However, despite these reservations, one
fact is clear from Edwards et al.’s results:
activation of Rad3 can be induced by DNA
damage in the absence of the usual sensor
proteins (Rad9, Radl, Husl and Rad17). In
other words, Rad3 may sense and become
activated directly by DNA damage. Support
for such a proposal comes from several
fields of study. Damage-induced phosphor-
ylation of some target proteins by Mecl1 (the
budding-yeast Rad3 homologue) requires
all of the sensor proteins, yet phosphoryla-
tion of two target proteins requires only a
subset of the sensors (and different subsets,
as it turns out"). In addition, several bio-
chemical studies of the human Rad3 homo-
logue ATM have shown that it can be
activated by added DNA damage in vitro™.
However, the absence of sensor proteins in
these ATM preparations has not been con-
firmed. Unassisted activation of the Rad3/
Mecl/ATM class of protein kinase (now
called ‘PIKLs’, for phosphatidylinositol-
OH-kinase-like proteins') gains further
credibility from biochemical studies of the
DNA-dependent protein kinase (DNA-
PK). The catalytic subunit of DNA-PK can
be activated by DNA damage in vitro in the
absence of its ‘sensor’ protein, Ku, which
binds to damaged DNA directly. DNA-PK
activation by DNA damage is more robust
in the presence of Ku, however, and other
features distinguish the DNA-PK catalytic
subunit and Ku from Rad3 and its sensor
proteins; for example, the DNA-PK cata-
Iytic subunit does bind Ku, and mutations

The dynamic

in Ku and the catalytic subunit produce
similar phenotypes (ref. 15 and references
therein).

The mechanism of activation of a check-
point protein kinase is a biochemical ques-
tion that clearly cannot be answered at this
early stage in the game. Many issues still
need to be resolved. Why does Rad3 need
sensor proteins to phosphorylate some tar-
gets, but not others? What is the function(s)
of sensor proteins if not to activate Rad3?
Edwards et al. propose several explanations,
and one can imagine several more.

For example, unassisted activation may
achieve low levels of Rad3 kinase activity
that are sufficient for phosphorylation only
of tightly associated proteins, such as
Rad26. In this model, sensor proteins may
further activate the Rad3 kinase, perhaps by
direct interaction with Rad3 or indirectly by
generation of ‘activating’ single-stranded
DNA (produced by DNA degradation and/
or other mechanisms).

Alternatively, damage may indeed acti-
vate Rad3 unassisted. But what then
becomes of the sensor proteins? It is possi-
ble that they may act as a ‘homing site’ for
targets of Rad3. Thus, sensor proteins may
subserve Rad3 in the same way that proteins
known as ‘AKAPs’ assist cyclic-AMP-
dependent protein kinase, that is, by
recruiting the kinase to its substrates'. It is
interesting that, in budding yeast, the sen-
sor protein Rad9 physically interacts (in
two-hybrid and co-immunoprecipitation
studies) with a Mec1 target, Rad53 (ref. 17),

organizer

Ronen Schweitzer and Clifford J. Tabin

The organizer is a region in gastrulating embryos that induces and
patterns the body axis. New research shows that induction of
organizer formation is regulated by interplay of inducing and
inhibiting ligands that affect the cells as they migrate through the

organizer.

Spemann and Mangold 75 years ago

marked a turning point in develop-
mental biology"’. The ability of this small
group of cells to induce surrounding cells to
form an entire embryological entity capti-
vated the imagination of developmental
biologists, and inspired numerous attempts
to identify other organizing centres. The
effect of the gastrula organizer is particu-
larly dramatic: when transplanted to an
ectopic site it can induce the formation of
an entire new embryo. As the prototypic
organizing centre, it is frequently referred to

Discovery of the gastrula organizer by

simply as ‘the organizer’. Now, an exciting
paper by Joubin and Stern’ in a recent issue
of Cell enhances our understanding of how
organizer formation is induced while it
uncovers some unexpected dynamic prop-
erties of the chick organizer.

After the initial discovery of the gas-
trula organizer, intense effort was directed
towards analysis of the early events that
lead to its formation, mainly in the frog
Xenopus laevis™. Results of classical exper-
iments suggested a two-step model. First,
rotation of the cortical cytoplasm after fer-
tilization of a Xenopus egg results in the
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and that Rad9 is needed for Mecl to phos-
phorylate Rad53. Rad9 may have several
functions, one of which is to select targets
for Mecl.

Edwards et al’s results' prompt the
question of how DNA damage, sensor pro-
teins and Rad3-type protein kinases inter-
act. The answers will represent a substantial
advance in the study of checkpoints. O
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formation of an organizer-inducing centre,
better known as the ‘Nieuwkoop centre’, in
the dorso-vegetal blastomeres of the early
blastula. These cells subsequently induce
the overlying equatorial cells to form the
actual organizer.

At the molecular level, it was found that
a combined action of the transforming
growth factor-B (TGF-B) and Wnt path-
ways is required to induce the organizer.
The current molecular model holds that
TGF-P signalling is activated, by Vgl or
activin, TGF-fB-related proteins, through-
out the vegetal hemisphere of the embryo.
In contrast, the Wnt cascade is activated in
the absence of an extracellular signal. Dur-
ing cortical rotation, the 3-catenin protein,
a cytoplasmic mediator of the Wnt cas-
cade, is stabilized through an unknown
mechanism in a broad dorsal domain. As
shown for Wnt signalling under normal
circumstances, accumulation of -catenin
leads to it translocating to the nucleus and
to the activation of Wnt target genes in
dorsal nuclei.

A few direct Wnt targets have been iden-
tified. Of prime importance in organizer
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Migration of cells
into and out of
the node

Figure 1 The node cell population changes
continuously®. Hensen'’s node does not
consist of a resident cell population.
During the early stages of gastrulation,
lateral cells are migrating into and out of
the node. When the cells enter the node
they are induced to express node genes,
such as chordin, ADMP and Notl1 (blue
area). As the cells leave the node,
expression of these genes is turned off.

induction is the gene Siamois, which
encodes a homeobox transcription factor.
Injection of Siamois RNA is sufficient to
induce a secondary embryonic axis. As it is
induced by cortical rotation in the dorso-
vegetal blastomeres, Siamois could be a
major component of the Nieuwkoop cen-
tre, leading secondarily to organizer induc-
tion. As well as being induced in a broad
dorsal region, however, Siamois expression
is also induced in the equatorial, organizer
cells themselves, indicating that it may also
act in them to induce the organizer in a cell-
autonomous manner. Indeed, the promoter
of the gooscoid gene, which encodes a proto-
typical organizer marker, includes binding
sites for Siamois as well as a Vgl-response
element, so the synergism between the
TGF-f3 and Wnt cascades in inducing the
organizer may occur directly at this level'.
Because the Nieuwkoop centre is estab-
lished at the early blastula stage in amphib-
ians, it is thought that the organizer is also
established early in development and is
maintained throughout gastrulation. To
explain the preservation of organizer activ-
ity during the cell movements that occur
during gastrulation, it has been shown that
a resident population of ‘progenitor
organizer cells’ is maintained by asymmet-
ric cell division*. But experiments done in
chicks challenged this idea. Hensen’s node,
located at the anterior end of the structure
known as the primitive streak, is the avian
equivalent of the amphibian gastrula
organizer. Early experiments, reassessed
recently™, showed that chick embryos can
fully recover following a complete removal
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of Hensen’s node during the early stages of
gastrulation. So it seems that, rather than
being maintained during gastrulation, new
organizer cells can actually form during
this period.

Joubin and Stern’ assumed that the
regenerative capacity of Hensen’s node does
not reflect a ‘safety mechanism’ against node
defects, but rather the normal dynamics of
node cells, which would suggest that future
node cells are born outside the organizer and
that the node cell population changes
throughout the early stages of gastrulation.
They tested this idea with cell-labelling
experiments, and find that, when lateral cells
are labelled with the dye Dil, they are later
found in the node, expressing node genes.
Conversely, marked node cells are subse-
quently found outside the node, not express-
ing node genes (Fig. 1). Joubin and Stern
conclude that, during the primitive-streak
stages of gastrulation, rather than there being
a resident node cell population most cells in
fact enter and leave the node quite rapidly.
So, the node is a cell ‘state’, associated with a
particular position and gene expression pro-
file in the embryo, whose cellular constitu-
tion is constantly changing.

Recovery after removal of the organizer
has now been observed in mouse’, fish® and
amphibians’, indicating that the transient
nature and continuous induction of the
early organizer cells may be a general phe-
nomenon.

The continuous induction of the node
also indicated that a node-inducing activity
probably needs to be kept active in gastru-
lating, primitive-streak-stage chick
embryos. Node gene expression resumes at

the posterior edge of ablated nodes, so per-
haps the node-inducing activity resides in
the primitive streak. Indeed, when grafted
ectopically, the middle third of the streak
acts as a node inducer’. And, in agreement
with the synergism of signals required for
organizer induction in amphibians, this
region of the streak expresses both the Vgl
and the Wnt8C signalling molecules (Fig.
2). Indeed, introduction of cell pellets that
secrete Vgl and a Wnt protein is sufficient
to induce node gene expression’. The
response to the two signals is synergistic:
although Vgl alone can induce node mark-
ers, the response almost doubles when
Wntl-expressing cells are added.

In amphibians, the Nieuwkoop centre
assumes its organizer-inducing activity in
the early blastula stage. Similarly, in chick
embryos there is also a pregastrulation
node-inducing activity that originates in the
posterior marginal zone of preprimitive-
streak embryos'’, a region known as Koller’s
sickle. VgI and Wnt8C are expressed in this
region too. Combined, these observations
imply the existence of both ‘early’ and ‘late’
chick node-inducing centres. Both probably
use the same inducing molecules, Vgl and
Wnt8C, but they originate from two unre-
lated cell populations and so represent two
independent centres of node induction. It is
possible that a ‘late’ organizer-inducing
activity may be found in other vertebrates as
well.

Finally, Joubin and Stern’ invoke inhibi-
tory mechanisms to account for the discrete
domain of node gene expression. Epiblast
cells next to the Vgl/Wnt8C-expressing
primitive streak are not normally induced to

Inducer Inhibitor 1 Overlap of BMP
Vgl ADMP and Wnt8C
Co-inducer Inhibitor 2 M, Overlap of Vg1,
Wnt8C BMP-2/-4/-7 .. BMP and Wnt8C
Vgl

Organizer —p

Figure 2 A feedback mechanism regulating node induction during gastrulation. Node
gene expression is maintained through an interplay of activating and inhibiting
molecules. Vgl and Wnt8C secreted by the middle of the primitive streak synergize to
induce the node (white area). One result of this induction is the expression of the ADMP
gene (encoding antidorsalizing morphogenetic protein), which acts as a feedback
inhibitor. Bone morphogenetic proteins (BMPs) expressed in the periphery of the embryo
can block induction of organizer genes in lateral domains of the embryo. Adapted from

ref. 3 by copyright permission of Cell Press.
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form an organizer. However, once the node
is ablated, node gene expression is induced
in these cells and a new node is formed’.
Thus the node itself may be producing an
inhibitor of node induction. Furthermore,
in the periphery of the embryo, the ability to
respond to the node-inducing signals is
lower than in the centre. Joubin and Stern
attribute the latter effect to the lateral
expression of bone morphogenetic proteins
(BMPs), more TGF-f-like molecules. The
region of combined BMP-2, BMP-4 and
BMP-7 expression forms a peripheral ring
surrounding the node. Adding BMP-4 to a
primitive-streak graft prevents the induc-
tion of chordin, a node marker’, and a graft
of the mid-primitive streak to the lateral
area pellucida is able to induce chordin
expression only when accompanied by cells
expressing the BMP antagonist Noggin.

In the central domain of the chick
embryo, another BMP-related molecule
appears to have a similar function. Antidor-
salizing morphogenetic protein (ADMP) is
a BMP-related protein that is expressed in
the Xenopus organizer but, contrary to the
dorsalizing activity of organizer genes,
exerts a ventralizing activity'. ADMP is
expressed in the chick Hensen’s node as
well, and ADMP-expressing cells have an

inhibitory activity in a node-induction
assay’. So ADMP is a good candidate for
mediating the negative feedback exerted by
the node.

It is interesting that, in both the centre
and the periphery of the chick embryo, a
BMP-like protein acts to inhibit node
induction. Vgl, a major activator of node
genes, is also a TGF-f-related protein. It
still needs to be resolved at what level these
two signals interact. Other inhibitors may
be at work too. Expression of Frzbl, a Wnt
antagonist, has been detected in the
organizer'; it is possible that, in parallel to
ADMP, Frzbl acts as an inhibitor of the
Wnt signal.

Gastrulation is a highly complex devel-
opmental process in which massive and
complex cell movements are coordinated
with graded inductive signals to form the
three germ layers. The organizer, orches-
trating these molecular/cellular events, has
been conserved through evolution, so that
despite the highly divergent fertilization
modes, egg structure and early develop-
mental strategies found amongst verte-
brates, the post-gastrula embryos converge
to form a relatively similar embryonic mor-
phology. Joubin and Stern’s results’ empha-
size the synergistic requirement for Vg1 and
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Wnt signalling for induction of the organ-
izer across vertebrate species. But the source
of these signals and the modes in which the
organizer is maintained appear to vary,
pointing to the induction of the organizer as
the point of convergence between these
developmental programmes. Refining our
molecular understanding of these proc-
esses, and further studies of other vertebrate
embryos, will advance our ability to distin-
guish between the conserved and the group-
specific aspects of this process.
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The case against presenilin-1

hypothetically as a-, B- and ysecretase. Researchers have
speculated that presenilin-1 might actually be the elusive
y-secretase, but a problem has been that presenilin-1 and APP seem
to be found in different places within neurons. Annaert and
colleagues (J. Cell Biol. 147, 277-294; 1999) have now taken
steps to tackle this question.

First, the authors showed that the active form of presenilin-1 is,
as thought, located mainly in the early compartments of the

Certain mutations in the presenilin-1 gene cause the
neurodegenerative disorder Alzheimer's disease. These same
mutations also cause increased secretion from neurons of AB4(1-
42), one form of the neurotoxic amyloid-B peptide (AB), which is
probably the main contributor to the extracellular senile plaques
characteristic of the brains of Alzheimer's patients. Presenilin-1 is
clearly important in generating AB, but what exactly does it do?
AR is generated within neurons from a larger precursor, the
amyloid precursor protein (APP), by a series of cleavage events. The
cleavage enzymes have not been identified yet, but are known

secretory pathway — the endoplasmic reticulum (ER), the ER-Golgi
intermediate compartment, and the early Golgi itself. But it isn't
found in later compartments, as shown here — little overlap is seen
between staining for presenilin-1 (red) and synaptobrevin-ll (green),
a marker of synaptic vesicles. (The nucleus is shown in blue.) Then,
Annaert et al. showed that APP ‘stubs’, generated by the initial,
a-/B-secretase-mediated cleavage, are found in the same
compartments as presenilin-1. Finally, they made use of APP
mutants that become stalled at different points in the secretory and
internalization pathways. One APP mutant, for example, is trapped
in the ER, and, in neurons that carry clinical mutations in presenilin-
1, this mutant is processed to AB4(1-42) and secreted in higher
quantities than the wild-type peptide.

Despite these results, it still isn't certain whether presenilin-1 is
indeed y-secretase. On the one hand, rather than being ysecretase
itself, presenilin-1 might instead control trafficking of APP or
y-secretase, and Annaert et al.’s results are compatible with this
idea. But now we know that presenilin-1 and APP are found in the
same places, the argument that presenilin-1 and y-secretase are
one and the same is certainly strengthened.
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