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Cytokinetic astralogy
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Division plane specification in animal cells has long been
presumed to involve direct contact between microtubules
of the anaphase mitotic spindle and the cell cortex. In
this issue, von Dassow et al. (von Dassow et al. 2009.
J. Cell. Biol. doi:10.1083/jcb.200907090) challenge
this assumption by showing that spindle microtubules can
effectively position the division plane at a distance from
the cell cortex.

Cell division, or cytokinesis, is accomplished via constriction of
an equatorially localized contractile ring composed of filamen-
tous actin and myosin II (Rappaport, 1996). Accurate division
plane specification is essential to properly partition the cyto-
plasm and permit each daughter cell to receive a single copy of
the genome. To ensure this accuracy, microtubules of the mi-
totic spindle signal to the cell cortex upon anaphase onset and
promote assembly of the contractile ring between the separating
chromosomes. The precise mechanism by which microtubules
position the contractile ring, however, remains elusive.

Early models on the nature of the spindle-derived signal
proposed that astral rays (later found to be microtubules) posi-
tion the division plane by either locally promoting contractility
at the cell equator or inhibiting contractility at the cell poles
(Rappaport, 1996). Recent evidence, though, suggests that dis-
tinct microtubule populations within a single cell provide mul-
tiple signals to promote accurate division (Canman et al., 2003;
Bringmann and Hyman, 2005; Chen et al., 2008; Foe and von
Dassow, 2008; von Dassow, 2009).

The anaphase mitotic spindle contains several subtypes of
microtubules, each of which is likely to contribute to division
plane specification. Although kinetochore microtubules drive
chromosome segregation during anaphase, nonkinetochore
microtubules extend and maintain close proximity with the
assembling central spindle (Mastronarde et al., 1993). Central
spindle microtubules are highly stable (Salmon et al., 1976)
and organize into an antiparallel bundled array between the
separating chromosomes (Mastronarde et al., 1993). Prevent-
ing central spindle assembly usually results in a complete
failure in cytokinesis, and prevents division plane specifica-
tion in many cell types (Glotzer, 2005). Astral microtubules,
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however, are highly dynamic and grow out circumferentially
from the centrosomes toward the cell cortex. Increasing evi-
dence suggests that the astral microtubule signal inhibits con-
tractility (see below; Canman et al., 2000; Kurz et al., 2002;
Lewellyn et al., 2009).

Regardless of the mechanism of division plane specifi-
cation via microtubules, nearly all current models depend on
direct contact between microtubules of the mitotic spindle and
the cell cortex. Most of these models were based on observa-
tions that at the time of division plane specification, astral micro-
tubules contact the cell cortex in nearly all systems studied.
Nonkinetochore and/or central spindle microtubules have also
been proposed to deliver critical contractile signals to the cell
equator (Murata-Hori and Wang, 2002; Canman et al., 2003;
Somers and Saint, 2003; Verbrugghe and White, 2004; Lewellyn
et al., 2009; Vale et al., 2009). Yet in many cell types (especially
early embryos), central spindle microtubules are at some dis-
tance from the cell cortex during division plane specification.
Despite this, signal delivery for both astral and central spindle
microtubules was proposed to occur via direct transport along
microtubules to the cell cortex. The study of von Dassow et al.
in this issue, however, indicates that accurate division plane
specification does not require any close microtubule/cortical
contact and may occur via a diffusion-based mechanism (see
also Salmon and Wolniak, 1990).

By treating echinoderm and Xenopus embryos with
controlled levels of trichostatin A (TSA), which destabilizes
acetylated dynamic microtubules via inhibition of the tubulin
deacetylase HDAC6 (Matsuyama et al., 2002), von Dassow
et al. (2009) were able to preferentially prevent astral micro-
tubule growth while leaving central spindle microtubules in-
tact. TSA treatment did not block anaphase onset or central
spindle assembly, but resulted in the complete disruption of all
direct microtubule contact with the cell cortex. Nevertheless,
TSA-treated cells were able to undergo cytokinesis success-
fully (Fig. 1 A). The lack of astral microtubules in TSA-
treated cells was also recapitulated by double centrosome
ablation, and again the cells were able to undergo cytokinesis
(Fig. 1 B). In both experiments, cytokinesis occurred in a
timely manner, but the contractile ring was broader than in
control cells. Together, these data suggest that spindle micro-
tubules are sufficient to provide a diffusible stimulatory signal
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Figure 1. Testing models of division plane specification by targeting dis-
tinct microtubule populations. By selectively eliminating astral microtubules
with either controlled TSA-+reatment (A) or by double centrosome ablation
(B), von Dassow et al. (2009) provide strong evidence that microtubule
contact with the cell cortex is not essential for successful cytokinesis. When
a single centrosome was ablated, the division plane was displaced away
from the ablated aster (B); this suggests that astral microtubules provide an
inhibitory signal. Further, anucleate cells would only complete cytokinesis if
the intracentrosomal distance exceeded the distance from the centrosomes
to the cell cortex (C).

capable of defining the cell division plane without any direct
contact with the cell cortex (von Dassow et al., 2009).

The authors noticed that cytokinesis occurred selectively
at a position with reduced microtubule density in control cells;
therefore, they explored the role of astral microtubules in divi-
sion plane positioning. By selectively ablating one centrosome
just before anaphase onset, von Dassow et al. (2009) were also
able to provide strong support for an inhibitory role of astral
microtubules in division plane specification. When a single
centrosome was ablated, the division plane was displaced away
from the remaining astral microtubules and toward the ablated
centrosome (Fig. 1 B). Further evidence for an inhibitory role of
astral microtubules in cytokinesis came from close examination
of the intracentrosomal distance in anucleate cells that were
able to undergo cytokinesis relative to those that were not. Cells
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Figure 2. Model for central spindle-mediated signaling via Rho family
small GTPases. Central spindle-localized guanine nucleotide exchange
factor ECT2 leads to Rho activation at the cell equator. At the same time,
central spindle-localized CYK4 (a Rho family GAP) would also locally
inactivate the inhibitory Rac signal. Further refinement of the zone of active
Rho by astral microtubule-activated Rac could then sharpen the Rho zone
into a tight contractile ring.

were only able to undergo cytokinesis when the intracentrosomal
distance exceeded the distance from the centrosomes to the
cell cortex (Fig. 1 C), which suggests that cytokinesis requires
an aster-free zone. The authors propose a mechanism in these
anucleate cells whereby global activation of contractility drives
division plane specification refined by a zone of astral separa-
tion (von Dassow et al., 2009). However, one possibility is that
a central spindle still forms in these anucleate cells and thus
provides the same diffusion-based signal that promotes division
in cells without asters. Indeed, antiparallel arrays of bundled
microtubules that resemble the central spindle are known to
form between asters without intervening chromosomes in other
systems (Savoian et al., 1999).

To summarize, the results described by von Dassow
et al. (2009) support a model in which central spindle micro-
tubules provide a diffusible stimulatory signal to promote the
assembly of a broad contractile ring, which is then refined by
astral microtubules into a tight contractile ring. It is tempt-
ing to speculate on the molecular nature of this diffusible
signal and mechanism of the astral refinement during cyto-
kinesis. Signaling via the small GTPase Rho is required for
cytokinesis and is dependent on spindle microtubules (Bement
et al., 2005; Piekny et al., 2005). von Dassow et al. (2009)
showed that in TSA-treated cells lacking astral microtubules,
the equatorial zone of active Rho GTPase is broader relative
to control cells. Rho activation is promoted (at least in part)
via the central spindle—localized GTP exchange factor, ECT2
(Glotzer, 2005). In parallel, the GTPase-activating protein
(GAP) CYK4/MgcRacGAP also associates with the central
spindle, where it acts to both limit the zone of Rho activity
(Miller and Bement, 2009) and to promote the inactivation of
another small GTPase, Rac (D’Avino et al., 2004; Yoshizaki
et al., 2004; Canman et al., 2008). Perhaps in parallel to cen-
tral spindle mediated activation of Rho signaling, local in-
activation of the inhibitory Rac signal via CYK4 GAP activity
would further specify the division plane, even at a distance
(Fig. 2). When the dynamic asters are present, they could then
additionally amplify Rac signaling at the cell poles via a similar
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mechanism to what occurs during cell motility (Wittmann and
Waterman-Storer, 2001). This local feedback loop would re-
inforce the positive signal coming from the central spindle via
Rho activation and could help delimit active Rho at the cell
equator (Fig. 2). Certainly, understanding how Rho activation
can be propagated to the cell cortex via diffusion in such an
accurate manner will be a major future challenge.
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