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tributed by bicarbonate (HCO3
–) and carbon-

ate (CO3
2–) ions, the main forms of dissolved

carbon in the oceans, and so changes in alka-
linity affect the ocean’s capacity to absorb
CO2. Unless chloride levels fell or the con-
centration of major cations rose proportional-
ly with increased sulfate concentration, sea-
water alkalinity should have decreased, with
important consequences for the carbon cycle.
It will be interesting to establish whether any
changes in ocean alkalinity occurred during
the past 3 Ma, because atmospheric PCO2 lev-
els are quite sensitive to changes in both the
magnitude and vertical distribution of alka-
linity in the oceans. 

Turchyn and Schrag’s conclusion that sea-
level change is a major driver of marine SO4

2−

chemistry further emphasizes the importance
of sea-level change to the operation of the con-
tinental margin “biogeochemical reactor.” Sea-
level change also affected carbon sequestration
through the frequent glacial-interglacial cli-
mate cycles of the past few 100,000 years, in-
cluding the Last Glacial Maximum (4). It ap-
pears that the loss of the continental-margin
sink for major nutrients such as phosphorous
may have caused a glacial-interglacial redistri-
bution of carbon sequestration between the
margin and the deep sea. Thus, the work by
Turchyn and Schrag not only demonstrates that

the marine sulfur cycle has been more dynam-
ic over the last few million years than we
thought, but it further focuses our effort toward
understanding the importance of the continen-
tal margins in affecting climate change on
Earth over all time scales. The next step will be
to try and better understand what the interesting
implications of the changes in elemental cy-
cling at the continental margins have been. 
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U
nderstanding the complex process of
planetary system formation around a
star is one of the major challenges of

astronomy today. The conditions required
for our own solar system to come into exis-
tence, with its stable arrangement of planets
and moons, might seem quite unlikely.
Study of our solar system alone, however,
does not reveal how frequently planetary
systems may form around other stars, and
which fraction may end up with stable plan-
ets likely to support liquid water, possibly
favoring the development of life. 

During the past decade, the detection of
planets around more than 100 bright stars
similar to the Sun has clearly demonstrated
that planet formation is not an unimportant
process. These observations have revived a
number of unsolved questions about the size,
orbits, and statistics of the discovered planets
(1, 2). Another approach is to directly study
young systems—circumstellar disks that still
contain the material likely to form planets.
By sampling systems from a number of evo-
lutionary stages, stellar types, and environ-
ments, researchers can draw a comprehen-
sive picture of planetary formation under
various conditions. Yet, the detection and im-
aging of these very faint planetary disks
have been successful for only a handful of
cases since the discovery of the disk around
β Pictoris in the mid-1980s (3). On page
1990 of this issue, Kalas et al. (4) report an
interesting image that shows a circumstellar
dust disk around AU Microscopii (AU Mic),
a sister star to β Pictoris. The young age of
the host star and its nearness to us make it
very favorable for detailed investigation. Of

special interest is the fact that
discovery of its very low
mass complements previous
findings of disks that have
only been imaged around
more massive stars.

What do we know about
the circumstellar disks that
harbor planet formation?
During the early youth of a
star, the infalling material is
structured within an accretion
disk that is massive, viscous,
and opaque, containing more
gas than dust. A number of
such disks have been detected
and/or resolved (5). However, the opacity
mainly reveals the shape of the disk envelope,
or the overall mass content, at far-infrared or
millimeter wavelengths. Within a few million
years, most of the gas has been either accret-
ed or blown out, while some of the dust has
accreted to form larger bodies, up to plan-
etesimals or even planets. At this stage, the
small dust grains are no longer protected by
the presence of gas that would otherwise re-
duce their relative velocities and shield the
grains from stellar radiation: They are very
rapidly destroyed through strong collisions
and/or radiation pressure. Consequently,
these so-called debris disks are very faint and
are difficult to image. The observed disk in
visible and near-infrared images consists of
short-lived reflecting dust grains produced by
collisions among planetesimals (6). Such im-
ages, possibly with high angular resolution
(resolving distances typical of our own solar
system’s extension around nearby stars), re-
veal the content and the distribution of this
underlying population of planetesimals.
Moreover, the distribution of grain sizes,
their composition, and asymmetrical struc-

tures in the disk tell us about the physical
conditions and the dynamics within such ac-
tive disks (see the figure). This is the basic in-
formation needed to understand the physics
of the disks when planets are forming or have

just been formed. 
During this stage, the in-

fluence of the star is crucial
in determining the evolution
time scale of the disk and
the processes that destroy
the dust grains. In particu-
lar, the impact of the stellar
radiation pressure dramati-
cally depends on the star
spectrum, and ultimately, on
the stellar mass. The disk
discovered by Kalas et al.
surrounds a much less mas-
sive star (0.5 solar mass)
than those in the previously
known systems. The prox-

imity of the star (10 parsecs) will also make
it possible to resolve very small structures in
the disk, and to investigate its properties
close to the star. Such properties are very fa-
vorable to further investigations with higher
accuracy and will provide an interesting
point of comparison for our current models
in the case of low-mass stars (which are far
more numerous than high-mass stars). 

Those questions motivate a number of
complementary developments. At long
wavelengths (sensitive to the intrinsic
emission of the cold circumstellar matter),
the Spitzer Space Telescope (operating
since 2003 and capable of spatial resolu-
tion) will discover much fainter dust disks,
thanks to its considerably improved sensi-
tivity (7). Later, the ground-based large ar-
ray of 64 antenna (ALMA, the Atacama
Large Millimeter Array) will probe this
cold dust and gas with high angular resolu-
tion at millimeter and submillimeter wave-
lengths. In the visible and near-infrared,
coronography and adaptive optics on large
ground-based telescopes are now leading
to improved high contrast and high–angu-
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Young solar system. Debris

disk around the 5-million-year-

old star HD 141569, located at

100 parsecs (8).
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lar resolution capability. The next genera-
tion of such instruments will eventually
lead to the direct detection of less and less
massive planets. 

During the 1980s, exozodiacal dust disks
were found around a variety of stars. In the
1990s, the presence of planets around stars
was found to be relatively common. A consis-
tent strategy is now in place to understand and

characterize the formation and evolution of
these planetary systems. Eventually, we
should be able to investigate nearby individual
cases, and ultimately, terrestrial planets. 
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T
he cerebral cortex is composed of a
sheet of neurons that during evolution
has increased by three orders of mag-

nitude in surface area. In humans, the cere-
bral cortex has assumed a highly convoluted
(gyrencephalic) shape. A remarkable aspect
of cortical development is that none of the
constituent neurons, even in the large pri-
mate cerebrum, are generated within the cor-
tex itself. Rather, cortical neurons originate
in the proliferative ventricular and subven-
tricular zones lining the cerebral cavity and
then migrate to their proper laminar and are-
al positions (1). In all mammals, but particu-
larly in the gyrencephalic primate cerebrum,
this migration to appropriate positions criti-
cally depends on the transient scaffolding
formed by shafts of elongated radial glial
cells that span the fetal cerebral wall (2). 

Elucidation of the cellular and molecular
events underlying cortical development has
come primarily from investigating the smooth
(lysencephalic) mouse cerebrum, which is
amenable to experimental approaches includ-
ing the induction of genetic mutations (3–6).
In contrast, spontaneous mutations in humans
are nature’s unique experiments that enable
deciphering of developmental mechanisms,
such as the formation of cortical convolu-
tions, that cannot be studied in lysencephalic
rodents. On page 2033 of this issue, Piao et al.
(7) provide a state-of-the-art genetic analysis
of a human disorder called bilateral fron-
toparietal polymicrogyria. Patients with this
syndrome have an enlarged number of small-
er convolutions in the cerebral cortex associ-
ated with profound cognitive abnormalities.
The authors report that abnormal develop-
ment in the same cortical location in these pa-
tients is caused by eight separate mutations in
the human GPR56 gene encoding an orphan

G protein–coupled receptor. This finding im-
plicates G protein–coupled receptor signaling
in the development of specific areas of the hu-
man cerebral cortex. 

Bilateral frontoparietal polymicrogyria is
an autosomal recessive syndrome that has
been mapped to a locus on chromosome
16q12-21 (8). In the new study, Piao et al.
convincingly show that in each of 12 pedi-
grees the GPR56 mutations segregate with
polymicrogyria, and only affected patients
carry homozygous GPR56 mutations. They
diagnosed the disease according to character-
istic cranial magnetic resonance imaging and
clinical manifestations. No mutations were
observed in the GPR56 gene in
260 control chromosomes. In
addition, the authors demonstrat-
ed that the mouse Gpr56 gene
preferentially affects neuronal
progenitors in the embryonic
mouse proliferative zones. This
indicates that the regional pat-
terning of the cerebral cortex oc-
curs at early stages of develop-
ment, during production and mi-
gration of neurons, rather than
later in response to abnormal ax-
onal inputs.

The type of polymicrogyria
studied by Piao et al. arises bi-
laterally in the sensory and as-
sociation motor cortical areas of
the frontal and parietal cerebral
lobes. There are other types of
bilateral polymicrogyria that se-
lectively affect different cortical
areas (see the figure). This sug-
gests that mutations in specific
genes affect cell proliferation
only in the regions of the em-
bryonic ventricular zone subja-
cent to these cortical areas.
This, in turn, indicates that the
proliferative zone consists of a

heterogeneous population of progenitor cells
that form a “protomap” (2) rather than a uni-
form sheet of totally equipotent stem cells.
Because different regions of the ventricular
zone have become separate targets for muta-
tion in congenital malformations, one can
speculate that a random mutation during hu-
man evolution could be the underlying cause
of regional cortical enlargement (2). 

The other intriguing feature of poly-
microgyria is that the affected cortex, al-
though thinner than normal, forms a larger
number of convolutions with a net increase
in cortical surface. It is instructive that dur-
ing evolution, cerebral convolutions are
formed concomitantly with an increase in
cortical surface due to the addition of radial
units (minicolumns), but without a compa-
rable increase in cortical thickness (2).
Why does an increase in the number of
neurons result in surface expansion, rather
than in a thicker cortex or amorphous cell
mass? According to the radial unit model of
cortical evolution (2), the cortical surface
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Types of polymicrogyria syndromes. In the congenital mal-

formation bilateral frontoparietal polymicrogyria, affected in-

dividuals have an enlarged number of smaller convolutions in

the cerebral cortex that are associated with profound cognitive

abnormalities. There are several region-specific types of bilat-

eral symmetric polymicrogyria that are caused by mutations in

different genes and can be distinguished by where they are lo-

calized in the human cerebral cortex (blue shading). This fami-

ly of syndromes includes (clockwise from top left) bilateral

frontal polymicrogyria, bilateral frontoparietal polymicrogyria

described in the Piao et al. study (7), bilateral parieto-occipital

polymicrogyria, and bilateral perisylvian polymicrogyria.
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