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COVER Twelve p-sulfonatocalix[4]arene anions (six are shown in col- Science ored space-fill mode), located a t  t h e  vertices of a n  icosahedron, fo rm a 
spherical supramolecular assembly (diameter, 2.8 nm). The sphere core 
(not shown) has a vo lume o f  1700 A3 and contains a duster  made u p  of 

www.sciencemag.org two sodium ions and 30 water  molecules. Lanthanide ions and pyridine 
N-oxide molecules (shown in stick mode) are impor tant  in determining 
t h e  overall geometry. [Image: C. W. Orr, L J. Barbour, J. L Atwood] 
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IN THE LOOP 
Quantum computers offer the possibility 
of performing massively parallel and com- 
plex calculations that classical computers 
cannot do. Much of the work a t  present is 
concentrated on the theoretical develop- 
ment of the components that wi l l  make 
up the quantum computer-qubits. Mooij 
et al. (p. 1036) introduce a design for a 
solid state qubit based on a supercon- 
ducting loop with several Josephson junc- 
tions. In contrast t o  other solid state im- 
plementations, this approach would work 

in the magnetic regime and should be ro- 
bust against external electrical noise and 
thus provide very long coherence times 
(the time that determines how long a cal- 
culation can be done). 

NANOSCALE ORGANIC SPHERES 
AND TUBES 

Interactions between molecules can lead 
t o  their assembly into larger aggregates, 
but controlling such aggregation can re- 
quire several compet ing effects. Am- 
phiphilic, polyhedron-shaped psulfonato- 
calix[4]arene building blocks, which have 
been shown previously t o  assemble into 
bilayers i n  an antiparallel fashion, have 
now been assembled in  a parallel align- 
ment by Orr et al. (p. 1049; see the cover). 
Spherical and helical tubular structures re- 
sulted through the addition of pyridine N- 
oxide and lanthanide ions. The relative 
amoun t  o f  pyr id ine N-oxide added 
changed the curvature of the assembling 
surface and controlled whether spheres or 
extended tubules formed. 

IRON BATTERIES 
FORGE AHEAD 

The alkal ine bat te r ies  t h a t  power  
portable electronics and flashlights use a 
zinc anode and a manganese ox ide 
(MnO,) cathode. Their energy capacity is 
cathode limited. Licht et al. (p. 1039; see 
the news story by Hellemans) show that 
an unusual iron oxidation state couple, 
from Fe(lV) t o  Fe(VI), can provide a 50% 
increase i n  energy capacity, mainly by 
using a three-electron couple instead of 
just  two. The ferrate (Fe042-) species 
used for the cathode is a known species 
that has often been considered unstable; 
the authors show that this instability can 
be avoided by eliminating metal impuri- 
ties, such as nickel or cobalt, that  cat- 
alyze ferrate decomposition. The cells 
show significant rechargeability, and bat- 
teries i n  the "AAA" configuration have 
been made. 

DIFFERENT WAYS OF TAKING 
THE HEAT 

Even for simple surface reactions, such as 
the catalytic oxidation of carbon monox- 
ide (CO) t o  C02 on transition metal sur- 
faces, the role of the surface in activating 
molecules is unclear. If CO and 0 atoms 
are coadsorbed on a flat ruthenium metal 
surface and then heated in  a vacuum, CO 
desorbs and no reaction occurs. Nonethe- 
less, Bonn et al. (p. 1042) found that  i f  
they rapidly heated the surface with fem- 

tosecond infrared laser pulses, COz was 
formed. Although desorption of this final 
product was caused by thermal energy 
(phonons, the vibrations of the surface), 
the hot surface also generated electrons 
that initiated the oxidation reaction be- 
fore the  phonons could cause the CO 
could desorb. 

STILL WATERS RUNNING DEEP 
Manganese crusts in the ocean are provid- 
ing valuable geochemical records of past 
ocean chemistry that can be used t o  infer 
past rates and locations of continental 
weathering, ocean circulation, and climate 
change. Chemical tracers wi th short resi- 
dence times are poorly mixed and reflect 
local processes and fluxes. Lee et al. (p. 
1052) now present an ocean hafnium iso- 
tope record from two  widely separated 
manganese crusts in  the Pacific Ocean. 
Hafnium has a longer residence time than 
that  o f  more commonly used lead and 
neodynium tracers. The data imply that, 
particularly after 20 million years ago, the 
Pacific Ocean bo t tom waters became 
more isolated from the Atlantic Ocean, 
probably because of increasing separation 
of Australia from Antarctica. 

SEPARATIONS THROUGH 
FLUCTUATIONS 

Thermal fluctuations, or Brownian mo- 
tion, normally randomize particles and 
molecules, but the application o f  time- 
dependent asymmetric forces can bias 
diffusion processes and lead t o  the trans- 
port o f  molecules and even separations. 
Van Oudenaarden and Boxer (p. 1046) 
have experimentally realized a geometri- 
cal Brownian ratchet i n  which charged 
lipids are driven over an asymmetri~cal 
barrier by an applied electric field. Differ- 
ent diffusion rates over this barrier leads 
t o  a separation in the direction orthogo- 
nal t o  the applied field o f  two phospho- 
lipids bearing either a single or a double 
negatively charged head group; no sepa- 
rat ion was seen i n  the absence o f  the 
barrier. Such an approach may al low 
membrane-bound molecules t o  be sepa- 
rated without extraction from their na- 
tive membrane. 

EARLIER EMERGENCE OF 
EUKARYOTES 

Fossils need not  be bones and teeth or 
even preserved soft tissues-organisms 
can leave their  signature i n  the  fossil 
record through characteristic biomol- 
ecules. Brocks et al. (p. 1033; see the Per- 
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spedive by Knoll) report the discovery of 
the oldest molecular fossils. Hydrocarbons 
(2a-methylhopanes), preserved in north-
western Australian sediments 2700 mil-
lion years old, are biomarkers that indi-
cate the existence of eukaryotes (cyano-
bacteria) half a billion years earlier than 
hitherto recognized. They also find evi-
dence for cyanobaderial oxygenic photo-
synthesis 600 million years before the at-
mosphere became oxidizing. These find-
ings will necessitate a radical overhaul of 
current ideas about the evolution of early 
life and a recalibration of the eukaryotic 
molecularclock. 

THEMISSINGPIECE 
FORTHE PlLUS 

An important structure involved in the 
pathogenesis of enteric and urogenic Es-
cherichia coli are their pili. Two reports 
present detailed structural evidence that 
gives insight into pili assembly (see the 
Perspective by Eisenberg). Choudhury et 
al. (p. 1061) have solved the crystal 
structure of the FimH-FimC complex, 
where FimH is the adhesin at the tip of 
the type I pilus and FimC is the chaper-
one that regulates where and when it is 
added. Sauer e t  al. (p. 1058) solved the 
structure of the PapK-PapD complex, in 
which the chaperone PapD is bound t o  
the "joint" protein at the top of the rod 
of the P pilus, PapK. Both of these com-
plexes have a similar structure in that 
the chaperone "donates" a strand t o  
form an atypical immunoglobulin-like 
fold for the structural protein, a process 
termed donor strand complementation. 
The model proposes that these folded 
structural proteins, and those that com-
prise the rods of the pili, all f i t  together 

during pilus formation through donor 
strand exchange, in which each subunit 
completes a typical immunoglobulin-like 
fold of its neighbor. 

COCAINEAND CLOCKS 
The circadian clock comprises a protein-
based feedback loop that marks the pas-
sage of approximately 24-hour periods. 
Drosophila engineered t o  lack each of 
these genes-period, clock, cycle, 
timeless, and doubletimewere tested by 
Andretic e t  a1 (p. 1066) for cocaine sensi-
tization, in which a second exposure t o  
the drug produces an exaggerated re-
sponse. Cocaine sensitization was absent 
in all but the mutant fly strains missing 
the timeless gene. This implication of a 
subset of the circadian clock genes in drug 
responsiveness echoes recent suggestions 
that at least some of these genes may act 
in more places and in more functions than 
just the brain's clock. 

CATALYZINGFUSION 
lntracellular transport of vesicles is regu-
lated at several distinct steps. A transport 
vesicle must first recognize its target 
membrane. Once docked in the appropri-
ate place, the two membranes fuse and 
the contents are mixed. Although several 
proteins have been identified that ensure 
the specificity of the early steps in this 
process, regulation of the final membrane 
fusion event has not been so clear. Peters 
e t  al. (p. 1084) report that an enzyme, 
protein phosphatase 1 (PPI), catalyzes in-
tracellular membrane fusion. PP1 was also 
found in a complex with the calcium bind-
ing protein calmodulin. Hence, it appears 
that a distinct cellular machinery is at 
work to drive bilayer mixing. 

T E C H N I C A L  C O M M E N T  SUMMARIES 

(Mg,Fe)Si03-PerovskiteStability The full text of these comments can be seen at 
and Lower Mantle Conditions www.sciencemag.org/cgi/content/fulv285/5983a 

G. Serghiou et  al. (Reports, 26 June 1998, p. 2093) studied (Mg,Fe)SiO,-perovskite, under 
high temperature and pressure in "three different experiments." They observed that per-
ovskite remained as a single stable phase (to the pressure and temperature limits of 
their experiments) and did not decompose.This result supports the idea that perovskite 
is "the major component of the lower mantle" of the Earth. 

L. S. Dubrovinsky et al. comment that their own earlier study and one other "show 
that perovskite may not be stable in the lower mantle and dissociates into its compo-
nent oxides." They discuss details of the methods used in the report, and state that the 
results therein "appear to  be mostly the result of different ways of characterizingthe 
conditions of experimentsand specimens." 

In response, Serghiou et al. state that "the previously observed decomposition is 
most likely the result of large temperature (and possibly pressure) gradients present in 
those experiments, resulting from the use of a [Nd-yttrium-aluminum-garnet] Nd-YAG 
laser and, more important, the lack of a thermally insulating,soft pressure medium." 
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Mini- rep24 
for Automated 
Masmid Mini-Preps

A. 

The Mini-Prep 24 uses a new method of 
plasmid purification based on agarose gel 
electrophoresis and subsequent recovery 
by electroelution. 

The Mini-Prep 24 uses preman-
ufactured sample cassettes that 
come ready for direct loading 
of up to 2 rnl of culture. 

Call now to learn how the 
New Mini-Prep 24 can give 
you with quality DNA while , 

High Purity - sufficient for 
automated fluorescent and 
manual sequencing. 
Easy Operation - begin prep 
with direct loading of bacteria 
culture - no cenhifugationstep

1 saves you time. 
Consistent Results - up to 
6 pgof plasmid per ml. 
Fast - up to 24 preps per hour, 
saving you time. 
Quality - time and time again. 

saving you lots of time. 1 - M~ov. .& 
R E S E A R C H  

1-800-466-7949 
11339 SorrentoValley Rd San Diego, CA 92121 Phone: (619) 452-2603 Fax (619) 452-6753 

wwu~.rnacconnell.corn 
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High-Perfomce D i i i  "- .. I 

Slide-A-LyzePMlNl 
Dialysis Units 

Trust the enttnfamlly of Piem 
Dialysis Products. 
Slide-A-Lyzef MlNl Dialysis Units 

Very economical and very fast 
Perfect for small (10-100 pl) samples 
Excellent sample recovery (90-100%) 

Slide-A-Lyzef Dialysis Cassettes 
95%+ sample recovery 
Very high surface arealsample volume ratio for 
rapid dialysis 
For 100 pl-15 ml sample sizes 

Snakeskinm Dialysis Tubing 
Veryeasy to fill: The first truly tubular dialysis tubing! 
Veryeasy to use: No preparation or presoaking 
necessary 
Veryeasy to dispense: Snip what you need 
For 15-100 ml sample sizes 

For detailed technical information, visit the Pierce web site at mnv.piercenet.com. 
L 

Call 800-874-3723 or, outside the U.S., 815-968-0747 for the name of your local distributor. 
I 

Circle No. 31 on Readers' Service Card CEKrCF 
3747 N. Meridian Rd. PO Box 117 Rockford, IL 61105 U.S.A. Tel: 815-968-0747 Fax: 815-968-7316 

Techn~calAssistance E-mall: TABpiercenet.com CustomerAssistance E-mail: CSBpiercenet.com Internet:http://www.piercenet.com 
O Plerce Chemlul Company, 1999. a Perstorp M e  Science Company 

Slide-A-LymP and SnakeSlok are trademarks of Pierce C h a m ~ dCompany 

1 Slide-A-LyzePDialysis Cassettes 

Introducing 
our smallest 
breakthroughyet. 
Pierce Slide-A-Lyzere MlNl Dialysis Units 
quickly and efficiently dialyze samples as 
small as 10 yl. 

100% Leak Tested: Soon-to-be patented design 
prevents wicking around the membrane that can 
occur in homemade devices. 
Excellent Sample Recoveries: Slide-A-Lyzer" MlNl 
Dialysis Units generally recover 9-10 p1after dialysis 
of a 10 pI sample. 
Drastically Reduced Dialysis Time: In less than 
10 minutes, 100 pl of pH 2.8 buffer is converted to pH 
9.4 dialyzing against a liter of bicarbonate buffer, pH 9.4. 
Ready to Use: No membrane treatment or assembly is 
required. Caps are provided to seal each unit to prevent 
evaporationand airborne contamination. 



When the going gets tough, FOR 

MasterTaq gets going 
The Eppendorf MasterTaq Kits are designed to ensure F P  r C rc - D  - 

gF 2 c 0 

f improved yield and reliable PCR products. t u n  - - a n =  z g  c % 
&% x- g ,I  m D 

O"? 

The TaqMaster (5x PCR Enhancer) has been specially I . -  -- 21 2; -- 2s ~6 -- I- g n z  $2 zg 
u+ 

developed to improve the amplification of difficult ' 2 3 3 5 6 7 8 9 

templates by stabilizing the enzyme during the reaction 
procedure. TaqMaster improves the thermostability of 
the Eppendorf Taq DNA Polymerase and makes it less 
sensitive to exogenous PCR-inhibiting contaminations. 
Impure and GC-rich templates show increased yields 
and reproducible results. 

The Eppendorf MasterTaq Kit includes the TaqMaster 
(5x PCR Enhancer), Eppendorf Taq DNA Polymerase, 
Reaction Buffer (1 Ox) and MgCI, Solution. 

The Polymerase Chain Reaction (PCR) is pmtected by patent. The patent is held by Hofhnann- 
La Roche. Products marked 'licensed for PCR" are sold under licensing anangements with 
F. Hoffmann-La Roche Ltd.. Roche Molecular Systems. Inc. and The Perkin-Elmer Corpwatimn. 

Rg.1: AmplHication oi a SSU lRN4 wfn H, Rg. 2 Amplification oi a QAPDH spe&h 
lmm total genomic d#ae DNA DNA fragment lrom wnomic blood DNA 
PCR was performed fmn genornic algae PCR was performed from human genomic 
using different Taq DNA Polymerasas. Equal Mwd with different Taq DNA Polymeras%. 
volumes of the PCR reactions were anaked Eoual volumes of the PCR reactions were 
by gel ekctmphores~s a;alyred by gel electrophoms~s 

eppendorf 
In touch with life 

E p p e n d o r f  - Netheler - Hinz GmbH .22331 Hamburg . Germany. Life Science Application-Hotline: +49 180-3666789 . Fax +49 40-53801-556 
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Akt (Thr308) Antibody Phospho-fit 
-

,a  Akt (S473) 
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r Akt Kinase Assay Kit c- -,.-Y 

B) control Akt Ab
2 ATF-2 (T69fll)
0 

Bad (S112) 
: Bad (S136) 

Caspase 9 IS1961 a v a i ~ a ~ i i ~ i i  0 5 15 MI 90 WGF lminl 
E FKHR (S256)lAFX (S193) available soonq 
2 GSK-3dP (S2119) Westernanalysa of NIH 3T3 cell extracts beated 
- wnh PDGF (1W n9/mIt usmg (At Phospho-Akt 
0 p38 MAPK (T180N182)- iThr31WtAntrbadies or ISI control Aki Antibodies. 
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1 Survival Sianals I 
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4 

Survival ' 
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g ~44142MAPK monoclonal (T202IV204) #lo6 Bad (Serll2)Antibody Phospho-Bad 
m- SAPWJNK monoclonal (T183N185) HZ55 

#9910 
A1 Phospho-Akl
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France Ill34 60 24 24. Greece 101) 5226547. Hong Kong 2649-9988. Indla I5421311473. Israel 10319229013. Italy I021381951. Japan (0315820-9408. Korea (02) 556-0311: 
Netherlands I0331495 00 94, New Zealand 0800 807809. Norwav 22 09 15 00, Slnaapore 4457927 Spain (031902 20 30 90. Sweden I08130 60 10. Switzerland (0611486 80 80. Ta~wan102128802913 

Circle NO:43 on ~eaders'Service Card 



T H E N  

Q U A L I T Y  

S E R V I C E  

R E L I A B I L I T Y  

Boehringer Mannheim Biochemicals ha 

What's in a name? If the nanie happens to be 

Boehr~ngerMannheini, t l ie answer IS  excellence. For 

Inore than 50 years. researchers worldwide have 

looked to us for superlor product quality. outstanding 

customer servlce. and corporate reliability. Even 

though our name is now changing, you can continue to 

rely on the same products, people. and promise of 

excellence you always have, plus something new. 

N O W  

Q U A L I T Y  

S E R V I C E  

R E L I A B I L I T Y  

become Roche Molecular Biochemicals 

By joining forces with Roche, we can now offer you the 

benefits of one of the health care industry's largest 
investments in pharmaceutical and diagnostic research 

and development. Roche's commitment to innovation, 
paired with our quality and reliabilrty, is already resutting 
in new, better solutions for your lab. Look for them on our 

website, from our people, in our 1999catalog or wherever 

you see our new name, Roche Molecular B i i c a l s .  
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Gene~mp. Gold RNA PCR Kit 

For the highest RNA PCR specificity, add Gold. 
Thanks to AmpliTaq Gold" DNA Polymerase with automated chemical Hot Start, 

PE Biosystems brings a new level of specificity to RNA PCR. Our New GeneAmpm 

Gold RNA PCR Kit combines MultiScribe'" Reverse Transcriptase and AmpliTaq Gold" 

DNA Polymerase in an optimized one-step reaction.Together these enzymes ensure 

high sensitivity from very low copy numbers, as well as unparalleled flexibility and 

ease of use. The GeneAmpmGold RNA PCR Kit is suitable for reverse transcription 

from all types of RNAsequences: mRNA, rRNA, total RNA, or viral RNA, and the 

subsequent cDNA amplification. You can even use it to build a cDNA library. To 

see the possibilities for yourself, call 650.638.5800 or go to www.pebiosystems.com. 

One step. One tube. Great results. 

PE Corporation, formerly The Perkin-Elmer Corporation, is committed to providing the world's leading technology 
and information for life scientists. PE Corporation consists of the PE Biosystems and Celera Genomics businesses. 
PE Biosystems comprises four divisions--Applied Biosystems, PE Informatics, PerSeptive Biosystems, and Tropix. - 

Amplification of pactin from total 
human RNA 

Lanes 3,4,5,6: GeneAmpm Gold RNA PCR 
Kit; including MuBScribemand AmpliTaq Golde 
DNA Polymerase with automated Hot Start 

Lanes 7,8,9,10: RNA PCR; with MuLV 
and Taq DNA Polymerase, no Hot Start 

Lanes 11,12,13,14:RNAPCR;AMVand 
enzyme blend, no Hot Start 

Lane 1 : Size Standard 

FE Biosystems 
A PE Corporation Business 

@ AmpliTaq Gold and GeneAmpare registered trademarks of Roche Molecular Systems, lnc.   he PCR process is C'overed by patents owned by Roche ~olecular 
Systems, lnc. and ' Hoffmann-LaRoche Ltd. PE, PEApplied Biosystems, MultiScribe, and PE Biosystemsaretrade~rks, and Perkin-EImer isa registered 
trademarkofThe Perkin-Elmer Corporation. PEApplied Biosystemsdevelops and produces its products in accordancewith IS0 9000qualitysystem require 
ments. For Research Use Only. Not for use in diagnostic procedures. Q1999PE B ' i m s .  Printed in the USA 
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The Power to Understand Src Activation 
m Phosphorylation State-Specific 

Antibodies hum B~OSOU r ~ e  
Src [ p ~ ~ ~ q ,  Src [ P Y ~ ~ ~ ] ,  Src [PP] 

Pre-adsorbed against non-phosphopeptide 
Affinity purified with target phosphopeptide 
Qualified in multiple cell lines 
Pan antibody available 
Src amino acid numberingschcmc is hased on 11~1rnan isofoms 

Also Available: 
FAK [pY407], [ P Y ~ ~ ~ ] ,  [pYsbl], 
PykZ/CAKP/FAKZ [pY402], [ P Y ~ ~ ~ ] ,  [ P Y ~ ~ ~ ] ,  [pYssl] 

Sample sizes available. 

Show me! Figure 1: Western blot detection of Src phosphorylation in extracts of chick embryo fibroblasts expressing wild-type (lanes 2,4,6) or 
mutant (lanes 1,3,5) pp60src. Truncation of Src at position 5 18 eliminated phosphorylation at the negative regulatory site [pY529], while increasing phos- 
phorylation at the catalytic site [pY4181. Figure 2: lmmunostaining of normal (a) and dilated cardiomyopathy (b) mouse tissue sections with anti-Src 
[pY4l8I. Green=Src, Blue=actin, and Red=nuclei. Figure 3: Immunostaining of human melanoma cells (a) and melanoma cells expressing constitutively 
active Src (b) with anti-FAK [pY3971 and actin antibodies. Green=FAK [pY3971, Red=actin, Blue=nuclei, and Yellow=co-localization of FAK [pY397] and actin 
(Note: S ~ C  staining images in progress). Figure I cell extracts provided by Dr. Mark Schaller, UNC. Figure 2 image courtesy of Dr. Mark Sussman, Children's Hospital 
Research Foundation, Cincinnati, OH.  Figure 3 image courtesy of Drs. Ducko llic and Caroline Damsky, UCSE 
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TRY OUR eCOM M ERCE SOLUTION @ wwwsigma-aldrich.com 
EASY ON-LINE ORDERING 

The Sigma-Aldrich PipeLineTM eCommerce 
system offers simple, on-line access 
to over 200,000 products from the 
Sigma-Aldrich brands: Sigma, Aldrich, 
Fluka, Supelco and Riedel-de Hagn. 
Now you can place multi-brand orders 
for biochemicals, chemicals, equipment 
and laboratory supplies from all of 
our brands in a single transaction. 

FIND WHAT YOU NEED FAST 

With eight different ways to search, 
including product name, product number, 
CAS number, molecular formula and 
structure, pinpointing products is a snap. 

Stop the chase and log on today. 
It will make your job easier. 
www.siarna-aldrich.com 

A TOTAL INFORMATION RESOURCE 

Because we are a manufacturer, we offer 
not only quality products but the technical 
knowledge and support to back them up. 

Over 90,000 on-line MSDS's 
Over 2 million on-line Certificates 
of Analysis 
Thousands of data sheets and 
technical bulletins 

SIGMA-ALDRICH 
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