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THIS WEEK IN SCIENCE 
edited by PHIL SZUROMI 1 

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 a1 (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; Sr2Ru04 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 RuO, 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 

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 C02. 

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, I I-cis-retinal, wi th 
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 I I -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 a1 (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 susceptiblein 
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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CONTINUED FROM PAGE 693 

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 tha t  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 TOCI, 
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, i t  helps the plant respond 
to changes in day length. The predicted 
TOCl protein has some intriguing fea-
tures, including similarity to  transcrip-
tion factors and two-component signal 
transduction systems. 

HELICASEACTIONAT 
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 Piflp, a 5' to 3' DNA helicase in 
yeast that had been linked previously to 
the control of telomere length. Piflp 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 
Pif l  p, a highly conserved enzyme, pro-
motes genetic stability by suppressing 
telomerase-mediated healing of double-
strand breaks. 

A POLYMERASEFOR 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 I NAND ATWORK 
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. 

MAINTAININGMITOCHONDRIAL 
D N A  INTEGRITY 

Autosomal dominant progressive external 
ophthalmoplegia (adPEO) is an adult-
onset mitochondria1 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 ANTI, a nuclear 
gene that encodes the heartlskeletal 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 ANTI 
produce respiratory defects. The mecha-
nism by which ANTI  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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access to the best gene view of the 
human genome-like you have never had before 

Only lncyte has LifeSeqm Public-free and enhanced public domain data linked 

t o  a proprietary, easy-to-use sequence database and clones. 

Only lncyte has LifeSeqa 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 w i th  the most powerful 
and complete view o f  the human genome. Plus, 2417 access t o  the most up- 
to-date, highest quality data, reagents and supplies. Join us as w e  come 
together t o  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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Without BoosterExpressmreagent kit With BoosterExpress- reagent kit 

Highest gene expression in diverse cell types 
Excellent enhancement with all 
GenePORTERmtransfection reagents 
Great boost with other transfection reagents 
Effective for both transient and 
stable transfections 
Extended shelf life, easy to use, and economical 

BoosterExpress'" reagent kit is a set of chemical cocktails 
developed by Gene Therapy Systems,Inc. This kit increases 
expression levels when used with synthetic nonviral DNA 
delivery systems such as GenePORTER or GenePORTER'" 2 
transfection reagents.The BoosterExpress'" kit also can be used 
with other commercially available transfection reagents.Three 
unique reagent formulations are included for a variety of cell 
types.*BoosterExpress'" reagents are very easy to use: Simply 
add the appropriate booster to your culture medium 4 hours 
post-transfection. Enhance your gene expression up-to 12-fold 
with the BoosterExpress'" reagent kit. 

Catalog # T20100B 
Special discount when purchased with any 

GenePORTERTMtransfectionkit. 

'Additional information about these reagents are available 
on our website. 

Gene Expression in HeLa S3 Cells 
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Gene Expression in Jurkat Cells 
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To Order: 888-428-0558 
Fax: 858-623-9494 
10190 Telesis Court, San Diego, CA 92121, USA 

terns Check out the Gene Therapy Systems web site @ 231 Korea .Core Blo 82 2 8-11--530 Norway .Kebo Lab U S  +-t- 22 90 00 00 Sweden .EBO Lab +46 8 621 35 o-
r ,  , , , I / ~ c , ,  ,, 7e,,p rLcwfl , http://www.genetherapysystems.com 
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ProteinTransfection 
There is no need t o  wait 24-48 hours for gene expression from 
a transfected plasrnid. CHARIOT is a revolutionary new transfection 
reagent which bypasses normal transcription-translation associated 
wi th  transfected gene expression. CHARIOT allows the researcher t o  
efficiently transfect a variety o f  cell lines with: 

Peptides Proteins .Antibodies 

CHARIOT is simply mixed with the peptide, protein o r  antibody 
of  interest and allowed t o  form a non-covalent complex, which 
is added t o  the cells. CHARIOT is serum independent and 
transfection occurs within 2 hours. 

Applications: 

in vivo delivery o f  antibodies, enzymes, regulators 
delivery o f  inhibitory peptides 
organelle labeling 
protein half-life studies 
transient complementation studies 
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FIG. 2 C e s  are fixed 
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CHARIOTAdvantages pcst-11-zrsfector  
'6C': r-ansfecto- e'fc el-:": 

6 Allows fo r  the transfection o f  

peptides, proteins and antibodies 

6 Can be used t o  study living cells, 

n o  fixing required 

6 Serum independent 

6 N o  need t o  generate 

fusion proteins 

6 Fast and efficient 

6 Non-cytotoxic 

G Non-covalent complex 

has arrived! 
For m o r e  information, visit o u r  website: I 

Or call: 
NorthAmerica Toll Free 1.877.222.9543 Direct 760.43 1.1263 
Europe Toll Free 00.800.222.95430 D~rec t322.653.0001 
l a ~ a nD~rec t03.5684.1622. . 

Tools for Gene D~scovery 





Prime RNase lnhibitor 
Your best defense against RNases 

e p ~ e " ~ ! ! !S c i e n t i f i c  

0 
(D 

Special~zingIn cell and molecular biology. 

RNases :.re insidious proteins just lying in wait to destroy your Prime RNase Inhibitor works 
experiments. You need the most powerful weapons to defeat by non-covalently binding 
them. DEPC and other treatment methods are great for RNases and preventing RNA 
destroying RNases that are already in solutions and on your degradation. It can be used 
labware, 3ut to fight the exogenous RNases that can ruin your for all your RNA experiments 
experiments you need a more powerful weapon. That weapon including: in vitro transcription 
is Prime 3Nase Inhibitor! and in vitro translation, first and 

second strand cDNA synthesis, 
Prime Rh ase Inhibitor exhibits the same specificity as Human preparation of RNA and mRNA, 

and RT-PCR*. So contact yourPlacental RNase lnhibitor (HPRI) but has several advantages, 
including Eppendorf representative today, 

because the best defense is a 
Inhibits greater than 90% of RNase activity, where Human superior offense. 
Placen .al RNase Inhibitors (HPRI) inhibit only 50% 
Stable under a broad range of pH concentrations For more information, visit us on 
Tempe,ature stable to 65°C for at least 20 minutes the web at www.rnase.com. 
Inhibits RNases A, B and C, and does not interfere with 

Eppendorf Scientific, Inc. . One Cantiague Road . Westbury, NY 11590-0207 . Phone 800-421-9988 or 516-876-6800 . Fax 516-876-8599 
e-mail: eppendorfQeppendorfsi.com . website: www.eppendorfsi.com 

Eppendorf-Netheler-Hinz GmbH . 22331 Hamburg . Germany . Life Science Application-Hotline: +49 180-3666789 . Fax +49 40-53801-556 
e-mail: eppendorfQeppendorf.com . eppendorf home page: http://www.eppendorf.com 
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Feeling over~cl~elmed hy ,111 of the 

inform'ltion t h ~ tis conit,intl!, being 

published on sign'll transduction? 

The editors of Sci~vlccand t l ~ t .tcih-

nical st'iff of Stnnk~rd Lni\.er\~ty's 

HighIZ'ire Press hnve your holuiion- 
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