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science COVER The stalk structure (bottom) of the unicellular organism 
Vorticella (x120 magnification).This structure, shown in its contract- 
ed state, houses one of the.most powerful biological mechanochemi- 
cal springs known, extending and contracting thestalk up to 2 mil- 
limeters in milliseconds. A special section on the principles of move- 
ment, from molecular and cellular to organismal and robotic, begins 
on page 79. [Image: E. R. DeggingerfAnimals, Animals] 
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BIOMEDICAL RESEARCH: Study of HIV Blends Fact, Fantasy 

Transmission Sparks Ethics Debate NEWS FOCUS 
23 ECOLOGY: Five Researchers Die in Boating 

Accident 

ASTROPHYSICS: New Extrasolar Planets 
Hint at More to Come 

32 SPACE SCIENCE: 'Faster, Cheaper, Better' 
on Trial 

NASA Returns to the Drawing Board to 
Plan Next Wave of Mars Missions 

25 BIOMEDICAL RESEARCH: AIDS Research 
Head to Retire From NIH 

26 ACADEMIC EMPLOYMENT: Jury Awards 
$545,000 in Stanford Case 

26 ACADEMIC EMPLOYMENT: UCSF 
Researchers Leave, Charging Bias 

27 BIOMEDICINE: HazelTrees Offer New 
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28 TAIWAN: Lee to  Remain as Academy 
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34 CONSERVATION: Bringing Science t o  the 
National Parks 

37 GENETICS: Uphill Battle to  Honor Monk 
Who Demystified Heredity 

Was Lamarck just a Little Bit Right? 

39 MENTAL HEALTH: Global Survey Examines 
Impact of Depression 
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Workers Benefits Undergraduates 
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RESEARCH ARTICLE 
107 Structure of the S15,S6,S18-rRNA 

Comp1ex:Assembly of the 30SRibosome 
Central Domain 5. C. Agalarov, G. 5. Prasad, 
P. M. Funke, C. D. Stout, J. R.Williamson 

REPORTS 
113 Monolithic Microfabricated Valves and 

Pumps by Multilayer Soft Lithography 
M. A. Unger, H.-P. Chou, T. Thorsen, A. 
Scherer, 5. R. Quake 

116 Chain Mobility in the Amorphous Region 
of Nylon 6 Observed under Active 
Uniaxial Deformation L. 5. Loo, R. E. Cohen, 
K. K. Gleason 

1 19 Low (Sub-1 -Volt) Halfwave Voltage 
Polymeric Electro-optic Modulators 
Achieved by Controlling Chromophore 
Shape Y. Shi, C. Zhang, H. Zhang, J. H. Bechtel, 
L R. Dalton, B. H. Robinson,W. H. Steier 

122 Dilational Processes Accompanying 
Earthquakes in the Long Valley Caldera 
D. 5. Dreger, H.TkalCit, M. Johnston 

BetterThan Nature Made It 
Making a Robot Lobster Dance 

83 In Nature, Animals That Stop and Start 
Win the Race 

86 Tracking the MovementsThat Shape an 
Embryo 

Neural Crest's JoyrideThrough the Embryo 

REVIEWS 
88 The Way Things Move: Looking Under 

the Hood of Molecular Motor Proteins 
R. D.Vale and R.A. Milligan 

95 Motility Powered by Supramolecular 
Springs and Ratchets L. Mahadevan and 
P. Matsudaira 

How Animals Move: An Integrative View 
M. H. Dickinson, C.T. Farley, R. J. Full, 
M.A. R. Koehl, R. Kram, S. Lehman 

See also Report on p. 133. 

126 Nonbiological Fractionation of Iron 
Isotopes A. D.Anbar, J. E. Roe, J. Barling, 
K. H. Nealson 
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Proteomics is upon us in a big way. And when it comes to finding more proteins 

of interest faster, nothing outstrips the new narrow pH range Immobiline'" 
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PLUMBING POLYMERS 
Many microfabricated devices have been 
made from hard materials such as sili- 
con, which can require multiple rounds of 
deposition and etching to create chan- 
nels and openings. Unger et  al. (p. 113) 
have assembled patterned layers of elas- 
tic polymers into microdevices. The cured 
polymer layers contain an excess of one 
of the two components from which they 
were formed-alternating the excess 
component allows the surfaces in con- 
tact to react to form a sealed structure. 
The authors fabricated micrometer-scale 
valves, which are actuated by air pres- 
sure, that show extremely small "dead 
volumes" and long cycle lifetimes. They 
then assembled a train of valves into a 
peristaltic pump. 

MELTINGIN THE STRETCH 
Many polymers deform easily at rela- 
t i ve ly  l ow  temperatures, which 
makes processing them into particu- 
lar shapes easier. What actually hap- 
pens t o  polymer chains when the 
material is strained? Loo et  al. (p. 
116) used deuterium nuclear mag- 

Crystalline Amorphous Crystalline 
reglon region region 

netic resonance t o  examine chain 
motions in nylon 6, which contains 
both crystalline and amorphous re- 
gions. Near the polymer's glass tran- 
sition temperature, the chains in the 
amorphous regions showed en-
hanced liquid-like mobility as long as 
the polymer was being stretched; 
this mobility diminished once defor- 
mation ceased. 

SHAPING CHROMOPHORES 
An electro-optic (EO) modulator converts 
input electrical signals into the light pulses 
that run over fiber optic networks. Recent 
developments in both polymeric and inor- 
ganic EO materials have led to increases in 
their speed (modulation frequency) but 

require relatively high driving voltages 
(halfwave voltages of about 5 volts) that 
limit gain and increase noise. One difficul- 
ty in improving the polymeric materials is 
that their molecular chromophores tend 
to align at high loadings such that electro- 
static interactions limit the EO effect. Shi 
e t  al. (p. 119) now show that  chro- 
mophores designed wi th  a particular 
shape avoid this difficulty and enable 
them to  fabricate EO modulators that 
have halfwave voltages of less than 1 volt. 

FLUIDIZING FAULTS 
Double-couple moment tensors provide 
a mathematical representation of shear 
motion on a fault and are used to study 
earthquake dynamics. About 75% of all 
earthquakes can be represented by a 
double-couple moment tensor (tension 
versus orthogonal compression). Dreger 
e t  al. (p. 122) derived seismic moment 
tensors and analyzed the broadband 
waveforms of earthquakes that occurred 
in a November 1997 swarm during infla- 
tion of the summit of the Long Valley 
Caldera, California. They found isotropic 
moment tensors (radial expansion away 
from a point source), which suggests that 
fluid was injected into a fault either by 
pressurization or by magmatic heating, 
causing coseismic volumetric expansion. 

Iron has several stable isotopes. Although 
biological fractionation of iron isotopes 
occurs, for instance, in deposits and iron 
minerals that are associated with bacteri- 
al activity, i t  had been thought that non- 
biological fractionation would be unde- 
tectable. Anbar et  al. (p. 126) have con- 
ducted laboratory experiments showing, 
however, that purely chemical fractiona- 
tion can be observed. 

UNDERWATERDEGASSING 
The atmospheric concentration of the 
greenhouse gas methane has varied dra- 
matically over the past 400,000 years. 
Many of the increases are thought to be 
due to the expansion of wetlands, but the 
rapidity of o-thers suggests a different 
cause-the dissociation of gas hydrates. 
Methane hydrates store tremendous 
quantities of carbon on continental mar- 
gins and are destabilized by higher ocean 
temperatures. Kennett et  al. (p. 128; see 
the Perspective by Blunier) tested 
whether such hydrates could have been 
an important source of methane during 
the past 60 thousand years by measuring 

edited by GILBERT CHIN 

the carbon isotopic composit ion of 
foraminifera from the Santa Barbara 
Channel. Their results show several 
episodes of massive methane release 
from the sea floor, consistent with cata- 
strophic sediment failure during the brief 
warm periods called interstadials. 

BUILDING PIECE BY 
PIECE 

The advent of structural descriptions of 
the ribosome-a complex of three RNAs 
and 50-odd proteins-has resurrected 
the issues of assembly and function: Why 
are all of these distinct proteins needed 
and how do they assemble in an orderly 
and stoichiometric fashion? Agalarov e t  
al. (p. 107) have determined the high- 
resolution structure of three of the small 
ribosomal subunit proteins in complex 
with a portion of the small ribosomal 
subunit RNA. They find that the first pro- 
tein-RNA interaction stabilizes a reorga- 
nization of two three-helix junctions in 
the RNA; these, in turn, create the bind- 
ing sites for two more of the small sub- 
unit proteins and provide the scaffold for 
subsequent steps of assembly. 

GLIDINGFARTHER 

UNDERWATER 


How do marine mammals maintain long 
periods of aerobic exercise while diving on 
a single breath of air? By deploying sub- 
mersible video cameras on free-ranging 
seals, dolphins, and a blue whale, Williams 
et  al. (p. 133; see the news story by Pen- 
nisi) detected changes in locomotory be- 
haviors. Lung compression and increased 
hydrostatic pressure at depth triggered 
the cessation of active stroking, which 
was replaced by prolonged gliding during 
deep dives. The energetic savings of glid- 
ing allow these mammals to lengthen the 
duration of submergence and toreach re- 
markable depths. 

COORDINATE REGULATION 
There are a variety of analytical methods 
for annotating coding regions in DNA se- 
quences. However, i t  has been harder to 
identify regulatory elements in noncoding 
regions. Loots et  al. (p. 136) noted that a 
set of genes are arrayed in the same order 
on human chromosome 5 and mouse 
chromosome 11, and identified conserved 
sequences that had the properties of 
long-range cis-acting elements. The 
largest candidate element was shown to 
regulate interleukin-4 -13, and -5 expres-
sion in transgenic mice. 

CONTINUED ON PACE 11 
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Cloning Long PCR Products? E v e n  this guy knows-efficiency means 

getting results with minimum effort. And 

that's what you'll get with the TOPO" XL PCR 

Cloning Kit. This one-of-a-kind ki t  allows 

you t o  quickly clone Long (3-10 kb) PCR 

products and get up t o  80% recombinants. 

Think 
Time-Saving Ligation. The TOPO" XL PCR 

Cloning Kit uses the unique TOPO'YCLoning 

technology, which takes advantage of 

the powerful Ligation activity of topoiso- 

merase I. The enzyme is covalently bound 

to  the ends of the Linearized pCRX-XL-TOP0 

vector. This allows the vector t o  Ligate 

PCR products i n  just five minutes without 

the need for synthesis of special primers, 

enzymatic modifications, or overnight 

incubations with Ligase. You'll save an 

entire day and get up t o  80% recombi- 

nants. No other method for cloning Long 

PCR products even comes close. 

PCR products amplified using Expand" polymerase were 
TOPLY Cloned into pCR'-XL-TOPO. Cloning efficiency equals 
the percent of colo~iies analyzed which conlaill an insert. 

Efficient Cloning. pCR8-XL-TOP0 contains 

a unique Lethal gene that allows positive 

selection of recombinant colonies. This 

reduces background caused by vector 

religation. Only cells that contain vector 

with insert  w i l l  grow. That's efficient. 

You'll eliminate screening through back- 

ground colonies and get great results 

with minimal effort. 

pp:-7_<I' 

pCRn-XI.-TOP0 Vector 

I Represents covalently-bound topoiso~nerase I 

Be efficient. Clone your long PCR products 

with the TOPO" XL PCR Cloning Kit. Order 

your k i t  today (goofy hat not included). 
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ANCHORINGTHE CAMOUFLAGE 
In order to evade immune surveillance the 
African trypanosome, the causative agent 
of sleeping sickness, coats itself with sur-
face glycoproteins that can be shed rapid-
ly due to their glycosyl phosphatidylinosi-
tol anchors. To synthesize these anchors, 
trypanosomes require a supply of myris-
tate, the source of which has been a mys-
tery. Morita et al. (p. 140) now show that 
the trypanosomes can synthesize myris-
tate by themselves and that the myristate 
synthetic pathway is blocked and para-
sites are killed by the antibiotic thiolacto-
mycin, providing hope for future therapy. 

UNRAVELING PROTEINS 
BIT BY BIT 

Protein folding remains a challenge for 
physical biochemists; in some cases, a plau-
sible description of the folding pathway can 
be made, but the energies and kinetics of 
the intramolecular interactions are more 
difficult to measure. Unfolding of proteins 
has been experimentally more accessible, 
either with chemical denaturants or, more 
recently, by mechanical manipulation. 
Oesterhelt et al. (p. 143; see the Perspective 
by Forbes and Lorimer) offer atomic force 
microscopy studies of the light-activated 
proton pump bacteriorhodopsin as the lat-
est application of single-molecule tech-
niques and as a window into the complicat-
ed problem of how integral membrane pro-
teins both fold and insert into lipid bilayers. 

BLOOD CELLLINEAGES 

development, but the relationships 
among them are not clear. Lebestky et  
al. (p. 146) have examined lineage con-
t ro l  of blood cells in Drosophila and 
show that the Drosophila GATA homolog 
Serpent is required for the development 
of both classes of blood cells, plasmato-
cytes and crystal cells. The transcription 
factor Lozenge, which is  similar to AMLl 
of mammals, is required only for crystal 
cell development, while Gcm is required 
for plasmatocyte development. 

CHANGING DIRECTION 
As axons travel from their birthplace to 
their ultimate point of connection, they 
follow guidance signals along the way. 
Kim and Wadsworth (p. 150) now show 
that the basement membrane can pro-
vide direct ional cues. Mutants of 
Caenorhabditis elegans lacking nidogen, 
a structural component of the basement 
membrane, show specific defects in the 
pathfinding of certain axons. 

MERGEROF FAMILY 
FORTUNES 

Somatostatin and dopamine are impor-
tant neurotransmitters in the central ner-
vous system. Their actions are mediated 
by members of a family of G protein-cou-
pled receptors. For many receptors, ho-
modimerization is an important aspect of 
functional regulation. Rocheville et al. (p. 
154; see the Perspective by Milligan) show 
that this also can apply to two unrelated 
receptors like the ones for somatostatin 

Four transcript ion factors-GATA- 1, and dopamine.d he resulting heterodimers 
GATA-2, GATA-3, and AML1-are known create a new type of receptor with in-
to be critical for mammalian blood cell creased physiologicalactivity. 

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

Serotonin and the Therapeutic The full text of these comments can be seen at 
Effects of Ritalin www.sciencemag.org/cgi/content/full/288/5463/1 l a  

Gainetdinov et  al. (Reports, 15 January 1999, p. 397) found that locomotor activi-
ty in dopamine transporter knockout mice, whose behavior resembled that of chil-
dren with attention-deficit hyperactivity disorder (ADHD), was decreased both by 
psychostimulants, including methylphenidate (Ritalin), and by serotonergic drugs. 
Gainetdinov et  al. suggested that the "paradoxical calming effect" of psychostim-
ulant drugs on many ADHD patients might stem from serotonergic effects. 
Volkow et al. find a "central problem" in this proposal, however: Unlike other psy-
chostimulants such as cocaine and amphetamine, "methylphenidate does not in-
crease the extracellular serotonin concentration in the brain." They also question 
whether the results of Gainetdinov et al. are directly relevant to ADHD treatments 
in light of several issues related to dosage and temporal response to medication. 
Gainetdinov et  al. respond that "evidence from neurochemical, histochemical, 
electrophysiological, and behavioral studies" suggests that methylphenidate can 
affect the serotonergic system, and point out that "there is mounting evidence of 
potential clinical efficacy" in ADHD "for drugs with a predominantly serotonergic 
component of action." 
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Is your picture worth 
only a thousand words? 

Say more with 
SigmaPlot 2000 

The Technical Graphing Standard 
You've spent months gathering data. 
But it's all for naught if you can't 
communicate your results clearly and 
precisely. Unlike the limited graphing 
functions of spreadsheets or data 
analysis programs, easy-to-use 
SigmaPloP allows scientists and 
engineers to customize every detail of 
their graphs. 

The Data Analysis Tools You Need 
No matter what field you're in 
SigmaPlot provides all the tools you 
need to analyze and convert your 
data into exact, meaningful graphs 
that speak volumes. 

New in SigmaPlot 2000 
Windows' 2000 & Office 2000 
compatible 
More error bar options 
Automated graph arrangements 
More graph types 
More data analysis 
Quick data transformations 
And much more! 
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Only one system sensitive enough to analyze them all. 
Introducing Northstar'": The most sensitive 1536-well HTS system in the universe. 

Drug discovery can seem light years away. Now you can get there sooner with the 

NorthStarTMHTS Workstation for biomolecular and cell-based assays. Northstar'" 

combines the fastest run rate in the industry- more than a half million assays per 
Unprecedented sensitivity combined day -with the unprecedented sensitivity offered by its patented luminescence 
with 1536 well plate capability means 

technology and multiplexing capability. So you don't just get more hits, you get more YOU get more high-quality hits 

relevant hits against specific targets -all in an automated, integrated workstation 

flexible enough to read 96-, 384-, and 1536-well plates. To find the true potential in all 

the possibilities, please contact your local PE Biosystems representative, call 

Tropix at 800-542-2369 (USA only), or visit www.tropix.com. 

Northstar'": The best way to get from here to there. 

INorthstar'"HTSWorkstation 
I FE Biosystems 

Tropix 
a DECl  9"- v r  B J i r i s  

PE Corporation, formerly The Perkn-Elmer Corporation, IS commtted to provdng the world's ead~ng technology and nformat~on for ~ f e  
sc~ent~sts. comprises four dvsons- PE Corporaton conssts of the PE Bosystems and Ceera Genom~cs businesses PE B~osystems 
Appl~ed B~osystems, PE Informat~cs. PerSeptve B~osystems. and Tropx 

3Copyrght 1999Tropx Inc All rghts reserved Prlnted n USA Clrcle No. 37 on Readers' Service Card 

http:www.tropix.com


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

Ordering from Sigma-Aldrich has never been The lnformatlon you gve  us IS encrypted uslng the These new features allow you to see real tme 

easier with PipeLine", 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 prlvate and secure you place (phone fax or web) 

Wlth PpeLlne you have ~nstantaccess to over To make on-~neorder~ngeven slmpler we have Best of a you have m11I1onsof product documents 

200 000 products and can order from a brands recently added at your flngert~ps~ n c u d n gMSDS s certflcates 

(Slgma A d r ~ c hFuka Supelco and Rlede de of analys~sstructures and structure searchng
On-L~neProduct Avaab~ l t y

Haen) In a slngle transaction Plus because we are appllcaton notes data sheets and much more 

a manufacturer we provlde the technca nformatlon On-L~neOrder Status 
Log on today....it will make your job easier. 

and support you wont flnd elsewhere 
Total Delvered Prlce 

[ www.sigma-aldrich.com 1 
SIGMA-ALDRICH BOX 14508. ST. LOUIS MISSOURI 63178 USA 

* 
D I S C O V E R  T H E  C H E M I S T R Y  B E T W E E N  U S  SIGMA-ALDRICH 

Clrcle No. 92 on R e a d e r s '  S e r v l c e  C a r d  



TMAlphaScreenTMand Alpha 
Alphascreen Assay 
Technology 
AlphaScreen (Amplified Luminescent Proximity 
Homogeneous Assay) is a novel, non- 
radioactive, proximity-based homogeneous 
assay technology that delivers robust 
microvolume assays for a broad range of 
applications. 

AlphaQuest-HTS Microplate 
Analyzer 
The AlphaQuest-HTS Microplate Analyzer is a 
quad detector time-resolved fluorescence 
analyzer specifically designed for AlphaScreen 
technology for HTS (High Throughput 
Screening) Applications. 

Together these two ... 

Will measure assays in 96-, 384-, and 
1536-well microplates. 

Can be used to measure low affinity 
interactions with Kd in yM range. 

Measure single photon events with four 
simultaneous fiber optic detectors. 

Are robot compatible or capable of 
operating in a 40 plate stacker stand-alone 
operation. 

Are capable of processing over 15,000 
samples in 384-well plates in two hours or 
over 60,000 samples in six hours in 1536- 
well plates in stand-alone mode. 

Packard BioSignalA Packard BloSclence Company 
A Packard B~oSclence Company 

Packard Instrument Company 
800 Research Parkway Meriden, CT 06450 U.S.A. 
Tel: 203-639-2598 Toll Free: 1-800-323-1 891 

For ~ntemattonal offices m t t  our Web S~te or contact the Packard U S A off~ce 

Code:ADBW3-BIS 

Circle No. 43 on Readers' Service Card 



Discover A CLear Array Of Possibilities. 

Introducing ExpressChiv From Mergen. 


New and powerful tools to  acceleratc researcli and tlrlry discovery into the next tni l lenniut i~. 

In t roducing the ExpressChip DNA Microarray Systet~ i  frot l i  Meryen.  Leatlitig cdge products atid services 

designed to  serve the exacting needs of l i fe  scientists worki l ly in phartiiaccutical research, acadelii ia 

and biotechnology. 

The ExpressChip S y s t e ~ i ~ ,  tleveloped t o  p ro f i l e  t l ie d i f f c re l i t i a l  expressioti o f  tl iousantls o f  ycl ies 

simultat~eously, offers hiyh detectioti sensitivity wi th  consistelit, reliable, atid cost effective results. 111 all 

easy-to-use forliiat, the ExpressCliip Systetli provides the speed and f lexibi l i ty to  yourfully c o ~ ~ i p l e t ~ i e r i t  

research needs. Choose f rom our standard systeliis prc-spottetl w i th  DNA sequences functiolially i l i iportat i t  

for cel l  growth and disease developr~icnt. Or, custoniize your ow11 ExpressChip Systetn. A l l  ExpressChip systeliis 

are backed wi th  a variety of  expert services iticludilig probe preparation, hyhritlizatioli atitl detectioti, scatiliilig 

and data processing--all designed to  continuously keep you up-and-runniny. 

T h e  ExpressC l i i p  D N A  M i c r o a r r a y  Sys tem f r o m  M e r g e n .  D iscover  an e l id less a r r a y  o f  l i ew  

poss ib i l i t i es .To  r e s e r v e  y o u r  o r  t o  l e a r r i  I l l o re ,  v i s i t  11s 011E x p r e s s C h i p  S y s t c l ~ ~  t l i e  w e b  a t  

www.tnergen- l td .co111,  or cal l  tol l - free at  1-877-4MERGEN (463-7436) .  

MERGEN LTD. 

Circle No.78 on Readers' Service Card 



^ ^ • www.sciencemag.org 

Science 
1 2 0 0 N e w York Avenue, N W 

Washington, DC 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 Hi l ls Road 

Cambr idge , UK C B 2 1 L Q 

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

EDITOR-IN-CHIEF F loyd E. B l o o m 

EDITOR Ellis Rubinste in 

M A N A G I N G EDITOR Mon ica M . Bradford 

DEPUTY MANAGING EDITORS 

R. Brooks Hanson Katrina L Kelner 

NEWS EDITOR 

Colin Norman 

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

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

NIOR EDITORS Gi lbert 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 Ahem, 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; PUBUCATIONS ASSISTANTS 

Chris Filiatreau, Joi S. Granger, Jeffrey Hearn, 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 Culotta, Polly Shulman; NEWS WRITERS 

Martin 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); CONTRIBUTING CORRESPONDENTS Marcia Barinaga 

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

bons, Robert Irion, Charles C. Mann, Anne Simon Moffat, Virginia 

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

Linda B. Felaco, Daniel T. Helgerman; ADMINISTRATIVE SUPPORT Scher-

raine 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 MANAGERS, Lizabeth A. Harman (Internet), Rob 

Masson; ASSOCIATES Patricia Riehn Berg ( Internet) , Vicki J. Jor-

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

A R T DESIGN DIRECTOR C. Faber Smith; ART DIRECTOR Alan T. Stonebrak-

er; ASSOCIATE ART DIRECTOR Stephanie D. Halvorson; ILLUSTRATORS Carin 

Cain, Katharine Sutl i f f ; ASSOCIATES Hol ly Bishop, Debra J. Mor-

genegg, Preston Morrighan; PHOTO RESEARCHER Leslie Blizard 

SCIENCE INTERNATIONAL 

EUROPE (science@science-int.co.uk) EDITORIAL SUPERVISORY SENIOR EDI

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

ASSOCIATE EDITORS Caroline Ash, Stella M. Hurtley, Ian S. Osborne, Pe

ter Stern; EDITORIAL SUPPORT Jenny Parker; ADMINISTRATIVE SUPPORT Janet 

Mumford , Liz Ellis; NEWS: CORRESPONDENT Michael Hagmann; CON

TRIBUTING CORRESPONDENTS Michael Baiter (Paris: (33) 1-49-29-09-01, 

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

A S I A Japan Office: Asca Corporation, Eiko Ishioka, FusakoTamu-

ra, 1-8-13, Hirano-cho, Chuo-ku, Osaka-shi, Osaka, 541 Japan; 

(81) 6-202-6272, FAX (81) 6 -202-6271; asca@os.gulf.or.jp JAPAN 

NEWS BUREAU: Dennis Normi le (contr ibut ing correspondent, (81) 

3-3335-9925, FAX (81) 3-3335-4898; dnormi le@twics.com); 

CHINA REPRESENTATIVE Hao Xin, (86) 10-6255-9478; science@pub-

lic3.bta.net.cn; INDIA Pallava Bagla (contr ibut ing correspondent 

(91) 11-271-2896; pbagla@ndb.vsnl.net.in ) 

SCIENCEUOW (www.sciencenow.org) EDITOR Erik Stokstad 

SCIENCE'S NEXT W A V E (www.nextwave.org) EDITORIAL- SENIOR EDITOR 

Nicole Ruediger; EDITORS Robert Metzke (Bonn), Kirstie Urquhart 

(UK); CONTRIBUTING EDITORS Charles Boulakia (Canada), Mark Sincell; 

WRITERS Melissa Mert l , Vid Mohan-Ram; MARKETING.- MARKETING MAN

AGERS Karen Hor t ing (US and Canada), Hazel Crocker (Europe); 

PROGRAM DIRECTOR Emily Klotz; ASSOCIATE Peter Cherukuri 

PUBLISHER Richard S. N icho lson 

ASSOCIATE PUBLISHER Beth 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; ASSISTANT Susan Max

im; COMPUTER SPECIAUST 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 payment questions: 8 0 0 - 7 3 1 -

4939 or 202 -326-6417 , FAX 202-842-1065 . Mai l ing address

es: AAAS, P.O. Box 1811 , Danbury, CT 06813 or AAAS Member 

Services, 1200 N e w York Avenue, N W.Wash ing ton , DC 20005 

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

202-326-6501 

MEMBER 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 Yi; 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-ATLANTIC AND U.S. 

INSIDE 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/BELGIUM/NETHERLANDS 

Andrew Davies: (44) 7-071-226-216, FAX (44) 7-071-226-233 • 

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

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

5 9 6 1 , FAX (81) 3-3235-5852 • TRAFFIC MANAGER Carol Maddox; 

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 G (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; SALES COORDINATOR Caroline Gallina; 

SALES REPRESENTATIVES Kathleen Clark, Jody Fenty, Christina Geiger, 

Bren Peters-Minnis; ASSISTANTS Erika Bryant, Sussy Castilla, Shirley 

Young; ASSOCIATES Christine Borkowski, Dawn Bruno; PUBUCATIONS AS

SISTANTS Robert Buck, Jane Vaughn; U.K./EUROPE: SALES MANAGER Debbie 

Cummings; PROMOTIONS COORDINATOR Richard Walters SALES EXECUTIVE 

Sabine Lenud; ASSISTANT Elisabeth Py: (44) 1223-326500, FAX (44) 

1223-326532 AUSTRALIA/NEW ZEALAND: Keith Sandell: (61) 02-9922-

2977, FAX (61) 02-9922-1100 JAPAN: Mashy Yoshikawa: (81) 3-

3235-5961, FAX (81) 3-3235-5852 

AAAS B O A R D OF D IRECTORS 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 
www.sciencemag.org/misc/con-info.shtmL 

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

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 Baughman 
Allied Signal 

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 C. 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 C. 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 Korner 
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 
£cole Normale 

Superieure, 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 

18 7 APRIL 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-int.co.uk
mailto:asca@os.gulf.or.jp
mailto:dnormile@twics.com
lic3.bta.net.cn
mailto:pbagla@ndb.vsnl.net.in
http://www.sciencenow.org
http://www.nextwave.org
mailto:membership@aaas.org
mailto:advertising@aaas.org
mailto:science_classifieds@aaas.org
http://www.sciencemag.org/misc/con-info.shtmL
http://www.sciencemag.org


Works great with or without serum 

Highest levels of transfection available 

Best results with hard-to-transfectcell lines 

Alienated by hard-to-transfect cell lines? GeneP0RTE RT" 2 
transfection reagent has out-of-this-world results for a variety 
of cell lines. This new reagent yields higher efficiencies than 
GenePORTER reagent, even in the presence of serum. Order 
GenePORTER 2 reagent today and make contact with the next 
generation of transfection reagent. 

GenePORTER 2 reagent or a competitor's transfection reagent 
was used to deliver the P-gal expression plasmid into cells in 
24-well plates. Each manufacturer's protocol was followed. 
Following transfections (48 hours), a colorimetric assay was 
used to measure P-galactosidase.GenePORTERTM2 

T r a n s f e c t i o n  R e a g e n t  

75 reactions (0.75 ml) T202007 
150 reactions (1.5 ml) T202015 

750 reactions (5 x 1.5 ml) T202075 

Now available on our web site: 
J Gene Therapy Systems, Inc. 1999 Catalog 
J Updated list of sucessfully transfected cells 

To Order: 888-428-0558 Benelux. BlOzymTC BV +31 +(0)45 532 77 55 China. Shanghal Haoj~a 
Tech. 86-21-5453-0107 Denmark. KEBO Lab AiS +45 43 86 87 88

Fax: 858-623-9494 Finland. Kebo Lab +358 9 8045 5300 France. OZYME +33 1 30 85 92 92 

10190 Telesis Court, San Diego, CA 92121, USA Germany. PEQLAB 49-9131-691-470, Biozym +49 5152-9020 Israel . 
Biotech Appi. 972 8 928 5353 Italy Duotech 39 02 331 066 30 Japan. 

Check out the Gene Therapy Systems web site @ Funakosh~81-3-5684-1622, Takara +8i-77-543-7231 Korea. Core Bio 82 2 

http://www.genetherapysystems.com 841-7530 Norway. Kebo Lab AIS +47 22 90 00 00 Sweden KEBO Lab 
+46 8 621 35 07 South Africa. Millinium 27 12 8034-876 Spain .b~oNova 
+34 91 551 54 03 Switzerland Axon Lab AG +41 561484 80 80 Taiwan. 
PROtech 886 2 23810844 Unlted Klngdom Llfescreen Ltd 01895 453700 

C~rcleNo 81 on Readers' Serv~ceCard 





High Purity - sufficient for 

automated fluorescent and 

manual sequencing. 

Consistent Results - up to 6 yg 

of plasmid per ml. 

Fast - up to 24 preps per hour. 

Quality - time and time again. 


Easy Operation - begin prep 
with direct loading of bacteria 
culture - with no centrifugation 
step, you save time. 

2-800-466-7949 K t J t A K L ' H  

11339 SorrentoValley Xd .San Diego, CA 92121 Phone: (619) 452-2603 Fax  (619) 452-6753 
Circle No. 26 on Readers' Service Card 



Perform Comprehensive 

I 
Sequence Analysis 

Retrieve Assembled ESTs 

I 	 I 
Identify Protein Domains 

Retrieve and Analyze 

Human Genome 


Monitor for Identical ESTs 

Monitor for Identical cDNAs 

Monitor for Similar cDNAs 

Monitor for Similar Proteins, 
Search EST Database 


Monitor for Similar Proteins 


Monitor DoubleTwist Human 

Genome Database 

Monitor for Identical 

I 
Genomic DNA 

IMonitor for DNA Patents 

1 Monitor for Protein Patents I 
...and more on the way.1 


A special breed of research inquiry 
At your command 

I	Automated agents that search and monitor 
public and proprietary databases 

IContinuous updates per your specifications 

I	A reporter of news and studies relevant 
to your research 

I	A purchasing agent to move your 
experiment forward 

DoubleTwist.com 

Pbrtal to theCodeT" 
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STATlSTlCA (automaticall! configures itself for Wndoas 95/98/2000) h complete data 
analysis Tstem aith thousands of graphs inregrared uirh all procedures DDE. OLE client/sener, 
cusromizable AutoTask toolbars .The largest selection of sutistics and graphs in a single system: 
comprehensive implementations of: hp lo ra ton  techniques; multi-wa) tables/banners: nonpara-
merrics: distribution fitting: regression: general nonlinear estimation: logitlprobit: general .k\CO-
L;b%k\COL4: GLM and Generalized LM: partial leasr squares analysis: variance components: dis-
criminant: log-linear: correspondence: cluster. co11i5rmaton_/exploratonfactor analysis: multidi-
mensional scaling: classification trees: canonical correlation: item analysidreliability survival analy-
sis: time series modelinpjforecasting: structural equation modeling. Monte Carlo simulations; and 
much more On-line comprehensive inrroductions~overvie\~s,over 3 hours of multimedia step-by-
srep examples Sta.ts hd~isorexpert s)stem Workbooks \\ith .4utoOpen documents 1 hrensive 
data. management facilities (Far spreadsheer of uhmited capaci) with formulas. Drag-and-Drop. 
.?.utoFill.Auro-Recalculate, splir-screedariable-speedscrolling, advanced Clipboard support. DDE 
links, hot links to graphs, relational merge, data ver&cation/cleaning) Powerful STATISTIC4BASK 
language (professional development environment) uith matrix operations. full graphics support. 
and interface ro external programs Batch command language, editable macros. "turn-ker 
automation .Open .Architecture: custom-designed procedures can be added to toolbars .Uout-
put displayed in Scrollsheets'" (customizable, presentation-quality tables aith instant 2D/3D/multi-
ple graphs) or word processor-style (unlimited) editor d t h  test and graphs .htremely large analy-
sis designs (e.g.. correlations up to 32.000s32.000) 1 hlega6le Manager with up to 32.000 variables 
(8 Mb) per record .Cnlimited f le  size: extended/quadruple precision: unmatched speed . 
&changes dawgraphs with other applications via DDE. OLE, or  estensive f le  impodesport facili-
ties (including ODUC access to ~irmallyall databases and mainframe fles) .InterneVHThIL support 

Hundreds of bpes of graphs .Facilities to custom-design new graph bpes and add them to menus 
or toolbars .,Advanced drawing tools (e.g.. editing of comples objects in 32s zoom mode), com-
pound (nested) OLE documents. Multiple-Graph BtoL;1yout Wizard, page layout control: 
unmatched speed of graph redraw .Interactive rotation. perspective and cross-sections of 3D dis-
pla)s .Large selection of tools for grapllical esploration: animated brushing. fining/smoothing. 
spectral planes. projections. layered compressions .Price $1095 

Quick STATlSTlCA ..A subset of S7ATfiTIU: a selection of basic statistics and the full 
grdptucs cdpdbhtle5 of SL471ST/C1 .Pnce $495 d , 

& 

STATlSTlCA Neural Networks (mterfdce5 alth but doe5 not requlre STATETI-
I . . e . 

~ I I I ~~ ~ l i ~1111, ~ 1 l t 1I I I ~ I  1 
C4) 1 The mo5t comprehenme and u5er fnendl! neural networks dpphcduon on the market . -. " e m  - " 
Ln~queIntehgent Problem Soher (IPS) nehsork alzdrd Endlen d r d ~of 5tatl5tlc5 chdmng i -

I 
I 

opuon5 nehiork archltecture5 and twnlng algonthm5 Pnce $795 --- ----
STATISTICA Power Analysis (~nterfacestsih but does not requlre JTATlSTIC4) 1 

I - - --
1 

4 comprehensne e\tremel\ precl5e and u5er-fnendl~re5earch tool for analwng all aspects of 
5tau5ucal poaer and sample slze calculduon .Pnce $495 " - - - a  + 

STATlSTlCA IndustrialISPC Solutions .?. comprehensive selecuon of the 
most tleuble custonuzable tools for quahh control dnd Impro\ement apphcatlon5 (150 9000) $In-
gle-user and enrerpnse ~ncludnge\rensl\e lmplementdtlons of .(luuli[)~Conttol Churls 
Pnce $695 1Proces~.4rral)si.s+Pnce $495 1 Ilrsign ofE.vperirnerzts* Pnce $495 
'Thece ddd on produclr requlre \T4Tl\TIC4 Quick AT4TI\TIC4 or  QC Charts 

STATlSTlCA Enterprise Versions: SEWSS (SPC) and 
SENS .Data warehouse integration, data mining, estensive groupware functionahty 

STATlSTlCLVMacintosh1Pnce $695 1Qu~ckversion also a d a b l e ,  Pnce $395 _ _ I { --- -.-------- --- -1 
I .=--- 3 9  t ,  

w- -
"--A 

OIerseas pnces 25% hlgher Domesuc sh/h $12, 10-da\ monev back guarantee 

STATISTICA has received the highest 
rating in EVERY comparative review of 
statistics software in which it was 
featured, since its first release in 1993. 

0; 

Interactive WEB site: ^ - " -%. ,- . . I&*I/
' 14 __i,.-&. r 

2300 East 14th Street Tulsa, OK 74104 USA (918) 749-1II 9  Fax: (918) 749-2217 e m s i l :  into@statsoft.com WEB: httpJtwww.statsoft.com 
StatSoft GmbH (Hamburg, Germany), ph. +49-40-468866-0, fax. +49-40-468866-77 StatSon Ltd. (London, UK), ph: +44-1234-341226, fax: +44-1234-341622 
StatSoft Polska sp. z o. o. (Krakow,Poland), ph. +48-12-428-43-00,fax, +48-12-428-43-01 StatSon France (Paris, France), ph: +33-145-185-999, fax: +33-145-185-285 
StatSoftTaiwan (Taipei,Taiwan R.O.C.), ph. +886-2-2346-2576, fax: +886-2-2346-2577 StatSon Japan Inc. (Tokyo, Japan), ph: +81-3-5475-7751, fax:+81-3-5475-7752 
StatSoft Pacific Pty Ltd. (Melbourne,Australia), ph +613-9521-4833, fax: +613-9521-4288 StatSon ltalia srl (Padova, Italy), ph: +39-049-893-4654, fax: +39-049-893-2897 
StatSoft ScandinaviaAB (Uppsala, Sweden), ph: +46-18-21-00-45,fax: 46-18-21-00-48 StatSon Korea (Seoul, Korea), ph: +82-2-783-5875, fax: +82-2-783-5874 
StatSofl Benelux (Groningen,Netherlands),ph: +31-50-526-7310, fax:+31-50-527-7665 StatSon lberlca (Alges, Portugal), ph: +35-121-411-3008, fax: +35-121-411-2580 
StatSofl Brazil Ltda. (Sao Paulo, Brazil), ph. +55-11-441-4870, fax: +55-11-4227-4293 StatSon Russla (Moscow,Russia), ph: +7-095-916-8838, fax: +7-095-916-0393 
StatSofl Southern Africa (Pty) Ltd. (Midrand, S. Africa), ph: +27-11-254-8450, fax: +27-11-254-8451 StatSon Israel (Tel-Aviv, Israel), ph: +97-23-562-7110, fax: +97-23-562-3607 
StatSofl Czech Republic S.R.O. (Prague, Czech Republic), ph: +42-2-333-250-06,fax.+42-2-333-240-05 StatSon S.E. Asia (Slngapore,Singapore), ph: +65-473-2520. fax: +65-473-3020 
STAT,STICA s ~ W S S ~ ~ "s ~ ~ ~ S ~ ~ ~are Iradsnar*i 01 S t a t ~ ~ f lP C  Circle No.12 on Readers '  Service Card C O P Y ~ D ~ !sta!san :ni :984-zow 





Custom Peptide Synthesis 
Our popular custom peptide synthesis 

service guarantees a minimum of 20mg of 
product for peptides 10-20 residues in 
length. The service includes synthesis, 
cleavage/deprotection, lyophilization and 
mass spectrometry. Basic synthesis is $18.00 
per residue. There is no charge if we are 
unsuccessful after two synthesis attempts. 

For researchers needing longer peptides 
or more product, we also offer a bulk synthesis 
service for $39.00 per residue. Please call 
our custom peptide synthesis department, 
or send e-mail to Kelly Wasmund at 
kwasmund@resgen.com,for additional details 
on either of these services. 

Dye-Labeled Peptides 
Fluorescein. Rhodamine and other dyes linked N-terminal or C-terminal. Fluorescence-quenching peptides 
can also be provided. 

Di-epitope MAP Peptides and Branched Peptides 
Two different peptides can be synthesized on the same branched lysine MAP cores or linked via lysine. 

Immunogenic Peptides 
Multiple Antigen Peptide (MAP) - $175.00 + $18.00 per amino acid. Yields average 15-40 mg 

@ Research Genetics and Accelerating Discovery are U.S. registered trademarks/service marks of Research Genet~cs.Inc. (Hunt\ville. AL). 

Research Genetics 
Accelerating Discovery 

2130 Memorial Pkwy, SW Huntsville, AL 35801 
U.S. or Canada 800-533-4363 Worldwide 256-533-4363 

U.K. 0-800-89-1393 FAX 256-536-9016 
http://www.resgen.com 
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Tlqousands o fsatisfied customers in 30 countries 
No hidden costs . Superior Technical and CustomerSupport 

In-houseexpertise in peptide and organicchemistry immunologq!biochemistry 0: signal transduction 

Peptide b v i t e s  , ,M,~ . , c .  Antibody Protocols ,,,,,,,,,,.: 
HPLC and Mass Spec. analysis Technical assistance in choosing optimal peptide sequences 
N-terminal acetylation and C-terminal amidation All peptide work (up to 18 AA's) + 4-8 nig of purified peptide 
Scales from milligrams to > I 0  grams HPLC purification to >90% and Mass Spec. analysis 
Options include: puriiic-ationto 98+0/i,, phospliopeptides, ELlSA titers of 21 : I  5,000 
biotinylation, dyes, iattv acylation, cyclic peptides, FRET peptides Options include: Afiinitvpurification and pllosphorylation site-sprciiic 

antibody protocols 

C~rstoinDNA Svnthesis 

24 Hours' EconoPlJRE 
'Shipped 

72 Hours' FRET Probes 

Order Online:wwwbiosource.com 



ELlSA Kits, mRNA Kits, Antibodies, Recombinant Prote~nst nd Primers 
for Signal Transduction, Cytokines, Chemokines, Gro\t4*i Factors, 

fi-Amyloid and other Neuroscience rnarkers 

Now OrderD i r e t  irr the EJK !~ e ! ;o 800169 1547 

OSOURCE - For research use onl) 

BioSource International, Inc. INTERNATIONAL F a x :  ( 8 0 5 ) 9 8 7 - 3 3 8 5  

BioSource Europe, S.A. Tel: +32-67 88  99 00 BioSource Deutschland, CrnhH Tel: 0 800 100 85 7-1 
BioSource Netherlands, B.V. Tel: +31-76-501 -1IiL-1 BioSource United Kingdom, Ltd. Tel: 0 ($00169 1 i-17 

Austnla +61 7 3352 6100. Austra +431801 04 250. Canada 514 733~1900 Ch~le5 6 2  209 6770 Denmark -45 86/10 I0 55 .Egvpt +202'348 0997. F~nland+3583 682 2758 .France +33 1'42 53 14 53 
Greece 130 1 52 81 900. Hungan +36 11395 90 48 .lnd~at91180 634 6520. Israel t9723  934 99 22 ' Itai! t39  02 26 28 91 Japan+813~5645-2751.Weuico +525/5l9 3463 l e w  Zealand +64 9'573 0770 

\onvak t.17822 200 137 .Poland t48 228356278 .South Arr~ca+27 11,792 6790 .Span t34  93 404 55 02 Sweden +46 81625 1850 Swtzerand t04l 41420 116 36 TalitSan886 2 2790; 7902 .Turkei t90  1312432 4130 
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Gene Arrays Has Expanded (again!) 
Our Panorama Human iZpoptosls Gene Arra>s let > ou monltor the dlffer-
entlal expression of almost two hundred genes found to be ~nvolvedIn the 
apoptotlc pathways These Include genes from the follomlng famllles 

Apoptosls-Related Factors C) toklnes, Gron ~h Factors (Z_T Receptors 
Apoptosls Suppressors Neuronal Factors 
Bcl-2 Related Signal Transduction ProLelns 
Caspase and Caspase Substrates TNF Superfainll) 
Cell Cycle Regula~ors 

T11t gtrizs clri. spc~ttedIn iiitpliiclti. (JII izyi(~iznitnibiclnzs and aizal~:eii using standad nioli.~uiclib ~ o i c ~ yttihruijui.~. 

P?(~diiitSunibzrs: PRrJPL3002 2 Piiiz(~ratnaHitil~clriA ~ O ~ J ~ O S ~ SGent L4rrcl~s 
PRLAI?I?I?I Paizoriimcl Apoptosls iDXA Liibzllizg & H>l7riiil;iitic~iz Kit 
GPL4PL3L3L31 Human L4poptosisiDX4 Labeling Pnnizis 

Panorama Mammalian Panorama 
Gene Arrays Microbial Gene Arrays 

Genes are spotted in dcplicate on nylon nlembranes PCR-amplifiedopen reading frames representing 
Hcn?an Cytok~ne all proteln coding sequences, arrayed in duplicate 
Hcxan .\poprosa on nylon hybr~duationmembranes 

Nouse Cytoklne (coming soon) E. coii B,subhhs H. pylori (commg soon) 
htousr Apoptoslj icomng soon) C. jeluni (com~ngsoon) 

Microbial ORFmers 
PCR priiner palrs designed to ampl~f~lilcir 
of the ORF w~than average length cf - 1  kb 

E colt B \ubt~l t \  

H ~l\l l>rt  c !t]~l!ll 

\f l i l ~ ~ i ! t L i ! i ~ ~ l ~  .B IntrgJofcr: 

SIGMA Sigma-Genosys, The kVoodlands, Texas: Phonz 877-260-0763 or 281-363-3693 p~nforniation@s~;ilcon1 
Cambridge, U.K.: Phonz (+4?)(0)12238390110 info@s~grna-gznos)~co uk 

G E N 08 5 Hokkaido, Japan: Phonz 81 133 73 5005 znosys@gencs;s co jp nT\-\vgennj>s~ o n i  
Australia: Phonz 61 2 9841 0555 .S~pni;iaOibmnzl 

These products have been manufactured by Sigma-Genosys using recombinant DNA supplied by R&D Systems. 
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* Ready to Use: No membrane treatment or assembly is 
required. Caps are provided to  seal each unit to prevent 
evaporation and airborne contamination. 

Trust the entire family of Pierce 
Dialysis Products. 
S l ide -A -LyzerWlN l  Dialysis Units 

Slide-A-Lyzer'  MINI  *Ve ry  economical and very fast 
Perfect for  small (10-100 11) samples 
Excellent sample recovery (90-100%)  

Slide-A-Lyzer" Dialysis Cassettes 
* 9 5 % t  sample recovery 
V e r y  high surface areaisample volume ratio for  

SnakeSkin'" D ia lys is  Tubing rapid dialysis 
For 100 11-1 5 m l  sample sizes 

SnakeskinTMDialysis Tubing 

s l i d e - ~ - ~ y z e r -Dia lys is  Cassettes Veryeasy to f i l l :  The first truly tubular dialysis tubing! 
Very easy to  use: No preparation or presoaking necessary 
Veryeasy to  dispense: Snip what you need 

F o r  15-100 m l  sample sizes 

For detailed technical information and an  online product demonstration, visit the Pierce 
web site at www.piercenef.com. Call 800-874-3723 or, outside the U.S. ,  

815-968-0747 for the name of your local distributor. 

3 7 4 7  N M e r d a n  R d  PO Box 1 1 7  Rock fo rd .  L 6 1  1 0 5  U S A Tel 815 -968 -0747  Fax 815 -968 -7316  
T e c h n c a  A s s ~ s t a n c eE-mal l  T A B p e r c e n e t  corn Cus tomer  A s s ~ s t a n c eE-mal l  C S B p e r c e n e t  corn In ternet  h t t p  !!i'iihi\'d pe rcene t  corn 

? P erce  CtieTl~caICornpai) 2000 a Perbo S c e i c e  Con:oan, 
Sde-A-L,zer allc SiakeSki are tracernarks of  P e r c e  Clle~li~calC o T l p a i )  
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Microarray Systems 

for the Millennium 


From the leader in microarray analysis comes a variety of 
microarray systems to meet your needs in the new millennium. 

ScanArraya5000 

Powerful 4 laser system 


ScanArraya4000 
Now with 3 laser wavelengths 

-% . . .  *$ UpgradableNew ScanArraf Lite 
Affordable 2 laser system *P 5 vm resolution 

*:*
 Compatible with most 

spotters and biochips 

Accomodates a variety *:. 

of fluorophores 

Quan tArray@ 
Analysis Software 
Integrated image 
analysis 

I / Autoloader & Barcode Systems 
and ~ d r n a i e dsystems 



Call 1 800-638-6692(USA) 

agalnst IS0 9001 

Alex* IS a trademark of Moiecuiar Probes UluaVlEW Wallac 
of PerktnElmei Inc 82000PeriunElmrr fnc 

and Pw 

Perkin~",:{~~p$~~~" 
lrfe sciences. 

9238 Gaither Road 
Gaithersburg, MD 20877 USA 

P.O. Box 10 
Fin-20101, Turku, Finland 

Web: www.perkinelmer.com 
To order: www.perkinelmer.com/wallaconl~ne 
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Are Your Mouse Products 
Leading You in the Right Direction? 

Endogen Provides More Choicesfor More Solutions 
Our Comprehensive Line 
of Cytokine Products Just 
Got Bigger. Over 70 Antibodies -

Convenience and Flexibility 

ELlSAs .. . including matched pairs, 
minikits, and antibodies for: 

Save Money and Space ELSA development 
2-Plate kits Western blot 

In vitro neutralization 
Available now! 

More Results per lmmunohistochemistry 

50 p1 sample size 

Save Time Recombinants 

Complete Line -
Value and Ease of Use 

Growth factors 

ultiple sizes/bulk quantities 

Service and Support 

All products are shipped 
overnight and are backed by 
Endogen's Technical Support 
Professionals and our Quality 

For a free gift, tell us about yo1 
research. Take the Endogen 
survey at www.endogen.com. 

To order or receive 
more information, 
call 800.487.4885 
or contact your local 
Endogen distributor. 

E N D O G E N  
Woburn, MA 01801-1059 USA Tel: 781.937.0890 Fax: 781.937.0891 

www.end0gen.com 



Visit our Life Science web site at discove~bio-rad.com. 

Call toll free at 7-800-4BIORAD (1-800-424-6723); outside the U.S., call (570) 741-6996. 
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You're about to make an important scientific discovery.. . 

Nikon. 






different master mixes and various reaction set 
ups. Samples are ready for use on the Lightcycler 
Instrument or 96-well format thermocyclers. 

For more information on MagNA Pure LC, visit 

Australia Tel.: + 61-2 98 99 79 99 Austria Tel.: + 43-1 27 78 70 Belgium Tel.: + 32-22 47 49 30 Canada Tel.: 800 3 61 20 70 
Czech Republic Tel.: 03 24-62 66 48-9 Denmark Tel.: + 45-36 39 99 58 Finland Tel.: + 3 58-9 52 53 33 66 France Tel.: 
+ 33-54 76 76 46 85 Germany Tel.: + 49-6 21-7 59 85 39 Greece Tel.: + 30-16 86 06 00 Israel Tel.: 9 72-66 38 05 69 Italy Tel.: 
+ 39-03 92 47 41 08 Japan Tel.: + 81-3 54 43 52 84 Luxembourg Tel.: 0 03 52-48 248 21 Mexico Tel.: + 52-52 27 89 12 Netherlands 
Tel.: + 31-3 65 39 49 11 New Zealand Tel.: + 64-92 76 41 57 Norway Tel.: + 47-23 37 33 00 Poland Tel.: + 48-2 26 67 91 68 Roche Diagnostics GmbH 
Portugal Tel.: 01 417 17 17 Spain Tel.: + 34-9 32 01 44 11 Sweden Tel.: + 46-84 04 88 00 Switzerland Tel.: + 41-417 99 61 61 
United Kingdom Tel.: 08 00-8 14 63 99 USA Tel.: 800-428 54 33 Roche Molecular Biochemicals 
MagNA Pure LC I S  a trademark of a member of the Roche Group Mannheim, Germany 
L~ghtCyclerI S  a trademark of and licensed from Idaho Technology Inc 
t 2000 Roche D~agnost~cs GmbH All r~ghts reserved 
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the best way to order oligos in large volume 


INTR@lbUGl%r%Q 

Your-Wlay 96-Well PIates 
Custom Loaded wSth Your 
Qfigosand Shigged In 2-5 Days 
...Only fram JDT 

We'll Load Your Plate Your-Way 
IDT's Your-Way 96-well plates are customized tc 

best meet your research needs. Single oligos 01 

mixture of forward and reverse primers can be lo: 

into each well exactly the way you want it. 

We'll Set Up the Concentration You way 
A fixed quantity of oligo can be supplied in ez iwell, 

Order as few as 24 oligos Your-Way measured in ODs, nanomoles or micrograms. 
and IDT will load them anv wav vou wish. 
including these standard bption's: 

We'll DO the Documentation Your-WayPlate wells loaded with 100% of the synthes~s y~eld 

Plate wells loaded with a fixed quantity of oligo Your order will come with a specification sheet 

Fixed quantity per well with remainder of yield in labeled tubes. tailored your needs. In printed On a diskette 
-

Forward and reverse primers in fixed amounts loaded or as an e-mail attachment in a spreadsheet file. 
together in wells. 

Forward and reverse primers in f~xed amounts loaded Each Time YOU Order Your-Way,
together in wells with the remainder of yield in labeled tubes. You Save Time and Money 
Duplicate custom plates 

;;is9& 
 CALL OR CLICK TODAY 
-et For Details & Pricing: 

1-800-328-2661o\--s L t e 5 t  www.idtdna.com 

tacco@L '. 1710 Cotnmerc~alPark, Coralv~lle,IA 52241 
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Finding the Missing Link 

in Proteomics 


Adding function to identification. 

The Cha1 lenge. Through the Human Genome 
Project, a huge number of previously unknown 
gene products has been identified. 
One of today's biggest challenges 
in life sciences is to elucidate their 
functions. This takes a fresh and 
open-minded approach. Beyond 
simple identification with electro- 
phoresis and mass spectrometry. 

A New Opening. One entry point to the proteo- 
mics area is to search for binding partners for 
the new gene products. Both for understanding 
what the molecules do and as a help in develop- 
ing new drugs. But identification gives just basic 

structural information. The dynamics of mol- 
ecules are as important. You want to know: 
How specific is the interaction? How fast? How 
strong? How much of the compound is there? 

The Key to Success. These 
are difficult questions. But Biacore 
can provide the answers. Our 
automated instruments offer re- 
searchers novel ways to rapidly 
detect and monitor biomolecular 
interactions. Without labeling. 

And with minimal sample preparation. 
The answers are the key to success in both 

basic and applied R&D in the proteomics area. 
They will open a gateway to a more accurate 
picture of life. 
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RNAlaterTMis an extraordinary reagent that allows 
you to harvest and dissect samples for RNA isolation 
in a whole new way! 

RNAlater quicl<ly permeates cells and tissues at room temperature, rapidly 


inactivating RNases. Tissues o r  cells simply submerged in RNAlater can be 


stored, dissected and even shipped at room temperature. Imagine removing a 


sample f rom the freezer, dissecting a port ion for  R N A  isolation and archiving 

the remainder- it's possible wi th RNAlater. RNAlater is compatible wi th all 


R N A  isolation procedures tested. 


W i t h  RNAlater, you don' t  have t o  wor ry  about Icilling o r  degrading those 


preclous m R N A s  during sample collection and handling. 


M O R E  I N F O R M A T I O N  I N S T A N T L Y  


For lnstant lnformat lon about RNA1a:er , emall ( 
 I 

Informatron may also be obtarned by phone, fax or the reader servrce number below 

0. 


-0. For a complete 
3 / Q . r , P # ] f ' J . )  4J$j,rt""
r...i T '  t ~ . \ ji,J) d., i")t:*1-2 td _. 



Now you can experience remarkable precision and specialization from the most versatile platform available for automated molecular biology techniques. 


Complete solutions from Beckman Coulter include everything from hardware, software and chemistry kits to prevalidated methods, application-specific support and comprehensive 


service,further extending the effects of far-reaching flexibility. Visit www.beckmancoulter.com1nucleicacid today and find out how. 


e B m 
COULTER, I n n o v a t e  ~utamate 

SIMPLIFY 
Worldwide Bioresearch Division Offices: 
Australia (61) 2 984440N Canada (905) 8191234 China (86) 10 6515 6028 Fastem Europe, Middle East, Africa (41) 22 994 07 07 France 01 49 90 90 00 
Germany (83) 358700 Hong Kong (852) 2814 7431/2814 0481 I* 02-953921 Japan 0354C43359 Marico 5255591635 Netherhds 0297-230630 Singapore (65) 339 3633 

South Africa (27) 11805201W5 Spain 91 728 7900 Sweden 08% 53 20 Switzerland 0800 850 810 Taiwan (886) 2 2378 34% U K  01494 441181 USA 18B742-2345. 


02000 Beckman Coulter. Inc. 
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Faster Flexible Results with 
Affymetrix" Spotted Array Technology 
Introducing the 428" Array Scanner 

Affymetrix now offers the 

proven spotted array systems 

previously available from Genetic 

MicroSystemsTMplus the newly 

available 42gTM Array Scanner. These 

high performance platforms enable 

individual researchers to create and 

analyze custom microarrays easily 

and cost effectively. 

The AffymetrixB 417TM Arrayer, 

with proprietary Pin-and-RingTM 

technology, provides the highest 

available spot-to-spot reproducibility. 

Array Scanners both utilize Flying 

ObjectiveTMtechnology for rapid, 

sensitive, high-resolution scanning. 

The new 428'" slide scanner delivers 

bi-directional scanning at nearly twice 

the speed of any other scanning 

system while detecting a wider range 

of dyes. Affymetrix' spotted array 

platforms are supported by powerful 

new software for sample tracking and 

data analysis. 

Affymetrix provides integrated 

microarray solutions, comprehensive 

application support, and is able to 

license end users to create and use 

high density spotted arrays. Whether 

you're performing whole-genome 

expression analysis with Genechip@ 

probe arrays or designing your own 

spotted array experiment, Affymetrix 

can help you make sense out of life. 

For Further Information: 
1-888-362-2447 (1-888-DNA-CHIP) 
1-408-731-5503 

4L MICROARRAY SOLUTIONS ONLY FROM AFFYMETRIX 

rffynietrixm 
18'"' Array 

;canner 

O 2000 Altymetrix Inc A F F Y M E T R I X ,
Affymetrlfl GeneChlpa AFFYMETRlXa 417TM 4187" 4287M Plng and RtngTM Genetlc MlcroSystemsTM and 
Flying ObjectlveTM are trademarks owned or used by Aftymetr~x 

These products are llcensed for research use only Use of these products IS sublect to Affymetrtx terms and condltlans 
Commercial users are subject to addltlona llcense restrlctlans 
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global collection network 
We can meet your sample needs from inventory or by exercising our 
Global Collection Network on your behalf. We are adding samples, 
disease states, and collection sites on a regular basis. 

GenomicsCollaborative 

has a growing collection of 

DNA and serum matched to  

phenotypic data from 

patients with high prevalence 

diseases. These samples are 

available to  support 

your research. 

Some examples of samples w e  currently have, and are actively 
collecting, in the following disease states are: 
Cardiovascular disease (hyperdipidemia, hypertension, AM1 stroke) 
Cancers (Breast, Ovarian, Colon, Prostate, Leukemia, Lymphoma) 
Diabetes 
Asthma 
Renal failure 

All material is: 
Collected under IRB approved protocols and compliant wi th  GCP 
Processed and stored under GCP conditions 

For information regarding our current inventory o f  samples and 
disease states please contact us. 

GenomicsCollaborative 
1-877-GENOMIX, extension 248 (877-436-6649) 

email: getsamplesODNArepository.com 
www.DNArepository.com 
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