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Digitize:
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drawings, text, stained
gels and more. Scan o o
Eel Dimension
inch (85 u spot size)

in 256 shades of gray. Edit scanned
images using the powerful tools of
the StrataScan's digital image

processing and editing software!"” The
StrataScan™
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Densitometry: | Arts and
Densitometry
System
combines
state-of-the-art
hardware
innovations and
well crafted
software

to bring
sophisticated
densitometry
analysis and
presentation

Quantitate
individual or
multiple lanes;
spots or bands;
and slot and
dot blots.”’
Adjust image
contrast, subtract background,
enlarge or reduce, without altering
the original data. Output your data
in tabular form or export it to other
programs for additional analysis or

presentation. quality
1 documentation
Document: to your

laboratory.

Create Presentation quality
composite images for handouts,
overheads, slides
and journals.
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CcoverR  The fossil record is rich in information on past changes in biodiversity and
patterns of extinction. Echinoderms such as those on the cover (maximum test
diameter 8 centimeters; arms may exceed 1 meter), Uintacrinus socialis Grinnell from
Kansas (Smoky Hill Member, Niobrara Formation), are thought to have adopted a
planktonic existence, and they were abundant and globally distributed in Late
Cretaceous seas. The Ulntacrinida order suddenly became extinct well before the
end of the Cretaceous. See p. 754. [Photo by John Weinstein, courtesy of the Field
Museum of Natural History]

Technical Comment

774

776

778

781

784

786

789

792

795

Observations of Extreme Upwelling Filaments in the Southeast Atlantic Ocean:
J. R. E. LuTJEHARMS, F. A. SHILLINGTON, C. M. DUNCOMBE RAE

Contact Adhesion of Thin Gold Films on Elastomeric Supports: Cold Welding
Under Ambient Conditions: G. S. FERGUsoN, M. K. CHAUDHURY, G. B. S1GAL,
G. M. WHITESIDES

Thymocyte Expression of RAG-1 and RAG-2: Termination by T Cell Receptor
Cross-Linking: L. A. Turka, D. G. ScHATZ, M. A. OETTINGER, J. J. M. CHUN,
C. Gorka, K. LEg, W. T. McCorMACK, C. B. THOMPSON

Purification of an Allene Oxide Synthase and Identification of the Enzyme as a
Cytochrome P-450: W.-C. SONG AND A. R. BRASH

Specificity for Aminoacylation of an RNA Helix: An Unpaired, Exocyclic Amino
Group in the Minor Groove: K. MUSIER-FORSYTH, N. USMAN, S. SCARINGE,

J. DoubpNA, R. GREEN, P. SCHIMMEL

Variable Effects of Phosphorylation of Pit-1 Dictated by the DNA Response
Elements: M. S. Kar1LOFF, Y. FARKASH, M. WEGNER, M. G. ROSENFELD
Identification of Ets- and Notch-Related Subunits in GA Binding Protein:

K. LaAMARrco, C. C. THomMPSON, B. P. Byers, E. M. WaLTON, S. L. MCKNIGHT
Design and Synthesis of a Mimetic from an Antibody Complementariry-
Determining Region: H. U. SARAGOVI, D. FITZPATRICK, A. RAKTABUTR,

H. NakanisH1, M. KaAHN, M. I. GREENE

Photoperiodism and Effects of Indoleamines in a Unicellular Alga, Gonyaulax
polyedra: 1. BALZER AND R. HARDELAND

797 Similar Neuronal Alterations Induced by Axonal Injury and Learning in Aplysia:
E. T. WaLTERS, H. AL1ZADEH, G. A. CASTRO
800 Single-Channel Mechanosensitive Currents: M. C. GUSTIN; F. SACHS,

W. SIGURDSON, A. RUKNUDIN, C. BowmaN; C. E. MORRI1S, AND R. HORN ®
Lysyl Oxidase and rrg Messenger RNA: K. KENYON, S. CONTENTE,
P. C. TRACKMAN, J. TANG, H. M. KaGaN, R. M. FRIEDMAN

803

The Biology of the Naked Mole-Rat, reviewed by G. R. MICHENER ®
Paleoclimatology, J. OVERPECK ® Graptolites, D. L. CLARK ® Cellular and
Molecular Immunology, P. M. ALLEN ® Books Received

Products & Materials

Current Contents on Diskette @ Taq DNA Polymerase ® Reverse Transcription in
a Single Tube ® Talking Gel Reader ® Periodic Table Database ® Portable Dew
Point Generator ® Vacuum Scopes ® Automatic Direct Blotting System m
Literature

Board of Directors

Donald N. Langenberg
Retiring President,
Chairman

Leon M. Lederman
President

F. Sherwood Rowland
President-elect

16 AUGUST 1991

Mary Ellen Avery
Francisco J. Ayala
Eugene H. Cota-Robles
Robert A. Frosch
Joseph G. Gavin, Jr.
Florence P. Haseltine
Jean'ne M. Shreeve
Warren M. Washington

William T. Golden
Treasurer

Richard S. Nicholson
Executive Officer

Editorial Board
Charles J. Arntzen

Dennis A. Powers
Ralph S. Quatrano

Board of Reviewing Douglas T. Fearon
Editors Harry A. Fozzard

Theodore H. Geballe

Erkki Ruoslahti

Elizabeth E. Bailey John Abelson Margaret J. Geller Thomas W. Schoener

Davd Balimore. Frederick W. Alt Roger . M. Glass Ronald H. Schwartz

William F. Brinkman Don L. Anderson Stephel:\ P Goff TerrenceJ Seinowski

E. Margaret Burbidge Stephen J. Benkovic Corey S Goodm o Thomas, A 'Steitz

Pierre-Gilles de Gennes Floyd E. Bloom Slephen-J Gould Robert T N Tjian

Joseph L. Goldstein Henry R. Bourne Eic E. Joﬁnson Emil R. l..lna'nue

mary 'E %ood m"s J'CB”" Stephen M. Kosslyn Geerat J. Vermeij

Ja':ry J H rayl ch aﬂfyﬂ Halgme Konrad B. Krauskopf Bert Vogelstein
ol Hoplew 891 an}or Charles S. Levings Ill Harold Weintraub

F. Clark Howell Dennis W. AChOI Harvey F. Lodish Zoria Warb

$"”Lt“- M:"‘f‘ . ?i"“d- 8;9,;"’"‘* Richard Losick George M. Whitesides
SO NERRZU el Anthony R. Means Owen N. Witte

Helen M. Ranney Bruce F. Eldridge Mortimer Mishkin William B. Wood

Robert M. Solow Paul T Englund Roger A. Nicoll Keith Yamamoto

Edward G Stone Fredric S. Fay William H. Orme-Johnson Ii

James D. Watson Stuart L. Pimm

Yeshayau Pocker

TABLE OF CONTENTS 713



~ and Autoclavable.

Comfortable, ribbed barrel.

Top-view, digital display.

User calibratable.

aster volume selection.

The new Eppendorf Pipettes combine quality with
innovative features to deliver accurate and reliable results.
Adjustable- and fixed-volume models cover the range
from 0.5 pl to 2500 pl.

The adjustable-volume pipettes can be recalibrated to
ensure optimum performance, particularly when pipetting
viscous or nonagueous liquids. A full range of spare parts is
available for easy maintenance.

All new Eppendorf Pipettes are completely autoclavable
at 121° C, and are constructed of durable, chemical- and
UV-resistant materials to extend the life of the pipette.

A new product...and a new guarantee. Brinkmann
Instruments is so confident about the quality of the new
Eppendorf Pipettes that, for a limited time, we are offering
a 30-day return privilege.

Eppendorf* is a registered trademark of Eppendorf-Netheler-Hinz GmbH.
BRK-10525

Calibratable, Serviceable,

New, convenient carousel stand
—rotates for easy access.

Call 800-645-3050 for more
information. In New York,
call 516-334-7500, or write
Brinkmann Instruments, Inc.,
One Cantiague Road,

P.O. Box 1019,

Westbury, NY 11590-0207.
(In Canada: 800-263-8715
or 416-675-7911,

50 Galaxy Bivd.,

Rexdale, Ont. MOW 4Y5.)

eppendorf

BRINKMANN Quality products for research and control.

Circle No. 115 for information

Circle No. 116 for a demonstration
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AT LAST, A DNA/RNA PROBE SYSTEM
THAT LETS YOU SEE THE LIGHT INSIDE WHILE
| IT'S STILL LIGHT OUTSIDE.

New AmpliProbe® delivers chemiluminescent
results in a single day. The AmpliProbe®DNA/RNA
probe system is the only assay that lets you

perform hybridizations to Northern, Southern, and
slot blots, as well as colony and plaque lifts, in
a singleday. That means under 7 hours from hybridization to
signal detection. Or, if you prefer, the same results can be
obtained with an overnight hybridization. Unique nonradio-
active signal amplification enhances sensitivity, assures
safety. This patented signal amplification system with chemi-
luminescent readout achieves sensitivity levels of single-copy
gene detection while avoiding the hazards and expense of
radioisotopes. Unlimited flexibility for the greatest of ease.
AmpliProbe® is available in both target-specific assays and a
universal detection kit. Target-specific kits for CMV, EBV, HBV,
HIV, and HSV-1/2, c-myc, and erb B-2 are“ready-to-go.”
That means no prelabeling. Theuniversal kit lets you detect
a virtually unlimited range of targets in M13. Expert support
from pioneers in biotechnology. Contact ImClone Systems
Iincorporated, 180 Varick Street, New York, New York 10014,

or call 1-800-966-4-DNA (966-4362). AmPﬁPr()be

o,
N ; :
“JI* ImClone Systems All in a day's work

© 1991 ImClone Systems Incorporated. For research use only. Not for use in clinical diagnostic procedures. *US Pat. No. 4,882,269
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E@ From the makers of SigmaPlot™

- PeakFit

' Quantitative Peak Analysis...
on your own PC.

o
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Elution Time (min)

Introducing PeakFit™ dedicated peak analysis software! Designed |
for anyone who needs to separate peaks or multiple functional
forms for analysis and calculation, PeakFit gives you the unique
ability to observe and control algorithm performance on screen,
iteration by iteration, for fast and accurate determination of the
best fit for your data. PeakFit’s state-of-the-art tools include: i

e Unique graphical visual interaction with data — you control
the non-linear curve-fitting operation by manipulating the curve |
placement and parameter values right on the screen. :

* Quantitative analysis — areas, centers, amplitudes and widths |
of individual peaks automatically calculated.

* Full numerical review — parameter/fit statistics include stand-
ard error, confidence limits, F-statistics, residuals, t-values, etc. |

o Extensive built-in equation library — 26 different specialized
functions, including Gaussian, Lorentzian, Voigt, Pearson VII,
Symmetric Double Cumulative, even user-defined functions.

* Numerous inputloufput options — dot matrix, LaserJet™, Post-
script” printers. SigmaPlot 4.0", Lotus, ASCII and other formats.

* Easy to use — Industry standard mouse-driven interface.

* Applications — Chromatography, Spectroscopy, Electrophoresis,
Electronics, Pharmacology, Statistical Analysis and Engineering.

Priced within reach of most research budgets, PeakFit is backed by
a full money-back guarantee... and one of the strongest support
staffs in the industry. To find out more about PeakFit or other
scientific and engineering software from Jandel, just call us:
1-800-874-1888 (inside U.S.), or 1-415-924-8640 (outside U.S.).

65 Koch Road # Corte Madera, CA 94925

Phone: 415-924-8640 FAX: 415-924-2850
an e In Europe: SchimmelbuschstraBe 25
D-4006 Erkrath 2 ® W.-Germany
Phone: 02104/3 60 98 » Fax: 0 2104/3 31 10

Call for free brochure: 800-874-1888

Circle No. 145 on Readers’ Service Card

This LC pump
is a dispenser
and diluter,
too.

@& It's a smartpump. Wiz® is more than an
ordinary peristaltic pump. Press three keys
for initial calibration when you first set it
up. From then on, just key in any flow rate
you want, directly in ml/hr. The output
will be within 1% of your selected value.

& It’s a dispenser, too. You can key in any
volume—that’s what you’ll get every time
you press the button.

& And it’s a diluter. Push a button to take
up any desired volume of sample: push it
again to dispense the sample followed by
any volume of diluent.

Phone toll free, (800)228-4250.

H
L
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NEW LAB PARTNER PLUS *

IS THE PERFECT SOLUTION.

POSTER YOUR WALLS WITH SCIENCE

SCIENCE cover posters are once again available. These beautiful, full-color reproductions are
suitable for framing, and the sturdy mailing tube keeps them crease-free during shipment.

Free 10-Day Trial

Save time, money and chemicals with
the infallible precision of New Lab
Partner Plus. Lab Partner Plus con-
tains powerful programs that allow
you to make complicated conversions
among different types of units with the
touch of a button. And, for radio-
chemical users its incredible mixture

Card #

MARK quantity in box.
(] PISTIL AND STAMEN FROM SNAPDRAGON FLOWER [ | CATHEDRAL WINDOW/DNA MOLECULE

(] THE HUMAN MAP
("] TOLERANCE IN THE IMMUNE SYSTEM
(] LANDSAT IMAGE OF EASTERN MOJAVE DESERT

(] CHEETAH AND CUB

>vl P-03—$7.95 P-11—$7.95
program eliminates the guesswork of
juggling volumes, masses and
activities. So, don’t settle for a partial # Total number ordered @ $7.95 Name
solution, get the perfect solution every $____ Subtotal Address
time with Lab Partner Plus. Only $ For shipment to California, add oy
$279.95. Original Lab Partner™ still applicable sales tax. .
only $199.95. $____ Total State/Zip

For 10-day trial, more information 3 Check enclosed _ Plase charge my: Mﬁ:\t\;g;}oks e 8

or to order call 1'800'277'6045 [CIMastercard []Visa P.0. Box 75:; ’

Only $7.95, U.S. postage paid.

16 November 1990 (18" x 24°)

23 December 1983 (18" x 24°)
P-12—§7.95

P-05 —$7.95

("] NEURONS IN MOTOR CORTEX
26 September 1986 (18" x 24°)
P-06 —$7.95

[] MOONS OF URANUS
9 September 1988 (18" x 24")
P-09 —$7.95

(] CATERPILLAR/YOU ARE WHAT YOU EAT
3 February 1989 (18" x 24)
P-10—$7.95

l:] ATMOSPHERIC LAYERING ON EARTH'S EDGE
10 February 1989 (18" x 24°)

12 October 1990 (18" x 24°)
P-13—$7.95

15 June 1990 (18" x 24°)
P-14 —$7.95

25 May 1990 (18" x 24")
P-15—§7.95

29 July 1983 (18" x 24)

Order

Also available from you favorite distributor.
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Exp. Waldorf, MD 20604

yours now,

while supplies last!

'[ravels with AAAS

For the Inquisitive Traveler

NEW in 1991!

* Ancient Anasazi & Southwest,
Aug. 31-Sept. 9. Explore Chaco
Canyon, Santa Fe, Mesa Verde,
Hopi & Navajo lands. $2,290

* Thailand & Hong Kong, Nov.

tural treasures, Surin elephant
roundup, Khao Yai & Phi Phi
Island. $3,490 (plus air)

to the rainforest of Amazonia,
Manaus, Brasilia, the Pantanal,

Call Today for Travel in 1991/92!
(800) 252-4910

Emas, and Rio. $3,490 (plus air)
* Tahiti with S/V Wind Song,

Raiatea, Bora Bora, and Moorea.
$2,195 (plus air)

* Voyage to the Sea of Cortez,
Dec. 21-28. For your Christmas
holiday! $2,000+ (plus air)

8-24. Bangkok & Chiang Mai cul-

* Amazon & Brazil: Wildlife, Sept.
11-26. From golden lion tamarins

Sept. 27-Oct. 7. Paradise! Papeete,

* Australia, Oct. 7-18. Koalas,
kangaroos, Great Barrier Reef,
Sydney and Melbourne. New
Zealand Extension to Oct. 25.
The wonders of Milford Sound
and Mt. Cook. $2,390+ (plus air)

And Coming
in 1992:

* Antarctica, Jan. 6-20, 1992.
Explore the “Great White
Continent” aboard Society
Explorer. See penguins, seals,
seabirds, scientific research
stations, and the vast spectacle
of Antarctica! $5,950+ (plus air)

* Galapagos for Budget Travelers,

January 20-29, 1992. On board
10-passenger yachts, 8 glorious
days in the Galapagos. $2,495
including air fare from Miami.

« Costa Rica, March 10-22, 1992

¢ Belize & Guatemala,
April 1-11, 1992

@ BEeTtcHaRT ExpEDITION

For Members & Friends of AAAS by

inc. ® 21601 Stevens Creek Blvd. ¢ Cupertino, CA 95014 ¢ (800) 252-4910




Pure mRNA in Minutes...

Small or Large Samples ;
of Cells or Tissue.

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

MicroFastTrack™*: 20 Reactions

- |deal for PCR, Northerns and cDNA synthesis

- Isolation from samples ranging in size from 10-3x 108
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 mMRNA 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

v gen

CORPORATION

ﬁ ITISH BIOTECHNOLOGY LTD, UK - TEL: 44-235529449 « AMS BIOTECHNOLOGY UK LTD, UK - TEL: 44-993822786 * BDH INC.,

CANADA - TEL: 800-268-0310 « BIOTRADE, AUSTRIA - TEL: 43-2228284694 « CELBIO, ITALY - TEL: 39-24048646 * FUNAKOSHI
PHARMACEUTICALS, JAPAN - TEL: 81-356841622 « ITC BIOTECHNOLOGY GMBH, GERMANY - TEL: 06221-303907 » KEBO LABS AB,
SWEDEN - TEL: 46-86213400 + MEDOS COMPANY PTY LTD, AUSTRALIA - TEL: 61-38089077

*patent pending. mRNA model courtesy of BIOSYM
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Announcing...

Human Genome III

The International Conference on the Human Genome

October 21- 23, 1991
Town & Country Hotel
San Diego, CA

Co-chaired by

Walter Bodmer, Ph.D. Charles R. Cantor, Ph.D.
Director of Research Principal Scientist
Imperial Cancer Research Fund DOE Human Genome Project

Sponsored by

SCIENCE Magazine

Published by the
American Association for the Advancement of Science

and

The Human Genome Organisation (HUGO)

Organized and Managed by

Scherago Associates, Inc.
A Professional Conference Organizer
1515 Broadway, Suite 1010
New York, NY 10036
Phone (212) 730-1050; Fax (212) 382-1921
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The Most Sophisticated System for
Maximum Protein Expression...

1 €

CORPORATION el
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Only Nalge could introduce a new
low-profile, high-flow rate 115-mL filter
unit...and roll back prices too!

Just because our old NALGENE™ 115-mL
filter unit has been the vacuum filter unit of
choice ever since 1965 (and is still available)
doesn’t mean it’s perfect. And you told us so.
We listened, and we made improvements.

Greater stability

The low-profile design of the new NALGENE
115-mL filter unit means it won't fall down on
the job.

Higher throughput

We've boosted the flow rate for increased
filtration efficiency and productivity by elim-
inating the fibrous support pad and increasing
the effective diameter of the membrane.
We've also increased spout diameter for
faster, easier pouring.

Improved biosafety

New NALGENE 115-mL filter units are certified
radiation sterilized, non-cytotoxic and non-
pyrogenic...another Nalge exclusive.

No f pu’sh

Wider membrane selection—
including exclusive SFCA

We've kept the standard cellulose nitrate
membranes and added low-extractable nylon
and low-protein-binding, surfactant-free
cellulose acetate, which is a Nalge exclusive.

Environmentally considerate v
Like many NALGENE labware products the
new unit carries SPl &%y coding for correct
plastics recycling. And 1t's packaged in easy-
to-open, recyclable shipping materials, too.

All your favorite features
Of course, you also told us you liked most of
the old unit’s features—such as its gradua-
tions on both upper chamber and receiver,
color-coded membrane identification, and a
convenient single pour/vent spout with quick
disconnect, multiple-size tubing adaptor.
And we were very careful not to change
anything that would require you to requalify
the new unit for research protocols or manu-
facturing SOPs.

over

All this at '86 prices

One of our major design criteria was cost
reduction through better, more efficient
manufacturability to actually bring you "90s
filtration at '86 prices. This led us to elimi-
nate several expensive, performance-limiting
components. Our success means that, now,
you actually pay less for more.

Available from Authorized NALGENE™ Lab-
ware Dealers worldwide.

Ask for your FREE sample

Call or write for a FREE sample of the new
NALGENE 115-mL filter unit (0.2-m pore
size only) in your choice of cellulose nitrate,
nylon or surfactant-free cellulose acetate.

Call Nalge Company at 1-800-TRY-A-115.

Nalge Company, A Subsidiary of Sybron
Corporation, Department SFCA, PO. Box
20365, Rochester, N.Y. 14602-0365

Nalge Company

NALGENE®Brand Products

NALGENE Filterware
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