the planet in question formed.

One set of Pioneer Venus instruments
mass spectrometers — appears (although
the mission is still young and another sen-
sor is so far in disagreement) to offer pre-
liminary indications that while Venus and
earth may have similar total amounts of
argon, Venus has a markedly greater pro-
portion of the primordial isotopes. If true,
it is still only part of a complex and yet-
evolving picture with many interpreta-
tions, but one indication of the scope in-
volved is suggested by Michael B. McElroy
of Harvard University, who raises the ques-
tion of the basic genetic differences
among the inner planets.

Some past models of planetary forma-
tion have assumed that the solar system’s
worlds condensed from a roughly homo-
geneous mixture — that they were made
from similar materials. Studies of Mars by
the Viking spacecraft had shown a number
of key elements such as nitrogen in pro-
portions similar to earth’s, and although
primordial argon was much lower, McEl-
roy says, alternate ideas were offered to ra-
tionalize the discrepancy. Perhaps, for ex-
ample, when Mars condensed, the nitro-
gen from the primordial nebula was chem-
ically or otherwise held within the planet
more effectively than was the inert argon,
letting the argon “outgas” first to form a
primitive atmosphere. The early energetic
solar wind could then have swept past the
planet carrying off much of the argon so
that it would be underrepresented in the
atmosphere that emerged later (including
the nitrogen) after the solar wind had
“died down.” Earth would not have
showed such an effect, since its much
stronger magnetic field would have held
off the solar wind; Venus, however, already
suspected of having a very weak field,
would make an excellent test. The field is
indeed extremely weak, as the Pioneer
Venus orbiter’s magnetometer is already
confirming, yet some of the mass spec-
trometer data seem to show a rich supply
of primordial argon. The inference, McEIl-
roy says, is that the preplanetary nebula
may have been not homogeneous but gra-
dated, with the amounts of argon and
other gases decreasing with distance from
the sun. Venus, closest to the sun of the
three inner planets with atmospheres,
would thus retain the most primordial ar-
gon; earth would be in the middle, while
Mars would have least of all — a neat se-
quence that fuller studies of the data may
or may not support.

Another key element on Venus is sulfur,
suspected to exist in various forms and
believed by some to account for the dark
streaks in computer exaggerated versions
of ultraviolet images returned by the
Mariner 10 spacecraft (since sulfur is an
absorber of UV). Although early analyses
this week were just beginning to reveal the
possibly wide range of sulfur compounds
in the atmosphere, even the first of the
Pioneer Venus orbiter’s UV images added
interest by failing to show the dark mark-
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ings, an indication that they may occur
below an overlying haze layer.

Also intriguing, the descending probes
revealed the atmosphere’s particles and
droplets to be grouped in several discrete
size ranges — an odd finding made even
stranger when all the particulates seemed
to abruptly disappear below about 45 km,
the bottom of the main haze layer. The
thick yet surprisingly clear atmosphere
beneath, says Robert Knollenberg of Parti-
cle Measuring Systems, Inc., is “immacu-
late.”

A major part of the mission is plotting
the hot atmosphere’s dynamics — the
ways in which the incoming solar heat and
that trapped by the “greenhouse effect”
are transported up, down and around the
planet. Scientists this week were begin-
ning to plug their new data into various
proposed circulation systems, including
elaborate patterns of convection cells and
such concepts as “vertical jetstreams.” In-
frared data from orbit suggested the visi-
ble cloud tops in the polar regions to be
warmer than those near the equator,
prompting the speculation that the polar
clouds are lower, driven down by descend-
ing air from lower latitudes. (Unfortu-
nately, temperature readings from the
probes’ descents seemed strangely to be-
come erratic below about 15-km’s altitude,
though the information is expected to be
extractable from other sensors.)

Meanwhile, above the atmosphere, the
planet’s weak magnetic field lets the solar
wind reach almost unimpeded to the
ionosphere, an unearthlike relationship
compared by one scientist to “spraying a
billiard ball with a firehose.” In parts of its
ever-shifting orbit the orbiter is enabling
the first steps in mapping new details of
the interaction region’s shape — the close
passage of the solar wind past the planet,
the shockwave sunward of the iono-
sphere’s boundary — while elsewhere is
unpredictable turbulence. A controversial
possibility is that the “wind” may actually
get close enough to affect the bulk atmos-
phere, such as in McElroy’s highly tenta-
tive suggestion that the escape of hydro-
gen from the top of the atmosphere may
be balanced by incoming hydrogen from
the sun. Although Venus is virtually a
waterless planet at its surface, perhaps
such a hydrogen balance could contribute
to keeping the atmosphere’s minimal
amount of water vapor in some sort of
steady-state situation.

As for the surface of the planet, Pioneer
Venus carries the one known eye that can
“see” it from orbit: radar. A tiny swath of
the surface is covered each day by the
instrument, leading — after lengthy and
careful processing — to both images (not
photos, but representations of radar
brightness) and elevations. Both compo-
nents are necessary if scientists are to
reduce the great uncertainty about the
surface of Venus — just one of the many
long-range goals of the Pioneer Venus
mission. O
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Indirect evidence
for gravity waves

Physicists — and maybe the rest of the
world — have waited many years for a
direct confirmation of the existence of
gravity waves (SN: 3/18/78, p. 169). The
waves are predicted in Einstein’s theory of
general relativity and involve oscillating
gravitational forces as light waves involve
oscillating electric and magnetic forces.

Now, thanks to the only radio pulsar
known to be a member of a binary star
system, there is indirect evidence for grav-
ity waves. Richard A. Taylor of the Univer-
sity of Massachusetts reported to the
Texas Symposium on Relativistic As-
trophysics meeting in Munich this week
that a four-year monitoring of that pulsar
by him, Peter M. McCulloch (on leave from
the University of Tasmania) and Lee A.
Fowler shows that the binary system is
losing energy at a rate consistent with
gravity wave emission. Theory says binary
systems should emit gravity waves. The
waves carry away energy, and the loss of
energy means that the binary orbit
shrinks. A narrower orbit means the pulsar
goes around faster, and this orbital motion
can be monitored because the pulsar
emits sharply timed radio bleeps. O

Resistance is in
the genes...

Insects become resistant to pesticides,
bacteria become resistant to antibiotics
and malignant cells become resistant to
cancer drugs. A common mechanism may
explain these frustrating developments
and dictate principles for rational drug
therapy.

Resistant in insects, bacteria and cells
develops through survival of the or-
ganisms most capable of counteracting
the drug. Robert T. Schimke and co-work-
ers at Stanford University have analyzed
the resistance of laboratory-grown mouse
and hamster cells to methotrexate, a drug
commonly used in treating malignancy.
Generally the cells develop resistance by
boosting their production of the enzyme
dihydrofolate reductase (DHFR), inhibited
by the antimalignancy drug. The resistant
cells contain approximately 200 times as
much DHFR as sensitive cells, and can sur-
vive in concentrations of methotrexate
3,000 times greater than the normal lethal
level.

Genes are at the bottom of the sensitiv-
ity change, and it is a gross effect, the
researchers find. The resistant cells con-
tain approximately 200 times the normal
number of DHFR genes, Schimke explains
in the Dec. 8 SCIENCE.

The many copies of the DHFR gene are
clustered in an expanded region of one
chromosome in the resistant cell, Jack H.
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Nunberg, Schimke and colleagues report
in the November PROCEEDINGS OF THE NaA-
TIONAL ACADEMY OF SCIENCES. But the
DNA sequence repeated 200 times appears
to be far larger than would be required for
just the pHFR gene. The researchers are
now examining whether the surrounding
DNA sequences, which must also be
amplified, are active.

The researchers propose that the many
copies of the DHFR gene arise from selec-
tion of cells with gene duplications. Dupli-
cation of genes would occur infrequently
and randomly, but a cell with an extra
DHFR gene would have the advantage in
the presence of low concentrations of the
drug. Once the gene has duplicated, a
number of mechanisms, such as unequal
chromosomal crossing over, could gen-
erate further amplification.

When the cells are removed from the
drug environment, some retain the in-
creased number of gene copies, but others
revert to the drug-sensitive state. In the
latter case, the number of gene copies
varies among the cells, and, in the absence
of the drug, the cells with fewest copies
multiply most rapidly and eventually dom-
inate the population.

As rationale for drug therapy, these re-
sults suggest the use of sufficient amounts
of multiple drugs for only as long as neces-
sary. If resistance develops, a second set of
multiple drugs should be used. Schimke
and colleagues conclude, “Our results
suggest that the prolonged administration
of a single drug in ever increasing concen-
trations, which is retained in the environ-
ment, is precisely that form of administra-
tion most likely to result in amplification
of genes in a stable state, thereby impart-
ing stable resistance.”

...and the gene is spliced

Resistant cells, with 200 active copies of
a gene, are excellent raw material for
recombinant bNA experiments, especially
if the gene codes for a product that can be
easily detected in both mammalian and
bacterial cells. A group of Stanford Univer-
sity scientists led by Robert T. Schimke
and Stanley N. Cohen now announce that
the enzyme dihydrofolate reductase
(pHFR) has been transferred into bacterial
cells. They claim that their work is the first
to show that the product of a mammalian
gene in a bacterium is biologically active
— some of the bacteria with the mouse
gene could grow in the presence of an
antibiotic that inhibits growth of normal
bacterial cells. Similar experiments had
been done earlier with yeast genes (SN:
3/12/77, p. 165). Unlike the work with
somatostatin and insulin (SN: 9/16/78, p.
195), the product is not attached to a
bacterial protein. The researchers say that
the tests used to identify those hormones,
binding to specific antibody, are not suffi-
cient to demonstrate that the hormone
will function naturally. a
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Oaxaca quake was
‘trapped’ after all

While University of Texas geophysicists
bemoaned their lack of funds to instru-
ment an area in southern Mexico where
they had accurately forecast the large Nov.
29 earthquake (SN: 12/9/78, p. 404), a joint
team from California Institute of Technol-
ogy and the University of Mexico were
gleefully analyzing the data they had man-
aged to collect with hastily installed port-
able instruments and the tiniest of re-
search budgets. Their results, reported
last week in a special paper delivered at a
meeting of the American Geophysical
Union in San Francisco, indicate that their
luck and daring have paid off: their in-
struments “trapped” not only the main
quake, but its precursors and aftershocks
as well.

“I'm still amazed,” Caltech senior re-
searcher Karen McNally told her col-
leagues in San Francisco. Last August, she
said, she had been invited to lecture at the
University of Mexico, where professor
Lautaro Ponce then discussed with her the
possibility of a joint seismological survey
of the Oaxaca area. Newly acquired port-
able seismographs of the University of
Mexico would be used if Caltech could
supply logistical support, such as radios
for use in the difficult jungle terrain. Mc-
Nally and her six co-workers would also
help design the experiment, based on their
work with monitoring swarms of “micro-
quakes” in Southern California.

Ironically, the sense of urgency attend-
ing this arrangement stemmed largely
from the researchers’ agreement with the
previous forecast of the University of
Texas group. The concept that “gaps” in
seismicity of an area may indicate its ripe-
ness for a major quake is still controvers-
ial and McNally says the analysis of Gary V.
Latham and others at U.T. made the Oax-
aca gap “look like one of the best substan-
tiated.”

A key feature of that analysis was that a
gap should show two distinct phases of
activity before a major quake. In the
“alpha” or quiescent phase, normal back-
ground seismic activity of small tremors
should virtually cease as two plates of the

earth’s crust become locked along some
region of the fault that marks their bound-
ary. As the two plates continue to slip past
each other, pressure builds up along the
locked region until it reaches a breaking
point. Just before the tension is released
by slippage along the plate boundary that
is felt as a major earthquake, a series of
minor foreshocks may occur. The period
of these small tremors, which may last for
only days or weeks, constitutes the “beta”
phase of gap activity.

Although more analysis of the new data
will be necessary before any definite con-
clusions can be reached, McNally says her
group may have measured the key tran-
sition between alpha and beta activity.
When their instruments, sensitive to
tremors as small as magnitude 1.0 on the
Richter scale, were first installed at the
beginning of November, little background
activity was recorded. But during the two
weeks just prior to the main 7.9 (approxi-
mate) magnitude quake on Nov. 29, shocks
as large as magnitude 3.5 were recorded
(see photo).

Such information, together with even
more carefully measured aftershocks,
makes up a “unique data set,” McNally
says. Perhaps only one other quake cycle,
in Japan (SN: 4/29/78, p. 282), has been as
thoroughly studied. The new data may
help refine the seismicity gap model and
perhaps provide information on the criti-
cal time factors involved, since the model
now has no way to predict when an antici-
pated quake may occur.

The experiment also offers some les-
sons in international scientific coopera-
tion and the occasional virtues of thinking
small. The manager of grants and con-
tracts for the Office of Earthquake Studies
of the United States Geological Survey,
Jack F. Evernden, told Science News that
the uscs had turned down the University
of Texas application to study the Oaxaca
area simply because they had asked for
too much — several hundred thousand
dollars. McNally asked uscs only for per-
mission to divert $3,500 in existing funds
to work on the joint project with the Uni-
versity of Mexico. The results of this work,
McNally says, will first be submitted in
condensed form to the American journal
ScIENCE, then published in more detail in a
Mexican journal. ]

Series of foreshocks preceded the major Oaxaca quake (saturated area at bottom).




