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Water, Climate, and Life
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carried out only by looking for evi-

dence of life. Rather, one must under-
stand the planet as a whole, to interpret ob-
servations that may tell us about possible
life and to understand the implications of its
presence or absence. The Mars Global Sur-
veyor spacecraft, currently in orbit around
Mars but not yet in its “mapping” orbit (/),
is now providing fundamental insights into
the history of water and climate. Four new
results, presented at the recent meeting of
the American Geophysical Union (2), pro-
vide key constraints on the nature of water
and volatile compounds on Mars.

The Mars Orbiter Camera (3) has ob-
tained high-resolution images of some of
the planet’s valley networks. These are
systems of branching valleys, typically a
few hundred meters deep and a kilometer
across, that occur almost exclusively on
surfaces that are 3.5 billion years old. To
some, their appearance is similar to val-
leys formed on Earth from the runoff of
precipitation, and they have been used as
evidence to argue that liquid water must
have been either more abundant or more
stable on Mars some 3.5 to 4.0 billion
years ago (4). One valley shows a channel
at the bottom that was probably at one
time filled with water. The most recent
images, presented by Michael Carr (U.S.
Geological Survey, Menlo Park), show
valleys that end upstream in theater-
shaped heads, with no visible channels
leading into them. Another valley is dis-
continuous, with narrow, uneroded sur-
faces between continuations of the same
valley. Both of these configurations are
most consistent with the source of the val-
leys’ water being within the subsurface
rather than at the surface. That is, the val-
leys were carved by flowing water, but the
water sprang forth from beneath the sur-
face and eroded the channels by a process
of “sapping,” rather than by runoff of sur-
face water. Although this probably re-
quires an ancient climate warmer than to-
day’s, it does not necessarily require an at-
mosphere warm enough to allow substan-
tial atmospheric precipitation and runoff.

Observations from the Surveyor’s mag-
netometer have provided a fundamental
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Reading the lines. A typical valley network system in
central Terra Meridiani (6.2°S latitude and 357.4°W lon-
gitude). The surface into which the valley has formed is
dark and exhibits many circular impact craters and pits.
The valley appears brighter than its surroundings, owing
to sand and dust deposits; bright sand can also be seen
on the floors of craters. The outline of the valley wall
shows various protrusions and alcoves that suggest the
margin of a lava flow. Craterlike rings within the vatley
adjacent to the wall are the resistant portions of impact
craters that survived the retreat of the wall as the val-
ley widened. This is evidence that processes of valley
widening were relatively gentle, probably related to
groundwater seeping from beneath a resistant cap of
volcanic rock. [Image, taken on 14 April 1998, covers an

area 11.5 km by 27.4 km]

change in our view of martian geophysical
history and its connections to volatile
compounds. During the aerobraking phase
of the mission, in which the spacecraft de-
scends on each orbit to between 170- and
120-km altitude, the spacecraft passes be-
neath the ionosphere and can detect the
remnant magnetic field of the surface ma-
terials. As presented by John Connerney
(NASA, Goddard Space Flight Center), a
large number of anomalies with high rem-
nant magnetism have been discovered (5).
These probably formed when crustal mate-
rials cooled below the Curie temperature
in the presence of a global-scale intrinsic
magnetic field. As no such field exists to-
day, it suggests that a magnetic field must
have been present at some times during
martian history. Remarkably, almost all of
the magnetic anomalies discovered so far
concentrate in the older parts of Mars.

This suggests that Mars had a substantial
ancient intrinsic magnetic field, compara-
ble in strength to Earth’, and that, subse-
quent to the period ending about 3.5 bil-
lion years ago, it has not had one. One im-
portant effect of an intrinsic magnetic
field is that it would keep the impinging
solar wind from getting too close to
the atmosphere. When the intrinsic
field ceased, it allowed the solar
wind to begin to “strip” the atmo-
sphere away. The atmospheric
scavenging may have been so ef-
fective as to have removed enough
gas to lower the atmospheric pres-
sure by 1 bar from the early atmo-
sphere, with the resulting decrease
in the strength of the greenhouse ef-
fect possibly explaining the transi-
tion from an early warmer climate
to the present cold one (6).

The Thermal Emission Spec-
trometer on Surveyor measures the
emission spectrum of the surface
and atmosphere and was designed
to identify and map surface miner-
als (7). The most remarkable iden-
tification to date is a large concen-
tration of coarsely crystalline
hematite. Hematite is an iron-bear-
ing mineral that forms only in high-
temperature aqueous systems. This
is compelling evidence for hy-
drothermal systems on Mars, al-
though their existence had been
suspected previously on the basis
of images showing volcanoes
(which may have had groundwater
associated with them) and cata-
strophic flood channels (with
crustal water as their source) and of
measurements made of meteorites
that came from Mars. Martian hy-
drothermal systems would provide
a suitable environment either for a mar-
tian origin of life or for its continued exis-
tence; geochemical energy is abundant
there, and the oxidation state (at least in
terrestrial systems) is such that formation
of organic molecules should proceed easi-
ly and there should be abundant energy
available for construction of cells (§). In
addition, Philip Christensen (Arizona
State University) presented convincing
evidence that it is possible to remove at-
mospheric features from their spectra and
identify minerals on the surface. The ob-
served presence of basalt is important for
possible biota, as the chemical reaction
between basalt and water also yields ener-
gy that can support life.

Finally, the Mars Orbiter Laser Altime-
ter has measured the topography of the
martian north polar region (9). The polar
cap, thought to consist predominantly of
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water ice, is now known to be about half
the volume previously thought. Although
the Northern Hemisphere topography is
such that water released during the cata-
strophic floods would have flowed toward
the north cap, other processes must have
acted as well—the cap is not located at
the region of lowest elevation, and it has a
“bubble” shape rather than the flat-topped
shape that a frozen lake would yield. To-
gether, these require that the last major
process acting on the ice was its transport
as vapor through the atmosphere and
freezing out at the pole; clearly, the polar
ice is an indicator of climate-related activ-
ities. The “reduction” in the size of the
cap exacerbates a water-inventory prob-
lem that had been previously recognized.
On the basis of the amounts of water
thought to have been released to the sur-
face by geological processes and the
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amounts that currently reside in the polar
cap, a substantial amount of water must
be somewhere else. Although some may
have percolated back into the crust, the
majority may have escaped to space along
with the early atmosphere.

There is a strong connection between
the expectation of finding life on Mars
and the presence of liquid water, either at
the surface or within the crust. In turn,
there is a connection between the pres-
ence of liquid water, the geological, geo-
chemical, and geophysical history of
Mars, and the history of the atmosphere’s
interactions with the solar wind. The re-
cent Surveyor results underscore this
complicated interweaving of the various
processes. At the same time, they point to
a history of water and geochemical pro-
cesses on Mars that would allow the plan-
et to support life (4, 8, 10). The question

that needs to be addressed, and that will
be addressed by sample return missions
over the next decade, is whether there ev-
er was life on Mars. Whatever the answer,
it will have a large impact on our under-
standing of the nature and occurrence of
life in the universe.
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Costimulation: Building an
Immunological Synapse

Michael L. Dustin and Andrey S. Shaw

central event in the development of
Aimmunity is the activation of the T

cell. At the center of this process is
the T cell receptor (TCR), which triggers
activation by a specific interaction with
antigen [usually a foreign peptide bound
to, or “presented by,” the organism’s own
major histocompatibility complex (MHC)
molecule on the surface of an antigen-
presenting cell]. Because of the small size
of the TCR, its low affinity toward anti-
gen, and the limited numbers of antigens
on the antigen-presenting cell, an elabo-
rate adhesion complex must be formed to
allow the TCR to contact, sample, and
then be activated by the rare antigenic lig-
ands (/). This specialized contact area has
been termed the immunological synapse
(2, 3). Reports by Wiilfing and Davis in a
recent issue (4) and Viola et al. (§) on
page 680 of this issue focus attention on
how the immune synapse is built and uni-
fy what had been thought of as two dis-
tinct signals needed for efficient T cell
activation.

Efficient T cell activation requires en-
gagement of at least two types of T cell
surface receptors. This phenomenon has
been interpreted in terms of a “two-signal
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model,” which proposes that T cell activa-
tion requires one signal from the TCR and
a second signal from a “costimulator”
molecule. Although many molecules have
been implicated as costimulators, CD28
has become the archetype for costimulato-
ry molecules. Engagement of CD28 either
by its ligand on the antigen-presenting cell
[B7 (CD80)] or by antibody can strongly
enhance TCR signaling responses. Al-
though current models suggest that CD28
functions as a specific activator of the Jun
kinase JNK or the nuclear transcription
factor NF-xB, CD28 engagement by itself
is not sufficient. Activation of either JNK
or NF-xB always requires coengagement of

the TCR. This has led to a counterproposal
that costimulation might function to ampli-
fy the signals transduced by the TCR (/).

In a recent issue of Science, Wiilfing
and Davis (4) demonstrated a novel mech-
anism for costimulation in formation of
the immune synapse. They demonstrate
that costimulation initiates active direc-
tional transport of protein and lipid do-
mains to the area of cell-cell contact. This
transport process requires myosin and cor-
relates with enhanced, as well as sus-
tained, signaling—a hallmark of costimu-
lation. In these experiments, directed
transport could be stimulated by either
CD28 or LFA-1 engagement, but occurred
most efficiently when both were engaged
together. Wiilfing and Davis propose that
costimulation works by activating an
actin-myosin—driven transport process that
delivers receptors and signaling complex-
es to the contact area. In this study, how-
ever, the transport process appears to be
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Topological anatomy of the immune synapse. (Left) The pattern of LFA-1 and CD2 engagement
in an activated T cell contact with an artificial membrane containing CD58 (blue) and ICAM-1
(red) (3). Arrowhead indicates the area of engagement of respective ligands. Arrow indicates exclu-
sion of 20-nm-diameter ICAM-1 from the 15-nm contact formed by interaction of CD2 and CD58.
(Right) The position of sequential molecular filters (40 and 15 nm) that are encountered by com-
plexes such as rafts as they are transported toward the center of the immune synapse. The TCR

clusters in the central 15-nm region (73).
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