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COVER The cryptochromes are photoreceptors through which cells
respond to blue light. A Review by Cashmore et al. (p. 760) in the special
section on Signal Transduction (beginning on p. 755) summarizes recent
evidence that cryptochromes function not only in regulation of plant
growth, but also in entrainment of the endogenous biological clocks of a
broad range of organisms—from plants and insects to mammals.
[Collage: concept by A. Cashmore, created by Ann Elliot Cutting]

COLLAGE PHOTO CREDITS: FLY, NIGEL CATTLIN/PHOTO RESEARCHERS; MOUSE, GARY E. PICKARD; ARABIDOPSIS, JAMIE HAYDEN

NEWS OF THE WEEK

SCIENTIFIC PUBLISHING: Varmus Circulates
Proposal for NIH-Backed Online Venture

BIOTERRORISM: President Revokes Plan to
Destroy Smallpox

PLANETOLOGY: Signs of Plate Tectonics on
an Infant Mars

QUANTUM MECHANICS: Quantum
Computing Makes Solid Progress

CANCER RESEARCH: New Model for
Hereditary Breast Cancer

ITALY: University Funding to Be Tied to
Performance

CANADA: Schools Urged to Boost
Technology Transfer

726
727

728

v731
800
802

733

734

755

w777
752

779

782

785

757

REPORTS

Pseudogaps and Extrinsic Losses in
Photoemission Experiments on Poorly
Conducting Solids R. Joynt

Quantum Annealing of a Disordered
Magnet ). Brooke, D. Bitko, T. F. Rosenbaum,
G. Aeppli

Thermal Equation of State of Aluminum-
Enriched Silicate Perovskite ]. Zhang and
D. J. Weidner

Self-Assembly of Disk-Shaped Molecules
to Coiled-Coil Aggregates with Tunable
Helicity H. Engelkamp, S. Middelbeek, R. J.
M. Nolte

822

Practice
makes
perfect

760

765

770

788

v 790
719
794

v 794
719
790

JAPAN: Mixed Grades for 5-Year Science Plan

SCIENTIFIC COMMUNITY: High-Level
Groups Study Barriers Women Face
NEwS Focus
FROG DECLINES: Are Pathogens Felling Frogs?
Frogs: Canaries in the Hot Zone?

FROG DECLINES: A Trematode Parasite
Causes Some Frog Deformities

SCIENTIFIC COMMUNITY: Headhunters
Stalk the Halls of Physics

GAMMA RAY ASTRONOMY: New Ground-Based
Arrays to Probe Early Cosmic Powerhouses

SIGNAL TRANSDUCTION
Special Section Introduction
REVIEWS p—

Orphan Nuclear Receptors: Shifting
Endocrinology into Reverse S. A. Kliewer,
J. M. Lehmann, T. M. Willson

Cryptochromes: Blue Light Receptors for
Plants and Animals A. R. Cashmore, J. A.
Jarillo, Y.-J. Wu, D. Liu

A Cell's Sense of Direction C. A, Parent
and P. N. Devreotes

Notch Signaling: Cell Fate Control and
Signal Integration in Development
S. Artavanis-Tsakonas, M. D. Rand, R. J. Lake

Pressure-Induced Solid Carbonates from
Molecular CO, by Computer Simulation
S. Serra, C. Cavazzoni, G. L. Chiarotti, S.
Scandolo, E. Tosatti

Global Distribution of Crustal Magnetization
Discovered by the Mars Global Surveyor
MAG/ER Experiment M. H.Acufa, J. E. P.
Connerney, N. F. Ness, R. P. Lin, D. Mitchell, C.W.
Carlson, J. McFadden, K. A. Anderson, H. Réme,
C.Mazelle, D.Vignes, P.Wasilewski, P. Cloutier

Magnetic Lineations in the Ancient Crust of
Mars J. E. P. Connerney, M. H. Acunia, P. J.
Wasilewski, N. F. Ness, H. Réme, C. Mazelle, D.
Vignes, R. P. Lin, D. L. Mitchell, P.A. Cloutier

SCIENCE (ISSN 0036-8075) is published weekly on Friday, except the last week in December, by the American Association for the Advancement of
Science, 1200 New York Avenue, NW, Washington, DC 20005. Periodicals Mail postage (publication No. 484460) paid at Washington, DC, and additional
mailing offices. Copyright © 1999 by the American Association for the Advancement of Science. The title SCIENCE is a registered trademark of the AAAS.
Domestic individual membership and subscription (51 issues): $110 ($62 allocated to subscription). Domestic institutional subscription (51 issues): $325;
Foreign postage extra: Mexico, Caribbean (surface mail) $55; other countries (air assist delivery) $90. First class, airmail, student, and emeritus rates on
request. Canadian rates with GST available upon request, GST #1254 88122, Publications Mail Agreement Number 1069624. Printed in the U.S.A.

30APRIL 1999  VOL 284

SCIENCE

www.sciencemag.org



SCIENCE’S COMPASS

EDITORIAL
739  Assessing the Decade of the Brain 745
E. G. Jones and L. M. Mendell &
With an ¥
LETTERS artistic
741 How Fares Scandinavian Biology? S. S. spirit? SCIENCE ONLINE
Shivakumara. Fire Use R. M. Rowlett. Over the www.scienceonline.org
Fence R.W. Angel. Hungarian Virtues T. Braun, W. Glanzel,
A. P. Schubert, G. A. Schubert. Our Public Image M. SCIENCE
Woolley. Breast Cancer Detection L. P. Joseph. One THE JOURNAL
Signal or Two? C. Rowe. Response S. Partan and P. Marler. www.sciencemnag.org
Corrections and Clarifications SCIENCENOW
BOOKS ETAL. DAILY NEWS SERVICE
745  COMPUTERS: The Age of Spiritual Machines IESSEETIRRINVOIR
When Computers Exceed Human v 748 BIOCHEMISTRY: Free Copper lons in the NEXT WAVE
Intelligence R. Kurzweil, reviewed by 805 Cell? s. J. Lippard WEEKLY CAREER UPDATES
D. Proudfoot 749  IMMUNOLOGY: A New Look at MHC and ey
746  MORPHOLOGY: Theoretical Morphology Autoimmune Disease W. M. Ridgway, M. GRANTSNET
The Concept and Its Applications Fasso, C. G. Fathman RESEARCH FUNDING DATABASE
G.R.McGhee r. reviewed by J. R. Stone v752  PHOTOEMISSION SPECTROSCOPY: Gaps, ik Atlenamon
PERSPECTIVES m Pseudogaps, and Occam’s Razor NEUROAIDS
. . A. ). Arko EXPERIMENTAL WEB SITE
747  QUANTUM CRYPTOGRAPHY: Privacy in a www.sciencemag.org/NAIDS
Quantum World C. H. Bennett and P.W. 753  RETROSPECTIVE: Sir Alan Hodgkin
Shor (1914-1998) P. B. Detwiler
798  Neck Posture and Feeding Habits of Two 816  Distinct Pathogenic Sequela in Rhesus
Jurassic Sauropod Dinosaurs K. A. Stevens Macaques Infected with CCR5 or CXCR4
and J. M. Parrish Utilizing SHIVs ). M. Harouse, A. Gettie, R.
. . C. H.Tan, J. Blanchard, C. Cheng-Mayer
v800  Morphological Clues from Multilegged
731 Frogs: Are Retinoids to Blame? 819  Chemokine Up-Regulation and Activated 78 5
802 S. K. Sessions, R. A. Franssen, V. L. Horner T Cell Attraction by Maturing Dendritic
. , Cells H. L. Tang and }. G. Cyster A tale
v802  The Effect of Trematode Infection on
731 Amphibian Limb Development and 822  Chaperonin Function: Folding by Forced of FWO
800 Survivorship P.T. ). Johnson, K. B. Lunde, E. Unfolding M. Shtilerman, G. H. Lorimer, S. twists
G. Ritchie, A. E. Launer W. Englander
v805  Undetectable Intracellular Free Copper: The 825  Viral Clearance Without Destruction of
748 Requirement of a Copper Chaperone for '“fe“?d Cells During Acute HBV
Superoxide Dismutase T.D. Rae, P. ). Schmidt, Infection L. G. C_;u'dOtt" R. Rochford,'J. )
R.A. Pufahl,V. C. Culotta, T.V. O'Halloran Chung, M. Shapiro, R. Purcell, F.V. Chisari
808 Effects of Angiogenesis Inhibitors on TECHNICAL COMMENTS
Multistage Carcinogenesis in Mice Whether “Slip-Mode Conductance”
G. Bergers, K. Javaherian, K.-M. Lo, J. Occurs H. B. Nuss and E. Marban; C.W.
Folkman, D. Hanahan Balke, L. Goldman, R. Aggarwal, S. R.
. Shorofsky. Response ). dos Santos Cruz, L.F.
812 Unexpec.ted Modes of PDZ Domain SantanalfyC.A.Fsprzderick, L. L. Isom, ). D.
Scaffolding Reve'aled by Structure of Malhotra, L. N. Mattei, R. S. Kass, ). Xia,
nNOS-Syntrophin Complex B. . Hillier, K. R.-H.An,W. J. Lederer
S. Christopherson, K. E. Prehoda, D. S. Bredt, T
W.A.Lim www.sciencemag.org/cgi/content/full/284/5415/711a

Change of address: allow 4 weeks, giving old and new addresses and 8-digit account number. Postmaster: Send change of address to Science, P.O. Box
1811, Danbury, CT 06813-1811. Single copy sales: $8.00 per issue prepaid includes surface postage; bulk rates on request. Authorization to photo-
copy material for internal or personal use under circumstances not falling within the fair use provisions of the Copyright Act is granted by AAAS to
libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that $4.00 per article is paid
directly to CCC, 222 Rosewood Drive, Danvers, MA 01923. The identification code for Science is 0036-8075/83 $4.00. Science is indexed in the Reader’s
Guide to Periodical Literature and in several specialized indexes.

www.sciencemag.org  SCIENCE VOL 284 30APRIL 1999 705



It’ll only take you five minutes or so to understand the
beauty of our new Biotrak™ cAMP direct assay kits.
Because five minutes is all that it takes to perform
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The secret lies in the kits' two lysis reagents. The first releases cAMP
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Just Landed-Effortless, Non-Lytic Insect Cell Expression.

Asystem for effortless, non-lytic insect cell expres-
sion has just landed. InsectSelect” offers you the
high protein yields of an insect system without the
need for baculovirus.

Non-Lytic, Straightforward Expression. The InsectSelect”

System gives you something baculovirus expression
systems cant—non-lytic, continuous expression
of recombinant proteins. InsectSelect™ is a simple,
straightforward system that eliminates the need

//.:\\\ for plaque purification and the production
of a recombinant viral stock. In less

than three weeks you can express
your protein in your choice of

L insect cell line, and continue
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continuous expression of recombinant proteins, saving
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there’s no cell lysis and no release of protein-degrading
proteases which can lower yields of sensitive proteins.
A Single Vector Has it All. The single vector in the
InsectSelect” System has it all—a powerful viral pro-
moter for high-level expression, the Zeocin™ resistance
gene for rapid production of stable cell lines, and
a C-terminal fusion tag for efficient purification and
detection of recombinant proteins.

Don’t let effortless, non-lytic expression of your protein
flutter by. Call Invitrogen today for more information about

how you can catch the new InsectSelect™ System.

United States Headquarters:
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TUNNELING TO A SOLUTION

Many problems in physics, chemistry, and
biology require finding the minimum en-
ergy configuration of the system. One
classical method is simulated annealing—
the system is heated into an excited state
and then cools and reconfigures into a lo-
cal energy minimum. For extremely large
or complex systems, the cooling time may
be prohibitively long. Brooke et al. (p. 779)
demonstrate a method of quantum cool-
ing at temperatures where thermal an-
nealing cannot proceed. Instead, the sys-
tem reconfigures by quantum tunneling
and the minimum is achieved at a faster
rate than with thermal annealing. Quan-
tum annealing may provide an algorithm
for implementation in quantum comput-
ers for large optimization problems.

KEEPING THEIR HEADS DOWN
Sauropods, some of the largest herbivo-
rous dinosaurs, are noted for their long
necks and tails. Stevens and Parrish (p.
798) present computer models of the
range of motion of the articulated necks of
two sauropods, Diplodocus and Ap-
atosaurus, to determine their feeding
habits. Although sauropods have been de-
picted with their necks bent into a position
nearly perpendicular to the ground and
feeding in the treetops, their long necks ac-
tually had a limited range of motion and
could not be bent into a vertical position.
These large herbivores were constrained to
gather food from about eye level to slightly
below ground level if they stayed on all
four legs. The real food chain advantage
these long-necked dinosaurs may have had
was the ability to gather food from the
bottom of shallow lakes or ponds.

TUNING CHIRALITY

Helical architectures such as DNA and he-
lical motives in proteins may assemble
further to form helical superstructures.
Engelkamp et al. (p. 785) used similar
principles to design molecules that self-
assembled into fibers consisting of helical
superstructures. The chirality of these
fibers can be tuned by the addition of
potassium ions, which change the stack-
ing of the molecules in the fibers, result-
ing in loss of helicity in the fibers. The ma-
terials may find use in optoelectronic ap-
plications or as sensors.

FROG DEFORMITIES DECIPHERED
The decline in amphibian populations and
rise in incidence of amphibian deformities
is not in question. However, none of the

suggested causes—ultraviolet radiation,
biocides, hormone mimics, or infectious
agents—has been decisively linked to the
changes. Johnson et al. (p. 802) and Ses-
sions et al. (p. 800) now provide strong
support for the involvement of a trema-
tode parasite (see the news story by
Kaiser). Morphological studies of field pop-
ulations of frogs indicate mechanical per-
turbation of limb development consistent
with trematode cyst infestation, and ex-
perimental exposure of tadpoles to trema-
tode larva caused abnormalities that
closely match those found in field sites.

CAPTIVE CELLULAR

COPPER
The antioxidant enzyme superoxide dis-
mutase (SOD) requires copper (Cu) as a
cofactor, and generation of the Cu-bound
form of SOD in yeast cells requires the Cu
chaperone for superoxide dismutase
(yCCS). Rae et al. (p. 805; see the Perspec-
tive by Lippard) report results that help
establish how the chaperone protein func-
tions and why it is required in vivo. In an
in vitro system, yCCS alone directly pro-
vided Cu to SOD1 and activated the en-

zyme. However, the yCCS protein was on-

ly required at very low concentrations of
Cu. In vivo, if intracellular concentrations
of free Cu were allowed to increase (ei-
ther by exposure of cells to high Cu con-

centrations or by removal of proteins
that sequester Cu), yCCS would no longer
be needed for activation of SOD. Taken
together, the results indicate that the in-
tracellular concentration of free Cu is
normally very low—no more than 1078
molar, or much less than one free Cu
atom per cell.

ENTRY EFFECTS

Although the finding that human immu-
nodeficiency virus—type 1 (HIV-1) uses
co-receptors such as CCR5 or CXCR4 for
entry into cells has raised considerable ex-
citement in the field, it has been unclear
whether entry by one means or the other
has different effects on disease progres-
sion. Harouse et al. (p. 816) compared in-
fection of rhesus macaques with two
chimeric viruses, one expressing the enve-
lope gene from an HIV that would use
CCRS5 and the other from a CXCR4-depen-
dent virus. When CCR5 was used, there
was a rapid loss of CD4* T cells in the in-
testine but a gradual depletion in the pe-
ripheral circulation. When the CXCR4-de-
pendent virus was used, there was a dra-
matic decrease of peripheral CD4* cells
and no decrease was seen in the intestine.
These results indicate that co-receptor
utilization is an important determinant of
pathogenesis and provides a new model
for vaccine testing.

MARTIAN MAGNETISM AND

PLATE TECTONICS

Unlike Earth, Mars appears to have no global
magnetic field generated by an interior dy-
namo. Previous measurements by the mag-
netic field experiment and electron reflec-
tometer (MAG/ER) on board the Mars Global
Surveyor (MGS) showed that no global field is
currently generated but magnetic anomalies
were detected in the crust. MGS has since re-
duced its orbit, and MAG/ER measurements
made at lower altitudes indicate not only rela-

tively strong magnetic features but a linear
pattern correlated to the surface geology in some regions (see the news story by
Kerr). Acufia et al. (p. 790) and Connerney et al. (p. 794) show that the older, more
heavily cratered terrain in the southern hemisphere has linear bands of magnetic
features, where the direction of the radial component of the magnetic field alter-
nates between the positive end pointing in toward the center and pointing out to-
ward the surface. These alternating linear stripes are reminiscent of the magnetic
stripes on Earth's sea floor that delineate tectonic plate spreading. The authors sug-
gest that plate tectonics may have operated on Mars early in its history and that the
“bar code” pattern is a relic trace of this previous activity. Thus, Mars may once have
had a dynamo generated by fluid motions in a metallic core that allowed plates to
move on the surface and the magnetic signature related to the dynamo to be re-

tained in the cooling lavas on the surface.

CONTINUED ON PAGE 711
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PERKIN-ELMER’S

P(C R LICENSING

PROGRAM

At Perkin-Elmer we are proud of our role in
developing PCR technology. From the start, as the
exclusive licensee of PCR for research and other
non-diagnostic applications, we have provided
scientists with innovative tools for PCR and access
to the technology.

The Nobel Prize winning PCR process is cov-
ered by patents in many countries throughout the
world. Because PCR is patented, using PCR, even
for research, requires a license. In keeping with our
philosophy of maximizing scientists’ access to PCR,
Perkin-Elmer makes licenses available in a number
of ways. To make it easy for users to obtain the
PCR rights they need, we not only offer PCR rights
in a variety of ways directly to end users, we also
have licensed many of our competitors to convey
these rights with their products.

Obtaining a license to perform automated PCR
for your own research is easy. You can obtain the
license automatically by using a licensed DNA
polymerase (available from over 20 manufacturers)
with an Authorized thermal cycler (available
from a number of thermal cycler suppliers). Alter-
natively, if you choose not to use products from

Perkin-Elmer or other licensed manufacturers, you

need to purchase the appropriate PCR research
rights directly from Perkin-Elmer*

Perkin-Elmer also offers licenses for other uses
of PCR (for example, for providing services) in a
variety of fields, either directly through license
agreements or through products from Perkin-Elmer
and licensed competitors which convey these rights.
In addition to research, these fields include agricul-
tural testing, animal identity testing, environmental
testing, food testing, forensics and human identity
testing, and quality control testing.

For more detailed information on how to
obtain a license to practice the PCR process, please
visit our website at www.perkin-elmer.com/ab/per
licensefaq. Or contact us at PE Applied Biosystems,
Licensing Department, 850 Lincoln Centre Drive,
Foster City, CA 94404 USA, fax (650) 638-6071,
phone (650) 638-5845.

* Please note that, in addition to the PCR process rights,

you may need other patent rights associated either with
instruments or reagents.

Applied Biosystems

Circle No. 50 on Readers’ Service Card



BECOMING ATTRACTIVE

How do the right cells find each other to
orchestrate a specific immune response?
Tang and Cyster (p. 819) report that imma-
ture dendritic cells (DCs) that migrate from
the skin acquire properties that allow them
to attract specific T cells to their proximity.
The immature DCs pick up antigen in the
skin and then migrate to the draining
lymph nodes. These fresh immigrants se-
crete the chemokine MDC (macrophage-
derived chemokine), which allows T cells
that have recently been activated by anti-
gen to find the DCs. The concentration of
antigen-specific T cells in the proximity of
the DC is thus increased, which increases
the probability of appropriate activation
and an effective immune response.

STRETCHING PROTEINS

ON THE RACK
Proteins are synthesized as linear
polypeptides that fold into mostly globu-
lar structures in which the hydrophobic
amino acids generally are sequestered in
the interior. The chaperonin complex
GroEL-GroES collects misfolded proteins
by binding to exposed hydrophobic parts
and then enabling the proteins to unfold
and make an additional attempt. Shtiler-
man et al. (p. 822) use the kinetics of pro-
ton exchange to show that large rear-
rangements of the substrate protein occur
in the initial binding event and that the
unfolded protein is then released from the
chaperonin complex to try folding again

on its own. The initial rearrangement may
be akin to stretching the polypeptide into
a more linearized state.

FINE-TUNING CANCER THERAPY

In order to grow, solid tumors must receive
an adequate supply of blood, and tumor
cells often produce factors that stimulate
angiogenesis (the formation of new blood
vessels). A variety of molecules that inhibit
angiogenesis are being developed as cancer
therapies. Bergers et al. {p. 808) tested four
different angiogenesis inhibitors in a trans-
genic mouse model that mimics the multi-
stage progression of tumors in their natural
tissue microenvironment. These inhibitors,
which included angiostatin and endostatin,
showed different efficacy profiles as a
function of the stage of tumorigenesis.
Thus, optimization of antiangiogenic thera-
py will require consideration of the tumor
stage being targeted.

SAVING LIVER CELLS

Understanding the mechanisms of viral
clearance is important to designing thera-
pies and understanding viral pathogenesis.
Although it had been thought that hepatitis
B DNA disappeared from acutely infected
individuals as a result of the destruction of
virus-infected liver cells, Guidotti et al (p.
825) used a chimpanzee model of infection
to show that more than 90% of the virus
was cleared without significant destruction
of hepatocytes and occurred before maxi-
mal infiltration of T cells into the liver.

TECHNICAL COMMENT SUMMARIES

Whether “Slip-Mode
Conductance” Occurs

The full text of these comments can be seen at
www.sciencemag.org/cgi/content/full/284/5415/711a

L. F. Santana et al. (Reports, 13 Feb. 1998, p. 1027) found that “activation of the -
adrenergic receptor or protein kinase A [PKA] in rat heart cells transformed [the sodi-
um] Na* channel into one that is promiscuous with respect to ion selectivity, permit-
ting calcium ions (Ca®*) to permeate as readily as Na*.” They called this transforma-
tion “slip-mode conductance.”

H. B. Nuss and E. Marban made whole-cell patch clamp recordings of membrane
currents in Chinese hamster ovary (CHO) cells that expressed the o and B1 subunits of
the Na* channel. They conclude that the reports of “slip-mode conductance” represent a
technical artifact, possibly arising from suboptimal voltage control. C. W. Balke et al.
studied whether the induced Ca?* current observed by Santana et al. might actually
arise from a tetrodotoxin-blockable Ca?* current through Ca?* channels. Their results are
not consistent with a change in selectivity classical Na* channels induced by conditions
that promote channel phosphorylation.

In response, J. S. Cruz et al. present new data from experiments on the co-expres-
sion of the o and B1 or B2 subunits, or both, of the human heart Na* channel in
HEK293 cells. With the use of a method similar to that of Nuss and Marban, they show
“that Ca®* can permeate Na* channels in an heterologous expression system” following
“PKA phosphorylation” of the channel, which “provides strong evidence in support of
[their] original findings and hypothesis.” Cruz et al. also show that the Na* channel (8
subunits play an important role in heart cell function.
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Announcing chemdex.com
The Faster, Easier Way to Purchase

Biological and Chemical Reagents.

Spend less time searching for reagents and more time
pursuing your research. When you purchase your
reagents through chemdex.com, you get:

¢ The world’s largest source of biological and chemical
reagents for life science research

¢ Ordering with the click of a mouse—in a secure
" environment

¢ The suppliers you know—and trust

¢ A powerful, precision search engine to quickly
find what you need

Purchase your reagents faster. Easier. ONLINE.
At www.chemdex.com.

"

chemdex.com

Search less.
Discover more.

Chemdex Corporation ¢ 3950 Fabian Way, Palo Alto, CA 94303 ¢ 650-813-0300
© 1999 Chemdex Corporation. Chemdex is a registered trademark of Chemdex Corporation.
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Each monthly issue gives you:

Concise, referced reviews by experts in their field
Opinion articles on controversial issues

A timely guide to the primary literature

News of the latest breakthroughs in molecular medicine
Clear diagrams

Glossaries that explain difficult concepts to the novice
without ;m[rnni\in; the expert

Questions for future research

Recent and forthcoming
articles include:

Towards gene therapy of diabetes mellitus,
F. Levine

Virulence factors of helicobactor pylori:
implications for vaccine development, C. Josenbans

Expanded capacity adenoviral vectors,
M. Morsey & C.T. Caskey

Applications of telomerase research in the fight
against cancer, S. Sukumar et al

I'he etiology of scleraderma: new perspectives,
Arlett et al

Xeroderma pigmentosum and the role of
UV-induced DNA damage in skin cancer,
H. van Steeg & K. Kraemer

Fluid shear stress as a modulator of endothelial
phenotype, J. Topper & M. Gimbrone

Sertoli cell transplants to treat neurodegenerative
disease, P. Sanberg et al

Heat shock protein-peptide complexes for
immunotherapy of human cancer,
P. Srivastava & D. Przeplorka
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The New
Mini-Prep 24
for Automated

Plasmid Mini-Preps
The Mini-Prep 24 uses a new method of

plasmid purification based on agarose gel
electrophoresis and subsequent recovery

by electroelution.

The Mini-Prep 24 uses preman- |

ufactured sample cassettes that
come ready for direct loading
of up to 2 ml of culture.
Call now to learn how the
New Mini-Prep 24 can give
you with quality DNA while /
saving you lots of time.

1-800-466-7949

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 ug of plasmid per ml.

Fast - up to 24 preps per hour,
saving you time.

Quality - time and time again.

MAfﬁlﬂ//EH’

RESEAR

11339 SorrentoValley Rd ® San Diego, CA 92121 Phone: (619) 452-2603 Fax (619) 452-6753

www.macconnell.com

Circle No. 33 on Readers’ Service Card



AMERSHAM PHARMACIA
BIOTECH & ® SCIENCE

FORYOUNG Will it be your parents’
SC'ENTISTS turn this year?

The annual Amersham 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 first 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.

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/prize.htm

http://www.apbiotech.com

Hiroyuki Noji

(Ph.D. awarded by Tokyo Institute of Technology), winner
of the 1998 Amersham Pharmacia Biotech & Sciernce Prize
for Young Scientists.

RERIPS for Young Scientists
82-88 Hills Road, o
y amersham pharmacia biotech
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Mercury™ Signal Transduction Products

* Investigate key signal transduction pathways such as PKA,
MAPK, PKC, NFxB, and JNK

¢ lLargest selection of pathway profiling vectors available
¢ Three sensitive reporters: SEAP, luciferase, or dEGFP
500

B Untreated

400 4 Serum-treated

300

200 +

SEAP Activity (RLU)

0 =

AP HRE Myc CRE NFAT NFxB GRE SRE

Cis-Acting Regulatory Element

See the fuit line vt Mercury Signal Transduction Products at
www.clontech.com. Visit today!

! Licensed from Aurora Biosciences Corporation under U.S. Patent Nos. 5,625,048 and 5,777,079
and other pending U.S. and foreign patent applications.

In Germany please contact CLONTECH GmbH e Tel: 06221 34170 Fax: 06221 303511
In the UK please contact CLONTECH UK Ltd. » Tel: 01256 476500 Fax: 01256 476499
In Japan please contact CLONTECH Japan Ltd. ¢ Tel: 03 3523 9777 Fax: 03 3523 9781
In Switzerland please contact CLONTECH AG e Tel: 061 68354 50 Fax: 061 68354 52

Distributors: Australia: 61 7 3273 9100 ® Austria and Eastern Europe: 43 1 3106688 ® Belgium/Luxembourg:
0800 19815 m Brazil: 55 11 66940539 ® Canada: Now call CLONTECH direct » 800 662 2566 ® China: BEIJING
YUANGPING BIOTECH « 86 10 68187551; GENE CO. LTD. 021 6428 7163; SINO-AMERICAN BIOTECH CO. # 86
21 6402 2371 W Czech Republic: 420 19 7265214 m Egypt: 202 349 8311 ® Finland: 358 9708 536 19 W France:
33134 602424 m Greece: 301 51 53882 @ Hong Kong: 852 2646 6101 ® Hungary: 36 1 280 3728 ® India: 91 11 54
21714 ® Israel: 972 4 3960595 M ftaly: 39 55 5 001871 ® Korea: B2 2 556 0311 ® Malaysia: 603 777 2611 ®@ Mexico:
525 281 4718 m The Netherlands: 31 33 495 00 94 B Norway: 47 22 421 520 B Poland: 49 06221 34170 ® Portugal:
351 361 36 20 ® Scandinavia: 46 8 728 00 65 B Singapore: 65 775 7284 ® South Africa: 27 21 615166 ® Spain: 34 9
16300379 ® Taiwan: 886 2 27202215 @ Thailand: 662 530 3804 4 @ Turkey: 90 216 385 8321 rev.4/1/93

Tllustration inspired by the art of Xeith Haring (1958-1990).

CLONTECH introduces Mercury™ Signal Transduction
Products, a full line of kits and vectors for studying key
signal transduction pathways in vivo. Mercury products
provide a rapid, straightforward means for investigating
the function of novel genes and are also ideal for deter-
mining the intracellular effects of an external stimulus
or compound. Mercury reporter vectors® contain
response elements associated with distinct signaling
pathways. Reporter gene activity reveals when the
response element, and therefore the pathway, has
been activated. With this diverse product line you can
focus on a single pathway or assay many pathways
concurrently—an ideal screen for drug candidates.

Use Mercury and start getting the signal.

Patents pending Circle No. 48 on Readers’ Service Card

CLONTECH

N O W Y O U C A N

1020 East Meadow Circle, Pa'o 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@clontech.com  Internet: www.clontech.com
© 1999, CLONTECH Laboratories, Inc. {AD94849)



Transduction Laboratories
and PharMingen...

Apoptosis
Cancer Research
Cell Cycle Regulation
Signal Transduction

4' Neuroscience

~ :

Flow Cytometry
Immunoblotting

) Immunohistochemistry
..team together to provide the most complete offering of cell biology reagents for the

' Immunoprecipitation
research community:.

As Becton Dickinson companies, we remain committed to providing innovative and Antibodies

quality reagents and service for researchers worldwide. Custom Services
Peptides

To place an order for both Transduction Laboratories and PharMingen products, please call Kits

1-800-848-6227 in the United States. Outside of the U.S., please contact your local Becton

Dickinson/PharMingen representative for further information.

ENEN

Screening Services

Transduction Laboratories
\ Becton Dickinison Conipany Phar Minqe-n

Tel 606-259-1550 Tel 619-812-8

Fax 2 Fax 619-812-8 PHARMING
http://www.t ab.com http://www.pharmingen.com A Bectou Dickinson Con
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The Leading Edge

in Neuroscience

For over 18 years, neuroscientists
have depended on the quality,
expertise and service of
RBI. Today, our company
manufactures and distributes
over 1,600 chemical and
biochemical products for
investigating cell signaling
pathways in the central and
peripheral nervous systems.

PRODUCTS FOR

SIGNALING PATHWAYS

AGONISTS
ANTAGONISTS
ANTIBODIES
CHEMOKINES
ENZYME INHIBITORS
NEUROTOXINS

RECOMBINANT
RECEPTORS

Pure Excellence

The consistent quality and
high purity of RBI products
are recognized worldwide.
All are backed with detailed
documentation, including
structures, physical properties
and references to protocols.

Now Available!
1999 RBI Catalog
Call for your free copy today.

DISCOVER WHAT

THOUSANDS OF
NEUROSCIENTISTS

HAVE ALREADY FOUND.

RBI Provides the Most Comprehensive

Selection of Specific High-Purity

Compounds to Study Signaling Systems.

RBI

SIGNALING INNOVATION

RBI is a Member of the Sigma-Aldrich® Family of Companies
Tel: 508.651.8151 Fax: 508.655.1359 . www.callrbi.com
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APPLICATIONS

Ca* SIGNALING

PROTEIN
PHOSPHORYLATION

IoN CHANNEL
MODULATION

CELL STRESS/
NO SYSTEMS

APOPTOSIS
G PROTEINS

1P, /DAG

Expertise, Support and
Service You Can Trust
We develop and manufacture
many of our products, so you
can count on us for expert
technical support and

responsive customer service.

Make the RBI
Discovery Today

The 1998 RBI Catalog
features over 1,600 research
products for neuroscience,
signal transduction and
peripheral nervous system
studies. We offer the most
complete listing of high-purity
neurochemicals in the world.
For a free catalog, call
us at 800-736-3690

or 508-651-8151 or
visit our web site at:
www.callrbi.com. RB| — it
could be the most important
discovery you make today.



powminie:  Providing The Best

MORLD Corer In-Vitro Gell Models

e Cell Biology » Cell Therapy ¢ Hematopoieis * Disease Studies
¢ Drug Screening ¢ Toxicology * Immunology

LD
Cultu

From the Leader in Innovative Cell Systems
e Optimized Culture Systems Matching Cells and Media
e Standardized / Quality Controlled Products
e GMP Manufacturing Available
e Low Serum and Serum-free Media
e Custom Cell Isolations
e Custom Media Formulations

ire: e (‘
Poois e Ancyte

NORMAL HUMAN CELL SYSTEMS" HUMAN STEM CELL SYSTEMS ANIMAL CELL SYSTEMS™

BioWhittaker is a certified 1IS0-9001 Quality Management System Company
USA/Canada: (800) 852-5663 » UK: 44 11 8979 52 34 e Europe: 32 87 3216 11 * All other: (301) 898-7025

E-mail: sales@clonetics.com e Internet: www.clonetics.com or www.poietic.com or www.biowhittaker.com
© 1999 BioWhittaker, Inc., A Cambrex Company. The symbols ® and ™ refer to trademarks in the U.S.A. and other countries. All rights reserved.
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.
4 First in Signal
Transduction

for Windows*

Data Analysis and Technical Graphics Software

ng ; oG

Origin 6.0 is better than ever! | | . BAREE

New Project Explorer: a tool
that helps nawfgate through
the hundreds of graphs and
worksheets in a project file

@ New Data Masking tool: point
and click to exclude data
points from curve fitting

OLE2 Server, export graphs in
@ O S S LR
DXF, and more!

@ Open and run Excel, drag and
drop to create Origin graphs
from Excel workbooks and
Origin worksheets

@ Toolbar customization: add
your own toolbar buttons that
run your own scripts or DLL

@ Faster redraw: a graphics
caching scheme makes it
easy t0 manipulate complex
3D graphs

« Gene regulafion
'« Proteasome and proteases

For a free demo, visit us el ate S
¥ at www.microcal.com B G R T
Call: 800-942-0430

Visit: WW-IHOIIIOI-M “Microcal’s Origin 6.0 has the most comprehensive
graphing engine of this collection; it supports the most
graph ltiy , the most data types, and the most cus-
tomizations.”

®
- Dr. Barry Simon, Ph. D., Desktop Engineering Magazine,
April, 1999,
& in provides superior graphing tools over other
r ucts I've used. The flexibility Origin offers in format-
Inr graphs-object placement, manipulation of data
n

ts, extrapolation - are great.”

cup'“re 'he Pawer ?QBmtt Moore, Director of Research, Advanced Warming

Systems Inc.
Call today!

5100 m'mmm Meeting, I'A'Il'l;:ﬂ-t 123 USA m S{gﬁﬁ‘l 1-800-969-7720

phone: 610-941-0430 fax: 610-941-9252 e SO
e-mail: info@biomol.com Tol: US & Canada: 1-800-963-7720, Int1: 1-413-586-2013
Fax: 1-413-585-0126, Email: info@microcal com
£1899. Origin and LabTalk are trademarks of Microcal Software, Inc.

All other brand and product names are trademarks of their respective owners.
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APOPTOSIS
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Promega Delivers...

Clarity to Cell Signaling Research!

Promega offers non-radioactive
assay systems for assessing cell
: : death and apoptosis, including
Anti-PARP p85 the detection of caspase-1 and
Fragment pAb caspase-3-like activity in cells
and tissues.

73/} + Anti-PARP p85 Fragment pAb

Cat.# G7341
 Novel Marker for Apoptosis

CaspACE™ Assay System,

NEW
‘ _colorimetric cat# G7220, G735
Includes Z-VAD-FMK Inhibitor

T ; ; + CaspACE™ Assay System,

e ’ | . Fluorometric cat.# G3s4o

i * DeadEnd™ Colorimetric
Apoptosis Detection System
Cat# G7130

+ Apoptosis Detection System,
Fluorescein cat# Gazso

= CellTiter 96® AQueous One
Solution Cell Proliferation
Assays” Cat# G3580

* CellTiter 96® AQe0us NON-
Radioactive Cell Proliferation
Assays” cat.# G5421

= CellTiter 96® Non-Radioactive
Cell Proliferation Assays
Cat.# G4000

+ Cytolox 96® Non-Radioactive
Cytotoxicity Assay cat.# G1780

Caspase
Assays

"
t Tunel DNA
Fragmentation
Assays

Cell
Proliferation
Asgays

_ Anti-PARP $85 Fragment
& Immunocytoc%l{*mica Stain?fgb
Cytotoxicity of Jurkat cells.
Assay .

Siginaling research by requesting
and Neuroscience RESOURCE (AP006).

CellTiter 96 and CytoTox 96 are trademarks of Promega Corporation and are registered with the U.S. Patent and Trademark Office. DeadEnd and CaspACE are trademarks of Promega Corporation.
*The MTS tetrazolium compound is the subject of U.S. Pat. No. 5,185,450 assigned to the University of South Florida, which is licensed exclusively to Promega Corporation

Learn what else Promega h :
Cell Signaling Applications Guide (B

wwwepromega(om

NORTH AMERICA
Promega Corporate Headquarters
2800 Wi Rd.

PACIFIC ASIA
AA

1800225123

10 68498287

ntific Canada
Canada (800

A Indicates Promega Branch Office or
Representative Dffice.

LATIN AMERICA
A i id Urug




the search for
’meancng

“Nothing in life is to be feared.
It is only to be understood”.

Marie Curie (1867-1934).

Polish-French Chemist. Two time Nobel Prize winner.

Today’s science is faster,
more automated and
more routine than in the
days of the first pioneers
and we have all had to
learn new skills.

Like juggling - the ability
to balance budgets with
demands for better
quality data. And
firewalking - the capacity
to deliver greater
throughput and more
reliable results at the
same time.

But there is still magic to
be found and new
mysteries to unravel. As
Einstein said, “The
important thing is not to
stop questioning”.

~ The Quantum

Prep HT/96 Plasmid
Miniprep kit with
patented Quantum
Prep Matrix.

Bio-Rad Laboratories has
supported this quest for truth
for more than 40 years. Qur
products provide the basis for
new insights, new approaches,
new discoveries.

For a new and better way.

Consider, for example, our
specialized DNA purification
products for sequencing,

Your fastest alternative
for high throughput
plasmid DNA purification.

transfection, agarose gel
extraction, PCR and other
applications. Products which
give you highly purified DNA
with higher yields, more
quickly, and more accurately -
like fluorescent sequencing
accuracy of at least 98% over
600 bases using Quantum
Prep® plasmid prep kits - and
very, very reliably.

BIO .,
www.discover.bio-rad
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So you save time and
achieve more, allowing
you to turn your
attention to the real
business of science.

More throughput, more
quickly, more reliably,
and at lower cost.

And we will go on
supporting you with
quality products and
the quality of service
you would expect from
a market leader -
wherever your mind
and all our tomorrows
take us.




Cup Coral

Survival of the fittest:
FuGENETM 6 Transfection Reagent

Succeed in this “publish or perish” What researchers are saying

world by performing previously about FuGENE 6 Reagent
impossible experiments with “FUGENE 6 Reagent has been the
FUGENE™ 6 Transfection Reagent*. best thing m?duced for trans-
Make that research breakthrough fections in a very long time. . .”
before someone else does. (M. Connelly, State University of
New York, Stony Brook, NY, USA)
“FUGENE 6 Transfection Reagent is
far superior to any other trans-

fection method currently available
with regards to ease-of-use, time
and amount of materials required.”
(A. Thomson, Royal Perth Hospital,
Perth, Australia)

Ensure your survival!

Join the hundreds of labs around
the world that have discovered
FuGENE 6 Reagent to be superior to
other methods of transfection.
Order FUGENE 6 Reagent today and
ensure your survival!

Expression of GFP In MC3T3-E1 cells, following 1 815 091 k ()4 m|
transfection with vector phGFP-S65T using 1814 443

(A) FUGENE 6 Reagent or (B) leading suppller's . 1.0mi
liposomal transfection reagent (LF). (Data cour- 1815075 Multi-pack 5x1.0ml
tesy of S. Ritter, Univ. of Texas, Houston, TX, USA) 1988 484 Custom-pack Inquire Roche Molecular Biochemicals

*See http://biochem.roche.com/techserv/fugene.htm for a current list of more than 200 transfected cell types.

Argentina 541 954-555; Australia (02) 9899 7999; Austria (01) 277 870; Belgium (02) 247 4930; Brazil +55 (11) 66 3565; Canada (514) 686 7050; (800) 361 2070; Chile 0 56 (2) 375 2000 (Central);
China 86 21 6427 5586; Columbia +57 (1) 3412797; Czech Republic (0324) 45 54, 58 71-2; Denmark 49 13 82 32; Egypt 0020 2 340 2660 (Scientific Office) 0020 2 360 9000 (Distrib. Bagneid);
Finland (09) 429 2342; France 04 76 76 30 86; Germany (0621) 759 856; Greece (01) 67 40 238; Hong Kong (852) 2485 7596; India (22) 4314653; Indonesia 62 (21) 2523820, Ext. 755;
Iran 0098 21 208 2266 (Teb Technology) 0098 21 878 5656 (Tuba Nigen; Republic of Ireland (800) 40 90 4; Israel 972-3-6 49 31 11; Htaly 039 247 4109-4181; Japan 03 5443 5284; Kenya 00254 2 744 677;
Kuwait 4832600-01, -02, -03; Malaysia 60 (03) 755 5039; Mexico (5) 227 8967, -61; Netherlands (036) 539 4911; New Zealand (09) 276 4157; Nigeria +234 1 521767; Norway 22 07 65 00;
Philippines (65) 27 27 500; Poland (22) 374235; Portugal (01) 417 17 17, Russia (49) 621 759 8636; Saudi Arabia 00966 1 4010333; slngraporo 65 27 27 500; South Africa (011) 886 2400;
South Eastern Europe +43 (1) 277 87; South Korea 02 569 6902; Spain (93) 201 4411; Sweden (08) 404 8800; Switzerland 0 41/7 99 616; Taiwan (02) 736 7125; Thailand 66 (2) 274 0708-13;
United Kingdom (0800) 521 578; USA (800) 428 5433

FUGENE™ is a trademark of Fugent, L.LC., USA. ©1999 Roche Molecular Biochemicals. All Rights Reserved.
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