
-MOLECULE OF THE YEAR 

A New Form of Matter Unveiled 
Physicists create the long-sought Bose-Einstein condensate, allowing easier exploration of quantum 
mechanics, while other researchers celebrate a new planet, a gene for eyes, brain images, and more 

Back in 1924, Albert Einstein predicted the 
existence of a new phase of matter, an exotic I 
state in which atoms defied the laws of clas- 
sical physics and followed only the dictums 
of quantum mechanics. In 1995, by chilling 
wisps of gas to ultracold temperatures, physi- 
cists finally got their first good look at this 
state. named the Bose-Einstein condensate 
after Einstein and Indian physicist Satyendra 
Bose. This vear's work ends an arduous auest 
and ushers in a new age of exploration in 
atomic and condensed-matter physics. 

We salute the condensate as Molecule of 
the Year for 1995, but this peculiar form of 
matter is not a molecule. Indeed, this year's 
magnificent achievement was to elude the 
everyday forces that bind atoms together 
into molecules and so unmask the more 
subtle powers of quantum mechanics. While 
atoms in an ordinary gas dart about in all 
directions. the atoms in the condensate 
move in lock step, at identical speed and 
direction. They have relinquished their indi- 
vidual identities to become a single, collec- 
tive entity, and their organized condition is 
expected to give rise to bizarre properties. 

The condensate's unusual nature makes it 
an ideal workshop for exploring the coun- 
terintuitive realm of quantum mechanics. So 

- . -  

holes. known as excitons. have been ob- 
served to form condensates in semicon- 
ductors. but these last onlv a few millionths 
of a secbnd. In ultracold liiuid helium, up to 
10% of the atoms are thought to be Bose- 
condensed, and this is intimately linked to 
startling properties such as superfluidity, 
which allows this fluid to creep up the sides of 
a beaker. But in liquid helium, the conden- 
sate is modified by the classical forces be- 
tween atoms, so the quantum-mechanical 
signature is muddied. 

To create a pure condensate, physicists 
need su~ercold atoms. where no heat veils the 
quantuAforces. Yet the atoms must be kept in 
a gaseous phase and prevented from collapsing 
into a solid or liquid. In July, by cooling atoms 
of rubidium to within a whisper of absolute 
zero, researchers at a lab run jointly by the 
National Institute of Standards and Technol- 
ogy and the University of Colorado managed 
this feat. In an ultracold cloud of gas, they saw 
their boldest dreams come true. as a textbook 

6 months after the first dramatic report, ex- 
perimentalists are rushing to create and ex- 
plore this new phase, while theorists calcu- 
late its properties. Physicists are already an- 
gling to apply the new knowledge, hoping to 
capitalize on the condensate's unique aspects 
to create a laser that shoots beams of atoms 
instead of light. Understanding the laws that 
govern matter in this cold, coherent state 
may help physicists understand the mysteries 
of superconductivity and perhaps even the 
early universe. 

Physicists have glimpsed Bose-Einstein 
condensation before, but never in a system 

example of Bose-Einstein condensation took 
shape. When they graphed the distribution of 
the atoms' velocities, they saw a now-classic 
portrait, with a dramatic peak close to zero 
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nl lr picks for hot research areas in 1996. 

g theprocedureistooexpethmtelofMo~.  
i- MeiW markem Efforts to find gc#retio markers for 

~ilinesshavebeenfraughtwithfalsestarts.But oloa,don#? 
~ f o w i ~ t e a m s o f ~ ~  Xenotrans- 
that an area on chmmwm 6 is linked to s&Wphmia plants move 
In some Wnilk. Next step: using these results to find forward. 

aedlring heat of dbep sea vents? Extremophiles do, and these microbes 
with a yen for the wild side are hot properties in biology and chemistry, 
hmks k, part to their Wtial  industrial uses. In 1995, maarchers 
ldenWfedtheclystalsrmchrresofenzymesfromtheseone-ce#edwon- 

virulent bacteria possess a newly di$cov- h. Expect more in '96, as sciemists sequence the rniaobes' genome$ 
ered weapon: the abilii to deliver proteins mdaMltinuetoprobehowtheirproteinssulvhreexb'emeconditkns 
and other molecules into taw dk, per- ~w~lt.~wosma#~pmteinsnamed~acand~hohaverecentlybeen 
haps to d i m  them or disrupt their immal mveaki as central &wiEches in the cellular communicabion netnrork. The 
communications. Watch for new dataon the p a i r ~ ~ n d s s i g n e l s t h a t n o t o n l y h d p t r i g g e r o e l l ~ i r  
molecu larcomponentsd~s~atvpe  trdtbnal mle-bul atso prompt cell prorrteratkm and gene tram 
3 secretion system, and how this helps bac- Neutrino m. Detector scription. Expect bidogists to rapidly uncover details of these 
teria vanquish their hosts. aims to weigh neutrinos. signaling pathways and learn more about their physiological roles. 

1902 SCIENCE VOL. 270 22 DECEMBER 1995 



velocity that represents the atoms slowly 
emerging from the condensate. 

This stunning achievement rests on a 
long history of research in condensed-matter 
and atomic physics, for the successful experi- 
ment marries several cooling techniques de- 
veloped over the past 2 decades. The Colo- 
rado physicists slowed atoms with laser 
beams and trapped them in magnetic fields. 
Thev cooled their sarn~le further with a 
mekod called evaporathe cooling, which 
works much the way a cup of tea cools, by 
allowing the hottest atoms to escape. Sur- 
prisingly, these techniques are within reach 
of many physics labs around the world. The 
hardware itself is estimated to cost $50,000 
to $100,000-a bargain price for observing a 
new form of matter. 

The ability to create the condensate will 
allow researchers to study quantum behav- 
ior-typically seen only at the atomic scale or 
smaller-in a macroscopic system. For al- 
though the first condensate was only about 
the size of a living cell, physicists are making 
larger samples all the time. In the fall, re- 
searchers at the Massachusetts Institute of 
Technology created a condensate with 200 
times as many atoms as in the first sample, by 
moddying the magnetic trap with lasers and 
using sodium atoms. And they did it in only 9 
seconds as compared to 5 minutes, talung a 
giant step forward toward the goal ofrnanufac- 
turing quantities of condensate quickly. With 
this new phase of matter in hand, physicists 
have dozens of questions to explore, from 
whether the condensate is truly a superfluid to 
whether it absorbs, reflects, or refracts light. 

In principle, nearly three quarters of the 
elements in the periodic table could enter 
Bose condensation, so this year's research 
opens the floodgates for studies on a variety 
of different elements and conditions. Indeed, 
in August, shortly after the Colorado experi- 
ment, a group at Rice University found evi- 
dence of Bose condensation usine lithium u 

atoms. Theirs is a provocative result, for 
theorists had ~redicted that these atoms 
would collapse into a lithium snowflake 
rather than staying as a gas long enough to 
enter Bose condensation. 

Meanwhile, theorists are already busy 
making new calculations based on the 1995 
experiments. Because Bose-Einstein con- 
densation is related to superconductivity, 
this work may help solve the mystery of how 
certain materials manage to conduct current 

f without resistance. Also, some astrophysical 
5 theories invoke an asymmetrical pattern of 
E Bose condensation to explain the bumpy dis- 

tribution of matter in the early univene, a 
" distribution that eventually led to theforma- 

tion of galaxies. Having an actual Bose con- 
3 densate could help develop such speculations. 
I. In the long run, this new form of matter 
$ may yield substantial benefit to industry and 
j society as well. That's because the conden- 
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that a gene called eyeless has the sweeping 
powers of a bona fide master control gene. 

Biologists already knew that eyeless was 
nece,q for eye formation in fruit flies. B~~ 

spectacular experiment, the ~~~~l team 
found that simply switching on eyeless in 
various parts a fruit 
vate the entire cascade of genes needed to 
m&e an eye. Turning on eyekss caused fully 
formed eyes to pop up on a fly's wings, its 
knees, even on the tips of its antennae. One 
fly had 14 eyes in all. Researchers are now 
checking to see if any of these out-of-place 
eyes are hooked up to the nervous system, 
and if so, are they able to see. 

This master switch also offers an impor- 
tant clue to the mystery of eye evolution. 
Eyeless is similar in sequence to human and 
mouse genes necessary for normal eye devel- 

I 

sate is to normal atoms as a laser is to a light opment, and the Base1 researchers found that 
bulb. In laser light, all the photons are in the mouse gene triggers eye formation in 
precisely the same phase, a property that flies. After half a billion years of evolution, 
makes laser beams bright, powerful, and the eyes of mammals and flies still rely on the 
tightly focused. Similarly, the matter waves same master control gene. 
of atoms in a Bose-Einstein condensate are Navigating the Net In 1995, scientists of 
all in phase, and physicists are already work- every stripe explored new information tech- 
ing to design an "atom laser." Such a coher- nologies that are transforming the business of 
ent beam of atoms could eventually pave the research and teaching, from gathering raw 
way for a new generation of incredibly fine data to teaching courses. Not only did the 
manipulations and measurements. An atom World Wide Web take 
laser might move atoms around one by one, science and society by 
or ''writen atoms into semiconductors, much storm, but a burgeoning 1 
as lasers etch silicon chips today, but with set of new tools helped g 
much finer resolution. scientists navigate the 2 

All this is still far in the future. For now, flood of information. ' 
physicists can delight in the fulfillment of a This year, biologists 
long-standing   re diction and enjoy the began browsing a fed- 
heady feeling of exploring a newly accessible eration of linked data- 
phase of matter. 

structure to journal ar- 

bases, cli* from gene I 
-Elizabeth Culotta sequence to protein 

And the runners-up are ... ticle; the number of "ugh profile. ~h~ 
In 1995, many fields of science made dm- entries in one such da- Visible Human 
matic progress. We celebrate nine advances tabase, GenBank, more goes on-line. 
that expand scientists' knowledge and also than doubled in 1995. 
offer great potential benefits to society. Electronic publications multiplied, whlle 

Eyes everywhere. Developmental biolo- traditional journals plunged into cyberspace. 
gists have long sought to confirm the exist- For example, astronomers put The Astro- 
ence of "master control genes," individual physical Journal Letters completely on-line 
genes that can single-handedly turn on the and llnked it to a literature database, so as- 
entire genetic program required to make a tronomers can click on references and see 
particular organ or tissue, But their quarry abstracts or full t e x t s 3 0  days ahead of the 
proved elusive until earlier this year, when print version. 
researchers in Basel, Switzerland, showed Also in 1995, students around the 

J 
world signed up for one of the first elec- 
tronic courses, on protein structure. And 
the Visible Human project rendered 
anatomy not only visible but workable, 
with a library of detailed computerized 
tomography and magnetic resonance im- 
aging (MRI) scans of male and female ca- 
davers available on-line or on CD-ROM. 
This year, such technologies not only 
provided speedy answers to scientific que- 

Eyepopping results. A single gene makes extra ries; they broadened the universe of pos- 
eyes (in red) form on tiis' head and knees. sible questions. 

The Bell Tolls at AT&T 
Corporate America has been quietly phasing 
out basic research for years, but since 1925 
industry has had at least one leader in funda- 
mental research: AT&T Bell Labs, birthplace 
of the transistor, stereo sound, and the UNlX 
operating system. But in 1995, the winds of 
change caught up with the labs at last. 

This fall, officials announced that Bell Labs' 
parent, AT&T, will fragment into three compa- 
nies; h e  labs will split in wo. company 
cials say the breakup won't trigger research 
layoffs. But analysts warn that the split will 

the research giant, favor- 

cal sciences. At Bell 
Labs, the new year may 
ring out the end of an era. 

- 



8 The little genomes that could =--a star. In 1995, this asymmetry in the auditory cortex of musi- 3 Could be sequenced, that is. De- strategy was a smashing cians with perfect pitch. 
g spite skepticism from colleagues in success: In the constella- Work this year also let scientists spy on 
d academia and government, in 1995 
i tion Pegasus, they made learning itself. One group saw changes in the 

private sector geneticists showed the first likely detection motor cortex as subjects learned a finger- 
that they had what it takes to se- of a planet orbiting a tapping sequence; another watched the ef- 
quence not one, but two entire bac- fects of learning in string musicians. In 1996, 

The team monitored expect imaging to continue to bridge the gap 

Droplets in the greenhouse. What a dif- 
searchers at a not-for-profit re- a planetwhirling in astar's ference a micron can make. According to 
search institute reported the full DNA se- gravitational embrace. Their new-found scientists' best theory, the inexorably in- 
quence of the 1.8 megabme Humc@uh planet, a giant at least half the size of Jupiter, creasing greenhouse gases in Earth's atmo- 
-, in October they published the 0.6 gyrates around a star called 51 Pegasi. As- sphere should have been warming the globe 
megabase Mywphma gmitalium. A handful tronomers were further amazed by the p h -  for the past century. But for years, climate 
of tiny viral genomes had been sequenced et's position. Theory predicts that large plan- researchers couldn't find the warming signal 
before, but viruses grow and reproduce only ets should form relatively far from a star, about they expected. In 1995, they finally recog- 
with the help of the cells they infect. In con- where Jupiter and Saturn did in our own solar nized the effect of gr* gases amid the 
trast, the two bacterial genomes contain all system. But with an orbital period of just 4.2 clamor of natural climate variatiotls-and 
the information needed to sustain life, and so days, the putative p h e t  must be twirli i  concluded that human activities are indeed 
may help answer questions in arenas ranging virtually cheek-to-cheek with its stellarcom- heating up the planet. 
from bacterial evolution to human disease. panion, separated from it by just one sixth The trick, it turned out, was allowing for 

Progress in this field has been so rapid that the distance between our sun and Mercury. the cooling effect of what individually are 
sequencing the whole genomes of simple Although other groups inconsequential droplets of 
prokaryotes will soon be routine. Indeed, in quickly cnnfhned the data, 2 sulfuric acid, which are ulti- 
1996 geneticisrs expect to complete the full some astronomers cau- p mately derived from the 
DNA sequences of at least six more bacteria. timed that the star's per- . # lmmng of fossil fuels. In 
And a collaboration of mainly European ge- ceived wobble could be due huge numbers, these micro- 
neticists anticipates passing another mile- to other causes. In any case, scopic droplets form an 
stone in early 1996: the first complete se- expect 51 Peg's swaying aerosol haze that has shaded 
quence of a eukaryote, the 12.5 megabase dance step to be in the a,+ much of eastern North 
yeast ~ o m y c e f  mevisiae. If all this tronomical spotlight for America, Europe, and 
wasn't enough, on page 1945 of this issue, some time to come. south Asia. That shading 
researchers present a physical map of the hu- The mind at work. In 3 has been moderating 
man genome containing nearly 14,000 mark- 1995, new techniques for greenhouse warming and 
ers. Their work will help speed the mammoth imaging the human brain disguising the warming's 
task of sequencing all of the genome's 3 bil- helped unify studies of I telltale geographic "finger- 
lion bases, and provides a fitting end to a year the mind and brain. In showy w* ~ 8 5 8 - r ~  print." By explicitly includ- 
of dramatic sequencing achievements. years past, neurophysiolo- watched the visual cortex light up. ing the effects of aerosols in 

News hc#n mother planet Astronomers gists studying the brain their models, researchers 
have long looked for planets outside our solar gathered data by poking electrodes into the could finally identify that fingerprint. 
system, but seeing one in the vasmess of brains of experimental animals, while psy- As a result, the United Nations-spon- 
space is akin to locating a black-clad ball- chologists and psychiatrists studying the hu- sored Intergovernmental Panel on Climate 
room dancer in a dimly-lit hall. So a Swiss man mind treated the brain largely as a black Change has officially concluded that the 
team scanned the skies for the movements of box. Brain imaging has recently opened the greenhouse effect is behiid some of the o b  
their quarry's brightly gowned celestial part- lid of that box, allowing scientists of many served warming. Thanks to an appreciation 

r - m p  - - -  - -  

disciplines to peer inside. This year saw ad- of micrometer-size particles, politicians must 

'I vances in noninvasive imaging techniques now seriously consider what should be done 
such as functional MRI (fMRI) and mag- about a truly global problem. 
netoencep-, which allow research- Skinny gene, fat investments Late last 
ers to observe neural activity in living hu- fall, researchers at Rockefeller University 
mans with ever-increasing precision. cloned a gene called &-and started a 

In 1995, researchers used rn/W to make near-riot on Wall Street. Americans spend 
W e d  maps of the human brain, delineat- $30 billion a year on weight-loss schemes, so 
i4& m Ohtt m i l l i t e r  the areas devoted to biotech companies and their investors were 
v i a h  a d  t~ movement. Their new map of eager for research that could lead to a treat- 

Planet qtdtlng. Astronomers found evidence 
of a new planet ofbiting 51 Pegasi. 
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That investment hasn't paid off yet, but 
this vear researchers took the next steD. 
showkg that fat mice injected with ~ e ~ t k  
lose weight. Even normal-weight mice treated 
with Leptin shed fat. Don't go running to 
your pharmacist yet-Leptin hasn't been 
tried in humans. But it's currently being 
tested in preclinical animal safety trials. 

The companies that lost out on Leptin 
itself are still racing to find its receptor, 
which is not covered under the obese patent. 
This year, researchers found that in mice, 
Le~t in  binds to a Dart of the brain called the 
hypothalamus, mLking this region a likely 
site for the receptor. Undoubtedly Wall 
Street has taken notice. 

A time for telomeres. The telomeres, the 
specialized structures at the ends of chromo- 
somes, were originally known only from 
studies of single-celled protozoans. But a few 
years ago, they leaped into prominence as a 
result of evidence suggesting that in higher 
organisms they normally play a role in con- 
trolling cell aging, and when that goes awry, 
in cancer development. This year, research- 
ers took another big step toward understand- 
ing telomeres by isolating components of 
telomerase, the enzyme that synthesizes them. 

Telomerase is unusual because it includes 

~ i g g e a m o l e c u l s r ~ '  
Titanic Titin 

is that this will open the door to isolating 
these proteins from higher organisms too. 

Because abnormal activation of telo- 
In 1995 biologists smashed merase may contribute to cancer develop- 
records by doning the DNA for , ' ment, cancer researchers are racing to study 
the largest protein molecule 
known. The aptly named titin these newly revealed molecules as potential 

weighs in at a molecular weight of 4 targets of chemotherapy. So despite the 

3 million and consists of a continu- - humble beginnings of telomeres, research on 
ous chain of 27,000 amino acids, I the structures may one day yield important 
making it 20 to 50 times larger than the aver- clinical benefits. 
age-size protein. Molecular self-starters. Chemists tradi- 

Like the T ins  of Greek mythology, titin is tionally forge molecules in materials with 
lu-iown not only for its size but for its strength. extreme conditions of temperature and pres- 

a dis- of 1 mi- sure, but nature builds many structures by 
and acts as a microscopic spring selecting precise molecular components and 

that a muscle shape after allowing them to weave themselves to- 
it is stretched. 

gether. This year, scientists mimicked na- 

an RNA, which serves as a template for te- 
lomere synthesis, in addition to the protein 
that actually accomplishes the synthesis. 
Until recently, cell biologists had been able 
to isolate only the RNA, and only from pro- 
tozoa. But in 1994, researchers isolated 
telomerase RNA from veast. and this vear 
they captured both the'human and mouse 
RNAs. They also picked up the first telomerase 
proteins, which came from a protozoan, and a 
possible yeast telomerase protein. The hope 

Global Budget Baffles 
Chronic worry over funding is an mpational strudr Europe too, and many nations such as 
hazard of basic research. But in 1995 fiscal France and Germany gave science and tech- 
anxiety reached new heights, as scientists nology flat funding. Andone of thechii sources 
around the world saw traditional funding of funding for scientists in Russia and other 
sources shii priorities or even dry up alto- nations of the former Soviet Union, the Inter- 
gether. Yet despite the apprehension, much national Science Foundation, all but emptied 
research in the United States and Europe man- its $1 29 million war chest this year. 
aged to elude the budgetcutter's ax+ this But there were bright spots too. For ex- 
year, at least. And while American technology ample, the European Union's main funding 
programs took a big hit, other nations made program, Framework IV, is providing almost 
applied research a winner. twice as much as previous frameworks, $1 5.5 

In the United States, a new Congress ea- billion for the period 1994 to 1998. This pro- 
ger to slash spending took a hard look at sci- gram explicitly aims to make industry more 
ence, and protracted wrangling over the 1996 internationally competitive, spelling good news 
budget left plenty of time for worry. Nearly a for areas such as telecommunications. Also 
quarter of the way into the new fiscal year, this year, the United Kingdom completed a 
Congress and the Whie House were still argu- massive consultation exercise, known as the 
ing over spending bills, including those that foresight program, to identifytechnologiesthat 
fund most academic research. Indications are, may one day create wealth. So far, only a 
though, that the budgets of the National Insti- small sum for foresight priorides has been 
tutes of Health and the National Science Foun- factored into the funding equation, but U.K. 
dation will weather the storm for now, and ba- researchers worry that in the long term, the 
sic research at the Department of Energy sur- exercise may steer funds away from curiosity- 
vived relatively intact. But some gwemment- driven research. 

funded applied research Meanwhile, both Europeans and Ameri- 
effortsface elimination, cans may look eastward with envy. In Japan, 
including the Com- 4 years of recession have pro- an unex- 
merce Department's pected boon for government-funded research. 
Advanced Technology To stimulate the economy, the government 
Program. Even advice approved two whopping spending packages- 
was deemed expend- and spread the largess to science, boosting 
able, as Congress axed government research budgets by over 10%. 

its own 23-year& In the United States and elsewhere, sden- 
Office of Technol- tists are already gearing up for the next round 
ogy Assessment. of justifying their efforts. But for those whose 4 The balanced- programs escaped cuts, it*. achievement 

&ma - budget fever has enough to know that they survived '95. 

ture, harnessing the weak forces among mol- 
ecules to create a host of their own self-as- 
sembled structures. 

In 1995, researchers used bench-top tech- 
niques of self-assembly to make patterns on 
semiconductor surfaces; this opens the door 
to cheaper microelectronics and optoelec- 
tronics, made without clean rooms or lithog- 
raphy. Researchers also used self-assembly to 
organize minute particles of semiconductors 
and metals known as quantum dots, continu- 
ing the push to a new era of molecule-by- 
molecule materials synthesis. 

Also this year, chemists built large mo- 
lecular capsules able to stitch themselves to- 
gether around chemical cargo. They filled 
these molecular wiffle balls with benzene and 

Self-construction. Chemists designed self-as- 
sembling structures to carry molecular cargo. 

other small molecules, a trick that may even- 
tually be useful for drug delivery. Other self- 
assembled creations include molecular sen- 
sors that change color when they bind to 
their target. Watch for more self-assembled 
molecular marvels as researchers continue to 
imitate nature's building techniques. 

-The News and Editorial Staffs 

For an expanded version of this section, with 
references and hot links, see Science On-Line at 
<http://science-mag.aaas.org/science>. 
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