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midbody. Consistent with this possibility, ZEN-4 is re-
quired to stabilize furrows well after the apparent com-
pletion of cytokinesis (Severson et al., 2000). Finally, it
is also possible that the central spindle mediates the
delivery of new membrane vesicles to the cleavage fur-
row to promote the final membrane fusion events that
presumably ultimately partition daughter cells (Bow-
erman and Severson, 1999).

The general significance of the late step in cytokinesis
identified in C. elegans, and the extent to which the
central spindle and the contractile ring function indepen-
dently during cytokinesis in other cell types, remain to
be determined. In contrast to C. elegans ZEN-4, the
Drosophila MKLP Pavarotti is required not only for cen-
tral spindle assembly but also for assembly of the con-
tractile ring early in cytokinesis (Adams et al., 1998).
Intriguingly, the central spindle in some Drosophila cells
is a large disc that extends nearly to the cell cortex, while
the central spindle during the first embryonic mitosis in
C. elegans is only a few microns in diameter, embedded
within a cell that is roughly 20 microns wide. Perhaps
centralspindlin acts late in cytokinesis in all animal cells
and also early in cytokinesis in cell types where the
large central spindle is essential for specification of the
cleavage plane. It will be interesting to learn whether
the cytokinesis defect observed after depletion of cen-
tralspindlin in human cells results in an early or late
cytokinesis defect, an issue not addressed by Mishima
et al.

Finally, other factors may regulate centralspindlin,
since CYK-4 and ZEN-4 likely associate throughout the
cell cycle (Mishima et al., 2002). Both Polo kinase and
an Aurora B-type kinase can bind to MKLPs, and both
proteins accumulate at the central spindle and are re-Figure 1. The First Mitotic Spindle in the Caenorhabditis elegans
quired for midzone assembly and cytokinesis (SeversonEmbryo

et al., 2000; Adams et al., 1998; Carmena et al., 1998;(A) An embryo in anaphase of the first cell cycle, stained to show
microtubules (green), DNA (blue), and the mitotic kinesin-like protein Lee et al., 1995). Moreover, Mishima et al. have shown
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lated at some point in the cell cycle. Undoubtedly, futurecalled centralspindlin, which bundles antiparallel, nonkinetochore
research will lead to rapid progress in understandingmicrotubules to form the central spindle.
the regulation of centralspindlin and its role in the com-
pletion of cytokinesis.

central spindle assembly and cytokinesis, suggesting
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