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PERSPECTIVE

Stepping into the ring: the SIN takes
on contractile ring assembly
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The septation initiation network (SIN) regulates the tim-
ing of septum formation in Schizosaccharomyces
pombe. However, whether and how the SIN functions in
contractile ring formation has remained unclear. In this
issue of Genes & Development, Hachet and Simanis (pp.
3205-3216) demonstrate that the SIN acts downstream
from the Plo1 kinase to control a final step in contractile
ring assembly. Furthermore, their careful analysis of
contractile ring formation may help bridge two existing
models of cytokinetic ring formation.

Cell division involves major rearrangements of the cell
membrane and cytoskeleton that must be closely coor-
dinated with other cell cycle events. Despite significant
advances, several major questions remain regarding how
cells build their division machinery and how division is
regulated to occur only after DNA has been packaged
safely for the two daughter cells.

Schizosaccharomyces pombe provides many advan-
tages as a model organism to address major questions in
the cytokinesis field. In addition to being genetically and
biochemically tractable, S. pombe cells divide symmetri-
cally through the formation and constriction of an acto-
myosin-based contractile ring (Marks and Hyams 1985;
May et al. 1997). Genetic screens allowed identification
of many genes whose products are required for cytoki-
nesis (for reviews, see Balasubramanian et al. 2004,
Krapp et al. 2004; Wolfe and Gould 2005). These genes
encode products that have conserved roles in cytokinesis
and/or the actin cytoskeleton in metazoans, including
actin, profilin (Cdc3), formin (Cdcl2), type II myosin
(Myo2) and its light chains (Cdc4 and Rlcl), tropomyosin
(Cdc8), IQGAP (Rng2), an anillin-like protein (Mid1), and
an F-BAR protein (Cdc15). While a thorough biochemical
understanding of how these proteins interact with one
another is in its infancy, imaging of both live and fixed

[Keywords: S. pombe; cytokinesis; septation initiation network; Midlp/
anillin; contractile actomyosin ring]

3Corresponding author.

E-MAIL kathy.gould@vanderbilt.edu; FAX (615) 343-0723.

Article is online at http://www.genesdev.org/cgi/doi/10.1101/gad.1748908.

cells enabled the generation of two main models for ring
formation (Kamasaki et al. 2007; Vavylonis et al. 2008),
which might be united in light of new information from
Hachet and Simanis (2008).

Genetic experimentation also revealed a signaling
pathway required for S. pombe cytokinesis, the septation
initiation network (SIN), which is related to the mitotic
exit network (MEN) of Saccharomyces cerevisiae. Al-
though mutation of MEN components results in late mi-
totic arrest without cytokinesis, SIN mutant cells are
unable to divide but still undergo rounds of nuclear di-
vision, indicating that mitotic exit and reentry do occur
(for a more thorough comparison of the MEN and SIN,
see Bardin and Amon 2001; McCollum and Gould 2001).
Despite the cell division failure of SIN mutant cells, the
precise influence of the SIN on contractile ring forma-
tion has remained unclear. Initial recruitment of a vari-
ety of contractile ring components to the division site
has been observed in SIN mutants, suggesting on the one
hand that the SIN is not involved in contractile ring
assembly. On the other hand, precocious SIN signaling
in interphase is sufficient for contractile ring formation,
constriction, and septation, suggesting that the SIN
must be involved in some aspect of contractile ring as-
sembly.

Using live cell imaging, Hachet and Simanis (2008)
now provide evidence that there is indeed a specific role
for the SIN in contractile ring formation that involves
recruitment of the essential cytokinetic F-BAR protein,
Cdcl5, to the medial region of the cell. These observa-
tions indicate that the SIN is likely to be active earlier in
the cell cycle than previously considered. Furthermore,
Hachet and Simanis (2008) provide evidence that Midl
and the SIN function in parallel downstream from Plol
kinase during contractile ring assembly.

Nodes and asters in contractile ring formation

In S. pombe, an important step in cell division is the
central positioning of the contractile ring such that
equivalently sized daughters are formed following ab-
scission. Mid1, a protein possibly related to anillin pro-
teins, is nonessential; however, mid1A cells form mis-

3082 GENES & DEVELOPMENT 22:3082-3088 © 2008 by Cold Spring Harbor Laboratory Press ISSN 0890-9369/08; www.genesdev.org


http://genesdev.cshlp.org/
http://www.cshlpress.com

Downloaded from genesdev.cship.org on August 23, 2022 - Published by Cold Spring Harbor Laboratory Press

placed and misoriented rings (Chang et al. 1996; Sohr-
mann et al. 1996). Midl1 is predominantly nuclear during
interphase and localizes to the medial region of the cell
cortex upon mitotic entry, cued by the position of the
centrally positioned nucleus (Sohrmann et al. 1996; Pa-
oletti and Chang 2000). Mid1 binds the membrane using
an amphipathic helix to form a broad, medial band of
spots, hereafter referred to as nodes (Chang et al. 1996;
Sohrmann et al. 1996; Bahler et al. 1998; Celton-Morizur
et al. 2004; Wu et al. 2006). Midl then recruits other
contractile ring components, possibly through an inter-
action with type II myosin Myo2 (Motegi et al. 2004),
which localizes at nodes at the same time as Midl, al-
though this interaction may not be direct (Motegi et al.
2000; Wu et al. 2003).

A handful of other proteins essential for cytokinesis
localizes to the medial region during the earliest stages
of ring formation, including Myo2 and its light chains
Rlcl and Cdc4, IQGAP Rng2, PCH family member
Cdcl5, and formin Cdcl2 (Wu et al. 2003). Several of
these proteins colocalize in nodes that coalesce into
rings during metaphase and early anaphase (Wu et al.
2006). Building on this observation and a quantification
of contractile ring components (Wu and Pollard 2005), a
model was created to describe formation of the contrac-
tile ring from nodes (Fig. 1; Vavylonis et al. 2008). The
model predicts a “search, capture, pull, and release”
mechanism, in which Cdcl2 in one node nucleates
an actin filament that is captured transiently by Myo2
in a nearby node, allowing nodes to be pulled closer to
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Figure 1. Key elements of the node and aster models are dia-
grammed. F-actin filaments are shown in blue, and nodes are
shown in red. A unified model in which both models contribute
in parallel to contractile ring formation is also shown.
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one another to promote ring formation (Vavylonis et al.
2008).

The only component of the nodes known to be re-
quired for their formation is Midl (Wu et al. 2006), and
the ability of mid1A cells to survive and complete cyto-
kinesis (Chang et al. 1996; Sohrmann et al. 1996) indi-
cates that nodes are not a prerequisite for ring formation
or cell division. Despite a slower rate of ring formation in
midIA cells, rings can even become orthogonal given
adequate time and increased SIN signaling (Huang et al.
2008). Indeed, precocious SIN signaling during inter-
phase triggers ring formation and cytokinesis in the ab-
sence of Midl and nodes (Wachtler et al. 2006; Hachet
and Simanis 2008). Further, because Mid1 is also neces-
sary for recruitment of Cdc14-like phosphatase Clp1 and
Polo-like kinase Plol (and possibly other regulators) to
the contractile ring (Bahler et al. 1998; Clifford et al.
2008), it is difficult to attribute the mid1A phenotype to
node absence alone.

Imaging of F-actin in fixed cells (Arai and Mabuchi
2002) and more recent three-dimensional reconstruc-
tions of F-actin filaments in the S. pombe cytokinetic
ring by electron microscopy (Kamasaki et al. 2007)
suggest a different mechanism(s) of contractile ring
formation in S. pombe. These studies provided evidence
that F-actin is initially nucleated as a leading cable or
aster with most filaments emanating from one side of
the cell (the aster model) (Fig. 1). No meshwork of
short F-actin filaments, which would be consistent
with the node model of ring assembly, could be seen
early in ring formation in these analyses, but instead,
long F-actin filaments were observed to encircle the cell
early in ring formation, and these filaments coalesced
and became reoriented during ring maturation. A con-
sideration here, though, is whether cell fixation influ-
enced the filaments that could be detected in these
analyses.

The node and aster models differ primarily in the
origin of formin Cdcl2-nucleated F-actin in the early
ring. Cdc12 localization at one or a few spots would favor
the aster model, while the node model requires that
Cdcl2 be present and active at most nodes. Different
groups have reached different conclusions on this
point, possibly because the protein is very low abun-
dance and is challenging to detect by live cell imaging.
Imaging cells mildly overexpressing Cdcl2 or Cdcl5
has revealed the formation of a single, quite prominent,
medially placed Cdcl2 spot prior to ring formation
(Chang et al. 1997; Carnahan and Gould 2003). Endog-
enous tagging with three copies of GFP has in one study
revealed formation of a few Cdcl2-positive nodes
after release from a G2 cdc25-22 arrest (Wu et al. 2006),
although node formation was not detected in untreated
cells in another study (Yonetani et al. 2008). Yet another
study attributes the detection of Cdcl2 in nodes to the
use of latrunculin A (Huang et al. 2008). Thus, this fun-
damental issue remains to be satisfactorily resolved.
Even after it is, the mechanism of Cdcl2 activation at
spots and/or nodes will also need to be elucidated to
support nucleation of actin filaments from a few or many
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loci. Unlike many other formins, there is as yet no evi-
dence that Cdcl2 is regulated by autoinhibition that is
relieved by small GTPases (Yonetani et al. 2008).

An additional consideration in distinguishing the node
and aster models involves Myo2 motor activity. Myo2
clearly localizes to nodes prior to ring formation (Naqvi
et al. 1999; Motegi et al. 2000; Wu et al. 2003). However,
the node model hinges on Myo2 motor activity driving
node convergence, whereas formation of the contractile
ring through an aster might not require Myo2 activity
initially and might also involve additional forces pro-
vided by actin-binding and cross-linking proteins. A key
question then is when does Myo2 become active during
cell division? Myo2 gliding activity requires the activity
of Rng3 in vitro, and Rng3 has not been detected in nodes
in wild-type cells (Lord and Pollard 2004; Lord et al.
2008). While these data appear incongruent with the idea
that Myo2 drives the capture and convergence of nodes,
it remains possible that Rng3 is simply below the level of
detection at nodes in wild-type cells. It has also been
demonstrated that the motor activity of Myo2 is re-
quired for assembly of a continuous ring structure,
though ring fragments do appear in the mutant (Naqvi et
al. 1999).

SIN signaling and the early contractile ring

The appearance and organization of these contractile
ring components in the middle of the cell need to be
tightly regulated to prevent spurious ring formation. One
candidate for control of contractile ring formation is the
SIN, which is required for cell division in S. pombe. A
great deal of work has been done to characterize and
order components of the SIN (for reviews, see Balasubra-
manian et al. 2004; Krapp et al. 2004; Wolfe and Gould
2005). The SIN signal begins with a GTPase, Spgl, which
is held in check by a bipartite GAP (GTPase-activating
protein) composed of Byr4 and Cdcl6. Two scaffolding
proteins, Sid4 and Cdcl1, tether Spgl to the spindle pole
body (SPB), and Spgl activation triggers a kinase cascade
composed of Cdc7, the Sid1-Cdcl4 complex, and the
Sid2-Mob1 complex. Temperature-sensitive mutants of
positive SIN components result in multinucleate cells
due to failure of cell division despite multiple rounds of
nuclear division. While this phenotype clearly impli-
cates the SIN in cytokinesis and/or septation in S.
pombe, many contractile ring components localize me-
dially in SIN mutants, favoring a role for the SIN in
contractile ring maintenance or signaling of septum for-
mation.

Using live cell imaging, Hachet and Simanis (2008)
have examined the details of S. pombe contractile ring
formation (visualized by GFP-tagged Rlc1), with specific
interest in the impact of the SIN. In agreement with
previous studies (Motegi et al. 2004; Wu et al. 2006), they
report that ring formation can be observed in distinct
stages. First, certain CAR components can be observed
as spots or nodes. Then, nodes coalesce into a discon-
tinuous ring and, finally, the ring forms a continuous,
“homogeneous,” and compact structure during ana-
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phase. The transition to a more compact ring parallels
reorganization of actin during this stage of mitosis (Ka-
masaki et al. 2007). Hachet and Simanis (2008) report
that although ring components still localize medially in
SIN mutants, as observed previously, they form a dis-
continuous ring that fails to become properly organized
and quickly disassembles. The amount of at least one
component, Cdcl5, recruited to these discontinuous
structures is also reduced. Furthermore, if the SIN is hy-
peractivated in interphase, ring assembly proceeds
through aster-like structures in the absence of nodes.
Interestingly, however, ring contraction under this con-
dition is slower. This might be due to the initial absence
of nodes, the absence of Midl itself in these rings, the
absence of Midl-interacting proteins such as Plol and
Clpl1 during ring formation, or the absence of other regu-
latory influences specific to mitotic cells. When both
Mid1 and the SIN are absent in mitotic cells, Hachet and
Simanis (2008) find that ring components fail to localize
altogether, suggesting that the SIN mediates node-inde-
pendent contractile ring assembly. Huang et al. (2008)
reach a similar conclusion that the SIN is involved in
contractile ring organization in the absence of nodes.
That two parallel pathways of contractile ring formation
function together in S. pombe may not be surprising,
considering the evolutionary pressure to ensure proper
cell division, and it will be interesting to determine
whether similar redundancy exists in other eukaryotic
organisms.

Hachet and Simanis (2008) show that Cdcl5 medial
recruitment is severely affected in the absence of Sid2
activity. Given Cdc15’s essential function in cytokinesis
(Fankhauser et al. 1995), Cdc15 recruitment is likely to
be a major effector of SIN function in ring assembly; this
model is consistent with the observation that cells lack-
ing Midl and Cdcl5 function cannot recruit Rlclp to
incipient ring structures (Wachtler et al. 2006). One
mechanistic output of SIN signaling is Cdcl5 dephos-
phorylation that is correlated with its medial recruit-
ment during mitosis (Fankhauser et al. 1995; Hachet and
Simanis 2008). While it is clear that Cdcl5 recruitment
is less robust in the absence of SIN signaling, Cdcl5
recruitment is unlikely to be the only downstream ef-
fector of the SIN important for ring assembly, because
although Cdcl5 overexpression triggers medial F-actin
filament formation in interphase-arrested cells, it is in-
sufficient to trigger proper ring formation.

Therefore, though we now learn that the SIN acts ear-
lier in cytokinesis than frequently considered, the mo-
lecular basis for the role of the SIN in contractile ring
formation remains unknown. A major deficiency in our
understanding is the absence of identified SIN kinase
substrates. Based on genetic epitasis and biochemical
analysis, Cdc7 is the most upstream kinase in the SIN,
the only known effector of activated Spgl. While the
activity of Cdc7 remains constant during the cell cycle,
both Cdc7 localization to the SPB and Cdc7 interaction
with Spgl occur only in mitosis. Cdc7 is therefore po-
tentially active at both SPBs during metaphase and then
at only one SPB during anaphase because Spgl is inacti-


http://genesdev.cshlp.org/
http://www.cshlpress.com

Downloaded from genesdev.cship.org on August 23, 2022 - Published by Cold Spring Harbor Laboratory Press

vated at one SPB when Cdkl1 activity drops. Although
suspected targets of Cdc7 include the SIN scaffolding
protein Cdcll and Sid2-Mobl1 (based on analogy of the
relationship between MEN orthologs), these have not
been verified biochemically, and relevant Cdc7 targets
are unknown. Sidl, which acts with its cofactor Cdc14,
localizes to the SPB and has oscillating kinase activity
that peaks during anaphase in a Spgl- and Cdc7-depen-
dent manner. Again, targets of this kinase are unknown.
Finally, the Sid2-Mobl kinase complex exhibits cell
cycle-regulated kinase activity that depends on all other
positive SIN components. Sid2 localizes to the SPBs and
also appears at the contractile ring during late anaphase
and the septum during cytokinesis, positioning it to be
the SIN kinase capable of acting directly on ring compo-
nents. However, the only direct substrate of Sid2 identi-
fied is Cdcl4-like phosphatase Clpl (Chen et al. 2008).
Of note, Sid2 recruitment to the contractile ring occurs
in late mitosis, and its activity peaks well after ring for-
mation would have occurred. On the other hand, Sid2
exhibits a lower level of kinase activity during early mi-
tosis, and perhaps bimodal kinase activity of Sid2 or the
activity of Cdc7 or Sidl allows the SIN to play separate
roles in contractile ring formation, ring constriction, and
septation. Because Sid2 phosphorylates the Clpl phos-
phatase and Clp1 localizes to the contractile ring much
earlier than Sid2 and dephosphorylates substrates such
as Cdcl5 at the ring, (Chen et al. 2008; Clifford et al.
2008), Clpl is likely to be one of the direct outputs of the
SIN signal that influences contractile ring formation.

A similar lack of substrate identification limits our
understanding of how the MEN impacts cytokinesis in S.
cerevisiae, and therefore studies from S. cerevisiae have
not provided clues as to relevant targets in S. pombe.
Fundamentally, MEN signaling activates and/or directs
localization of the phosphatase Cdcl4 for mitotic exit,
but the MEN also functions in cytokinesis (for review,
see Bardin and Amon 2001). As with the SIN, MEN sig-
naling begins with a GTPase, Tem1, which is kept inac-
tive through the action of a bipartite GAP composed of
Bub2-Bfal. A guanine exchange factor (GEF), Ltel, acti-
vates Tem1 on the old SPB as it enters the bud, promot-
ing activation of downstream kinase Cdcl5 (not to be
confused with the F-BAR protein important for S. pombe
cytokinesis). Cdc15 kinase phosphorylates and activates
Sid2-like kinase DDbf2. Like Sid2, Dbf2 localizes to the
SPBs and to the division site in late mitosis. It is not yet
known whether the function of the MEN in cytokinesis
is Cdcl4-dependent, but no contractile ring substrates of
MEN kinases or Cdc14 are known.

In light of the missing connection between SIN sig-
naling and specific phosphorylation events leading to
changes at the contractile ring, it may be useful to focus
on the S. pombe ring components known to be phospho-
proteins. Midl and the F-BAR protein Cdcl5 undergo
mitotic phosphorylation and mitotic dephosphorylation,
respectively (Fankhauser et al. 1995; Sohrmann et al.
1996). As shown in the current work, hyperactivation of
the SIN induces hypophosphorylation of Cdc15, possibly
through Clp1 (Chen et al. 2008), which dephosphorylates

The SIN contractile ring assembly

Cdcl5 in vivo and in vitro (Wachtler et al. 2006; Clifford
et al. 2008). Midl phosphorylation peaks during mitosis,
positioning it to be a target of a SIN kinase (Sohrmann et
al. 1996), but Midl does not localize in ectopic inter-
phase contractile rings triggered by SIN hyperactivation,
arguing that Mid1 is not a key SIN target in ring assem-
bly. Both phosphorylation and dephosphorylation of
myosin II heavy chain have been reported to influence
Myo2 localization; however, these events have not been
linked to SIN activity (Motegi et al. 2000; Mulvihill et al.
2001). Unlike in other eukaryotic cells, myosin regula-
tory light chain phosphorylation is not required for cy-
tokinesis. Therefore, identifying SIN targets and eluci-
dating the consequence of known phosphorylation
events at the ring will be central tasks in advancing our
understanding of S. pombe cytokinesis.

Polo-like kinases as master regulators of cytokinesis

In S. pombe, a common regulator of the SIN and Mid1 is
polo-like kinase Plol. Polo-like kinases control many as-
pects of mitotic progression (for review, see Barr et al.
2004). In S. pombe, Plol plays an essential role in mito-
sis, and mutants in plol result in spindle assembly de-
fects, as well as failure of actin ring formation (Ohkura et
al. 1995). Overproduction of Plol in G2 induces contrac-
tile ring formation and septation in a SIN-dependent
manner (Tanaka et al. 2001), and SIN hyperactivation
cannot induce Plol activation or localization to the SPB
(Mulvihill et al. 1999), together indicating that Plol acts
upstream of the SIN. And, unlike SIN hyperactivation,
Plol overproduction results in Midl accumulation at
rings in most cells (Bahler et al. 1998), suggesting that
Plol activation, or activation of Plol and the SIN, en-
ables recruitment of Midl to the contractile ring.

The activation of Midl by Plol is supported by the
observations that Midl1 fails to localize to the contractile
ring in the absence of Plol and that mid1A-like, misori-
ented rings form in cells carrying a temperature-sensi-
tive allele of plo1 (Bahler et al. 1998). Overproduction of
Plol also causes a mobility shift in Midl protein, sug-
gesting that phosphorylation of Mid1 is Plol-dependent
(Bahler et al. 1998). Yeast two-hybrid analysis revealed a
direct interaction between Midl and Plol (Reynolds and
Ohkura 2003), but direct phosphorylation of Midl by
Plol has not been demonstrated. Defying a simple linear
pathway placing Midl downstream from Plol, Plol fails
to localize to the contractile ring in midI1A cells, indi-
cating a more complex functional relationship (Bahler et
al. 1998), and dissecting this relationship would advance
our understanding of Plo1 control of S. pombe cytokine-
sis.

How Plol activates the SIN is also unknown, but it is
likely to be analogous to activation of the MEN in S.
cerevisiae. The Polo-like kinase homolog in S. cerevi-
siae, Cdc5, is required for mitosis and is specifically im-
portant for mitotic exit. Cdc5 activates the GTPase
Tem1 by phosphorylating and inhibiting a component of
its GAP, Bfal (for review, see Bardin and Amon 2001). By
analogy then, S. pombe Plol is likely to activate Spgl by
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inactivating Byr4—Cdc16, and Byr4 is a known phospho-
protein (Krapp et al. 2008). In addition to its influence on
MEN signaling, Cdc5 localizes to the contractile ring,
like Plol, to promote cytokinesis. At the ring, Cdc5
binds several regulators of Rho GTPases through its
polo-box domain, including RhoGEF Tusl, which is an
important Cdc5 target in cell division (Yoshida et al.
2006). Rhol functions in cytokinesis in S. cerevisiae and
binds to formin Bnil, suggesting that Rhol may, like
RhoA in mammalian cells, activate actin nucleation im-
portant for cytokinetic ring formation.

In S. pombe, the role of Rho GTPases in contractile
ring assembly or function is poorly understood. Rho
GTPases are essential for cell wall synthesis and septa-
tion in S. pombe, and therefore it has been difficult to
dissect any defects in the early steps of cell division.
However, one GEF for the Rho family, Rgf3, localizes to
the contractile ring early in mitosis (Wolfe and Gould
2005), suggesting that Rho GTPases in S. pombe may
also function in ring assembly. Advancement in our un-
derstanding in this area will require identification of Rho
GTPase effectors and dissection of Rho GTPase redun-
dancy.

In mammalian cells, as in yeast, Polo-like kinases are
master regulators of the cell cycle, and Plkl inhibitors
block cytokinesis in human cells (for review, see Randall
et al. 2007). The best-characterized role of Plkl during
cytokinesis in mammalian cells is its requirement for
positioning of RhoA (for review, see Piekny et al. 2005).
Plk1 specifically promotes recruitment of Ect2, a GEF
required for RhoA localization and activity during cyto-
kinesis, though the specific target of Plkl in this process
is not known. RhoA promotes two main facets of con-
tractile ring formation: (1) actin nucleation through re-
lief of formin autoinhibition, and (2] activation of type II
myosin through phosphorylation of myosin light chain
by Rho kinase (ROCK).

Toward a unified model of contractile ring formation

With each advance in genetic analysis, biochemical
analysis, protein epitope tagging, and live cell imaging,
we learned more about the process of cytokinesis using
S. pombe as a model organism. Though fundamental is-
sues are unresolved, it is tempting to speculate that the
node and aster models of contractile ring formation
could be combined in light of the current results and
those of earlier studies that demonstrated that F-actin
and myosin II can be independently recruited into medi-
ally placed discontinuous filamentous structures (Naqvi
et al. 1999; Motegi et al. 2000). An integrated model
similar to that described in the current work would pos-
tulate that nodes containing certain contractile ring
components would coalesce not by a meshwork of F-
actin filaments between nodes, but by attaching to F-
actin filaments nucleated from a smaller number of as-
ters (Fig. 1). As nodes converge into a discontinuous ring
through the action of actin-binding proteins (which may
or may not include Myo2), nucleation of F-actin from
Cdcl12 might become more uniform, creating the ran-
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domized orientation pattern of F-actin seen by electron
microscopy and accounting for the increase in homoge-
neity observed in the current analysis. Additionally, ac-
tivation of Myo2 motor activity during later stages of
ring formation could reorganize filaments to create a
more homogenous and stable ring. In the absence of
Midl-organized nodes, F-actin asters form and are slowly
organized into functional, yet misoriented, rings (Huang
et al. 2008). A node-independent mechanism, as demon-
strated by Hachet and Simanis (2008), can be driven by
the SIN, but would normally act in parallel with Midl in
wild-type cells to conduct the final step in contractile
ring formation.

While great strides have been made in our understand-
ing of S. pombe cytokinesis, it remains to be determined
whether metazoan cells utilize similar mechanisms to
achieve cell division. While the activation of the MEN
and SIN pathways by Plol1/Cdc5 in yeast is well charac-
terized, the function or even existence of such pathways
in metazoans remains uncertain. Less information is
available about the functions of MEN/SIN kinase ho-
mologs in metazoans (for reviews, see Balasubramanian
et al. 2004; Krapp et al. 2004; Wolfe and Gould 2005),
although the few described homologs play conserved
roles in mitotic exit. An ortholog of the Tem1 and Spgl
GTPases has not been identified, though GAPCenA in
higher eukaryotes is homologous to the Bub2 and Cdc16
GAP components. Screens for cytokinesis regulators in
Drosophila and mammalian cells did not identify roles
for MEN/SIN homologs, but this may be due to redun-
dancy of components. Because the current study sug-
gests a modular control of cytokinesis in S. pombe, in
which SIN-dependent and Mid1l-dependent mechanisms
act in parallel, it may also be that SIN elements in meta-
zoans exist but may act in discrete modules and not as an
integrated pathway. Because Polo homologs appear to
control cytokinesis in both yeast and metazoans, it may
be useful to focus on these kinases as the hub of all
downstream cytokinesis regulators, including SIN-like
elements, Rho GTPases, and contractile ring compo-
nents themselves. S. pombe offers the opportunity to
dissect in detail the entire cytokinetic pathway down-
stream from Plol. In addition to clarifying the regulation
of the SIN and Midl by Plol, it will be important to
identify the regulator(s) of formin Cdc12, as well as other
factors important in formation and remodeling of the
contractile ring, which may include ubiquitin ligases
like the SCF/Pof6 complex (Hermand et al. 2003), as well
as actin cross-linking and depolymerizing factors (Na-
kano et al. 2001; Wu et al. 2001; Ono et al. 2003; Nakano
and Mabuchi 2006; Mukhina et al. 2007). The regulation
of these factors and their place in contractile ring forma-
tion, maintenance, and constriction will be of great in-
terest in future studies.

In conclusion, Hachet and Simanis (2008) have rede-
fined a role of the SIN in contractile ring formation in S.
pombe. In this work, they demonstrated that Midl and
the SIN cooperate in ring assembly, and their data, along
with previous evidence, indicate that Plol orchestrates
both pathways. Importantly, by dissecting the steps in
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this process, the investigators’ data support a unified
model of contractile ring formation that combines ele-
ments of two existing models. The molecular mecha-
nisms that underlie each step in ring formation remain
to be elucidated, but will be forthcoming as the mecha-
nistic details of ring component interactions are re-
vealed. Though the specific molecular mechanisms by
which Plol and the SIN control the contractile ring are
unknown, F-BAR protein Cdcl5 is a candidate, and the
phosphoregulation of this and other ring components
will certainly be a future focus.
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