
In 1999, researchers recognized the extraordinary potential of stem cells, immature cells with the 
ability to become different kinds of tissue-and perhaps to heal many kinds of illness 

Capturing the Promise of Youth 
Old age may have wisdom, but it will always wrestled with-our newfound power to ma- 
envy youth for its potential. The same might nipulate a cell's destiny. 
be said for cells, for a young cell's most im- 
portant trait is its ability Open future 
to choose among many Researchers have long 
possible fates and be- been familiar with certain 
come, say, a neuron pass- types of stem cells. Back 
ing electrical signals or a in 1981, they discovered 
blood cell carrying oxy- how to culture mouse ES 
gen. Late last year, in cells, treating them with 
a technological break- just the right growth fac- 
through that triggered a tors to keep them dividing 
burst of research and a but forever immature. To- 
whirlwind of ethical de- day such cells are com- 
bate, two teams of re- mon research tools, used, 
searchers announced that for example, to produce 
they had managed to pro- tens of thousands of 
long the moment of eel- ~ e w  identity. White blood cells de- knockout mice that lack 
lular youth. They kept scended from neural stem cells are specific genes. In hu- 
embryonic and fetal hu- stained yellow, documenting an aston- mans, scientists had man- 
man cells at their maxi- ishing switch of fate. aged to identify and cul- 
mum potential, ready to ture stem cells from sev- 
be steered into becoming any cell in the body. eral types of adult tissue, such as bone mar- 

Building on that achievement, in 1999 de- row and brain, but had done little work on 
velopmental biologists and biomedical re- stem cells from embryos. 
searchers published more than a dozen land- Then last November two company- 
mark papers on the remarkable abilities of funded teams announced that they had isolat- 

ed and cultured human embryonic and fetal 
stem cells, coaxing them to pause their devel- 
opment before they became committed to any 
particular fate (Science, 6 November 1998, 
pp. 1014 and 1145). Many scientists world- 
wide were immediately eager to join the field 
but were hampered by rules in many countries 
that restrict public funding for research that 
destroys a human embryo. Instead, while ES 
cell research moved ahead in a few privately 
funded labs, ethical debates on the wisdom of 
using human embryos in experiments sprang 
up in all sorts of public forums. 

The U.K. imposed a 1-year research 
moratorium to allow for public discussion, 
for example, and a French high court ad- 
vised lifting that country's ban on human 
embryo research. And a U.S. presidential 
advisory panel recommended that public 
funds be available for all types of stem cell 
research. In proposed rules released this 
month, the National Institutes of Health is a 
bit more restrictive, prohibiting researchers 
from using federal funds to derive cell lines 
from an embryo but allowing them to work 
with certain cell lines created using private 
funds (Science, 10 December, p. 2050). 

these so-called stem cells. We salute this 
work, which raises hopes of dazzling medical 
applications and also forces scientists to re- 
consider fundamental ideas about how cells 
grow up, as 1999's Breakthrough of the Year. 

Stem cells may one day be used to treat 
human diseases in all sorts of ways, from re- 
pairing damaged nerves to growing new 
hearts and livers in the laboratory; enthusi- 
asts envision a whole catalog of replacement 
parts. Despite such promise, many in soci- 
ety object to using stem cells derived from 
human embryos, a debate that is sure to 
continue into 2000 and beyond. 

But another astonishing development 
that occurred in 1999 may ease the ethical 
dilemma. In defiance of decades of accept- 
ed wisdom, researchers in 1999 found that 
stem cells from adults retain the youthfbl 
ability to become several different kinds of 
tissues: Brain cells can become blood cells, 
and cells from bone marrow can become 
liver. Scientists are now speeding ahead 
with work on adult stem cells, hoping to dis- 
cover whether their promise will rival that of 
embryonic stem (ES) cells. Thus, 1999 
inarks a turning point for this young field, as 
both science and society recognized-and 
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Career switching 
While the public and policy-makers mulled 
the ethical implications, researchers galva- 
nized by last November's announcements 
rushed down another avenue of research- 
on stem cells from adults. Scientists had 
known for decades that certain kinds of stem 
cells lurk in adult tissues, for example in 
bone marrow and skin. But most scientists 
had assumed that the adult-derived cells have 
a limited repertoire. Just as years of training 
usually commit a concert violinist to a career 
in music, so scientists had assumed that 
when a young cell takes on an identity and 
turns various suites of genes on or off, that 
genetic programming irreversibly commits it 
to becoming one of just a few cell types. 

But this year several startling results 
have shown that in some cases, those early 
commitments can be rewritten. In January, 
Italian and U.S. scientists reported that stem 
cells taken from the brains of mice could 
take up residence in the bloodstream and 
bone marrow and become mature blood 
cells-a leap roughly equivalent to a music 
student becoming a successful professional 
baseball player. That means signals in the 
immediate environment can in some cases 
override a cell's history, implying that nature 
allows developing cells far more freedom 
than scientists had imagined. 

Many scientists initially balked at that 
idea, but a string of new results seem to 
back it up. Texas researchers found just a 
few weeks ago that muscle stem cells could 
become blood cells, for example. Other sci- 
entists reported that stem cells found in rat 
bone marrow could become liver cells- 
raising the tantalizing possibility that cells 
now routinely harvested in bone marrow 
transplants may have much broader uses. 
And this fall Pennsylvania scientists report- 
ed that mouse marrow cells injected into the 
brains of newborn mice could develop into 
brain cells. 

. As such basic research leaped forward, 
biomedical scientists sought new ways to 
use stem cells to help people. For example, 
researchers this year found that healthy bone 
marrow stromal cells, which give rise to 
bone, could strengthen bones and prevent 
fractures when injected into three children 
with the bone-weakening disease osteogene- 
sis imperfecta. And in a promising step to- 
ward a possible treatment for neural disor- 
ders such as multiple sclerosis, researchers 

5 in Boston injected neuronal stem cells from 
healthy mice into the brains of newborn mu- 

$ tant mice that lacked a key protein, part of 
5 the protective myelin sheath around neu- 

rons. The treated mutant mice produced the 
missing protein and were less prone to a 

g characteristic tremor. Another group inject- 
; ed bone and muscle stem cells into mice 

that lacked the protein dystrophin-missing 

in patients with Duchenne's muscular dys- 
trophy-and within 2 weeks the animals 
produced the missing protein. 

Applications of ES cells could be even 
more dramatic. This year another set of mu- 
tant mice, unable to produce myelin, re- 
ceived mouse ES cells in their brains; the 
cells soon spread through the brain and pro- 
duced myelin. And Missouri researchers this 
month reported that mouse ES cells could 

help restore some movement to the limbs of 
partially paralyzed rats. 

With dramatic results like these coupled 
with growing public acceptance, the stem 
cell field is poised for progress. If it lives up 
to its early promise, it may one day restore 
vigor to aged and diseased muscles, hearts, 
and brains--perhaps even allowing humans 
to combine the wisdom of old age with the 
potential of youth. 4RETCHEN VOCEL 

T H E  R U N N E R S - U P  
Science honors nine additional major discoveries in fields that span the universe, from the edgy 

dance of subatomic particles to  the biological wizardry that imprints memories. 

First Runner-Up: Genomics Speeds Ahead. In how the immune system responds to how hu- 
December 1998, the publication of the first mans evolved. Many scientists turned to 
genome of a multicellular organism, the ne- DNA-chip and low-budget microarray tech- 
matode Caenorhabdi- nologies, which allow 
tis elegans, ushered in 

1 
them to compare gene 

a new era in genomics expression rapidly in 
--that of rapidly com- adults and embryos, or 
paring thousands of in healthy and diseased 
genes in complex or- tissues. Faced with a 
ganisms. This year ev- data deluge, bioinfor- 
ery facet of genomic I mation experts this 
technology accelerat- year rewed up their ef- 
ed, from sequencing forts to link different 
to database manage- Lighting up. Microarray results show a tu- kinds of information, 
ment. As a result, ge- mor's gene activity in red and green. hoping to allow re- 
nomics swept through searchers of all stripes 
biology, as researchers compared the se- to capitalize on the growing genomic riches. 
quences as well as the expression patterns of 
many thousands of genes at once. How the other half cook. Four years ago, re- 

In terms of sequencing, additional com- searchers cooled rubidium atoms into a quan- 
plex genomes are now due much sooner tum-mechanical superparticle called the 
than predicted. The h i t  fly genome is ex- Bose-Einstein condensate, a stunning feat 
pected in the next few months rather than lauded as Molecule of the Year in 1995 
years, and the international, publicly funded (Science, 22 December 1995, p. 1902). This 
effort to determine the order of the 3 billion year, physicists at the same lab knocked over 
bases that make up the human genome has another milestone, cooling a vapor of ornery 
kicked into hyperdrive, promising to deliver atoms in the first step toward creating an even 
a rough draft of at least 90% of the genome more bizarre macroscopic quantum state. 
by March 2000. Indeed, the first install- Every particle of matter comes in one of 
ment, the sequence of chromosome 22, ar- two types: bosons and fermions. Bosons are 
rived in 1999. Also this year, the U.S. and 
British governments pledged more than 
$100 million to help sequence the mouse 
genome, which is about the same size as our 
own and contains many of the same genes. 

At the same time, researchers polished 
off the genomes of several key microbial 
pathogens, including Chlamydia pneumoni- 

c 
ae, which causes respiratory infections; the 
food-borne pathogen Cam&obacter jejuni; 

malaria parasite Plasmodium falciparum 

I 
and a virulent strain of Mycobacterium tu- Cold clouds. Two clouds of fermions just after 
berculosis. And two chromosomes of the their release from a quantum state. 

were sequenced and two teams mapped its content to share the same quantum state, as 
genome. All these data should yield new photons do in laser light and as rubidium 
targets in the battle against these pathogens. atoms do in a Bose-Einstein condensate. 

The outpouring of sequence data also But fermions, which include electrons, 
sparked an explosion of technologies to inte- quarks, and about half the atoms in the peri- 
grate and analyze the flood of informatio+ odic table, hate to be forced into the same 
and thereby to probe questions ranging from state; instead, they try to occupy adjacent 
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B R E A K T H R O U G H  OF THE YEAR 

states, as electrons do when filling energy 
shells around an atom. 

This year, however, Colorado researchers 
discovered a new trick to help tame wild 
fermions. The scientists put fermionic 
potassium atoms into different quantum 
states and induced atomic collisions be- 
tween them. The collisions carried energy 
away from each fermion, leaving the result- 
ing vapor ever cooler and putting the gas as 
a whole into a state in which atoms are pre- 
cisely arranged in a ladder of energies. 

This cooling method clears the way for 
an even more mind-boggling possibility: At 
still lower temperatures, fermions may be 
coaxed into pairing up into bosonlike com- 
posites, as electrons do when they travel 
without resistance through superconductors. 

Such an achievement may lead to 
the next state of quantum matter: 
an atomic superfluid of fermions, 
the first step toward a new gener- 
ation of atomic clocks and lasers. 

Rally for ribosomes. After a pro- 
longed drum roll, the curtain 
came up this year on the structure 
of one of the cell's most impor- 
tant players, the ribosome. This 
massive protein-RNA complex 

I recently by its intricate 
tangle of 54 proteins 
and three RNA strands. 

In 1999, however, 
three x-ray crystallog- 
raphy groups-apital- 
izing on earlier. blurred 
gliGpses of the mol- 
ecules plus innovative 

Ribosome revealed. The protein ways to analyze x-ray 

factory comes into full view. data-partially resolved 
the structures of the 

produces proteins, somehow accurately ribosome's two subunits. In addition, a 
translating genomic information into each fourth team described a slightly less detailed 
of the tens of thousands of molecules neces- structure of the entire ribosome, showing 
sary for life. Structural biologists had strug- how the two components interact. That 
gled for decades to probe this complex group also captured the ribosome bound to 
molecular machine but were thwarted until messenger RNA, which carries the genetic 
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teins, as well as to transfer 
RNA, which supplies the 
amino acids needed to 
build the proteins. 

This first good look at 
the ribosome's internal con- 
nections only made re- 
searchers eager for more-- 
in particular, for new views 
of this star cellular player in 
action. In the next year or 
two, expect structures with 
near-atomic-level resolution 
to reveal the precise con- 
nections between each pro- 
tein and RNA. And ad- 
vances in cryoelectron mi- 
croscopy, in which electron 
microscopy specimens are 
quick-frozen in glassy ice, 
promise to image ribo- 
somes at work as they mwe 
along the messenger RNA. 
For ribosome fans, 1999 
opened what promises to be 
a long, successful run of 
discoveries. 

Plentiful planets. Theorists 
think the universe is teem- 
ing with planets, but as- 
tronomers detected the first 
extrasolar planet only 4 
years ago. They spotted the 
wobbles induced in its par- 
ent star, an indirect method 
that left room for skepti- 
cism. But in 1999 as- 
tronomers unequivocally 
confirmed the existence of 
exoplanets: They caught 
one transiting the face of its 
star, significantly dimming 
that star's brightness for a 
few hours every 3.5 days. 
Astronomers ev& sketched 
the planet's characteristics: It is 200 times 
more massive than Earth, has a diameter sig- 
nificantly larger than Jupiter's, and like Jupiter 
is composed mainly of hydrogen and helium. 

Also in 1999, another team found tantaliz- 
ing (but still unconfirmed) evidence of 

f starlight reflected off a different exoplanet. 
2 

Star crossing. 
A planet pass- 
es by its star. 

And discoveries of new planets flowed in 
steadily all year, bringing the total number of 
known e x m l a r  planets to nearly 30. The lat- 
est haul even contains worlds that orbit in the 
habitable zone of their parent stars, where liq- 
uid water and life could exist. Unfortunately, 
all planets detected so far are gas giants like 

Jupiter, lacking a solid surface. Moreover, 

1 
most of them move in very eccentric or- 
bits, unlike the planets in our solar sys- 
tem, leaving theorists scrambling to ex- 
plain why. Although the string of new da- 
ta c o n f i i  that planets are common, at 
this stage it seems that planetary systems 
configured like our own are rare indeed. 

Making memories. From an old nursery 
V rhyme to the name of someone you just 

etched into your brain by a molecu- 
lar cast of epic proportions. The ac- 
tors in this drama are molecules 
rushing into and out of the synapse, 
the gap between neurons. Their 
movements strengthen the connec- 
tions between certain neurons, mak- 
ing those synapses more likely to 
fire in the future. Exactly how the 
enhanced firing calls up and stores 
memories remains a mystery, but 
this year researchers used new 
methods to film a neuron's most in- 
timate connections for the fmt time. 

Researchers have long cast one 
molecule, the NMDA receptor, in 
a starring role in learning and 
memory: When activated, this 
receptor makes a neuron more sen- 
sitive to incoming signals, a pro- 
cess called long- 
term potentia- 
tion (LTP). But 
this past spring 
the spotlight 
swung to an 
unsung mol- 
ecule called the 
AMPA receptor. 
Using a new 
laser micro- 
scopy technique, 
r e s e a r c h e r s  
watched fluor- 
escently labeled 
AMPA recep- 
tors stream into A spine is born. 
the little nubs New spines were 
known as spines filmed growing in 
that form the re- a synapse. 
ceiving end of 
synapses. The AMPA receptors 
then allowed activation of the 
spines' NMDA receptors, trigger- 
ing more LTP. - 

Also playing at the synapse 
film festival were movies made by the same 
technique that showed brand-new spines 
pop up next to synapses that had undergone 
LTP. And last month researchers showed 
that those new spines quickly form twin 
synapses next to the original, effectively 
doubling its strength. 

Another celebrated result came in 
September, when a Princeton team geneti- 
cally engineered mice to produce more of a 
certain NMDA receptor found in young ani- 
mals. The altered mice were better at learn- 
ing mazes, dramatically demonstrating the 
large-scale effects of this molecular drama. 

Flat and happy. Cosmologists can hardly be- 
lieve how their luck has changed. New obser- 
vations often send theorists scurrying back to 
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B R E A K T H R O U G H  O F  T H E  Y E A R  

their equations, but this year, measurements 
of one of the cosmos's most basic numbers 
gave the answer theorists had hoped for: The 
universe appears to contain just the amount 
of matter and energy that the most elegant 
picture of its origins requires. 

This theory, called inflation, holds that a 
burst of expansion in the fmt instant of time 
stretched space almost perfectly flat, so that 
parallel light rays stay parallel forever. But un- 
til recently, the universe seemed Meernably 

Spot on. Microwave fluctuations, seen L, , 
South Pole telescope, reveal a flat universe. 

curved. Because mass can change the shape 
of space-time, cosmologists thought a flat uni- 
verse implied a specific density of matter. 
And as hard as they tried, they could only fmd 
a third of the density needed. 

Last year, a possible salvation appeared: 

Measurements of distant exploding stars 
suggested that a mysterious energy in empty 
space is accelerating the expansion of the 
universe. Energy can curve space just as 
matter can, and the finding suggested that 
energy might fill in for matter and flatten 
the universe (see last year's Breakthrough of 
theyear, 18 December 1998, p. 2156). 

Now, the cool cosmic glow called the 
microwave background has yielded a sign 
that it does. The microwave glow retains the 
faint imprint of lumps in the newborn uni- 
verse, in the form of slightly hotter and 
cooler regions. These fluctuations are a kind 
of test pattern for cosmic geometry: Space 
is flat if their apparent size on the sky tends 
to be about 1 degree of arc. Observations 
from high in the Andes, the South Pole, and 
balloons now agree that the ldegree peak is 
there, and theorists are cheering. 

New light on photonii Semiconductors trzms- 
formed the communications and computing 
industries by channeling electrons faster than 
giant old vacuum tubes could. And many o b  
servers expect that in the 2 1 st century these in- 

dustries will be transformed again, by photon- 
ic crystals, latticelike structures that have the 
potential to manipulate photons as semicon- 
ductors do e l e c t r o h u t  at the speed of light. 
In 1999, researchers hailed a string of firsts in 
&g photonic structures, paving the way to 
true photonic optical devices. 

~hotonic crystals 
are made of a lattice 
of materials of dif- 
fering optical proper- 
ties, which excludes 
light of  certain 
wavelengths. Intro- 
ducing a defect into I 
the crystal allows 
the forbidden wave- 
lengths to travel 
along the defect. This Photonic future. A tiny 
year, several inde- lattice channels light 
pendent groups dern- 
onstrated the crystals' potential as light 
guides. One team created a photonic bandgap 
mirror, which completely reflects light of cer- 
tain wavelengths, and rolled it into a tube that 
can steer light around sharp comers without 

Bmakdown of the Year: 
~kists win in mnru 
s c t s n d i s e n H l A o ~ l o n g q g o ~  

vws#y of Chimga And in a 1997 
d t h e d a g m d - p t a n r d e  Gallup poll 68% of Americans 
aou~dhKansas-Boardd6Qls 
c a t i f m , ~ i n ~ v o a e d t o d r o p s n a .  btaughtabrlgwithevdu- 
lution from statewide science teaching hwinpuMieschods. 
standards. Exactly what students are R e s i d e n t S a l m  
taughtwilldepend ontheirbadte~& haw been quickto pick 
b u t a s t h e ~ f o r m t h e ~ f w  up on that sentiment: 
n e w s t a t e t e ! s k , ~ m ' t h a v e t a  When queried after the 
~ m u c h a b o u t e w l u t b n a t ~ t i m e .  llansasdecirkn,notare 
AndtheKanssaducatolJWsedmorethan took an unequivocal 
Darwin into limbe-fhy worded other stand in favor of d- 
passaecrofthestandardssoas~castdwbt tion. 'I believe children 
onthe b i g b a n g a n d d i ~ t o o .  slwuld be expased to dii- 

'Where is the evidmce for that canine-looking femtthcaiesabouthawthe 
creature that somehow has turned into a porpoise- d -," said Republican 
looking creature?'' wended xtrod board chair Linda Hd- 
loway on NBC W.'I h d t  secn 
ly became a l a u g h i m  h some quarters 'Uh, sony Domthy, seendedfromapes,'addedRepu#icantaryBawr. 
it's Kansas all right- is not this -," gibed Robert Park of tkn  %E Resident AL Core couldn't a waftk He fawns teachi- 
the American Physical Society in Ms newWter. evphrtiaz said a q&qemm, but rocalitks should be free to teach 

Bu&Kansasekatorsmnotalane.Alabamatexthks~car- ~ a ~ d ~ C g l p ! ~ ~ a f f , ~ ~ ~  
riedadbdaimersayingthateMiutionkonlyawaontrtruerrialtheory* b e ~ t o ~ a n w s e s .  ' 

skKe1996.AndmenthoqhaLwisiaMaQpedscouFtnrled~a A U t h k s U # p t S t k a t t k f u a w n r o f ~ h ~ U S . ~ c h o o t s  
dndbr p r a c t i d  d i i  by Augusf OIdahoma i s ~ ~ ~ ~ ~ p f ~ ~ ~ ~ ~ ~  
o r d d p u b l i s h e r s t h i s f a l l t o ~ a d i ~ j l r s L W t r t h a t r s e d k r  t i o n i n U ~ ~ # I I t h e s a n % ~ t v n s t e m ~ ~  
Alabama. In New Mxico, just as newly elected scientists on the S a y  katt -,- thae focP. Of* fCve 
xhoolboardptthatstatetscvo(utionpmMMtionrwlerwdthiifdl ~ ~ ~ ~ t h e ~ b d _ ~ k u p f # r r e k G t k n ~ ~ .  
( ~ 2 2 O c t o b e r , p 6 5 9 ) , a K e n t ~ d y @ ~ ~ ~ ~  kienceMwh&bths%Id,fJddSwqwdh 
lution" and substitutingm- tb@ time" in its standardr. N a c i o M L k ! s d a t W & ~ T &  

Pernaps the most disturbing aspect for scientists is that these 300 years to aocept G d i b  Ahdw 300 
moves reflect widespread beliefs: Abaut 35% of American adults will catch up with thanst d* vr#ldR 
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dissipating. Other groupstook a different 
tack, using a pattern of holes in an optical 
fiber cable to trap light. These light guides can 
cany high-intensity light that could damage 

3 conventional optical fibers and promise ad- 
$ vances in industrial welding and machining. 

Also this year, Califomia researchers de- 
g veloped the first photonic crystal laser. Us- 
$ ing photonic waveguides to link dozens or 

hundreds of such lasers within a crystal 
would create an integrated optical circuit, 
with uses ranging from telecommunications 
circuits to lightning-fast optical computers. 

B 
f Tracking distant ancestors. Geochemists 

added a billion years to the history of com- 

plex cells in 1999, by finding chemical 
traces of eukaryotic cells-which make up 
plants, fungi, and animals, including hu- 
mans-in rocks 2.7 billion years old. Their 
discovery not only rewrites our early history, 
it demonstrates the power of a promising 
technique that marries geochemistry and bi- 
ology and may help researchers read the 
most ancient chapters in the history of life. 

Scientists have argued for decades over 
the origins of eukaryotes, which unlike bac- 
teria or archaea have a nucleus. But clear 
fossil evidence has been sparse; the oldest 
undisputed eukaryote fossils are less than 2 
billion years old. 

Although eukaryotes can be hard to dis- 

tinguish in fossils, these cells do make more 
complex molecules than their simpler 
cousins, a fact researchers took advantage of 
this year. They extracted chemical residues 
from Australian shale and found traces of 
steranes, derivatives of cholesterol and relat- 
ed molecules that today are made only by 
eukaryotes. That suggests that eukaryotes- 
or at least their close precursors-are much 
older than many scientists had thought. 

This same rock sample also included 
molecules characteristic of cyanobacteria, or 
blue-green algae-microbes credited with 
producing much of the early Earth's oxy- 
gerr-pushing back their origins by 600 mil- 
lion years. In response to the new finds, biolo- 
gists are gathering more chemical and fossil 
evidence, hoping to fill in the gap between the 
two kinds of data. 

Mystery flashes unveiled. Gamma ray 
bursts-cosmic explosions that emit more 
power in a few seconds than the sun does in 
10 billion years-have posed a mystery for 
more than 30 years. But since 1997, as- 
tronomers have employed an armada of 
ground-based telescopes to make rapid fol- 
low-up observations of the bursts' feeble af- 
terglows. As a result, researchers now seem to 
be closing in on the true nature of the massive 
blasts: At least some are apparently the birth 
cries of black holes, formed when rapidly ro- 
tating, supermassive stars collapse upon 
themselves. Powerfd jets of matter from the 
nascent black hole plow through the collaps- 
ing star, blowing it to smithereens in a titanic 
supernova explosion and producing huge 
amounts of gamma rays in the process. 

The first tentative link between a gamma 
ray burst and a supernova was made back in 
April 1998. Now this 
year's findings by 
teams from Pasadena, 
California, Chicago, 
and Amsterdam seem 
to close the case, by 
revealing the telltale 
glows of supernovae 
superimposed on the 
fading afterglows of 
at least three gamma 
ray bursts. Big blast. A gamma 

Details of the ex- ray burst spews 
plosion mechanism energy. 
mav fill in as astron- 
omers continue to pounce quickly on the 
bursts. And two NASA satellites carrying 
rapid-response telescopes, to be launched in 
January and in 2003, are likely to shed even 
more light on the physics of these colossal 
explosions. 
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