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ABSTRACT

During cytokinesis, actomyosin ring constriction drives furrow formation. In animal cells, Rho
GTPases drive this process through the positioning and assembly of the actomyosin ring, and
through extracellular matrix remodeling within the furrow. In the fission yeast S. pombe, acto-
myosin ring constriction and septum formation are concurrent processes. While S. pombe is the
primary source from which the mechanics of ring assembly and constriction stem, much less is
known about the regulation of Rho GTPases that control these processes. Of the six Rho GTPases
encoded in S. pombe, only Rhol, the RhoA homologue, has been shown to be essential for
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cytokinesis. While Rho3, Rho4, and Cdc42 have defined roles in cytokinesis, Rho2 and Rho5 play
minor to no roles in this process. Here we review the roles of the Rho GTPases during cytokinesis,
with a focus on their regulation, and discuss whether crosstalk between GTPases, as has been
reported in other organisms, exists during cytokinesis in S. pombe.

Overview

Cytokinesis is necessary for growth, development, cell
differentiation, and wound repair; defects in this pro-
cess can cause diseases such as cancer [1-3]. In metazo-
ans and fungi, cytokinesis occurs via the formation and
subsequent constriction of an actomyosin contractile
ring. As the ring constricts, it also pulls in the mem-
brane to enable furrow formation, thus physically
separating the cell into two daughter cells. In most
cells, ring constriction is precisely timed to occur only
after the chromosomes segregate, thus ensuring the
genomic integrity of the daughter cells. Fungal cells
have a cell wall, and in addition to ring constriction
and membrane furrow formation, they also form
a septum (cell-wall) barrier. Much of what is known
about the fundamentals of cytokinesis stem from dec-
ades of research with the fission yeast model,
Schizosaccharomyces pombe. In fission yeast, cytokinesis
involves the assembly of the actomyosin ring, which
then undergoes constriction concurrent with the for-
mation of the septum and the membrane furrow [4,5].
First, cortical nodes containing the anillin protein Mid1l
assemble around the nucleus which then recruit pro-
teins that are involved in ring formation [6-11]. These
include the type II myosin Myo2, its regulatory light
chain Rlcl, its light chain Cdc4, the F-BAR protein
Cdcl15 and the formin Cdcl2 [11-18]. The formin
Cdcl2 nucleates actin and this together with the type

IT myosin organizes the actin filaments to form a ring
like structure [19-22]. After the ring assembles, it only
starts to constrict once the septum building apparatus is
recruited to the division site and the chromosomes start
segregation [23-25].

While it is unclear how the cellular events - ring
constriction, septum formation, and membrane ingres-
sion - occur simultaneously, we now understand some
of the fundamental steps that promote each of these
events during cytokinesis. First, the primary septum
starts forming as the ring constricts. This requires the
delivery of septum synthesizing enzyme Bgsl to the
division site [23,26,27]. Simultaneously, new membrane
material is also delivered to the division site for furrow
formation [28]. Next, the glucan synthases Bgs4 and
Mok1/Agsl are delivered to the division site to enable
secondary septum formation [25]. While Bgsl is
a linear 1,3-P-glucan synthase that mainly builds the
primary septum, it is not sufficient to provide rigidity
and strength to the septum [26,29]. Bgs4, the 1,6
branched 1,3- B-glucan synthase and Mokl/Agsl the
a-1,3-glucan synthase provides the necessary strength
to ensure proper septum morphology and cell integrity
[29-32]. After the septum is fully synthesized, gluca-
nases are delivered to the division site to digest the
primary septum and separate the two daughter cells
[33-35]. Inability to perform any of these events in
a precise spatiotemporal manner can lead to cytokinesis
failure and cell death. However, our knowledge of how
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cells properly organize these sequential events and their
spatiotemporal regulation is limited.

The conserved small Rho GTPases, Cdc42, Rhol,
Rho3 and Rho4 have been reported to promote differ-
ent steps in cytokinesis (Figure 1) [24,36-39]. Cdc42 is
activated at the division site in early anaphase and this
promotes delivery of the glucan synthase Bgsl to the
division site [24]. Rhol in turn activates the glucan
synthases and promotes septum formation [40]. Rho3
and Rho4 are required for delivery of the septum
digesting glucanases that lead to cell separation
[38,41]. These conserved small Rho GTPases are active
when GTP-bound and inactive when the GTP is hydro-
lyzed to GDP [42]. GTPases are activated by guanine
nucleotide exchange factors (GEFs) and inactivated by
GTPase activating proteins (GAPs) [42]. Most eukar-
yotes have multiple GTPases, and each has its corre-
sponding GEFs and GAPs. Modulation of the GEFs and
GAPs can tune GTPase activity and thus regulate cel-
lular processes that require precision [43]. GTPases
crosstalk to self-organize and regulate complex pro-
cesses such as migration, wound healing, and polariza-
tion [44-48]. GTPases also undergo multiple feedback
pathways to enable self-organization of its activity,
leading to distinct cellular outcomes [47,49]. It is pos-
sible that these Rho GTPases fine tune signaling path-
ways to spatiotemporally regulate distinct cytokinetic
events. Here we review and discuss recent advances in
our understanding of how Rho GTPases regulate the
different, sequential steps in cytokinesis.

Cdca2

Cdc42 is the major regulator of cell polarity in most
eukaryotes [50]. In fission yeast, Cdc42 activates the
formin For3 to promote actin organization [51] and the
Pakl kinase to regulate downstream processes [52]. It

also plays an important role in polarized trafficking by
regulating exocyst-mediated delivery [53]. Cdc42 is
activated at the division site during cytokinesis by its
two GEFs, Gefl and Scdl [24,54]. Activation of Cdc42
at the division site initiates during ring assembly in
a Gefl-dependent manner [24,55]. This leads to the
recruitment of Bgsl and initiation of septum ingression
and ring constriction. Both Bgs1 localization to the ring
and the onset of ring constriction is delayed in mutants
lacking gefl [24]. Scd1 localizes to the division site next
in a Gefl-dependent manner to activate Cdc42 along
the ingressing membrane [24,49]. Thus, two waves of
Cdc42 activation facilitate the recruitment of Bgsl to
specific sites of the ring/membrane barrier: Gefl facil-
itates Bgsl delivery to the ring while Scdl promotes
Bgsl localization along the ingressing membrane [24].
Although the mechanism through which Cdc42 pro-
motes Bgsl delivery is not known, it is feasible that this
occurs through regulation of actin-dependent traffick-
ing, as gefl mutants show defects in the localization of
the type V myosin as well as fewer non-medial actin
cables [24]. Although Cdc42 is required for Bgsl
recruitment, it does not contribute to the localization
of Bgs4 [24,56]. Whether Cdc42 regulates the delivery
of the other glucan synthases is unknown. Thus, Cdc42
may promote delivery of specific cargoes in addition to
the regulation of actin cable formation during
cytokinesis.

It has been reported that Bgsl localization to the
division site is promoted by the F-BAR protein Cdcl5
[57,58]. However, Bgsl localization during cytokinesis
is regulated by many factors, including Cdc42 [24,59].
This suggests that although Cdcl15 is present at the ring
prior to the onset of ring constriction, Bgs1 localization
to the actomyosin ring is dependent on Cdc42 activa-
tion, which is at first solely mediated through Gefl
[24]. Upon blocking endocytosis with the arp2/3
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Rho3 and Rho4 are activated at
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Figure 1. Rho family GTPases play distinct roles during cytokinesis. Cdc42 (green) is activated at the assembled actomyosin ring (red)
and this promotes onset of ring constriction and septum formation. Rho1 (blue) is activated at the division site to promote septum
synthesis. The precise timing of initiation of Rho1 activation is not known. After the septum forms, Rho3 (yellow) and Rho4 (orange)
localize to the division site at the outer rim of the septum barrier to promote delivery of the septum digesting glucanases. Digestion
of the primary septum leads to cell separation.



inhibitor CK-666, the ring is able to form, but does not
constrict due to the failure to recruit Bgsl [60].
Furthermore, Cdcl5 levels do not increase at the ring
after ring assembly in these cells [60]. The endocytosis
defective arp3-cl mutant also exhibits similar pheno-
types [60]. A recent report indicates that Cdc42 activa-
tion, mediated through Gefl, promotes endocytosis
[60]. Specifically, gefl mutants exhibit endocytic
patches with higher levels of Cdcl5, as well as extended
patch lifetimes [60]. Moreover, these defects can be
alleviated upon expression of constitutively active
Cdc42, suggesting that Cdc42 activation promotes
endocytosis [60].

The septum ingresses centripetally indicating that
cell wall must be deposited in a uniform manner
along the membrane adjacent to the actomyosin ring.
This suggests that Cdc15, and thus the septum building
apparatus with which it interacts, must localize uni-
formly along the actomyosin ring to facilitate centripe-
tal septum deposition [27,29-31,60-62]. In gain of
function mutants of the formin cdcl2, cdc12A503, the
cells display excessive actin cables and delayed endocy-
tic patch lifetimes [63]. gefIA mutants when combined
with ¢dc12A503, show septum ingression defects and do
not constrict centripetally [60]. In these
geflAcdc12A503 mutants, the distribution of Cdcl5
along the ring is not uniform, resulting in faster con-
striction rates in areas of the ring that have elevated
levels of Cdcl5. It is likely that, post ring assembly,
additional Cdc15 is recruited to the ring from endocytic
patches [60]. In agreement, uneven distribution of
Cdcl15 along the ring results when endocytosis is dis-
rupted [60]. Together, these findings indicate that
membrane trafficking events, including endocytosis,
are required to uniformly organize Cdcl5 along the
ring to facilitate centripetal septum ingression and
ring constriction, and that Cdc42 regulates this process.

While Cdc42 is required for the early stages of
septum formation, it needs to be inactivated in
order for cytokinesis to complete [24]. Cells over-
expressing  constitutively active Cdc42 form
a septum but fail to undergo cell separation [24,64].
Similar observations have been made in budding
yeast [36,65]. The GAPs that inactivate Cdc42,
Rga3, 4 and 6, localize to the division site suggesting
that they lead to Cdc42 inactivation at that site [66—
69]. It is not known why Cdc42 needs to be inacti-
vated for completion of cytokinesis.

Recent reports have provided some insights into
how the regulators of Cdc42 are themselves regulated.
Gefl has been shown to localize to the division site in
a Cdcl5 dependent manner [70]. This relationship is
also maintained at the cell poles. Cdcl5 has been shown
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to promote Cdc42 activation at the division site and the
cell poles in a Gefl-dependent manner [70]. The mole-
cular details of how Cdcl5 promotes Gefl localization
is unclear. Another report indicates that Scdl localiza-
tion to the division site depends on Gefl [49]. Gefl
activates Cdc42 at the division site and this acts as
a seed for the recruitment of the scaffold protein
Scd2. Scd2 then recruits Scdl to this site. Thus, this
compromises a feed-forward pathway where Gefl pro-
motes Scdl recruitment. This behavior between the
GEFs has also been shown at the cell poles [49].
While Gefl promotes Scdl recruitment, Scdl itself
has been shown to promote restriction of Gefl from
the division site [49]. Gefl localizes to the ring mem-
brane interface and constricts with the ring. Once the
ring completes constriction, Gefl is no longer localized
to that site. In scd1A cells however, Gefl lingers at the
division site even after the cell has completed constric-
tion. It is unclear how Scdl promotes the removal of
Gefl from the division site.

Rho1

Like cdc42, rhol mutants are highly pleiotropic. Rhol
serves as the regulatory subunit of the Bgsl, Bgs2,
Bgs3, and Bgs4 glucan synthases, is essential for pri-
mary septum formation, and must be inactivated to
permit cell separation [40,71]. While Rhol is acti-
vated by Rgfl, Rgf2, and Rgf3, only Rgf3 is essential
[37,72,73]. Overexpression of rgfl or rgf2 results in
multi-septated cells and morphology defects [37].
Rgf3 activity, and hence Rhol activity, is essential
for ring formation, as rgf3 switch-off cells do not
form competent actomyosin rings [37]. While Rgfl
and Rgf2 contribute to Rhol activation during sep-
tum formation, they primarily regulate Rhol-
mediated cell wall deposition during polarized
growth [37]. Rgf3 is transcribed by the Ace2-
network, along with other proteins necessary for sep-
tum formation and cell separation [73]. While Rgf3
localizes to the ring/membrane interphase, Rgfl and
Rgf2 localize to the ingressing membrane [37,73].
This localization pattern is identical to that of the
Cdc42 GEFs Gefl and Scdl, respectively [24], and it
is possible that the Rhol GEFs specifically activate
Rhol at different locations to ensure proper septum
synthesis.

The Septation Initiation Network (SIN) pathway is
required for proper timing of cytokinesis with respect
to completion of mitosis [74]. The SIN pathway pro-
motes timely assembly of the actomyosin ring, recruit-
ment of the septum synthesizing enzyme Bgsl, and
promotes septum formation once the chromosomes
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are segregated in mitosis [61,75-77]. In SIN mutants,
the contractile ring assembles but does not undergo
constriction [75]. Rhol-mediated activation of the glu-
can synthase is required for septum formation and
septum synthesis [40,71]. Therefore, it is likely that
the SIN regulates Rhol activation to ensure that con-
striction initiates only upon chromosome segregation
to maintain genome integrity. The final kinase in the
SIN pathway, Sid2, is required for septum formation
and ring constriction [78]. Overexpression of rhol res-
cues the sid2-250 ring constriction defect, suggesting
that Rhol activation may be mediated by the SIN dur-
ing cytokinesis [75]. The SIN pathway is activated by
the protein Etdl in a timely manner with respect to
chromosome segregation [76]. Etd1 has also been pro-
posed to link SIN with septum formation [76,79].
Biochemical assays indicate that GTP-Rhol is reduced
in cells lacking etd1, as is 1,3-p-glucan synthase activity,
suggesting that Edtl positively regulates Rhol activa-
tion [76]. Since Etd1 appears to lack both GEF domain
and GEF activity, how it promotes Rhol activation is
unclear. An early protein in the SIN pathway cascade is
the GTPase Spgl, required for activation of the down-
stream kinases Sidl and Sid2 [80,81]. Rhol signaling
initiates a positive feedback with Spgl, further activat-
ing SIN signaling during cytokinesis [76].

The paxillin homologue in S. pombe, Pxl1, was iden-
tified as a suppressor of the cdc42-1625 temperature
sensitive phenotype [82]. Paxillins are LIM-domain
containing proteins that facilitate protein-protein inter-
action and association with the cell wall/extracellular
matrix [82]. However, Pxl1 binds Rhol, not Cdc42, and
reduces the amount of GTP-Rhol [82]. Loss of pxlI
results in cells with more GTP-Rhol and an increased
septation index, similar to cells lacking the Rhol GAP
Rga5 [82,83]. This suggests that Pxl1 negatively regu-
lates Rhol, and this is further supported by the obser-
vation that pxlI exhibits strong genetic interactions
with rgf3 [82]. An additional function of Pxll is to
stabilize the actomyosin ring and promote proper sep-
tum synthesis through interaction with Bgs1 [58]. How
Bgsl function cooperates with Pxll during cytokinesis
is unclear, although it has been hypothesized that Pxl1
may act as a mechanosensor that transmits ring tension
to the glucan synthases to initiate septum synthesis
[58]. Pxl1 binds Cdcl5 and Rlcl and aids actomyosin
ring formation [58]. Whether this is dependent on the
inhibition of Rhol is not known. In budding yeast,
Rhol must be temporarily inactivated to enable septum
ingression [36]. However, this does not seem to be the
case in fission yeast [58]. Paxillin also recruits the
calcineurin phosphatase Ppbl to the division site,

which dephosphorylates Cdcl5 to enable it to scaffold
Bgsl and initiate septum synthesis [84].

Rho2 and Rho5

Cells overexpressing rho2 exhibit morphological and
cytokinetic defects [85]. Past studies primarily focused
on the role of Rho2 in the regulation of cell integrity
and cell polarity. However, rho2 overexpressing cells
have a high septation index and often contain multiple
septa, indicating a defect in cell separation [85]. In
keeping with this phenotype, Rho2 localizes to the
septum during cytokinesis [85]. However, the role of
Rho2 in this process has not been directly demon-
strated. Rhol and Rho2 likely regulate the synthesis of
distinct glucans, as cell wall defects resulting from one
impaired Rho GTPase cannot be complemented by
overexpression of the other [85]. The most compelling
role for Rho2 during cytokinesis is the activation of the
a-glucan synthase Mok1/Agsl, via the protein kinase
¢ homologue Pck2 [86,87]. During cytokinesis, Mok1/
Agsl contributes to the formation of both the primary
and secondary septa and is required to prevent lysis
during cell separation [31].

With the help of a genetic screen, Rho2 was identi-
fied to act upstream of the Pck2-Pmkl Mitogen acti-
vated protein kinase pathway [88]. Rho2 promotes
activation of Pmkl likely by facilitating its phosphor-
ylation [88]. Loss of pmkl leads to a defect in cell
separation and septum morphology [89,90].
Interestingly, loss of a negative regulator of Pmkl, the
phosphatase pmp1l, also leads to cell separation defects
[91]. Thus, it is likely that Rho2 may regulate cytokin-
esis through the MAP kinase Pmkl. However, it is
unclear how this is brought about or why both loss of
and hyperactivation of Pmk1 leads to cell separation
defects. While pmklIA leads to cell separation defects,
rho2A does not show similar defects. It is possible that
in addition to Rho2, other GTPases may also be
involved in Pmk1 activation.

Rho5 is not an essential gene, as its activity is redun-
dant with Rhol. Indeed, overexpression of rho5 can
complement cells with impaired Rhol activity [39].
The view that Rho5 is not particularly effective, and
that it functions primarily during meiosis and sporula-
tion, explains why rho5A cells do not exhibit the polar-
ity defects of cells lacking rhol [39]. Similar to the
overexpression of rhol or rho2, cells overexpressing
rho5 also exhibit morphological defects and have an
elevated septation index [39]. Rho5 localizes to the
poles during interphase and to the division site
during M-phase [39]. While it has not been tested, it



is possible that Rho5 contributes to septum formation
or ring stability in a manner similar to Rhol. A recent
report identifies the GEF Gef2 as an in vitro binding
partner of Rhol, Rho4, and Rho5 [92]. Gef2, and its
adaptor protein, Nodl, contribute to the positioning of
the division site, and confer stability to the actomyosin
ring [92]. It is tempting to speculate that Rhol or
Rho5-mediated glucan synthase activity is required to
position or stabilize the actomyosin ring. While Rhol
and Rho5 have a positive role in cytokinesis, it is
unclear why overexpression of these proteins lead to
an increased septation index. It is possible that exces-
sive Rhol/5 activation leads to uncontrolled septum
synthesis that may interfere with the septum digestion
process. Alternately, it is possible that increasing Rhol
and Rho5 impairs proper activation of other small
GTPases involved in cytokinesis, such as Rho3 and
Rho4. This may lead to defects in cell separation that
would result in a high septation index.

Rho3 and Rho4

Aside from Rhol, the roles of Rho3 and Rho4 are the
best characterized among this family of GTPases.
Together, Rho3 and Rho4 enable cell separation
through the delivery and secretion of the cell wall
glucanases, Agnl and Engl [38,41,93,94]. rho3A rho4A
double mutants fail to separate and grow in
a multiseptated state [94]. The observation that rho3A
mutants phenocopy the cytokinetic defects of exocyst
mutants, and that rho3 overexpression complements
cell separation and thermosensitivity defects of sec8-1
and ex070A mutants, respectively, suggests that Rho3
most likely functions by promoting exocyst activity
[41]. To date, no Rho3 GEFs have been identified.
Although Gef3 binds Rho3, it does not function as
a Rho3 GEF, but likely stabilizes or recruits Rho3 at
the ring/membrane interphase [95]. While gef3A cells
exhibit delayed cell separation, gef3A combined with
for3A or exocyst mutants exhibit the severe phenotypes
of rho3A mutants, suggesting that Gef3 plays an impor-
tant role in the Rho3-mediated vesicle trafficking and
tethering events that are required for cell separation
[95]. While Rho3 likely enables fusion of vesicles con-
taining cell wall hydrolases to the rim of the septum/
membrane barrier in an exocyst-dependent manner,
this hypothesis has not been fully tested.

Unlike rho3 overexpression, rho4 is not sufficient to
suppress the cell separation defects of exocyst mutants
[94]. However, agnl or engl overexpression suppresses
the multi-septation phenotype exhibited by rho4A
mutants [94]. Moreover, Agnl and Engl fail to localize
to the septum at elevated temperatures in rho4A
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mutants, and their secretion is impaired [93,94].
While Rho4 is dependent on the exocyst for its locali-
zation, the exocyst and the septins require Rho4 to
localize to the division site [94]. Together, this suggests
that Rho4 positions the septin ring and exocyst com-
plex to enable the Rho3-mediated secretion of Agnl
and Engl that facilitates cell separation. Rho4 may also
regulate septum formation, as rho4A cells exhibit exces-
sive secondary septum [38]. Rho4 has but one bonafide
GEF, Gef3, which activates Rho4 at the septin ring [96].
Deletion of gef3 results in the mislocalization of Agnl
and Engl, and results in delayed cell abscission [92].
An additional GEF, Gef2, also interacts with Rho4.
Gef2, binds Rhol, Rho4, and Rho5, although its GEF
activity toward these GTPases have yet to be demon-
strated [92]. Gef2 promotes Rho4 localization to the
division site, although the mechanism has not been
elucidated [92]. Gef2 localizes to cortical nodes and
aids in the positioning of the contractile ring, for
which its GEF activity is required [92]. It is tempting
to speculate that Rhol or Rho5 may play a role in this
process, since the Rhol orthologue RhoA mediates the
placement and assembly of the actomyosin ring in
higher eukaryotes [97].

Concluding remarks

Just as there are multiple steps in cytokinesis that must
occur in a precise order, there are multiple Rho
GTPases to regulate each step of this process. Cdc42
controls several events during cytokinesis, beginning
with the timing of constriction onset through the loca-
lization of Bgsl [24]. Through the regulation of endo-
cytic patch dynamics, Cdc42 regulates Cdcl5
distribution along the actomyosin to ensure centripetal
septum formation [60]. Cdc42, along with Rhol and
Rho4, also regulates septum morphology to ensure that
the cell is competent for cell separation [96]. Cdc42 and
Rho4 regulate the membrane trafficking and remodel-
ing events necessary for cell separation [96]. Rhol is the
primary regulator of septum formation, although Rho2
and Rho5 may contribute to this process [39,40,86].
Rhol also reinforces SIN activity during cytokinesis
[75,76]. Finally, Rho3 and Rho4 regulate the delivery
and secretion of the glucanases that promote cell
separation [38,41,93,94]. Given the overlap of Rho
GTPase activity in many of these processes, it is possi-
ble that crosstalk between these GTPases coordinates
their activity, or prevents the premature activity of
another.

Although Rho GTPase crosstalk has been well docu-
mented in other organisms, little is known about this
process in fission yeast [98]. The clearest example of
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crosstalk between Rho GTPases involves RhoA and
Cdc42, which are mutually antagonistic in Xenopus
oocytes during wound healing [46]. However, this
type of relationship has not yet been described in
S. pombe. Cdc42 and Rho4 activity may be coordinated
during the process of septum formation. rho4A mutants
exhibit septum defects consisting of excessive second-
ary septum, similar to those of scdlA cells [24,38].
Furthermore, rho4A exhibits a strong genetic interac-
tion with the Cdc42 GEF, Gefl, in which gefIA rho4A
and geflA gef3A double mutant populations exhibit an
elevated septation index and a high fraction of multi-
septated cells [96]. Gef3/Rho3 and Cdc42 may also play
complementary roles in the regulation of the mem-
brane trafficking and remodeling steps during late cyto-
kinesis [95]. These two GTPase signaling pathways
likely converge at the For3/Pobl complex, which is
essential for cell separation [99-101]. Pobl is
a downstream effector of Cdc42 and is required for
actin organization and membrane trafficking [99-
101]. pobl-664 mutants show secretory vesicle accumu-
lation and exhibit actin cable defects, but can be com-
plemented by overexpression of rho3 [101]. Rho3 also
appears to antagonize Rhol, as deletion of gef3 sup-
presses cell integrity defects of rgf3 switch off mutants
[95]. Crosstalk may also exist between Rho3 and Rho4
at multiple levels. First, Rho4 positions the septin ring
and the exocyst at the division site, which is required
for the subsequent localization of Rho3 [41,94]. Second,
Rho4 is activated at the division site by the Rho3 GEF
Gef3 [96]. It is likely that this then facilitates Rho3
localization through Gef3.

In budding yeast, the polo kinase Cdc5 recruits the
Rhol GEFs Tusl and Rom?2 to the bud neck, which in
turn enables Rhol activation to initiate ring assembly
[102]. The fission yeast orthologue of polo kinase,
Plol, initiates SIN signaling to control the timing of
cytokinesis [7,81]. To what extent the SIN leads to the
activation of the Rho GTPases during cytokinesis in
S. pombe is unclear. An interesting feedback loop
exists between the SIN and Rhol. The SIN protein
Etdl activates Rhol, which in turn enhances SIN
activity [76]. SIN signaling likely coordinates with
cell separation as well as with septum formation.
Cells mutated in the terminal SIN kinase, Sid2, lyse
after multiple rounds of mitosis uninterrupted by
cytokinesis. Lysis of sid2-250 cells is suppressed by
the deletion of either rho4 or gef2, suggesting that
SIN signaling and cell separation may be integrated
by the GEF Gef2 [92].

By requiring a sequential step of events involving
multiple GTPases, the cell provides a mechanism to
ensure that multiple waves/sequences of proteins are

delivered to a precise location at a specific time. Since
cytokinetic events are precisely timed, such a manner of
regulation would function as an internal clock or
checkpoint to ensure the fidelity of cell separation.
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