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COVER Oblique aerial view of raised beaches along the Scott Coast, Science Antarctica. Ages and elevations of these beaches suggest that the 
final unloading of ice occurred about 7600 years ago. These data, 
coupled w i th  other evidence from the southern Ross Sea 

www.sciencemag.org ~mba~ment,  indicate Holocene (and perhaps ongoing) recession of 
the West Antarctic Ice Sheet. [Photo: G. Denton] 
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i Bacteriorhodopsin, a bacterial mem 
j brane protein, catalyzes the 
i sion of the energy of a single 
; into electrochemical potential ene 

by tansporting a single proton a m  
the membrane. This proton gradienl 

can then be used via other transporf.; 
proteins to accumulate nutrients of, 
t o  synthesize adenosine triphosphatq- 
directly. Leucke e t  ai (p. 255; see thq ., 
Perspective by Gennis and Ebrey) de. 
scribe the atomic-resolution struc. 
ture of this protein in  two states- 
prior t o  absorbance of the photon 
and midway through the catalytic cy 
cle. What they observe is that the iso: 
merization of a single chemical bonl;' 
produces conformational change*;, 
that result in sequential shifting of +. 
pattern of hydrogen bonds betwee$; 
portions of the protein and specifie 
water molecules. These shifts altek:, 
the acidity constants of several car 
boxylic acids so that a proton is re 
leased on the extracellular side 
membrane while another is ab 
on the cytoplasmic surface. i i  

NONLINEAR ELASTICITY AND 
EARTHQUAKES 

Rocks such as sandstone and granite are 
structurally nonuniform and exhibit non- 
linear elastic behavior-their Young's 
moduli under tension is about half of the 
value measured when the samples are 

under compression (that is, they are 
stronger when compressed than when 
stretched). Peltzer et al. (p. 272) used 
satellite synthetic aperture radar inter- 
ferometry to measure surface displace- 
ment after the magnitude 7.6 earth- 
quake in Tibet in 1997.They found asym- 
metries in the amount of displacement 
on either side of the fault and could 
model this displacement successfully on- 
ly by including nonlinear elastic respons- 
es. The authors attribute the nonlinear 
behavior in this case to the presence of 
heterogeneously distributed shallow 
cracks on either side of the fault. This 
rare example of nonlinear behavior on a 
scale of hundreds of kilometers suggests 
that earthquake modeling may normally 
need to take such effects into account. 

TREADING ON 
THICK ICE 

The West Antarctic Ice Sheet has been re- 
treating, but how rapidly and for how 
long? Its complete collapse could raise 
sea level by several meters. Three reports 
address the past retreat and current 
movement of this important ice sheet. 
Ackert et al. (p. 276) examined the early 
deglacial history of the Ice Sheet and de- 
termined its past elevation by dating the 
deposition of a lateral moraine on Mount 
Waesche. The age of 10,000 years for the 
high stand there, in conjuction with an 
ice sheet model, imply that melting of 
the West Antarctic Ice Sheet may not 
have contributed to a prominent sea-level 
rise in the Holocene. Conway et al. (p. 
280; see the cover) examined the retreat 
of the grounding line of the Ice Sheet 
(where it contacts the floor of the Ross 
Sea Embayment) during the past several 
thousand years by dating exposed raised 
beaches and deltas. Most of the retreat 
began about 7500 years ago, and the 
grounding line passed Roosevelt Island 
about 3200 years ago. The rate of retreat 
seems t o  reflect long-term controls 
rather than any recent acceleration by 
climate warming. Thus, retreat may likely 
continue even in the absence of warming. 
Finally, Joughin et al. (p. 283) used radar 
interferometry to get a broad view of the 
inland ice flow that now feeds four 
Antarctic ice streams and related these 
results to the topography beneath the ice 
sheet. Their results show that,streaming 
flow is fed by a network of smaller tribu- 
taries, which coincide with valleys in the 
subglacial floor where sediments and wa- 
ter are expected to occur, and originate 

from common source areas. Thus, mass 
balance calculations of ice flow that have 
assigned distinct catchment basins to in- 
dividual ice streams must be revised. 

BISTABLE RADICAL 
MAGNETS 

Although most organic molecules have 
their electron spins paired, some species 
contain an unpaired spin. Magnetic prop- 
erties that may arise through the un- 
paired spins are usually hard to exploit 
near ambient conditions, but Fujita and 
Awaga (p. 261) show that the organic rad- 
ical 1,3,5-trithia-2,4,6-triazapentalenyl 
(TTTA) exhibits a low-temperature dia- 
magnetic phase that switches abruptly to 
a paramagnetic phase just above room 
temperature. Upon cooling, the material 
stays paramagnetic down to 230 kelvin, 
thus creating a wide hysteresis loop. This 
first-order magnetic phase transition is re- 
lated to a structural transition that in- 
volves a change in the stacking of the 
molecules that also changes its color. 

CONTROL OF NANOTUBE 
CONDUCTIVITY 

Recent experiments on single-walled car- 
bon nanotubes connected across two su- 
perconducting contacts revealed that, at 
sufficiently low temperatures, a super- 
current could flow through the nanotube 
from one superconducting electrode to 
the other via the proximity effect. Mor- 
purgo et al. (p. 263) now demonstrate 
that a bias voltage, supplied by a gate 
electrode located directly below the nan- 
otube, can be used to switch the nan- 
otube between high- and low-conductiv- 
ity states. 

SUPERCONDUCTING CUPRATES 
GET INTO LINE 

Strong but indirect experimental and 
theoretical evidence has indicated that 
the charge carriers in the underdoped 
layered cuprate superconductors form 
ordered, conducting, one-dimensional 
stripes separated by antiferromagnetic 
insulating regions as the temperature is 
decreased below the transition tempera- 
ture. Two reports present direct evidence 
for one-dimensional ordering in these 
materials (see the Perspective by Zaa- 
nen). Noda et al. (p. 265) present data 
from directional electrical measurements 
(resistivity and Hall measurements), and 
Zhou et al. (p. 268) probed the electronic 
structure by angle-resolved photoemis- 
sion spectroscopy 

CONTINUED ON PAGE 199 

www.sciencemag.org SCIENCE VOL 286 8 OCTOBER 1999 



T H F  R N A  C O M P A N Y "  , , - - - - - - - ,  - 
, - 

-rnPns NOW 

20X increase in 
RNA probe sensi ty 

Rare messages 
now detectable 
in Northerns 

Ideal for Northerns, 

dotlslot blots 
and microarrays 

For instant information -ut 
how U L W  works, ernail 

ultra@ambion.com 

by phone, fax or dre reader 
service number below. 

U.S. (800)888-8804 
Canada (800)445- 1 16 1 

I Ambion. Inc. 2 1 30 Woodward S t  Austin,TX 78744- 1 832 tel(5 12)65 1-0200 fax(5 1 2)65 1-020 1 email: moinfo&ambion.com www.ambion.com 

Circle No. 43 on Readers' Service Card 



tin 9 
PROTEIN MIMICS 
Pathogenic bacteria and viruses must 
evade host defenses .to survive; two re- 
ports show how mimicry of host protein 
function can aid in cell entry and interrupt 
immune system responses. Entry of the 
bacterial pathogen Yersinia pseudotuber- 
culosis into eukaryotic cells is mediated by 
the bacterial outer-membrane protein in- 
vasin, which binds to host cell integrins 
with a higher affinity than natural sub- 
strates such as fibronectin. Hamburger et 
al. (p. 291) present the atomic-resolution 
structure of the invasin extracellular re- 
gion. Comparison of this structure to fi- 
bronectin provides an example of conver- 
gent evolution. Although the proteins have 
different folding topologies, both form 
elongated structures comprised of tandem 
domains and have residues critical for inte- 
grin binding at similar locations. The struc- 
tural comparison also reveals differences 
between invasin and fibronectin that 
might explain how the bacterial pathogen 
can compete with host proteins to exploit 
host cell receptors. Epstein-Barr virus in- 
fects epithelial and B cells and is associat- 
ed with various cancers and B lymphomas. 
This DNA virus has a latent phase and ex- 
presses latent membrane proteins, such as 
LMPI, that are essential for transforma- 
tion. LMPI can interact with many of the 
signaling molecules that normally bind to 
CD40, a crucial activation signal for B cells. 
Uchida et dl. (p. 300) report that LMPI can 
mimic a constitutively active CD40 
molecule and thus needs no ligation to aid 
in proliferation and antibody secretion of B 
cells. However, LMPl blocks B cells from 
forming the germinal center, the site for 
affinity maturation and generation of 
memory B cells, and may increase the like- 
lihood of viral survival. 

obic organisms is not appropriate for 
anaerobes because molecular oxygen is a 
product. Jenney et al. (p. 306; see the Per- 
spective by Lloyd) purified a novel enzyme, 
superoxide reductase (SOR), from the hy- 
perthermophilic anaerobe Pyrococcus fu- 
riosus. SOR reduces superoxide to hydro- 
gen peroxide, which is then reduced to wa- 
ter by peroxidases. Genes encoding SOR 
homologs are found in most of the avail- 
able anaerobic genome sequences but not 
in the genome sequences from aerobes. 

MAKING THE TAG 
Receptor protein-tyrosine kinases are acti- 
vated in response to binding of extracellu- 
lar ligands and control many biological 
processes. Just as proper cellular regula- 
tion requires finely controlled activation 
of such receptors, the termination of such 
signals must be tightly controlled. The 
degradation of many key signaling pro- 
teins is controlled by covalent attachment 
of the small protein ubiquitin, which tar- 
gets the protein for degradation. The pro- 
tein c-Cbl associates with activated recep- 
tors such as the platelet-derived growth 
factor receptor or epidermal growth fac- 
tor receptor and leads to ubiquitination 
and degradation of the receptor. Joazeiro 
et al. (p. 309; see the news story by Bari- 
naga) report that c-Cbl is itself a ubiqui- 
tin-protein ligase or E3 enzyme. The c-Cbl 
protein was shown to promote transfer of 
ubiquitin from an E2 ubiquitin-conjugat- 
ing enzyme to substrate proteins. 

FILTER FAILURE 
Regions in the kidney called the glomeruli 
f i l ter blood during urine formation. 
Glomerular epithelial cells called podo- 
cytes establish a filtration barrier by ex- 
tending protrusions that interact to form 
a tight web called the slit diaphragm. Shih 
et a1 (p. 312; see the news story by Wick- 
elgren) report that mice that do not ex- 
press a cytoplasmic protein called CDZAP 
die of renal failure due to defects in these 

RADICAL STEPS 
The overproduction of oxygen free radicals 
can damage cells and is associated with 
many diseases. These free radicals are 
normally removed in our bodies by the su- 
peroxide dismutase (SOD) enzymes. 
Salvemini et al (p. 304; see the news story 
by Strauss) have synthesized a nonpeptidic 
manganese-based complex that is a func- 
tional mimetic of SODS and is stable in 
vivo. Injection of this compound into ro- 
dents in model studies of inflammation 
and ischemic injury protected the animals 
against tissue damage. This class of com- 
pounds may have therapeutic potential in 
diseases ranging from inflammation to 
cancer. The protection that SODS offer aer- 

podocyte contacts. CDZAP was first -char- 
acterized as a protein that assists in 
T cell adhesion to  antigen-presenting 
cells in the immune system. The authors 
report that CDZAP localized to podocyte 
processes in the kidney as well. CDZAP 
also interacted with nephrin, a mem- 
brane protein thought t o  maintain the 
integrity of the slit diaphragm. Hence. 
CDZAP may have a general rGle in facili- 
tating specialized cell-cell adhesion com- 
plexes .and may be implicated in certain 
nephrotic syndromes. 
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R E A L - T I M E ,  O N - L I N E  P C R  

The only system 1 Choose flexible enough the Lightcycler to meet PCR your System, chantzing the research only instrument needs. Select th 

chemistry foka t  that best fits your-re{uirements: SYBR Green I, 
Hybridization Probes, or TaqMan probes. Regardless of the 

for quantitative chemistry you choose, the LightCycler System maximizes flexibilil 
and performance: 

Choose the one system that does it all: quantify mRNA expression levels, 
detect mutations, and view melting characteristics. 

PCR that is US Simultaneously analyze multiple targets using dual-color detection. 

Complete PCR and real-time, on-line quantification in only 30 minutes. 

Avoid PCR surprises by viewing the results during each cycle rather than at 

flexible as the end of the run. 

Use intuitive, user-friendly software to analyze one data set while generating 
the next one. 

Find out more about the flexibility the LightCycler System can bring to your YOU are. research. Visit our web site at http:Nbiochem.roche.comAightcyc1er or contact your 
local representative today! 

Roche Diagnostics GmbH 
Roche Molecular Biochemicals 
Mannheim, Germany 

LightCycler is a trademark of and licensed from Idaho Technology. Inc. Australia (02) 9899 7999; Austria (01) 277 670; Belgium (02) 247 4930; CoMda (450) 666 7050; (800) 361 2070; 
SYBR is a registered trademark of Molecular Probes. Inc. 

~ ~ 2 e m $ ~ ~ ~ c a r v ~ 0 3 9 F ~  ~ ~ 0 9 ~ ~ ~ 1 ~ & 6 $ 4 3 ~ ~ ; ~ & ~ ~  zz TaqMan is a registered trademark of Roche Molecular Systems. Inc. Nahabnh (036) 539 4911; W Zsdad (09) 276 4157; Wonay 22 07 65 00; Rdsnd (22) 374235; R*hgal (01) 417 17 17; 

8 1999 Roche Diagnostics GmbH. All rights reserved. 
Shgapom 65 27 27 500, Sam Mtca (01 1) 886 2400; Sm4h )(aa (a) 3471-6500: Spdn (93) 201 441 1; Swsda, (08) 404 8800; 
Snwiaa(adO41~99616l;UJIsdKhebon,(Og00)521578;USA((8004285+33 
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L, 
Background picblre: Color-adapted, Wmn-miaoscopic image of Ecoli becteha. 

Two to trust - from tip to top 
Short, light, ergonomic and extremely robust - typical 
features of the Eppendorf Research* pipette. This 
outstanding precision instrument combines perfectly 
with Eppendorf tips to ensure that even the most 
demanding of tasks in academic research labs will be 
safe hands for years to come. 
Every single detail bears the hallmark of Eppendorf: 
The volume can be adjusted easily with just one hand, 
making damaged gloves a thing of the past. 
The high-quality, chemically resistant ceramic piston 
is a guarantee for smooth and even pipetting. Thanks 
to the systematic structure of the Research series, it 
is possible to pipette volumes from 0.1 pl to 5 ml. 
The lower parts of all Research models can be detached 
and are fully autoclavable. 

And if you need a tip which insures high precision 
and accuracy values and also fits like a glove with 
the minimum of force required, then Eppendorf's own 
tailor-made pipette tips are an absolute must. 

Available with or without a filter, or even as an ultra- 
pure version (Eppendorf BiopuP), they meet all 
requirements for modern lab practices. With the aid of 
the maintenance kit, you can carry out minor servicing 
and repair jobs yourself. And a two-year warranty 
and certification of individual testing are the definitive 
proof that your pipette is the genuine article. 
Eppendorf Research - unmistakably Eppendorf. 

reliable protection against 

carryover and contamination 

from aerosols 

In touch with life 

Eppendorf - Netheler - Hinz GmbH .22331 Hamburg . Germany . Phone +49 40-53801-0 . Fax +49 40-53801-556 

e-mail: eppendorf@eppendorf.com . eppendorf home page: http://www.eppendorf.com 

Brinkmann Instruments, Inc. . One Cantiague Rd.. Westbury, NY 11590-0207 . Phone 800-645-3050 or 516-334-7500 . Fax 516-334-7506 

e-mail: info@brinkmann.com . website: www.brinkmann.com 
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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 MultiScribem ReverseTranscriptase 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 GeneArnp" Gold RNA PCR Kit is suitable for reverse transcription 

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

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

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

One step. One tube. Great results. 

-I- 
'LL?? 
e m -  
. .. .., 

Amplification of pactin from total 
human RNA 
Lanes 3,4,5,6: Genepmp0Gold RNA PCR 
Kit; including Mult~Scnbe- and AmpliTaq Goldg 
DNA Polymerase with automated Hot Start 
Lanes 7,8,9,10: RNAPCR; with MuLV 
and Taq DNA Polymerase, no Hot Start 

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

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 Genmics businesses. 
PE Biosystems comprises four divisions--Applied Biosystems, PE Informatics, PerSept'we Biosystems, and Tmpix. - * AmpliTaq Goldand GeneAmpare registered trademarksof Roche Molecular Systems. Inc. ThePCR process is covered by patents owned by Roche Molecular 
Systems, Inc. and F. Hoffmann-La RocheLtd. PE. PEApplied Biosystems. MultiScribe. and PE Biosystemsarebademarks, and Perkin-Elmer isaregistered 
bademark of The Perkin-Elmer Corporation. PEApplied Biosystemsdevelopsand produces its products in accordance with IS0 9000qualitysystem require- 
ments. For Research UseOnly. Notfor usein diagnosticprocedures. 01999PEBiosys$ms.m intheUSA 
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 iso on amencanus 

Going to extremes for RT-PCR results? 
If your RT-PCR results are leaving 
you cold, warm up to C.fherm. 
Polymerase from Roche 
Molecular Biochemicals. Maxi- 
mize transcription efficiency at 
60-70°C where RNA secondary 
structure is minimized and 
C.therm's activity is optimized: 

Achieve sensitive results- 
even from GC-rich templates. 
Obtain a specific product from 
large quantities of non- 
specific RNA. 

Satisfy your burning curiosity 
Perform one-step reactions with 
our convenient C.therm. 
Polymerase One-Step RT-PCR 
System (Cat. Nos. 2 01 6 338, 
2 01 6 346). Or for two-step 
RT-PCR flexibility, combine our 
C-them Polymerase (2 0 16 31 1) 
with your own DNA polymerase. 
For more information, contact your 
local Roche Molecular 
Biochemicals representative or 
visit http://biochem.roche.com 

Panel A Panel B Panel C 

M W M  
KlV 

C. them. Supplier Cs RNase H- Supplier P's AMV Reverse Transcriptase M W M  Pos~trve controls M W M  
& Taq polymerase XIV 

60 min 60"- 2 " 
0.5pg 1.Opg Opg 0.5pg 1.0pg Opg 0.5pg 1.Opg 0.5pg 1.Opg 0.5pg 1.Opg 

Comparison of Cthenn. Polymerase, Supplier L's RNase H' Reverse Tmnscriptase, and Supplier P s  
AMV Reverse Tmnscriptase for RT-PCR. Uemplate: Total RNA isolated from K562 cell line; 
Primer: TGFB; Target: 650 bp product; 1.5 M betaine to dissolve secondary structure; 
Positive Controls: 1 ng of a 997 bp B-actin fragment from mouse). 

Panel A: Ctherm. Polymerase & Taq polymerase for 30 min at 60°C 
Panel B: Supplier Cs RNase H- Reverse Transcriptase & Taq polymerase for 50 min at 42°C 
Panel C: Supplier P's AMV Reverse Transcriptase & Taq polymerase for 60 min at 42°C 

Internet: http://biochem.roche.com 

Roche Diagnostics GmbH 
Roche Molecular Biochemicals 
Mannheim. Germany 

These products are accompanied by a limited license to use them in the Polymerase Chain Reaction (PCR) pmcess for life science research in mnjunction with a thermal cycler whose use in the automated performance 
of the PCR pmcess is covered by the up-front license fee. either by payment to Perkin-Elmer or as purchased. i.e.. an authorized thermal cycler. 
kgcn*s 54 1 951-W236 54 1 952-6081-3. 54 1 954-5555 (FAX) 54 1 952-7589: hsb'dh (MI 9899 7999: katia (01) 277 870: Bd(ic Stder (FAX) 49 621 759 4068: Bdghrn (02) 247 4930: W l + 5 5  (1 1) 66 3565: 
C a a d a ( ~ 1 5 0 ) 6 8 6 ~ ( 8 0 0 1 3 6 1 2 0 ~ : M c 0 5 B ~ 9 5 2 m 0 I C e n ~ ; a k 8 6 2 1 6 4 n ~ a s h ~ ~ 4 ) 4 5 5 4 . 5 8 7 1 - 2 : ~ 4 9 1 3 P S . ~ W 2 0 3 8 1 9 9 4 7 ~ d h c O f h a l W m 2 3 W 9 0 0 0 ~ b . B a g n a d l :  
Fhlrd 1091 429 2342. Frame 04 76 76 30 86. Oamanv 106211 759 8568: - 1011 61 40 238, h n a  Yara 18521 2485 7598, India 1221 &314653: lndmslia 62 1211 2523820 En 755: 
*m*mw0098 'ii,m-G. (r* Tech.nnG) ii 878 & n) ;.-. dd--.6wi -40.G 411.- -- i-* -.fi-E 6-38959i ;*..&.i 2i7i1w-4isi r--03-54- F,G &; 
KUW& ~832~~)-01. m -03; ~.*y.i. 60 m3) 755 5039: ~ a a ~ o  m rn 8.981. -61; [03@ w 4911; ~ e w  bsland (09) m 4151; +234 1 521761; 22 07 65 00: mippha (661 n 500; 
Pdand (22) 374235; PorIupl (01) 417 17 17; llursb (491 621 759 8636: k.bia 00966 1 4010333; Shgapm ffl 27 27 500: South m o l l )  886 24W; South Eaaan hnqr FAX) 49 621 759 4068; 
South I(orea (021 3471-6500: SDain (93) 201 4411; Sweden 108) 404 88W; S M z a h d  0 41r7 99 6161; Taiwnn (02) 736 7125: Thaland 86 @I 2i4 0708-13; United n*ladom 0808 1W 99 98; USA @001 428 5433 
81999 Roche Dlagnosks G~M:  All lights resemd. 
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THERE'S ONE WAY TO FIND OUT. 
GO TO BIONAVIGATOR.COM 

BioNavigator~com is a unique Web-based 

service for commercial and academic lab- 

oratories that makes bioinformatics easier 

lnteroctive protocols in BioNovigotor.com guide you through 
bioinformotics onolysis procedures, step-by-step. 

and more affordable for everyone. It gives 

you access to the databases and tools 

you want and need, integrated in a way 

that expert and novice users alike will 

appreciate. Instructive protocols with 

interactive flowcharts guide you through 

bioinformatics analysis procedures. And a 

comprehensive tutorial helps you get the 

most out of every BioNavigator.com feature. 

A PLACE WHERE DATA BECOMES KNOWLEDGE. 

BioNavigator.com integrates databases 

and bioinformatics tools, so you can 

pipeline analysis procedures according to 

your needs and preferences. Since all the 

tools and databases are in one place, you 

01999 eBIOINMRMATICS, Inc. BioNavigamr is a trademark of eBIOINFORM4.CS. Inc. 6900 Koll Center Parkway. Ste. 401 Pleasanton C4 94566-3154 

Circle No. 49 on Readers' Sewice Card 

don't need to cut and paste sequences from 

one e-mail to another. 

Best o f  all, you don't need any 

expensive hardware or software. All you 

need is a PC or Mac, a web browser, and 

BioNavigator.com. 

BioNavigator.com. Your Web-based - 

bioinformatics workspace. 

LOG ON TODAY FOR YOUR FREE TRIAL. 
OR CALL i-877-EBIOINFO. 

Ph 92s 426-9966 Fax 888 588-7446 www.ebioinformatics.com. 



If you haven't been using our DNA 
sequencing services, you've been missing 
something. We provide exceptionally 
accurate DNA sequencing - over 99.995% 
accurate for genome sequencing. Our 
sequencing reads for plasmid inserts are 
typically over 900-1000 bases at greater 
than 99% accuracy. 

At MWG-Biotech, Inc. we offer a variety of 
DNA sequencing services to fit most needs, 
from hundreds of base pairs to megabase 
pairs. Whether it's a cloning project or gap 
closures in your genome sequencing. we 
have it covered. Long read sequencing is 
our specialty, for fast performance at low 
cost Accuracy, satisfaction and 
confidentiality are assured. 

After all,. DNA sequencing shouldn't be a 
hit-or-miss affair. And with MWG it isn't 

4170 Mendenhall Oaks 
Parkway, Suite 160 
High h i n t  NC 27265 

TEL: 336.812.9995 
FAX: 336.81 2.9983 
info@rnwgbiotech.com 

O N L I N E  O R D E R I N G  A N D  T R A C K I N G  
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Call for Papers in the 
Physical Sciences, 
Social Sciences, 

T he National kdemyof §chces is tar*$ the 
phpsical Maces, d sciences, and mathematics 

as area to promote &mu@ its official j o d  the 
PToceedings ofthe N a t i o d h d m y  ofSciences. A m q  
the many advaritages of publishing in PNAS are: 

and Mathematics pUAs 
lGcsdi+&~*ol-  
c4-tbcVnlodSclprd* . * 

U-- 
.* - .  

 road, Int#disdplSnay worldwide audie~ce 

PuMioatron costs are waived for W with imfiiaent funds 

PNAS Online b rolarrst with fm krtetJownsl links. bad 
issues, free colledbm of papers, and exti?nswe links to 
other databases (www-pasorg) 

Many institutions already have campus-wide site licenses for 
PNAS C h b e .  PNM also encourages the en but ion of 
preprints. PNAS ddes receive broad media coverage, and 
exceptiwatly ncdewrthy papem are h&hEghted by 
commentaries or featured on the journal cowr. 

Papers may be submitted drectly to the PNAS Editorial Office, 
which will identify an Academy Member arpert in your fiehl to 
edit your paper. Alternatively, you may contact an eqert 
Academy Member y o d  to conduct the review. 

For further infomation about publication of research in 
the physical dences, social sciences, and mathematics, 
please contact: 

Guy Riddihough 
Associate Recruiting Editor 
PNAS Phone: 1-202-334-1 370 
21 01 Constitution Ave NW F02013 Fax: 1-202-334-2738 

PNAS hcdinpofthrN;rtionrlksdrmyofSdaKn 

ofthc Umtcd Shhr of Am& 

I 

Washington, DC 20418 USA Email: griddih&nas.edu 



RoboCycler T E M P E R A T U R E  C Y C L E R  ~nfinity 
With Interchangable Blocks! 

LL 
ne cycler. . . 

p- PEIl Blocks, 

featxmzs 40-, 96-, and 584-well blocks, plus 
the unsurpassed temperature uniformity 
of the RoboCycler family. 
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Subscribe to !Science and , 

All US orders or e n q u i r i e s : c  All International orders or enquiries: 
TEL: 202 326 641 7 FAX: 202 842 1065 TEL: +44 (0)1223 326 500 FAX: +44 (0)1223 3i 
EMAIL: membership@aaas.org EMAIL: subscriptions@xience-int.co.uk 



I f  your retirement plans 
have you tossing and turning, 

just roll over to  TIAA-CREF. 
a way to take fuller advantage difference in your investment 

Rest easy. When you have 

TIAA-CREF's proven experience 

on your side, your retirement 

dollars can be working as hard 

as they should be. 

With a TIAA-CREF Rollover 

IRA, it's easy to move assets you 

and your spouse may have accu- 

mulated in other IRAs, 401(k)s, 

and pension plans. That can 

make keeping track of your funds 

of TIAA-CREF's renowned 

investment expertise and low 

expenses-and "devotion to cus- 

tomer service" that Barron's says 

"is considered second to none."' 

Flexibility to do what you want. 

TIAA-CREF's accounts span the 

spectrum of asset classes. From 

the guarantees of our Traditional 

Annuity.. . to the opportunities 

of stocks, bonds and real 

estate.. . to a balanced Social 

Choice account, you'll find a 

selection to suit your needs and 

investment style. And our innov- 

ative range of income options is 

just as impressive. 

A commitment to low costs 
and long-term performance. 

returns. That's why you'll be glad 

to know that TIAA-CREF's 

expenses are among the lowest 

in the insurance and mutual fund 

"TIAA-[REF sets 
the standard in the financial 

services ind~st ry ."~  
-Morningstar, Inc. 

For over 80 years, TIAA-CREF has 

been helping millions of the best 

minds in education, research, 

and related fields build the kind 

of future they want and deserve. 

So why not make the smart 

move? Call us at 1 800 842-2776 

to learn more about the benefits 

of a TIAA-CREF Rollover IRA. Do it 

today, so you can rest easier 

tonight. 

a lot simpler. More important, it's All things being equal, expense 

charges can make a substantial 

Ensuring the future for 

1. Source: Banon? magazine May 18. 1998. 2. Standard& Poor's Insurance Raring Anatpis, 1999; Lipper Analytical Services, Inc.. Lipper-Dirertorr' A m ~ c a l  Dora, 1999 (Quarterly). 3. Source: 
Morningstar July 31,1999. This is an independent service that rates mutual funds and variable annuities. TIAA-CREF Individual and lnstnutional Services Inc.distributes CREF certificates and 
interests intheTlAA Real Estate Account.Teachers Personal Investors Services. Inc.distributes the variable component of the personal annuitiesTIAA-CREF Mutual Funds and tuition savings 
agreements.llAA andTIAA-CREF Life Insurance Co.issue insurance and annuities.TIAA-CREFTNst Company, FSB provides trust services. lnmtment pmducuare not FDIC insured, may lore 
value and are not bank guaranteed. For mwe complete information about theTlAA-CREF Rollover IRk including charges and expenses, call 1 800 842-2776 for the prospectus. Read it 
carefully before you invest or send money. 01999Teachers Insurance and Annuity Associaion/College Retirement Equities Fund, NY, NY 9/99 
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TRY OUR eCOMMERCE SOLUTION @ www.sigma-aldrich.com 
EASY ON-LINE ORDERING 

The Sigma-Aldrich PipeLineTM eComrnerce 
system offers simple, on-line access 
to over 200,000 products from the 
Sigma-Aldrich brands: Sigma, Aldrich, 
Fluka, Supelco and Riedel-de Haen. 
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. 

A TOTAL INFORMATION RESOURCE 

Because we are a manufacturer, we offer 

6-9 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 

Stop the chase and log on today. 
It will make your job easier. SIGMA-ALDRICH 

3 0 5 0  S p r u c e  S t r e e t ,  S t .  L o u i s ,  M O  63103 8 0 0 - 5 2 1 - 8 9 5 6  o r  314-771-5765 
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Enough titles to 

- '  ' i ~ r  price $35.(~' 
You save $15.0 



imited Time Offer: 

Free Color I - - gures, 
Rec' i c  - page and 

int Charges 
a port of the PNAS effort to recruit exceptional papers, fbr the 
rest of 1999, odor figure printing charges are waived, page 
charges we duced from $70 to $30 per page, the color fee Eor 

reprints is waived, acid reprints are discounted 2096, 

The design dthe j&nal will be completed thissfall and increased 
color will raake PNAS even more lively and easy to read. Autiyrs are- 
specidly M e d  to submit strikhg cover photos for consideratioa 

We hope you w r a ~ e  aavamage of this special promonon. 

Far details, see www.pnas.orglmisdiforc.shtml. 
, ~ N o . 2 8 # ! ~ ~ C a f c i  

Visit the PNAS websire at www. pnas.org 

LOMIMB FOR U S Y  ANI#CIDY P R O D W I ~ ?  
@WPU HWTMS WKWY WITH HleHLY 
WWBI.6, ACTIVAVED tS11lk CIOTEINS. 

- Aitibody Pu~lficatiorl 

I I 

PURIFY 

A 

9' Got Y. s... 
Ask lor your EM€ cow of the new P l e m  l m r n u n o t ~ c h r r p l ~  Bmchuro For more infomatlon an antibody techniques and products, ' - 

visit our web site at w m r . a n ~ ~ M l s . w m  



ampifyyoirr PC 
expectations L~~~~ -aFiP:g5E2g3 

1. .2 iCycler The I C 
Excels at Perfonana 
Seliabilrty and Ease-of-clcc 

iterface 

upgradeable for Real 

I lme rCR - dapid and rel~able cycl~ng 

y interchangeable sample blocks 
" W u t  of the box and runnlng In 

Visit our Life Science web site at discove~bio-rad.com. 
Call toll free at 1-800-4BIOFIAD (1-800-424-6723); outside the U.S., call (510) 741-6996. 
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When it comes to high-throughput, - I@ 

there are a n 0% 

and there are customized &om oligos. 

We think so. That's why 
our competitive pricing 
and synthesis capacity allow 
you t o  order any number 
of custom oligos for your 
genome project. Choose 
from 96-well plates, 

384-well plates, and cluster 
tubes customized t o  your 
specifications and delivered 
in 3-5 days. 

What's more, no one's 
quality control surpasses 
ours. Every oligo is verified 
by PAGE analysis, and 
every batch is perform- 
ance-tested by PCR and 
mass spec. You'll also enjoy 

our personal, friendly 
service and easy ordering. 
All at surprisingly afford- 
able prices! 

So call today for details 
on our revolutionary cus- 
tom high-throughput oligo 
synthesis. You'll find that at 
Sigma-Genosys, we focus 
on you, so you can focus 
on your research. 

SIGMA 
G I - ' \  0(\5 

Toll Free: 877-260-0764 www.genosys.com Email: info@genosys.com 
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