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Summary of Doctoral Thesis

Name in full: Fujii, Ken

Title: A study on the spacing between the centrosomes

The centrosome is a major microtubule-organizing center in animal cells. The position
of the centrosome inside the cell is important for the cell’s functions. Multiple
centrosomes sharing a common cytoplasm are observed to position themselves by
taking a certain distance among them. As a mechanism of this spacing between the
centrosomes, a sliding of anti-parallel microtubules between the centrosomes using
kinesin motor proteins has been known. The existence of an additional, kinesin-
independent mechanism for the centrosome spacing has been suspected but
uncharacterized. The characterization of the spacing mechanism between the
centrosomes has been difficult because the cell nucleus and chromosomes are often
located between the centrosomes and they hinder the investigation of the direct
interaction between the centrosomes.

In this study, I addressed the mechanisms underlying the spacing activity
between the centrosomes using the Caenorhabditis elegans embryo. Previous studies
suggested that kinesins required for the known spacing mechanism in other species are
not required for the spacing in the C. elegans embryo. To characterize the spacing
mechanism in the C. elegans embryo, I developed a method to remove the
chromosomes from the embryo to focus on the interaction between the centrosomes by
excluding the effect from the cell nucleus and chromosomes. In the enucleated
embryos, the space between the sister centrosomes increased after the centrosome
duplication. The observation demonstrated that the enucleated C. elegans embryo is a
good model to address the mechanisms underlying the spacing activity.

To investigate the mechanism of the spacing activity between the centrosomes,
I searched for the genes required for the spacing activity in the enucleated C. elegans

embryos. The cortical pulling force is a force generated by force generators at the cell



cortex. I first knocked down gpr-1/2 genes, which are essential for generating the
cortical pulling force. The knockdown impaired the spacing, but not completely. The
result suggested that the cortical pulling force contributes to the spacing, but is not
the sole driving force. Next, | knocked down dhc-1 gene, which encodes the catalytic
subunit of dynein motor protein. Without dynein, the centrosome spacing was almost
completely impaired. In addition to the cortical pulling force, dynein generates
“cytoplasmic pulling force”, which means the force to pull the microtubule and the
centrosomes at the cytoplasmic locations such as intercellular organelles. Therefore, I
inhibited both pulling forces simultaneously. Simultaneous inhibition impaired
spacing of centrosomes as severe as dhc-1 (RNA1). In conclusion, the cortical and
cytoplasmic pulling forces provide major driving force for the spacing activity
between the centrosomes, independent of the nucleus and chromosomes.

Next, I investigated the physical mechanism for the spacing between the
centrosomes. As a mechanism to enable a pair of the centrosomes moving to different
directions, I proposed the “pulling force competition model”. In this model, the
multiple centrosomes compete for each of the force generators located in the cell
cortex or cytoplasm, and the nearer centrosome has the greater chance to be pulled by
the force generator. A numerical simulation reproduced the centrosome spacing in
enucleated embryos. Importantly, the model reproduced the separation of the
centrosome along the surface of the nucleus as well as the centration of the
centrosome and associated nucleus in the 1-cell stage C. elegans embryos. These
results collectively support the pulling force competition accounts for the centrosome
spacing.

In addition to the mechanism of the centrosome spacing, I found an interesting
behavior of the centrosomes in the enucleated C. elegans embryo when dynein is
knocked down. My observations detected massive movement of the centrosomes, not

for a while after the centrosome duplication but later at the cell cycle. I knocked down



a non-muscle myosin gene (nmy-2), which is required for cytoplasmic flow, together
with dhc-1, the movement of the centrosomes was almost completely blocked. The
result indicated that cytoplasmic flow can move the centrosomes even when the
dynein function is impaired.

Finally, I also found an unexpected dynamic of the centrosomes in enucleated,
dynein knocked down embryos. After the centrosomes are dispersed in the cytoplasm
with the cytoplasmic flow, they assemble to come close to each other. The
mechanisms underlying the novel assembly behavior are totally mysterious, and will
be an interesting topic for future research.

In summary, I found a novel type of the spacing activity of the centrosome
that depends on dynein. I propose the pulling force competition model for the spacing
between centrosomes. In addition, I found a floating movement of the centrosome
driven by the cytoplasmic flow. Finally, I found a mysterious assembly movement of
the centrosome. My study characterized novel positioning behaviors and mechanisms
of the centrosomes inside the cell in C. elegans, which should be applicable to other

organisms.
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