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COVER The olfactory bulb of a mouse (image width, 0.5 mm). Axons of 
olfactory sensory neurons terminate in globose structures, glomeruli, of 
which there are 1800 per bulb. The vomeronasal nerve carrying 
pheromone information terminates separately in a diffuse structure, the 
accessory olfactory bulb (top). Olfactory neurons can be stained blue in 
this strain of genetically manipulated mice. For recent advances in olfac­
tion, see the special section beginning on p. 703. [Photo: P. Mombaerts] 
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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" 

DtyStrip for 2-0 electrophonrsis. 

Faster target identification with new lmmobiline DryStrip 

That's the view of Dr. Hanno Langen, head of the proteomics group at 

Hoffmann-LaRoche genetics department. 

"Separation is the key to protein identification. As a serious and innovative 

partner, Amersham Pharmacia Biotech has been instrumental in pioneering 

and developing IPG technology. 

The new narrow pH range lmmobiline DryStrips provide a big step forward 

6 in resolution. These one-pH unit gradients greatly improve resolution so that 

t the individual spots are clearly separated from each other and can be 
w 

k accurately detected and quantified by the ImageMasterm software. With such 

narrow gradients, the software recognises up to 6000 spots in one sample, a 

massive improvement over past methods which greatly increases my chances 

j of finding more proteins of interest. 

I In short, Amersham Pharmacia Biotech's IPG technology offers the 

convenience and reproducibility that makes serious research in proteomics 

possible. " 

C Find out how 2-D electrophoresis, mass spectrometry and bioinformatics are 
L. convergingat Arnersham Pharmacia Biotech to provide you with a total solution 

L in proteomics. Visit us at httpIlpmteomics.apbiatech.com 

Dr. Hanno Langen, head of the ptmrnics group at 
Mmann-LaRmb gimeks -nt 

L amersham pharrnacia biotech 
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SEMICONDUCTOR LASERS: 
TWO IN ONE 

Unipolar devices have an advantage over 
bipolar ones in that they can be operated 
independent of the polarity of the applied 
voltage-they are bidirectional. Gmachl 
et al. (p. 749) have now designed quan- 
tum cascade lasers that can be operated 
bidirectionally. Moreover, through careful 
design of the series of quantum wells that 
make up the injection region of the laser, 
they show that a tailored asymmetry can 
produce lasing at two different wave- 
lengths, depending on the polarity. 

INORGANIC ELECTRONICS FROM 
SOLUTION 

The majority of inorganic electronic de- 
vices used today are fabricated in a series 
of steps that require deposition of inor- 
ganic species from the gas phase. These 
processes are performed at relatively high 
temperatures and are often rather expen- 
sive. Ridley et a1 (p. 746) introduce an al- 
ternative, and potentially cheaper, all- 
solution route that takes advantage of the 

reduced melting point of nanocrystals. 
Cadmium selenide (CdSe) nanoparticles, 
formed by mixing cadmium iodide and 
sodium selinide, were suspended in pyri- 
dine. The resulting solution was then 
printed onto a substrate, and a subse- 
quent low-temperature annealing process 
drives off the pyridine to leave behind a 
thin film of CdSe. The authors demon- 
strate the potential of such a process by 
fabricating thin film transistors with good 
electrical characteristics. 

ICED SEAS 
Repeated abrupt climate changes oc- 
curred during the long buildup of ice 
sheets toward the Last Glacial Maximum 
(LGM). Detailed oceanic records of these 
events and their effects on sea surface 
temperatures (SSTs) are scarce, yet impor- 
tant for understanding the mechanisms 
and extent of abrupt climate change. 
Sachs and Lehman (p. 756) now provide a 
high-resolution marine record from the 
Bermuda Rise of SSTs spanning the period 
from 30,000 to 60,000 years ago. The 
record shows several cases where SSTs in- 
creased abruptly by 2" to S°C, which is 
comparable to the change observed from 
the LCM to the Holocene. These events 
parallel those seen in Greenland records. 
The periods of warming appeared to have 
been unstable and were followed by ei- 
ther abrupt or continued gradual cooling. 
Thus, the abrupt climate changes seen in 
the ice core records affected tropical 
oceans. 

SLOWING GETTING 
MORE COMPLEX 

The issue of complexity in evolution has 
generated interest in biology, but it has 
been notoriously difficult to measure the 
dynamics of complexity in the fossil 
record. Saunders et al. (p. 760) describe 
the evolution of complexity in the septa1 
sutures of an extinct group of mol- 
lusks-ammonoids-in more than 500 
genera during the 140 million years from 
the Devonian to the Triassic, a period 
that includes three mass extinctions. Al- 
though mass extinctions tended to elimi- 
nate more complex structures, the large- 
scale evolutionary trend was toward in- 
creased complexity. Thus, they show that 
two non-random evolutionary trends 
acted in  opposition-a .within- 
lineage-driven bias for increased suture 
complexity and an among-lineage differ- 
ential extinction of more complex forms 
during times of biotic crisis. 

OLDEST DINOSAURS? 
The Middle to Late Triassic (about 225 to 
230 million years ago) was a crucial period 
in the early evolution of dinosaurs, yet lit- 
tle has been known about the faunal com- 
position at that time. Flynn et a1 (p. 763) 
now report the discovery of a fossil fauna 
in Madagascar that contains newly identi- 
fied dinosaur and eucynodont (mammal- 
like reptiles) taxa. Their discovery repre- 
sents a major new source of terrestrial 
vertebrate fossils for a time period that is 
sampled poorly elsewhere in the world; 
the dinosaurs may be more ancient than 
any others worldwide; and the recovery of 
the eucynodont fills in a 170-million-year 
gap in the fossil record of the region. 

STABILITY WITH MATURITY 
Signaling through the transmembrane pro- 
tein Notch occurs in a variety of tissues in 
order to determine cell fates during devel- 
opment. Sestan et a1 (p. 741; see the Per- 
spective by Chenn and Walsh) show that 
Notch signaling is also important in the al- 
ready differentiated neurons of the mature 
cerebral cortex. The various protein compo- 
nents of the signaling pathway are found in 
dendrites and control dendrite extension. 

PROVIDING FEEDBACK 
Further clues into the regulation of circa- 
dian clocks are the subject of two reports. 
In plants and insects, cryptochromes 
(CRYs) are activated by light, and in the 
fruit fly Drosophila, CRY blocks the nega- 
tive feedback action of the PER-TIM com- 
plex. Griffin et al. (p. 768) show that CRY1 
and CRY2 play a central role in the mam- 
mal clock, but in a light-independent fash- 
ion-they appear to regulate transcrip- 
tional cycling of Per7 by contacting both 
the activator and its feedback inhibitors. 
In Drosophila, three of the critical clock 
genes, period (per), timeless ( tim), and 
Drosophila Clock (dClk), are expressed 
rhythmically. In their study of the cycling 
of dClk, Clossop et al. (p. 766) have found 
that the molecular clock in Drosophila is 
composed of two interlocked negative 
feedback loops-the per-tim loop, which 
is activated by the dCLK and CYCLE pro- 
teins and repressed by PER-TIM, and the 
dClk loop, in which these proteins exert 
the opposite effect. 

INTERFERING WITH TGF-P 
Unregulated cell growth results in tumor 
production; therefore, it is important to 
identify developmental factors that regu- 
late cell growth. Transforming growth fac- 

CONTlNUED ON PAGE 643 
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tor+ (TCF-P) regulates cell growth and 
differentiation through receptor-mediated 
phosphorylation of Smad proteins. These 
Smad proteins in turn form protein com- 
plexes and enter the cell's nucleus to acti- 
vate the transcription of target genes. 
Stroschein et aL (p. 771; see the news sto- 
ry by Vogel) have identified a new player, 
SnoN, in TCF-P signaling. In the absence 
of TCF-P, the SnoN oncoprotein binds to 
a SmadZlSmad4 complex and recruits a 
transcription co-repressor, thus inhibiting 
transcription activation. When TCF-P is 
present, Smad3 triggers the degradation 
of SnoN and transcription activation re- 
sumes. Finally, a negative-feedback mech- 
anism is present in which TCF-P stimu- 
lates SnoN production, which then re- 
presses the transcription activation func- 
tion of the Smad complex once again. 
SnoN is found in  various carcinomas. 
Hence, the transforming activity of SnoN 
may be explained by its interference with 
the role of TCF-P in inhibiting cell growth. 

TO LIVE OR LET DIE 
The release of intracellular calcium (Ca2+) 
can trigger signals that lead to cell survival 
or to cell death; two reports illustrate how 
the same transcription factor, MEFZ, which 
functions in the differentiation of skeletal 
muscle, can play different roles in the sur- 
vival of neurons and T cells. During develop- 
ment of the mammalian brain, neurons that 
make proper synaptic connections and re- 
ceive signals from other cells experience an 
increase in the intracellular Ca2+. This CaZ+ 
influx promotes cell survival or resistance to 
cell death. Mao et aL (p. 785) present evi- 
dence that MEFZ mediates the pro-survival 
effects of Ca2+ in cultured neuronal cells 
from the rat cerebral cortex. The increase in 
Ca2+ apparently causes activation of the 
p38 mitogen-activated protein kinase, 
which may directly phosphorylate and acti- 
vate MEFZ. Neuronal survival thus appears 
to be modulated through transcriptional 
regulation by MEFZ, as well as through 
posttranslational changes in components of 
the cell death machinery. Activation of 
mature T cells eventually leads to their 
demise. It is thought that expression of the 
Nur77 orphan steroid receptor, whose tran- 
scription is dependent on Ca2+, the phos- 
phatase calcineurin, and the transcription 
factor MEFZ, mediates this apoptosis. Youn 
et aL (p. 790) have begun to elucidate the 
regulation of Nur77 expression and T cell 
apoptosis. Endogenous MEFZ is bound by 
Cabin 1, an inhibitor of calcineurin. When 
intracellular CaZ+ increases, calmodulin 

competes for binding to Cabin 1 at the 
same site as MEFZ and forces the release of 
MEFZ, which makes it available for assem- 
bly into the transcriptional complex. 

SOME DISASSEMBLY REQUIRED 
The dynamics of the mitotic spindle is regu- 
lated in part by katanin, an enzyme that lo- 
calizes to centrosomes. However, just how 
this AAA-type adenosine triphosphatase 
severs microtubles of the spindle has been 
unclear. Hartman and Vale (p. 782) now re- 
veal the mechanism by which katanin 
forms a stable multimeric ring. Katanin 
oligomerization is driven by binding to its 
substrate, microtubules, and by binding to 
the nucleotide ATP. Hence, microtubules 
that comprise the mitotic spindle may as- 
sist their own disassembly by serving as a 
scaffold onto which katanin assembles. 

ACCUMULATING DAMAGE 
WITH AGE 

One hypothesis for the cause of aging is 
that mutations accumulate in mitochondri- 
a1 DNA (mtDNA). However, previous 
searches, which have generally studied pro- 
tein- or RNA-coding regions of mtDNA, 
have yielded numerous types of age-related 
mutations, but these occur only at low fre- 
quencies (a few percent). Michikawa et aL 
(p. 774; see the news story by Pennisi) have 
studied the main control region for replica- 
tion of mtDNA and found frequent point 
mutations in normal older subjects that 
were not found in normal young subjects. In 
particular, a TC transversion was found in 
up to 50% of the mtDNA molecules from 8 
of 14 older subjects that did not appear in 
mtDNA of 13 younger subjects. Longitudi- 
nal studies of three individuals help show 
that these mutations are not inherited. 

STRUCTURAL PROBE INTO IRON 
METABOUSM 

The transferrin receptor (TfR) delivers 
transferrin-associated iron into cells for use 
in a variety of physiological processes, in- 
cluding cell growth. The receptor also binds 
HFE, the protein that is defective in human 
hereditary hemochromatosis, an iron stor- 
age disease that affects 1 in 300 individu- 
als of northern European origin. Lawrence 
et aL (p. 779) determined the three-dimen- 
sional crystal structure of the extracellular 
domain of TfR. The structure revealed a 
monomer of three domains, one of which 
resembles carboy- and aminopeptidases. 
This work provides a structural foundation 
for future studies of how iron uptake and 
release are controlled in the cell 
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Thermo Sequenase? : 

The new standard ' 

for manual cycle 

Are your cycle sequencing results leaving you in doubt? 
Strong stops, background sequence causing problems? 

Thermo Sequenase Radiolabelled Terminator Cycle Sequencing Kit 

The combination of USB's Thermo Sequenase 
Terminator Cycle Sequencing Kit with 
Amersham Pharmacia Biotech's radiolabelled 
terminators will give you sequencing results 
beyond a shadow of a doubt. 

Thermo Sequenase - gives excellent @OT- 

mance at cycle sequencing temperatures. 
Helps eliminate secondary structure artifacts. 

Eliminate stops and BAFLs. 
(Bands Across all Four Lanes) 
Read the first base after the primer. 
Crisp, clean sequence. 
Detect heterozygotes and mutants 
more easily. 
Sequencing directly from bacterial 
colonies is possible. 

sP-labelled terminators - yield detection No other combination for manual cycle 
of only truly terminated sequencing fragments. sequencing gives more information per 
False terminations are not visible because gel - long reads, accurate sequence. 
these fragments are not labeled. Doubt-free results. 

Above: Elimination of bands across all four lanes 
(BAFLs) in plasmid template. 

fig. a) Using the Thermo Sequenase Radiolabelled 
Tenninatcr Cycle Sequencing Kit. 

Fig. b) Compared to standardsS-ds\TP cycle 
sequencing where a strong BAFL is absented. 

To order within the United States contact 
USB directly at 1-800-321-9322 or e-mail 
us at customerserv@usbweb.com. 
For your authorized USB distributor outside 
the United States, please contact your 
local Amersham Pharmacia Biotech office. 

USB Corporation, 261 11 Miles Road 
Cleveland, OH 441 2 
800-321 -9322 
www.usbweb.com 

01999 usb corporation Sequenase and Therm S e q u e ~ s e  are trademarks of Amersharn Pharmacla Bmtech bmlted or ~ts subsldlarles Rediscover the chemistry 
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lering Supplies? A 

Chemdex" -Your One-Stop Shop for Life Science Supplies 
The hours you spend ordering lab supplies cut into your day, distracting you from your research. 
You have more important things to do than search through dozens of catalogs for the product you 
need or track the status of your order. 

Chemdex offers a hter,  easier way to order lab supplies with an online marketplace that contains 
hundreds of thousands of products from the suppliers you know and trust. When you buy 
through Chemdex, you get: 

> An expanding database of reagents, instruments and equipment 
> One, simple electronic order form that can be used for multiple suppliers 
> A fast, easy-to-use search engine 
> A "personal favorites" page for quick and easy re-ordering 
> Rapid, real-time order tracking 
> World-class customer service and support 

Make Chemdex your one-stop shop for laboratory supplies. Go to www.chemdex.com. 
You'll spend less time placing orders, and more time focusing on science. 

8 1999 Chemdex Corporation. Chemdex is a trademark of Chemdex Corporation. 
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r New QIAGEN" - OneStep RT-PCR Kit - 



Perfection comes with Perfectprep" 
Imagine, if you can, ultra-pure plasmid DNA which has been rapidly 
isolated and is now ready for transfection and sequencing: It's almost 
too perfect to be true! But it is both perfect and true - thanks to 
Eppendorf's Perfectpmp* Plasmid Kits for plasmid DNA isolation, 
which give you: 

Ultra-pure plasmid DNA in next to no time 
Reproducible, high-yield results 
A spin-column format for ease of handling 
Ready-to-use plasmid DNA for manual or automated sequencing, 
cloning and transfection 

Rapid, simple and systematic plasmid purification, adapted to suit 
sample throughput and the amount of DNA required, whether you 
want individual purification in one spin column or the simultaneous 
isolation of 96 plasmid samples. The Perfectprep System offers 
rapid, reproducible yields of plasmid DNA in a simple-to-use 
kit system. An extremely efficient binding matrix ensures that yields 
remain constantly high. The plasmid DNA obtained is ultra-pure, 
shows no chromosomal DNA or RNA contamination and can be 
used immediately after isolation for all molecular biological 
applications, such as automated sequencing, transformation, PCR*, 
blotting or clonings. 

The Perfectprep Plasmid System is available in five different kit 
versions, including the ultra-rapid Mini-Kit, the economical XL-Kit 
and the high-throughput 96 Spin-Kit. Without the use of organic 
substances and fully compatible with Eppendorf centrifuges 
and rotors, these kits provide plasmid DNA which will make your 
colleagues green with envy. 
Perfectprep from Eppendorf - perfect by name, perfect by nature. 

'The Pdymersse Chain Reection (PCR) is pmtected by patent. 
The patent Is held by Hofhnann-La Padm. 

The Perfectpmp* System 

Yields 
Kit Bacteria Time High Copy Low Copy 
Size Culture needed Plasmid Plasmid 

(mi) (min) ( ~ 9 )  C9) 

Mini 1-2 25 5-30 1-3 

Midi 10-75 120 50-600 10-100 

Maxi 100-300 150 250-2,500 50-400 

XL 400-800 150 2,000-6,000 200-1,000 

96 Minispin 1-1.3 120 2-1 0 0.05-0.06 

eppendorf 
In touch with life 
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e-mail: eppendorf@eppendorf.com . eppendorf home page: http://www.eppendorf.com 

Eppendorf Scientific, Inc. . One Cantiague Road . Westbury, NY 11 590-0207 . Phone 800-421 -9988 or 516-876-6800 . Fax 516-876-8599 
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TRY OUR eCOM M ERCE SOLUTION @ www.sigma-aldrich.com 
EASY ON-LINE ORDERING 
The Sigma-Aldrich PipelineTM ecommerce 
system offers simple, on-line access 
to over 200,000 products from the 
Sigma-Aldrich brands: Sigma, Aldrich, 
Fluka, Supelco and Riedel-de Haen. 
Now you can place multi-brand orders 
for biochemicals, chemicals, equipment 
and laboratory supplies from all of 
our brands in a single transaction. 

FIND WHAT YOU NEED FAST 
With eight different ways to search, 
including product name, product number, 
CAS number, molecular formula and 
structure, pinpointing products is a snap. 

A TOTAL INFORMATION RESOURCE 

Because we are a manufacturer, we offer 
not only quality products but the technical 
knowledge and support to back them up. 

Over 90,000 on-line MSDS's 
Over 2 million on-line Certificates 
of Analysis 
Thousands of data sheets and 
technical bulletins 

Stop the chase and log on today. 
It will make your job easier. SIGMA-ALDRICH 

3 0 5 0  S p r u c e  S t r e e t ,  S t .  L o u i s ,  M O  6 3 1 0 3  8 0 0 - 5 2 1 - 8 9 5 6  o r  3 1 4 - 7 7 1 - 5 7 6 5  
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= High-Performance Diisis-i 

Introducing 
our smallest 
breakthrough yet. 
Pierce Slide-A-Lyzer' MlNl Dialysis Units 
quickly and efficiently dialyze samples as 
small as 10 pl. 

100% Leak Tested: Soon-to-be patented design 
prevents wicking around the membrane that can 
occur in homemade devke. 
Excellent Sample Recoveries: Slide-A-Lyzer MlNl 
Dialysis Units generally recover 9-10 p1 after dialysis 
of a 10 pl sample. 
Drastically Reduced Dialysis Time: In less than 
10 minutes, 100 ~1 of pH 2.8 buffer is converted to pH 
9.4 dialyzing against a liter of bicarbonate buffer, pH 9.4. 

. , Ready 10 Use: NO membrane treatment or assembly is 
reauired. Caos are orovided to seal each unit to orevent 
evaporation and aiibome contamination. 

Trust the entire family of Pierce 
Dialysis Products. 
Slide-A-LyzeP MlNl Dialysis Units 

Very economical and very fast 
Perfect for small (1 0-1 00 PI) samples 
Excellent sample recovery (90-1 00%) 

Q 
Dialysis Units 

Slide-A-LyzeP Dialysis Cassettes 
95%+ sample recovery 
Very high surface arealsample volume ratio for 
rapid dialysis 
For 100 ~1-15 ml sample sizes Dialysis Tubing 

SnakeSkinm Dialysis Tubing 
Veryeasy to fill: The first truly tubular dialysis tubing! 
Vefy easy to use: No preparation or presoaking 

1. 
3 @ti#@-&-Lyzer' Dialysis Casseles 

necessary 
Veryeasy to dispense: Snip what you need 
For 15-1 00 ml sample sizes 

For detailed technical information, visit the Pierce web site at www.piercenet.com. 
,,.I 800-874-3723 or, outside the U.S., 815-968-0747 for the name of your local distributor. 
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i t  - I RP First - GO rustfim! RP k i r 5 !  - (ustrlm! 

Custom m l J  tide & Antibody Services 
Join the many researchers 

who have successhiOy published first with novel reagents from QCB 
Thousands of satisfied customers in 30 countries 

No hidden costs Easy order pricing structure 
In-house expertise in organic chemistq immunology, biochemistry& signal transduction 



mples as 'wall as 1pL = 

A Breakthrough in 
Dlu41RNA Measurement 

Gene Specm I can analyze samples of 
only 1 to 50 pL accurately and reliably. 
Absorbance, 2601280 nm ratio, concentra- 
+=on, purity, and protein concentration are 
all determined instantly. 

To learn more about the benefits, 
call 1-800-624-61 76 or 
visit us at www.hitachi-sol .com/gs 

Mltrahl Sattware Ensineerlna CQ.. Ctd.  
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Need 

PEPTIDES? 

We believe if you try our custom peptide and/or Antisera Service 
antisera services just axe, you'll stick with us. In fict, We'll take care of it fkm start to fhish Whether youk 
we'll send you a fke amino acid micrograph magnet just a peptide novice or pro, we'll help you design your target 

for callmg and requesting more M o d  sequence, synthesize your peptide and conjugate it to a 

carrier protein And yes, we also handle the immunization 

Peptide Senice and sera collection Hassle-free. 

We're proactive. f f i r e  we put your sequence together' Fhide us with yout sequence and leave the rest to us. 

we'll take it apart and thoroughly analyze it to prevent 

surprises later. Because your project depends on our 

peptide, we'll o f k  suggestions for increased success. Of 
course, you can choose fkm a variety of purity levels 
and scales. Since every S i p - G e n y s  peptide comes 

with mass + +is and HPLC documentation, 

you're bound to be 100% satisfied. &teed. 

I442 Me Fmrt Ckde The Wdtw&,Togs 77380-3600 Tel: 1 -KM98-2098 cr (28 1) 363-3693. k (28 1) 363-5923 SIGMA; mgi-m W J h . g e m p c o m  

G E N 0 $ Y S  ~ r r ~ d H a E l W ~ ~ d t h e ~ ~ M d t k M & ~ M ~  
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detected simultaneously with the gamma- 
ray emissions; for a brief moment, this op- 
tical emission became as bright as 10 mil- 
lion type Ia supernovae (7). 

The ability to determine the location of 
and distance to a GRB and observe its burst 
and decay in detail at a variety of different 
wavelengths has allowed astronomers to test 
GRB models. An early model, developed 
long before the present observations, pro- 
posed that GRBs were caused by a shock 

thus a physical association between the 
two seemed likely (10). Some researchers 
have rejected the association, because of 
the presence of a faint x-ray source in the 
GRB error box (which does not coincide 
with the supernova) that could be the GRB 
afterglow. But a recent analysis of this x- 
ray source by Pian et al. (1 1) shows that it 
is unlikely to be a GRB afterglow. 

Independent of its association with the 
GRB, SN1998bw was a remarkable event. 

wave emerging from the photo- - 

sphere of a supemova (3). How- 
ever, this model was soon dis- 0 Keck (direct) 

carded, as the GRB discovery pa- 0 Keck (spectrum) 
d Groot et a/. 

per already showed that there ,, A KPNO 
was no known correlation of -- I \ - Z =  1.00 1 

the case of GRB980326 (14). Several 
weeks after the burst, the afterglow 
brightened by a factor of 60, compared 
with the extrapolation of the early power 
law decay (see figure on this page). After- 
ward, the flux decay continued, showing 

GRBs with observed supemovae. 
Now after detailed studies of sev- 
eral GRBs in the late 1990s have a 
revealed more information, theo- 3 24 

rists propose a connection be- .E 
UI tween GRBs and supemovae. 2 There are at present two 
K main models for GRBs. In the 

first, two compact stars (such 26 

as a neutron star and a black 
hole) coalesce (8). In the sec- 
ond, the core of a presumably 
very massive star collapses, 
leaving behind a black hole 28 

surrounded by a solar mass ac- 

that the flattening of the light curve does 
not reflect the steady light of a host 
galaxy. Bloom et al.  (14) successfully 
modeled the lieht curve of GRB980326 

- * 
: 1.00 2 
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In 
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- 
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" 
with a combination of a power law after- 
glow and the light curve of SN1998bw, 
redshifted to about 1. The very steep af- 
terglow decay of GRB980326 can be ex- 
plained by a blast wave propagating in the 
wind of a massive star. 

A similar connection between GRBs 
and supernovae was recently suggested 
(15) for the optical light curve of 
GRB970228, the first GRB to be optically 
identified. In this case, the redshift is 

cretion disk (9). In this second, 0.1 1 .O 10.0 10.0 

so-called collapsar model, the Days since GRB 980326 

GRB is produced a relativis- Afterglow. R-band light emission of CRB980326 as mea- 
tic Jet that pierces through the sured by various sources superimposed on a relatively faint 
exploding star along its rota- supernova light curve (red) at a redshift of about 1, which 
tional axis. In addition to the fits the data well. 
fast GRB, a much slower (-lo4 
W s )  outflow is produced, giving rise to It is by far the most luminous supernova 
thermal emission from an expanding pho- observed to date at radio wavelengths, and 
tosphere, that is, a supernova. If this model its properties indicated the presence of a 
is correct, one would thus expect a (rela- mildly relativistic outflow at about 90% the 
tively weak) supernova to be apparent in speed of light (12). It has been classified as 
the afterglow light curve of GRBs. a type Ic supernovae; that is, hydrogen and 

The first direct evidence for a connec- helium are absent in its spectra. Such su- 
tion between GRBs and supernovae came pernovae are believed to have lost their hy- 
from observations of GRB980425, which drogen- and helium-rich envelope in a 
occurred on 25 April 1998 (see figure on strong stellar wind or as a result of mass 
previous page). The BeppoSAX satellite transfer in a binary star. The optical light 
determines an area called the error box, in curve and spectra of SN1998bw indicate 
which a GRB must have occurred. The er- that the exploding star was a CO star of 
ror box for GRB980425 also contained a about 10 solar masses, whose core collapse 
supernova, SN1998bw, located in a spiral probably left a black hole. The amount of 
arm of galaxy ESO 184-G82 (10). This radioactive 56Ni produced in the event has 
galaxy lies at a distance of -40 mega- been estimated to be -0.75 solar masses, 
parsecs from Earth,  cosmologically an order of magnitude higher than that of 
speaking just around the corner from the typical type Ic supernovae, with a total ex- 
Milky Way. GRB980425's energy budget plosion energy of several ergs (13). 
was quite small, a factor of -lo5 smaller A recent study (14) has been able to 
than that of normal GRBs. The probabili- fit the decay properties of GRB980425 

6 ty of finding a supernova as bright as and SN1998bw with a model similar to 
2 SN1998bw that would explode within a the collapsar model. 
$ day of the burst inside the error box of Recently, evidence for a second GRB 
? GRB980425 is on the order of lo-", and coinciding with a supernova was found in 

known, and the only free parameter in the 
fit to the light curve is the exponent of the 
power law component. Chevalier and Li 
(16) have shown that after subtraction of , z 

the supernova contribution, the light curve 
of GRB970228 is also steep and best ex- 
plained by an explosion in a massive stel- 
lar wind, lending further support to the as- 
sociation between GRBs and supernovae. 

The exciting consequence of these re- 
cent studies is that at least some GRBs, 
and perhaps all of them, originate from the 
core collapse of very massive stars. The 
supernova connection provides a direct 
link between GRBs and crucial events in 
the evolution of massive stars and galax- 
ies. This framework for describing GRBs 
promises a rapid increase in our under- 
standing of this violent phenomenon. 
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~ I A  D3WaS 

1. Frontal Lobe 
2. Temporal Lobe 
3. Cerebellum 
4. Hippocampus 
5. Substantia Nigra 
6. Caudate Nucleus 
7. Arnygdala 
8. Thalamus 
9. Hypothalamus 
10. Pons 
11. Medulla 
12. Spinal Cord 

Just do a PCR madon and run an agarose gel! 
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INTERNATIONAL DISTRIBUTORS 

Alutrla and Eastern Europe: RuP Margafltella GmbH 
(tel) +43 1889 l 8  19 (fax) +43 1889 18 19 20 

France: Cllntscl- 
Itel) +33-142 53 14 53 Ifax) +334 46 56 97 33 

&m&y and ~erwlux ~ount;k.l ~umgentec 
(tel) +32 4 366 OlSO (fax) +32 4 365 5l03 

~ I Y  
(tel) +39 02-5801 34 50 (fax) +39 02-6801 34 38 

Sweden (tel) +468-3060 10 
Switzerland (tel) +41061-795 9610 
United Kingdom: Cambridge Bhcleclce 

(tel) +44 (01223) 316856 (fax) +44 (01223) 360732 

Dopamine D5 
Circle No. 68 on Readers' Senrice Card ' 

24 T i w  Human Panel HXA-101 
24 Tissue Mouse Pan& MgB-101 
12 Tiswe6tage Dromphila Panel DXC-101 
12 nssuelRcgiMI Human Brain Panel BSCDlOl 

Additional panels coming soon. 
OriGene for more information. 

6 Taft Court, Suite 300 ' - 
Rockville, Maryland 20850 

To Order Call 1-888-267-4436 

Phone: 301-340-3188 

Fax: 301-340-9254 

e-mail: custsupport@origene.com 
For all other oountrles, v l d i  tha OrlGem website 
of call 301 340 3188 
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