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Members of the Ras superfamily 
of small guanosine triphospha-

tases (GTPases) function as key nodes 
within signaling networks in a remark-
able range of cellular processes, includ-
ing cell proliferation, differentiation, 
growth, cell-cell adhesion and apoptosis. 
We recently described a novel role for the 
Ras-like small GTPases Rap1 and Ral in 
regulating cortical polarity and spindle 
orientation during asymmetric neuro-
blast division in Drosophila. The par-
ticipation of these proteins in promoting 
cell polarization seems to be a common 
theme throughout evolution.

Introduction

Small GTPases act as binary molecu-
lar switches, cycling between the GDP-
bound inactive and GTP-bound active 
states. This cycling is regulated by gua-
nine nucleotide exchange factors (GEFs) 
and GTPase activating proteins (GAPs), 
the former substituting GDP for GTP 
and the latter promoting GTPase activ-
ity.1,2 Five major branches of the Ras 
superfamily of small GTPases have been 
distinguished on the basis of sequence and 
functional similarities: Ras, Rho, Rab, 
Ran and Arf.2 These proteins are crucial 
regulators of many biological processes 
and as such, they represent a very intrigu-
ing group from which we still have plenty 
to learn. The small GTPases Rap1 and Ral 
belong to the Ras family branch, which 
also includes the Ras GTPase, the found-
ing member of the whole superfamily.3,4

Rap1 and Ral Small GTPases

A signaling circuit centered on Ral (Ras/
Rap1-RalGEF-Ral) has proven to be 
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highly conserved between flies and mam-
mals, although some differences in the 
organization of this network have been 
found. For example, in mammals Ras 
acts directly on the Ral-GEF without 
the participation of Rap1, whereas in 
flies it is Rap1 that linearly activates the 
Ral-GEF called Rgl, in turn activating 
Ral. Ras does interact with this pathway 
in Drosophila, although not in a linear 
way.5 Both the Rap1 and Ral GTPases 
perform crucial functions in physiological 
and pathological conditions. Rap1 plays 
a key and evolutionary conserved role in 
regulating morphogenesis, integrin and 
cadherin-mediated cell-cell adhesion as 
well as junction formation. In addition, 
Rap1 has central functions in signal trans-
duction.5-13 The functions of Ral have 
remained more elusive for a long time, 
although we now have some important 
clues as to the roles it fulfils. For example, 
over the past years it has been unveiled a 
key function of Ral as regulator of the exo-
cyst, a complex of proteins involved in the 
sorting and delivery of secretory vesicles to 
the plasma membrane.14 Ral proteins also 
regulate cell morphology, they partici-
pate in the JNK and Jak/Stat-dependent 
apoptotic pathways and they have been 
associated with the initiation and mainte-
nance of Ras-dependent carcinogenesis in 
humans.15-19

Asymmetric Cell Division:  
An Intricate Regulatory  

Protein Network

Asymmetric cell division is an essential 
process during development, cancer and 
stem cell biology.20,21 Asymmetric cell 
divisions are necessary to produce two 
distinct daughter cells, one that retains 
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network is not the main driving force 
initially required to establish the distribu-
tion of the Par complex. Rather, it is this 
complex that facilitates the polarization of 
the Rap1 pathway to the apical pole of the 
NB. Then, Rap1-Rgl-Ral signaling may 
to some extent contribute to stabilize the 
Par complex through a positive feedback 
loop, which would explain the defects on 
aPKC and Baz/Par3 localization in Rap1 
mutants. Interestingly, Rap1B also has a 
dual relationship with Par proteins in cul-
tured mammalian neurons, acting both 
upstream and downstream of them (see 
below).

Rap1 and Ral Small GTPases: 
Establishing Cell Polarity in Little 

Buddies and Bigger Mates

Cell polarity is obviously fundamental 
to generating asymmetric cell divisions. 
Intriguingly, other biological processes 
that require cell polarization are also 
regulated by Rap1 and Ral GTPases. 
For example, in the budding yeast 
Saccharomyces cerevisiae, the Rap1 ortho-
log Bud1/Rsr1 and its GEF/GAP regula-
tors, Bud5/Bud2, are involved in bud-site 
selection and, consequently, in determin-
ing cell polarity. Bud1 selects the specific 
sites for growth by recruiting Cdc24, the 
GEF for the GTPase Cdc42, which pro-
motes cytoskeleton assembly at the bud 
site. The Bud5 GEF also binds positional 
landmarks, such as the transmembrane 
glycoprotein Axl2/Bud1032,33 (Fig. 1A).

Rap1 also fulfils a key role in estab-
lishing neuronal polarity and axonogen-
esis in vertebrates. The accumulation 
of Rap1B-GTP in a particular neurite 
activates Cdc42 and the Par complex, 
promoting the activation of Rac1 in this 
neurite and driving the development of 
an axon. External stimuli, such as growth 
factors, may contribute to the initial acti-
vation of Rap1B. Additionally, an E3 
ubiquitin ligase called Smurf2 targets the 
inactive Rap1B-GDP for degradation in 
the neurites that are destined to become 
dendrites. This process also depends on 
another activity of Par3, which recruits 
Smurf2 to the growth cones by binding 
the motor protein Kif3A. Hence, Par3 
seems to play a dual role, upstream of 
Rap1B by recruitment of Smurf2 to the 

A Novel Role for the Rap1-Rgl-Ral 
Signaling Network in Asymmetric 

Cell Division

Despite the complexity of the protein net-
work involved in regulating asymmetric 
cell division, it seems that this network 
may become even more tangled.26 We 
recently found that in Drosophila, the 
Rap1-Rgl-Ral signaling network fulfils 
a novel role in the regulation of cortical 
polarity and spindle orientation during 
asymmetric cell division.27 Rap1 is pres-
ent in NBs, where it is slightly enriched at 
the apical pole. The apical proteins Par6 
and aPKC form a complex in vivo with 
Rap1 contributing to regulate its distri-
bution. In Rap1 mutants the localization 
of some apical proteins and the orienta-
tion of the spindle are both impaired and, 
consequently, the localization of cell-fate 
determinants such as Numb and Pros is 
disturbed. Very similar phenotypes are 
detected in Rgl and Ral mutants indicat-
ing that the whole Rap1-Rgl-Ral signaling 
network modulates the process. Rap1 is a 
known partner of the apical protein Cno, 
which forms a complex with Pins and 
acts upstream of Mud during asymmetric 
NB division.25,28 Rap1 binds to the Ras-
associating domains of Cno/AF-6 in flies 
and mammals, a region that interacts with 
different Ras-like GTPases.28-31 The distri-
bution of both Cno and Mud is modified 
in Rap1 mutants and this might explain 
the mis-orientation of the mitotic spindle 
observed in those mutants. However, it 
is intriguing that the Pins and Gαi api-
cal crescents are not affected in Rap1 
mutants. This suggests that Rap1 belongs 
to a third pathway, besides the Pins cen-
tered ones, that contributes through 
Cno and Mud, and probably additional 
unknown effectors, to regulate the spindle 
orientation. In fact, we observe stronger 
spindle misorientation phenotypes in Rgl 
pins double mutants, which suggests that 
there is certain synergism between the 
different pathways involved in orientat-
ing the mitotic axis. The defects in corti-
cal polarity in Rap1 mutants also include 
mislocalization of the aPKC and Baz/Par3 
apical proteins, although to a much lesser 
extent than the misplacement of the Cno 
and Mud proteins. For this reason, we 
propose that the Rap1-Rgl-Ral signaling 

the self-renewal capacity of the mother 
cell and another that is committed to 
entering a program of differentiation. 
Asymmetric cell division has been exten-
sively studied in Drosophila neuroblasts 
(NBs), the neural stem cells of the central 
nervous system (CNS). NBs delaminate 
from the neuroectoderm, inheriting the 
apico-basal polarity of the neuroectoder-
mal cells. This axis of cell polarity along 
which the mitotic spindle aligns is funda-
mental for the asymmetry of the division 
and, hence, must be tightly regulated.22 
Intrinsic cues, mostly polarized at the api-
cal cortex of the NB, regulate the orienta-
tion of the spindle along the apico-basal 
axis. Among the proteins that provide 
the intrinsic cues crucial to establish this 
cortical polarity are the highly conserved 
partitioning defective proteins Par6 and 
Par3, called Bazooka (Baz) in Drosophila, 
Cdc42, as well as the atypical protein 
kinase C (aPKC). Baz/Par3 binds to a 
protein called Inscuteable, which asso-
ciates the Par complex with Partner of 
Inscuteable (Pins) that thereafter orches-
trates the orientation of the spindle.20-23 
Two main pathways have been shown 
to modulate this process. One of these 
is activated by the Aurora-A kinase, 
which phosphorylates Pins promoting 
the recruitment of the Discs large (Dlg)/
Khc-73 complex. The Khc-73 motor pro-
tein in this complex binds to the spindle 
microtubules, anchoring the spindle to 
the apical cortex.24 The second path-
way involves additional partners of Pins 
such as the heterotrimeric subunit Gαi 
that is directly attached to the plasma 
membrane, the PDZ protein Canoe 
(Cno, AF-6/Afadin in vertebrates) and 
Mushroom body defect (Mud, NuMA in 
vertebrates). Mud may associate with the 
Lys1/Dynein/Dynactin complex, which 
is capable of generating pulling forces 
on the spindle pole microtubules.24,25 
The tight coupling of apical proteins and 
spindle positioning is fundamental for the 
asymmetric localization of cell-fate deter-
minants to the basal pole of the NB, such 
as Numb and Prospero (Pros). In this 
way, these determinants will be delivered 
exclusively to the smaller daughter cell, 
the ganglion mother cell (GMC), which 
will then activate a specific program of 
differentiation.20,21,23
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growth cones allowing Rap1B restriction 
to a single neurite, and downstream of 
Rap1B in a complex with aPKC and Par6 
to subsequently activate Rac1 in the devel-
oping axon34-37 (Fig. 1B).

In Drosophila, the Rap1/DE-Cadherin 
signaling pathway is thought to regu-
late polarized niche formation and stem 
cell anchoring.13 Moreover, Ral has very 
recently been shown to respond to planar 
cell polarity signals to modulate asym-
metric Notch signaling in the Drosophila 
eye, contributing to the specification of 
the two initially equivalent R3/R4 pho-
toreceptors.38 Apart from Rap1 and Ral, 
which have been highlighted here, other 
small GTPases are also emerging as crucial 
modulators of cell polarity.39 Cooperation 
and cross-talk between small GTPases, 
their effectors/regulators and polarity 
proteins should be analyzed in depth in 
different organisms, tissues and contexts 
in the next years. These interactions will 
unveil links with both extrinsic signals 
(i.e., growth factors) and intrinsic cues 
(i.e., actin and microtubule cytoskeleton), 
fundamental to achieve cell polarization. 
This is certainly an engaging issue, whose 
ongoing analysis will enlighten the mech-
anisms underlying many biological pro-
cesses in the near future.
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Figure 1. Rap1 participates in the establishment of cell polarity in different contexts. (A) The bud 
site formation in the budding yeast Saccharomyces cerevisiae. (B) Axon specification in cultured 
mammalian neurons. External stimuli, such as growth factors, may promote the activation of 
Rap1B in the neurite that will become the axon. (C) The asymmetric division of neural stem cells 
in Drosophila. External unknown stimuli, coming from the neuroectoderm (NE), contribute to the 
establishment of cortical polarity in the underlying neuroblast (NB). Rap1 and other small GTPases 
are represented in purple; GEFs and GAPs regulators appear in green and orange, respectively. 
Polarity proteins of the partitioning defective complex appear in red (see text for more details).
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