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1. Molecular mechanism of the determination of
cleavage planes

Microtubules determine the cleavage plane and Rho ac-
tivity is required for progression of furrowing. We found
that Rho accumulates at the cell equatorial cortex before
the cleavage furrow appears dependent on both micro-
tubule organization and Rho activiy. Then we addressed
the molecular mechanisms that link microtubules and Rho
accumulation at the equatorial cortex. We presumed that
responsible molecules localize microtubules and regulate
Rho activity. Candidates for the molecules included ECT2
(RhoGEF), CYK4 (RhoGAP) and MKLP-1 (kinesin). All
of them are necessary for proper cytokinesis reportedly and
localize at microtubules. Depletion of these molecules by
RNAI affected Rho localization at the equatorial cortex as
well as furrowing. Depletion of either CYK4 or MKLP-
1 affected ECT2 localization; ECT2-depletion did not af-
fect either CYK4 or MKLP-1 localization, indicating that
CYK4 and MKLP-1 determine the localization of ECT2.
ECT?2 localized at the equatorial cortex appears to acti-
vate Rho and support continuous Rho accumulation there
during cytokinesis.

2. Roles of actin cytoskeleton in formation of
cell-to-cell junctions

Cadherins act as essential adhesion molecules in multi-
cellular organisms inducing cell-to-cell junction structure
called adherens junctions (AJs). At the intercellular sur-
face of AlJs, the cytoplasmic region of cadherins bind to
its associated proteins such as catenins. Catenins further
recruit associated proteins vinculin and acitn filaments.
In polarized epithelial cells in tissues, AJs in the form of
zonula adherens that encircle the cell-to-cell contact re-
gion near the apical surface formed like a belt where actin
filaments run parallel to AJ membranes. In fibroblasts
or cardiac muscles however, punctate and streaklike AJs,
where actin cables are associated perpendicularly to the AJ
membrane, are formed instead of zonula adherens. Even
in epithelial cells bearing zonula adherens, such AlJs are
formed at the early stages and transformed to zonula ad-
herens during the cell polarity establishment at least in
several cases.

The importance of actin filament organization, al-
though there was not enough data, have been widely ac-
cepted. We addressed the roles of tension applied on
AJ through actin filaments in AJ assembly and function.
When tension was reduced by inhibition of a motor pro-
tein, myosin II by its inhibitors, in cells bearing punctate
AlJs, AJ components disengaged and dispersed, indicating

BRI 724 4

that tension is required for punctate AJ assembly. Zonula
adherens formation in terms of correct AJ component as-
sembly was also tension-dependent in polarized MTD-1A
epithelial sheet.

To reveal how a similar mechanism for tension-
dependent AJ formation works in morphogenesis during
development, we have started examining roles of Rho fam-
ily members in the neural tube formation in chick embryos
where tension transduction to neighboring cells through
AlJs appears important. Rho family members including
Rho, Rac and Cdc42 were found to be concentrated at the
apical region of cells forming a neural tube where active
contraction appears to occur.

3. Roles of the regulatory domain of PKC in
actin cytoskelton organization

Protein kinase C (PKC) family is a gene family that is
involved in main signal transduction in a variety of organ-
isms; its constitutive activation by drugs such as TPA is
known to induce tumor promotion concomitant with the
disruption of actin organization. The molecular mecha-
nism for the effect on actin organization, although assumed
to be related to phosphorylation of certain substrates by
PKC, has been totally unkown.

We recently found that expression of the regulatory do-
main of PKC-delta in cells induces the disruption of actin
organization. We then narrowed down the responsible re-
gion to the region containing C1 domain that bind to PKC
activators such as TPA and diacylglycerol. To reveal the
role of this domain in actin organization, we searched for
its binding molecules by the yeast two-hybrid assay and
found dynein light chain (DLC)-1 and -2. DLC-1 and -
2 are highly conserved among a variety of organisms and
function not only as a subunit of dynein but also as regu-
latory molecules that have many binding partners.

Depletion of DLC-1 by RNAI, like expression of the
regulatory domain of PKC-delta, induced the disruption
of actin organization in HeLa cells, indicating that DLC-1
is essential for actin organization. Further examination as
to whether DLC is situated exactly downstream of PKC
signaling is planned.
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