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COVER Atomic structure of a silicon crystal surface obtained from a tunneling
microscope. The atomic reorganization at the surface of both flat atomic (111)
planes and the atomic steps are seen in a 100 by 100 angstrom region. A unit cell
of the 7x7 surface reconstruction is highlighted with an expanded computer-
generated model above, which accounts for the observed structure. See page 48.
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Visual skills not acquired
in fly-by-night fashion

fly’s ability to make visual dis-
criminations is not hard-wired in
its nervous system but is learned

during the first days after emergence
from the pupal stage (page 83).
Dewinged flies living in normal light-
dark environments readily discriminate
among visual patterns: they prefer and
walk toward a star-shaped pattern and
like least a pattern of equal luminosity
consisting of oblique bars. Mimura
found that flies cannot make visual dis-
tinctions if they have been growing in
either a dark environment or in a light
environment lacking visual stimuli.
Only if they have been exposed to a
lighted, patterned environment during
the first days after emergence from the
pupa do they learn to distinguish
among the patterns, and 4 to 6 days are
needed for complete pattern learning.
Since pattern recognition and visual dis-
crimination appear to be learned early
in the life of flies, much as they are in
vertebrates, this model may be useful
for determining how neurologic net-
works develop in both vertebrates and
invertebrates and what molecular mech-
anisms contribute to the establishment
of visual-discrimination behavior.

Big DNA molecules lurch
through gels

UGE molecules of DNA can be
Hseparatcd from others of simi-

lar size by field inversion gel
electrophoresis (FIGE) (page 65). Peri-
odic inversions of the applied electric
field cause the molecules to make, on an
alternating basis, large movements for-
ward and small ones backward as they
migrate in agarose gels. Carle et al.
show that, with FIGE, resolution by
size is achieved for mixtures of large
DNA molecules that, on standard gels,
all migrate at the same rate. In an
electric field, large molecules are
thought to move through a gel as a
wedge with a leading edge. When the
direction of the ﬁclg is switched, the
wedge must readjust through confor-
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mation changes in the molecule. Back-
ward movement can begin only when a
new reverse wedge has formed, because
molecules in intermediate (nonwedge-
shaped) conformations have low mobil-
ity. By empirically matching the switch-
ing interval to the wedge-readjustment
Ecriod, a high-resolution separation

ased on size can be achieved. Mole-
cules of DNA that are two orders of
magnitude larger than those separable
by conventional gel electrophoresis can
be resolved by FIGE.

Atomic topography from
tunneling microscope

URFACE features of matter can be

mapped at the atomic level from

data obtained with a tunneling
microscope (page 48). This micro-
scope, so-named because it relies on the
quantum-mechanical property of tun-
neling (movement of electrons into
“forbidden” areas after imposition of an
electric field), has an ultrafine probe
that terminates in a single atom. The
probe scans a surface, resolving atomic
features 2 to 3 angstroms apart. As
electrons jump from the probe to the
surface, the probe is maintained at a
constant distance above the surface,
and, in the image obtained, all atomic
“bumps” and valleys are highlighted
(cover). Golovchenko reviews the state
of art and science of this technique. Its
use is on the increase to provide detailed
information about the geometric and
electronic properties of conducting and
semiconducting materials.

Recombinant colony-
stimulating factor

ATURATION of blood cells is
M under the influence of growth

factors (page 61). One such
factor, the human granulocyte colony-
stimulating factor (hG-CSF), is being
produced 1n large amounts by a geneti-
cally engineered Escherichia coli bacteri-
um and soon may be available for clini-
cal trials. The hG-CSF gene was cloned
by Souza ez al., sequences were deduced

for both the gene and the growth factor
it produces, and the carbohydrate con-
stituent and the molecular mass of the
factor were determined. The purified
factor causes bone marrow cells to dif-
ferentiate into granulocytes and mono-
cytes and induces some leukemic cells to
differentiate into more mature cell
types. Thus, potential uses of hG-CSF
for the regeneration of blood cells in-
clude treatment of immunologically
compromised patients, those with infec-
tions, or those with blood cell disorders
like anemia. In addition, hG-CSF may
inhibit growth of leukemic cells (such as
the myeloid leukemia cells that have
surface receptors for this growth factor)
by driving the cells to differentiate and
die so that they cannot continue un-
checked proliferation and self-renewal.

Hiker’s diarrhea induces
unusual gut reaction

OLONIZATION of the human gut
‘ by the protozoan parasite Giar-

din lamblia may be promoted by
a host enzyme that activates a binding
molecule on the parasite’s surface (page
71). The cysts of G. lamblia are found in
sewage-contaminated waters and even
in pristine mountain streams. When in-
gested with water, the protozoan at-
taches to the proximal portion of the
human duodenum and then causes diar-
rhea, malabsorption, and other symp-
toms of giardiasis. Binding may entail
interaction between a lectin (a protein)
on the parasite’s surface and specific
sugars on the mucous membrane of the
host’s gut. Lev et al. found that lectin
activity was induced in G. lamblia ex-
tracts after only brief exposure to the
enzyme trypsin, an enzyme that is nor-
mally produced in the small intestine,
where it aids digestion. Lectin activity
was not promoted by many other en-
zymes, some of which may completely
destroy the lectin just as they digest
other large molecules. There appear to
be only a small number of prolectin
molecules (from which lectin is activat-
ed) on the parasite’s surface, but this
quantity may be sufficient for imple-
menting gut attachment.
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From our local star to the ends
of the universe .............

ASTRONOMY &
ASTROPHYSICS

T'his volume contains 24 articles published in Science between 1982-84,
ranging from the solar system to the pulsars at the very edge of the observ-
able universe. Research techniques and instruments described cover such
diverse topics as proton decay, the Very Large Array, and the planned
Space Station as a platform for future experiments.

Each article is self-contained, yet as a whole, the volume reveals a broad,

coherent, and contemporary picture of our astronomical universe. Selected
for their depth of coverage and breadth of topics by Morton S. Roberts, past
Director of the National Radio Astronomy Observatory, these articles are of

interest to the entire scientific community.

Contents

I.  SOLAR SYSTEM
Sun’s Influence on Earth’s Atmosphere and Interplanetary
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Interstellar Matter and Chemical Evolution, M. Peimbert,
A. Serrano, S. Torres-Peimbert

Formation of Stellar Systems from Interstellar Molecular
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Most Distant Known Galaxies, R.G. Kron
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IV. INSTRUMENTATION
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and R.C. Bignell

Space Research in the Era of the Space Station, K.J. Frost
and F.B. McDonald

400pp., fully indexed and illustrated; color plates
PP y p

Hardcover $29.95, AAAS member price $23.95 ISBN 0-87168-311-3
Softcover $17.95, AAAS member price $14.35  ISBN 0-87168-275-3

Order from Sales Department, Box AA, AAAS, 1333 H Street, NW, Washington, DC 20005. Add $1.50 postage
and handling per order; allow 4-6 weeks for delivery.

SCIENCE, VOL. 232



American Association for the Advancement of Sclence
Science serves its readers as a forum for the presentation
and discussion of important issues related to the advance-
ment of science, including the presentation of minority or con-
flicting points of view, rather than by publishing only material
on which a consensus has been reached. Accordingly, all ar-
ticles published in Science—including editorials, news and
comment, and book reviews—are signed and reflect the indi-
vidual views of the authors and not official points of view
adopted by the AAAS or the institutions with which the au-
thors are affiliated.

Publiisher: William D. Carey
Editor: Daniel E. Koshland, Jr.

Deputy Editors: Philip H. Abelson (Engineering and Applied
Sciences); John |. Brauman (Physical Sciences); Gardner
Lindzey (Social Sciences)

EDITORIAL STAFF

Managing Editor: Patricia A. Morgan

Assistant Managing Editors: Nancy J. Hartnagel, John E.
Ringle

Senlor Editors: Eleanore Butz, Lawrence |. Grossman, Ruth
Kulstad

Assoclate Editors: Martha Collins, Sylvia Eberhart, William
Greaves, Barbara Jasny, Katrina L. Kelner, Edith Meyers
Letters Editor: Christine Gilbert

Book Reviews: Katherine Livingston, editor; Linda Heiser-
man

This Week in Sclence: Ruth Levy Guyer

Chief Production Editor: Ellen E. Murphy

Editing Department: Lois Schmitt, head; Caitilin Gordon,
Barbara E. Patterson

Copy Desk: Isabella Bouldin, chief; Mary McDaniel, Sharon
Ryan, Beverly Shields

Production Manager: Karen Schools

Graphics and Production: John Baker, assistant manager;
Holly Bishop, Kathleen Cosimano, Eleanor Warner

Covers Editor: Grayce Finger

Manuscript Systems Analyst: William Carter

NEWS STAFF

News Editor: Barbara J. Culliton

News and Comment: Colin Norman, deputy editor; Mark H.
Crawford, Constance Holden, Eliot Marshall, R. Jeffrey Smith,
Marjorie Sun, John Walsh

Research News: Roger Lewin, deputy editor; Deborah M.
Barnes, Richard A. Kerr, Gina Kolata, Jean L. Marx, Arthur L.
Robinson, M. Mitchell Waldrop

European Correspondent: David Dickson

BUSINESS STAFF

Chief Business Officer: William M. Miller, IIl

Business Staff Supervisor: Deborah Rivera-Wienhold
Assoclate Business Supervisor: Leo Lewis

Membership Recruitment: Gwendolyn Huddle

Member and Subscription Records: Ann Ragland

Gulde to Biotechnology Products and Instruments Editor:
Richard G. Sommer

ADVERTISING REPRESENTATIVES

Director: Earl J. Scherago

Production Manager: Donna Rivera

Advertising Sales Manager: Richard L. Charles

Marketing Manager: Herbert L. Burklund

Sales: New York, NY 10036: J. Kevin Henebry, 1515 Broad-
way (212-730-1050); Scotch Plains, NJ 07076: C. Richard
Callis, 12 Unami Lane (201-889-4873): Chicago, IL 60611:
Jack Ryan, Room 2107, 919 N. Michigan Ave. (312-337-
4973); Beverly Hills, CA 90211: Winn Nance, 111 N. La Cien-
ega Blvd. (213-657-2772); San Jose, CA 95112: Bob Brind-
ley, 310 S. 16 St. (408-998-4690); Dorset, VT 05251: Fred W.
Dieffenbach, Kent Hill Rd. (802-867-5581).

Instructions for contributors appears on page xi of the 28
March 1986 issue. Editorial correspondence, including re-
quests for permission to reprint and reprint orders, should be
sent to 1333 H Street, NW, Washington, DC 20005. Tele-
phone: 202-326-6500.

Advertising correspondence should be sent to Tenth Floor,
1515 Broadway, NY 10036. Telephone 212-730-1050.

4 APRIL 1986

4 APRIL 1086
VOLUME 232
NUMBER 4746

CIENCE

Let Us Meander

hen this column is finished, the saying, “When Demosthenes spoke, men

commented on his eloquence; when Pericles spoke, they said, ‘Let us march,’”

will be amended to include, “When Koshland spoke, they said, ‘Let us
meander.” ” Science policy is in need of more than eloquence these days. Marching would be
appropriate if the enemy were identified and the battle lines were clear. If, however, a highly
diverse constituency is faced with a new set of conditions, some purposeful meandering may
be appropriate.

The era of the balanced federal budget is at hand regardless of the constitutional
questions raised about parts or all of Gramm-Rudman. The soundness of science policy and
the persuasiveness with which it can be presented may be crucial to the continued health of
science.

How, then, should we act? Do we send a battalion marching north to the trumpet call,
“Science will save the economy”? Dangerous. Scientific research will certainly help the
economy, but do we wish to attach our banner to the promise of a foreseeable practicality?
The greatest discoveries often come from the unplanned. The transistor, the laser, and
recombinant DNA were not foreseen by either bureaucrats in Washington or scientific seers.

Do we march west to the banner, “Research for its own sake, pure and basic”? Even
more dangerous. Farmers, city governments, and transportation systems, to name a few, are
also needed for their own sake. Perhaps we should meander in the general direction of
north-northwest, explaining as we go that basic researches are always ultimately relevant,
but some are more relevant than others.

Should other heroic scientists march south to stirring choruses of “Don’t rock the
boat™ In times of crises (some will say) we must stick to the procedures of the past. Funding
allocations for disciplines, the spheres of influence of universities and government agencies,
and the methods of peer review that have brought us this far cannot be changed, because
changes will generate divisiveness.

Should we march east, singing from the hymnals of reform? A willingness to criticize
ourselves, to discard the fetters of the past, are the kinds of born-again policies likely to melt
legislative hearts and lead to the promised land. A compromise, meandering south-
southwest, exploring the advantages of the tried and true while adjusting to new realities
may be the best approach to this destination.

Meandering must have a goal, or we may get lost in the wilderness. How can policy be
formed in this new era? Committees of peers, manifestos from learned societies, and
decisions of program managers are valuable and conventional procedures, but it may be
rewarding to examine other ways to define our goals.

One might be to advance science policy the same way that we advance scientific
discovery: by publication of novel ideas. The genetic code was not solved by assembling all
the best geneticists in the world and agreeing on the next experiment. Rather, individuals
devised their own experiments, and those that were good provided a basis for further
advances; those that were less good were forgotten without damage to the system.
Eventually, to have political clout, the best ideas will have to earn the consensus of larger
groups who must march, but the seeking of consensus too early can lead to the stifling of
truly original ideas. Ideas should be considered the basic research of science policy, the
generation of consensus as its applied research.

To aid in the process, Science has invited various individuals to make suggestions in the
science policy area. Frank Press, president of the National Academy of Sciences, courageous-
ly presented an idea in the 21 March issue that is both innovative and controversial. Others
have been invited to contribute ideas on subjects ranging from evaluation of big science and
little science, levels of indirect costs, amounts of salaries on grants, and the hazards of
conformism in peer review. Volunteer contributions also are welcome and will be evaluated
for originality, succinctness, and scholarship—comparable to the evaluation of scientific
articles. In a sense, we are embarked on a social experiment the hypothesis of which is that
§cic;cc policy can proceed by incremental steps in ideas similar to the process of science
1tselt.

Scientists of the world, unite! The battle of the budget looms. Let us meander!

—DANIEL E. KOSHLAND, JR.
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Announcing a new book from AAAS

AIDS
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syndrome (AIDS) that appeared in Science between August 1982 and
September 1985 are included in this volume. Arranged chronologically,
these 108 research papers and Science news reports show how far AIDS re-
search has come and provide an indication of the directions in which it might

go.

Some of the most frequently cited papers on acquired immune deficiency

This fully indexed collection is useful not only for the experimental data and
conclusions, but also as an excellent source of references to AIDS work in other
major journals worldwide. An overview of research in AIDS to date is provided in
the introduction by Dr. Myron Essex, chairman of the Department of Cancer
Biology, Harvard University School of Public Health.

ca. 640pp.; fully indexed and illustrated
Hardcover $32.95, AAAS member price $26.35
Softcover $19.95, AAAS member price $15.95

Order from AAAS Marketing, Dept. A, 1333 H St., NW, Washington, DC 20005. Add $1.50 postage and
handling per order. Allow 4—6 weeks for delivery.
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Fortyyedrs of Excellence

@s an enhancement of our 40th
@nniversary celebration, the
Chief of Naval Research wants
to contact all Scientists who
have received ONR support dur-
ing their graduate studies. @
symposium, commemorating the
establishment of ONR, will be
held on 21 and 22 October,
1986. If you will let us know
your present address, we can
keep you apprised of Anniver-
sary events. Please send to
Mr. R. D. Hagen, ONR, 800
North Quincy Street, Arlington,
VA 22217—5000.

Join us in a national
celebration

THE NEW YORK ACADEMY OF SCIENCES
Fourth Colloguium in Biological Sciences

BLOOD BRAIN TRANSFER

Vista International Hotel, New York City
November 3, 1986

CALL FOR ABSTRACTS

This 1-day colloquium will feature six invited speak-
ers eminent in the field of biological sciences. An
important aspect of the meeting will be posters pre-
sented by members of the Academy. Topics for the
posters may be in any of the areas of biological
sciences (biochemistry, biological sciences, hiomedi-
cal sciences, biophysics, microbiology, neurosci-
ence). Members are cordially invited to submit ab-
stracts to the Organizing Committee of the Colloquium
for consideration. Members may also sponsor presenta-
tions by non-members. Those whose abstracts are
accepted will be invited to display their posters and to
submit a short manuscript. After review, a selected
number of these short manuscripts, as well as those of
the invited speakers, will be published as a volume of
the Annals of The New York Academy of Sciences.
Completed abstract forms are due July 1, 1986.

Speakers: Michael W.B. Bradbury, King's College;
Helen F. Cserr, Brown University; Joseph D. Fenster-
macher, State University of New York at Stony Brook;
Gary W. Goldstein, University of Michigan Medical
School; Richard A. Hawkins, Pennsylvania State Univer-
sity College of Medicine; and William M. Pardridge,
University of California at Los Angeles School of
Medicine.

For abstract forms, program and registration infor-
mation, write to:

Conference Department
The New York Academy of Sciences
2 East 63rd Street
New York, NY 10021

NEW AAAS PUBLICATION

Scientists
Human Rights

Present and Future Directions
Proceedings from a 1984 AAAS Annual Meeting Workshop

The second workshop report of the AAAS Clearinghouse on Sci-
ence and Human Rights, a project of the AAAS Committee on
Scientific Freedom and Responsibility, examines the activities of
scientific societies in the human rights field. Workshop speakers
also review mechanisms available within international inter-
governmental organizations to address human rights violations of
scientific and medical professionals.

Prepared by Kathie McCleskey, Senior Program Associate, AAAS Clearinghouse on

Science and Human Rights.
$3.00, paperbound, 70 pp.

Order from AAAS Sales Department, 1333 H St., NW, Washington, DC 20005. Please

add $1.50 postage and handling per order. Make checks payable to AAAS.

SCIENCE
Posters

The following posters of Science
covers are available:

30 March 1979, Tropical flowering
tree; ,

23 February 1983, Landsat photo
of Detroit, Michigan;

29 July 1983, Cheetah;

2 December 1983, Snowshoe
hare;

23 December 1983, Cathedral
window/DNA molecule.

Combination of space covers in
scroll format: 1 June 1979, 23 No-
vember 1979, 10 April 1981.

Price is $5 each (prepaid).
Write to AAAS, Department POST,

1333 H Street, NW, Washington,
D.C. 20005.






