kansas Mead-
fead Clanier (KUMCE) is Jll.llrur.'.ll fo be amr !:'Hlu.rf {J]-}mrum.u’;'-
.']__!',I'llnu.rj'llf Action Emploper, Paid for by KUMC,
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Careers in Biotech and Pharma

THE RIGHT FIT

For scientists considering careers in the life science industry, the choice between biotech
and pharma has sometimes been a difficult one. However, as both industries change,
the question may be mool. By Gunjan Sinha

©3007 Japiner images Corparaticn

o work in biotech or pharma? For newly minted Ph.D.s as well as postdocs consid-

ering jobs in industry, that frequently may be the question. The answer, however,

may be that it does not matter. Pharmaceutical companies are increasingly acquir-

ing biotech companies to broaden their portfolios, and some biotech companies
have grown so diverse that they resemble pharmaceutical companies. “The line between
biotech and pharma has been blurring for years,” says Thomas Boehm, director of clinical
development at lerini, a biopharmaceutical company in Berlin, Germany.

As little as 15 years ago, the two industries were clearly distinct. Pharmaceutical com-
panies generally focused on developing small-molecule drugs. They were large, structured
environments that supported the bulk of research and development via sales and private
or public investment, By contrast, biotechnology companies locused on biological drugs —
those made from human or animal proteins, or created recombinantly. They offered tight-
knit and relatively unstructured work environments and supported their research through
venture capital funding, government seed money, or private and/or public investment,

The disparate industries made flor distinct work environments. Pharma promised pre-
dictability, stable incomes, and defined roles. Biotechnology companies offered volatility,
unpredictability, and the opportunity or necessity, depending on one's point of view, to
muddy one’s hands with all aspects of the business.

But while the general distinction between the two industries still exists, a company's size
and management style are better predictors of the type of work environment a scientist is
likely to encounter as both industries continue to evolve, say experts. For Ph.D.s weighing
a decision to work in one field over another, individual company qualities and personality
are important characteristics to consider when deciding which job would provide the best
fit.

Stories from the Industry
Jean Yves Bonnefoy certainly experienced a nonstereotypical environment during his de-
cade working for Glaxo in Geneva during the '90s. Bonnefoy was hired as a research sci-
entist in immunology. But he was always interested in other aspects of drug development,
The company took notice and offered to send him to the London School of Business to
allend a senior managemenl program.,

“| took the opportunity and it's been very useful,” Bonnefoy says. “Not turning research

into something that was useful for patients was unacceptable to me. To achieve that you € € The line between
need to understand more than just basic research.”
Today Bonnefoy is vice president of research and development at Transgene, a biotech- biotech and pharma has
nology company based in Strasbourg, France, that is focusing on immunotherapy 1o treat
cancer and infectious disease, The company has four products in clinical development to been blurring for years. ,,

treat small-cell lung cancer, cervical intraneoplasia, B-cell lymphoma, and hepatitis C.

His jobis largely managerial, but that doesn't mean paper pushing. “It's a lol of manage-
ment coordination to make the company as efficient as possible,” Bonnefoy explains. “I
really like the proximity between research and development, especially in this field [immu- UPCOMING FEATURES
natherapy]. There are no marketed products yet, but there's a huge need.”

OFf his experience at Glaxo, Bonneloy says he was lucky. At the lime the company had

Focus on Diversity — May 11

acquired biotech company Biogen's Geneva-based facility. Glaxo's Geneva research center Regional Focus: NC/Research Triangle — June 8
was small and the addition of Biogen employees contributed to a laid-back culture. The International Careers Report: UK and Ireland — June 22
company not only trained himin business management, bul alsoin project continued »
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Careers in Biotech and Pharma

“It's a lot of management
coordination to make the company
as efficient as possible.”

—Jean Yves Bonnefoy
7

and staff management. In his role as
researcher, he developed a poten-
tial drug to treat different types of
immune diseases and was able to
accompany the molecule through
the next stages—something most
scientists at pharmaceutical companies are not able to do. However,
"Someone's experience al another pharma company might be com-
pletely different,” he adds.

Indeed, Andrew Garner's experience in big pharma is closer to the
norm. Garner has worked at AstraZeneca in Alderley Park, UK, for six
years where he presently leads a team of eight people responsible
for finding compounds that target cancer. After the team establishes
that a compound is effective against a particular target, they pass
the project on to other teams. But even though he is limited to early
drug research, Garner is satisfied. *1 like working on the early stages
such as figuring out what a drug should look like,” he says,

Andrew
Garner

Pharma Changes Face
As the industry is changing, so too is the tendency to compartmen-
talize tasks. In recent years the flow of drugs hitting the market has
slowed 1o a trickle and the pipeline of compounds in development
has narrowed. In response, companies are restructuring their R&D.
Plizer, for example, recently announced plans to cut 10,000 jobs over
two years, many in management and marketing.

Those moves represent a shift by Plizer toward a more specialized
approach to drug discovery and follow another trend in the industry:
streamlining R&D by focusing on specific disease areas —a strategy
biotechs already employ albeit on a smaller scale. Oncology, immu-
nology, and neurodegeneralive diseases top

Another force drawing the two industries closer is the grow-
ing number of pharmaceutical companies acquiring biotechs to
broaden their portfolios to include biological drugs. In 2006, As-
traZeneca bought Cambridge Antibody Technology Group. The
move followed the company's acquisition of another biotech,
KuDO5 Pharmacetuicals, in 2005 and several agreements with
small biotechs to co-develop drugs. The company expects that by
2010 up to a quarter of drug candidates will be biological thera-
peutic agents, said AstraZeneca's chief executive officer David Bren-
nan in a statement. In 2006, Merck also bought two small biotech
firms with which it had been partnering, GlycoFi of Lebanon, New
Hampshire, and Abmaxis of Santa Clara, California.

Some companies are even restructuring to include internal re-
search on biological drugs. Schering-Plough, for example, merged
two of its California research facilities in 2005 to create a new unit
in Palo Alto that focuses on monoclonal antibodies and other thera-
peutic proteins.

Biotechs Still More Dynamic

Despite pharma's revamp, biotech companies generally remain more
dynamic work environments because of their relatively small size,
says Indu Parikh, president of BioMarck Pharmaceuticals, a biotech
in Durham, Morth Carolina.

Parikh, a 30-year veteran of the pharmaceutical industry, co-found-
ed a biotech company in 1991 simply because he craved a change of
pace. “It was a pioneer experience,” Parikh says. “We started from
the ground up and after five years had hired 450 people.” It wasn't
easy nor was it stress-free. He recalls days when he would don work
overalls to mop and clean glassware and then later switch into a tie
and suit to meet potential investors.

“In some respects, working in a small biotech is like climbing a
steep ladder. It's difficult to climb and there are a lot of places you
might fall down,” Parikh says. "By contrast, in a large company envi-
ronment that ladder wouldn't be so steep,... bul you might prefer the
excitement of climbing the steeper ladder.”

But biotech doesn't necessarily offer the freewheeling environ-
ment Lthat people assume. "Suppose a scientist at a biotech wants to
study a drug's mechanism of action,” Parikh

the list at most companies as these are ar- I"r

- explains. “The company may not allow him

eas in which very few effective drugs already wwwﬁ::;:;ii::::‘_ . to do that because it isn't in line with their
exist. This has meant internal restructuring goals." By contrast, a pharmaceutical com-
to place scientists with varied backgrounds BioMarck pany with more funds and a bigger stalf may
into small groups to promote interdisciplin- www.biomarck.com allow it.
ary collaboration and spur innovative ideas. Genentech Boehm agrees. “Peaple have the impres-
“The research is evolving in thal direc- www.gene.com sion that biotechs only do cutting edge re-
tion,” says Ginger Gregory, global head of Jerini, AG search. But I'm not sure we can take more
human resources for Movartis Institutes for WWW.jerini.com risks than pharma. If our late-stage clinical
BioMedical Research. Diseases were not development Fails, we are in trouble. If a
usually studied as related disorders. But as www:‘:ﬂittmm pharma company drug fails in the clinic, it’s
science has revealed the links between can- SR one praject out of many.” So both industries
cer and the immune system, for example, Novartis tend to take a similarly cautious approach
or heart disease and diabetes, industry has WNOVALES L0 to risk.
needed to respond. “Traditionally you would Transgene SA People who work in biotech, however,
have silos of thinking,” Gregory adds. “But www.transgene.fr do tend to be more adventurous by na-
those days are over.” l"\_ > ture. That's because the continued »
620 www.sciencecareers.org/businessieatures




For more than 30 years,
Genentech has been at the
lorelront of the biotechnology
industry, using human genetic
information to develop novel
medicines lor serious and life-
threatening disecases. Today,
Genentech is among the world's
leading biotech companies,
with multiple therapics on the
market for cancer and other
unmet medical needs.

Geneniech is dedicated 1o
[ostering an environment that
is inclusive and encourages
diversity of thought, style,
skills and perspective. To
lcarn more aboui these
apportunities, please visit
www, gene.com/carcers. Please
use “Ad-Scicnce” when a
"source” is requested. Genentech
is an equal opportunity
cmployer.

Miles, Avastin® patien

BECAUSE

our CAUSE is Miles and his cancer.

Genentech's rescarch organization features world-renowned scientisis who
are some of the most prolilic in their fields and in the industry. Our more
than 650 scientists have consistently published important papers in prestigious
5,500 patents worldwide (with an
cqual number pending). Genentech's research organization combines the
best of the academic and corporate worlds, allowing researchers not only
to pursuc important scientilic questions but also to watch an idea move

inurlmls and have secured more than

[rom the laboratory into development and out into the clinic. We are
proud of our long history of groundbreaking science leading to first-in-class
therapics, and we hope you'll consider joining us as we continue the tradition,
Our continued growth has created opportunities in Research in our South
San Francisco headquarters. Please take this opportunity to learn about
Genentech, where the creativity and openness ol an academic environment
meet the rigorous dedication of industry-leading professionals focused on
improving and extending people’s lives.

WE ARE LOOKING FOR SCIENTISTS, SR. SCIENTISTS,
RESEARCH ASSOCIATES, SR. RESEARCH ASSOCIATES &
POSTDOCTORAL FELLOWS IN THE FOLLOWING AREAS:

* Angiogenesis * Molecular Oncology

* Biomedical Imaging * Protein Engincering
* Cell Biology * Translational Oncology
* Immunology * Tumor Biology
* Medicinal Chemistry * Early Leads Highthroughpui-Screening

* Molecular Biology * Ssmall Molecule Pharmaceutical Sciences

- B In January 2007, Genentech was
named to FORTUNE's list of the
"100 Best Places to Work For™ for
the ninth consecutive year.

Genentech

IN BUSINESS FOR LIFE
www.gene.com
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Careers in Biotech and Pharma

“Each scientist is part of a
development team that follows
the drug along the pathway.”

CREDIT (TOP RGHT COURTESY OF GENENTECH

—Holly Butler
Thomas industry may self-select for
Boehm risk takers, says Boehm., A bio-
tech’s finances are precarious.

Venture capital funding rarely
extends beyond five years. Meanwhile, a drug takes 10 to 15 years
to develop. Employees know that the company can quickly go bust.
So a person who has a family and debts may be more likely to seek
out a stable job.

That might explain Boehm’s decision Lo stick to biotech over the
past decade. The pace and the environment of biotechnology simply
suited his personality, he says. “Pharma has many layers of manage-
ment,” he explains. “There"s usually a long decision-making process
and things can take too long to get done.” By contrast, most biotechs
are bare bones operations. “Here people just jump in and learn as
they go along.” That carries some disadvantages, he admits, be-
cause people make mistakes, which makes the process inefficient.
Nevertheless, he prefers learning by doing,

Other Models

Still other companies have evolved a culture of their own. San Fran-
cisco-based Genentech, for example, started out as a small biotech
in 1976. The company has since grown to 10,500 employees. Despite
its size, “We still consider ourselves a biotech company,” says Holly
Buller, principal staffing consultant for research. That's because the
company maintains a flat management style. Butler likens the work
environment to academia. Scientists work in interdisciplinary teams
and participate in drug research from start to finish.

“So if you imagine drug development as a biochemical pathway,
each scientist is part of a development team that follows the drug
along the pathway,” she explains. A basic scientist is expected to
participate in his or her drug's development from start to finish. Ge-
nentech also allows its scientists discretionary research time to pur-
sue science that may not be related to the company's goals. Avastin,
adrug to treat colorectal cancer, for example, grew out of a scientist's
discretionary research that was only peripherally related to the main
project.

Companies Are Hiring

Like other companies interviewed for this article, Genentech is hir-
ing. But finding talent is easier said than done. “Baby boomers are
retiring, the government has placed a cap on H1-B visas [for foreign
researchers), and there has been a surge in biotechs, The demands
have increased but the supply hasn't, so our pool of top talent is very
limited,” says Chris Hong, senior director of recruiting and staffing
for Merck. And everyone is looking for similar characteristics.

622

Merck is, however, aggressively hiring, says Hong. Many of the
new hires are to support research in areas on which the company has
chosen to focus its R&D such as metabolic disorders and infectious
disease, But the limited pool from which to choose has prompted
some companies Lo shift their strategy: Instead of drawing people to
them, some have opted to move nearer to the talent.

MNowvarlis, the giant Swiss drug maker, made waves in the phar-
maceutical industry three years ago when it relocated its global re-
search headquarters to Cambridge, Massachusetts. Movartis's chief
executive Daniel Vasella made the decision after company executives
analyzed potential places to expand, and concluded “that the single
most important factor was access to talent.”

Mowvartis currently employs over 1,200 people in Cambridge and
plans to continue expanding albeit only in specific areas such as
biologic drugs like monoclonal antibodies and RNA interference mol-
ecules.

Last year both Amgen and Schering-Plough also announced plans
toexpand R&D operations in Cambridge. Amgen plans to increase its
total staff of scientists to 400 and Schering-Plough expects to bump
up scientific staff from 80 to about 200 people.

The pharmaceutical giant AstraZeneca, which already runs one of
the largest drug-company labs in Massachusetts, plans to expand its
Waltham complex and add up to 100 jobs.

Genentech, on the other hand, has an easier time finding quali-
fied people, This year, the company topped the charts of Fortune
magazine's *100 best companies to work for. " Genentech has also
consistently ranked at the top in AAAS's annual survey of scientists,
“We're lucky, people come to us.” says Butler. The company does,
however, actively recruit by attending conferences and other events
where recruiters are likely to meet scientists. “We are looking for the
best,” she adds, "and the word ‘settle’ is just not in our vocabulary.”

Other companies employ similar tactics but also advertise and use
external recruiting agencies. But very often, potential employees are
recommended by existing ones, say recruiters,

A search on company websites shows apen positians for chemists,
immunologists, oncologists— positions across arange of disciplines.
One difficull niche to fll is people who have experience in animal
research and who also have an M.D.-Ph.D., says Hong. There is also
considerable competition for experienced chemists, Novartis's Greg-
ory adds.

Academic pedigree aside, companies also look for leam players
who have an ability to think innovatively and flexibly. AstraZeneca,
in fact, puts candidates through exercises to judge their ability to
work in a team. Integrity and self-discipline are also important traits,
says Butler.

“We really wanl people who want to make an impact,” says Greg-
ory. “We want basic researchers who also think about patients and
curing disease. We don’t want somebody who likes doing the same
thing over and over again, We don't like complacency.”

Biotech recruiters largely echoed those criteria, Consequently, a
job in biotech or pharma may offer similar benefits and costs. And
as Bonnefoy and Parikh demonstrate, anyone wha is dissatisfied can
always change jobs.

Gunjan Sinha is a freelance writer living in Berlin, Germany.
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Pure Science. It's the heart of our organization and the
DNA of the people who make a career at Invitrogen.

Supporting disease research, drug discovery and
commercial bioproduction, we provide more than
25,000 products and services to pharmaceutical and
biotechnology companies, as well as academic and
government research institutions. We focus on all

] - . major areas of biological discovery including functional
= ' genomics, proteomics, bioinformatics and cell biology.

Current opportunities include:

BUSINESS AREA MANAGER
PRODUCT MANAGER
PROGRAM MANAGER

PROJECT MANAGER

e REGIONAL BUSINESS MANAGER
RESEARCH AREA MANAGER
SCIENTISTS
SR. SCIENTIST

TECHNICAL AREA MANAGER

o For more information about careers at Invitrogen, visit us
‘ online at www.invitrogen.com/careers.

. We are proud to be an Equal Opportunity Employer
\ committed to hiring a diverse work team.

‘., Vea's Visit Us at BIO 2007!
v . May 6 Career Fair - Booths 638, 640, 642

. May 7 - 9 Main Convention - Booth 1565

& invitrogen
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PIONEER.
. A DUPONT CORMPANY

THE
WORLD DEMANDS
AND YOU DELIVER

Pioneer’s legacy
of excellence

is reflected

in its people.

www.pioneer.com

DuPont’s significant investment in its Agriculture & Nutrition Platform, including Pioneer Hi-Bred International, has created
challenging, cutting-edge career opportunities for you. Pioneer wants you to be a part of our industry-leading plant
genetics and biotechnology organization. You will join a team of talented, dedicated professionals. A large number

of research opportunities exist at our 90+ worldwide research facilities, including our headquarters in Johnston, lowa.

As the leading developer and supplier of advanced plant genetics, our international presence and affiliation with our
parent company, DuPont, will give you the opportunity to expand your career, join a growing industry and make a

positive, global impact.

The World Demands... Can You Help Us Deliver?
Learn more about Career Opportunities at http://www pioneer.com/careers
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The miracles of science~

The DulPort 0val Logo and Tre mindes of science™ e radamarks of DuPond or ils afifliates. & Registered rademarks and servie marks of Pionear Hi-Bued Indemational, e &2007, PHIL RADIZ24S

Breakthrough Science
at work everyday

Milennium is focused on developing breakthrough treatments in
the ameas of oncology and inflammation that will make a real
difference in patients' lives. We encourage innovation and seek
resulls through collaboration. H you're looking for a dynaméc
environmen! where respecl and excellence are core values, learn
more about us and the possibiliies for you at www.millenniem.com

Millennium has opportunilies in the following areas:

OC Analyst - Commercial Quality

OA Specialist = Commercial Quality

Research Investigator — DMPK

Senior Scientist - DMPK

Research Associale - Analylical Development, Biologies
Scientist = Analytical Development, Biologics

Senlor Research Associate - Analylical Development, Small Molecules
Scigntisl - Analylical Development, Small Molecules
Engineer — Process Developmenl

Aszsociate Direclor - Process Development

Senior Scientist = Oncology Discovery

Senior Research Associate - Formulations

Senior Research Associate - Oncology Biochemistry

AR MILLENNIUM
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VCU

Virginia Commonwealth University

TENURE TRACK FACULTY
POSITION

School of Pharmacy
Medical College of Virginia - Health Sciences Division
VCU School of Pharmacy is seeking a tenure-track Associate or Full
Professor in the Department of Pharmaceutics o enhance research and
competitiveness for federnl fumding. Applicants for this 12-month
appeiniment should possess a PhD, or professional degree and a
record of funded research, The position also imvolves service and
teaching. Candidates whose research is in areas such as drug transport
and  disposition, metabolism and metabolonucs, pharmaceutical
anmalysis, biopharmaceutics and drug  delivery, pharmaceutical
biotechnology and pharmacogenomics or proteomics will find VCU 1o
be an exciting environment for collaborative research smee the School
i5 located on the Medical campus of ¥V CLL
Interested persons should visi the Depariment website at:
o, phiarmac v veu.cduw/PTharmaceuticsind ex.hitml
and send a letter including @ briel’ deseription of rescarch and weaching
imerests, curriculum vitae, and names and adidresses of three references (o
Peter B. Byron, Ph.D.,
Search Committee and Department Chairman
Department of Pharmaceutics
Virginia Commonwealth University Medical Campus
PO Box 980533
Richmond, VA 23295-0533

Erh viron @ veu.edu

Virginia Comremwealtht Usiiversity is an Egual Opportusiry Affirmarive
Action Enplover. Wonen, mibitorittes aid persons with disabilinies are
enconraged fo apply,




What | do matters

| matter because my work is integral to the scientific
research and development conducted here. In our
applied research labs, our multidisciplinary team of
professionals are innovative and committed to
scientific excellence.

| matter because | have something to offer.
To the world, my colleagues, and to myself.

As one of the world's largest pharmaceutical
companies, sanofi-aventis is enriched by a mosaic
of talent. Our Research and Development
organization ranks among the best in the world
and continues to employ individuals in a variety
of areas.

Al the heart of all that matters are people, connected
in purpose by career, by life, by health.

Find your niche with sanofi-aventis.
Explore our opportunities online.

www.careers.sanofi-aventis.us

Sanoli-aventis is ranked among the lop employers
according lo the recent 2006 Top Biotech and
Pharma Employers survey conducted by

Science magazine.

Sanofi-aventis is an equal opportunity employer that
embraces diversity to foster positive, innovative thinking
that will benefit people worldwide. Sanofi-aventis is also
committed to employing qualified individuals with
disabilities and, where warranted, will provide reasonable
accommodation to applicants, as well as its employees,

sanofi aventis

Because health maters

D. E. Shaw Research, LLC

Computational Chemistry and
Biology Opportunities

Extraordinarily gifted computational chemists, biologists,
and other computational scientists are 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
computational chemistry, biology, or physics, orin a
relevant area of computer science or applied mathematics,
and must have unusually strong research skills. Relevant
areas of experience might include protein structure
prediction, the computation of protein-ligand binding
affinities, the study of biologically important systems
using molecular dynamics and/or Monte Carlo
simulation, and the application of statistical mechanics
to biomolecular systems—but specific knowledge of
any of these areas is less critical than exceptional
intellectual ability and a demonstrated track record of
achievement. Current areas of interest within the group
include molecular dynamics simulation of functionally
significant globular and membrane proteins, the
prediction of protein structures and binding free
energies, structure- 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, a global investment and technology development
firm with more than US $25 billion in aggregate
investment capital. The project was initiated by the
firm's founder, Dr. David E. Shaw, and operates under
his direct scientific leadership.

We are eager 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 curriculum vitae (including list of
publications, thesis topic, and advisor, if applicable) to
sciencemag-co@career.deshawresearch.com.

D. E. Shaw Research, LLC does not discriminate in employmant matiers on
the basis of race, color, religion, gender, pregnancy., national origin, age.
mibtary service eligibility, veteran status, sexual onentation, marital status,
disability, or any other protected class.

DEShaw&Co

ScienceCareers.org
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REERS IN BIOTECH AND PHARMA

POSITIONS OPEN

across a broad spectrum of determined individuals.

truly global impact.
you & i. Let’s find the answers together.

ldeas come naturally to us.

Innovation is in our genes.

you & i - your experience, Illlumina’s re-
sources. Illlumina develops high quality, easy-
to-use tools for large-scale analysis of genetic
function that will lead to curing and ultimately
praventing disease. We pursue this mission
with a focused intensity that actively engages
all stakeholders - employees, customers and
the scientific community, as well as physi-
cians, investors, and others who strive to
improve human health. We call this diverse,
driven team The lllumina Community.

Illuminating the possibilities.

Illumina's collaborative approach to
developing next-generation genetic analysis
solutions is an ever-evolving cycle of
listening to all stakeholders, anticipating
their needs, and then innovating accordingly. It's the essence of discovery
through teamwork, of breakthroughs achieved through partnerships built

We invite you to join The Illumina Community. As part of this
extraordinary team, you'll enjoy highly challenging work that will have a

www.illumina.com/JoinUs

» & 3
aaa 161 Fort Washington Avenue, 11th Noor

mina’

o~
9885 TOWNE CENTRE DRIVE =
SAN DIEGO, CA 92121 I u
FAX: 858-202-4895 T

COLUMBIA UNIVERSITY

RESEARCGH SCIENTIST

The Center for Holistic Urology in the Depariment of
Urology at Columbia University Medical Center is seek-
ing a PhD Research Scientist to direct the basic science
research elforis of the Center. The goal of the Center is
to siudy herbal/natural product preparations for wse
as integrative therapies for wrologic cancers and 1o
elucidate their molecular mechanisms of action
Promisiag agenls are then wested for salay and el cey
through IRH-approved patient-based clinkcal trals in
eonjunction with the Cenler’s Direcior, D Aaron Kate

This research involves the use of balh /v Fifro and
animal model systems 10 study the abiliy of poiential
therapeutic agents to halt the growth andfor kil human
cancer. Primary imlerests include the use of herbals!
nawral products as chemopreventive agents in high-
risk patients, in the prevention of tumor recurrence
followimg surgery, amdl in combiration with siandard
chematherapy regimens 1o either reduce loxicity andfor
increase eflicacy of these theraples

Additional  responsibilities  include wrlting  grant
proposals, generating project proposals for submission
1o extermal collaboralors, and Riving presemiaions at
conferences and meetings
Phi} in modecular biology or related field with 2— years
of postdoctoral iraiming experience preferred
Imteresied applicanis showld sead their complete
curriculom vitae, beiel summary of their research
history amnd plass, and the names of three references 1o
D, Aaron Kate

Associale Professor
: Columbia University Department of Urology
Herbert Irving Pavilion

New York, NY 10032

We are an affirmatbwe It'l.li.lllu"tljllﬂ PRIy I.‘|'|'l|'||il\ oF.

POSITIONS OPEN

Massachusetts General Hospital
Harvard Medical School

Faculty Position in Brain Tumor Research

The Massachusents General Hospital and Harvard Medical School are
secking applications at the level of Assistant or Associate Professor 1o
establish a dynamic, mtegrative research program in the biodogy of glio-
mas Potential arcas of interest mclude mowse models, wmor stem cell
biology, pharmacology, growth factors and immunology although other
themes will be considercd. The appropriate candidate should hold either
a Ph.D. or M.D. degree or both. Departmental assignment within Harvard
Medical School will depend on research focus. The candidate should be
an accomphshed mvestigator with demonstrated research exeellence,
publications in the biomedical literature, and peer-reviewed gramt support
The appropriate candidate should be able to develop concepts that lead to
a better understanding of the iology of gliomas and their therapy,

This opportunity includes generous stan-up funds and laboratory space in
the Simches Research Center at MGH that opened in 2005, The position
features many opportunitics to collaborate with other scientists mvolved
in glioma research al Massachuseits General Hospital. This position wall
also include colloboration with a large clinical brain tumor program
at Harvard Medical School supported by multiple NIH grants and the
opportunity o supervise research fellows supported by an NCl-spon-
sored troining grant in neuro-oncology. Applications from women and
represematives ofminority groups are encournged, Interested candidates
should forward a curriculum vitae, a brief statement of rescarch interests
and 3 letters of recommendation wo: Valerie J. Smith: Stephen E. and
Catherine Pappas Center for Neuro-Oncology: Yawkey 9E; Massa-
chusetts General Hospital; 55 Fruit Strect: Boston, MA 02114-2696;
vismithia partners.org,

The Massacthseits Generval Hospital is an
Equal Opportmity Emplover

Tenure-Track Faculty Positions
University of Pittsburgh
School of Medicine
Structural Biology Department

The Department of Structural Biology at the University of Pittshurgh
School of Medicine 15 conducting a search for creative individuals who
apply structural and biophysical methods w address questions of biologi-
cal relevance, We are particularly interested m candidates that use X-my
crvstallography or solid state NMRE as their major techniques. Current
faculty in the Depariment are James Conway (crvo-EM of viruses),
Angela Gronenborn {protein structure by NME ), Ricko Ishima (protein
dynamics and NMR relaxation), Judith Klein-Sectharaman (dynamics
of membrmne proteins ), Ron Wetzel (hiophysics of amyloid formation),
Joanne Yeh (X-ray ervstallography of membrane proteins and big-nano-
technology) and Pejun Zhang (crvo-EM and tomography of maolecular
machines). The Department of Structural Biology is housed in o new
state-of-the-art science bullding (BST3 ) with outstandmg equipment for
MNMR spectroscopy, X-ray crysiallography, crvo-electron microscopy and
mass speciromenry,

The University of Pittsburgh is the seventh most highly ranked domestic
institution of higher education in terms of NIH funding, and offers a very
wide spectrum of collabomtive opporunitics. Applications are invited for
all ranks and highly competitive salanes and start-up packages will be
offered. Applicants should hold Phid and'er MD or equivalent degrees
and have demonstrable expertise and scholarly achievement in struciural
biology or biophysics. Application material including the candidate’s
cuwrricilum vitee, a statement of research interests as well as names and
contact information for three references, and should be sent to: Angela M.
Cronenborn, Ph.D. ¢/o Janet Zambotti, Rosalind Franklin Professor
and Chair, Department of Structural Biology, University of Fittsburgh
School of Medicine, 3801 Fifth Avenue, 1051 BST3, Pittsburgh, PA
15260, or jobsia structbio.pitt.edu.

The Universioy of Pistsbarah ix an Affivmative Action
Exprial Gpprorturnity Engprfover:




e NATIONAL INSTITUTES OF HEALTH

NIDDK (g) Tenure-Track Position in Clinical Research in Diabetes and Kidney Disease

We seek an outstanding scientist to direet a vigorous, innovative clinical research program in the epidemiology, physiology, and
treatment of type 2 diabetes, diabetic nephropathy, and related disorders. Applicants must be highly motivated and have a demon-
strated track record through publications that address significant issues of causation, prevention, and treatment of these conditions,
Applicants must also be licensed 1o practice medicine in one of the United States and have substantial experience in community
relations, recruitment. and clinical research among US minority groups,. The successful candidate is expected to develop an inde-
pendent, world-class rescarch program complementary to cureent investigations within the Phocenix Epidemiology and Clinical
Rescarch Branch (PECRB). The position comes with.gencrous start up funds and on-going support.

The PECRB, NIDDK is located in Phocnix, Arizona. The Branch represents interests similar in range to those of an academic
department. There are strong interactions among the independent research groups, and the position offers unparalicled opportunitics
for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, bibliography.
copies of three major publications, a summary of rescarch accomplishments, a brief statement of future rescarch goals, and arrange
for three letters of reference to be sent to:

Dr. James Balow, Chair, Scarch Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Bldg. 10-CRC/Rm. 5-2551,
MNational Institutes of Health, Bethesda, MD 20892,

Application DeadlinesJunc 8, 2007,

This position is subjectto a background investigation.

Principal Investigator
PET Radiochemistry Laboratory-NIBIB

The Intramural Research Program of the National Institute of Biomedical Imaging and Bioengmeering (NIBIB) 15 secking a tenured or tenurc-track scientist (o
lead the Positron Emission Tomography (PET) Radiochemisiry Laboratory, located on the Bethesda campus of NITL The laboratory currently consists of three
experienced stall rdiochemists, as well as technicians and posi-doctoral fellows. Dedicated space ineludesa filly equipped PET rmdiochemisiry laboratory with
direct access 1o three cyelotrons anda microPET animal imaging facility, as well as additional expansion labspace.  We seck an individual who will provide scientilic
leadership in cunting edge, high impaet PET research preferably with an emphasis in one or more of the following disciplines: synthetic radiochemistry, automated
radiosynthesis, microfluidics, PET instrumentation, or image processing. A competitive resource package and abundant collaborative opportunities exist throughout
the NIH campus, including interactions with numerous investigators, unique animal models, and aeeess 10 human and lerge animal PET imaging studies.

The applicant should hold 2 Ph.D, M.D. or equivalent degree: Interested individuals should submit their complete CV and cover letter along with a brief outline of
potential research plans along with 3 letters of recommendation to Ms. Patty Runyvon, 6707 Democracy Boulevard, Suite 202, Bethesda, Maryland 20814, The
closing date for this position will be June 30, 2007,

Standards of Conduct/Financial Disclosure: All emplovees of the Federal Government are subject to conflict of interest and regulations, including the Siandard
of Ethical Conduet, that govern activities with outside organizations and reporting financial holdings. Before entering on duty, you will be required 1o complete
a Confidential Financial Disclosure Report, OEG-450. You will need to provide the information annually. Applicants are encouraged 1o review the NIH Ethics
Program website hitp:/‘ethics.od.nih.gov.

MIH is an Equal Opportunity Emplover, Sclection for this position will be based solely on mernit, without discrimination for non-merit reasons such as mce, color,
religion, sex, national ongin, politics, mamal status, sexual onentation, physical or mental disability. age or membership or non-membership i an employee
OrgaiiEation.

The National Institutes of Health mspires public confidence in our science by muntaimng high ethical principles. NIH emplovees are subject to Federl government-

wide regulations and stotutes as well as ageney-specific regulatons deseribed athitp:Yethics od nih.gov. We encourage vou 1o review this information. This position
is subject o a background investigation,

THE NIH 1S DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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CAYTE CHIEF, OFFICE OF EDUCATION

The Diwvision of Cancer Epidemiclogy and Genetics (DCEG) of the National Cancer
Institute (NCI) in Rockville, Maryland, is recruiting a Chief 1o lead its Office of Educa-
tion (OEL The DCEG OF oversees the recruitment of high-caliber post-doctoral and
pre-doctoral fellows; provides oversight of fellows” trammg and canser progression; and
develops and promotes grduate program pafnerships with public health and medical
schools in the ULS. and abroad. Currently, there are approxmately 63 post-doctoral and
pre-doctoral fellows in DCEG. The OE also coordinates the DCEG summer reseanch
program that offers fellowships 1o high school, college, and graduate students interested
in explonng carcers in cancer epidemislogy and genetics. The Chief nepresents DCEG
at NC1 and Natonal Institates of Health (NIH) meetings relevant to the coordination of
training, recruitment, and edueational activities. The possibility of research resources
and appointment is subject 1o negoliation,

The successful candidaie must hold a medical or doctorgie degree in epidemiology, bio-
stalistics, or a related field or demonstrate the equivalent level of epidemiologic training.
He or she must possess stromg communication skills, both oral and written, and provide
evidence of successiul mentoring. along with other relevant admmistrative expenence.
Salary will be commensurate with qualifications and experience, Full Federal benefits
ncheding leave, health and life insurance, long=1erm care insurance, retirement, and sav-
ings plan (400 k equivalent) will be provided.

Individuals should send a statement of inferest, cumriculum vitee and bibliography, and the
names and addresses of three references to: Ms, Sandy Rothschild, Division of Cancer
Epidemiclogy and Genetics, National Cancer Institute, 6120 Excentive Blvd., Room
8063, Bethesda, MDD 20892, E-mail: rothschsis mail.nih.gov, hitp:/deep.cancer.gov.
The search will continue indefinitely until 2 qualified applicant is found.

This position is subject o a background investigation.

Postdoctoral Fellowship
Experimental Transplantation and Immunology

Post-doctoral positions are available in the Experimental Transplantation
and mmunology section of the National Cancer Institute in the laboratory

of Dr, Dennis Hickstein, The labortory focuses on trmnslational rescarch
in the genetic correction of hematopoietic stem eells inanimal models of
human genciic diseases. Expertence in molecular genetie technigues s
strongly recommended. The laboratory is located on the main campus in
the new Clinical Rescarch Center in close proximity to the clinical unit.
thus Facilitating the climcal applicaton of basic nvestigation,

The NC1offers competitive Post-doctoral stipends along with an excel-
lent work environment. The DHHS and NC1 are Equal Opportunity
Emplovers that value and foster diversity throughout the entire onzani-
gation, Position is subject 1o a background investigation,

Imercested applicants should send a CV, briel description of rescarch
interests and experience, and contact wformation for three references
to: Dennis D. Hickstein, M.D., Senior Investizator, Experimental
Transplantation and Immunology, Center for Cancer Research,
National Cancer Institute, Bldg. 10/CRC, Room 3-3142, Bethesda,
MD 20892, Email: hickstedf@ mail.nih.goy

This positied is subject 1o'a background investigation.

.hf;ﬁ“

Cochlear Genetics

The Section on Neurogenetics at the National Institute on
Deafness and Other Communication Disorders seeks to fill
a postdoctoral or research fellow position. The position is
supported by a stipend/salary and generous research funds,
Applicants interested in pursuing their research interests
related to the genetics of the cochlea in the mouse are
invited to submit a two-page proposal along with their CV,
bibliography and names of three references. A Ph.D. and/or
MD with less than five years of experience is required.

The intramural program has a synergistic assembly of
state-of-the art facilities and provides ample opportunities
to perform innovative research. Please email material
to Konrad Noben-Trauth, Section on Neurogenetics,
MNational Institute on Deafness and Other Communica-
tion Disorders, 5 Research Court, Rockville, MD 20850,
USA. nobentki@ nided.nih.gov. This position is subject
to a background investigation.

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS

Postdoctoral, Research
and Clinical Fellowships

at the National
Institutes of Health

www.training.nih.gov/pdopenings

www.training.nih.gov/clinopenings

Train at the bench, the bedside, or both

Office of Intramural Training and Education
Bethesda, Maryland 20892-0240
800.445.8283
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NIDDK (é) Tenure-Track Position in Human Energy Metabolism

We seck an outstanding scientist to direct a vigorous, innovative rescarch program in human encrgy metabolism and serve as Director of the newly
established Metabolic Core Laboratory (MCL). Clinical Endocrinology Branch, NIDDK. The MCL performs a number of analyses including
exercise testing, physical activity monitoring, body composition measurement, and 24-hour energy expenditure analysis in health and disease,
Applicants must be highly motivated and have a demonstrated track record through publications that address sigmificant contributions in the arcas
of energy expenditure and physical activity as it relates to metabolism and weight regulation. The successtul candidate 1s expected to develop an
independent, world-class rescarch program complementary to current nvestigations within the Branch and 1o successfully oversee the functioming
of the MCL. The position comes with generous start up funds and on-going suppot.

The Clinical Endocrinology Branch. NIDDK is located on the main NIH campus in Bethesda, Maryland. a suburb of Washington DC. The Branch
represents interests similar in range to those of an academie department. There are strong interactions among the independent research groups, and
the position offers unparalleled opportunitics for interdisciplinary collaboration within NIDDK and threughout NIH. Applicants should submit a
curriculum vitae, bibhiography. copies of three major publications. a summary of rescarch accomplishments, @ brief statement of future research
goals, and arrange for three letters of reference to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/Room 5-2551, National
Institutes of Health, Bethesda, MD 20892

Application Deadline: June 8, 2007

This position is subject to a backgeound investigation.

NIDDK ((5) Tenure-Track Position in Endocrinology and Metabolism and Human Obesity

We scek an outstanding scientist to direct a vigorous, innovative rescarch program in the Clinical Endocrine Section of the Clinical
Endocrinology Branch to advance knowledge in the area of obesity and weight regulation withoparticular emphasis on the neuroen-
docrine aspects of weight regulation and the role of sleep inobesity.  Applicants must be highly motivated and have a demonstrated
track record through publications that address significant contributions to the ficld of endocrinology dand metabolism. The successtul
candidate is expected to develop anindependent. world-class rescarch program complementary to current investigations within the
Branch. The position comes with gencerous start up funds and on-going support.

The Clinical Endocrinology Branch, NIDDK is located on'the main NIH campus in Bethesda, Maryland, a suburb of Washington
DC. The Branch represents interests similar in range to those of an academic department. There are strong interactions among the
independent rescarch groups, and the position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK
and throughout NIH. Applicants should submit a curniculum vitae, bibliography, copies of three major publications, a summary of
rescarch accomplishments, a brief statement of future rescarch goals. and amrange for three letters of reference to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK, 2000 Rockville Pike, Building 10-CRC/Room 5-
2551, National Institutes of Health, Bethesda, MD 20892,

Application Deadline: June 8, 2007

This position is subject to a background investigation.




Newcastle. One of only six Science Cities.

One growing and prosperous region.
One great place to live and work.

School of Mechanical & Systems Engineering

Science City Chair in Bio-MEMS & Microfluidics

e -:"-'.-“:"}' for

cants are invited to dscuss

the post infarmally with either Professor Jim Burdess,

This is an outstanding Prospective app

emerging track record of

ntematona research leadership. You will have achieved email; |5 burdess@ng .ac.uk Bephone: (0191) 222 6166,

or Dr John Appleby, Head of Schoo
amail; jphn.applety@ncl.ac.uk telephone; (0191) 222 G286

exceient reseanch pubbcabons and undng, and will have

the enthusiasm enangy and commitment o transtomm

al 1or leadership and communication 1o péay

a leading mole in the medisaton of the wision for

For further details and information on how to
apply, please visit our web site at

www.ncl.ac.uk/sciencecity

Mewcastle Scence City. Central to this vision & the
development of wond dass research, transiated nto

commencial apphcaton.

TRANSFORMING TOMORROW

Newcastle Science City

Closing date: 25/05/07.

Newcastle
University

Baylor College of Medicine
FACULTY POSITION

Ihe Depariment of Molecular Physiology and Biophysics at Baylor

College of Medicine is secking scientists with owtstanding records of

research accomplishment for faculty positions at the Assistant (tenure-
irack), Associale or Full Professor level. ldeal candidates will develop
a strong independent rescarch program and be committed to excellence
in graduate and medical student education. Our search will be broadly
focused, however candidates employing advanced wechnologies or stud yving
vertebrate models of human disease are particularly encouraged to apply
e department has a strong commitment to both basic and translational
biomedical research and has state-of-the-an facilities for confocal and mul-
tiphoton imaging, mowse MR, computed tomography and cores for the

creation and phenotypic analy sis of new mouse models. Bavlor College of

Medicine is a world-renowned research institution with strengths in many
areas including human and mouse genetics, cardiovascular sciences, and
neuroscience. Ample opportunitics exist for scientific interaction and col-
laborations within the depariment, throughout the College, and within the
lexas Medical Center. Located in the heant of the Texas Medical Center,
Baylor College of Medicing 15 in close proximity to the MD Anderson
Cancer Center, Rice University, the Texas A&M Institute of Bioscience
and Technology, the University of Texas Medical School at Houston, and
the University of Houston
Applications will be reviewed until the positions are lilled. Please email
your application materials to molphysia bem.edu and include a curriculum
vilae and a description of vour current and Tulure research program. Can-
didates for a junior position should have three references sent separately
1o the same email address or to
Dr. Henrl Bayle
Department of Molecular Physiology and Biophysics
Baylor College of Medicine
One Baylor Plaza, BCM335
Houston, TX 77030

orc.fr

The ESAF is a multinational research institute,
- employing 600 staff, located in Grenoble. The
ESRF is financed by 18 countries and carres

out fundamental and technological research
with synchrotron radiation. We are currently
seekdng the (m/1)

Director General

You will be the chief executive of the ESRF and its legal
represaniative, You will decide on the planning, co-omdination
and exaecution of the tasks as laid down in the Statutes, and
prepare and implement decisions of the ESRF Council.

You will mplement the ESRF programme and the annual
budget, sat up the general directives for the development of
the ESRF by the formulation of a8 medium-term scientific
programme, overses the development of a long-lerm strateqgy.

Your profile: distinguished scientist with extensive expenence
of the application of synchrotron radiation (preferably in an
international envircnment), leadership, well-developed
management and communication skills.

For further information, please consult:
hitp:/ A, esrl. ir/Jobs/Drectorate/1001.

To apply send a letter and CV, before
31052007, to: rodrigue@esrl.fr, or ESAF
Chairman of Council, ¢/o M. Rodriguez
Castellano, BP 220, F-38043 Grenoble
cedax 09.

the European Light Souce
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New Center for Research and Technology facility in Richmond, Virginia

The Health Sciences Research Division of PM USA is seeking Leading Scientists in several biomedicakrelated research areas.

The primary goal of the Health Sciences Research Division (HSR) is to conduct health science research to facilitate the
development of new methods and technologies with the potential to reduce harm associated with our products.

In June 2007, PM USA research scientists will begin occupying the new 450,000 sq. ft., state-of-the-art Center for

Research and Technology (CRT) facility. HSR scientists will work in collaboration with other PM USA scientists at the
CRT to investigate and discover technologies for the reduction of harm associated with our products.

To view job descriptions and apply for the HSR positions, please visit www.cantbeattheexperience.com
and select RD&E under Job Searches.

Health Sciences Research for Harm Reduction
New Positions at Philip Morris USA

Cigarette Smoke-Related Disease Scientists
Will participate in the development of madels and biomarkers of cigaretie
smoke-refated diseases including:

Cancer Scienlists Investigating cancer with em phasis on !LII‘]E cancer,

Req #8859ER

COPD Scientisls investigating chronic obstructive pulmonary disease.

Req #8858ER

CVD Soientists investigating cardiovascular disease.

Experimental Pathologists
Will participate in the development and use of microscopic and imaging tech-
nigues to investigate the cause of cigaretle smoke-related diseases, Req #88570R

Oxidative Stress Scientists
Will paricipate in studies investigating the role of oxidative damage and cell
death processes in cigarette smoke-related diseases. Req #8964BR

Inflammation/Immune System Scientists
Will participate in studies investigating the role of inflammatory/immunological
processes in cigarelle smoke-related diseases. Req S8560BR

Inhalation Toxicologist for Aerosol Dosimetry
Will participate in studies investigating in vitro and in vivo exposure 1o cigarette
smoke ko quantify aireay smoke deposiion and develop relevant expasure madels.
Rex) #9228BR

Toxicologist for PK-PD Studies

Wil study the PR-PD of exposure o cigarelle smoke during smoke inhalation for the
purpose of developing clinically predictive cell and tssue dose models.

Req #9227BR

Epidemiologists (Molecular/Genetic and Chronic Disease)
Wil participate in the desipn, concuct and analysts of lape-scale, high-throwghpul,
molecular and chronic disease epidemiologic studies on the cause of cigaretie
smoke-related diseases (CVD, COPD, Cancer). Req #5821 18R

Biostatisticians

Will participate in the design and analysis of large-scale epidemiologic, in vitro
and in vivo studies on the cause of cigarette smoke-related diseases (CVD,
COPD, Cancer). Req #8730BR

Geneticists (Statistical and Population)

Will participate in the design and analysis of large-scale, high-throughput, mo-
lecular epideminlogic and in vivo studies on cigaretle smoke-related diseases
(CVD, COPD, Cancer). Req #9219BR

Complex Systems Analysts (Systems Biology)

Will participate in the integration and modeling of high-throughput, cross-plat-
form, trans-species data on cigarette smoke-retated dseases (CVD, COPD, Cancex),
Req #8210ER

Prillip Mams USA i an equsl oppoctunity,’ affematie sction em ployer (M/F/D/V). We support dhersity In our wirkioiee,
Philip Morrs USA 5 & drug-free workplace,

BEAT  EXPERIENCE

PhilipMorrisUSA
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Director
Washington State University Spokane Program in Basic Medical Education — WWAMI

Applications and/or nominations are sought for the Director of the new WWAMI (Washington, Wyoming. Alaska, Momana, Idabo) Medical Education
Progrmm al Washington State University (WSLT-Spokane, This position 15 also appointed as Assistant Dean at the Umiversity of Washington School of
Medicine (LU'WSOM).

The WWAMI Program is a five state cooperative medical education program. First year basic science medical classes are taught of existing state univer-
sities, the Seattle campus for the second vear, and clinical sites across all five states for clinical education. The WSU Spokane WWAMI Program will
be a new first year site, and will work in cooperation with the Regional Initiative in Dental Education (RIDE) and WWAMI Clinical Education sites in
Spokane (hitp: Swwwoiwmedicine.orgieducationWWAMI ).

Responsibilities: The Director is responsible for admimistering a first vear medical curriculum at WSLU Spokane; coordinating the curriculum with that
of UWSOM; ensuring o productive and externally funded research environment for faculty; guidance and counscling of first vear medical students; and
budgzeting of funds allocated 10 the programs from state, private and federal sources. The Director also will recruit up o four WWAMI faculty, The Direc-
tor is primarily responsible for assuring the excellence of the first year medical school program; actively participating in teaching the first year medical
school courses; and promoting rescarch and other scholarly activities with the opportunity to continue an active research program. The Director will
work closely with the WWAMI Chimical Education Center of castern Washington, the Area Health Education Center ( AHEC) of castern Washinglon, as
well as other WWAMI first year and clinical deans and directors, The Director will work closely with the medical communities, university govemment
offtcers and public and private health cane organizations in Washington,

Rank: The Dircctor will report 1o the Vice Provest for Health Sciences of WSLU-Spokane, with a enure track academic rank and salary commensurate
with experience. He/she will also be an Assistant Dean s the UWSOM, and will repont 1o the Dean through the Vice Dean for Academic AfTairs. The
Director will have an affiliate acadenmie appoimtment i the appropriate departnent of the UWSOM, but will not acerue tenure nights at the school.

Minimum Qualifications: M.D. and'or Ph.D. in a seience basic 1o medicine; demonsirated excellence in teaching medical students; demonstrated
excellence in rescarch including a record of exernal grant support; demonstrated excellence in interpersonal communication; demonstrated aptitude
for management of budgets, personnel and other resources: and demonstrated interest and ability 1o provide leadership in a regional, iner-mstitutional
medical education progrom. Preferred Qualifications: Preference will be given to candidates whose research complements one of the existing strengiths,
including chromosome biology/DNA repairiepi-genetics, cancer biology, infectious disease, sleep and performance. substance abuse and addiction, at
nsk families and children and tronslatonal research. Strong collabomtuve ties exist with the WU Pullman campus.

Salary: DOLE. Beginning Date: September 1, 2007, For further information see www.hrs.wsu.edu, For funher mformation comact Dr, Michael Laskowski
imlaskowi@wsu.edu). Send letters of application, including a CV and ¢-mml addresses of three references to Pattl Petersen (petersenfwsitedu),
Review of applications will begin June 1, 2007

ECYAAE,
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The State of Morth RhineWestphalia (NRW)
welcomes applications for

Featured Employers

Stem Cell Network
North Rhine Westphalia

Search ScienceCareers.org for job postings
from these employers. Listings updated
three times a week.

Junior Groupleader Fellowships Abbott Laboratories www.abbott.com
within the Stem Cell Network NRW Amgen www.amgen.com

: . . . Elan Pharmaceuticals www.elan.com/careers
Candidates with a genuine interest in stem cell research, a /

successful record of postdoctoral research and a competitive Invitrogen www.invitrogen.com/careers
ientifi t are invited t . ¢ i
scientific concept are invited to apply Kelly Scientific Resources

Successful applicants will receive up to 1.25 Mio. Euro for www.kellyscientific.com

a 5 year groupleader en?ugf.'mem at one of the North Novartis Institutes for BioMedical Research
RhineWestphalian stem cell centers. www.nibr.novartis.com
Deadline for application: July 1, 2007 Pfizer Inc.
www.pfizer.com
For further details see www.stemcells.nrw.de Philip Morris

www.cantbeattheexperience.com

Become part of an innovative stem cell network comprising -
more than 35 scientific and medical institutions in one of Pioneer Hi-Bred
the most vibrant academic seftings in Germany. www.ploneer.com

If you would like to be a featured
emplover, call 202-326-6543.

Ministry of Innovation, ence reers.o
Science, Research and o€ A '5
T-:chnulugz of the State R S— Waans
of North Rhine-Westphalia L ]




We invite applications for
independent fellow positions
from biochemists, biologists,
chemists, computer scientists,
engineers, mathematicians,
neurobiologists, and physicists
who are passionate in

their pursuit of important
problems in basic scientific
and technical research.

Application deadline:
July 16, 2007

For more information and to
submit an application:
www.hhmi.org/ref/janelia/sci

HHMI
janelia farm

research campus

‘The Janelia Farm Research Campus of the Howard Hughes Medical
Institute pursues challenging basic biomedical problems for which
future progress requires technological innovation.

Janelia Farm focuses on two research areas: the identification of
general principles that govern how information is processed by
neuronal circuits, using genetic model systems in conjunction with
imaging, electrophysiological, and computational methods; and the
development of imaging technologies and compurational methods

for image analysis.

Janelia Farm is home to a vibrant and multdisciplinary communiry
of research groups, supported by outstanding shared resources within
a unique campus 40 minutes from Washington, D.C. Janelia will
grow to about 40 research groups and offer an extensive program of
visiting faculty. We value research collaboration between groups as

| I'I'IL'L'I'In'II'IiSIﬂ o ‘.'I'IHIJII'_' Iungrrmlg:: il'll'll]'\"il[i"r't‘ SCEEI'I.CI.‘.' ﬁ.l'ld t‘l'll..'{]llra'lgt
the w|ﬁ-assrmh|}f of in lt:rdiﬂcip“lmr_v teams of scientsts. We welcome
coordinated applications from groups of individuals. Applications

from individuals at all career stages are invited.

Fellows are independent scientists with resources provided for a
laboratory of up to two additional members (postdocroral fellows,
graduate students, or technicians). Appointments are for a term

of five years and are not normally renewable. Fellows' laboratories
are fully supported by internal funding, without extramural grants.
Fellows have no formal teaching durties and minimal administrative
responsibilities. They are expected w engage in the direct conduct of
research and in intellectual interaction with their colleagues. Janelia
Farm hosts conferences, and fellows are encouraged o organize

meetings in their areas of interest,

Janelia Farm offers a supportive working environment wich on-site
child care, fitness center, and dining Facilities on a 689-acre campus
along the Potomac River in Northern Virginia.

The Howard Hughes Medical Institute is an equal opportunity
employer. Women and members of racial and ethnic groups traditionally
underrepresented in the biomedical sciences are enconraged to apply.

ScienceCareers.org
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University of Heidelberg

The Faculty of Medicine Mannheim, University of Heidelberg offers
tmmlnwtngmmtms

Full Professor (W3) of Neurosurgery

The Full Professorship will be a tenured position, The successiul candidate
mrmaamﬁmwrmﬂmmmmlnﬂlmmm-
surgery. The current reputation of the department for vascular, oncalogical,
and spinal neurosurgery should be preserved. An additional emphasis on
functional neurosurgery is intended. The successful candidate should
actively take part in established and developing research programs of the
Fm:ﬂynhﬁﬂdmmﬂphﬂmmwm
and medical technology. He'she should ¥ in restructuring
the undergraduate curriculum at the faculty RaCLUM).

The successiul candidate sl'mldbeaboardceuﬂﬁadmm'geonw
should have high ranking, internationalhy academic
mmmmmmethkMaummmmH&ﬁmm
including extracedinary clinical and teaching skills, a distinguished record
of original resaarch, administrative experiance and an understanding of
departmental financing in universities.

The successiul candidate will fulfil his'her clinical duties with the

Medical Centra Mannheim; to this end ha'sha will be appointed Chairperson
of the Dept. of Meurosurgery at Uniersity Medical Centra Mannheim. In
this respect, ha/sha will iate a separate contract with the University
Madical Cantra Mannheim, will ba responsible for the economical
management of the department finances.

Full Professor Chair of Internal Medicine -
Hematology and Oncology
(succession to Prof. Dr. R. Hehimann)

The Full Professorship will be a tenured pasition. The successiul candidate
should have a disti mﬂdqﬂmﬁnﬂmﬂfrﬂﬁm
and oncolody | patient carg, teaching and research, Ha/she
mmmghmtmmuammlnﬂlullnmn and outpatient areas of
hemato-oncology, hematology and medical oncology with a special focus
on hemato-oncology including autologous and allogeneic bone marrow
transplantation. In the area of medical oncology, the candidate should
coniribute to the newly formed Interdisciplinary Tumor Center Mannhaim,
Ha'she is expected to make every effort to furlher develop the

Met Acute and Chronic Leukemias® and the “European Leukemia Met™,
As an independent Drlnr:lpia imestigator, the candidate should actively
take part in established and developing research programes of the Faculty
in the field of clinical and molacular oncology with a focus on hemato-
oncology including topics such as tumor resistance, targeted therapy,
target identification and stem cells. Ha/she is furthermore expacted to
a‘rhactlmmaxwwmal funding by grant applications to non-university funding

The successiul candidate should be board certified in internal medicine

hwmtulugfarﬂmmgyw&mid hawve high ranking, internationally

qualifications commensurate with the rank of a

full professor with lrha—tlma tenure including extracrdinary clinical and

teaching skills, a distinguished record of original research, administrative

Wanundammrmgnfdammmlﬂﬁuncmghm

The candidate should ba a cooperative personality to actively master the

imegrative task of participating and implamanting the novel
medical curriculum afthaFacuﬂym

The successful candidate will fulfill his/her clinical duties at the University

: i {Hematology
Madical Center Mannheim. In this respect, ha/she will negotiate a separate
contract with the University Medical Center Mannheim,

Interested candidates should submit a full GV with copies of certificates,
publication list and selected reprints within 4 weeks of publication of this
advertisement to Prof. Dr. Dr. h.c. K. van Ackern, Dean of the Medical
Faculty Mannheim, University of Heidelberg, University Medical
Center Mannheim, 68135 Mannheim, Germany.

Tha positions are available unimited. In case that the successhul candidate has not
b appointed 1o a professorship posithon bafore, State law regulation demands
undar chapter 50 of the University law to fill the position as a tenure track position
for 3 years, Exceptions ane pogsible for candidates from abroad or from non-universty
institutions # candidates cannot ba attracted otherwise. When the position is tenurad
after the tanure track period, the formal application process need not be repeated.

The University of Heidelberg is an Equal Opportundy/Affirmative Action Employer,

Dave |Jensen
Industry
Recruiter

Science
Careers
Forum

* How can you write a resume that
stands out in a crowd?

* What do you need to transition from
academia to industry?

* Should you do a postdocin academia
orin industry?

Let ScienceCareers.arg help you answer
these questions. ScienceCareers.org has
partnered with moderator Dave |ensen
and four well-respected advisers who,
along with your peers, will field career-
related questions.

Visit ScienceCareers.org and
start an online dialogue.

ScienceCareers.org

We know science AYAAAS




SENIOR RESEARCH FELLOWSHIPS

IN BASIC BIOMEDICAL
SCIENCE 2007/2008

UK and Republic of Ireland

8 ] N Ba: Biome: ficd il n 1] | ¥
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ther scientific field and be able a te the , , e o
N R S Further information and preliminary application
! ST forms are available at www.wellcome.ac.uk/uksrf
e Fe ip provides five ye f ipport
| rese 1COsSIsS N el 151 = 1l (=]
ent aney (=9

INTERNATIONAL SENIOR RESEARCH
FELLOWSHIPS IN BIOMEDICAL

SCIENCE 2007/2008

Intemational Sanior Research Fellowships provide support for Appications are particulany encouraged from researchers
[ g th | 1 [ tsicle ther LNt 0 ch 1o retum
Lz 10 Wi | . s/ =t e Feloy das five ye ffu
E 1, Hu | 1 | ith Af ! ! . ts.
Istitution TS OFC = [=-=1-F: | the
| actad to have tarttial 1 it t, fro tory-based t
and ten years' expenence either at post-doctoral level Further information and preliminary application
clinical equivalent, forms are available at www.wellcome.ac.uk/isrf

Preliminary applications for both schemes must be received by 8 June 2007
Full applications for both schemes will be invited by 6 July 2007

The Wellcome Trust is the largest charity in the UK and the second largest medical research charity in the
world. It funds innovative biomedical research in the UK and internationally, spending around £500 million
each year to support the brightest scientists with the best ideas. The Wellcome Trust supports public debate

about biomedical research and its impact on health and wellbeing.

THE WELLCOME TRUST IS A CHARITY REGISTERED IN ENGLAND, MO, 210183




ROBERT C. BYRD HEALTH SCIENCES CENTER
Hubert A. and Hazel L. Shaffer Chair of Human Genetics

The Center for Neuroscience (www. hscowvu.cdwwvuen/) and the Department of Behavioral
Medicine and Psvehiatry (www. hse.wviLedw/som/bmed!’ ) at West Virginia University are secking
an established Ph.D or MLD. scientist for the Hubert A, and Hazel L. Shaffer Chair of Human
Geneties. Candidates should have expertise in molecular genetics or phammacogenetics related 1o
depression or other major neuropsychiatre illnesses. The selected candidae will be appointed Asso-
ciate or Full Professor in the Department of Behavioral Medicine & Psychiatry and lead his or her
own research group and assume a lead role in the ongoing development of trnslational rescarch in
neuroscience, an integral component of the Health Sciences Center Strategic Research Plan
(Secience, 31321461, 2006). Basic, ronslational. and clinical newroscience research is supported
by core facilities that include the Molecular Genetics Core and the Center for Advanced Imaging.
Candidates should have a strong record of extermally funded research, with transferable NIH funding,
and have a commitment 10 mentoring junior Roalty. The position offers a competitive salary and
resources needed (o establish a strong rescarch progrom at the Health Sciences Center.

E West VirginiaUniversity

West Virginia University 15 a land gromt Comegie-designated Doctoral Rescarch-Extensive mstitu-
tion with approximately 20,000 undergrad uate and 5500 graduate professional students. The Healih
Sciences Center includes the Schools of Medicine, Pharmacy, Dentistry, and Nursing, each with
health professional and gradunte progroms. Two new rescarch buildings are under construction on
the Health Sciences campus to accommaodate our aggressive rescarch growth agenda, Patient care
Facilities include a 460-bed University Hospital (Ruby Memonal) with a new, 90-bed addition, and
an adjpcem 70-bed psvehiatric hospital (Chestmm Ridge). Morgantown is rated os one of the best
small cities in the ULS. with affordable housing. excellent schools, a picturesque countryside, amd
many cutdoor activitics (www.morgantown.com).

Review of applications will continue umtil the position is filled. Send a curriculum vilae, research plans,
and comtact information for three references cither electronically (¢/'o sfinnegan@ hse wvu.edu) or via
sl 1o James MO Donnell, Ph, Search Committee Chair, o/o Scan Finnegan, Administrator,
Center for Newroscience, PO Box 9304, West Virginia University, Morgantown, WV 26506-9304,
Inquiries may be directed to Dr, O Donnell (304-293-2433: jodonnell@ hsewvuoedu).

Wesr Virgimia Unfversioy i an Affiemative Action/Equal Opportnite Emplover:

School of Medicine

Clinical Department of Medicine and Therapeutics

Research Fellow in Cell
Signalling/Bone Biology

An excing opportunity i the mulbdsopinary Bone & Musculoskeletal Research Programme
(httpshawwabdnac.ukfims/bona) i now avadable, to poin a team funded by a new Programme
Grant from the Arthnls Research Campaipn The specilic project requires (o characlense
ew signalng pathways 0 osleoclasts and other bone celk and will be based n the
state-af-the-art Institute of Medical Scences

You must have a PhD m a biclopcal or medical science, or an M5c n a similar area plas the
appropnate level of expenence which cemonstrates the relevant skills and capabaliies
Expenence in malecular aology el ology, call sgnaling or eochermica techinagues is essential
Salary will be paid in the range of £26215 — £32,137 per annum. The position & avallable
for a perod of up to inve years

nformal enquiries 1o Professor Mike Rogers (e-mail muorogersfabdnac.uk).

Online application forms and further particulars are available from www.abdn.ac.ulkfjobs
Alternatively telephone (01224) 272717 (24 hour answering service) quoting reference
numberYMT | 66R3 for an application pack.

Closing date: 10 May 2007.

Promating Diversity and Equal Opportunities throughout the University
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ﬁ Singapore Invites Applications for the &
] Singapore Translational Research Bl S5 Ranology
MINSTRY OF HEALTH (“STaR”) Investigatorship Awards e

A unigue and innovative opportunity for outstanding
Translational and Clinical Research Investigators

STaR INVESTIGATORSHIP

The STaR Investigatorship Award is a prestigious award, jointly offered by the Singapore Ministry of Health's National Medical Research
Council (NMRC) and the Agency for Science, Technology and Research (A*STAR). to recognise and support investigators with outstanding
qualifications in translational and clinical research. This award is part of the Biomedical Science Phase |l initiative to promaote translational
and clinical research in Singapore.

Tenable in Singapore, STaR Investigators can either be part of the team leading or contributing to the Translational and Clinical Research
(TCR) Flagship Programmes (jointly supported by A*STAR and NMRC), or start a new research programme which can potentially advance
singapore’s priorities in biomedical research and healthcare. STaR Investigators may also spend up to 20% of their time engaging in direct
patient care in Singapore.

In keeping with the international status of the STaR Investigatorship Awards, recipients will receive very competitive research support
and remuneration, appointments at A*STAR's Singapore Institute for Clinical Sciences (SIGS) as well as tenure-track appointments at the
Mational University of Singapore’s (NUS) Yong Loo Lin School of Medicine, or Duke - NUS Graduate Medical School (GMS).

Three categories of the STaR Investigatorship are available:

[i] Distinguished Senior Investigator (DS1) A separate but related call for proposals for

[ii] Senior Investigator (S1) TCR Flagship Programmes is also open to local
[iii] Investigator (INV) institutions in Singapore, in the following disease
Successful candidates will receive 5-year support for DSl and 31, and onented areas: cancer, cardiovascular/metabolic
3- 10 S-year support for INV, The awards are renewable for further terms disorders, neurosciences, infectious diseases and
upon sxcelient external reviews. eve diseases. TCR Flagship Programmes should
Profile of a STaR Investigator: seek o integrate, coordinate and leverage on the

f =% :
+* Medically qualified doctors (MDs) or PhDs active in translational and M SspRcuuIoLy [l Capehiltins g pore

clinical research or who conduct research that involves integrating from basic science to clinical research, and be highly
basic scientific discoveries with clinical applications competitive with the potential for the supported

* You may be a physician scientist, clinical investigator, population programme to be an international leader. It is not
geneticist, epidemiologist, health services researcher or an investigator necessary for applicants to be part of the TCR Flagship

engaged in other kinds of population-based biomedical research

* Applicants should have a strong track record of scientific achievement
and impact in translational and clinical research

team to apply to the STaR Investigatorship Award.

The STaR Selection Panel includes:

* Professor Tan Chorh Chuan (Deputy Chairman, A*STAR)

+* Professor Edward Holmes (Executive Deputy Chairman, Clinical-Translational Sciences, A*STAR Biomedical Research Council)

+ Professor Sir David Lane (Executive Deputy Chairman, Biomedical Sciences & Technology, A*STAR Biomeadical Research Council)
« Professor Edison Liu {Executive Director, Genome Institute of Singapore)

» Professor Judith Swain (Executive Director, Singapore Institute for Clinical Sciences)

* Professor John Wong (Dean, Yong Loo Lin School of Medicing, National University of Singapore)

* Professor Sanders Williams (Dean, Duke - NUS Graduate Medical School)

= Professor K Satkunanatham (Director of Medical Services, Ministry of Health)

Professor Malcolm Paterson (Scientific Director, Office of Research, Singhealth)

Shortlisted applicants will be invited to Singapore for a 3- 1o 5-day visit for in-depth interaction with the scientific community, including lead
investigators from shortlisted Translational and Clinical Research Flagship programme proposals, to better understand the local research
support and environment, and to meet with the STaR Selection Panel.

Interested applicants, please complete your application using the prescribed STaR Application Form (available for download
on NMRC website) and send it to the following address before 02 July 2007, Spm Singapore time (+0700 UTC/GMT) ;

Singapore Translational Research (STaR) Investigatorship Awards
National Medical Research Council
11 Biopolis Way #09-10/11 Helios Singapore 138667
Email: MOH_NMRC@moh.gov.sg
You may refer to the website for more details at: http://www.nmrc.gov.sg/
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Does your next career step
need direction?

[ have a greal new research idea.

Where can |l find more grant options?

{ | For a career in science,

\ % { turn fo Science
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You know, ScienceCareers.org
is part of the non-profit AAAS
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\ \ | got the offer I've been
dreaming of.

Now what?

_— &

With thousands of job postings,
it'salot easierto track down a

career that suits me /

! want a career,
not just a job

N

There's only one place to go for career advice if you value the
expertise of Science and the long experience of AAAS in supporting
career advancement - ScienceCareers.org. The pages of Science
and our website ScienceCareers.org offer:

* Thousands of job postings * Funding information
= Career advice articles and tools = Networking opportunities

www.sciencecareers.org




Ifit’s the latest technologies
and newest reagents you're after,

don’t miss the life science technology
features in Science.

UPCOMING FEATURES:
June 1— RNAI - miRNA
June 22—Cell Signaling 2
August 24— Microarray Technologies

AVAAAs \

Get the experts behind you. WHO HAS
* Search Jobs

www.ScienceCareers.org
* Next Wave now ’
part of ScienceCareers.orng
* |ob Alerts
* Resume/CV

Database
* Career Forum

UPDATED
DAILY?

* Meetings and
Announcements

* Graduate Programs

All these features are
FREE to job seekers.

ScienceCareers.org

e kow science A A We know science AYAAAS

ScienceCareers.org
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RN BIO KOREA 2007

\ CONFERENCE & EXHIBITION
\
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www.biokorea.org

Make the most of your three days at BIO KOREA 2007
from 12 to 14 September at COEX, Seoul.

BIO KOREA 2007 will give you an overview of the developments in Korea's bio industry
in the center of the world’s most dynamic and fastest growing market and offer you the opportunity
to expand business networks internationally and domestically.

B Exhibition

« 350 Companies, 25,000 Visitors

+ Exhibition Categories

- Pharmaceuticals & Drug Discovery, Biotechnology,

Genomics & Proteomnics

- Industrial & Environmental Biotechnology

- Bio Chips, Bio-eleclronics, Bio-informatics

- CRO, CMO, CS0, Patent and Legal Services, Venture Capitals,
Consulting Companies

- Medical Devices & Lab Equipment

- Bio-Clusters, Academic Research Centers, efc.

B Conference

Plenary Sessions & Bio Seminars
110 Speakers, 15 Tracks & 47 Sessions

B Business Forum
Company Presentations & Partnering

Organized by

Korea International Trade Association [KITA

HKorea Health Industry Development Institute [KHIDI)
Chungcheongbuk-do [Chungbuk Province]

ContactUs
Tel : 82-2-6000-5118 E-mail : biokoreafkita.net



POSITIONS OPEN

ASSISTANT PROFESSOR (VISITING)
Endocrinology

The Biology Department of St Lawrence Univer-
sity invites applications for a one-year visiting posi-
ton at the Assistant Professor level beginning fall
2007, A PhDD. (induding all-but-dissertation) in en-
docrmology of a related field with a major emphasis
at the cellular or phyvsiology level s requined.

The successul candsdate will be expected to teach
an endocrinology course in the fall along with a
course in human anatomy (or a related physiology
based course )

I'wo spring semester courses are expected. Pre-
ferred courses include reproductive physiology, cell
biology /systems level biology, neurophysiology, his-
tology, or other relared courses. There is a possibility
thar this position will be searched in the fall as a
tenune-track appoimtment.
new facilines and the opportunity to gain reaching
ecxpericnee at a quality liberal arts and science uni-
versity 15 manng, We encourage applications from
candidates who bring diverse cultural, ethnic, and
national perspectives to their scholarship and teaching,

I'he sucoessful candidate may have the option o
participate in the continued development of our in-
rrosclsctory biology courses towards a more investga-
nonal, mguiry-based, collaboranve, and personalized
leaming environment.

A demonstrated expertise in the use of compurers
and mstructional technologics is preferred.

Interested candidates should submit a letter of ap-
plication, curniculum vitac, and a statement of weach-
ing experience and philosophy that refleas innovarive
and progressive pedagogics, and have three lerters
of recommendation forwardad to: Dr. T, Budd, Bi-
ology Department, St. Lawrence University, Romoda
Drive, Canton, NY 13617, Applcations will be
reviewed until the position s filled.

S5t. Lawrence University, chartered m 1856, is
the oldest cocducational wniversity in New York
State, Please see the University website: hip: //
www.stliwu.edu and the biology homepage at
website: htype/ /it sdawo.edu/ ~biology for more
information

St Leniwenoe Limiversity i an
Employment Opportinnty Employer. Women, mimonities, -
cran, arnd pemons with disabilitics e enconmaged fo gy

Affirmrative A dion £ Egral

SUPERVISORY RESEARCH FISHERY
BIOLOGIST, ZP-0482-05
Department of Commerce

Jeb Announcement Number: NMFS-SEFSC-
2007-0013

This position is the CHIEF of SUSTAINABLE
FISHERIES DIVISION, Southeast Fisheries Sci-
cnee Center, Matnonal Manne Fishenes Service, Na-
tonal Oceanie and Armospherie Administration,
locared in Miami, Florida.

The incumbent, in addition to having superasory
responsibilitics, guides the development of scientific
advice in direct support of fishery management plans
and the sustaimble wse and conservation of manne re-
sources; coordinates scieniific interactions with fishery
AN ECNE N l.'“l-ll'l'il‘i.. international llT:l_:;'II'l-Ilf.illiiﬂl'l“-..
state, territorial and federal agencies and other con-
stituent groups; and promotes the wide applicarion
of sciennfic results through publications, presenta-
tions, authoritative reports, and analyses.

Marina N. Derksema
Telchone: 206-526-6517
Fax: 301-562-8968
E-mail: marina.derksema®noaa.gov

POSTDOCTORAL FELLOW,/RESEARCH
ASSOCIATE with expericnce in virology to join
group which prepares “seed™ vinises for the annual in-
Hucea vaccine. Focus will be on dewelopment of high
vield fgrosvth tvpe B intluenia viruses. Send resume
to: Dr. Doris Bucher, New York Medical College,
Department of Microbiclogy and Immunology,
Valhalla, NY 10595, or e-mail:

nyme.edu,

642

This plus the opening of

doris_bucher@
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POSITIONS OPEN

FACULTY POSITION, Molecular Pathology.

The Department of Pathology ot the Umiversity of

Calitorma, San Dicgo (UCSD), website:/ Ship: //

T3 ) o lead a rranslanonal
ATRALOMIC p.n]'ln]u;l_.t J':.v..mh program. The selected
individual will assume primary responsibiliny for cs-
tablishing a first-rate, tissue-banking enterprise and re-
scarch procedures for stare-of-the art molecular and
]1'I.I.II'|1hH|I:"t.iL analysis of human tssue, Training i ana-
tomie pathology is necessary, Appointment is availa-
ble at the ASSISTANT, ASSOCIATE, or FULL
PROFESSOR level, Clinical rupmmhﬂltus will be
assigned depending on expenience and qualificanons.,
Candidares should posscss or be cligible to obtain a
state of Califormia medical license, have strong area-

specific publications, an understanding of the vse of

gene expression profiling and proteomics technologies
in the analvsis of human tssue, STong communication
skills, the ability to collaborate, and commirment o
an academic career. Rank will be comme nsurate with
expericnce. Salary will be consistent with estab-
lished UCSD pav scales. Please forward application
letters addressed to Search Committee Chair, Dr.
MNoel Weidner, together with curriculum vitae and
namesaddresses of ar least three references, care of:
Ms, Catherine Schumacher, Search Coordinator,
Department of Pathology 0717, University of Cal-
ifornia San Diggo School of Medicine, 9500 Gilman
Drive, La Jolla, CA 92093-0717. Applicanions by
e-mail are acceptable o e-mail: uds::hum:dmrﬂ
uesd.edu, Review of applications will begin June 22,
2007, and will continue until filled. LCSD i an Af-
fimmanive Acton /Bl Opportinity Employer with a strong
institntional avmnrtinenl b exeellence rJqun:]r r.l']l'ci.llr;.'.

FACULTY FOSITION
Pulmonary Center, Boston University

We are soliaung apphications tor a posanon at the
ASSOCIATE or ASSISTANT PROFESSOR level
to join our Stem Cell and Lung Development Pro-
gram. We are a highly collabomative/interactive group
secking to expand s rescarch scope, Applicants must
have a I'h.D., MDD, VM.D/DVM. or equivalent de-
gree, and be interested in basic questions relating to:
cell biology, gene regulation, signaling, generics in
mammalian and other model organisms, or an arca
thar ean be integrated into our multidisciplinary pro-
gram. Generous support packages are available,

Candidates should submit a PDF file with eur-
riculum vitae, descnpton of rescarch interests, and
arrange for electronic submisaon of three refercnce
letters to: Alan Fine, M.D., e-mail: afine@bu.cdu
or Wellington Cardoso, M.D., Ph.D)., e-mail:
weardoso®@ buedu. Pulmonary Center, Boston
University, 715 Albany Street R304, Boston, MA
02118.

FOSTDOCTORAL POSITION avalable at the
Diepartment of Anatomy and Phwsiology, Kansas State
University, o study  MN-merhyvl-D-asparate  recepror
regulation, PhuD), in neuroscence /pharmacology or a
related field is required. Experience with molecular bi-
ology echniques and mammalian cell culture is essen-
tal. Screening of applications will begin Apnal 30,
2007, amd continue until position is filled. Submit ket
ter of interest and curriculum vime, along with names
and addresses of three references, electronically o

Dr. Antje Anji (e-mail: aanji@vet.ksu.edu).

ANATOMY /CELL BIOLOGY
FACULTY MOSITION

The Edward Via Virginia College of Osteopathic
Muediane (VCOM) imites applications for a tenure-
track, open-rank faculty postion in the disapline of anat-
omy and physiology. VCOM is a post-baccalaureate
professional medical college located in Blacksburg,
Virginia. For more infirmanon on this position, please
visit our website: hittp:/ Swww vcomavt.edu,

medicine. ucsd. -:du,-"l‘arl'min v, seeks a PATHOL-

POSITIONS OPEN

POSTDOCTORAL POSITION
in Meurodegenerative Disorders

Canadian Institutes of Health Research-Funded

We are a dvnamic, energetic, and well-funded lab-
oraton focused on mechanisms of neuron death and
neuron-glial communication in stroke and other
degencrative disorders of the brain. While speafic
opportunitics are available in mouse models of sroke
and multiple selerosis, candidates will have access to
a wide vancty of technical capabilitics to faciliate mul-
tidisciplinary approaches. Candidates wll enjoy an
environment that encourages interaction and  full
pariicipation i intelectual development of research
projects. Mulrple collaborative avenues are available
roward this end. St Boniface Hospital Rescarch Cenrer
is a rescarch institure and part of the University of
Manitoba located in Winnipeg, Canada, construcned in
20000 with stare-af-the-art resources for molecular /
cellular biology, single photon and 2-photon imaging,
and small and large animal surgery. Applicants must
have demonstrated saenmnfic pnn_lu.ulmh and are
expected to work both independently and in a team
setting. An MY or Ph.D. in nevrobiology or a re-
lated ficld is required. Salary will be commensurate
with experience and publications. Please send cur-
riculum vitac and conract information for at least
two reterences to De. Chris Anderson by e-mail:
canderson@sbre.ca.

POSTDOCTORAL MOSITION
University of California, San Francisco

Mosition in the Laboratory of Molecular Endocri-
nology at University of Califonia, San Francisco,
reguires skills in protein chemistry and computation-
al modeling; studies concern factors involved in
steroidogenesis (see website: htep:/ Suesfoedu/
wimlab). Send lerter, curriculum vitae, and address/
telephone /e-mail of at least three references to:
Professor Walter L. Miller, HSE 1401, Universi-
tv of California, San Francisco, CA 94143-0978.

We deliver —
customized
job alerts.

ScienceCareers.org
Alanns

We know science

MARKETPLACE

EZBiolab www.ezbiolab.com

Custom Peptide10mg 20%: $19.59%/aa
AB Production $785 peptide included

Gene Synthesis £1.20Mp
siRNA 20 nmol PAGE purified: 3285

Oligo Labeling Reagents
* BHQ/CAL Fluor /Quasar Amidites

+ Amidites for 5’ & Int. Medifications
~ ® Standard and Specialty Amidites

BIOSEARCH  +1.800.GENOME.1
LECHNOLOGIES  www.btilabeling.com

WWWY.SCIenCecareers. arg




What if staying up to date with the
latest technology published in journals
and patents were as easy
as pushing a button? |

It 1s.

With the “Keep Me Posted” alerting feature, SciFinder sends you
automatic updates on areas you—and your competitors—are interested in.

You can monitor specific research topics, companies, authors, substances, or sequences, and choose
how frequently you receive notfications: daily, monthly, or weekly.

The service isn't just convenient, it's incredibly current. Journal article records often appear in
SciFinder before they're even in print. New references, substances, and sequences are added daily.
Patents from all the major offices are added within two days of issuance.

As with all SciFinder fearures, Keep Me Posted is integrated with vour worktflow. Arany pointina
search (including the beginning), simply click on the Keep Me Posted button. SciFinder tracks your
steps and will generate the appropriate alert—even for complex topics. When vou receive a
notification, vou can follow each reference as vou would in a search: find citing or cited articles (with
links to the electronic tull text), and follow referenced substances and reactions for further information.

Comprehensive, intuitive, seamless—5SciFinder doesn’t just alert vou, it's part of the process. To
find out more, call us at 800-753-4227 (North America) or 614-447-3700 (worldwide) or visit
www,cas.org/ SCIFINDER.

SciFinder

Part of the process.”

@ A division of the American Chemical Society. Scifinder is a registered trademark
of the American Chemical Society. “Part of the process” is a trademark of the American Chemical Society.



Powerful, Multi-modal
Molecular Imaging

Now so easy
everyone is
lining up to do it!

NEW

The In-Vivo FX Pro combines high-sensitivity Optical Molecular Imaging and high resolution Digital
Radiography to deliver precise anatomical localization of molecular and cellular biomarkers.
New automated features include;

Computer-controlled excitation and emission filters for outstanding
fluorescent imaging sensitivity and flexibility from 390nm to 830nm
10x zoom, auto-focus lens for precise repositioning and repeatable results

Radiographic and radioisotopic screens for remote switching between
optical, X-ray or radioisotopic imaging without moving the subject

Whether you're performing time-lapse bio-distribution, multi-wavelength fluorescence, multi-modal
optical, X-ray, or a combination of these imaging modalities, the In-Vivo FX Pro fully automates the
process for an entirely new level of sensitivity, throughput, repeatability and ease-of-use.

INTRODUCING Kopak X-SIGHT Imaging Agents for in vivo imaging applica-
tions which are uniquely designed to offer biocompatibility, superior
brightness and stability, longer circulation time, and can accommodate
Snaidis g ' high payloads of a range of bio-molecules. These imaging agents are avail-
able in several distinct fluorescent wavelengths, and are compatible with
Kooak In-Vivo Imaging Systems as well as other imaging systems.

KoDAK X-SIGHT

1-877-747-4357, express code 7
QOutside the U.S.: +1-203-786-5657
www.kodak.com/go/invivo4
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