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REVIEW / SYNTHÈSE

Wound-induced contractile ring: a model for
cytokinesis1

Hassina Darenfed and Craig A. Mandato

Abstract: The actomyosin-based contractile ring is required for several biological processes, such as wound healing
and cytokinesis of animal cells. Despite progress in defining the roles of this structure in both wound closure and cell
division, we still do not fully understand how an actomyosin ring is spatially and temporally assembled, nor do we
understand the molecular mechanism of its contraction. Recent results have demonstrated that microtubule-dependent
local assembly of F-actin and myosin-II is present in wound closure and is similar to that in cytokinesis in animal
cells. Furthermore, signalling factors such as small Rho GTPases have been shown to be involved in the regulation of
actin dynamics during both processes. In this review we address recent findings in an attempt to better understand the
dynamics of actomyosin contractile rings during wound healing as compared with the final step of animal cell division.
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Résumé : L’anneau contractile à base d’actomyosine est impliqué dans plusieurs processus biologiques dont la cicatrisation
et la cytocinèse chez les cellules animales. Malgré les progrès accomplis dans la définition du rôle de ces structures
dans la fermeture des lésions et la division cellulaire, nous ne comprenons toujours pas complètement comment
l’anneau d’actomyosine est assemblé spatialement et temporellement, pas plus que nous ne comprenons les mécanismes
moléculaires de sa contraction. Des résultats récents ont démontré que l’assemblage local de F-actine et de myosine de
type II dépendant du microtubule est présent lors de la fermeture des lésions et est similaire à la cytocinèse des cellules
animales. Qui plus est, les facteurs de signalisation comme des petites GTPases de la famille Rho se sont révélées
impliquées dans la régulation de la dynamique de l’actine durant les deux processus. Dans cette revue, nous abordons
de récentes découvertes afin de mieux comprendre la dynamique des anneaux contractiles d’actomyosine durant la
cicatrisation comparativement à la dernière étape de la division cellulaire.

Mots clés : anneau d’actomyosine, microtubule, cytocinèse, cicatrisation.
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The actomyosin contractile ring

The actin cytoskeleton together with associated proteins is
characterized by an organizational flexibility that is exemplified
in the generation of cell polarity, an essential feature for cell
motility (Higgs and Pollard 2001; Pollard and Borisy 2003;
Schmidt and Hall 1998), phagocytosis (May and Machesky
2001), cell division (Scholey et al. 2003; Pelham and Chang
2002), and wound healing (Martin and Lewis 1992; Bement
et al. 1993). One aspect of actin remodelling is represented
by the transient changes in cell morphology. Some of the

most spectacular modulations of cell shape are observed in
nerve elongation during development (Hely and Willshaw
1998), the formation of membrane protrusions during cell
locomotion (Nobes and Hall 1995; Zicha et al. 2003; Rogers
et al. 2004), and the constriction of the actin-rich “purse
string” during wound healing (Martin and Lewis 1992;
Bement et al. 1993) and cytokinesis (Scholey et al. 2003).

The physical division of a cell into 2 separate nucleated
daughter cells is in part owing to the constriction of the
contractile ring, the result of force generated by actin and
myosin at the equatorial cell cortex. As the ring continues to
contract, the increase in the cell’s surface area is modulated
by the influx of phospholipids to the cell membrane through
vesicular transport (Lecuit and Wieschaus 2000). These highly
controlled cellular activities represent a remarkable example
of the strength and plasticity of the cytoskeleton and reflect,
in particular, a prominent role of actin cytoskeleton rear-
rangements in the regulation of fundamental cellular activities
during biological and pathological processes.

It has been illustrated that wound closure in a single cell
(Mandato and Bement 2001; 2003) and in embryonic tissue
(Brock et al. 1996; Kiehart et al. 2000; Wood et al. 2002) is
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driven by the presence of an actomyosin contractile ring.
Recent studies have shown that disruption of a single cell
induces the assembly of an actomyosin ring, a structure that
contracts to close the wound by a contractile ring mechanism
(Bement et al. 1999; Mandato and Bement 2001). Actomyosin
ring assembly is also important in a variety of biological
processes, including tissue movement during dorsal closure
in Drosophila (Nosseli 1998; Jacinto et al. 2002) and the final
step of cell division, in which a contractile actin ring plays a
critical role in separating the cytoplasm of the dividing cell
(Field et al. 1999; Noguchi et al. 2001). Furthermore, a com-
plex network of forces and tension has been shown to con-
tribute to both wound healing and dorsal closure in living
Drosophila embryos, a natural process of epithelial closure
that resembles in many aspects the wound-induced tissue repair
(Kiehart et al. 2000; Hutson et al. 2003). From these findings,
it seems that although an actomyosin ring provides the
mechanical constituent for this process, various inputs, from
inside and outside the cell environment, are needed to regulate
tissue repair. A more complex mechanism, by which a co-
ordinated closure of tissue is achieved during the develop-
mental process, may contribute to other induced responses
such as wound healing.

It is becoming evident that identifying factors that influence
and regulate wound healing might be of critical importance,
not only for the development of new treatments for clinical
conditions in which wound repair is involved but also for
greater comprehension of the molecular and cellular basis of
processes such as cytokinesis, cancer metastases, and embry-
onic tissue formation. Furthermore, an important step to the
understanding of complex biological processes is the use of
simple model systems in which diverse experimental approaches
can be utilised in order to analyse different cellular and
molecular mechanisms. The oocyte wound healing model
bears striking similarities to current models of cytokinesis
(Mandato et al. 2000) and cell locomotion (Rodriguez et al.
2003). It also provides strong support for the notion that
many cell motility events can be underlain by conserved
cytoplasmic activities. This review outlines recent advances
in understanding the mechanisms that govern the formation
of the actomyosin contractile ring during wound healing and
cytokinesis, focusing in particular on the role of the actomyosin
arrays in ring closure.

Actomyosin ring: a biological machine
adapted to different functions

The generation of an actomyosin contractile ring is required
for various biological processes. Its functional involvement
has been demonstrated in wound closure (Bement et al. 1993,
1999; Mandato and Bement 2001; Florian et al. 2002), cell
division (Field et al. 1999; Noguchi et al. 2001), epithelial
movement during morphogenesis (Magie et al. 1999; Harden

et al. 1999; Bloor and Kiehart 2002; Jacinto et al. 2002;
Padash Barmchi et al. 2005), endocytosis (Araki et al.
2002; Sokac et al. 2003), and extrusion of apoptotic cells
from epithelial cells (Rosenblatt et al. 2001).

Upon wounding of the membrane, Xenopus oocytes assemble
a ring-like array of actin filaments (F-actin) and myosin-II
around the wound, which is encircled by radially organized
microtubules (Fig. 1; Mandato and Bement 2003). Four-
dimensional imaging with a combination of fluorescent
probes and specific manipulations of the cytoskeleton has
shown that this array is generated both by assembly of F-actin
and myosin-II in specialized zones at the wound border as
well as by myosin-driven contraction of stable F-actin at the
wound edge (Mandato and Bement 2001). Microtubules are
located at the wound border as a result of their association
with moving F-actin and are also assembled at the wound
border independently of the actin cytoskeleton (Mandato and
Bement 2003). Just as the recruitment of microtubules to the
wound edge is in part due to actomyosin-based motility, the
microtubules, in turn, control the local assembly of actin and
myosin-II. The process of cortical flow is thought to create a
positive feedback loop, as incoming actin increases contrac-
tility, thus increasing cortical flow. Many of the processes
observed during oocyte wound healing are consistent with
the proposed models of cytokinesis, in which myosin-II
accumulates in the cleavage furrow, where it assembles with
F-actin into a contractile ring and provides the force for con-
stricting the equator of the cell.

Furthermore, it has been shown that the ring contraction
(during Xenopus wound healing) can be the result of forces
generated by the dynamic assembly of F-actin (Mandato and
Bement 2001; Henson et al. 2002; Pelham and Chang 2002;
Sokac et al. 2003). Studies of dorsal closure in Drosophila
and other similar tissue movements in different organisms
have revealed that morphogenetic rearrangements of tissues
during development are based on similar changes in cyto-
skeleton organization. In particular, the assembly and con-
traction of actomyosin rings have been shown to play a
critical role in various morphogenetic events (Simske and
Hardin 2001; Jacinto et al. 2000, 2002; Harden et al. 2002;
Lee and Goldstein 2003). Experimental evidence has shown
that contraction of the ingressing cells during Caenorhabditis
elegans gastrulation is necessary for positioning of blastomeres
in developing embryos. This ingression is believed to be
powered by the actomyosin-based contraction of the apical
side of ingressing cells (Lee and Goldstein 2003). Addi-
tionally, morphogenetic events regulating changes in cell
shape of C. Elegans embryo, such as elongation, are also
modulated by the action of actomyosin structures (Simske
and Hardin 2001). In Drosophila embryos, the contraction of
an actomyosin ring and the amnioserosa contributes to the
fusion of epithelial layers during dorsal closure (Jacinto et
al. 2000).

Fig. 1. Actomyosin contractile ring assembly during wound healing and cytokinesis. Schematic diagram indicating known and potential
molecular regulators of actomyosin contractile ring assembly at the wound border in Xenopus oocyte (A) and during cytokinesis (B). A
model for microtubule-dependent organization of signalling factors around the wound borders and at the cell cortex, where they control
the initiation of actomyosin ring assembly during wound healing (A) and cytokinesis (B). This regulation is thought to be mediated
through the generation of active Rho GTPases. Following wounding or at the onset of cytokinesis, Rho GTPase activity initiates the
assembly of the actomyosin contractile arrays through the activation of effector molecules. The wound in A was made in a Xenopus
oocyte visualized by confocal microscopy showing the actin ring (red) and microtubules (green). Bar = 5 µm.
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The process of animal cell cytokinesis is largely mediated
by the contractile ring, which begins to form in late anaphase
through a reorganization of actin and myosin in the cell cortex.
According to this model (Rappaport 1969), astral microtubules
emanating from centrosomes provide a cleavage stimulus. It
is hypothesized that proteins transported along microtubules
from both poles would accumulate in the equator and result
in assembly of the contractile ring and subsequent furrowing.
Hence, the implication of the contractile actomyosin ring is
required for completion of cytokinesis in animal cells
(Rappaport 1969; Robinson and Spudich 2000; Glotzer
2001). This dynamic structure assembles at the cell cortex
and constricts to ensure that there is equal partitioning of the
cytoplasmic organelles. The major result of this highly co-
ordinated process is the separation of the 2 daughter cells at
the end of the cell cycle. This is made possible by the
ingression of the cleavage furrow composed of actin,
myosin-II, and other proteins that link the contractile ring
to the cell membrane and regulate its action. While it has
been demonstrated that the essential force for the actomyo-
sin ring contraction is generated by myosin-II motor activity
(Karess et al. 1991; Bezanilla et al. 1997; Naqvi et al. 2000),
recent studies suggest that accumulation and maintenance
of myosin-II heavy chain to the cleavage furrow is independ-
ent of actin filaments (Naqvi et al. 1999; Motegi et al. 2000).

Despite the identification of a number of proteins regulating
the assembly of the cytokinetic ring (Shannon and Li 1999;
Somma et al. 2002; Somers and Saint 2003; D’Avino et al.
2004), the molecular mechanisms by which microtubules
could influence furrow formation and the contractile ring
assembly remain unclear. Among unanswered questions are
how this machinery is assembled and disassembled, and how
specific proteins cooperate to regulate its action in a precise
way during cytokinesis. It is not unrealistic to consider that
the constriction of the cytokinetic ring, the closure of induced
wounds, and the zipping of epithelial layers during morpho-
genic development share the mechanical basis associated
with cytoskeleton morphological changes (Bement et al. 1999;
Wood et al. 2002; Mandato and Bement 2003; Martin and
Parkhurst 2004). Therefore, it is plausible to envision simi-
larities between the molecular regulators modulating the as-
sembly and function of the actomyosin ring structure during
animal cell cytokinesis and those involved in the repair of
inducible cell wound.

In spite of the recent progress in the field of cytokinesis,
we still do not understand precisely how the contractile ring
is spatially and temporally initiated in a dividing cell, and
what the molecular pathways are that regulate its mechanistic
constriction. The answers to these questions may help to
advance our understanding of the complex process of creat-
ing 2 new cells. The use of model systems would allow the
molecular dissection and analysis of this highly rapid
phenomenon through a direct cell manipulation, since bio-
chemical approaches have proved to be less satisfying for
the molecular characterization of cytokinesis. In addition, it
will be interesting to define how potential interactions
between the actomyosin ring and other cytoskeletal compo-
nents modulate its assembly and function.

Recent studies have raised questions about the role of
microtubules during actomyosin ring assembly. In fact, the
results indicate dynamic interactions between microtubules

and actin filaments in the Xenopus oocytes model and in cul-
tured cells, and suggest a microtubule-dependent regulation
of actomyosin cortical flow (Mandato and Bement 2003;
Wheatley et al. 1998; Canman and Bement 1997; Canman et
al. 2003). On the other hand, previous data have suggested
that while microtubules are only required for furrow initiation
in Dictyostelium (Neujahr et al. 1998), they play a critical
role during contraction and completion of the cleavage furrow
in C. elegans embryo (Raich et al. 1998). In earlier work, it
has been shown that cytokinesis involves not only contraction
and cortical assembly but also relaxation or disassembly of
the equatorial cortex (Schroeder 1972). The disassembly of
actin filaments appears to be an essential step, since cleavage
is inhibited by the mutation of cofilin (Gunsalus et al. 1995),
a protein mediating actin depolymerization and fragmentation.
Moreover, a subset of actin filaments is found to associate
end-on with the membrane. This subset is particularly rele-
vant, since forces exerted on these filaments would lead
directly to the ingression of the membrane. Upon cytochalasin
treatment, cortical actin filaments recoil in random direc-
tions throughout the cortex, suggesting that the entire cortex
is loaded with forces (Wang et al. 1994). Data supporting
this notion suggest that global balance of contractile forces,
cortical stiffness, and structural integrity constitute an
important factor during cytokinesis. Presumably, myosin-II
is involved in both the generation of forces along the equator
and in the cortical disassembly process essential for ingression
(Guha et al. 2005).

It has been established that the “purse-string” mechanism
is the conserved method by which cells, ranging from yeast
and slime molds to animal cells, divide (Fishkind and Wang
1995; Glotzer 1997). Nonetheless, studies of cytokinesis in
the mold Dictyostelium discoideum have revealed that, in
addition to using the purse string mechanism model, cells
are able to divide using a novel mechanism referred to as
adhesion-dependent cytokinesis (Kanada et al. 2005). This
mechanism does not depend on myosin-II and is induced
when Dictyostelium cells are cultured on substrates (Neujahr
et al. 1997). It is still uncertain whether such a mechanism is
used by animal cells and under what conditions. However,
experimental data suggest that additional mechanisms might
be used to induce equatorial furrowing in animal cells
(O’Connell et al. 1999; Zurek et al. 1990; Somma et al.
2002; Kanada et al. 2005). This is supported by the observa-
tions that injection of C3 transferase into adherent mitotic
cells induced ectopic furrows without accumulation of
myosin-II, whereas the furrow was not induced in non-
adherent cells (O’Connell et al. 1999). Moreover, experi-
mental data indicate that adherent normal rat kidney (NRK)
and HT1080 cells treated with blebbistatin, a myosin II
inhibitor, formed equatorial furrowing (Kanada et al. 2005).
Microinjection of antibodies directed against myosin-II into
epitheloid kidney cells delayed cytokinesis (Zurek et al. 1990),
whereas RNAi inhibition of myosin-II regulatory light-chain
expression only partially inhibited cytokinesis in Drosophila
S2 cells (Somma et al. 2002). In addition, the application of
cytochalasin D, which inhibits F-actin polymerization, to the
equatorial region of NRK cells accelerated cleavage furrow;
however, application to the polar regions completely inhibited
cleavage formation (O’Connell et al. 2001).

These observations suggest that cytokinesis in animal cells
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can be completed in the absence of myosin-II - dependent
contractile activity in the equatorial region. It also points to
the role of cell adhesion in the absence of myosin-II as an
alternative mechanism used by dividing cells. By contrast,
the role of myosin-II - dependent constriction of the contrac-
tile ring has been shown in cultured Xenopus tissue cells and
HeLa cells treated with blebbistatin (Straight et al. 2003).
Nevertheless, the possibility that other aspects of myosin-II
function during cytokinesis might be altered, causing inhibition
of furrow constriction in these cells, cannot be excluded.
Thus, these findings point to the complexity of the interde-
pendent network of regulatory pathways leading to cytokinesis.

On the other hand, is important to consider and evaluate
different model organisms in order to better understand the
nature of the crosstalk between cytoskeleton components and
the actomyosin ring that regulates the process of cytokinesis.
From our results we have identified similarities in the
dynamic interactions between microtubules and actin cables
during single-cell wound closure and cytokinesis (Mandato
and Bement 2003). To overcome the difficulties associated
with cultured cell cytokinesis experiments, we have used the
Xenopus oocyte wound system, which offers a powerful model
to further characterize the interactions between microtubules
and F-actin in order to understand the mechanism of acto-
myosin ring assembly.

Actomyosin ring in single-cell wound
closure and cytokinesis: a dynamic process
with multiple players

Actomyosin contractile arrays: assembly and dynamics
during wound healing and cytokinesis

It has been well documented that the disruption of cell
membrane induces a repair response in animal cells. This
natural process is characterized by rapid calcium-dependent
membrane fusion events resulting in the generation of an
internal membrane linked to the plasma membrane, which
seals the site of injury (Terasaki et al. 1997; McNeil et al.
2000). A number of recent results suggest that in addition to
the resealing of damaged plasma membrane following dis-
ruption, a more complex network of different cytoskeletal
proteins and organelles is involved in the restoration of a
functional cortex in different cell types.

For example, laser-induced wounds in Xenopus oocytes
trigger actin polymerization and actin contraction around the
damage site (Mandato and Bement 2001, 2003). The de
novo synthesized actin and myosin II zones bordering the
wound site are assembled into an actomyosin ring that con-
tracts by a contractile mechanism to close the wound. It has
been demonstrated that the actomyosin ring assembled around
the wound border is calcium dependent and results from the
cooperation of 2 distinct pathways that lead to the genera-
tion of a flexible but mechanically robust structure (Mandato
and Bement 2001). Local actin polymerization around the
wound margins and cortical flow of stable F-actin to the ring
are responsible for the assembly and maintenance of actin
accumulation and the stability of the contractile unit ring. In
contrast, accumulation of myosin-II at the site of contraction
has been shown to be independent of cortical flow and con-
tractility, although these 2 activities are essential for myosin
II to form a functional continuous ring that will close the

wound. Interestingly, a positive feedback loop has been sug-
gested following the observation that the depletion of cortical
F-actin surrounding the wound border promotes rapid re-
cruitment of F-actin and consequently results in more actin
depletion (Mandato et al. 2000; Mandato and Bement 2001).
This hypothesis highlights the potential contribution of
localized actin network disassembly in the organization of a
contractile actomyosin ring during oocyte wound closure, as
has beensuggested for other processes such as cytokinesis
and cell movement (Gunsalus et al. 1995; DeBiasio et al.
1996; Bretschneider et al. 2002).

In addition to actin and myosin, various other proteins
have been shown to modulate contractile ring structure and
function with respect to the healing of wounded oocytes.
The small GTPases RhoA and Cdc42 are activated around
the wound border in Xenopus oocytes, forming 2 distinct
zones (Fig. 1; Benink and Bement 2005). While RhoA activity
is required for F-actin recruitment by cortical flow, its inhi-
bition did not affect local actin assembly. However, the con-
centration of RhoA on the interior of the contractile ring
may regulate myosin-II activity, and Cdc42 activity on the
exterior of the ring regulates actin assembly and disassembly
(Bement et al. 1999; Benink and Bement 2005). On the
other hand, Cdc42 activity is essential for myosin II ring
organization, whereas the absence of RhoA inhibits its phos-
phorylation (Benink and Bement 2005). From these finding,
it is becoming more clear that contraction of the actomyosin
ring by a purse string mechanism to close the wound is only
a part of a more complex and coordinated process involving
many different cellular players.

This is also true for the actomyosin ring function during
the completion of cytokinesis. Myosin-II, which constitutes
the major motor protein for the furrow formation (Straight et
al. 2003), is localized to the contractile ring before F-actin in
Xenopus leavis (Noguchi and Mabuchi 2001), and its activa-
tion is regulated by RhoA activity. A variety of other pro-
teins, including the small GTPases and their regulators, have
also been identified as regulators of actin dynamics during
the assembly of the cytokinetic ring (Larochelle et al. 1996;
Drechsel, et al. 1997; Prokopenko et al. 1999; Tatsumoto et
al. 2003; Jantsch-Plunger et al. 2000). It seems likely that
transient accumulation and activation of Rho GTPase in the
cleavage furrow is required for induction, maintenance, and
constriction of the contractile ring during cytokinesis (Madaule
et al. 1998; Yasui et al. 1998; Di Cunto et al. 2000; Kato et
al. 2001).

There are several mechanisms by which Rho GTP could
affect the contractile ring. For example, 3 downstream targets
of Rho GTP are myosin light chain kinase (MLCK), myosin
phosphatase, and ERM family proteins (ezrin, radixin, and
moesin) (Kawano et al. 1999). Rho-associated kinase (Rho-
kinase) is activated by Rho GTP and can phosphorylate any
of these targets. The phosphorylation of MLCK and myosin
phosphatase has complementary effects: phosphorylated MLCK
activates myosin II, allowing its association with actin fila-
ments, and, conversely, phosphorylation inhibits myosin phos-
phatase, further upregulating the activation of myosin II
(Kawano et al. 1999). ERM family proteins are localized
just beneath the plasma membrane and are believed to be in-
volved in the actin filament/plasma membrane association in
the cell cortex. They may act as linkers between external
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regulators of cytokinesis and the cytoskeleton. It has been
demonstrated that activation of the external domain of the
cell surface glycoprotein CD44 causes cytoskeletal reorgani-
zation through activation of ERM proteins (Tsukita et al.
1997). Further evidence for the roles of these Rho-kinase-
regulated proteins during cytokinesis comes from the obser-
vation that all 3 components, MLCK, myosin phosphatase,
and ERM family proteins, accumulate in the cleavage furrow
during cytokinesis (Kawano et al. 1999). Hence, these factors
may link Rho activation to contractile ring formation through
phosphorylation by Rho-kinase.

The guanine nucleotide exchange factor ECT2, also known
as Pebble in Drosophila, is localized to the contractile ring,
where it activates Rho GTPase, thus promoting furrow induc-
tion (Prokopenko et al. 1999). In other model systems the
depletion of components of the centralspindlin complex,
CYK-4 (GAP) or ZEN-4, a kinesin-like protein, inhibits the
completion of cytokinesis in C. elegans and Drosophila S2
cells (Lehner et al. 1992; Powers et al. 1998; Raich et al.
1998; Jantsch-Plunger et al. 2000; Somma et al. 2002). Recent
studies have provided evidence indicating that effectors of
the Rho GTPase, such as Diaphanous formin-homology protein
(Afshar et al. 2000; Kato et al. 2001) and some members of
Rho-dependent kinases (Madaule et al. 1998; Kosako et al.
2000), are involved in the molecular pathway through which
RhoA modulates actin reorganization during cytokinesis. In
addition, proteins responsible for actin depolymerization, such
as cofilin, have also been shown to play a role in the modu-
lation of cytokinetic ring organization (Gunsalus et al. 1995;
Ono et al. 2003; Hotulainen et al. 2005).

Membrane interactions with actin cytoskeleton also play a
crucial role in actin reorganization during cytokinesis. Studies
have shown that phosphatidylinositol (PtdIns) play a role in
the regulation of contractile ring stability (Saul et al. 2004;
Wong et al. 2005). Indeed, PtdIns(4,5)P2 hydrolysis is required
for the recruitment of polymerized actin from the cell poles
to the furrow in crane fly spermatocytes and Drosophila
spermatocytes (Saul et al. 2004; Wong et al. 2005). A recent
study demonstrates the accumulation of PIP5Kb and PI(4,5)P2
at the cleavage furrow of dividing cells, where the local gen-
eration of PI(4,5)P2 is required for the proper completion of
cytokinesis (Emoto et al. 2005). It was suggested that RhoA
activates PIPK5b at the cleavage furrow where the colo-
calization of the 2 proteins was observed. This led to local
production of PI(4,5)P2 at the furrow membrane (Emoto et
al. 2005). Moreover, a membrane domain with a particular
lipid composition is formed at the cleavage furrow membrane
and may regulate the actin contractile ring rearrangement
during late cytokinesis through the binding of actin regulatory
proteins (Emoto et al. 2005). From these observations, it is
plausible to envision that some molecular regulators of acto-
myosin ring assembly might be conserved during wound
healing and cytokinesis.

Microtubule reorganization modulates the assembly and
dynamics of the actomyosin ring in cytokinesis and
single-cell wound

Coordination between microtubule and F-actin networks
has been shown to be involved in different cellular activities.
The reorganization of F-actin and myosin II at the cell equator

in several biological systems is a key event in the process of
furrow initiation and ingression. Several sources of data
indicate that microtubule structures are implicated in acto-
myosin ring formation and furrow ingression, but the precise
molecular events that regulate the assembly and contraction
of the ring during cytokinesis are not well understood. Recent
studies suggest a signal-based regulation of these interac-
tions, which are critical for the completion of cytokinesis.
This regulation is thought to be mediated by microtubules
interacting with the cell cortex to ensure that the molecular
signals essential for this aspect of cytokinesis are delivered
(Murata-Hori and Wang 2002; Bringmann and Hyman 2005;
Robinson and Spudich 2000; D’Avino et al. 2005).

The role of different microtubule structures in the modula-
tion of the cleavage furrow has been examined in several ex-
perimental systems (Powers et al. 1998; Kurz et al. 2002;
Shuster and Burgess 2002; Canman et al. 2003; Minestrini et
al. 2003; Alsop and Zhang 2003; Inoue et al. 2004; Martin et
al. 2005). These studies have led to various hypotheses of
how microtubules might modulate actomyosin ring contraction
and furrow ingression. These differences might reflect the
variations among the experimental models and approaches,
as well as the diversity in the mechanisms by which micro-
tubule dynamics may modulate furrow ingression in differ-
ent cell types (Wang 2001). In addition, several experiments
have demonstrated that there is a high level of stable micro-
tubules in the position of furrow formation in tissue culture
cells. This suggests that the stable microtubules associated
with the chromosomes are responsible for the induction of
furrowing at the cell cortex, whereas a more dynamic micro-
tubule population might inhibit furrow induction in other
cell regions (Canman et al. 2003). These studies support the
notion that changes in the dynamics of microtubule struc-
tures in different locations within the cell regulate the acto-
myosin assembly and furrow progression. As a consequence,
another theory has been proposed to integrate various data
obtained from different organisms. This new view emphasizes
the importance of the dynamics of different microtubule
structures during furrow ingression (Glotzer 2004). It has
been proposed that more stable microtubules promote acto-
myosin assembly, whereas dynamic populations of these
structures inhibit furrow ingression.

At a molecular level, a highly conserved signalling complex,
centralspindlin, is localized to the astral microtubules and
the central spindle, and has been shown to be involved in
furrow formation and ingression. Importantly, recent studies
in Drosophila embryos and mammals indicate that Pavarotti
kinesin-like protein and the GTPase-activating protein
RacGAP50C, 2 components of the centralspindlin complex,
are implicated in the recruitment of actin to the actomyosin
ring and the constriction of the ring, respectively (Minestrini
et al. 2003; D’Avino et al. 2004; Yoshizaki et al. 2004). This
has led to the hypothesis that microtubule-mediated delivery
of this complex to the cell cortex could be 1 mechanism of
furrow initiation and ingression (D’Avino et al. 2005).

Hence, although various observations have been obtained
from different systems, these experimental findings reinforce
the idea of the microtubule-mediated regulation of furrow
formation and cleavage. However, these observations raise
important unanswered questions. For example, even though
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there is increasing evidence supporting the importance of
some components of the centralspindlin complex in the
assembly of the actomyosin ring, it is still unknown how
these molecules achieve their role in a specific space and
time, and how their actions are regulated to further allow
subsequent disassembly of the ring. Therefore, understanding
how the actomyosin ring is assembled and how the ingression
of the furrow is initiated and followed by the disassembly of
the ring might help to reveal the molecular mechanisms
underlying the contribution of the microtubules in the highly
regulated step of the cell cycle.

Another aspect of the interplay among microtubules and
F-actin associated with actomyosin-based processes can be
observed during the closure of single-cell wound. In the
Xenopus oocyte wound-induced system, the actomyosin ring
organization is modulated by microtubule dynamics during
wound closure. Our results indicate that assembly of the
actomyosin ring in wounded Xenopus oocytes is associated
with the translocation of microtubules. The translocation of
microtubules toward wound edge is actin dependent and also
promotes F-actin assembly at the wound edge. It has been
shown that the translocated microtubules buckle and break
upon reaching the wound edge. Furthermore, expressed eGFP/
a-tubulin showed an active zone of assembly/disassembly
around the wound border that coincided with the zone of
actin polymerization, implicating the microtubules in actin
assembly during wound closure. Four-dimensional time lapse
confocal microscopy demonstrated that dynamic microtubules
modulate actomyosin ring stability through the coordination
of the actin assembly zone with the contractile actomyosin
ring (Mandato and Bement 2003). These observations, together
with our previous results (Mandato and Bement 2001), have
led to a model in which wounding triggers local microtubule
assembly around the wound border, which in turn promotes
local F-actin assembly.

These coordinated interactions between microtubules and
F-actin observed during wound closure in a single cell are
also features of other fundamental activities, including growth
and differentiation, cell migration, and division. This could
reflect a conserved interplay between the 2 cytoskeletal
elements, which collaborate to interpret several cellular cues
during diverse biological processes. On the basis of our
recent findings on the dynamic interplay between these 2
cytoskeletal structures during actomyosin assembly and con-
traction, we believe that the Xenopus oocyte model offers a
promising avenue to investigate these interactions at the
molecular level and to define the similarities that might exist
between the regulation of the wound-induced actomyosin
ring and the processes that drive cytokinesis.

Conclusion

Although advancement in the field of cytokinesis has been
made over the last few years, we are just starting to under-
stand some of the possible functions of the proteins involved
in the regulation of microtubule and actomyosin interactions
during furrow induction and ingression. Many approaches
used to study the role of the potential regulators of actomyosin
ring assembly have been based on genetic modifications,
such as mutant generation and the expression of dominant

negative forms of the protein, from which different results
are obtained in different organisms. It will be interesting for
future studies to apply more sensitive methods, such as time-
lapse microscopy combined with gene knockout, to examine
the rapid rearrangements of cytoskeleton structures that
accompany actomyosin ring formation and to monitor micro-
tubule reorganization during its assembly and contraction.

Understanding the interactions between microtubules and
the different molecular regulators that modulate actomyosin
ring function during cytokinesis will provide a better under-
standing of how multiple cellular components cooperate to
drive the separation of 2 cells. In our model, there are striking
similarities between actin–microtubule interactions during
oocyte wound closure and the actomyosin ring contraction
that drives cytokinesis, making this model a useful system
for studying the interactions between cytoskeleton elements
that modulate actomyosin assembly and the molecular factors
that regulate its function. Furthermore, some of the molecular
regulators of the wound-induced actomyosin have also been
involved in the dynamics of the cytokinetic ring. We believe
that the strengths of this model are as follows: first, it allows
for the direct manipulation of the cell in vivo, therefore real-
time observations of the ring assembly and closure can be
made. Second, because of the size of the model system the
process of actomyosin assembly is less rapid compared with
the cytokinetic ring, and this also constitutes an advantage
for assessing the spatial and temporal distribution of the
molecular regulators of the process. There are evident differ-
ences between the single-cell wound closure and the cyto-
kinetic apparatus. Nevertheless, similarities in the early steps
of the actomyosin ring assembly suggest that the single-cell
wound model might open new avenues to future studies on
how microtubules and F-actin interact to coordinate actomyosin
ring assembly and dynamics during cytokinesis, and how
their interactions may be operating in other actomyosin
contractile-based structures.
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