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BRING THE POWER
OF PCR TECHNOLOGY
TO ENVIRONMENTAL
ANALYSIS.

Faster analysis with greater sensitivity and specific-

ity. Easier interpretation with increased assurance

: and semi-quantitative results.
Legionella L P -

/ New EnviroAmp™ Reagents such as

~ The EnviroAmp the EnviroAmp™ Legionella Kits,
Legionella Kits provide
amodular system for ~ together with GeneAmp™ PCR
sample preparation,
PCRamplificationand ~ Instrument Systems, provide sim-
detection of greater
than 20 Legionella  ple yet powerful solutions to your
species and 15 L. pneu-
mophila sera groups. toughest analytical challenges.

The first in a series of kits for PCR-based analysis
of water samples, the EnviroAmp Legionella
Kits contain reagents and protocols optimized for
detecting both Legionella and L. pneumophila.
The colorimetric reverse dot blot format with
built-in positive and negative controls provides

immediate, unambiguous ¥

results. All backed by our

PCR Performance Guarantee.

In the U.S,, call PE XPRESS at 1-800-762-4002
to order. Or call 1-800-762-4001 for technical
information. Outside the U.S., contact your local

Perkin-Elmer sales representative.

~ERKIN ELMER

Europe Vaterstetten, Germany Tel: 49-8106-381-115 Fax: 49-8106-6697
Canada Montreal, Canada Tel: 514-737-7575 Fax: 514-737-9726

Far East Melbourne, Australia Tel: 61-3-560-4566 Fax: 61-3-560-3231

p and p are of La Roche Inc. Latin America Mexico City, Mexico Tel: 52-5-651-7077 Fax: 52-5-593-6223

The PCR process is covered by U.S. patents owned by Hoffmann-La Roche Inc.
Perkin-Elmer PCR reagents are developed and
if d by Roche Molecular Sy Inc., Roche
Branchburg, New Jersey, U.S.A.
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AN EFFICIENT CONSUMER

Consider the hummingbird: Rapid, efficient liquid handling. Extremely flexible operation. Economical in
its use of effort and fluids. The same can be said of the Eppendorf ECOSYN™ D-300 DNA/RNA
Synthesizer. Reagent use is minimized through syringe-metered delivery and optical sensors. Operation
is completely under the user's control via the flexible program design. Fast cycle times are achieved

using zero dead volume valves and short liquid paths. ECOSYN D-300 is ideal for all applications

requiring synthetic oligonucleotides.

Operating Costs, $

Conventional ECOSYN D-300
Synthesizer Synthesizer

eppendorf’ | o
synthesizer shows significant savings.
ECOSYN™ D-300 1-800-421-9988

Eppendorf North America, Inc. 545 Science Drive e Madison, WI 53711 » (608) 231-1188 ¢ Fax (608) 231-1339
Eppendorf - Netheler - Hinz GmbH e P.O. Box 65 06 70  D-2000 Hamburg 65 * Tel. (40) 5 38 01-0 * Fax (40) 5 38 01 556 * Teletex-no. 40 30 61=EGHAM
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Pure mRNA in Minutes...

..Directly from

Small or Large Samples *’

of Gells or Tissue.

FastTrack™ and MicroFastTrack™ set the industry
standard in high quality mRNA isolation.

MicroFastTrack™*: 20 Reactions

- |Ideal for PCR, Northerns and cDNA synthesis
- Isolation from samples ranging in size from 10-3x108

cells or 10-250mg of tissue.

- Reproducible yields of high quality mRNA.

FastTrack™*: 6 Reactions

- mRNA isolation for Northerns, cDNA, library construction,
PCR, microinjection, RNA protection studies and in vitro

translation.

- Isolation from samples ranging in size from 107-108 cells

or 0.4-1.0 gram of tissue.

- Fast, efficient recovery of large amounts of polyA+ RNA

from a variety of sources.
Both systems offer:

- High yields of intact mRNA with low ribosomal contamination.
- Eliminate the need for total RNA isolation or the use of toxic

chemicals.

- The most cost effective means of generating high quality

mRNA.

— Consistency, convenience and the fastest isolation time.

For the very best in direct mRNA isolation FastTrack™ and
MicroFastTrack™ are the choice of thousands of research labs
worldwide. When the quality of your mRNA is important, turn to
the original source for purity, reliability and convenience; turn to

Invitrogen.

Toll Free 1-800-955-6288

3985 «B Sorrento Valley Blvd. « San Diego, CA 92121
(619) 597-6200 Phone « (619) 597-6201 Fax

Bl ; BIO-TECHNOLOGY

ODUCTS LTD
UK- Tel: (0865) 781045 Fax: (0235) 533420
France - Numéro Vert 05 90 72 49
Sweden - 020-Linjen 020 793149
Norway - Ring Grent Nummer 050 11033
Denmark - Grent Nummer 80 01 85 92
Belgium - Numéro Vert/Groen Nummer 78 11 04 68

*patent pending. = mRNA model courtesy of BIOSYM

¢ 'Tc 3 L FUNAKOSHI CO., LTD.
CELBIO | vomgmoe | J
Italy Germany - Tel: 62-21303907 Japan
Tel: 39-238103171 Fax: 62-21303511 Tel: 81-356841622
Fax: 39-238101465| Switzerland - Tel: 155-5044 Fax: 81-356841633

BDH INC., CANADA - TEL: 800-565-7933 * BIO-TRADE, AUSTRIA - TEL: 43-1-8891819 » FINNZYMES, FINLAND - TEL:
35804208077 « MEDOS, AUSTRALIA - TEL: 61-38089077 * SANBIO BV, NETHERLANDS - TEL: 31-413251115 » TAL RON,
ISRAEL - TEL: 972-8-472563 * TDI, SPAIN - TEL: 34-14091251 « ECOGEN, SPAIN - TEL: 34-934560607 * UNITED
RESEARCH/GOODMAN BIOTECHNOLOGIES, INDIA - TEL: 59 1107
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Pure Half Megabase DNA,
Even From A Drop of Bloodl...

Without Any Sweat or Tears!

Pure DNA, in as little as 30 minutes, for PCR, Each TurboGen kit provides everything needed
Southerns or RFLP when you use TurboGen™ for 25 reactions in as little as 60 minutes and
and Micro -TurboGen™ isolation kits. Micro-TurboGen allows 50 reactions in as little

TurboGen allows direct isolation of genomic DNA as 30 minutes.

from 10° to 5x107 cells, 50-500 mg of tissue or 2

ml of blood and Micro -TurboGen from 5x10° cells, If you want Pure DNA from cells, tissue or a

up to 50 mg of tissue and 5ul to 100ul of whole drop of blood and you don't want all the sweat

blood. and tears that other kits can bring, call
Invitrogen...

These systems feature;

M no spooling 1'800'955‘6288

B no incubation with proteolytic enzymes or
purification with ion exchange resins
) . ) CORPORATION
M high yield of pure DNA at a molecular weight of
20-700 kb (400 kb average). 3985+B Sorrento Valley Blvd., San Diego, CA 92121
e =L
o 7 £ 'Tc FUNAKOSHI CO., LTD.
Bgmﬁi BIO-TECHNOLOGY CELBIO el J
} PRODUCTS LTD ltaly Germany - Tel: 62-21303907 Japan
UK- Tel: (0865) 781045 Fax: (0235) 533420 Tel: 39-238103171 Fax: 62-21303511 Tel: 81-356841622
France - Numéro Vert 05 90 72 49 Fax: 39-238101465! Switzertand - Tel: 155-5044 Fax: 81-356841633

Sweden - 020-Linjen 020 793149

Norway - Ring Gront Nummer 050 11033

Denmark - Gront Nummer 80 01 85 92

Belgium - Numéro Vert/Green Nummer 78 11 04 68

BDH INC., CANADA - TEL.: 800-565-7933 « BIO-TRADE, AUSTRIA - TEL: 43-1-8891819 » FINNZYMES, FINLAND - TEL:
35804208077 « MEDOS, AUSTRALIA - TEL: 61-38089077 * SANBIO BV, NETHERLANDS - TEL: 31-413251115 « TAL RON,
ISRAEL - TEL: 972-8-472563 » TDI, SPAIN - TEL: 34-14091251 « ECOGEN, SPAIN - TEL: 34-934560607 * UNITED
RESEARCH/GOODMAN BIOTECHNOLOGIES, INDIA - TEL: 59 1107

Circle No. 11 on Readers’ Service Card



ISSN 0036-8075 AMERICAN

@
31JULY 1992 ASSOCIATION FOR THE
VOLUME 257 ADVANCEMENT OF
NUMBER 5070 SCIENCE

Rk NEWS & COMMENT SPECIAL NEWS REPORT"
by Ut
: New Virus Reports Rile AIDS Meeting 604 CONFLICTS OF INTEREST
> Progress on Other Fronts Confusion on the Cutting Edge 616

Journal-istic Guidelines ® Not Merely Academic
— Human SIV Infections Suspected 606
: When Does Intellectual Passion Become 620
Germany: Astrophysics Institute at Risk 606 | Conflict of Interest?

Sex on the Brain ® The Perils of a Deeply Held
Bad News on Second-Hand Smoke 607 Point of View ® Small Comets/Big Flap

S Frustrated EMBL Chief Resigns 607
1 NSF Deals With Conflicts Every Day 624

= o SRR A Scramble for Data on Arctic 608
61 6 Radioactive Dumping Intellectual Conflicts—Boon or Bust? 624
Conflicts of interest in science
An NSF Survey Rattles Some Nerves 609 | Conflicting Views: The Readers Respond 625
RESEARCH NEWS PERSPECTIVE "
Trapping Particles of Darkness 610 | The Logic of Cell Division in the Life 626
Cycle of Yeast
A Match Made in Laser Heaven 611 C.]. Gimeno and G. R. Fink
The Earliest Mass Extinction? 612 | ARTICLE
Forcing the Evolution of an RNA 7 613 | Structural Processes at Slow-Spreading 627
Enzyme in the Test Tube Ridges

J. C. Mutter and ]. A. Karson

Adhesion Protein Studies Provide New 7 614
Clue to Metastasis

DEPARTMENTS -
THIS WEEK IN SCIENCE 593 | SCIENCESCOPE 603
EDITORIAL ‘ 595 | RANDOM SAMPLES 615
Conflict of Interest Policy Living Dangerously After an AIDS Test ® Banking
LETTERS - 597 on Umbilical COI'dS, etc. :
Paleoanthropological Contexts: G. A. Clark | BOOK REV}EWS 686

* Teraflop Computers: W. D. Hillis ® Confidence in | Steinmetz, reviewed by R. Friedel ® Computational
Science: A. Mazur ® AIDS Epicenter: D. Mavoungou | Models of Visual Processing, T. Sejnowski ® Solar
® Healthy Museum: M. J. Novacek ® Clear Vision: | Interior and Atmosphere, L. Oster ® Galanin, C. Fore-

H. S. Thompson hand e Books Received
INFORMATION FOR CONTRIBUTORS 600 | PRODUCTS & MATERIALS 690
=== AAAS Board of Directors s Board of Reviewing Editors o
Leon M. Lederman Florence P. Haseltine John Abelson John M. Coffin Stephen P. Goff Mortimer Mishkin Thomas A. Steitz
Retiring President, Alan Schriesheim Frederick W. Alt Bruce F. Eldridge Corey S. Goodman Roger A. Nicoll Richard F. Thompson
Chairman Jean'ne M. Shreeve Don L. Anderson Paul T. Englund Stephen J. Gould William H. Orme-Johnson Il Robert T. N. Tjian
F. Sherwood Rowland Chang-Lin Tien Stephen J. Benkovic Richard G. Fairbanks Ira Herskowitz Stuart L. Pimm Emil R. Unanue
President Warren M. Washington David E. Bloom Douglas T. Fearon Eric F. Johnson Yeshayau Pocker Geerat J. Vermeij
Eloise E. Clark Floyd E. Bloom Harry A. Fozzard Stephen M. Kosslyn Dennis A. Powers Bert Vogelstein
President-elect William T. Golden Henry R. Bourne Victor R. Fuchs Michael LaBarbera Ralph S. Quatrano Harold Weintraub
M ¥ James J. Bull Theodore H. Geballe Charles S. Levings Ill V. Ramanathan Zena Werb
ary Ellen Avery Treasurer : 7 . SN
; : . Kathryn Calame Margaret J. Geller Harvey F. Lodish Erkki Ruoslahti George M. Whitesides
Francisco J. Ayala Richard S. Nicholson 2 E 3
Robert A: Frosch Executive Officer C. Thomas Caskey John C. Gerhart Richard Losick Ronald H. Schwartz Owen N. Witte
Dennis W. Choi Roger |. M. Glass Anthony R. Means Terrence J. Sejnowski Keith Yamamoto

590 SCIENCE e VOL. 257 31 JULY 1992



| |
COVER
Coral skeleton of the genus Favia. Scleractinian corals
secrete a hard skeleton composed of aragonite
(CaCOg), which incorporates strontium along with
calcium in aratio that depends on sea-surface tempera-
ture. Recent findings suggest that for corals of the

RESEARCH ARTICLE!

Directed Evolution of an RNA Enzyme ¥ 635
A. A. Beaudry and G. F. Joyce

REPORTS |

Transfer of Biologically Derived 642
Nanometer-Scale Patterns to Smooth Substrates

Neocortex

Shrinkage

K. Douglas, G. Devaud, N. A. Clark Mechanistic Aspects of Signaling 671
Through Ras in NIH 3T3 Cells
Sea-Surface Temperature from Coral 644 K. Zhang, A. G. Papageorge, D. R. Lowy
Skeletal Strontium/Calcium Ratios
J. W. Beck, R. L. Edwards, E. Ito, F. W. Taylor, Repression of the Insulin-Like Growth 674
J. Recy, F. Rougerie, P. Joannot, C. Henin Factor Il Gene by the Wilms Tumor
Suppressor WT1
Maintenance of Strong Rotational 647 . A. Drummond, S. L. Madden, P. Rohwer-Nutter,
Winds in Venus’ Middle Atmosphere by G. L. Bell, V. P. Sukhatme, F. J. Rauscher 111
Thermal Tides
M. Newman and C. Leovy Specialized Role for a Murine 678
Class I-b MHC Molecule in Prokaryotic
Elasticity of a-Cristobalite: A Silicon 650 | Host Defenses

Dioxide with a Negative Poisson’s Ratio

A. Yeganeh-Haeri, D. ]. Weidner, ]. B. Parise R.R.Rich
The Location of Bound Lipid in the 652
Lipovitellin Complex

P. A. Timmins, B. Poliks, L. Banaszak

Vacuolar Chitinases of Tobacco: A New 655
Class of Hydroxyproline-Containing Proteins
L. Sticher, J. Hofsteenge, A. Milani, J.-M. Neuhaus,
F. Meins, Jr.

Calcium-Dependent Transmitter Secretion 657
Reconstituted in Xenopus Oocytes:
Requirement for Synaptophysin

J. Alder, B. Lu, F. Valtorta, P. Greengard,

M.-m. Poo

Functional Modulation of GABA , 661
Receptors by cAMP-Dependent Protein
Phosphorylation

S.]J. Moss, T. G. Smart, C. D. Blackstone,

R. L. Huganir

B SCIENCE (ISSN 0036-8075) is published weekly on Friday, except the last week in
December, by the American A iation for the Ad t of Science, 1333 H Street,
NW, Washington, DC 20005. Second-class postage (publication No. 484460) paid at Washington,
DC, and additional mailing offices. Copyright © 1992 by the American Association for the Advance-
ment of Science. The titte SCIENCE is a registered trademark of the AAAS. Domestic individual
membership and subscription (51 issues): $87 ($47 allocated to subscription). Domestic institutional
subscription (51 issues): $195. Foreign postage extra: Mexico, Caribbean (surface mail) $50;
other countries (air assist delivery) $95. First class, airmail, student and emeritus rates on
request. Canadian rates with GST available upon request, GST #1254 88122. Change of address:
allow 6 weeks, giving old and new addresses and 11-digit account number. Postmaster: Send
change of address to Science, P.O. Box 2033, Marion, OH 43305-2033. Single copy sales: $6.00
per issue prepaid includes surface postage; Guide to Biotechnology Products and Instruments, $20.

SCIENCE - e« VOL. 257

genus Porites this dependence may be used to recover
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When you need RNA...

R
STAT

A Sixty Minute N
Total RNA/mRNA ISOLATION REA

FASTER MORE EFFICIENT E RELIABLE

Protocol can be completed Extracts 30 - 150% more Gives more consistent
in < 60 minutes. total RNA/mRNA than results (260/280 > 1.9).
any other method.

COST EFFECTIVE EASIER

One bottle of reagent isolates twenty Northern blot/PCR-ready
grams of tissue or 2 x 10° cells. mRNA in under 60 minutes.

RNA STAT-60, a new and improved third generation state of the art version of the popular
guanidinium-phenol based single-step method of total RNA isolation extracts 30-150%
more total RNA and mRNA than any other method of RNA isolation. RNA STAT-60 isolates
total RNA free of DNA and proteins in < 1 hour. No additional purification is required for
Northern or dot-blot hybridization, molecular cloning, RNase protection or PCR.

TEL-TEST “B} INC.

P.0. Box 1421 » County Road 129 » Friendswood, TX 77546
{713) 482-2672 » FAX {713) 482-1070
Customer Service: (800) 631-0800 (Outside Texas)
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THIS WEEK IN SCIiENCE

edited by PHIL SZUROMI

Pattern generator
Protein crystals have been used
as templates for cutting nano-
scale patterns into substrates.
Douglasetal. (p. 642) used two-
dimensional crystals of the S-
layer from the bacteria Sulfolo-
bus acidocaldarius, which form a
lattice of holes with a periodic-
ity of 22 nanometers. After the
layers were deposited on graph-
ite, they were coated with tita-
nium metal, which oxidized to
titania. The holes in the S-layer
were uncoated, and thus ion
milling could be used to cut
holes into the exposed graphite
substrate.

i8]

A superrotating

atmosphere
The atmosphere of Venus ro-
tates at speeds much faster than
that of the planet; rotational
speeds are greatest, 100 meters
per second or more, at the cloud-
top level at latitudes up to about
45 degrees. Some mechanism is
thus required to induce such
speeds and maintain them against
friction. Newman and Leovy (p.
647) evaluated this problem with
a numerical model of Venus’ at-
mosphere. The results suggest
that thermal tides, driven by the
periodic daily absorption of solar
energy primarily within the cloud
layer, transfer momentum to low-
latitude cloud-top regions and
thus accelerate the flow there
while decelerating the flow at
higher levels.

0

Hydroxyproline in
plant enzymes
Hydroxyproline (Hyp), which
is formed through posttransla-
tional modification of proline,
is usually associated with se-
creted structural proteins. In
animals, Hyp helps stabilize the
triple-stranded structure of col-

RSS2 S
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Temperatures from coral

Recovery of glacial age sea-surface temperatures (SSTs) from the
180/16Q ratio of fossil plankton has been difficult because the ratio
also reflects the isotopic composition of seawater, which changed
when much water was stored in large continental ice sheets. Beck
etal. (p. 644 and cover) show that the Sr/Ca ratio incorporated by
corals as they grow may provide a more direct measure of past SST's
than oxygen isotopes because the St/Ca ratio of the oceans likely
did not change significantly during glacial times. The authors
calibrated the method by using modern corals from islands where
SST records are available. Analysis of a 10,200-year-old coral
suggests that SSTs from the southwest Pacific were 5°C colder

than those today.

lagen, and in plants it is often
found in secreted glycoproteins.
Sticher et al. (p. 655) report
that the type I tobacco chitin-
ases, which are intracellular
proteins found in plant vacu-
oles that help defend against
pathogens such as fungi, also
contain Hyp. In contrast to the
other Hyp-containing plant
proteins, the hydroxylation
modification occurs only at a
few residues in a short proline
domain, and the Hyp residues
are not O-glycosylated.

Transmitter secretion
and synaptophysin
Transmission of signals from
one neuron to another depends
on the calcium-triggered release
of neurotransmitter molecules
such as glutamate; synaptic
vesicle proteins such as synap-
tophysin are thought to play a
role in this process. Alder et al.
(p. 657) show that glutamate
secretion can be reconstituted
in Xenopus oocytes by injection
of total mRNA from rat cer-
ebellum. Calcium-dependent
glutamate secretion can be de-
creased by co-injection of anti-
sense molecules for the synapto-
physin message or antibodies to
rat synaptophysin. These results
suggest that synaptophysin is es-
sential for transmitter secretion.

SCIENCE e
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Neonatal neocortex
The cortex of the brain is orga-
nized as a modular structure
consisting of radial columns of
functionally interconnected
cells. During development the
neurons of each radial unit may
coactivate simultaneously.
Yuste et al. (p. 665) monitored
calcium concentrations in these

. cells with the fura-2 indicator

and found distinct domains of
neurons that coactivated spon-
taneously. Slices parallel to the
cortical layers revealed domains
50 to 120 micrometers in diam-
eter that extended through sev-
eral layers. These neurons are
coupled by gap junctions and so
can communicate without syn-
aptic connections.

]

Regulating Ras
The guanine nucleotide-bind-
ing protein Rasisa critical com-
ponent of signaling pathways
that control cell growth. The
activity of Ras can be regulated
in two different ways. Ras is ac-
tivated by cellular factors that
stimulate guanine nucleotide
exchange, whereas it is inacti-
vated by guanosine triphos-
phatase-activating proteins
(GAPs). Zhang et al. (p. 675)
provide evidence that in cells
cultured at high density, Ras is
inactivated by enhanced GAP

31 JULY 1992

activity. However, activation of
Ras in cells treated with serum
or growth factors appears to re-
sult from increased guanine
nucleotide exchange.

]

Recognizing
pathogens
Recognition of foreign patho-
gens by the immune system is
mediated by the major histo-
compatibility complex (MHC)
molecules, which bind antigens
and activate the T cell response.
The role of nonclassical (class
I-b) molecules has been unclear;
these common class [ genes are
not as polymorphic as the “clas-
sical” class I gene. Kurlander et
al. (p. 678) show that class I-b
molecules bind to antigens from
prokaryotes that are modified
with N-formyl groups. This re-
sult clarifies previously recog-
nized T cell responses to pro-
karyotes that were mistaken to
be unrestricted by class [, and it
also implicates these proteins
in the first line of defense
against common bacterial

infections.

]

Finding protein
substrates

Protein kinases participate in
many regulatory pathways; how-
ever, it is often difficult to de-
termine the physiological sub-
strates of these enzymes. Yanget
al. (p. 680) used a sensitive ge-
netic method to scréen for pro-
teins that interacted with the
SNFI protein kinase from yeast,
which regulates several aspects
of cell growth. They isolated
four genes, one of which en-
codes a substrate of SNF1. The
method is applicable to any
cloned protein kinase gene and
can be used to identify substrates
or other proteins that bind to
such enzymes.
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Laser Scanning
Confocal
Microscope

7|L Use the affordable WSIGHT laser scanning confocal microscope
as you would an inverted fluorescence scope.
Place your sample on the stage, and view it via the oculars
in phase, DIC or confocal fluorescence . . . F
in Real Color and in Real Time. If you see a field of ‘.‘
interest, photograph it . . . simply and in Real Color
using an optional automatic photomicrographic system
with 35 mm or Polaroid™ back.

and

7|L Use the affordable WSIGHT laser scanning
confocal microscope as a confocal image
acquisition system for your existing video-
based imaging computer. Interfacing is . . .
Real Easy . . . simply attach your camera
to the INSIGHT’s standard C mount.

and

7|L Use the affordable ISIGHT laser
scanning confocal microscope as a — i
complete confocal imaging and
quantitating system by using the
INSIGHT-IQ™ computer system. Highly
advanced hardware and software utilizing
simple pull-down menus allow you to acquire
and quantitate 2D confocal images in space
and/or time, and generate 3D
reconstructions and rotations.

Cos 7 cells stained with PI
and NBD-Phallacidin.

Real Time . . . Real Color . . . Real Easy . ..

all yours with the INSIGHT laser scanning
confocal microscope. Contact Meridian today
and select the ISIGHT model that’s right for you.
You'll be surprised at how affordable your
choice will be.

MERIDIAN

Instruments, Inc.

2310 Science Parkway Meridian Instruments Europe Meridian Instruments Far East

Okemos, Michigan 48864 Industriepark—West 75 /o The Sonehara Building (1st Flr)

Phone: 800-247-8084 ® 517-349-7200 B-9100 St. Niklass BELGIUM 23-3 Higashi Nihonbashi 2-Chome, Chuo-Ku
Fax:  517-349-5967 Phone: 3-7801760 ® Fax: 3-7781727 Tokyo, Japan

Phone: 03-5820-3315  Fax: 03-5820-3316

DISTRIBUTORS: Austria: Salus Braljmapharm, 0222-54-25-39. Benelux: Analis, 81-225-085. France: Cytolab, 1-30614323. Germany: dunn
Labortechnik, 02683-43306. Israel: Carmira, 02-322051. Italy: Kontron Instruments, 02-50721. Korea: Hwa Yuong Medical & Science Co.,
02-586-2925. Spain: Cultek, 91-729-0333. Switzerland: BioCell Consulting, 061-7121616. United Kingdom: Biotech Instruments, 0582-502388.

©1991 Meridian Instruments, Inc.
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Pharmaceutical/Biotechnology:
Careers In Industry
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Engineering a Small World:
From Atomic Manipulation
to Microfabrication

This 42-page special section, reprinted from the 29 November issue of SCiENCE, is your
entry to the expanding world of small-scale engineering. It’s a field that spans microelectronics,
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INFORMATION FOR

CONTRIBUTORS

Science is a weekly, peer-reviewed journal
with offices in Washington, DC, and Lon-
don that publishes research in every field of
scientific endeavor. Submitted manuscripts
should be intelligible to readers in a variety
of disciplines and should be brief and clearly
written.

The guidelines below describe our manu-
script selection, review, and publication proc-
ess. Please follow these guidelines in prepar-
ing your manuscript to ensure speedy han-
dling by our editorial offices.

Categories of Signed Papers

General Articles (3000 to 5000 words or
three to five printed pages) are expected to
review new developments in one field that
will be of interest to readers in other fields;
describe a current research problem or a
technique of interdisciplinary significance;
or discuss some aspect of the history, logic,
policy, or administration of science. Readers
should be able to learn from a general article
what has been firmly established and what
are unresolved questions or future directions.
Many general articles are solicited by the
editor, but unsolicited articles are welcome.
Both solicited and unsolicited articles un-
dergo review.

General articles should include a note
giving the authors’ names, titles, and ad-
dresses; an abstract (50 to 100 words); an
introduction that outlines for the general
reader the main point of the article; and brief
subheadings to indicate the main ideas. The
reference list should not be exhaustive; a
maximum of 50 references is suggested.

Research Articles (up to 4000 words or
four printed pages) are expected to contain
new data representing a major breakthrough
in a field. The article should include an
author note, abstract, introduction, and sec-
tions with brief subheadings. A maximum of
40 references is suggested.

Figures and tables together with their legends
should occupy about one printed page for Gen-
eral Articles and Research Articles.

Reports (up to 2500 words or three printed
pages) are expected to contain important
research results. Addresses for all authors
should be listed on the title page and the
corresponding author should be indicated by
an asterisk. Reports should include an ab-
stract (no more than 100 words) and an
introductory paragraph. A maximum of 30
references is suggested. Figures and tables to-
gether with their legends should occupy no more
than one of the pages.
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Policy Forum provides a platform for
scientists to present in-depth discussions of
policy issues relevant to science. Whenever
possible, Policy Forums representing oppos-
ing sides are presented in the same issue of
Science.

Perspectives analyze recent advances in
fast-breaking fields and express opinions as
to the impact the developments will have on
future research. Perspectives should be either
one or two published pages.

Letters are selected for their pertinence
to material published in Science or because
they discuss problems of general interest to
scientists. Letters about material published
in Science may correct errors, provide sup-
port or agreement, or offer different points
of view, clarifications, or additional infor-
mation. Personal remarks about an author
are inappropriate. Letters may be reviewed
by outside consultants. Letters selected for
publication are intended to reflect the range
of opinions received. The author of the
paper in question is usually given an oppor-
tunity to reply.

All letters are acknowledged by postcard;
authors are notified if their letters are to be
published. Preference is given to short letters
(250-500 words). Letters accepted for publi-
cation are frequently edited and shortened in
consultation with the author.

Technical Comments (up to 500 words)
may criticize articles or reports published in
Science within the previous 6 months or may
offer useful additional information. Minor
issues should be resolved by private corre-
spondence. The authors of the original pa-
per are asked for an opinion of the comment
and are given an opportunity to reply in the
same issue if the comment is published.
Comments and replies are subject to the
usual reviewing and editing procedures. Pri-
ority disputes may undergo extensive review
and are published only when action is rec-
ommended.

Book and Software Review selections
are made by the editors. Instructions and
length specifications accompany items to be
reviewed when they are sent to the review-
ers, who are chosen by the editors.

Manuscript Preparation

Use double-spacing throughout the text,

tables, figure legends, and references and

notes, and leave margins of at least 2.5 centi-

meters. Put your name on each page and

number the pages starting with the title page.
Titles and subheadings should be de-
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scriptive clauses, not complete sentences or
questions. The maximum length is 76 char-
acters and spaces for general articles, and 76
to 114 characters and spaces for research
articles and reports.

Abstracts should explain to the general
reader why the research was undertaken and
why the results should be viewed as impor-
tant. The abstract should convey the paper’s
main point and outline the results or con-
clusions.

Text. A brief introduction describing the
paper’s significance should be intelligible to
readers in different disciplines. Technical
terms should be defined. All tables and fig-
ures should be cited in numerical order.

Figures and tables should be submitted
on separate pages from the text. For each
figure submit three high-quality prints, laser
prints, or original drawings no larger than 22
by 28 centimeters (8 ¥, by 11 inches). On the
back of every figure write the first author’s
name and the figure number and indicate the
correct orientation.

Photocopies of figures are not acceptable;
transparencies, slides, or negatives cannot be
used because they cannot be sent to review-
ers. Papers that include a large number of
figures or tables and a small amount of text
may present layout problems. In preparing
the manuscript, try to maintain a balance
between text length and illustrations.

On acceptance of a paper, authors re-
questing the use of color will be asked to pay
$600 for the first color figure or figure part
and $300 for each additional figure or figure
part to help defray the cost of obtaining color
separations. There will be an additional
charge for color figures in the reprints.

Cover illustration suggestions may be
included with the manuscript. Submit prints,
not slides, negatives, or transparencies. After
an image is chosen for use on the cover, a
positive transparency will be required.

Informed consent. Investigations on hu-
mans must include a statement indicating
that informed consent was obtained after the
nature and possible consequences of the stud-
ies were explained.

Animal welfare. Authors using experi-
mental animals must include a statement
that their care was in accordance with insti-
tutional guidelines. For animals subjected
to invasive procedures, include the anes-
thetic, analgesic, and tranquilizing agents
used, as well as the amounts and frequency
of administration.

|
Inquiries to our London office
should be directed to
Peter Aldhous at 44-273-770161.
Use the same number for facsimiles.
||




Uncertainties and reproducibility. Evi-
dence that the results are reproducible and
the conditions under which this reproduc-
ibility (replication) was obtained should be
explicitly stated. The effect of limitations in
experimental conditions on generalizability
of results should be discussed. Uncertainties
should be stated in terms of variation ex-
pected in independent repetitions of the
experiments; they should include an allow-
ance for possible systematic error arising
from inadequacies in the assumed model and
other known sources of possible bias. Prob-
abilities from statistical tests of significance
should not replace the reporting of results
and associated uncertainties.

Permissions to reprint illustrations or
tables from other publications must be ob-
tained in writing by the author. The written
permission must include complete citation
from the copyright owner (usually the pub-
lisher) to reprint such illustrations in Science.
Papers are not sent to the printer until copies
of all permission letters have been received.

Copyright law requires that we obtain
copyright transfer from authors of each paper
published in Science. Copyright forms are
sent to all authors prior to acceptance and
must be signed and returned to the editorial
office immediately. U.S. government em-
ployees sign the section of the form stating
exemption from copyright laws. Alterations
to or substitutions for our form are not ac-
ceptable.

Manuscript Review and Selection

Before being reviewed in depth, most papers
are rated for their interest and overall suitabil-
ity by a member of the Board of Reviewing
Editors. Papers submitted in disciplines for
which there is no appropriate member of the
Board of Reviewing Editors may be screened
by editorial staff in consultation with outside
experts. Papers that are not highly rated are
mailed back to the authors within about 2
weeks; the title page and abstract from one
copy are retained for our files.

Approximately 35% of submitted papers
are reviewed in depth by two or more outside
referees. Reviewers are telephoned prior to
being sent a paper and are expected to de-
cline to review if they are not qualified or
there is a possible conflict of interest. Re-
viewers are expected to return their com-
ments within 2 weeks and are instructed that
the manuscript is a privileged document that
is not to be disseminated or exploited. It is
the policy of Science that reviewers are kept
anonymous.

During the review process, the author may
be required to submit to Science any computer
programs by which the results presented in the
manuscript were obtained if such programs are
essential to replicating the data and are re-
quested by a reviewer or editor.

When the review process is complete, the

potential conflicts of interest.

legends) in the manuscript.
ation for publication elscwhere.

Also include with your manuscript:

INFORMATION FOR CONTRIBUTORS
T

Checklist for Submission

Manuscripts should be addressed to the Editor, Science, 1333 T Street, NW, Washing-
ton, DC 20005. Submit three copics together with a letter giving

the names and telephone numbers of the authors.

the title of the paper and a statement of its main point.

the names, addresses, telephone numbers, and ficlds of interest of four to six
persons outside your institution who are qualified to referee the paper. Also please
include any information needed to ensure a fair review process and to avoid

B the names of colleagues who have reviewed the paper.
® the total number of words (including text, references, and figure and table

W astatement that the material has not been published and is not under consider-

B any paper of yours that is in press or under consideration clsewhere and includes
information that would be helpful in evaluating the work submitted to Science.

MW written permission from any author whose work is cited as a personal communica-
tion, unpublished work, or work in press but is not an author of your manuscript.

B for manuscripts based on crystallographic data, two copics of the coordinatcs.

B any information about the authors’ professional and financial affiliations that
may be perceived to have biased the presentation.

By submitting a manuscript, an author accepts the responsibility that all those
listed as authors of a work have agreed to be so listed, have seen and approved the
manuscript, and are responsible for its content.

manuscript and reviewers’ comments are dis-
cussed by the editors at a weekly meeting.
Manuscripts are evaluated in terms of their
technical merit as well as their merit in
relation to other papers that are under con-
sideration.

In selecting papers for publication, the
editors give preference to those of novelty
and general significance that are well writ-
ten, well organized, and intelligible to scien-
tists in different disciplines. An attempt is
made to balance the subject matter in all
sections of Science. Membership in the AAAS
is not a factor in selection.

Authors are notified of acceptance, rejec-
tion, or need for revision, usually within 8 to
10 weeks. Accepted papers are edited to
improve accuracy and clarity and to bring
them within the specified length limits.

Papers cannot be resubmitted over a dis-
agreement on interest level or relative merit.
If the author can demonstrate that a paper
was rejected on the basis of serious reviewer
error, resubmission will be considered.

Conditions of Acceptance
When a paper is accepted for publication in
Science, it is understood that

e any materials and methods necessary
to verify the conclusions of the experiments
reported will be made available to other
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investigators under appropriate conditions.

e sequence and crystallographic data
will be offered for deposit to the appropriate
data bank and the identifier code will be sent
to Science for inclusion in the published
manuscript (coordinates should be released
no later than 1 year after publication).

e theauthor orauthors agree to transfer
copyright of the paper to Science; and the
paper will remain a privileged document and
will not be released to the press or the public
before publication. _

e if there is a need in exceptional cases
to publicize data in advance of publication,
the AAAS Office of Communications (202-
326-6440) must be consulted.

Authors may provide a copy of their manu-
script on disc upon acceptance. Specific in-
structions will be provided when the
manuscipt is returned for revision.

Printing and Publication

Proofs and reprints. One set of proofs and an
order blank for reprints are sent to the au-
thors.

Scheduling. Papers are scheduled for pub-
lication after Science has received corrected
proofs. Papers with tables or figures that
present problems in layout, or with cover
pictures, or that exceed the length limits may
be subject to delay.
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SCIENCE STYLE SHEET

Acknowledgments, including funding infor-
mation, should be gathered into a brief state-
ment at the end of the references and notes
and will be edited to conform to Science style.

Equations and formulas should be typed
with quadruple-spacing if they are to be set
off from the text. Define all symbols and
number all equations.

Figures. Most figures will be printed at a
width of 5.9 cm (2.3 inches or 1 column) or
12.2 cm (4.8 inches or 2 columns). Some
illustrations (for example, bar graphs, simple
line graphs, and gels) may be reduced to a
smaller width. Symbols and lettering should be
large enough to be legible after reduction.
Composite figures should be labeled A, B,C,....
If mounting is necessary, use cardboard.

Legends should be typed double-spaced in
numerical order on a separate page. No single
legend should be longer than one page. No-
menclature, abbreviations, symbols, and units
used in a figure should match those used in the
text. The figure title should be given as the first
line of the legend.

Line drawings should be labeled on the
ordinate and abscissa with the parameter or
variable being measured, the units of mea-
sure, and the scale. Scales with large or small
numbers should be presented as powers of 10.
Definitions of symbols should usually appear
in the figure legend and not in the figure.
Simple symbols (circles, squares, triangles,
and diamonds, solid or open) will best sur-
vive reduction.

Recommended symbols at the size they
should appear after reduction:

® O O A A

Avoid the use of light lines, shading, and
stippling. Use heavy lines or boxes for empha-
sizing or marking off areas of the figure, and
use black, white, hatched, and cross-hatched
designs in place of stippling in bar graphs and
ball-and-stick molecular models. Authors us-
ing computer graphics should choose screens
between 20 and 60%.

Halftones, such as electron micrographs,
should be submitted as high-quality prints or
orginals (do not send irreplaceable artwork).
If possible, use scale bars in place of, or in
addition to, magnifications. In gels, the lanes
should be numbered and identified by num-
ber in the figure legend.

For color art please provide a positive
slide, if possible, and a print or laser proof.
Indicate positioning, lettering, and cropping
limits on the print. For composite figures,
send the original composite board rather
than a print if the quality of the original is
much better than that of the print. Do not
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send irreplaceable artwork.

Lettering in Helvetica font is preferable.
Use boldface type for axis labels and for the
labels A, B, C,... in composite figures; use
italic type only as it would be used in the text
(for example, for variables and genes). The
first letter of each entry should be uppercase;
otherwise, use uppercase letters as they would
be used in the text (for example, for acro-
nyms). Avoid wide variation in type size
within a single figure. In the printed version
of the figure, letters should be about 7 point
(2 mm high).

Sequences may be reduced considerably
so make sure the typeface in the original is
clear. There should be about 130 characters
(including spaces) per line for a sequence
occupying the full width of the printed page
and about 84 characters per line for a se-
quence occupying two columns.

References and notes are numbered in
the order in which they are cited, first through
the text and then through the table and
figure legends. List a reference only one time.
References that are always cited together
may be grouped under a single number. Ref-
erence to unpublished data should be given a
number in the text and placed, in correct
sequence, in the references and notes. Use
conventional abbreviations for well-known
journals; provide complete titles for other
journals. Do not use op. cit. See “Science
Reference Style” (at right) for examples.

Symbols, abbreviations, and acronyms
should be defined the first time they are used.

Tables should supplement, not duplicate,
the text. They should be numbered in the
order of their citation in the text. Each table
should be generated on a separate page with
its legend double-spaced above the table.
The first sentence of the legend should be a
brief descriptive title. Three horizontal lines
are used in tables: at the top and bottom of
the table and between the column headings
and the table body. Vertical lines are not
used between the columns.

Every vertical column should have a head-
ing consisting of a title with the unit of mea-
sure in parentheses. Units should not change
within a column. Centered headings of the
body of the table can be used to break the
entries into groups. (See the section on letter-
ing for use of italic type and uppercase letters.)

Footnotes should contain information rel-
evant to specific entries or parts of the table.
The sequence of symbols for footnotes is

SEES N ET T

Units of measure are given in metric. If
measurements were made in English units,
give metric equivalents.
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Science
Reference Style

Journals

. 1. N. Tang, Atmos. Environ. 14, 819 (1980).
[one author]

. J.C. Smith and M. Field, Proc. Natl. Acad. Sci.
U.S.A. 51,930 (1964).

. J.C.Cheeseboroughll, S. Trajmar, J.-T. Yang,
EMBO J., in press. [three to five authors]

. G. Sunshine et al., Lanceti, 711 (1975). [more
than five authors]

. M. Schmidt, Sci. Am. 251, 58 (November 1984).
[iournal paginated by issue]

. J. Brown, ibid., p. 67.

Technical reports

. D.E.Shaw, Technical Report No. CUCS-29-82
(Columbia University, New York,1982).

. F. Press, “A report on the computational needs
for physics” (National Science Foundation,
Washington, DC, 1981). [unpublished or ac-
cess by title]

. “Assessment of the carcinogenicity and muta-
genicity of chemicals,” WHO Tech. Rep. Ser.
No. 546 (1974). :

Proceedings

. Proceedings of the Fifth IEEE Pulsed Power
Conference, Arlington, VA, inclusive dates of
meeting (publisher, publisher’s location, year).

. Proc. IEEE 88, 452 (1968).

. Title of symposium published as a book, spon-
soring organization, location of meeting, dates
(publisher, location, year).

Paper presented at a meeting
(not published)

. M. Konishi, paper presented at the 14th Annual
Meeting of the Society for Neuroscience, Ana-
heim, CA, 10 October 1984. [Sponsoring orga-
nization should be mentioned if it is not part of
the meeting name.]

Theses and unpublished
material

. B. Smith, thesis, Georgetown University (1973).
. J.A. Norton, unpublished material.

Books

. A. M. Lister, Fundamentals of Operating Sys-
tems (Springer-Verlag, New York, ed. 3, 1984),
pp. 7—11. [third edition]

J. B. Carroll, Ed., Language, Thought and

Reality: Selected Writings of Benjamin Lee

Whorf (MIT Press, Cambridge, MA, 1956).

. R. Davis and J. King, in Machine Intelligence,
E. Acock and D. Michie, Eds. (Wiley, New
York, 1976), vol. 8, chap. 3.

. D. Curtis et al., in Clinical Neurology of Devel-
opment, B. Walters, Ed. (Oxford Univ. Press,
New York, 1983), pp. 60-73. [et al. = more than
five authors]

. F. R. Sabier, Contributions to Embryology (Publ.

18, Carnegie Institution of Washington, Wash-

ington, DC, 1917), p. 61.

Principles and Procedures for Evaluating the

Toxicity of Household Substances (National

Academy of Sciences, Washington, DC, 1977).

[organization as author and publisher]






