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COVER The study of animal aggregations such as schools of fish is 
one of the more surprising areas in which complexity theory is prov­
ing useful. It is being applied to understand the evolutionary advan­
tages and drawbacks of group behavior. This is one of many fields of 
research examined from the point of view of "Complex Systems" in 
a special section that begins on page 79. [Image: FPG] 
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HUMAN BEGINNINGS Ocean is anisotropic. These observations 
The genus Homo, which includes modern imply that the layer is flowing there or 
humans. seems to have arisen about 2 mav be recording a relic fabric. 
million years ago, although its origins and 
the number of species (and which species) 
included in Homo have been debated. 
Wood and Collard (p. 65) review the sta- 
tus of Homo and conclude that two 
species previously assigned to the genus, 
Homo habilis and Homo rudolfensis, do 
not belong. 

Gamma-ray bursts quickly release an 
enormous amount of energy, yet the 
source of this energy remains elusive. Van 
Putten (p. 11 5) offers a model involving 
the coalescence of a neutron star with a 
black hole that provides such energetic 
bunts. As the neutron star approaches the 
massive black hole, its orbit may be circu- 
larized and the tidally disrupted star may 
form a torus of debris with a remnant 
magnetic field around the black hole.Then 

SMOOTHING THE WAY 
he growth of thick, atomically flat 
ingle-crystal films on a single-crystal 
ubstrate usually requires ultrahigh 
acuum conditions. Electrochemical 1 deposition, although far simpler, 

tends to form rough or wlvcrystaUine 

thewnewly formed magnetosphere and the 
horizon of the black hole can work to- 
gether to create a resonant waveguide of 
the plasma waves leading to the forma- 
tion of a bubble in this cavity that bursts 
when it becomes unstable. Hence, the su- 
perradiance of the plasma waves initiated 
by the turbulent torus provides a viable 

I 
explanation for gamma-ray bursts. 

PERIL 
What effect will increasing atmospheric 
C02 concentrations have on marine 
ecosystems? Kleypas et al. (p. 118) pre- 
dict a severe negative impact on coral 
reefs: An increase in dissolved C02 con- 
centration in seawater will enhance the 
solubilization of calcium carbonate, de- 
creasing the saturation state of arago- 
nate and therefore reducing calcification. 
The authors predict that between prein- 
dustrial times and the middle of the next 
century there will have been a drop in 
reef calcification of 14 to 30%. 

SHIFTING BOUNDARIES 
Seismic data reveal a complicated bound- 
ary between Earth's core and mantle. 
Some parts of the boundary layer may be 
molten; the nature of the boundary varies 
laterally. Most studies have examined 
either compressional or shear waves. 
Wysession et al. (p. 120) analyzed both 
wave types t o  infer that part of the 
boundary layer beneath the mid-Pacific 

films or is limited to thicknesses 
ctf -70 monolayers. Sieradski e t  al. 
[p. 138) show that flat, thick epitaxial 
Films (-250 monolayers) of silver can 
be deposited on gold if a mediator 
such as lead or copper is periodically 
co-deposited and stripped from the 
surface. The mediator helps nucleate 
the growth of two-dimensional is- 
lands of silver that promote smooth 
layer-by-layer growth. 

TRANSPORTING ROCK 
Subduction during continental collision 
can bury rocks to great depths, but it can 
also bring deeply buried rocks to the sur- 
face. Erosion and faulting have brought 
rocks in several mountains to the surface 
from depths of 100 kilometers or more. 
Bozhilov et al. (p. 128; see the news story 
by Kerr) describe the presence of clinoen- 
statite in material from the Alpe Arami 
peridotite in the Swiss Alps, rock that, pre- 
viously and controversially, has been pro- 
posed to have been exposed from depths 
of several hundred kilometers. The authors 
suggest that the clinoenstatite exsolved 
from another mineral, diopside, at depths 
greater than 250 kilometers. 

MESOSCOPIC MAGNETIC 
MOLECULAR CLUSTERS 

When a magnetic particle is reduced to 
the extent where its quantum wave func- 
tion is comparable to its physical dimen- 

sions, interference effects for the spin sys- 
tem can be observed similar t o  those 
found for electronic charges in quantum 
dots. Wernsdorfer and Sessoli (p. 133) 
used highly sensitive detectors to record 
transitions in the magnetization of single 
crystals of magnetic clusters that could 
occur between two stable states only 
through quantum-mechanical tunneling. 
The two tunneling paths that the spin 
states can take interfere, thus providing 
direct observation for the quantum spin 
phase in a magnetic system. 

SPECTRA OF A MOLECULAR 
SCRAMBLE 

Protonated methane, CH5+, has been 
known to form under certain plasma con- 
ditions, but it has been difficult to study 
both experimentally and theoretically. 
Calculations indicate that several struc- 
tures have nearly the same ground-state 
energy, and thus the molecule can be 
viewed as having well-defined C-H bond 
distances but no well-defined angles be- 
tween the bonds. Despite this highly flux- 
ional character, White et al. (p. 135; see 
the Perspective by Marx and Parrinello) 
show that CH5+ has a well-defined C-H 
stretching band. Tuning of the preparation 
conditions and elimination of related hy- 
drocarbon species lines were needed to 
identify CH5+, and further theoretical 
work will be needed before an actual as- 
signment of lines can be made. 

LOCALIZING LIGHT 
Materials are generally weakly absorbing 
to light at frequencies less than their elec- 
tronic band gap, and making a material 
porous should make it even more trans- 
barent at such frequencies. Schuurmans et 
al. (p. 141) report that macroporous galli- 
um phosphide actually becomes less 
transparent and scatters more light as it is 
made more porous. This increased scatter- 
ing is analogous to that found in electron- 
ic systems where charged carriers are 
scattered from defects and are said to be 
"Anderson localized" when the density of 
defects is sufficiently high. Under condi- 
tions of extreme disorder, the scattering 
of the light increases until the propaga- 
tion ceases to be diffusive and instead 
adopts a tunneling mode of transport. 
However, the optical systems are much 
simpler, in that, unlike charged electrons, 
photons do not interact with each other. 
These results give theorists an ideal sys- 
tem in which to model their predictions 
of light scattering in disordered materials. 

CONTINUED ON PAGE 11 
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NEW TRICKS FROM AN 
OLD ENZYME 

Aminoacyl-transfer RNA (tRNA) synthe- 
tases link amino acids to the appropriate 
tRNAs during protein synthesis and play 
a fundamental role in translational fideli- 
ty. Wakasugi and Schimmel (p. 147; see 
the Perspective by Weiner and Maizels) 
report that human tyrosyl-tRNA syn- 
thetase (TyrRS) harbors two cytokine ac- 
tivities that are unmasked when the na- 
tive enzyme is proteolytically cleaved. 
Recombinant forms of a carboxyl-termi- 
nal TyrRS fragment induced chemotaxis 
of leukocytes and monocytes, and an 
amino-terminal fragment had properties 

Thus, interference with the effectors of 
apoptosis can contribute to transforma- 
tion and tumor development. 

BONE MARROW STEM CELLS 
Stem cells by definition will self-perpetu- 
ate but also differentiate along specific 
lineages to generate fully mature cells. 
In adults, hematopoietic stem cells are 
found in greatest number in the bone 
marrow. Pittenger et al. (p. 143) now re- 
port that a mesenchymal stem cell can 
be isolated from human bone marrow 
that differentiates into adipocytes, chon- 
drocytes, or osteocytes, depending on the 
in vitro culture conditions. Thus, bone 

in common with hterleukin-8. Native 
TyrRS was secreted by apoptotic cells in 
culture and processed into fragments 
similar in size to the biologically active 
fragments. The authors hypothesize that 
TyrRS cleavage may be important in 
apoptosis, leading both to arrest of pro- 
tein synthesis and recruitment of cells 
that engulf apoptotic cell debris. 

Although maize may not much resemble a 
snapdragon, it seems that the molecules 
that initiate and direct the pattern of 
their leaves and floral organs are quite 
similar. Timmermans et al. (p. 151) and 
Tsiantis et al. (p. 154) have both cloned 
the rough sheath2 (rs2) gene from maize 
and show that it resembles another gene, 
phan, known from snapdragon. The two 
genes are similar in sequence and con- 
tain features typical of transcription fac- 
tors; mutations in both generate distur- 
bances in leaf development. The compar- 
ison supports intriguing insights into-the 
cascade of regulatory controls, suggest- 
ing that the rs2 gene controls, perhaps 
epigenetically, the knox-type genes that 
also direct leaf formation. 

TUMOR CONTROL 
To prevent cancer, an organism will induce 
the death of cells that are going awry. To 
determine how p53 is involved in the 
death of tumor cells, Soengas et al. (p. 
156) used a system in which cells express 
the oncogene Myc and die in response to 
conditions that simulate those in tumors 
(hypoxia, lack of growth factors, or growth 
in suspension). This p53-dependent cell 
death was meditated by the apoptosis 
regulator Apaf-1 and the apoptosis pro- 
tease caspase-9. Tumors that did not ex- 
press one or the other of these apoptosis 
effectors had enhanced tumorigenicity. 

marrow may be a cornucopia of stem 
cells for many lineages. 

TRANSCRIPTIONAL INFIDELITY 
In acting as a template for the synthesis 
of messenger RNA (mRNA), it is impor- 
tant that the DNA code be transcribed 
faithfully. Chemicals and ionizing radia- 
tion can damage DNA by deaminating 
the DNA base cytosine to produce uracil. 
During transcription, RNA polymerase 
would place guanine opposite cytosine, 
but when the DNA template contains a 
deaminated cytosine (uracil), an adenine 
would be inserted. Viswanathan et al. (p. 
159; see the Perspective by Bridges) now 
show that such transcriptional mutagen- 
esis occurs in vivo in nondividing cells, 
with translation of a mutated mRNA 
yielding a protein of altered function. 
Due to the accumulation of DNA damage 
over time, transcriptional mutagenesis 
may be involved in diminishing cellular 
function with increasing age. 

IMAGINE THAT 
Functional brain imaging has made it pos- 
sible to observe which areas of the brain 
become active when a subject receives 
sensory input, executes a motor behav- 
ior, or thinks. For example, previous work 
revealed activation in the primary visual 
cortex during imagery even in the 
absence of any visual input. What has 
been unclear is whether activity in this 
first stage of visual processing was re- 
quired for imagery or was merely a re- 
flection of imagery-producing activity at 
later stages of the processing pathway. 
Kosslyn et al. (p. 167; see the news story 
by Barinaga) used transcranial magnetic 
stimulation to scramble the processing 
within visual cortex and find that 
imagery is impaired, arguing in favor of 
a requirement. 
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ured sample cassettes which allow 
for direct loading of up to 2 rnl 
of culture. 

Call now to learn how the New and 
Improved Mini-Prep 24 can provide you 
with great, high-quality DNA ... while saving 
you a lot of time. 

High Purity - sufficient for 
automated fluorescent and 
manual sequencing. 
Easy Operation - begin prep 
with direct loading of bacteria 
culture - no centrifugation step 
saves you time. 
Consistent Results - up to 
6 pg of plasmid per rnl. 
Fast - up to 24 preps per hour, 
saving you time. 
Quality - time and time again. 

M ~ U ~ I ~ I I  
R E S E A R C H  

1-800-466-7949 
11339 SorrentoValley Rd San Diego, C A  92121 Phone: (619) 452-2603 Fax (619) 452-6753 

www.rnacconnell.com 
Circle No. 20 on Readers' Sewice Card 

. I 



Pkosphorylation State-Specific 
Antibodies f ~ d m  BioSource 

Sampler pucks mailable! 

s* headsorbed against mh-phkspb'opeptide 

, I  ' 1 
. . I  

1 - 8 6 0 - 2 4 2 - 0 6 0 7  

JAPAN +813 5649 2751 MEXICO +525/519 3463 NWZEAMNU +64.%73.0770 W W A Y  M7tQ 

rn !WEW +46 W625 18* SWITZ&~NO +041/420.%.36 TWbN 8W2.26S 

- .. , Cirde M&';z';z@l on- 





Now, Accelerate Complete 
Sequencing of cDNA and 
Genomic Clones Without 

78 • ~t'r EZ 4 t h  EPICENTRE'S~ 
EZ::TNm Insertion System! 

Here's How It Works. 

Simply incubate your target DNA in any vector with 
an EZ::TN Transposon and the EZ::TN Transposase 
provided in the kit for 1-2 h.Then stop the reaction, 
transform competent E coli cells with an aliquot of 
the reaction mixture, and plate on media that select 
for the vector containing the target DNA and for 
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Outside of the U S contact the d~strlbutor in your country, or Call 608-258-3080 or fax €48-258-3088 AnomuNRuaurr: 54-1-822-6164, Auamuu: 102195402055 

K m :  82-2-924.8697, Mmm: 8-371-60-50, )*.ZWAW 943-1284. P w :  48-56-3457646. ~ inpspn:  7743388, &ulH M 011-792-3428, Slu: 34-34502601, 
Suroer: 46-8-62518-50, S m w o :  056-624-0100, T W :  886-2-932-1528, TWW: 312-435-0775. UNmo KIffiWM: 1223-36500 

UI:TN Inserrion Khr md dared pmd- are c m d  by p o n s  i r d  md ndlng in the USA and orher countries. Purchase of r h e ~  p m d m  is sccompled by a 
limited nonucluriu. liceme br rhe purchaser to use rhe purchased pmducysrmlelyfor life science mearch. No licenw fw any orher field of use or immunin under 
q p u n t  c m t i n g  a q  other use k h e r  p r e d  or implied by the ale of the product Infomuon on licenser to uw r pmdua fw user orher than l ie  science 
n w y c h  ma be obta id  b, coneninn the lntellecaul Pmwm M-r at bicemTechnolo~m. ETN.TN-MAX.Tmrmscme m d T m m s m i c r  am 

The EZ::TN Insertion System: 

-Yields More Insertions Than Any Other 
System - About 1 o6 Per yg With A 6-Kb 
Plasmid Target. A single standard reaction 
generates more than enough insertion clones 
for complete sequencing, even with large target 
sizes or limited quantities of target DNA. No  
CsCl purification of target DNA is needed. 

- Generates InsertionsThat Are More 
Random Than Other Systems. This permits 
you to  close all sequencing gaps. 

- Uses The Simple Cloned Single- 
Polypeptide EZ::TN Transposase and 
Simple EZ::TN Transposons. The only 
requirement for EZ::TN Transposon DNA 
is that it be flanked by specific 19-basepair 
sequences recognized by the EZ::TN Transposase. 
Other systems require a complicated 
transposase enzyme consisting of multiple 
polypeptides and transposons with larger 
recognition sequence5.A simple system means 
better results and fewer problems.You can use 
an EZ::TN Transposon provided in the kit, 
design a custom transposon, o r  choose from 
a growing variety of EZ::TN Transposons with 
different drug-resistance markers and other 
features available from Epicentre. 

- Has Many Uses Besides Sequencing. 
The unique properties of the EZ::TN lnsertion 
System enable experiments using artificial 
transposons with different selectable or  
screenable markers, priming sites, promoter 
regions, or a variety of structural genes, 
control elements, or other sequences. 
You can also use artificial transposons to  
generate mutations or gene "knockouts". 

To l ea rn  m o r e  a b o u t  t h e  EZ: :TN  
I N S E R T I O N  S Y S T E M ,  c o n t a c t  
EPICENTRE o r  visit our WEBSITE at: 
www.epicentre.comltransposomics.htm 

CALL ABOUT 
A LIMITED-TIME 

INTRODUCTORY PRICE! 

... when you need to be s u n  of the quality 
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Germdlry: 
F r ~ e d r ~ c h  Ebert Stralle 68 
51429 Berg~sch Gladbach 

Models 

M . t o r r a r i r / w ~ / ~ / - I I - .  
Cmhwi ovaldkm an all tunor mod& avdlabk. or hip. 

Wang, X et o/. Cancer m r c h ,  54,4726-28 1994. 
Hdmm. D. Jownal of me Not ioro l  Cancer hfitufe 88.396-397. 1996. 
ChMifm. T. et of. Cancer d r c h .  57,2042-2M7, 1997 
Yong, M. et. 01. Cancer Research, 58,4217-4221, JW. 
An. Z. et a/. CHnical and Expdmentol Metastasis. 15. 184- 195. 1997. 
Hoffman, R , J. CelMar biochem, 56, 1-4. 1994. 



Pump Up y o u r  

Heterologous gene expression often results in relatively low 
expression levels. This can be caused by rare codons or by other 
deleterious sequences in the transcribed region of your gene. Operon's 
gene synthesis service, GeneOpm, can lessen these problems and 
elevate your gene expression levels. 

GeneOpTM helps you redesign your gene to eliminate rare codons, 
utilize optimal codons, alter secondary structure and remove mRNA 
destabilizing sequences. These changes can make your protein 
production more cost effective. We also will assist you in designing 
regulatory DNA sequences, such as promoters and terminators, to be 
synthesized. As a matter of fact, we can synthesize any DNA sequence 
from 100 to 15,OOObp. Operon is now 

GeneOpW Gene Synthesis Prices 
~ 1 1 o ~ ~ ~ a c l o r r ( U 1 ) 9 D M ~ ~ m V l u 1 U ~ j  

SERVICE TYPE 

Rush 

SHIPPINO 

20 days or Iwr 

PRICE PER BASE PAIR 

$15.00 

Fast 2190 days 

Standard 31-40 days 

Economy 

offering even faster turn-around 
times and lower prices on its gene 
synthesis service. As always, the 

AOOlTlOlUL CUSTOM IERVICES 

FREE codon optimization or secondary structure removal . Sequence lengths from 100bp to 15,000 bp. 
sequence acccuracy is uncon- 
ditionally guamnteed. So let GeneOpm 
pump up your gene expression. 

World's Leading Supplier of Synthetic DNA 

lo00 Atlantic Avenue, Suite 108 Alarneda, CA 94501 
Phone: 800-6882248 510-865-8644 Fax: 510-865-5255 Intemek dna@operon.com httpJ/www.operon.com 
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DNA 81 RNA Rotein isolation 
Isolate homogeneous transcription factors in < 1 
hour - fully active in transcription and DNA & RNA 
bhding assays. 

Blnding of Other Blotinylated Targets 
Isdate cells or proteins using biotinylated antibodies. 
- a simple and rapid method. 

1 
Dpd AS. P.O.Box 158 S t ~ y e a  N0112 %lo. N w a y  
Tel: +47 22 06 10 00. Fax: 4 7  22 SO 70 15. E-mail: dyopl@dynal.no 
Dpal Inc, Tcl: I MY) 638 9414 Fax: 4516326 3298. E-mbil: whservhrdynahnacom 
Declbmc D y d  GmbH. Trl: 4 9  40 36 68 11. Fax 4 9  M 36 60 40, &mail:info@dynrl.sm 
D y d  WK) M, Td: 0 llDO 731 9037, Pax. +44 151 345 1223. E-mail: Ishrrv@dynal.un 
Nlaol qoll ELK, Ttl: +XI 3 593 7861. Pax +81 3 3593 3216, Emnil: witas@mngicnl.q 
D y d  Frrma S.A, Tek +33 3 44 23 45 95. Fax: +33 3 44 23 16 14. E-mait dprd.h.inrBu 
Dpd Pty LUi, A u l  Tcl: 18(10 623 453. NZ Tct: aBM 44B 246. Far: 4 1  3 -3 6660. Ed 

DNA & RNA H y b r i d i i  
Capture and enrich cDNA, &DNA and RNA in 
minutes - inwsased sensitivity and efficiency than 
standard methods. 

midghase Seq-ng 
Eliminate.. time consuming subdoning, precipitation, 
extradim and cenbifugation steps. 
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Where can you 
find the best 
location for 

biotechnology? 

Right here... 

Global 
Biotechnology 

Centers - 
North America 

A Science Advertising Supplement 
.......................................................................... Issue Date: 7 May 1999 

Ad Supplement space reservation deadline: .. 8 April 1999 
..................... Issue space reservation deadline: 16 April 1999 

Bonus Distributions: 
Biotechnology Industry 
Organization (BIO) '99 
17-19 May, Seattle, WA 

ASBMB Meeting 
17-1 9 May 
San Francisco, CA 

A look at the best locations 
for biotechnology research 
and more... 
Highlight your special message in 
this focused look at the burgeoning 
biotechnolo y centers in the United 
States and ganada, including 

Regional overviews of top 
biotechnology centers: 
Where are they3 
Biotech start-ups' strong links 
with university intellectual 
capital: Is this changing? 
Funding biotech start-ups: 
How does this influence 
location and growth? Science wwwscienceonline.org 

Reserve your spaice 
NcdmsVE. Canada: 
Richard Teeling 
973-904-9774 
MM AllaticN.S. I n s k  Sakr: 
Chris Breslin 
202-326-6544 
Midwwt6owea* 
Elizabeth Mosko 
773-665-1150 
wwt c o r r w .  ca* 
Neil Boylan 
415-673-9265 
U W S c a n d i ~ v i i € ' F ~ ~ l  
BdgiumNehrlmdr: 
Andrew Davies 
t44 7071 226 21 6 
O e m u n y l S w i ~ A u s t r h  
Tracey Peers 
t44 1-260-297-530 
Japan: Mashy Yoshikawa 
(81) 3 3235 5961 
Intemel S a k  Many(#: 
Laura Tellez 
202-326-6599 



F ChipReadPrm is thefirst biochip imaging system to o$er simultaneous reading of up-to 5 dgerentfruorescent dyes. 

b hipReader is a high-sensitivity Greatest Flexibility Easy TO Run; User Friendly 
laser 'YStem for ChipReader's modular design accommo- To optimize experiment performance, 
array biochips. It an array of dates your changing needs. Use standard parameters such as speed and number of 
speed and efficiency benefits. slides, s d e s s  steel cartridges, or 3" x 4" scans can easily be set using Cn_tpReader's 

Highest Sensitivity (76 x 98 mm) glass plates,~hip~eader icon driven G d o w s   softwa ware. It can 
can read glass substrates with the array be integrated with your lab automation " Q 

Our a-chromatized objective lens provides minted on the  to^ or bottom, wet or & svstems and is Y ~ K  com~liant. 
J 1 

the highest collection efficiency available. 1 or withourla cover glass! ~t A. 
I 

Contact Beverly Giammara, 1-800-933-9011 
read silicon, plastic and nylon substrates. 

Highest Throughput Visit us at www.virtek.ca 

ChipReader works up to 10 times faster Smallest Footprint Available I 
than competitive products. The high- Measuring just 11" in length, 9" in width, 
speed scanning mechanism reads up to and 12" in height, there is no greater 
5 different dyes simultaneous~y, over a space-saving imagmg option for your LEADING THE WORLO IN 
20 x 20 mm area, in less than one minute. microarray biochips! PRECISION LASER APPLICATIONS 
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L A S E R  C A P T U R E  M I C R O D I S S E C T I O N  

Are You Routinely 
Microdissecting 
Single Cells? 

W1th the Pixcell IT" System, you can m i d  

single cells to thousands of cells in minutes. 

Using Laser Capture M i d o n + ,  the J3xCell 11 

reliably provides pure cell-speak samples that are 

the basis of accurate and reproducible genomics 

and proteornics studies. Since the 

Pixcell 11 is fist and easy, single 

m cell m i m M o n s  are no longer 

just amazing, they're amazingly routine. 

(888) 446-791 1 wvw.arctur.com (650) 962-3020 
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Any wortatlon can do graphics. 
Only one is specifically desgned to make you say, 

STARTING 

$3,395 

Introducing our newest line of visual 
wofkstationrThe operating system is 
Windows Nl? And the computer is 
pure Silicon Graphics? Featuring our 

Integrated Visual Computing (NC) 
architecture with the 

these breakthrough machines * 

move graphics data six times faster 
than AGP 2X-based workstationso-a massive 3.2GB per second. 
Plus, I10 bandwidth is up to 12 times greater than other PC 
workstations." Finally you can get the outrageous 2D, 3D and 
digtal media performance you expect from Silicon Graphics- 
for about the price of a mere clone.The Silicon Graphics 320" 

workstation starts at just $3,395. Or choose the 
Graphics 540m workstation? Starting at 

$5,995, and supporting up to four InteP Pentiurn@ II 
eonm processors, it's the most scalable Windows 

NT workstation around. Either way your computer 
~%!fi!!m'l[ will scream. And so will you. 

Silicon Graphics 320 Visual Workstation 

.Silicon Graphics lntegruted Via1 Cornpuang architecture 
with Cobalt gqhics &$set 

*Supeorts up to two IntdePentiumb l l ~ ~  (up to 450MHz) 
;lntegroted 101 100 Ethernet, IEEE- 1394,H USB and p m ~ o n a l  video I10 
. U h  ATA or optional Ultm2 SCSl drives up to 28GB total c o p a q  
~MiomoftB Widuw NTQ Workstotion 4.0 
.Add the SuperWideTM 17.3" Silicon Graphics 1600SWM 
digitor flat panel monitor (shown) for on/y $2,495 

TO get information, find a local reseller or to call 1 888 SGI-63 1 5 or visit us at www.sgi.com/go/visuaI a 
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Tired of full-length promises? 
Get SI ' ' IT. J 

Enrich for full-length cDNAs 

Generate high-quality cDNA for library construction 

cDNA suitable for PCR-Select cDNA Subtraction 
from small amounts of total RNA 

SMART EDNA libraries contein mom complete ORB than am found in conventional libraries. 

Want the benefits of SMART when doing RACE? 
Try the new SMART RACE cDNA Amplification Kit ~ ~ i a i - i ~ .  

In Germany please contact CLONTECH GmbH Tel: 06221 34170 Fax: 06221 30351 1 
In the UK please contact CLONTECH UK Ltd. Tel: 01256 476500 Fax: 01256 476499 
In Japan please contact CLONTECH Japan Ltd. Tel: W 3523 9777 Fax: W 3523 9781 
Austmlia: 61 7 3375 1888 rn Amnia and h m m  Eump: 43 1 889 1819 rn BelgiunJLuumbwg: 0 881 1 9815 

Canada: Now call CLONTECH direct 800 662 2566 rn China: BElJlNG YUANGPING BIOTECH 86 10 
68187551; GENE CO. LTD. 021 6474 87W; SINO-AMERICAN BIOTECH CO. 86 21 6402 2371 rn Cncb R q u b  
lic: 4ZO 19 7265214 bypt 2CQ349 8311 rn Finlmd: 358 9708 596 19 rn hence: 331346mU4 rn 6 e m w  
CLONTECH GmbH -49 6221 34170 rn 6mcar 301 51 53832 rn Honp Konp: 852E466101 rn Hunparl: 36 1 280 
3728 rn lndia:91 11 5421714 rn lmel: 972499W695 b l~8  55 5 001871 rn Japm: CLONTECH Japan Ltd. 
-81 33523 9777 rn K m :  822 555 0311 rn Malayria:603 777 2611 Mexiw: 525 281 4718 Tlu Netbar- 
lands 31 33 495 W Y rn luo- 47 22 421 520 rn PMugak 381 361 36 33 rn Scandinavia: 46 8 728 W 65 rn 
Sinpapn: 65 775 7234 rn Swih AMu: 27 21 615166 rn Spain: 34 9 1 630 0379 rn Sniimrlad: 41 61 272 824 
rn h i m n :  886 2 272M215 l'bailmd: 662 530 38(U 4 T u r k . ~  90 216 385 891 rn Uniad Kinpdom 
CLONTECH UK Ltd. 0 44 1256 4765W nV. Z'lSFA 

l U m m  i q i d  by the a~IdWlarleDemuth (18831935). 

CLONTECH's SMARTM Technology* is a true 

advance that allows you to generate cDNA 

that reliably matches the length of your input 

RNA. The SMART cDNA Library Construction 

Kit ($KIO~I-1) verifiably increases the percentage 

of full-length cDNA, allowing you to generate 

representative, directionally cloned libraries 

without adaptor ligation, from as little as 50 

ng of total RNA or as much as 1 pg of poly A+ 

RNA. To synthesize high-quality cDNA for  

subtraction, use the SMART PCR cDNA Syn- 

thesis Kit (1~1052-I). Call and order today! 
* P a t e n t  pending. 
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C L O N T E C H  
N O W  Y O U  C A N .  

1020 East Meadow Circle. Palo Alto, California 94303 USA 

Tel: 800-662-2566 (CLON) 650-424-8222 Fax: 800-424-1350 650-424-1088 
E-mail: products@clontech.com orders@lontech.com Internet: www.clantech.com 

O 1999. CLONTECH Laboratories. Inc., IAD~ZZZI 



Neither snow, 
nor rain. 

nor macromolecules.. . 

You 
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Make time stand still 

o more auick-frr-- - 
Tissue stored 

ip samples at room 
temperature 

lwse Mouse Mouse Mwse Mouse Mouse Moute Mwse Mouse 
ar RNA Spleen RNA Ktdney RNA Liver RNA Spken RNA K~dney RNA bver RNA Spieen RNA Kidmy RNA 

RNAlaterm rapidly inactivates RNases and stabilizes 
R N A  in tissues for subsequent R N A  isolatio 
Ambionf novel Tissue Collection:RNA Stabilization Solution, RNAloterTM, is an aqueous, 
non-toxic, room temperature reagent that replaces liquid nitrogen for tissue collection p 
to RNA isolation. Simply harvest tissues and submerge them in RNAloter. Store tissues for 
weeks at 2SaC, months at 4°C or indefinitely at -20°C without jeopardizing the quality or 
quantity of RNA obtained from subsequent RNA isolation. Because RNAloter immediately 
inactivates RNases, RNA yield may even increase. 

intact after I0  freezelthaw cycles. RNAloter is compatible with all 
procedures tested. 

Use RNAloter and eliminate the rush of tissue harvesting, the worr 
storage and the difficulty of freezing and grinding tissue in liquid nitroge 

For more information, see t 
visit the Ambion website at 

Amb~on,lnc . OW- r 5 I 1 < ' I  I I ' I  I 0 + I ) L  I O ) O  . ( I I (~'M?@Wnk> ) I I . 
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G;;ZCK :;IT TTTE 

For More Information, Vlslt Our Web Site ... 
www.bd.com/labware 

There's never been a better time to try BIOCOATa Cellware! 
Now available with Collagen I, Gelatin, Poly-D-Lysine or 
Poly-L-Lysine - in a variety of tissue culture vessels! 
Researchers can now spend more of their valuable time 
performing experiments instead of preparing for them. 
Get the BIOCOAT advantages ... now at a price you can afford! 

WDE QN 
BIOCOAT Cellware is offered in a wide assortment of tissue 
culture vessels - from FALCON" clear polystyrene Multiwell" 
plates to a variety of dishes and flasks. Also available are 
FALCON" 96-well and 384-well assay plates in solid white 
opaque and black and white opaque with clear bottoms. 

em-tECfSI 
Looking for a special coating or vessel? We can 'Custom Coat' 
to meet your individual needs. Please contact our Technical 
Services Department for details. 4-r C E L L  E N V I R O N M E N T S  

guaranteed to perform as cla~rned so you 
can use them with complete conf~dence 

Lot-To-1 01 Cansrsrenq 

I 
H~ghly contra,,,, ,,,,,,,,,3, ,, dironment 
and validated rnanufacturlng procedures 
assure product untforrn~ty and cell culture 
oerformance I 

-- 
Affordable Pricing I 

1 improved packaging have enabled us to 

substant~ally reducing ltst prices1 

Qrclcv HlULOA l p r  oducti f r u  
y r z o r  r r ~ i t l r o r r z o d  d r s t r r b u t o r  o r  cai 
rr  5 drrc*r. tly a t  1-~1013-'143-20,:15 

Becton Dickinson Labware 
Two Oak Park Bedford, MA 01 730 USA 
Fax:(800) 743-6200 e-mail: maiI@bdl.bd.com 
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COX Activity -F , N O H - R A D I O A C T I V E  "a 
,SO S I C O N D S / S A M P L E  
b 
2. 

- J A N -  A T I V I  @&. ,r'&&.2.' a 

@ DiFea ccAMP/cGMP 

I ,IN CELL L Y S A T E S  OR I T 1  0 

Total 8-isoprostane 
- F a y  ~:*~-, = 

<&$@ ..:trj+:*'+ *5 9 Chernilurninescent Labeling Kit 
I b LABEL A N Y  P IPT ID I ,  P I U T F I W  

OR N u c u t e  ACID 

~rostaglandins, Leptins, 

L Endothelins, Steroids, 

Peptides, Nitric Oxide, ernd 

I Contract Assay Development 

Assay Designs, Inc.  1327 Jones Drive Ann Arbor, M I  48105 USA 

phone: (734)668-6113 toll free: (800)833-8651 (USA and Canada) fax: (734)668-2793 
e-mail: info@assaydesigns.com website: 

Worldwide distribution! Contact us for your lvcal urscr~uuro~ 



Advanced Multiblock Thermocycler I 
- 

The new T3 Theqnoclyckr 
_- 

-% 

is the successor to the famok - . 

TRIO Thermoblock. I '  

Three independently operatina 
blocks offer maximum flexibility. . - ' 

4 temperature, time+ number of ~clm- - 

i intuitive programming 

with pressure control far ea*';; . - -: ... 
single block. , . + . -  

_ .  . 
- .  

< - 
II 

u,.,h 20 wells (0.5 m#) am# - J , - 



01999 MERRILL LYNCH & CO., INC. 

YOU'VE DEVOTED YEARS OF HARD WORK TO 
YOUR DISSERTATION1 

MAYBE IT'S TIME YOUR DISSERTATION GAVE 
SOMETHING BACK. 

For the secondyear running, f ie  Merrill Lynch Forum 

Innovation Grants Competition will award $150, 000 to recent 

Ph. D. candidates who can be& exblain the 
1 

panel o fdis t ,"  marketplace potential of their dissertation. 
guished scientists 

LaQear9sfir&-place winner, Dr. Jan Mark 
neurs judging the 

compet!t;on, under hworolski  o f  UC Berkelev, was awarded 
J J '  

the direction o f  Michael Schrage, 

Rerearch Associate o i  the M I T  Media $5'0, 0 0 0 for ~ ~ ~ ~ ~ ~ i n g  Q sin$e -ch@ 
Lab, will include: 

. I 

John Seely Brown, P ~ . D . ,  I power converter. In addition to recei'ving 
Chief Scientist, Xerox Corporation, 
Direct05 Xemx Palo Alto Research Center cash awards, winners will meet wz?h leading 

V 
John  doer^ Partneb 
I<leiner Perkins Cauf~eld & Eyers entrebreneurs and venture cabz?ali&s to discuss 

A I 
Esther Dyson, Chairman, 
EDventure Hold~ngs I ~ C .  their work. Applications and entp information 
Peter C. Goldmark Jr., 
Cha~rman & CEO, 
The International Herald Tr~bune can be obtainedfrom f ie  Merrill Lynch 
Wil l iam A. Haseltine, Ph.D., 
Chairman & CEO, Forum webst'te at www. ml. com/innovation. 
Human Genome Sciences, Inc. 

Edward Mcl<inley, President, f ie  Merrill Lynch Forum is Q '‘~irtual'' 
E.M. Warburg, Pincus & Co. 
International Ltd. think tank bredicated on the idea that human 
Arat i  P rabhaka~  Ph.D., 
Vice President af  Research, 
Interval Research Cot.poration 

I 

intelledual capz?al is our single mo& valuable 

currency. It brings together leading thinkers 

to consider issues of worldwide importance in technolog, economics 

and geopolt'tics. 

The Merrill Lynch 

HUMAN ACHIEVEMENT 
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Color Digital and 12 Bit 
High Sensitivity Monochrome. . . 

- 1  * 

y Our digital cameras 

- -- \ r "  87. -- /I>/ ---IJL -!A r I L., 
- 

SPOT . . . The first eooled CCD cdor digital camem designed specifically far mierasbbpes 

To lnqulre about our famrly of SPOT cameras, please contact us or vls~t our webslte at www d~aglnc.corn 
Phone. 810-731-6000 Fax 810-731-6469 E-mall ~nfo@dlaglnc corn 
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Forget the 
international 

acclaim, 
the career 

advancement, 
the money. 

AMERSHAM PHARMACIA m%? Will it be yoir parents' 

SCIENTISTS mrn this year? 

The annual Arnersham Pharmacia Biotech & 

Science Prize is one of the most prestigious 

international awards of its kind for young 

scientists. It can help achieve quite a lot for those 

who enter, putting bright, new scientific talent in 

the spotlight; bringing international acclaim to 

them and their universities; advancing their 

careers and earning winners and runners-up a 

handy cash prize (the fust prize amount has been 

increased to $25,000, with up to seven additional 

prizes of $5,000). 

Call for entries 

You must be a recent Ph.D. graduate (awarded 

between 1 January and 31 December 1998) 

working in molecular biology. Submissions must 

be in the form of a 1000-word essay, in English, 

French, German, Spanish, Japanese or Mandarin 

Chinese, on your thesis, highlighting the 

significance of its contribution and overall 

implications in the field. The winning essay will 

be published in Science. 

Closing date for entries is 15 June 1999. Prizes 

will be presented at an award ceremony in 

December 1999. 

YOU. mum 1 Full details and the required entry form can be 

requested from the administrator at the address 

below, or via these Web sites: 

http://www.aaas.org/science/p*.htrn 

http://www.apbioteCh.com 

Hiroyulu Noji 
(Ph.D. awarded by Tokyo Instimte of Technology), winner 
of the 1998 Amersham Pharmacia Biotech & Science Prize 
for Young Scientists. 

182-88 & Road, 
1223 326501. 
York Aveum, NW, 

G 
?02-78M172 amersham pharrnacia biotech 
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Some see DNA 
as a commodity. 

1 We prefer amore 
visionary approach. 

Call us idealistic, but we think your next 
custom oligo should be a thing of beauty. 

Here's how we see it. Whether you need 
a couple of probes or primers, or a couple of 
thousand. vou'll want imoeccable quality and 

own certificate of Quality Assurance that 
includes a digitized PAGE analysis, quantitat- 
ed yield, melting temperature and MW. 

Of course, selection is important, too. 
So if your taste in oligos goes beyond plain 
vanilla primers, you'll be happy to know that 
our "standard flavors" include 6-FAM, HEX, 
TET, biotin, phosphorylation, fluorescein, 
amine labeling, Texas red and rhodamine. 
And if you're looking for S-oligos, 96-well 
plates, or even whole genes, look no further. 

24-hour shipment? Routine for standard 
primers. Easy e-mail, web or fax ordering? 
Whichever you prefer. Knowledgeable, friendly 
tech support? Included free with every oligo. 

Want to share the vision? Call today to 

discuss your DNA requirements. For a really 
transcendental experience, let us handle your 
next order. 

DNA micrographs are couttesy of Michael W 
Davidson, director of the Optical Microscopy 
Division of the National High Magnetic Field Lab- 
oratory, a joint venture of The Florida State Uni- 
versit)! the University of Florida, and Los Alamos 
National Laboratoy 
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Genosys Biotechnologies. Inc.. The Woodlands, Texas. Phone: (281) 363-3693. E-Mail: info@genosys.com 

Cambridge. U.K.. Phone: (441 (011223 839000, E-Mail: genosys@genosys.co.uk 
Hokkaido. Japan, Phone: 81 133 73 5005. E-Mail: genosys@genosys.co.jp 
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>tative or v s  

Bio-Rad 
Laboratories 

Life Science webrite WWW.~~O-rad.cotn U.S. (BW) ~BIORAD Australia 02 9914 2800 AU*~ (01)-877 89 01 ~ e l g ~ u m  09-385 55 11 ~eneda (905) 712-27; 

I;roup China 86-10-62051850151 Denmark 45 39 17 99 47 Finland 358 (0)9 804 22W France 01 43 90 46 90 Gennany 089 318 84-0 
Hong Kong 852-2789-3300 India (91-1 1) 461-0103 Israel 03 951 4127 Italy 39-02-216091 Japan 03-581 1-6270 Koma 82-2-3473-4460 
Lstin America 305-894-5950 Mexico 514-2210 Tho Netherlands 0318-540666 New ZssIand 64-9-4152280 Russla 7-095-4585822 
Singafmre 65-2729877 Spain 34-91-661-7085 Sweden 46 (0)8 627 50 W Sudtmrland 01-809 55 55 Unitad Kingdom 0800-181 134 Sig 1W7S 
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,%* . cn, pauw r ulrulascmcnr, ~fafi~tical - 
4');. a.-,ses, and F--- ntation tools into a 

single, intuitive and coherent desktop sob- $%$$% 
*",SU<. 

package that anyone can use with ease. ::+I, 
+. 

?$;GI" 
But don't let Statview's ease of use and .$ 

1 flexibility fool you ... under the intuitive SL$?$ 
interface lies a powerful suite of analyses ;c;b~Z3+: 

that just got even more powerful with the 
release of StatView v5. And now StatView is i:t;..: 
supported by SAS hstitute hc.-the&$i$&$i~ 
worldwide leader of statistical softwde;. &$&> 

I 
technical support, consulting a n ~ r ~ ~ ; ~ & ~  
professional training services. %s ::i--7??~ki~:ff'~!~ .-.-. :~&- ':.,.=-.. <- .* ,:. t:. ,..,. .. .: 

k.:.g.;,'2 :,, 
StaNiew brings its award-winning flexibilivfi.;,,::,l :..- : 

Visit our Web Ste r 

Circle No. 32 on Readers' Service Card 

Buried 
Masure 

I 

Sci-I 
I 
I 
I 

Science 
E-MARKETPLACE 

I 

WOY I l i i i i E q  NE ,, 
science's* 
Literature 
Library 

Welcome to Literature Library, highlighting 
catalogs, bmchures, technical applications 
sheets and more from leading scientific 
companies. 

Look For Wtenhlre lnfornutlon 
Uling Om O l l l ~ a e  Indexes: 

bC ' UPI . . 

) C.Icpy  Lirling: 
b- 
b- 
bntEwds 
bc4lmlm 
b 
bQNG ' 

-h- 

b P  
. . 

b- 
b waaKy&r,, 

1 6  
wmn.scienceonline.org 

2fi 
E-MARKETPLACE 

333 
Literature 
Library 

L. Science's 

Literature Library 
www.scienceonline.org 
Click on E-MARKETPLACE, 
then click on Literature Library 

E 
0 0 A website of 
I luminometers and 

their application a> methods. 
t 

E 

3 - 
TURNER DESlQNS 
845 W Maude Avenue. Swnyvab CA 94086 
14081 7490994. FAX 14081 7490998 
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DNA microarrays are revolutionizing genomic research and drug 

discovery. And Genetic Microsystems is revolutionizing DNA 

microarrays. Using proprietary fluid transfer and digital laser imag- 

ing technology, we have developed a new generation of systems 

that enable you to create and utilize custom DNA microarrays for 

relatively low cost-in your laboratory and for your applications. 

Our systems are extremely flexible, with an open architecture that 

provides immediate access to this powerful research tool. 

Changing the image of DNA microarrays 
Imagine what you can do. For information, visit us on the Web 

at www.geneticmicro.com. To reserve your microarray system, 

call 781 -932-9333. And open up an array of new possibilities. 
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....................................................... 
Science is confirmed, you get the three books of your choice for $1.99 each. I . LIBRARY OF SCIENCE 3 books for $1.99 each: indicate by numberthe books you want. I 
plus shipping and handling (sales tax where applicable). As a member, you I PO. Box 6304, Indianapolis. IN 46206-6304 
can choose from qualrty publishers' edit~ons and our special members' edi- I enroll me the of A few books (as noted) count as more than one choice. 
tions of the best science books.You always save at least 20% off the ) and send me the three volumes Indl- I 
publisher's price on every sctence book With your 6rst purchase of a I cated, btlllng me ,99 each, shlpptng and 

I 
I 

regular selection, you earn Bonus Credits you can use to save 50% off handling. I agree to purchase at least three Name I 
publishers' prices. At  3-4 week intervals (I  5 times per year), you'll get the 

I addltlonal selections at regular members. 
I 

club magazine and a dated reply card.Three Special Selections will also be I next 2 years,As a membecI Address Apt I 
I 

sent. If you want the Matn Selection(s),do nothing; it will be sent automat- I can save up to 5m of I I 
ically If you prefer another selection. or no book at all. indicate your choice I may cancel my any I CO 
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on the card and return it by the date specified. A shipping-and-handling bv these three addrtlonal boob,* I 
charge (sales tax where appl~cable) 18 added t o  each shipment, You can 

I and.handling charge Is added to all shipments, State Zip I 
order online at www.booksonline.comllos.You always have I5  days t o  I 

decide if you want the Main Selecton(s). If you receive a book you do not I No-Risk Guarantee: if I am not satisfied- Phone number: please 
I 
I 

want, because of late mall of the It free of charge, I for any reason-l may return my introducto- Books purchased for~rofesslonal purposes may be ata-dedufltble expense Prices are I 

I boob wrthln days, My membership w,ll s'ghtly hgher o m d e  the US and are lnvoced In U.5 dollars Sales tax added where I 
Your only commitment is t o  buy three books at the regular membeis price appilcable We reserve the r~ght to reject any aopllcmion 0% va!~d ~n USA and I 
in the next 2 years.You may cancel after that. I be canceled, and I wlll owe nothing. Calada on!y Srence 4!99 2-M2 I 

L-------------------------------------------------------J 

ers F 



ARE YOUR RETIREMENT INVESTMENTS 
WORKING A S  HARD A S  YOU ARE? 
Make the most of your 403(b). Our free kit shows you how. 
One of the many benefits that may come with working for a not-for-profit organization is 
having the opportunity to invest in a 403(b) plan. As you plan for your future, every cent 
counts. Even a small improvement in your 
average annual return today can significantly 
increase your retirement income tomorrow. d 6/30/% 

Zompetitc 
[ow S10,OC 
Id Have G 

10 Investec 
rown vs. ( 

It's easy to transfer. We offer more than Je C h ~ p  Growth Fund 
,,$per Growth Funds AveragL 

30 000 
50 100% no-load mutual funds-with no 
custodial fee. And we offer the service and 
information you need to invest with confi- $25,691 

dence every day-for retirement or for other 
goals. Our free kit provides step-by-step 

::I:: 
l i000-  

instructions that make it easy for you to 
10 

transfer your account balance, even if your Ll, '!A - 129'3 

plan doesn't offer T. Rowe Price funds. 

compare performance. How do your 28.84%, 23.89%, and 24.48% are the fund's average annual 

current retirement investments compare returns for the 1-year, 5-year, and since inception (6/30/93) periods ended 
12/31/98, respectively.* 

with one of our proven performers, the 
Blue Chip Growth Fund? This fupd invests in leaders of today as well as companies expected 
to become the industry leaders of tomorrow. These blue chip companies can offer you excel- 
lent long-term capital appreciation potential. 

Act now. Since 1937 T. Rowe Price has been helping retirement investors meet their financial 
goals. Today, along with our affiliates, we manage over $145 billion in assets for more than 
seven million individual and institutional accounts and offer our investors a broad range of 
investment options and services. 
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For your free 403(b) kit and prospectus, 
call our retirement representatives at Invest Wth c~nfiden~e@ 
1-800-831-1463 
WWW. troweprice. Corn TRoweRice 

"Figures include changes in principal value, reinvested dividends, and capital gain distributions. Investment return and principal value will vary, and shares may be worth 
more or less at redemption than at original purchase. (Source for Lipper data: Lipper, Inc.) Read the prospectus carefully before investing. T. Rowe Price Investment Services, 
Inc., Distributor. 4038047860 



1 Claritv to Cell SiattalinP Research! 

assay systems for ?sing a 
and apo *ng 
M i o n  c and 

Hike activity in L 

Anti-PARP p85 Fragment pAb 
Cat# G7341 

NdMarkerfiAQgpkrris 
aspACEN Assay !3y&em, 
I W ~ I ~ ~ C  Cat# G7220. G7351 

I& Z-VRLTFMKI~ZMW 
CaspACEN Assay System, 
Fluorometric cat# c3540 

DeadEncf" Colorimetric 
Apoptosis Detection System 
Cat.# G7130 & 

kpoptosis Detection System, 
Fluorescein cat# c;3m 
CelITner W AQU, One I wutm -1 protiiration 
AS.SaYSf Cat.# G3580 

I Celtliter 96@ AQ- Non- 
R a d i i e  Cell Proliferation 
~ Y S *  CatW G5421 

CelTTier 96" Non-Radioactive I Cell Proliferation Assays 
Cad.# GIOOO 

I Cyt6Tox 96@ Non-Radioactive 
Cyt~toxidty Cat.# G1780 
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