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30 embryos total in two independent experiments). In turn, the
dominant-negative Ras-dva was unable to inhibit the Bra expression
in a similar assay (Fig. 8B; 100%, 34 embryos total in two
independent experiments).

In summary, these results indicate that downregulation of Ras-dva
can interfere with FGF-8a signaling within the anterior ectoderm
and that Ras-dva activity is distinct from the activity of its close
homolog, Ras.

DISCUSSION
Ras-dva family of small GTPases
In the present work, we report that the Xenopus Ras-like small
GTPase Ras-dva and its 11 homologs currently identified in other
vertebrates constitute a novel family of small GTPases.

Seven families of proteins were distinguished hitherto within the
whole superfamily of small GTPases: Ras, Rab, Rho/Rac/Cdc42,
Ran, Arf/Sar, RGK and RJL (Hall, 2000; Nepomuceno-Silva et al.,
2004; Pan et al., 2000; Takai et al., 2001). The subdivision of small
GTPases into families is implemented in accordance with the
following formal criterion: proteins belonging to the same family
share more then 50% identity, while identity between members of
two different families is around or less than 30% (Hall, 2000; Takai
et al., 2001).

According to this criterion, Ras-dva GTPases constitute the eighth
family of small GTPases. Thus, all known Ras-dva proteins have
significantly higher homology with each other (56-94%) than with
small GTPases from other known families (14-35%). Consistently,
all Ras-dva proteins are grouped into one cluster by the same Clustal
algorithm, which firmly reveals all previously described families of
small GTPases. The Ras-dva GTPases are most homologous to
members of the Ras family of small GTPases.

Another feature sharply distinguishing Ras-dva proteins from all
other known small GTPases is a specific pattern of the amino acid
residues within their G2 and G3 motifs, which are involved in GTP
hydrolysis and therefore play a crucial role in temporary regulation
of small GTPase functioning. In particular, the presence of positively
charged arginine residues in the Ras-dva G2 motif indicates that
these GTPases can probably hydrolyze GTP without the external
help of GAP proteins (Hall, 2000; Paduch et al., 2001). However,
further biochemical study is necessary to verify this possibility.

Key regulators of the anterior ectoderm
development, Otx2 and Xanf1, control early
expression of Ras-dva
On the basis of the results obtained, we propose a basic model,
explaining the observed dynamics of the Ras-dva expression
pattern in the anterior ectoderm during gastrulation and

RESEARCH ARTICLE Development 133 (3)

Fig. 7. Ras-dva downregulation, in contrast to Ras, can interrupt
FGF8a signaling in the anterior ectoderm. (A) Two crescent-shaped
stripes of the FGF8a expression in the anterior ectoderm of the
Xenopus neurula (left half) are exactly coincident with the anterior and
posterior borders of the Ras-dva expression domain (right half).
(B-D) Ras-dva downregulation, in contrast to Ras, interferes with FGF-
8a signaling in anterior ectoderm in Xenopus embryos. (B,B�) FGF-8a
mRNA injection induces ectopic BF-1 expression (red arrow). (C,C�) Co-
injection of FGF-8a and DN-Ras-dvaT22N RNAs results in inhibition of
BF-1 expression in the injected area (black arrow). (D,D�) Co-injection of
DN-RasS17N with FGF8a did not affect the BF-1 activating signal from
FGF8a (red arrow). These results were revealed by whole-mount in situ
hybridization in neurula stage Xenopus embryos. All embryos are
shown from the anterior, dorsal side upwards.

Fig. 8. Ras-dva downregulation, in contrast to Ras, is unable to
interrupt FGF signaling in the posterior regions of the embryo.
(A,A�) Microinjection of DN-RasS17N results in inhibition of the
mesoderm marker Brachyury (Bra) around the blastopore at the
midgastrula stage (black arrowheads). (B,B�) By contrast, DN-Ras-
dvaT22N has no influence upon Bra expression.



D
E
V
E
LO

P
M
E
N
T

neurulation. At the gastrula stage, the homeodomain factor Otx2
might activate Ras-dva expression throughout the anterior
ectoderm (Fig. 2A), except the most lateroposterior portions of its
expression domain, where Ras-dva may be regulated by some
other factors (compare Fig. 2B with 2D; see Fig. 2G). Later on,
the expression of Ras-dva is inhibited in the central part
(presumptive anterior neural plate) of this territory under the
influence of another homeodomain factor, Xanf1 (compare Fig.
2B with 2F; see Fig. 2I). As a result, by the early neurula stage
Ras-dva is expressed anteriorly and laterally to the Xanf1
expression domain, in a horseshoe shaped area (Fig. 2C,I, J). The
anterior part of this area also expresses Otx2 (Fig. 2H,J).

The role of Otx2 for Ras-dva upregulation in cells of the
anterior ectoderm is consistent with the previously established
function of this transcription factor as a key anterior regulator
(Boncinelli and Morgan, 2001; Gammill and Sive, 2001).
Interestingly, our present data demonstrating that Ras-dva in its
turn is necessary for Otx2 expression indicate that both these
genes could be part of the same positive regulatory feedback loop.
Therefore, assuming an important role for Otx2 in the anterior
ectoderm development, we suppose that the observed anterior
malformations in embryos with downregulated Ras-dva were
elicited, at least partially, just by downregulation of Otx2 through
this regulatory feedback loop. Another fact confirming tight
coupling of Otx2 and Ras-dva into the same regulatory cascade is
our finding demonstrating their direct inhibition by Xanf1 in cells
of the anterior neuroectoderm.

A remarkable difference between expression patterns of Otx2 and
Ras-dva during neurulation is the lack of the Ras-dva expression in
cells of the presumptive midbrain, which is located just posterior to
the Xanf1 expression domain. By contrast, Otx2 is strongly
expressed in these cells (Fig. 2E,H,J). Obviously, this difference may
occur as a result of inhibition of the Ras-dva expression in cells of
the presumptive midbrain by some transcriptional repressor(s)
expressed in these cells or due to the lack of some co-factors,
synergizing with Otx2 in the anterior neural plate.

Interestingly, early activation of the Ras-dva expression
throughout the anterior ectoderm followed by its inhibition in the
posterior part of this territory is consistent with the prediction of
Nieuwkoop’s activation-transformation model of neural induction.
According to this model, the entire neuroectoderm is initially
specified to the anterior fate, but later on its more caudal regions are
transformed into posterior fates (Nieuwkoop and Nigtevecht, 1954).
Although this model was initially proposed for the neuroectoderm
as a whole, our data indicate that it could be also correct even in
respect to the anterior part of the dorsal ectoderm. In this case, Otx2
could be considered a pan-anterior activator of the anterior specific
marker, Ras-dva and Xanf1, which inhibits the Ras-dva expression
in the posterior part of this territory, in a zone corresponding to the
anterior neuroectoderm, as a transformation regulator.

Ras-dva mediates FGF8a signaling within the
anterior ectoderm
As we showed, downregulation of Ras-dva resulted in a decrease in
the expression of key anterior regulators followed by severe
malformations of the forebrain, cranial placodes and the anterior
neural crest derivatives. Assuming close homology between Ras-dva
proteins and members of Ras family of small GTPases, which are
involved in transduction of the FGF-signal from FGFR to MAP
kinases, we suppose that the observed developmental abnormalities
could be a result of the FGF signaling violation in embryos with
downregulated Ras-dva.

Intracellular signaling transmitted by members of the FGF family
plays a prominent role in many processes, including neural
induction, patterning of the neural plate and cranial placodes
differentiation (Baird, 1994). A major FGF signaling pathway
involves activation of the small GTPase Ras followed by the
MAPKinase cascade. In turn, the MAP kinase activity was shown to
be necessary for the normal development of the neurectoderm and,
in particular, for the expression of the key anterior regulator Otx2
(Sater et al., 2003). FGF3 and FGF8 are essential components of the
regulatory signals that induce otic placode development (Kwak et
al., 2002). In addition, FGF8 activity is necessary for the
maintenance of BF-1 expression at the anterior margin of the neural
plate and accordingly for the early forebrain development and tissue
patterning in regions adjacent to the mid-hindbrain junction
(Crossley and Martin, 1995; Shimamura and Rubenstein, 1997).
Consistent with the suggested role of Ras-dva as an intracellular
transducer of FGF signaling, we observed inhibition of the FGF-
regulated forebrain and placodal markers when Ras-dva was
downregulated. Moreover, we demonstrated that DN-Ras-dvaT22N
mutant could interfere with the activation by FGF8a of one of the
early forebrain markers, BF-1.

Interestingly, although Ras-dva was shown to be crucial for
transmission of the FGF8a signaling in the anterior ectoderm, it was
unable to influence the Ras-mediated FGF signaling cascade
responsible for the neural and mesodermal tissue patterning in the
posterior region of the Xenopus embryos (Whitman and Melton,
1992). Conversely, DN-RasS17N in our experiments could not
prevent activation of BF-1 by the ectopic FGF8a in the anterior
ectoderm. The latter result is consistent with the data of other
authors, which suggest that the Ras-mediated signaling is crucial for
the early patterning of the posterior but not anterior part of the
Xenopus neuroectoderm (Ribisi, 2000). Moreover, it was recently
shown that Ras-ERK pathway is involved in signal transduction
from FGF8b, which is important for mesen/metencephalic
development of the chick embryo, but not from FGF8a (Sato and
Nakamura, 2004). In summary, all this indicates significant
differences in the content of proteins that interact with small
GTPases during transmission of FGF signal in the anterior and
posterior regions of embryo.

The FGF signaling pathway is known to cooperate with that of
BMP and Wnt during regulation of the early development of the
neural crest (Deardorff et al., 2001; McGrew et al., 1997; Glavic
et al., 2004; Streit and Stern, 1999). In particular, an intermediate
level of BMP signaling at the lateral borders of the neural plate is
crucial for neural crest induction (Aybar and Mayor, 2002), and
this intermediate level is achieved through phosphorylation by the
FGF signaling pathway of the BMP effector Smad1 (Pera et al.,
2003). Consistent with the possible role of Ras-dva as a transducer
of FGF signaling during neural crest specification, we observed
inhibition of the neural crest markers (Slug and Sox9) and
upregulation of genes activated through BMP signaling pathway
(BMP4, Msx1, Vent1 and Vent2) when Ras-dva was
downregulated.

Despite our results indicate Ras-dva as a probable component of
the FGF signaling cascade during the anterior ectoderm
development, further efforts are necessary to investigate in depth the
molecular mechanism of the Ras-dva functioning.
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supported by Howard Hughes grant 55000344, CRDF grant RB1-2406-MO-
02, RAS program ‘Molecular and Cellular Biology’ to A.G.Z., and RFBR grants
to A.G.Z. and V.V.N.
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