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COVER The three-dimensional x-ray crystal structure of the light-
sensitive protein rhodopsin, at 2.8 A. Members of this family of
seven-transmembrane helix G protein—coupled receptors detect environ-
mental signals and transmit them to cells. The protein backbone is shown
schematically with a transparent surface. The pigment that absorbs light,
11-cis-retinal (a derivative of vitamin A), is shown in green, and the
carbohydrate moiety is blue. Shading is in red. [Image: C. A. Behnke]
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TOLERANT TO RADIATION

Radiation waste disposal is a formidable
scientific challenge, not least because the
response of materials to radiation is hard
to predict. Host materials have to show
not only high chemical durability and sol-
ubility for the appropriate radionuclides,
but also must be resistant to structural
breakdown in response to self-radiation.
Sickafus et al. (p. 748) have modeled the
response of complex oxide materials with
pyroclore and fluorite structures and con-
clude that the fluorite structure should be
particularly resistant to radiation damage.
Preliminary radiation-damage experi-
ments confirm this prediction.

MODULAR CRYSTAL GROWTH
Houses can be built brick by brick or assem-
bled from preformed modular units. Crystal
growth in nature is primarily thought to oc-
cur through the analog of the first pro-
cess—atom by atom (or molecule by
molecule) attachment to a surface of a pre-
existing crystal. Banfield et al. (p. 751; see
the Perspective by Alivisatos) now show
that self-assembly of oriented nanocrystals,
a process seen in a few laboratory systems
and more analogous to the second process,
may also occur in nature. The authors used
transmission electron microscopy to study
the growth patterns of ferrihydrate crystals
produced by bacteria and observed several
examples of oriented attachment of
nanocrystals. Such a mechanism of growth
may influence the formation of defects,
which affect material properties, and the
occurrence of phase transformations.

TRADING INSTABILITIES
Carbocations—cations bearing positive
charge on a carbon atom—are usually
very reactive because the central carbon
atom is not tetravalent. The same is true
for the equivalent negatively charged
species, carbanions. Kato et al. (p. 754; see
the Perspective by Griitzmacher) show
that when phosphorus substitutes for ni-
trogen in a diaminocarbocation species,
the resulting compound has a carbanionic
center. This transformation from carboca-
tion to carbanion is unusual and allows
the synthesis of compounds whose nitro-
gen analog would be extremely unstable.

EARLY ATMOSPHERIC TRANSITION
The nature and oxidation state of Earth’s
early atmosphere has been widely debat-
ed; some records seem to show that it
was relatively reducing until about 2 to
2.4 billion years ago. Farquhar et al. (p.

756) analyzed sulfur isotopes in a series
of ancient rocks spanning much of the
Precambrian. Their data show that mass-
independent processes in the gas phase
controlled sulfur isotope fractionation be-
fore about 2.4 billion years ago, whereas
mass-dependent processes dominated
later. These results support the late oxida-
tion of Earth’s atmosphere and have im-
plications for inferring the onset and im-
portance of microbial sulfur processing.

ONLY SKIN DEEP
Not all superconducting perovskite ma-
terials contain copper; Sr,RuO, is one
exception. It has been proposed that the
spin-triplet pairing that leads to. super-
conductivity in this material arises
through ferromagnetic spin fluctuations
of the nonmagnetic bulk ground state.

Matzdorf et al. (p. 746) present struc-
tural and theoretical evidence that a
bulk soft-phonon mode is frozen at the
surface and produces a small rotation of
the RuOg structural units. This lattice
distortion leads to a higher density of
states at the Fermi surface and enhances
spin fluctuations to such an extent that
the ground state of the surface should
be ferromagnetic. These results suggest
that ferromagnetism and superconduc-
tivity may coexist in this material.

AN IRON GRIP ON PRODUCTION
Marine phytoplankton growth depends on
adequate supplies of the plant nutrients.
In the subtropical North Pacific Ocean,
primary production is limited by low con-
centrations of nitrate, but in the western
North Atlantic Ocean, it is limited by
phosphate. Wu et al. (p 759) have mea-
sured very low phosphorus concentrations
in the Sargasso Sea and suggest that
these values are a result of the ready
availability of iron, an element essential
for plant growth, which is supplied there

THIS WEEK IN SCIENCE

edited by PHIL SZUROMI

in abundance by windblown dust from the
Sahara. These results support the idea
that iron helps determine whether nitro-
gen or phosphorus is the limiting nutrient,
and they show how iron supply regulates
nitrogen fixation, carbon uptake, and the
concentration of atmospheric CO,.

RHODOPSIN'S STRUCTURE
REVEALED

G proteins (heterotrimeric guanine-
nucleotide bind proteins) that are in-
volved in many different signaling path-
ways are activated by G protein—coupled
receptors (GPCRs), a large family of
membrane proteins that respond to a va-
riety of stimuli. Rhodopsins are GPCRs
that respond to light and activate the vi-
sual transduction pathway. Now Pal-
czewski et al. (p. 739; see the cover and
the Perspective by Bourne and Meng)
have determined the structure of
rhodopsin from diffraction data extend-
ing to 2.8 angstroms. The structure re-
veals the interactions of the ground-state
chromophore, 11-cis-retinal, with
residues in the seven a-helix transmem-
brane domain. The chromophore plays a
key role in holding the transmembrane
region in the inactive conformation. The
structure -also provides insight into how
isomerization of 11-cis-retinal to all-
trans-retinal may cause conformational
changes that could be transmitted to G
proteins at the cytoplasmic surface.

INCREASED RESPONSE TIMES

Plant ecologists are focusing increasing at-
tention on the possible consequences of cli-
mate change for vegetation. Grime et al (p.
762) report the results of a 5-year experi-
ment on the effects of climate change on
two British limestone grasslands that differ
in their history and species composition. The
experimental treatments, which consisted of
different combinations of warming and pre-
cipitation, showed that early successional
grasslands were much more susceptible—in
terms of biomass and species composition—
to climate change than were older sites with
lower soil fertility. Human activities are
steadily replacing the latter type of grass-
lands with the former, which suggests that
whole landscapes will become more respon-
sive to climate change as the proportion of
early successional communities increases.

CLOCK COMPONENTS
The core components of the: molecular
clocks that underlie circardian rhythms
in animals, fungi, and bacteria appear to
CONTINUED ON PAGE 695
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be in hand, but for plants and cyanobac-
teria, key elements are still being eluci-
dated, including components that re-
spond to changes in day length. Schmitz
et al. (p. 765) identified a bacteriophy-
tochrome in the cyanobacterium Syne-
chococcus elongatus that helps the
clock respond to environmental clues.
The cikA (for circadian input kinase)
gene appears to be critical for resetting
the phase of the clock after a period of
darkness. Working with rhythm mutants
in the plant Arabidopis, Strayer et al. {p.
768) have now cloned the gene TOCT,
which regulates the period of the circa-
dian cycle in the absence of input from
light. Because this gene is itself regulat-
ed by a feedback loop subject to circadi-
an influences, it helps the plant respond
to changes in day length. The predicted
TOC1 protein has some intriguing fea-
tures, including similarity to transcrip-
tion factors and two-component signal
transduction systems.

HELICASE ACTION AT

TELOMERES
Telomeres, the DNA sequences at the
ends of chromosomes, play a fundamen-
tal role in cellular aging and cancer. Zhou
et al. (p. 771) characterized the mode of
action of Pif1p, a 5’ to 3’ DNA helicase in
yeast that had been linked previously to
the control of telomere length. Pif1p as-
sociates with telomeres in vivo and acts
by inhibiting the enzyme that synthe-
sizes telomeres (telomerase) rather than
by inhibiting recombination-mediated
lengthening of telomeres, as had been
suspected. The authors hypothesize that
Pif1p, a highly conserved enzyme, pro-
motes genetic stability by suppressing
telomerase-mediated healing of double-
strand breaks.

A POLYMERASE FOR CHROMATID

COHESION
The cohesion of newly duplicated sister
chromosomes, or chromatids, is estab-
lished during the replicative-, or S phase,
of the cell cycle. This cohesion is critical
for their subsequent, accurate segregation
during anaphase into the two presumptive
daughter cell nuclei. Wang et al. (p. 774;
see the Perspective by Takahashi and
Yanagida) identify the topoisomerase-
related function (Trf4) protein as being an
essential component of the machinery
that holds the pairs of sister chromatids
together. Furthermore, Trf4 turns out to
be a previously unidentified DNA poly-

merase, thus providing a link between the
establishment of sister chromatids cohe-
sion and DNA replication.

MOVED IN AND AT WORK

Certain transcription factors have an un-
usual ability to mobilize themselves into
cells other than those where they were
synthesized. Do these peripatetic factors
actually find relevant gene targets in their
adopted homes? Sessions et al. (p. 779)
now construct mosaic plants to analyze
the functions of mobile transcription fac-
tors. One transcription factor important in
control of flower development not only
moves but acts directly on target genes in
other cells. Such sharing of regulatory
molecules may serve to keep a group of
cells acting in concert.

MAINTAINING MITOCHONDRIAL
DNA INTEGRITY

Autosomal dominant progressive external
ophthalmoplegia (adPEO) is an adult-
onset mitochondrial disease that shows
Mendelian inheritance but is also charac-
terized by multiple deletions in mitochon-
drial DNA {mtDNA). Kaukonen et al. (p.
782) show that a subset of families with
adPEO have mutations in ANT7, a nuclear
gene that encodes the heart/skeletal mus-
cle isoform of the adenine nucleotide
translocator, a channel in the inner mito-
chondrial membrane that regulates cellu-
lar respiration and apoptosis. Analogous
mutations in the yeast homolog of ANT7
produce respiratory defects. The mecha-
nism by which ANTT mutations lead to
loss of mtDNA integrity remains to be es-
tablished, but this surprising result may
lead to a better understanding of the rela-
tionship between the nuclear and mito-
chondrial genomes.

CELLULAR INVASION

Some pathogenic bacteria invade cells and
set up residence inside the cell in a cellu-
lar vacuole. Cellular invasion represents a
risky strategy because host cells contain
an arsenal of destructive enzymes in their
lysosomes that could attack and destroy
these invaders. However, in order to avoid
such attack, invading bacteria select and
modify the engulfing membrane to form a
vacole that resists fusion with the lyso-
some. Shin et al. (p. 785; see the Perspec-
tive by Mulvey and Hultgren) provide evi-
dence for the existence of caveolae in a
hematopoetic cell, in this case mouse
mast cells, and the role they play in facili-
tating the entry of Escherichia coli.
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PE Biosystems roots go
back to the origins of PCR.
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dévelopment and remain the
world's leading source of
» innovative PCR technology,
. with a growing line of prod-
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activation step at 95° C as indicated.
Self-contained and ready for
amplification, the GeneAmp®
Gold PCR Reagent Kit comes
with. AmpliTag Gold DNA
Polymerase, our premium
chemical Hot Start enzyme
.With_;'[ime Release capabili-
ty, our new and improved
Gold buffer, and dNTPs
—and the coniidence
that comes from working
with PE Biosystems. Tap
into our expertise. For
more information on the
GeneAmp Gold PCR
%-Beagent Kit, contact your
3 S tems Representa-
“cali 650 638-5800.

PE Biosystems
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The Order

“Okay, all 25 are in stock.

They’11 ship today. Deliver tomorrow.

Here’s your total cost.”

The Information

“Oh yeah, and just click here and
it will print off the MSDS too.”

What You Need...And What You Need To Know

Ordering from Sigma-Aldrich has never been The information you give us is encrypted using the These new features allow you to see "real time’
easier with PipeLine®, our convenient, on-line Secure Socket Layer (SSL) protocol, so you can rest inventory and to track the status of every order
procurement system. assured that all transactions are private and secure you place (phone, fax or web)
With Pipeline®, you have instant access to over To make on-line ordering even simpler, we have Best of all. you have millions of product documents
200,000 products and can order from all brands recently added at your fingertips including: MSDS's, certificates
(Sigma, Aldrich, Fluka, Supelco, and Riedel-de _ of analysis, structures and structure searching

. ) ¢ On-Line Product Availability o
Haén) in a single transaction. Plus, because we are application notes. data sheets and much more

a manufacturer, we provide the technical information e On-Line Order Status L ) .
o Log on today....it will make your job easier.
and support you won't find elsewhere v v

* Total Delivered Price
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} www.sigma-aldrich.com ADVANCING LIFE THROUGH SCIENCE SIGMA-ALDRICH
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access to the best gene view of the
human genome—Ilike you have never had before

www.incyte.com

Only Incyte has LifeSeq® Public—free and enhanced public domain data linked
to a proprietary, easy-to-use sequence database and clones.
Only incyte has LifeSeq® Gold—120,000 gene transcripts (60,000 not available anywhere else),

gene data based on actual expression, not prediction, and physical clones for every gene transcript.



Announcing a brand new site that provides you with the most powerful
and complete view of the human genome. Plus, 24/7 access to the most up-
to-date, highest quality data, reagents and supplies. Join us as we come
together to create a dedicated online community of collaboration and
dynamic online tools. Enhance your research. Accelerate your discovery.
Achieve your breakthrough. www.incyte.com.
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e Highest gene expression in diverse cell types

e Excellent enhancement with all h
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[l Without BoosterExpress™ reagent
e Great boost with other transfection reagents

e Effective for both transient and
stable transfections

 Extended shelf life, easy to use, and economical
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BoosterExpress™ reagent kit is a set of chemical cocktails L I
developed by Gene Therapy Systems, Inc. This kit increases . L . - L
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with other commercially available transfection reagents. Three w500 Gene Expression in Jurkat Cells
unique reagent formulations are included for a variety of cell '
types.* BoosterExpress™ reagents are very easy to use: Simply fanoee ¢ [ With BoosterExpress™ reagent
add the appropriate booster to your culture medium 4 hours 350000 . | I Without BoosterExpress™ reagent
post-transfection. Enhance your gene expression up-to 12-fold
with the BoosterExpress™ reagent Kit.

Gene Expression in Hela S3 Cells

400,000

300,000

pg/well B-Gal

200,000

300,000
250,000

200,000

BoosterExpress™ Reagent Kit
Catalog # T20100B 100,000

Special discount when purchased with any 50.000 i ] ’
GenePORTER™ transfection kit. 0 L. m a -

8 Y.
Y My
pe,éwh s, Rie. c

pa/well 3-Gal

* Additional information about these reagents are available e'!er,,
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NEW HARVARD BOOKS

BARBARA SMUTS

o &

The Cultural Origins of
L)

Human Cognition
MICHAEL TOMASELLO
Bridging the gap between evolutionary theory
and cultural psychology, Michael Tomasello
argues that the roots of the human capacity for
symbol-based culture are based in a cluster of
uniquely human cognitive capacities.

“A powerful and coherent synthesis, and the best
formulation of cultural psychology we've yet had.”
~—Jerome Bruner, New York University

cloth

The Gospel of Germs

Men, Women, and the
Microbe in American Life
NANCY TOMES

“Nancy Tomes'’s lucid [book] offers a gripping
social history of the late nineteenth- and early
twentieth-century conversion of Americans
from the belief in the zymotic theory of ill-
ness...to the belief in the new germ theory
of Pasteur and Koch.”
—Adam Bresnick,

TIMES LITERARY SUPPLEMENT
paper

Science as a Way of Knowing
The Foundations of Modern Biology

“To pen a single volume embracing the entire
history and present compass of ideas about life
and its evolution, from the cave art of Lascaux to
the molecular genetics of today, is a formidable
undertaking. To tell the developing story of bio-
logical thought as an illustration of the principles
and methods of scientific enquiry in a much
broader sense compounds the task. john
Moore...has fulfilled these aims amply in a work
of enormous scope.

—NEW SCIENTIST

paper

HARVARD

DEBORAH BENNE{T NANCY TOMES

The Woman That Never Evolved
With a New Preface

SARAH BLAFFER HRDY

“In its treatment of primate behavior, Hrdy’s
book has no peers...[It is] a fascinating account
of the selective pressures that have shaped the

- behavior of males and females.”

—Dorothy Cheney, SCIENCE
paper

'Nature Wars

People vs. Pests
MARK L WINSTON

-“[A] good historical approach to the subject..
- [and] makes fascinating and well-balanced reading.”

—john Emsley, TIMES LITERARY SUPPLEMENT
paper

The Antidepressant Era
Y

ealy’s book focuses on the discovery and
development of antidepressants and provides a
fascinating insight into the history of this field...
This book is written in an individual and engag-
ing style, and the author reveals a deep knowl-
edge of his subject...| found it a compelling read.”
—l eslie lversen, NATURE
paper

Sex and Friendship

in Baboons

BARBARA B. SMUTS

When it first appeared in the mid-|980s, this
book transcended the traditional ethological
focus on sexual interactions by analyzing male-
female relationships outside the context of mat-
ing in a troop of wild baboons. Her findings have
been enhanced with data from another fifteen
years of field studies.

paper

UNIVERSITY

ELLIOTT SOBER DAVID SLOAN WILSON

The Evoution and Psychology
of Unselfish Behavior

ELLIOTT SOBER AND
DAVID SLOAN WILSON

“Unto Others is precisely that combination of radi-
cal reexamination of a system of explanation, an
examination from the roots, with a rigorous
technical analysis of both biological and epistemo-
logical questions that we all are supposed to
engage in.”

’-——Richard Lewontin,

NEW YORK REVIEW OF BOOKS

“[This book] will stimulate thought about
important questions.”

- —john Maynard Smith, NATURE

paper

Systematics and the Origin

Species from the Viewpoint
of a Zoologist
With a New Introduction
ERNST MAYR

This classic study, first published in 1942, helped
to revolutionize evolutionary biology by offering
a new approach to taxonomic principles and cor-
relating the ideas and findings of modern system-
atics with those of other life science disciplines. In
his new introduction for this edition, he reflects on
the place of this enduring work in the subsequent
history of his field.

paper

Randomness
DEBORAH J. BENNETT

Deborah Bennett’s cultured and accessible book
goes a long way towards demystifying the science
of probability and thereby offers the reader a
useful variety of conceptual tools with which to
probe the future and illuminate the present.”
—Steven Poole, THE GUARDIAN

paper
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HARIOT

The Vehicle
off the [Future {for
Protein Transfection

? haveéo wa|t There is no need to wait 24-48 hours for gene expression from
a transfected plasmid. CHARIOT is a revolutionary new transfection
4 -4 h O u rs reagent which bypasses normal transcription-translation associated

for gene expression? with transfected gene expression. CHARIOT allows the researcher to

efficiently transfect a variety of cell lines with:
* Peptides * Proteins * Antibodies

CHARIOT is simply mixed with the peptide, protein or antibody
of interest and allowed to form a non-covalent complex, which

FIG. | Cells are not fixed is added to the cells. CHARIOT is serum independent and

transfection occurs within 2 hours.

Actin filament labeling of Applications:

human fibroblast (HS68) * in vivo delivery of antibodies, enzymes, regulators
cells using anti-actin antibody + delivery of inhibitory peptides

delivered by CHARIOT. . organelle Iabeling

(65% transfection efficiency)

+ protein half-life studies

CHARIOT Advantages

& Allows for the transfection of
peptides, proteins and antibodies

€ Can be used to study living cells,

no fixing required
& Serum independent

& No need to generate
fusion proteins

& Fast and efficient
€& Non-cytotoxic

€& Non-covalent complex

For more information, visit our website:
www.activemotif.com

FIG. 2 Cells are fixed

* transient complementation studies

FIG.3 CHARIOT delivery of a |0 kDa protein. labeled
with lucifer vellow at the C-terminus. to the nucleus of
human fibroblast (HS68) cells. Cells are not fixed.
(70% transfection efficiency after 30 min. incubation)

FIG.4 CHARIOT delivery ofa 119 kDz
B-galactosidase protein into COS celis
Cells are fixed and stained 2 hours
post-transfection.

(60% transfection efficiency)
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Forget about
DNA transf

the PRO

has arrived!

Or call:

Europe Toll Free 00.800.222.95430 Direct 322.653.0001
Japan Direct 03.5684.1622
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North America Toll Free 1.877.222.9543 Direct 760.431.1263 H E T l V E %; M “ T | F

Molecular Biology

Tools for Gene Discovery




Call for Contributed Papers

Annual Meeting & Science
Innovation Exhibition

Building the Future through Science,
Technology and Engineering

FEBRUARY 15-20 : 2001 » SAN FRANCISCO : CA

Submission Deadline:
November 8, 2000

You are invited to submit an abstract for
a contributed poster presentation at the
AAAS Annual Meeting.

In February some 6,000 scientists, engineers,
educators and policymakers will gather for the
167th national meeting of the American Association
for the Advancement of Science. This meeting
offers a unique, exciting, interdisciplinary blend of
symposia, plenary and topical lectures, specialized
seminars, poster sessions, career workshops and
an exhibition hall.

All abstracts will be peer reviewed. Additional
information, abstract and registration forms are
available on the AAAS Meetings web page
(www.aaas.org/meetings) or by contacting AAAS.

2001 PosTeR CATEGORIES
Life Sciences

Physical Sciences

Social Sciences

Computers and Engineering
Education

Special Student Poster Award Competition
Recognizes the individual efforts of students actively
working towards a college-level degree.

AAAS Meetings Department

1200 New York Avenue, NW
Washington, DC 20005

E-mail: aaasmeeting@aaas.org
Phone: 202-326-6450




Prime RNase Inhibitor
Your best defense against RNases

RNases zire insidious proteins just lying in wait to destroy your
experiments. You need the most powerful weapons to defeat
them. DEPC and other treatment methods are great for
destroying RNases that are already in solutions and on your
labware, out to fight the exogenous RNases that can ruin your
experiments you need a more powerful weapon. That weapon
is Prime [RNase Inhibitor!

Prime RN ase Inhibitor exhibits the same specificity as Human
Placental RNase Inhibitor (HPRI) but has several advantages,
including

® Inhibits greater than 90% of RNase activity, where Human
Placen:al RNase Inhibitors (HPRI) inhibit only 50%

@ Stable under a broad range of pH concentrations

® Temperature stable to 65°C for at least 20 minutes

@ Inhibits RNases A, B and C, and does not interfere with
RNases T1, T2, H, U1, U2, or CL3

@ Costs less than 1/2 the price of HPRI

Prime RNase Inhibitor works
by non-covalently binding
RNases and preventing RNA
degradation. It can be used

for all your RNA experiments
including: in vitro transcription
and in vitro translation, first and
second strand cDNA synthesis,
preparation of RNA and mRNA,
and RT-PCR*. So contact your
Eppendorf representative today,
because the best defense is a
superior offense.

For more information, visit us on
the web at www.rnase.com.

eppendorf

Scientific

Specializing in cell and molecular biology.

Eppendorf Scientific, Inc. - One Cantiague Road - Westbury, NY 11590-0207 - Phone 800-421-9988 or 516-876-6800 - Fax 516-876-8599

e-mail: eppendorf@eppendorfsi.com - website: www.eppendorfsi.com

Eppendorf-Netheler-Hinz GmbH - 22331 Hamburg - Germany - Life Science Application-Hotline: +49 180-3666789 - Fax +49 40-53801-556

Potency of Prime RNase
Inhibitor compared to HPRI

% inhibition of RNase A

100 A

H-—.\/‘

30 units
Prime RNase
Inhibitor

30 units
Placental
RNase inhibitor
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e-mail: eppendorf@eppendorf.com - eppendorf home page: http://www.eppendorf.com
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* PCR is licensed under U.S. patent numbers 4,683,202, 4,683,195, 4,965,188, and 5,075,216 or their foreign counter-

Eppendort” is a registered trademark of Eppendorf-Netheler-Hinz GmbH.
parts, owned by Hoffmann-La Roche Inc. and F. Hoffman-La Roche Ltd.
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Feeling overwhelmed by all of the
inforn n that is constantly being

signal transduction?

The editors of Science and the tech-
ical staff of Stanford Un

HighWire Press have your solution—

Science’s Signal Transduction

Knowledge Environment (STKE).

Benefits Include:
VIRTUAL JOURNAL
Say goodbye to scanning dozens of

tables of contents every week.

THE CONNECTIONS MAP
Having trouble keeping track of a
thousand and one protein kinases?

Not anymore.

CONTINUOUSLY UPDATED
REVIEWS

iginal content that is updated as
frequently, and as extensively, as

developments in the field warrant.

Come to www.stke.org to im

your signal-to-noise ratio.

Science's
4
o

Signal Transduction
Knowledge Environment




