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Cdc42 is a key factor in the control of
cell polarity and morphogenesis.

Fission yeast Cdc42 regulates formin
activation and actin cable assembly.
Cdc42 is also required for exocyst
function, contributing to polarized secre-
tion. Additionally, Cdc42 participates in
membrane trafficking, endosome recyc-
ling, and vacuole formation. We show
here how Cdc42 is required for the
correct transport/recycling to the plasma
membrane of the glucan synthases Bgs1
and Bgs4, responsible of cell wall bio-
synthesis and polarized growth at the
cell tips.

In a vast majority of eukaryotic organisms,
Rho GTPase Cdc42 orchestrates the
establishment of polarized growth by
organizing a number of processes that
include actin cytoskeleton organization,
polarized secretion or endocytosis. Dissec-
tion of these functions is not an easy task
due to the close relationship among these
processes.

Polarized secretion requires actin cables,
which function as tracks for myosin V
motors, in order to carry post-Golgi
secretory vesicles toward the sites of
polarized growth. In the vicinity of the
plasma membrane, the octameric complex
called exocyst will serve as a tether to
keep the vesicle in close relationship
with the plasma membrane and facilitating
the membrane fusion by the formation
of the SNARE complex prior to the
release of the vesicle cargo.1 Thanks
to the characterization of two novel
Schizosaccharomyces pombe cdc42 thermo-
sensitive mutant strains that lack func-
tional actin cables, our lab unveiled the
role of Cdc42 and the multidomain
scaffold protein Pob1 in the activation of

the formin For3, which generates the
interphase actin cables.2,3 Interestingly,
for3D mutant strain lacks actin cables but
did not show major secretion defects.4,5

Combination of for3 deletion with exocyst
defective cells resulted in non-polarized
cells.4 Based on these results it was
concluded that actin cables and the exocyst
complex collaborate in polarized growth in
Schizosaccharomyces pombe, and both are
regulated by Cdc42.4 On the other hand,
in S. cerevisiae, Cdc42 has been shown to
be transported to the plasma membrane
along the secretory pathway.6 Although
there is no direct demonstration for this in
S. pombe, a defect in the secretory
machinery might lead to a reduced
amount of Cdc42 in the plasma mem-
brane. As a consequence, polarized secre-
tion would not be activated by Cdc42,
leading to even more reduced Cdc42 levels
in the plasma membrane. In a recent
study,7 it has been shown that Cdc42
localization in budding yeast requires
phosphatydilserine (PS). The targetting
of PS to the plasma membrane is achieved
though the secretory pathway. Reduced
secretion rates would lead to reduced
PS levels in the plasma membrane,
resulting in the retention of Cdc42 in
endomembranes.

We recently described that the cdc42
L160S mutant strain has defects in
secretion and vesicle trafficking which are
independent of the actin defects.5

Moreover, we and others showed that the
scaffold protein Pob1 also shows defects in
secretion, suggesting that Pob1 might be
involved in the regulation of other Cdc42
functions besides For3 activation. The
exocyst localization to the cell tips is lost
in cdc42L160S or pob1664-mutant strains
in fission yeast.5,8 How Cdc42 and Pob1
regulate the exocyst function? It has been

Communicative & Integrative Biology 5:4, 370–373; July/August 2012; G 2012 Landes Bioscience

370 Communicative & Integrative Biology Volume 5 Issue 4

http://dx.doi.org/10.4161/cib.19977
http://dx.doi.org/10.4161/cib.19977
http://www.ncbi.nlm.nih.gov/pubmed/21899677
http://dx.doi.org/10.1111/j.1600-0854.2011.01275.x
http://dx.doi.org/10.1111/j.1600-0854.2011.01275.x


©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
. 

proposed that the interaction of Rho
GTPases might relieve an intermolecular
interaction between exocyst subunits that
would lead to its activation.9 Other
members of the Rho family of proteins,
like Rho3, regulate secretion in budding
yeast. Thus, Rho3 interacts with the
exocyst subunit Exo70.10,11 Moreover, the
mutant strain rho3-V51, shows specific
secretion defects, though no exocyst
deslocalization is observed, suggesting a
lack of proper exocyst activation rather
than a localization problem.12 In fission
yeast Rho3 was found to partially suppress
the exocyst mutant sec8–1.13 Additionally,
rho3+ overexpression restores the exocyst
localization in cdc42L160S or pob1-664,
suggesting that both Rho3 and Cdc42-
Pob1 play a direct role in targeting the
exocyst to the growth sites. Genetic data
suggest that Rho3 might function inde-
pendently to Cdc42. However, the actual
relationship between Cdc42 and Rho3 in
the regulation of the polarized secretion
remains to be elucidated. In budding yeast
it seems that the relationship between
Cdc42 and Rho3 regulating exocytosis has
to do with the phase of the cell cycle. In
this case, Cdc42 would be essential in the
activation of secretion during bud emer-
gence and apical growth14 whereas Rho3
might work in all phases of the cell cycle.10

However, the pattern of growth of S.
pombe does not discriminate these stages,
being difficult to imagine a sequential
mode of action. Additional experiments
will be necessary to decipher this issue.
The fact that Rho3 overexpression restores
the secretion defect and the exocyst
localization, but not the actin cables or
the proper morphology of cdc42L160S
cells also raises the possibility that actin
cytoskeleton becomes essential for achiev-
ing the correct morphology in fission
yeast. Rho3 might enhance nonpolarized
secretion, and causing an increase of
plasma membrane PIP2. This phospho-
inositide has been shown to play a role in
the localization of the exocyst subunit
Exo70.1

Biochemical data showed that active
GTP-bound Cdc42 levels are increased in
cdc42L160S cells compared with a wild
type strain. However, this active GTPase
is not properly localized to the cell peri-
phery, becoming more concentrated in

endomembranes. Overproduction of the
Cdc42 GEFs in fission yeast, Gef1 and
Scd1, rescues the growth defect of cdc42
L160S cells at high temperature. Since
both activators are localized to the cell
periphery,15-17 we can assume that the
suppression of this phenotype takes place
mainly through the activation of the
inactive Cdc42-L160S present in the
plasma membrane. These results also
suggest that the pool of Cdc42 anchored
in the endomembrane compartments is
not able to activate secretion.

An additional defect detected in cdc42
L160S cells is the drastic fragmentation of
the vacuoles and accumulation of endo-
somes labeled with Syb1, a v-SNARE.18

This defect might be due to the abnormal
accumulation of active Cdc42-GTP in the
endomembranes. The vacuole fragmenta-
tion is suppressed by overexpression of
Pob1, Rho3, and the t-SNARE Psy1.19 In
all these cases, there is an improvement
in Syb1 localization. Rho3 has been
proposed to increase the Golgi to endo-
some trafficking.20 This traffic might also
contribute to the reduction of the post-
Golgi vesicles accumulation. It will be
interesting to show if Cdc42 directly
controls this vesicle pathway.

Numerous subcellular localizations have
been shown for Cdc42 including Golgi
and vacuole membrane where it controls
actin polymerization activity during
homotypic vacuole fusion.21 In S. cerevisiae
it has been shown that actin disassembly is
an early subreaction of vacuole membrane
fusion, whereas the formation of F-actin is
needed for fusion and is likely catalyzed by
components activated by Cdc42 at the
membrane surface.22,23 In this yeast, over-
expression of either constitutively active or
dominant-negative Cdc42 resulted in
vacuole fragmentation.21 It is likely that
multiple vesicle transport and fusion
processes include a Cdc42-regulated actin
remodeling subreaction, and the hyper-
active Cdc42L160S concentrated in endo-
membranes might block these processes.

Membrane traffic defects might cause
cell integrity defects. Indeed, cdc42L160S
cells show a mild cell lysis phenotype,
and the thermosensitive growth defect
can be suppressed by the presence of an
osmotic stabilizer such as sorbitol 1.2M
(Fig. 1A). Sorbitol addition can also

alleviate endocytosis defects associated
with plasma membrane internalization.24

However, we did not see any defects in the
first stages of FM4–64 internalization in
cdc42L160S cells.5 Therefore we per-
formed cell wall analysis and showed that
these cells have a defective cell wall at 36°C
with a significant decrease in (1,3)β-D-
glucan, the main structural polymer.
Whereas in wild-type cells this polymer
represented 20.2 ± 1.2% of total glucose
incorporated at 28°C and 24.2 ± 0.8% at
36°C, in cdc42L160S cells corresponded to
19.0 ± 3.2% of total glucose incorporated
at 28°C and 16.1 ± 3.8 at 36°C (Fig. 1B).
(1,3)β-D-glucan is synthesized by Bgs1
and Bgs4 two integral membrane proteins
that form part of the (1,3)β-D-glucan
synthase. Bgs1 is responsible for the
synthesis of the specific (1,3)β-D-glucan
that constitutes the fission yeast primary
septum and also synthesizes part of the
(1,3)β-D-glucan at the poles during apical
growth.25,26 Bgs4 synthesizes most of the
β-D-glucan that forms the cell wall during
growth.27 Both Bgs proteins can concen-
trate to cell tips in absence of either actin
cables or exocyst but not in absence of
both. Although F-actin actin is dispensable
for their maintenance at the growing
sites as part of the plasma membrane,
they need actin polymerization for their
internalization from the plasma mem-
brane.25-27 Once internalized and delivered
to early endosomes they may follow two
different routes: recycling to the Golgi
and plasma membrane or maturation to
late endosomes, ultimately delivered to
lisosomes/vacuoles where their contents
are degraded.

To see if the cdc42L160S cell wall
defects were due to mislocalization of Bgs1
or Bgs4, we analized the localization of
these proteins labeled with GFP at semi-
permissive temperature (32°C). As shown
in Figure 1C, GFP-Bgs1 and GFP-Bgs4
were localized to the tip and to the division
area of wild-type cells. GFP-Bgs4 had a
similar location in cdc42L160S cells.
Moreover, fluorescence recovery after
photobleaching (FRAP) experiments in
which we photobleached GFP-Bgs4
signal from the cell tip of wild-type or
cdc42L160S cells, showed no significant
difference in the rate of recovery, either if
we bleached a small tip area (Fig. 1D) or if
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we bleached the whole cell tip (Fig. 1E).
These results suggested no major defects in
membrane diffusion and traffic of Bgs4,
although some internal accumulation was
observed in cdc42L160S cells. In contrast,
GFP-Bgs1 localized very poorly at the tips
of cdc42L160S cells and was massively
accumulated in heterogeneous vesicle-like
structures with bright fluorescence in all
the cytoplasm. Therefore the defect in
Bgs1 localization to the plasma membrane
might be responsible of the defective cell
wall in cdc42L160S cells. Additionally,
these results unveiled a major difference in

Figure 1. (A) Growth of wild-type (wt) and cdc42L160S cells spotted at an A600 of 1.0 and 1/4 dilutions in rich medium without or with 1.2M sorbitol.
Plates were incubated at different temperatures for 3 d. (B) Cell wall composition of wild-type (wt) and cdc42L160S strains. Cells were incubated at 28°C
or 36°C and 14C-glucose was added 6 h before harvesting the cells. Values are the mean of three independent experiments with duplicate samples.
Error bars represent standard deviations for the total carbohydrate values. (C) Fluorescence images of GFP-Bgs1 and GFP-Bgs4 in wild-type (wt) and
cdc42L160S cells grown at 32°C. (D) Recovery of GFP-Bgs4 in wild-type and cdc42L160S cells. Photo-bleaching of a small region at the tip was
accomplished using a Delta Vision system by applying 488-nm laser to cell tips. Images were acquired prior to photobleaching, immediately after and
subsequently at regular 10 sec intervals. Left panel shows the average recovery of GFP-Bgs4 (n = 10) in this experiment. (E) Photo-bleaching of the entire
cell tip was accomplished using a Leica confocal system by applying 488-nm laser to a region of 40 x 10 pixels. Images were acquired prior to
photobleaching, immediately after and subsequently at regular 1 min intervals.

Figure 2. Cdc42 and trafficking path-
ways in fission yeast. Proteins can be
secreted or targeted to the cell surface
in secretory vesicles (SV) that are
directed via actin cables and are teth-
ered by the exocyst protein complex to
specific sites of the plasma membrane.
Molecules taken up from the plasma
membrane are delivered to early endo-
somes by an endocytic process that
might lead to a route of recycling or to
complete degradation in the vacuole.
Cdc42 regulates the actin-directed ves-
icle delivery to the plasma membrane,
the exocyst function, and the endosome
to vacuole fusion.
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the trafficking mechanisms of Bgs1 and
Bgs4. It is possible that, as has been
described for S. cerevisiae chitin synthases
Chs3 and Chs2,28 Bgs1 and Bgs4 traffick-
ing diverges after endocytosis with Bgs1, as
Chs2, being delivered to the vacuole and
Bgs4, instead, being mainly recycled to the
plasma membrane. In this hypothetical
situation, Cdc42 would mainly regulate
the transport to the vacuole, and not the
recycling to the plasma membrane.

In summary, as presented in Figure 2,
Cdc42 emerges as a key factor that
regulates major processes such as the
actin-directed vesicle delivery, exocyst
function and endosome to vacuole fusion
in an independent but coordinated way
that leads to polarized growth. The
analysis of the inputs that control Cdc42
for the correct coupling of these processes
will be necessary to understand how
polarized growth takes place.
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