


The desktop plotter that keeps
changing on demand.

Tektronix now adds an
8-pen turret option to its
B-size 4662 Interactive
Digital Plotter. Option 31
offers programmable
automatic pen changes
and pen speeds. Flag-
ging. And convenient
pause and resume. It's
an exceptional time-

saving value, easily
retrofitted.

Option 31 is one of
many Tek responses to
your evolving plotter
needs. Previously, we
developed one of the
widest range of ink col-
ors and plotter pens
available. We improved

plotter film and added
extra 4662 memory op-
tions. All as part of our
commitment to update,
not outdate, Tek
graphics equipment.
For literature or the
address and phone
number of your nearest
Tek sales office, call:

Circle No. 331 on Readers’ Service Card

1-800-547-1512.

In Oregon, call
1-800-452-1877.

Demand
The Graphics
Standard.
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COMMITTED TO EXCELLENCE




Amoco is using 100,000,000-year-old clues
to help solve our energy needs today.

Many of the world’s petroleum discovery of hidden energy sources
products used in this century were underground. Lessons learned from
created by the living organisms the fossilized remains of these

that flourished on our planet during organisms have been vital to the
the Mesozoic age. Fossilized plant and  discovery of extensive new

animal life from this same geologic hydrocarbon reserves in Wyoming
period are performing a vital role in and Utah.

Amoco’s exploration today. Palynology is just one science Amoco (AMOCO

Amoco palynologists examine is using to find the energy America
100-million-year-old fossil plant needs today, and to keep growing
spores, which provide clues to the in the year 2000 ...and beyond. You expect more from a leader.
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Nestling bald eagles (Haliaeetus leuco-
cephalus), about 5 weeks old, in north-
western Ontario, Canada. The birds
fledge when 10 to 12 weeks old and
acquire the familiar white feathers on
the head and tail at age 4. These birds
have been banded (visible on leg in
foreground) for individual identifica-
tion. Reproduction of this species in-
creased markedly following the ban of
DDT. See page 1232. [James W. Grier,
North Dakota State University, Fargo
58105]
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SmithKline Beckman Corporation/World Headquarters

Before SmithKline united with Beckman promising oral gold agent now under inves-
Instruments to become SmithKline Beckman Cor- tigation (above, a computer model of the
poration, those two world leaders in technology  auranofin molecule) has been extended to
had made independent advances for diagnosis study on the molecular level how the body's

and treatment of rheumatoid arthritis. We immune system operates and how changes in

now continue our complementary efforts. immunity may affect autoimmune diseases and
Immunology and Therapeutics. The alter susceptibility to infection.
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THE THIRD ANNUAL CONGRESS FOR
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MARY ANN LIEBERT, INC., publishers.
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Dept. of Bacteriology & Immunology, 804 FLOB, Univ of NC, Chapel Hill, NC 27514.

Regular Registration: $350 (includes Subscription to the Journal, DNA
Student Registration: $175 Must be verified in writing by Department Head.
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FOR TODAY’S FACULTY AND COLLEGE STAFF MEMBERS  FROM 18 TO 80.

Whether you're thinking retirement
or not,review the plan that provides
for cash withdrawal and /ora lifetime

iIncome.,

TIAA-CREF Supplemental Retirement Annuities
(SRAs) offer you substantial flexibility including cash
withdrawal and/or lifetime retirement income. You
can even reduce your income taxes now!

You can begin contributions to an SRA at any age
and begin benefits at any age up to age 71 unless you
aré still employed (then you can delay beginning
benefits until age 80). For example, you could start
contributions at age 25, and choose to begin benefits
or withdraw cash at age 34, 40 or 50, regardless of
your employment status.

Get your money at any time.

You can receive benefits as a lifetime income or over a
fixed period of from 2 to 10 years. What's more, if you
need it (even while employed by your current
employer), you can withdraw all the money you have
accumulated by surrendering your contracts. Or, you
can withdraw $1,000 or more every six months. There
is never a cash surrender charge.

Contributions are tax-deferred,
so you pay less income taxes now.

The federal income tax on your contributions is
deferred until they are paid to you as benefits. So, you
pay less tax now.

Changing employers? Take SRAs with you.

Since you own your Supplemental Retirement Annui-
ties, you take them with you if you leave your current
employer. You can make contributions through any
institution that makes Supplemental Retirement
Annuities available to staff members. Contributions
can be as little as $25 a month.
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Full information.

Complete and mail the coupon for an SRA Information
Kit today. You'll get full details about all the advan-
tages SRAs have to offer, why this plan suits so many
financial situations and age groups and how much
you may contribute to the plan.

*TIAA-CREF provides annuities and other services for employees of
colleges, universities, private schools and certain other nonprofit
tax-exempt educational and research institutions.

HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE
...SEND FOR A FREE INFORMATION KIT.

1
|
|
|
|
|
|
|
|

Teachers Insurance and
- Annuity Association of
America—College Retirement
Equities Fund :
730 Third Avenue
New York, N.Y. 10017

Please send me full details
about TIAA-CREF Supplemen-
tal Retirement Annuities, the
flexible tax-deferred annuity plan that offers the opportunity to accumu-
late funds for additional retirement income and the option for cash
withdrawal.

Name

Address

City

State Zip Date of Birth

Name of Institution

————————————————_J

Please let us know if you are participating in a TIAA-CREF retirement plan
atyour institution. O YES TOONO 5121782

L L2 3
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Our freezers are so much in
demand because we demand
so much of our freezers.

Only a Marine recruit in boot camp goes through more inspec-
tions than a Revco laboratory freezer
After all, when you've been building as many freezers as we
have, for as many years as we have, you've got quite
® a reputauon to uphold. Which may explain why our
~ @ quality control people take their
jobs so seriously.

In addition, Revco is the only
company in the industry whose
products — not just a few electrical
components — are listed by
Underwriters Laboratories, Inc.

We not only establish rigid engineering and design standards,
but we also make sure that those standards are applied at every
phase of production, in every freezer we make.

And thats the way it should be. Because in work as unportant
as yours, its imperative for the lab equipment you 'RE\
use to meet high standards. And for more than 40 |
years, Revco has been the standard by which the in- |

dustry measures performance and quality.

So send for our new catalog on our complete B
line of chestand upright freezers. They’re available R
from 3 to 20 cubic feet and from 0°C to —100°C.  Rscen Mangacturing Company

Scientific Products Division

And we're sure they'll live up to your demands, Aiken Road Re1 Box 275
Asheville, N.C. 28804

because they’ve a]ready lived up to ours. Telephone 704 658-2711
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CONSENSUS WORKSH
-ORMALDERYDE

ON

OP

The Regulatory Work Group on Science and Technology,
White House Office of Science and Technology Policy
has requested that the

National Center for Toxicological Research

convene a consensus workshop on the science of
formaldehyde to discuss and seek general agreement on
the existing scientific data and identify research needs.

It is anticipated that the workshop will be conducted in

OCTOBER 1983

at a site to be announced.

The Consensus Workshop on Formaldehyde
will discuss and evaluate relevant scientific
evidence on formaldehyde in the general
areas of Exposure, Epidemiology, Toxicology
and Risk Estimation. The endpoints to be
discussed for each of the above general areas
may include, but not be restricted to: carcino-
genicity, genotoxicity, irritation, reproductive
effects/teratology, behavioral effects, immuno-
toxicology/sensitization, neurotoxicity, bio-
chemical effects/metabolism and
histopathology effects.

Nominations are solicited for scientific experts
to serve on Workshop Subcommittees in the
general areas of Exposure, Epidemiology,
Toxicology and Risk Estimation. This notice
also solicits questions which may be ad-
dressed by the Consensus Workshop on
Formaldehyde concerning these areas/end-
points. If more than one nomination and/or
question is submitted, please rank by pre-
ference. Nominations of experts and questions
to be addressed will be accepted until January
14, 1983. To assist workshop participants in
their deliberations, NCTR has established a
clearinghouse for on-going research on for-
maldehyde.

Questions to be addressed, nominations of experts and requests for clearing-

house data input forms should be submitted to Dr. William F. McCallum, HFT -

100, National Center for Toxicological Research, Jefferson, Arkansas 72079.
(501) 541-4513 or FTS 542-4513.
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that some important types of nuclear
reactor accidents could result in huge
releases of radioiodines to the atmo-
sphere (10).

It appears, therefore, that potentially
serious nuclear reactor accidents could
occur and that thyroid blocking would
offer one of the few practicable strategies
for mitigating their consequences. The
FDA has determined that potassium io-
dide is safe and effective for this pur-
pose. The task now is to develop recom-
mendations for the states concerning dis-
tribution schemes that would make po-
tassium iodide available to the
population downwind from a major re-
lease of radioactive iodine when needed.
Thus far no federal agency has been
willing to undertake that task. That is
why Representative Edward Markey (D-
Mass.) held the congressional hearing
which originally sparked this exchange
of letters (News and Comment, 19 Mar.,
p. 1485).

FraNK VON HIPPEL
Center for Energy and Environmental
Studies, Princeton University,
Princeton, New Jersey 08544
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ACS Electioneering

With respect to Eliot Marshall’s article
““‘Acid electioneering at ACS’ (News
and Comment, 29 Oct., p. 455), I think it
would be well to clarify a bit what was
said or implied in the article. The ‘‘grass
roots group’’ does not want the Ameri-
can Chemical Society (ACS) to abandon
any of its admirable educational and sci-
entific efforts but to add to those a strong
professional activity. This stance is sup-
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ported not only by industrial chemists
(65 percent of the ACS) but also by many
academic chemists and for many good
reasons. One is that in the last decade
the median salary of chemists has de-
creased 18 percent in terms of constant
dollars, with a loss of at least $2 billion to
the membership. On 1 July 1980, the
California Section Executive Committee
of the ACS passed a resolution calling on
the board of directors to take steps to
rectify this situation to the greatest ex-
tent possible. In spite of this, and subse-

quent urging, the ACS has done little tc
deal with this problem or to show any
real interest.

Finally, petition electioneering can cut
both ways. Last year two prominent
industrial chemists were regularly nomi-
nated, and friends of Fred Basolo of
Northwestern University petitioned to
get him on the ballot; he won narrowly.

AraN C. NixoN
Room 511, Wells Fargo Building,
2140 Shattuck Avenue,
Berkeley, California 94704

stainless

VIRTIS ANNOUNCES

A NEW

WORLD SERIES
65 WINNERS

no 52.

powerful new version
of the all-time reliability
champ, this
Freezemobile can
catch 24 liters

on asinglerun.

You used to need twice the floor space for a
freeze dryer this size! Only25' wide, this new
Freezemobile can take you through any freeze
drying assignment with ease. A smooth-sided
steel
migrating vapors a vast 506 sg in of —550C
surface area — and you can slide out the entire
\ 24 |iter ice plug intact for fast defrost!

This maximum capability model is just one
of many proven performers from 3 to 24 liters
in the long VirTis line up. See ‘em all in our
colorful new 48 page catalog!

: see the whole series—65 superstar performers
@ WORLD LEADER IN FREEZE DRYING

THE VIRTIS COMPANY, INC. GARDINER, N.Y. 12525
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You can count on the
immunofluorescence

1178

Our immunofluorescence system offers more analyt-
ical capability than any other research system of its
kind. It combines our monoclonal antibody panel

and newest flow cytometer—the FACS™ Analyzer.

A powerful combination. Worldwide, this system is
being used in research laboratories studying cancer,

cell biology, and immunology.
And it’s much more than the sum of its parts. ..

-

.

For research only. Not for use in human
diagnostic or therapeutic procedures.
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power of our

Becton
Dickinson reagents
have the purity, intensity and
stability demanded by micro-
scopists and flow system users
for reproducible results. They con-
stitute the broadest panel of mono-
clonal antibodies available for the
enumeration of human leucocyte
subpopulations including
T cells, T cell subsets,
B cells, granulocytes ii
0
complete line of anti- -
body specificities and .
product forms. Select from pu-
rified antibodies as well as conju-

and monocytes.
We offer you the most
gates of rhodamine, fluorescein,

biotin and arsanilate for two-color
direct and indirect labeling.

Two color immunofiuorescence staining of
monocytes and T cells in normal human
peripheral blood. Monocytes labeled with
Anti-Leu-M1 (red), T cells labeled with Anti-
Leu-4 (green). Photo courtesy of John
Kearney, PhD., University of Alabama in
Birmingham.

The FACS Analyzer takes
full advantage of monoclonal anti-
body technology.

It's a benchtop flow cytometer that
automatically identifies fluorescent
labeled cells and cell components

according to user specified criteria.

Two Z-80 microprocessors give the
FACS Analyzer a complete range
of keyboard activated options for
high-speed analysis of subpopu-
lations of cells.

17 DECEMBER 1982

The FACS Analyzer continuously
analyzes samples as small as 5
microliters at rates of up to 1000
cells per second. Simultaneous
measurements are made of cell vol-
ume and two fluorescence signals
on each cell, which means you get
accurate multiparameter character-
ization of subpopulations of cells in
about one-tenth the time it takes
with a fluorescence microscope.

If you choose to get the FACS
CONSORT 20 with its data analysis
package, you'll multiply your power
even more by adding mass data
storage and computerized pro-
cessing of histograms.

And since the FACS Analyzer
excites fluorescent molecules by
means of a mercury-arc lamp, there
are no laser-associated costs and
complications.

Green Fluorescence

FACS™ Analyzer dot plot of T cells in normal
human peripheral blood directly labeled with
Anti-Leu-4 FITC, a Pan T reagent.

i Antiteu-s

Autofluorescence FITC

Relative Number of Cells

0}5 1.0 !.’5 2!0
Fluorescence Intensity (Logo)

FACS™ Analyzer histogram of T cells in
normal human peripheral blood directly
labeled with Anti-Leu-4 FITC, (Pan T).

When you use a Becton
Dickinson immunofluorescence
system, your analysis capability
expands exponentially.

Our systems are used in research
to characterize leukemias, lym-
phomas, autoimmune disorders
and immunodeficiencies as well
as to study aneuploidy.

And that's only a start. The poten-
tial applications are tremendous—
automated immunofluorescence
analysis combined with monoclonal
antibodies are revolutionizing re-
search in the clinical field.

For complete information about the
Becton Dickinson immunofluores-
cence system, call or write us. We'll
show you how to add power to
your cell analysis capability.

Becton Dickinson Monoclonal Center, Inc.
2375 Garcia Avenue

Mountain View, California 94043
Telephone: (415) 968-7744

TWX 910 338 2026

Becton Dickinson FACS Systems
490-B Lakeside Drive
Sunnyvale, California 94086
Telephone: (408) 738-8558

TWX 910 338 2026

Becton Dickinson Laboratory Systems
Antwerpsesteenweg 277

2800 Mechelen

BELGIUM

015/29.01.43; Telex 946 72096
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Napco® promises you:

No other water jacketed
CO: incubator can match the
new 6000 series.

The only water
jacketed CO2

Over 15 advanced
features are making

incubator history. incubator YOH ca{n get
Here are a few | gizlfv clean.
of them. standards

and plenums
can be easily
—  removed
for cleaning in five
minutes. This leaves
an empty, perfectly

More accurate
control of chamber
temperature.

By positioning sensors not
only in the water jacket,
but in each separate

: th chamber that
chamber, Napco permits | S0
more precise chamber can be swabbed for
easy management

monitoring than other
water jacketed
incubators.

of spores and
contaminating

Napco instruments are designed to work. But if you
should ever have an equipment problem, Napco technical service
assistance is available, dial toll-free 800-547-2555.
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organisms.

Unique wet-jet
air flow system.

The exclusive wet-jet air
flow system provides
maximum chamber
uniformity and assures the
highest relative
humidity available
in any incubator.

And the list goes
on. Feature after
feature are
designed for your
convenience
and precision
performance.
Send for the
complete
brochure.

All Napco

. water-jacketed
incubators are available
in three space-saving
models.

napco

National liance Company
Subsidiary of

Heinicke Instruments Company
10855 S.W. Greenburg Road,
Portland, Oregon 97223
800-547-2555 or (503) 639-3161
Telex: 151144

Ask your dealer’s salesman today:
American Scientific Products.
Curtin-Matheson, Fisher Scientific Co.,
Preiser, Sargent-Welch, S.G.A. Scientific,
Arthur H. Thomas Co.,

In Canada: Fisher Scientific Co., Ltd.




17 December 1982, Volume 218, Number 4578

AMERICAN ASSOCIATION FOR
- THE ADVANCEMENT OF SCIENCE

Science serves its readers as a forum for the presenta-
tion and discussion of important issues related to the
advancement of science, including the presentation of
minority or conflicting points of view, rather than by
publishing only material on which a consensus has been
reached. Accordingly, all articles published in Sci-
ence—including editorials, news and comment, and
book reviews—are signed and reflect the individual
views of the authors and not official points of view
adopted by the AAAS or the institutions with which the
authors are affiliated.

Editorial Board

1982: WiLLIaM EsTEs, CLEMENT L. MARKERT, JOHN
R. PIERCE, BRYANT W. RossITER, VERA C. RUBIN,
MAXINE F. SINGER, PAUL E. WAGGONER, ALEXANDER
ZUCKER

1983: FREDERICK R. BLATTNER, BERNARD F. BURKE,
CHARLES L. DRAKE, ARTHUR F. FINDEIS, E. PETER
GEIDUSCHEK, GLYNN Isaac, MILTON RusseLr, WiL-
LIAM P. SLICHTER, JoHN W0OD

Publisher
WiLLiaM D. CAREY
Associate Publisher: ROBERT V. ORMES

Editor
PHiLIP H. ABELSON

Editorial Staff

Assistant Managing Editor: JOHN E. RINGLE

Production Editor: ELLEN E. MURPHY

Business Manager: HANS NUSSBAUM

News Editor: BARBARA 1. CULLITON .

News and Comment: COLIN NORMAN (deputy editor),
WiLLiaM J. BROAD, CONSTANCE HOLDEN, ELIOT MAR-
SHALL, R. JEFFREY SMITH, MARIORIE SUN, JOHN
WALSH

European Correspondent: DAVID DICKSON

Contributing Writer: LUTHER J. CARTER

Research News: ROGER LEWIN (deputy editor), RICH-
ARD A. KERR, GINA KOLATA, JEAN L. MARX, THOMAS

H. MAuGH II, ARTHUR L. ROBINSON, M. MITCHELL °

WALDROP

Administrative Assistant, News: SCHERRAINE MACK;
Editorial Assistant, News: FANNIE GROOM

Senior Editors: ELEANORE BUTZz, MARY DORFMAN,
RuTH KULSTAD

Associate Editors: SYLVIA EBERHART, CAITILIN GOR-
DON, Lois SCHMITT

Assistant  Editors: MARTHA COLLINS, STEPHEN
KEPPLE, EDITH MEYERS

Book Reviews: KATHERINE LIVINGSTON, Editor; LIN-
DA HEISERMAN, JANET KEGG

Letters: CHRISTINE GILBERT

Copy Editor: ISABELLA BOULDIN

Production: NANCY HARTNAGEL, JOHN BAKER,
SUSANNAH BORG; Rose LowegRy; HoLLy BisHor, EL-
EANOR WARNER; BEVERLY DURHAM, JEAN ROCKWOOD,
SHARON RyanN

Covers, Reprints, and Permissions: GRAYCE FINGER,
Editor; GERALDINE CRUMP, CORRINE HARRIS

Guide to Scientific Instruments: RICHARD G. SOMMER

Assistant to the Editors: SusaN ELLIOTT

Membership Recruitment: GWENDOLYN HUDDLE

Member and Subscription Records: ANN RAGLAND
EDITORIAL CORRESPONDENCE: 1515 Massachu-
setts Ave., NW, Washington, D.C. 20005. Area code
202. General Editorial Office, 467-4350; Book Reviews,
467-4367; Guide to Scientific Instruments, 467-4480;
News and Comment, 467-4430; Reprints and Permis-
sions, 467-4483; Research News, 467-4321, Cable: Ad-
vancesci, Washington. For ‘“‘Information for Contribu-
tors,”” write to the editorial office or see page xi,
Science, 24 September 1982,
BUSINESS CORRESPONDENCE: Area Code 202.
Membership and Subscriptions: 467-4417.

Advertising Representatives

Director: EARL J. SCHERAGO

Production Manager: GINA REILLY

Advertising Sales Manager: RICHARD L. CHARLES

Marketing Manager: HERBERT L. BURKLUND
Sales: NEw YORK, N.Y. 10036: Steve Hamburger, 1515
Broadway (212-730-1050); ScoTcH PLaINS, N.J. 07076:
C. Richard Callis, 12 Unami Lane (201-889-4873); CHi-
CAGO, ILL. 60611: Jack Ryan, Room 2107, 919 N.
Michigan Ave. (312-337-4973); BEVERLY HiLLs, CALIF.
90211: Winn Nance, 111 N. La Cienega Blvd. (213-657-
2772); DORSET, VT. 05251: Fred W. Dieffenbach, Kent
Hill Rd. (802-867-5581).
ADVERTISING CORRESPONDENCE: Tenth floor,
1515 Broadway, New York, N.Y. 10036. Phone: 212-
730-1050.

SCIENCE

Foot-and-Mouth Disease Vaccines

The AAAS-Newcomb Cleveland Prize for 1981-1982 has been awarded
to a group of researchers whose report appeared in the 4 December 1981
issue of Science.* The report described the preparation of a vaccine and its
successful use in an important viral disease of animals.

Foot-and-mouth disease (FMD) is a highly contagious, severely debilitat-
ing infection to which some 32 species of cloven-hoofed animals, including
cattle, swine, sheep, and goats, are susceptible. The causative agent is a
picornavirus which can withstand comparatively adverse conditions and
remain infective for substantial periods. For the time being the disease has
been eradicated in a number of countries, including the United States.
However, it is endemic in large parts of the world.

The U.S. Department of Agriculture maintains a center for research on
FMD at Plum Island off the shore of Long Island. In the 1950°s and 1960°s a
team led by Howard Bachrach succeeded in isolating the virus and growing
it in tissue culture. Later a vaccine containing killed virus was produced.
Forms of the vaccine are still used. The product is not entirely safe. Half of
the recent outbreaks of FMD in Europe are traceable to the vaccine or to
escape of virus from research centers. In addition, the vaccine is relatively
unstable and it does not confer long-lasting immunity. An important
discovery by the Plum Island group was that VP3, one of the four proteins
that coat the viral RNA, is an effective antigen in producing immunity to the
virus. This knowledge led to application of recombinant DNA techniques in
producing the new vaccine.

The viral RNA contains about 8000 bases. The portion coding for VP; is
near the center of the genome. DNA complementary to a 2000-base segment
of RNA was produced and spliced into a plasmid of a special mutant of
Escherichia coli at Genentech. Later, information about the terminal amino
acids of the VP; protein was used to identify the segment of DNA that
coded for it, and this was then introduced into a plasmid. Escherichia coli
containing these plasmids produced an insoluble moiety that included the
desired protein. Yields were excellent. The protein is stable: it can
withstand a temperature of 100°C. A purified product contained a sequence
of about 211 amino acids. Two injections of 250 micrograms of this protein
in an oil adjuvant produced a good antibody response in cattle and swine
and protection against a challenge dose of virus. The vaccine is completely
safe.

Since there are many strains of FMD viruses, a comprehensive vaccine
against all of them will not be available immedijately. But much has been
learned about the viruses. The amino acids near both the carboxyl and
amino ends of the VP; protein seem to be conserved. However, the
sequences of the amino acids of VP; of various virus strains differ by as
many as 36 residues. It is probable that an effective comprehensive vaccine
will need to include as many as 15 different proteins or polypeptides.
However, it should be relatively easy to produce them by applying what is
now known. Some eight major companies are seeking to create commercial
products. Prospects seem good that within this decade FMD will come
under more effective control worldwide.

Two diverse streams of knowledge came together to make this achieve-
ment possible. Long-term support for basic research on FMD by the
Department of Agriculture provided a necessary foundation for the applica-
tion of recombinant DNA. In turn, the commitment of the National
Institutes of Health to long-term support of basic research led to the
unexpected recombinant DNA technology. The award of the AAAS-
Newcomb Cleveland Prize recognizes only one of the many important
benefits for humanity that come from enlightened support of science.

—PHILIP H. ABELSON

*The researchers are Dennis G. Kleid, Daniel Yansura, Barbara Small, and Donald Dowbenko of
Genentech and Douglas M. Moore, Marvin J. Grubman, Peter D. McKercher, Donald O.
Morgan, Betty H. Robertson, and Howard L. Bachrach of the Plum Island Animal Disease
Center.
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