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STRETCHING EXTREME MATTER 
Most materials become narrower in cross 
section when stretched, but some materi- 
als, such as reentrant foams, have the un- 
usual property of becoming wider when 
stretched. In an anisotropic material, ex- 
pansion in one direction may be accom- 
panied by contraction in another, and the 
process usually leads to overall densifica- 
tion. Baughman et al. (p. 2018; see the 
Perspective by Lakes) now show that such 
materials can also be incompressible, that 
is, show almost no change in volume upon 
stretching. They predict such unusual be- 
havior for materials with very high densi- 
ty, such as neutron star crusts, or very low 
density, such as ion plasmas. Experimental 
data demonstrate the validity of these 
predictions for ion plasmas. 

QUIESCENT ACCRETION 
The formation of accretion disks around a 
massive object requires the dissipation of 
angular momentum of the gas and there- 
fore some process that gives the gas viscos- 
ity. For close binary systems where the 
disks are weakly ionized and quiescent, the 
process of accretion does not follow the 
standard model of self-sustained magneto- 
hydrodynamical turbulence. Menou (p. 
2022) shows that an anticorrelation be- 
tween the recurrence of outbursts and the 
mass ratio of the two objects leads to spiral 
waves, or to shock waves tidally induced by 
the companion, that ensures accretion dur- 
ing quiescent periods. 

ESTIMATING OCEANIC 
PRODUCTIVITY 

Approximately half of the photosynthetic 
production of 0, takes place in the ocean. 
In addition to producing O,, this process al- 
so consumes atmospheric CO, and is im- 
portant in evaluating the effects of fossil- 
fuel burning. Luz and Barkan (p. 2028; see 
the Perspective by Bender) have developed 
a new technique for estimating oceanic 
production that takes advantage of the 
ability of marine biological activity to erase 
an isotopic anomaly in ''0 that is intro- 
duced into 0, by the mass-independent 
fractionation that occurs in the strato- 
sphere. This technique allows a time-inte- 
grated value of production to be calculated. 

ENTANGLED ONE-BY-ONE 
The development of quantum computers 
will depend on the ability to control the en- 
tanglement the quantum states of the in- 
formation elements, the qubits. Many-body 
entanglement (to date, four qubits) has 

edited by PHs SZUROMI 

been an all-or-nothing process, and so ad- 
dressing and interrogating individual qubits 
would be difficult because of the close 
proximity of the qubits to each other. 
Rauschenbeutel et al. (p. 2024) describe a 
process in which the qubits can be entan- 
gled step-by-step and are spatially separat- 
ed (on the order of a centimeter).The tech- 
nique provides a powerful route for many- 
bodied engineered entanglement. 

COOLER FUEL CELLS 
Most fuel cells run on hydrogen, which 
would likely be obtained by reforming hy- 
drocarbon fuels at high temperatures. An- 
other approach is to react light hydrocar- 
bons such as methane, ethane, or propane 
directly with air. In these fuel cells, the 
electrolyte is a ceramic that becomes ioni- 
cally conducting only at high temperatures 
(typically above 550°C). Hibino et al. (p. 
2031; see the news story by Service) now 
report that lower operating temperatures 
(as low as 350°C) can be achieved by using 
samarium-doped ceria as the electrolyte. In 
this single-chamber cell design, fuel and air 
enter the electrolyte together, and current 
is drawn from the electrodes that bracket 
both sides of the electrolyte. 

REVERSE GENETICS IN 
DROSOPHILA 

T. H. Morgan's choice of Drosophila a 
century ago for studying the mecha- 
nisms of hereditary has resulted in the 
lowly fruit fly becoming one of the mod- 
el organisms of biology. Drosophila has 
played a critical role in revolutions in ge- 
netics and molecular biology-the an- 
nouncement in 1981 that the P trans- 

posable element could be used to create 
transgenic f ru i t  flies also assured 
~rosophila a prominent place in genome 
research. Despite this utility and conve- 
nience, a couple of very important 
tools-homologous recombination and 
targeted mutagenesis-have been miss- 
ing from the fruit fly molecular tool kit 
that yeast and mouse researchers take 
for granted. Rong and Colic (p. 2013; see 
the Perspective by Engels) now report a 
method of gene targeting by homolo- 
gous recombination in the fruit fly that 
may also find use in other organisms. 

BAD WEATHER FOR BIRDS 
An understanding of the factors that af- 
fect the population dynamics of migrato- 
ry birds, many of which are declining in 
abundance, requires long-term observa- 
tion at both breeding and overwintering 
localities. Sillett et al. (p. 2040; see the 
Perspective by Ssther) have used a 13- 
year data set to show that populations of 
a migratory songbird are susceptible over 
a range of spatial and temporal scales to 
shifts in global climate patterns. Regional 
climate patterns like E l  NiAo can affect a 
species on its breeding grounds as well as 
its wintering grounds; all demographic pa- 
rameters (fecundity, survival, and juvenile 
recruitment) were lower than normal in E l  
NiAo years. 

SMALL MOLECULE SWITCHES 
The ability to switch macromolecular in- 
teractions on or off would give control 
over many cellular events. Guo et al. (p. 
2042) have used a small molecule to 
modulate the interaction between human 

FORMING THREE-LAYERED MEMBRANES 
Complexes of cationic lipids with DNA, which have found application in gene trans- 
fer, can exhibit intricate structures that result from complex interactions between 
these oppositely charged species. Wong et al. (p. 2035) have extended this ap- 
proach by replacing DNA with another polyelectrolyte, filamentous actin (F-actin) 
of the cytoskeleton, which has a lower surface charge density. What results is a 
network of micrometer-scale tubules. An analysis of x-ray scattering and freeze- 
fracture electron microscopy data reveals 
that F-actin self-assembles into two-dimen- 
sional parallel arrays on both sides of the 
lipid bilayers and wraps to  form ribbon-like 
tubules; these tubules can then be surround- 
ed by similar layers separated by water layers 
that form through osmotic swelling. These 
results suggest that many unusual morpholo- 
gies can be accessed by "frustrated" assembly 
in which charge interactions cannot be easily 
accommodated by simple structures. 
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growth hormone and its receptor. They in- ally deleted during adulthood. In cells from 
troduced a mutation into each of the pro- such animals, 405 ribosomal subunits (of 
teins to create a cavity at the interaction which the S6 protein is a component) 
interface. They then screened a library of were absent. However, liver cells in such 
indole analogs and selected a ligand that animals showed normal growth when nu- 
increased the affinity of the mutant hor- trients were restored to fasted animals. In 
mone for its receptor more than 1000- contrast, liver cells from animals lacking 
fold. Cell proliferation and JAK2 phospho- 56 did not  proliferate after part ia l  
rylation assays showed that the ligand hepatectomy as do cells from normal ani- 
switched on the growth hormone signal- mals, apparently because they did not in- 
ing pathway in cells containing the mu- crease the expression of cyclin E. A check- 
tant hormone and receptor. point mechanism may exist that halts cell 

proliferation if deficiencies in the riboso- 
KNOW THYSELF mal translational machinery are detected. 

The immune system attacks foreign cells 
and viruses when they lack "markers of FOLDINGSINGLE RNA 
self." Oldenborg et al. (p. 2052; see the MOLECULES 
news story by Hagmann) describe a mark- Less is understood about RNA folding 
er of self on the red blood cell that is dis- versus protein folding, in part because 
tinct from the well-known major histo- less is known about RNA secondary 
compatibility antigens. This protein, CD47, structure elements and in part because 
must be present on red blood cells for of stringent technical challenges. Zhuang 
them to avoid destruction by a class of et al. (p. 2048) describe results from ob- 
splenic macrophages, the red pulp servations of single RNA molecules, in 
macrophages. this case the group I ribozyme from 

Tetrahymena. From histograms of the 
GROWING BUT NOT DIVIDING changes in fluorescence of single 

The molecular mechanisms by which cell molecules, they derive the docking and 
growth is coordinated with proliferation undocking rate constants for the sub- 
are not well understood. Volarevi t et al. (p. strate and ribozyme active site. They also 
2045) show that the two processes are uncover a new pathway for folding that 
separated in mice in which the gene en- occurs too rapidly to have been observed 
coding ribosomal protein 56 is condition- in previous ensemble measurements. 

T E C H N I C A L  C O M M E N T  S U M M A R I E S  

Recombination in Human The full text of these comments can be seen a t  
Mitochondria1DNA www.sciencemag.org/cgi/content/full/288/5473/1931a 

Awadalla et al. (Reports, 24 Dec., p. 2524) found a decline in linkage disequilibrium 
(LD) with distance in human and chimpanzee mitochondria1 DNA (mtDNA) that they 
held is consistent with genetic recombination. Four groups dispute that conclusion on 
a number of grounds. Kivisild and Villems question the quality of the data used, and 
suggest that some of the observations "can be more plausibly interpreted phyloge- 
netically." Jorde and Bamshad, along with Kumar et al., argue that the measure of LD 
used by Awadalla et al., r 2 ,  is highly sensitive to allele frequency variation, and note 
that reexamining the data using another LD measure, D', yields no evidence for a sig- 
nificant relationship between LD and distance. Kumar et al. also assert that a phylo- 
genetic analysis of the data supports "the lack of recombination in human mtDNA, 
rather than providing evidence for it." And Parsons and Irwin, focusing on the human 
mtDNA control region (CR), find "no indication of a negative correlation between LD 
and distance that would signal the action of recombination." 

Awadalla et al. argue that neither random nor systematic sequencing errors are likely 
to influence their analysis, and show that even when several data specifically cited as 
suspect by Kivisild and Villems are removed from the analysis, "the correlation between 
LD and distance remains negative." They present several lines of evidence that " r 2  
should have more power to detect recombination than D'," and note that the phyloge- 
netic analysis presented by Kumar et al. may rest on a logical error, because their phylo- 
genetic tree implicitly assumes that recombination does not occur. Finally, the absence 
of evidence of an LD-distance correlation in the CR may not argue against recombina- 
tion, according to Awadalla et al., as "many sequences that have undergone recombina- 
tion do not show a significant decline in LD with distance." 

www.epicentre.comwww.sciencemag.org SCIENCE VOL 288 16 JUNE2000 Circle No. 10 on Readers' Service Card 





What You Need.. .And What You Need To Know 
Ordering from Sigma-Aldrich has never been The nformaton you gve  us I S  encrypted usng the These new features allow you to see real tme  

easier with PipeLinem,our convenient, on-line Secure Socket Layer (SSL) protocol so you can rest nventory and to track the status of every order 

procurement system. assured that all transactions are prvate and secure you place (phone fax or web) 

Wth PpeLne you have nstant access to over To make on-lne orderng even smpler we have Best of all you have rn~ll~onsof product documents 

200 000 products and can order from all brands recently added at your fngertps ncludng MSDSs certfcates 

1Sgma Aldrch Fluka Supelco and Rede-de of anaysls structures and structure searchng
On-Lne Product Avaab~ l t y

Haen) n a s n g e  transacton Plus because we are app~ca t~onnotes data sheets and much more 

a rranufacturer we provde the technca nformaton On-Lne Order Status 
Log on today....it will make your job easier. 

and support you wont flnd elsewhere 
Total Devered Prce 

1 www.sigma-aldrich.com 1 A D V A N C I N G  L I F E  T H R O U G H  S C I E N C E  SIGMA-ALDRICH 
SIGMA-ALDRICH .BOX 14508 ST LOUIS MISSOURI 63178 USA 

L-- Circle No. 13 on Readers'Service Card 



^ ^ # www.sciencemag.org Science 
1 2 0 0 N e w York Avenue, N W 

Washington, D C 2 0 0 0 5 

Editorial 202-326-6550, FAX 202-289-7562 

News: 202-326-6500, FAX 202-371-9227 

Permissions: 202-326-7074, FAX 202-682-0816 

Subscriptions: 800-731-4939 or 202-326-6417, FAX 202-842-1065 

B a t e m a n House , 8 2 - 8 8 H i l l s Road 

Cambr idge , U K CB2 1LQ 

(44) 1223-326500, FAX (44) 1223-326501 

EDITOR-IN-CHIEF D o n a l d Kennedy 

EDITOR Ellis Rubinste in 

M A N A G I N G EDITOR M o n i c a M . Bradford 

DEPUTY MANAGING EDITORS 

R. Brooks Hanson Katrina L Kelner 

NEWS EDITOR 

Colin Norman 

EDrroRiAi/COMPASS SUPERVISORY SENIOR EDITORS Barbara Jasny, Guy Rid-

dihough, Phillip D. Szuromi; SENIOR EDITOR/PERSPECTIVES Orla Smith; SE

NIOR EDITORS Gi lber t J. Chin, Pamela J. Hines, Paula A. Kiberstis 

(Boston), L Bryan Ray; ASSOCIATE EDITORS Lisa D. Chong, Beverly A. 

Purnell, Linda R. Rowan, H. Jesse Smith, Valda Vinson; ASSOCIATE BOOK 

REVIEW EDITOR Sherman J. Suter; ASSOCIATE LETTERS EDITOR Christine M. 

Pearce; ASSOCIATE TC/WEB EDITOR Stewart Wills; INFORMATION SPECIALIST 

Janet Kegg; CONTRIBUTING EDITORS Kevin Ahern, David F.Voss; EDITORIAL 

MANAGER Cara Tate; SENIOR COPY EDITORS Cay Butler, Harry Jach, Etta 

Kavanagh, Barbara P. Ordway, COPY EDITORS Jeffrey E. Cook, Jason 

Llewellyn, Joshua Marcy, Monique Martineau; EDITORIAL COORDINATORS 

Carolyn Kyle, Ellen E. Murphy, Beverly Shields; PUBLICATIONS ASSISTANTS 

Chris Filiatreau, Joi S. Granger, Jeffrey Heam, Charlene King; Eliza

beth Lenox, Gail Murphy; EDITORIAL ASSISTANTS Elise Laffman, Kathy 

Libal, Anita Wynn; EDITORIAL SUPPORT ASSISTANTS Osa Atoe, Patricia M. 

Moore, Brian White, Karen Yuan; ADMINISTRATIVE SUPPORT Sylvia S. Ki-

hara; EXECUTIVE ASSISTANT Patricia F. Fisher 

science_editors@aaas.org (for general editorial queries) 

science_letters@aaas.org (for letters t o the editor) 

science_reviews@aaas.org (for returning manuscript reviews) 

science_ bookrevs@aaas.org (for book review queries) 

NEWS SENIOR CORRESPONDENTS Eliot Marshall, Jean Marx; DEPUTY NEWS 

EDITORS Robert Coontz, Jeffrey Mervis, Leslie Roberts, Richard 

Stone; CONTRIBUTING EDITORS Elizabeth Cu lo t ta , Polly Shulman; 

NEWS WRITERS Mart in Enserink, Laura Helmuth, Constance Holden, 

Jocelyn Kaiser, Richard A. Kerr, Andrew Lawler, David Malakoff, 

Elizabeth Pennisi, Charles Seife, Robert F. Service (Pacific NW), 

Gretchen Vogel, H. Adrian Cho (intern); PATHWAYS OF DISCOVERY EDI

TOR Ivan A m a t o ; CONTRIBUTING CORRESPONDENTS Marcia Barinaga 

(Berkeley, CA), Barry A. Cipra, Jon Cohen (San Diego, CA ), Ann 

Gibbons, Robert Irion, Charles C. Mann, Anne Simon Moffat, Vir

ginia Morell, Evelyn Strauss, Gary Taubes, Ingrid Wickelgren; COPY 

EDITORS Linda B. Felaco, Daniel T. Helgerman; ADMINISTRATIVE SUPPORT 

Scherraine Mack, Fannie Groom; BUREAUS: Berkeley, CA: 510-652-

0302, FAX 510-652-1867, San Diego, CA: 760-942-3252, FAX 

760-942-4979, Pacific Northwest: 541-342-6290 

P R O D U C T I O N DIRECTOR James Landry; MANAGER Wendy K. Shank; 

ASSISTANT PRODUCTION MANAGER Rob Masson; ASSOCIATES Vicki J. Jor-

gensen,Tara L. Kelly, Jessica K. Moshell , Rebecca Thomas 

ART DESIGN DIRECTOR C. Faber Smith; ART DIRECTOR Alan T. Stonebraker; 

ASSOCIATE ART DIRECTOR Stephanie D. Halvorson; IUUSTRATORS Carin Cain, 

Katharine Sutliff; ASSOCIATES Holly Bishop, Joshua Moglia, Debra J. 

Morgenegg, Preston Morrighan; PHOTO RESEARCHER Leslie Blizard 

SCIENCE I N T E R N A T I O N A L 

EUROPE (science@science-intco.uk) EDITORIAL SUPERVISORY SENIOR EDITOR 

Andrew M. Sugden; SENIOR EDITOR/PERSPECTIVES Julia Uppenbrink; ASSO

CIATE EDITORS Caroline Ash, Stella M. Hurtley, Ian S. Osborne, Stephen 

J. Simpson, Peter Stern; EDITORIAL SUPPORT Jenny Parker; ADMINISTRATIVE 

SUPPORT Janet Mumford, Liz Ellis; NEWS: CORRESPONDENT Michael Hag-

mann; CONTRIBUTING CORRESPONDENTS Michael Baiter (Paris: (33) 1-49-

29-09-01, FAX (33) 1-49-29-09-00); Robert Koenig (Bern) 

ASIA Japan Office: Asca Corporation, Eiko Ishioka, Fusako Tamura, 1 -

8-13, Hirano-cho, Chuo-ku, Osaka-shi, Osaka, 541-0046 Japan; 

(81) 6-6202-6272, FAX (81) 6-6202-6271; asca@os.gulf.or.jp JAPAN 

NEWS BUREAU: Dennis Normile (contributing correspondent, (81) 3-

3335-9925, FAX (81) 3-3335-4898; dnormile@twics.com); CHINA 

REPRESENTATIVE Hao Xin , (86) 10 -6255-9478 ; science@public3. 

bta.net.cn; iNDiAPallava Bagla (contributing correspondent (91) 1 1 -

271-2896; pbagla@ndb.vsnLnet.in) 

SCIENCENOV/ (www.sciencenow.org) EDITOR Erik Stokstad 

SCIENCE'S NEXT WAVE (www.nextwave.org) EDITORIAL MANAGING EDITOR 

Crispin Taylor; EDITORS Robert Metzke (Germany), Kirstie Urquhart 

(UK); CONTRIBUTING EDITORS Charles Boulakia (Canada), Mark SincelL-

WRITERS Melissa Mertl, Vld Mohan-Ram; MARKETING: MARKETING MANAGERS 

Karen Horting (US and Canada), Hazel Crocker (Europe); PROGRAM DI

RECTOR Emily Klotz; ASSOCIATE Peter Cherukuri 

PUBLISHER R ichard S. N i c h o l s o n 

ASSOCIATE PUBLISHER Be th Rosner 

MEMBERSHIP/CIRCULATION DIR. M i c h a e l Spinel la 

MEMBERSHIP/CIRCULATION (membership@aaas.org) DEPUTY DIRECTOR 

Marlene Zendell; MEMBER SERVICES: MANAGER Michael Lung; SUPERVISOR 

Mary Curry; REPRESENTATIVES Laurie Baker, Pat Butler, Elizabeth Ear

ly, Jantell Smith; MARKETING: MANAGER Scott Oser; ASSOCIATES Lauri 

Sirois, Deborah Stromberg; EUROPE MANAGER Jane Pennington; EXECU

TIVES Ruth Jackson, Mart in Paine; RESEARCH: MANAGER Renuka Chan-

der; BUSINESS AND FINANCE: MANAGER Teressa Ellis; COMPUTER SPECIALIST 

Charles Munson 

S U B S C R I P T I O N SERVICES For change of address, missing issues, 

new orders and renewals, and paymen t quest ions: 8 0 0 - 7 3 1 -

4 9 3 9 or 202 -326 -6417 , FAX 202-842 -1065 . Mai l ing address

es: AAAS, P.O. Box 1 8 1 1 , Danbury, CT 0 6 8 1 3 or AAAS Member 

Services, 1200 N e w York Avenue, N W , Wash ington, DC 20005 

R E P R I N T S Order ing/Bi l l ing/Status 800 -407-9190 ; Corrections 

202-326-6501 

M E M B E R BENEFITS For Credit Card: MBNA 1-800-847-7378; Car 

Rentals: Hertz 1-800-654-2200 CDP#343457, Dollar 1-800-

800-4000 #AA1115; AAAS Travels: Betchart Expeditions 1-800-

252-4910; Life Insurance: Seabury & Smith 1-800-424-9883; 

Other Benefits: AAAS Member Services 1-202-326-6417. 

FINANCE A N D ADVERTISING BUSINESS MANAGER Deborah Rivera- Wienhold; 

SENIOR ANALYST Randy Yl; FINANCIAL ANALYST Lisa Donovan RIGHTS AND PER

MISSIONS.-ASSOCIATE Emilie David; ASSISTANT Karen Lentz MARKETING: DIREC

TOR John Meyers; ASSOCIATES Amanda Donathen, Allison Pritchard ELEC

TRONIC MEDIA: MANAGER David Gillikin; PRODUCTION ASSOCIATES Mark Croatti, 

Robert Owens, Louis Williams ADMINISTRATIVE SUPPORT Jessica Tierney 

PRODUCT ADVERTISING (science, advertising@aaas.org) NATIONAL 

SALES MANAGER NORTHEAST AND E. CANADA Richard Teeling: 973 -694-

9173, FAX 973-694-9193 • MIDWEST/ SOUTHEAST Elizabeth Mosko: 

773-665-1150, FAX 773-665-2129 • West Coast/W. Canada Neil 

Boylan: 415-673-9265, FAX 415-673-9267 • MID-ATLANTICANDU.S. IN

SIDE SALES Christopher Breslin: 410-273-1007, FAX 410-273-1591 

NEW MEDIA SALES MANAGER Chris Peterson: 410-560-3960, FAX 410 

560-3961 • UK/SCANDINAVIA/FRANCE/ITALY/BELGIUMWETHERLANDS Andrew 

Davies: (44) 7 - 0 7 1 - 2 2 6 - 2 1 6 , FAX (44) 7 - 0 7 1 - 2 2 6 - 2 3 3 • 

GERMANY/SWITZERLAND/AUSTRIA Tracey Peers: (44) 1-260-297-530, FAX 

(44) 1-260-271-022 JAPAN Mashy Yoshikawa: (81) 3-3235-5961, 

FAX (81) 3-3235-5852 • TRAFFIC MANAGER Carol Maddox; TRAFFIC ASSO

CIATE Halimah S.Whitby; SENIOR SALES ASSOCIATE Sheila Myers 

R E C R U I T M E N T A D V E R T I S I N C (science_classifieds@aaas.org); PRO

DUCTION MANAGER Jennifer Rankin u.s.: SALES MANAGER Gabrielle Bogus-

lawski: 718-491-1607, FAX 202-289-6742; WEST COAST SALES MANAG

ER Kristine von Zedlitz; INTERNET SALES MANAGER Beth Dwyer; ASSISTANT 

SALES MANAGER Daryl Anderson; SENIOR SALES COORDINATOR Erika Bryant; 

SALES COORDINATOR Caroline Gallina; SALES REPRESENTATIVES Kathleen 

Clark, Jody Fenty, Christina Geiger, Bren Peters-Minnis; ASSISTANTS 

Sussy Castilla, Shirley Young; ASSOCIATES Christine Borkowski, Dawn 

Bruno; PUBUCATIONS ASSISTANTS Robert Buck, Jane Vaughn; UIC/EUROPE: SALES 

MANAGER Debbie Cummings; PROMOTIONS COORDINATOR Richard Wal 

ters SALES EXECUTIVE Sabine Lenud; ASSISTANT Elisabeth Py: (44) 1223-

326500 , FAX (44) 1223 -326532 AUSTRALIA/NEW ZEALAND: Kei th 

Sandel l : (61) 0 2 - 9 9 2 2 - 2 9 7 7 , FAX (61) 0 2 - 9 9 2 2 - 1 1 0 0 JAPAN: 

Mashy Yoshikawa: (81) 3-3235-5961, FAX (81) 3-3235-5852 

AAAS BOARD OF DIRECTORS RETIRING PRESIDENT, CHAIR Stephen Jay 

Gould; PRESIDENT Mary Lowe Good; PRESIDENT-ELECT Peter H. Raven; 

TREASURER Wi l l iam T. Golden; EXECUTIVE OFFICER Richard S. Nicholson; 

BOARD Lewis M. Branscomb; Nina V. Fedoroff; Robert D. Goldman; 

Alice S. Huang; Sally Gregory Kohlstedt; Robert C. Richardson; 

Neena B. Schwartz; David E. Shaw 

Published by the American Association for the Advancement of Science 
(AAAS), Science serves its readers as a forum for the presentation and 
discussion of important issues related to the advancement of science, in
cluding the presentation of minority or conflicting points of view, rather 
than by publishing only material on which a consensus has been 
reached. Accordingly, all articles published in Science—including editori
als, news and comment and book reviews—are signed and reflect the 
individual views of the authors and not official points of view adopted by 
the AAAS or the institutions with which the authors are affiliated. 
The American Association for the Advancement of Science was found
ed in 1848 and incorporated in 1874. Its objectives are to further the 
work of scientists, to facilitate cooperation among them, to foster sci
entific freedom and responsibility, to improve the effectiveness of sci
ence in the promotion of human welfare, to advance education in sci
ence, and to increase public understanding and appreciation of the im
portance and promise of the methods of science in human progress. 

INFORMATION FOR CONTRIBUTORS 
See pages 147 and 148 of the 7 January 2000 issue or access 
www5ciencemag.org/misc/con-info3htmL 

DEPUTY EDITORS: Philip H.Abelson (Engineering and AppliedSciences); John I. Brauman (PhysicalSciences) 

BOARD OF REVIEWING EDITORS 

Frederick W.Alt 
Children's Hospital, 
Boston 

Edouard Bard 
Univ. d'Aix-Marseille III 

Frank S. Bates 
Univ. of Minnesota 

Ray H. Baughman 
Honeywell International 

Stephen J. Benkovic 

Pennsylvania State 
Univ. 

Michael J. Bevan 
Univ. of Washington 

Seth S. Blair 
Univ. of Wisconsin 

Mark Boguski 
NCBI, NIH 

Henry R. Bourne 
Univ. of California, 
San Francisco 

James J. Bull 
Univ. of Texas 
at Austin 

Joseph A. Burns 
Cornell Univ. 

Kathryn Calame 
Columbia Univ. College of 
Physicians and Surgeons 

Dennis W.Choi 
Washington Univ. School 
of Medicine, St. Louis 

Joanne Chory 
The Salk Institute 

David Clapham 
Children's Hospital, 
Boston 

Jonathan D. Cohen 
Princeton Univ. 

Daniel G. Colley 
Centers for Disease Control 

F. Fleming Crim 
Univ. of Wisconsin 

James E. Dahlberg 
Univ. of Wisconsin 
Medical School 

Robert Desimone 
NIMH NIH 

Hans Eklund 
Swedish Univ. of 
Agricultural Sciences 

Gerhard Ertl 
Fritz-Haber-lnstitut, Berlin 

Paul G. Falkowski 
Rutgers Univ. 

Gary Felsenfeld 
NIDDKD, NIH 

Douglas T. Fearon 

Univ. of Cambridge 

Jeffrey S, Flier 

Harvard Medical School 

Richard Fortey 
The Natural History 

Museum, London 

Harry A. Fozzard 
Univ. of Chicago 

Chris D. Frith 
Univ. College London 

James Gimzewski 
IBM Research, Ruschlikon, 
Switzerland 

Jack F. Greenblatt 
Univ. of Toronto 

Philip C. Hanawalt 
Stanford Univ. 

Paul Harvey 
Univ. of Oxford 

Michael P. Hassell 
Imperial College at 
Silwood Park 

Martin Heimann 
Max-Planck-lnstitute for 
Biogeochemistry, Jena 

Tasuku Honjo 
Kyoto Univ. 

Evelyn L Hu 
Univ. of California, 
Santa Barbara 

Eric F. Johnson 
The Scripps Res. Inst. 

Hans Kende 
Michigan State Univ. 

Marc Kirschner 
Harvard Medical School 

Elliott Kieff 
Harvard Medical School 

Christian Komer 
Botanisches Institut, 

Basel 

Anne Krueger 
Stanford Univ. 

Michael LaBarbera 

Univ. of Chicago 

Antonio Lanzavecchia 
Inst of Res. in Biomedicine, 
Bellinzona, Switzerland 

Anthony J. Leggett 
Univ. of Illinois, Urbana-
Champaign 

Norman L. Letvin 
Beth Israel Deaconess 

Medical Center, Boston 

Richard Losick 
Harvard Univ. 

Susan K. McConnell 
Stanford Univ. 

Raul Madariaga 
icole Normale 

Supirieure, Paris 

George M. Martin 
Univ. of Washington 

Diane Mathis 
Harvard Medical School 

Anthony R. Means 
Duke Univ. Medical Center 

Douglas A. Melton 
Harvard Univ. 

Andrew Murray 
Univ. of California, San 
Francisco 

Elizabeth G. Nabel 
NHLBI, NIH 

Shigekazu Nagata 
Osaka Univ. Medical School 

Roger Nicoll 
Univ. of California, San 
Francisco 

Staffan Normark 
Swedish Institute for 

Infectious Disease Control 

Michele Parrinello 
Max-Planck-lnst. for Solid 
State Research, Stuttgart 

Suzanne Pfeffer 
Stanford Univ. School of 

Medicine 

Stuart L Pimm 

Columbia Univ. 
David C. Rubie 

Universitat Bayreuth 
Erkki Ruoslahti 

The Burnham Institute 
Ronald H. Schwartz 

NIAID, NIH 
Terrence J. Sejnowski 

The Salk Institute 
Manfred Sigrist 

Kyoto Univ. 
Susan Solomon 

National Oceanic and 

Atmospheric Adm. 

Christopher R. Somerville 
Carnegie Institute of 

Washington, Stanford 

Will J. Stewart 
Marconi Caswell, 
Towcester 

Cliff Tabin 
Harvard Medical School 

Tomoyuki Takahashi 
Univ. of Tokyo 

Yoshinori Tokura 
Univ. of Tokyo 

Joan S.Valentine 
Univ. of California, Los 
Angeles 

Michiel van der Klis 
Astronomical Inst, of 
Amsterdam 

Derek van der Kooy 
Univ. of Toronto 

BertVogelstein 

Johns Hopkins 
Arthur Weiss 

Univ. of California, San 
Francisco 

Zena Werb 
Univ. of California, San 
Francisco 

George M.Whitesides 
Harvard Univ. 

Ian A. Wilson 
The Scripps Res. Inst. 

Martin Zatz 
NIMH, NIH 

Walter Zieglgansberger 
Max-Planck-lnstitute 
for Psychiatry, Munich 

Maria Zuber 
Massachusetts Inst. 
of Technology 

1936 16 JUNE 2000 VOL 288 SCIENCE www.sciencemag.org 

http://www.sciencemag.org
mailto:science_editors@aaas.org
mailto:science_letters@aaas.org
mailto:science_reviews@aaas.org
mailto:bookrevs@aaas.org
mailto:science@science-intco.uk
mailto:asca@os.gulf.or.jp
mailto:dnormile@twics.com
bta.net.cn
mailto:pbagla@ndb.vsnLnet.in
http://www.sciencenow.org
http://www.nextwave.org
mailto:membership@aaas.org
mailto:advertising@aaas.org
mailto:science_classifieds@aaas.org
www5ciencemag.org/misc/con-info3htmL
http://www.sciencemag.org


NEW-2 DNA diluents added for easier optimization and better results High transfection levels 

Excellent performance in the presence or absence of serum Minimized cytotoxicity 

Highest efficiencies in diverse cell types 

Adaptable for suspension and adherent cells 

Suitable for transfections in vivo and in vitro 

Effective in a variety of cell lines 

GenePORTERTM2 Transfection Reagent 
75 reactions (0.75 rnl) T202007 
150 reactions (1.5 rnl) T202015 
750 reactions (5 x 1.5 rnl) T202075 

GenePORTER'"Transfection Reagent 
75 reactions (0.75 rnl) T201007 
150 reactions (1.5 rnl) T201015 
750 reactions (5 x 1.5 ml) T201075 

To Order: 888-428-0558 
Fax: 858-623-9494 

10190 Telesis Court, Son Diego, C A  92 121 ,  USA 

Gene ~herapySystems 
"Aarrta/tromtion " 

NIH 3T3 

12 reagent 

Hep 62 B16-FO 
A P-gal expresston plasmid was deltvered into cells 

tn 24-well plates with elther GenePORTER 2 reagent 
or a compet,itor's transfection reagent (L2) Each 
reagent was used accordtng to the manufacturer's 
protocol Folloarlng transfectlons (48 hours). 
P-galactos~dasewas measured by colorimetric assay 
with the Enhanced h-Galactosidase Assay ktt 

Check out the Gene Therapy Systems web site @ 
http://www.genetherapysystems.corn 

80 Taiwan .PROtech 886-2-23810844United Kingdom .Lifescreen Ltd 01895 453700 

Circle No. 16 on Readers' Service Card 

Jurkat 
NIH 3T3 
516-FO 
PC-12 

BHK-21- .  -

CHO-K1 
DDT1 MF-2 

cv-1 
COS-1 
COS-7 
MO 7E 
FL5.12 
MCF7 
K-562 
KG-1 
CL-01 
HMSC 
HeLa 

HeLa S3 
SW 1353 
MRC-5 
FaDu 

LNCaP.FGC 
PC-3 

U-87 MG 
PM-RCC 
Hep 38 
Hep G2 
HEC-1 
LoVo 
U937 
nnOT
LJJ l 

911 
NTD-1 
1OT 112 
Huh7 

293EBNA 
NB324K 

MEF 
308 

WEHI-35 

MM54.SpTThy 
AKR-25 
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6 More representative 

mRNA population 

(!Reduced D N A  conta 

VADER'" uses invasive clamping phosphono PNA (Peptide Nucleic Acid) technology
C Hybridizes t o  mRNAs with 

shorter poly A tails 
t o  isolate mRNA from cells or  tissue. 

I e Allow for DNase treatment 

dur~ngpreparation 

&+Less ribosomal RNA 

contamination 

mVADER technology allows PNAIpoly A mRNA triplexes t o  form independent of 

secondary structure between the poly A tail and 5' U rich regions. Furthermore, short 

poly A tailed messages are more efficiently captured with mVADER,thus ensuring a 

more representative mRNA population. mVADER technology in conjunction with our 

proprietary lysis solution allows for isolation of superior quality mRNA. 

Use mVADER kits t o  isolate mRNA for cDNA arrays, libraries and RT-PCR. 

Available in three formats: maxi, midi and a 96-well format. 

"patent p e n d ~ n g  

For more information, visit our website: ~ ~ ~ . a c t i v e m o t i f . c o r n  

O r  call: North America 877.222.9543 Europe t800.222.95430 japan 03.5684.1622 

M 0 T I Molecular Biology 
Tools for Gene Discovery 



High Purity - sufficient for 
I 

automated fluorescent and 
manual sequencing. 
Consistent Results - up to 6 pg 1 

Easy Operation - begin prep 
with direct loading of bacteria 
culture - with no centrifugation 
stev. vou save time. 

-

of plasmid per ml. 
Fast - up to 24 preps per hour. 
Quality - time and time again. 1

I 
R E S E A  R G H  

11339 SorrentoValley Rd San Diego, CA 92121 Phone: (619) 452-2603 Fax (619) 452-6753 
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Sometimes one step makes ail the difference ... 

ImpactlCN K:?'.::~-Expressed fusion protein N - ~ ~ ~ ~ l . u s  
(T4 DNA Ligase t inlein tag) PROTEIN PURIFICATION SYSTEM OF THE TARGET PROTEIN 

+--- T4 DNA Ligasa 

Purification ol biologically active T4 DNA recombinant fusion protein expression and 
Ligase with >98% Purity in one step. one-step affinity purification -without proteases Std NEB Broad Range Protein Marker 

Lane 1 [Clone) uninduced cell extract 

Lane 2 lExpress) induced cell extract showing Flexible -fusion to either the C-term~nus or N-terminus of the target protein 
expresses fusion ?rotein Easy-to-use -release of target protein without the use of proteases 
Lane 3 [Puv~iylT4 DNA Llgaoe f iactons eluted 

1 after nduc~na cleavaqe overn~qht a t  4°C 
One-step affinity purification -no additional steps to remove affinity tag 

Overexpression -T7 Promoter for higher levels of expression 

For more information on how Impact is meeting the needs of today's fast-paced biotechnology industry, 

visit www.neb.com or contact your local NEB office. 

a N e w  England Biolabs Inc. 32 Tozer Road, Beverly, M A  01915 USA 1-800-NEB-LABS Tel. (978) 927-5054 Fax 1978) 921.1350 email: info@neb.com 
* N e w  England Biolabs Ltd., Canada Tel. (800) 387-1095 (905) 672-3370 Fax (9051 672-3414 email: info@ca.neb.com 
8 N e w  England Biolabs GmbH. Germany Tel. OBOOIBlOLABS (0)69/305-23-140 Fax OBOOIBIOLABX (0)691305-23-149 email: info@de.neb.com 
s N e w  England Biolabs (UK) Ltd. Tel. (08001 31 84 86 (014621 420616 Fax (01462) 421057 emall: infoQuk.neb.com where science is the priority 

DISTRIBUTORS: Australia 107) 5594-0299, Belgium (080011 9815; Brazil 1011) 366-3565; Denmark 139156 20 00; Finland (9) 584-121; France 11) 34 60 24 24; Greece 101) 5226547; Hong Kong 2649-9988; 
India 1542) 311473; Israel (03) 9229013; Italy (02) 381951; Japan (03) 5820-9408; Korea (021 556-0311; Netherlands (033) 495 00 94; New Zealand 0800 807809; Norway 22 09 15 00; Singapore 4457927; 
Spain (031 902 20 30 90; Sweden 108) 30 60 10; Switzerland (061) 486 80 80; Taiwan 102) 28802913 
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THE FIRST STEP IN OUR "SPACE ODYSSEY" WAS THE CREATION 
OF THE STATE-OF-THE-ART ONE CAGETM SYSTEM... 

AND NOW, WE LEAP INTO THE 21sT  CENTURY WITH SUPER MOUSE 7502" 

designed to do just that. while increasing the overall efficiency of 
housing laboratory mice. We've eliminated the wire bar lid ... 
creating greater volume using the same space. The interior cage 
height is increased to over 5-9'4inches. Combined with a floor 
:Ires of over 75 square inches, the new inner space allows you to 
house 5 adult mice weighing over 25 grams each, exceeding the 
IL4R Guide*. 

When removing the Micro-Isolator SP-"Filter Top, you have 
immediate access to your animals. saving your valuable time during 
animal manipulations and cage changes. In addition, the clear plas- 
tic Modular Diet Delivery System allows enhanced visibility of food, 

, , 
The new Super Mouse 750." cage represents such a brand 

new view of animal housing, we think you'll like what 
you see. The time and space savings clearly 
allow you to perform more 
work in less titne. 

inc 
Lab Products. Inc. - 742 Sussex Ave.. P.O. BOX 639. Seaford. DE 19973 

302.628.4300 800.526.0469. FAX 302 628.4309 -w . lab~roduc ts inc .com -'Gulde for the Care and& of Laboratorv h imais.  lnsttute of Laboratory Animal Resources 0Bia Medic Corpont8an20W Super Mouse 750 Env~roCard One Caa Micro liolator SP a d  One Cage are 
Commission on Llfe Sciences Natona Research Council National Academy Press 1996 !radema*i of Lab Products Inc Ccvero? by vanous I,S and lnfemat~analPatents ana Patents pending Made n USA &!&&a 
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Easy and free online access to the world's most powerful and comprehensive 

human sequence database with 60,000unpublished genes from lncyte 

Genomics. Find your gene of interest and accelerate your research by 

purchasing the gene sequences and clones at  a reasonable price. 

4i+, 

IncyteGenomics 
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work Less. 
 Do More. 

1.12-hour true unattended runs. 

2. Lowest cost per sample. 
3.High throughput: 4500+ samples per day 

4. Parallel sample plate processing. 

5.Quick setup time. 


6.961384 compatible. 


7. No manual pelleting of E.coli cultures. 

8.96-rotor Array centrifuge.^ 
9.No filter plates. 

10. Med Phred 20: >650 bp. 

11.Med yield 190 ng/@ 

12.Med purity (2601280) 1.8. 

13.Field Applications support. 

14.96-channel pipetter. 

15.No re-calibration needed. 

16.Ships with validated protocols. 

17.Intuitive software interface. 

18.High and low level programming options. 

19.Bar codingisample tracking. 

20.Available now! 

At last, automated DNA sample prep the way it's supposed to be, Fast. 
Reliable. Simple to use. Low maintenance. .4t low cost per sample. 

The secret? RevPreps built-in Array Centrifuge' with 
proprietary SUTECH technoloa that eliminates manual ~ 

centrifugation, Just set up, walk away and come back 12 hours 
later to find over 2,300 high-purity samples ready and waiting. 

So discover what 100%automated sample prep can do for 
your productivity. Call 1-877-855-GENE (4363) 

Or visit wr~w.genemachines.com today 
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The University ofWashington and 
Amersham Pharmacia Biotech proudly present 

The Northwest Conference 
on Microarrays (NMAc) Dlii 

September 6-8,2000 The Universityof Washington Seattle,WA, USA 

Topics include: 

Applications of Arrays to Infectious Disease Studies DNA Arrays and the Study of Cancer 

h/licroarray Technology Development Novel Applications of DNA Arrays 

Environmental Applications of Arrays Software and Databases for Array Analysis 

Vendor show of Array related products Workshops on array technology 

Call for Abstracts: We seek abstracts on the above topics. Abstracts must be submitted by July 16th. 
Notification of acceptance of an abstract will be sent out by July 23rd. Registration is limited to no more than 
500 attendees. To register online, go to http://ra.rprc.washington.edu/NMACConference/NMACIntro.html 
or complete the form below and fax it to (206)221-5280 or mail it to: NMAC Conference, Attention: 
Roger Bumgarner, Box 357242, University of Washington, Seattle WA USA, 98195. 

Registration: Registration preference will be given to registrants who submit an abstract. 
Registration cost is $495 for academic attendees, $895 corporate participants. 

Information as you would like it to appear on your badge: 

Name 

Organization 

Business Address 

City StatefProvince 

Country ZipfPost Code 

Phone: Fax 

E-mail: 
I prefer to present: O A talk O A Poster O I will not be presenting 
Are you personally involved in research activities in the subject areas of the conference? O Yes O No 
How many papers have you published during the past 3 years in the subject area of the conference? 

Please note: Electronic submission of the abstract is preferred. You rnay submit your abstract online or email it 
to  nmac@ra.rprc.washington.edu Elnail abstracts rnay be submitted either as plain text or an attached Word file. 
Abstracts should be 500 words or less and contain: 1)A title in all capital letters 2) An author list with the presenting 
author underlined. 3)  The institution represented by the speaker 4) Contact information for the speaker. 
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~ t o m s ,Snakes & ~ugs :  

Atomic Fragments 
A Daughter's Quest~ons 
by MARY PALEVSKY Life Stories 
"Palevsky has thrown new light on 

Reflect on t he~ rL~vesthe history o f  the atomlc age.'' 
--Freeman Dyson, The Sun, the Genome, Future o f  Life on Eart 

and the Internet Edited by HEATHER NEWBOLD 
"An eloquent volume. Mary Palevsky "Newbold introduces us t o  scien- 
has stimulated the greatest of the tlsts who have probed the mysteries 
bomb builders t o  t h ~ n k  and speak o f  our natural systems and taken 
~n new ways about the nuclear action so our  Earth can heal itself. none is more challengirlp;than pclllu-
weapons they created and t h e ~ r  As we meet them, our  own hope t ion of the enviranmrnt by  t@%c 
meanlng for mankind." for the future 1s inspired." chemkafs. ...The t%imnmentsl 

-Pr~sc~lla]ohnson McMlllan, -PeterA A Berle, host of Pendulum Miffprevide just the kind 
author of  Manna and Lee The Ennronment Show on Publlc Radio 

of balanced i~rformation that every$24.95 hardcover "Required read~ng.The reverence thinking citizen needs to make the 
Beriberi, White Rice, for life expressed by these heroes tough dec~sions needed right now 
and Vitamin B is deeply mov~ng.The~r  and in the future." fierce 

A D~sease,a Cause, and a Cure determinat~on ought t o  inspire all -Anthony 1. F. Grlfiths, author of 

by KENNETH J. CARPENTER of  us as we confront the environ- An Intraductfon to Genetic Analysrs 

In t h ~ s  comprehensive account o f  mental challenges o f  the new $19.95 paperback, $50 00 hardcover 

the h~s to ry  and treatment o f  millenn~um." 
-Denls Hayes, lnternatlonal Chalr, beriben, Carpenter traces the 

Earth Day 2000 A t  bookstores o r  o rder  
decades of med~cal and chemical $ I 6  95 paperback. $45 00 hardcover (800) 822-6657 
research that solved the puzzle UNIVERSITY OF 
posed by t h ~ s  mysterious dlsease. 
$40.00 hardcover CALIFORNIA PRESS 

www.ucpress.edu 

An Inordinate Snakes Mapping the Mind 
Fondness for Beetles The Evolution of Mystery by RITA CARTER 
by ARTHUR V. EVANS and in Nature "Carter recounts compre- 
CHARLES L. BELLAMY by HARRY W. GREENE hens~vely arded by an abun- 

Discovering Dinosaurs Photos by Photos by MICHAEL & dance o f  ~Ilustratrons what 
Evolution, Extinction, and LISA CHARLES WATSON PATRICIA FOGDEN has been d~scovered about 
the Lessons of Prehistory "This beautiful book..  . .  "A remarkable volume a brain structureand 
Expanded and Updated Editon recounts not only the natu- luscrous vsua feast-a cele- functlonn~ ~ ~ ~ ~ ~ ~ 
by MARK A. NORELL, ral history o f  beetles but brat~on o f  snake dversty- $2295 paperback
EUGENE S. GAFFNEYJ and the human history o f  them wrth extenswe factual Infor- 
LOWELL DINGUS 

as well.The best thng about matron ntermngled wrth 
"Plenty o f  fine pictures o f  

thrs book, however; is  the current concepts rn evol 
fossls, tracks, casts, and 

photographs.The specimens tonary b ~ o o g y  ths  bo 
older graphlcs fill the well- 

are more beautrful than 
wr~tten,wel-desrgned 

nearly anyth~ng made by 
volume' Screntrfk Amenco~ 

man. Washington Post 
$24 95 paperback 

$24 95 paperbaclc 
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