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ScienceAwards Pack a Full 
House of Winners 

Three new laureates per prize-the maximum number Nobel rules 
a w a i n  recognitionforfundamentaladvancesintheir fields 

After receiving his Ph.D., Nurse began 
working at the University of Edinburgh, 
U.K., sea~~imgfor cell cyclegenes in thefis-
sion yeast Sch-c- pombe. Like 
Hartwell, he soon i-ed a number of cdc 
gem, asw l l  as so-called"me'' mutations 
t h a t c a u s e d t h e ~ t o g o i n t o ~ e d y ,  
stunting the growth of the cells.When oneof 
these mutatedgenes,we2, turnedout to be a 
mutant form of a gene Nurse had isolated 
earlier called cdc2. he reasoned that cdc2 
mustcontrolwhenmitosisbegins. 

QcUng LONDON-Paul Nurse Hamellmzdls. Subsequent work revealed that c&2 op-
andT i  Hunt have been Theoddly shapedcells, it turnedout, wxe erates as a master control switch that deter-

Toward good friends for nearly having troubledividingAAerone or twoga- mines the timing of key steps in cell divi-
Stockholm 20 years. indeed, they emtiom,fbr example, each d d  have a very sion. Moving on to the Universityof Sussex, 

have much in common. large bud, which had Medto sepamte and and later to Oxford and London,Nurse and 
Bothhoonductedpioneer@ dinto becomea daghtercell. 'Wewxe immediate his co-workers found that the cdc2 gene 
the intricate molecular choreography that ly slumed by theamount of i n f i a n  they codes for a protein called a kinase, part of a 
drives cell division.Both wwk for Britain's gave us on cell Won," Hartwell says.They famiy of regulatory enzymes important to 
ImperialCancer Research Fund d d  see fhe physi- many cell fimctions. The groupalso showed 
(ICRF): Nurse as its director- cal amseqmoes of that cdc2 is nearly identical to Hartwell's 
general and Hunt as head of the mutation asw l l  cdc28 gene in bakers' yeast. 
ICRF'sCellCycleCmtml labora- as at what point in In the meantime, Hunt, who had received 
tory in South M i north of the cell cycle the hisPb.D.~CambridgeUniversity,began 
London. "We are very comple- mutation exerted its spending summers at the Marine Biological 
mentary," Nurse tells a visitor eBect. By the early Labomtory in Woods Hole, Massachusetts. 
whohascometoseethepairin l970s, the Harhmll He was tryingto f i w  out how f w o n  
Nurse's L~mdor~office, ~lvwlook- lab had identified of the sea urchin egg triggers protein syn-
ing the !ush green gadem of Lin- dozens of gene mu- thesis, one of the f a steps in the develop 
mh's Inn Fields. Now, Nurseand tations that disrupt ment of the sea urchin embryo. But the 
Hunt have something else to the cell cycle, al- work seemed to be going nowhere. Then,in 
share. With yeast geneticist Le- though the mdm of 1982, Hunt tried what he now calls "a com-
land HarheU,directorof the Ered pletely o f f - t h e m  +at "of 
Hutchinson Cancer Research Cell mates. Leland Hartwell the chperatevariety." 
Center in Seattle, Washington, (1eft);PaulNurseandTim Hedecidedtocornparethep 
they have been awarded this Hunt (bottom,Leftto right). tein synthesis patkms in fertilized 
year's Nobel F%kein physiob eggs with those that developed 
gy armedicine hidentifjrlng parthenogenetically-that is, with-
t h e k y m o l ~ s t e p s m t h e  out f d i o n .  Thed t s ,  he says, 
cell cycle. were a "complete welation." In the 

The winners' work led to the 

I 
fertilized eggs,the levelsof a protein 

revelation that the cell cycle is controlled present in high concentrations 
thronghthe~onoftwosetsofpro- dropped drastically just when the 
teitr9.thecycliPsandeatzymesdedW cells divided. Then the levels rose f. 
T h e i r ~ ~ o n l y ~ c e l l b i - again,odytodropatthenextround 
ology's most fimhrmentalpmwm-k abili- of cell division. Hunt named this 
tytogrrrwanddivide4mtslsohavehadim- protein cyclin, the f& of many such 
portsrntimpM01~9hmedicine.'Theprin- proteins to be discovered. 
cipalproblemincancercellsisthqrdivide 4

It soon emerged that Hunt and 
when b y  shlda't," says cellbiologist Ted Nurse were independently looking 
W e i u e r t o f t h e U ~ o f A r i z o n a i n ~  at two facets of the same problem. 
son. ‘‘Without tha.discoveries,amrsm- the pdrmdby these "cell division Further work showed that cyclins regulate 
searchddstillbeinthedarkages.'' cycle" (odc)geneswesn't known. the enzymatic activity of the C&2 protein 

~wscdadcin&edhthelate1%01, WhileHartwellwasmakhghissemiaal andotherso-calledcyclindependmtidna-1 
when Harhdbegan his mnk in yeastgenet- dismmies, Nurse was completing hisgrad- es (OKs). In fact, Cdc2 and its cyclin reg- 8 
ics. ''Pea& knew t h e  was a cell cycle, but uate shldiesin amino acid metabolism at the ulatm actuaUyjoin together to form a larg-
as frahw to get at the gems, it didn't aws University of East Anglia in Narwich, U.K. er molecular complex called maturation 2 
aqmebmhndthatit was e~nenpo&'Me atthat But the lab's amino acid analyzer kept promoting factor (MPF).MPF -which had 
point,n Weinert says. Hartwell's research breaking down, and Nurse had to spend first been identified as the key initiator of 
spmug b n ~a Meethe had a98igd to Bri- mauy hours babysitting the machine. This cell division in frog eggs in the early ,9705 
auReid, au u d e q m b k  student m his new gave him plenty of time to read journal art.- by the Japanese scientist Yoshio Masui- e 
lab at the Unkdty of Washington, M e .  cles, including Hartwell's early papers. "I had long resisted biochemical analysis. 
'1gawhimnrmtanS~~]thatfbrmed s a w ~ t h i s g e n e t i c ~ h i s ~ p o w -Now,thatmysterywassolved 
very odd shapes at high temperatures," erful"Nurse says. In 1987, when Nurse isolated the human 
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version of C & 2 4 l e d  CDK1-it alsobe- investigated the properties of particles that 
came clear that the cell cycle is conbrolled have integer spin-now termed 'bosons." 
by a universal mechanism that has been Bosom, which include certain atoms, behave 
conserved in yeast, amphibians, mammals, differently from their opposite numbers. 
and other organisms aver nearly 2 billion fermions, which have half-integer spins. 
yearsof evolutioa Fenniom tend to rnvid one another. that is 

Since then CDKs, c y c k  and theii as- why you can fit only a certain number of 
sociates have been at the center of research electrons. ~ ~ h i c hare fermions. into each 
onbothnormalandcancerouscellgrowth. atamicshell.Bosons.ontheotherhandhaw 
"If you said 'Let's give a prize for CDK no such&ctions, sonumy of them canoc-
theaearethe~peopleyouwDuldgiveit cupythesameatomicstateatthesametime. 
to,"says cell biologist Kim Nasmyth of the Einstein claimed that when cooled 
Research Institute of Molecular Pathology enough,bosom in a gas would stop jittering 
in Vienua,A d "I think [the Nobel com- about and settle downiato the 1- energy 
mittee] got it absolutely right." In facf says state,orground state.Thanksto their sociable 
cell biologist Joan Ruderman of IIarvard nature. thousandsof bosonscould allbe in the 
Univetsi. who worked with Hunt on some ground state. forming. in a sense,one b e  
of his early Wes.the whole field is enjoy- "-a BEC. BITS playgrounds
ing themoment in the spotlight. "For many for bizarre physics. You can manipulate a 
of us, it feels like cyclinlCdc2 has won the BE(' to createa very fmM h m c epattern 
Nobel Prize. and we are all very happy slow light ~QWII to a cra~1within it (Meme, 
aboutthat!" 27 July,p. 663).oruse it asanalmostmacro-

- M M L  WTER AND -PI VOCEL S C O ~ ~ Ctedtlggnxlnd f a  qu&WIl mechanics. 
"We brought it to an almost human scale." 

Wolfgang Ketterle, Eric saysWieman "We canpoke it and prod it and 
corne11,and~arlwie- l o o t a t t b i l ~ f f i n a m ~ n o o n e h a s b e e n  

( N w m o f  manhavegottma- abletobefope?
iMatter reception for their chilly For decades. mearchers lied to inveigle 

work: They have won mat& into becoming a BE<', without suc-

k the2001 Nobel Prize in physics for creating cess. Then, in 1995. Cornell and Wieman, 
the first Bose-EWin mdamtes (BECs) physicists at the University of Colorado. 
in gases of rubidium, sodium,and other al- Boulder. used a combination of optical and 
kali metals. magnetic trapping techniques to bully about 

"It's very well desemd.*saysClaude 2000 cooled rubid-

ICohen-Tannoudji, a physicist at the ium atoms into 
ficole Normale Supbieure in Paris. forming a BEC. 
''There [are] a lot of new dhctio118 be Shortly thereafter, 
ing qlorednbecauseof BECKhe adds. Wolfgang Ketterle 

Bymolinggasestoa of the Massachu-
~ a ~ r b o ~ a b s o h w a a d ~  setts Institute of 
e them into fbnning a new state of matter. Techaollogy created
% the b e  laureates verified a prediction a d & l y  big-

made by Albert Einstein 70 years earlier. ger BFi  cloud out 
~ i n t u r n , t o o k h i s c u e ~ p h y s i - of sodium atoms. 
cist S. N. Bose, who, in the mid-1920s. Those achiebe-

ments set off a flur-

Matter masters. Wolfgang Ketterle 
(above); Eric Cornell and Carl Wiernan 

(below,left to right). 

ry of experiments in which teams watched 
BECs interferewith themse1'c.e~.used them to 
create "atomic and wmhed as vor-
tices fimned and dissipated tkB F f i  
Researchershavealsoaddednewatomstothe 
roster of BEC-producing gases. including 
isotopes of hydrogen, lithium and most rp 
cently potassium (www.sciencexpress.org1. 
"'We've been surprised to see the explosive 
growth of the field" Ketterle says. "We 
thought it would be neat. but it has had an 
alumlous impact onatomicphysics." 
The pri.8, split ady among the three 

winners. comes asno mprise to the physics 

community. In 1997. Cohen-Tannoudji, 
along with physicists Steven Chu of Stan-
ford Unhersity and Wdli i  Phillips of the 
National Institute of Standardsand Technol-
ogy in (hithersburg. Maryland won theNo-
bel R ~ Rin physics for developing the cool-
ing techniques that enabled physicists to 
make BECs. That prize was widely seen as 
an early acknowledgment of the impormce 
of BEC research. Now the other shoe has 
dropped and the physicists who mated the 
first BECs canbask in glory that is far more 
thancold comfort. -auRIEssElFE 

A Web feature on this yeah physics laure-
ates, including research, news, and commentary 
from the pages of kfence, a n  be found at www. 
sciencemag.org/featureldata/nobelprize/2001/ 
p h y s i i L  

Pionem of chemical 
"Oar handedness received

One Hand their own round of 
Clapping applause fiomStock-

holm last week. A 
pair of U.S. r e William Knawles. 
now retired from Monsanto in St. Louis. 
Missouri, and K. Barry Sharpless of 
the Scripps Research Institute in La Jolla 
California along with Japanese chemist 
Ryoji Noyori of Nagoya Universitywm this 
year's Nobel Rize in chemistry fbr creating 
catalysts that can produce a particular geo-
metric form of a compound without creating 
its mirror-image partner. The work has 
proved vital for theproduction of amythhg 
fiom phammmlicals and flavorings to ad-
vancairnaterialsandiusectici~. 

George Whitesides. an organic chemist 
at I h m I  Cniversii, says the Nobel com-
mittee likely had a difficult choice because 
other researchem. including French chemist 
Ilenri Kagaa also played important roles in 
developing such catalysts. Kagan. Noyori. 
and Sharpless received this year's Wolf 
Prk. in chemistry, often seenas a predeces-
sor to the Nobel. Nevertheless. Whitesides 
says he is "delighted that Sharpless. 
Noyori. and Knowles were honored 'This 
combination of guys put together what has 
become a dominant theme in organic syn-
thesis. It has motivated the chemical com-
munity for a number of years." 

Chemists have known since the 1870s 
that molecules ~xncome in more than one 
mirror-image form This-h nas 
chirality, is widespread in biology: DNA. 
pmeins,andsugarsallboastmirmr~ins.In 
some cases this slight stnrclural difference 
can leadtodmmat i cco~ .Whenthe  
drug thalidomide was given to pregnant 
wvrmea in the 1960s to prevent nausea, one 
of its mirror-image forms caused birth de-
fectsin thousandsofchildren. 

At the time, most techniquesfor making 
handed molecules produced only mixtures 
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Ryoji Noyori, and Barry 
Sharpless (left to right). 

which the Nobel Prize 
committee calls %e single 
most important study in 
the litemlure on economics 
of information," showed 
how asymmetric informa- 
tion can create a market in 
which supply and demand 

1 are out of whack. If buyers 
can't tell the difference be- 
tween a peach and a lemon 

of chiral forms. Attempts to In classic economic (until it's too late), they won't be willing to 
purify out the desired compound were inef- Know'd~' Is themy, there are no se- pay what a peach is actually worth. As a re- 
ficient, costly, and wasteful, says Harvard h f m r  crets; everybody knows sult, the sellers of peaches retreat from the 
organic chemist Stuart Schreii .  Knowles what everybody else market, leaving only lemons-even though 
set out to make a catalyst specific to one knows. The real world, of course, doesn't demand for peaches is still strong. A recent, 
side of the k r .  He worked on one that vmrk that way. In most market settings, one costly example involves the information 
added hydrogen atoms to molecules harbor- side knows more h the other: a car dealer, technology (IT) sector of the economy it- 

8 ing pairs of carbon atoms. The carbon pairs say, who hows he's umloadiug a lemon, or a self: When prominent but unprofitable IT 
sit in a flat plane, and the hydrogens poke job applicant who knows how hard a urwker "lemons" began going belly up, investors re- 
out either above or below-which way de- she really is. Economists began exploring the alized they had no way of distinguishing 
termines the handedness of the f d  com- implications of "asymmetric infinmation" in them (in advance) h m  profitable ventures 
pound. Other early catalysts attached hydro- the 19708. The fiuits of their labors have now and pulled out altogether. 
gens to either side in-tely. But in netted bee of them a Nobel Prize. One way to cope with asymmetric infor- 
1%8 Knowla came up with a nwel v&on The latest laureates are George Akerlof mation is for informed parties to "signal" 
which, he says, "was shaped so that it could of the University of California, Berkeley, their information. In his 1972 dissertation, 
only come in on one side." He soon used Michael Spence of Stanford University, and Spence analyzed how job applicants use edu- 
this strategy to devise an industd process Joseph Stiglitz of Columbia University. cational attainment to signal their potential 1 to make L-dopa, an amino acid useful in Their findings undercut many once- pmdudvily. Racking up an advanced degree 

F &Wing Parkinson's disease. cherished assumptions of economics, or a grade-inflated GPA may not mean you 
Nayori later expamkd on Knowleg's early explains Andrew Weiss of Boston Universi- know anythmg useful, but it presumably says 

work to create more ty, including the mantric something about your work ethic. Spence 
-usefulhydrogen- "law" that supply equals found that informed parties can be driven to I adding c h i  catalysts demand, which may not overinvest in such @ds-be it a person who 
that are stiU widely used hold when information gets more education than he or she needs or a 
in industry today. For is unequally held. "This company that posts a big dividend instead of 
their work, the Royal is absolutely revolution- expanding, just to show investors it's making 
Swedish Academy of 

I 
a profit. "Mike's fundamental insight 

Balancing act. Michael Spence, lets us understand a huge range of real 
half of this year's chem- Joseph Stiglitz, and George Akerlof world phenomena," says Stanford col- 
istry prize. Sharpless (counterdochvke). league John Roberts. "Such insights 

come very, very rarely." 

I creating chilal cata- Uninformed parties can also elicit 
lysts that add oxy- information fimn the other side. In a 
gen to precursor , 1976 p q e ~  co-authored with Michael 
molecules. That has Rothschild of Princeton University, 
proven to be an Stiglik showed how insurrmce compa- 

2evenmoreversatile nies do this. By ofkrhg, for example, 
$ tool, says White- high-premidowdeductible vs. low- 

sides, because it premium/ highdeductible car insur- 
creates chilal build- ance, companies in effect get cus- 
ing blocks that can t o m  to declare how risky or safe a 

driver they are. 

C further to make a Revolutionary as it was, asyrn- 
wide mge  of mate- metric information is now widely E rials and drugs. accepted. "It's part of the canon of 
"Chemists used I ary work," W&s rays. "It economic theory," Rothschild says. What 
those to solve a changes the way we remains to be seen is whether the supply 
bunch of g n h t i c  problems that had previ- teach economics." of new ideas can meet the demand for so- fi ody barn insoluble,'' he says. Akerlof's groundbmkhg work, a 1970 lutions to economics problems. 

4 t a m r F . S ~ ~ ~  essay titled "The Market for Lemons," -BARRYUPRA 
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