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Cell size is one of the critical parameters controlling the size of intracellular structures. The
size of intracellular structures must change according to cell size, which varies among cell
types and developmental. stages. A well'known example 1is the constant
nuclear-to-cytoplasmic ratio (N/C ratio). Although researchers have long observed that the
sizes of intercellular structures correlate with cell size, systematic quantification of the
correlation has been conducted for few structures. In addition, the mechanisms underlying
cell size-dependency remain largely unclear. Here, I quantified relationships between cell
size and two intracellular processes—spindle elongation [CHAPTER Il and chromosome
condensation [CHAPTER IIl. I used Caenorhabditis elegans early embryos as a model
organism. On the basis of measurements in wild-type and gene-knockdown embryos, I
explored mechanisms for controDiné the two processes in a cell-size-dependent manner.

In CHAPTER I, I focused on the relationship between spindle elongation and cell
size. During anaphase, the mitotic spindle elongates and delivers the centrosomes and sister
chromatids near to the centers of nascent daughter cells. First, I measured the dynamics of
spindle elongation quantitatively in cells of various sizes, revealing that the extent and
speed of spindle elongation correlated well with cell size throughout early embryogenesis. To
explore the mechanism underlying the cell-size-dependent spindle elongation, I investigated
the effect of Ga-dependent force pulling astral microtubules toward the cortex by using
RNAi knockdown of Ga proteins and their regulators. In these RNAi embryos, spindles
failed to fully elongate and that the speed of spindle elongation was almost constant
regardless of cell size, suggesting that the Ga-dependent cortical pulling force is involved in
the cell-size-dependent spindle elongation. This result further suggested that spindle
elongation is controlled by two qualitatively distinct mechanisms—Ga-dependent and
Ga-independent mechanisms. Next, I developed two distinct models in order to explain each
Ga-dependent and -independent mechanisms and tried to evaluate whether these models
reproduce in vivo cell size-dependency of spindle elongation by using computer simulation. A
force generator-limited model, is based on the cortical pulling force generated by limited
number of force generators, reproduced characteristics of the Ga-dependent mechanism. A
constant pulling model, is controlled by constant force regardless of the cell size, reproduced
the characteristics of the Ga-independent mechanism. Simulation analyses revealed that a
combination of the two models—constant-pulling model and force-generator-limited model
enables mitotic spindle to elé'ngate in a cell-size-dependent manner. Finally, to obtain
insight into the regulatory mechanism to set the elongated spindle length to about the half
of the cell length, I characterized the properties of my pfoposed model using simulation
analysis. As a result, my proposed'model also explains how the set length of spindles is
achieved in vivo.

In CHAPTER II, I investigated the mechanisms underlying variation in the size of
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condensed chromosomes in metaphase. Chromosome condensation is an important process
for transmitting genetic information to daughter cells. Although genome length is basically
constant in each organism, the condensed chromosome size appears to be different in
different cells, for example, during embryogenesis. However, the mechanism regulating the
size of a condensed chromosome has remained a mystery. In the present study, I
systematically quantified the sizes of condensed chromosomes at each cell stage during
embryogenesis. This measurement revealed that condensed chromosome size is not constant
at each cell stage. To further analyze the variation in chromosome size, I manipulated some
intracellular parameters, such as cell size, nuclear size, and DNA content by genetic
perturbations. The - results of manipulations indicated that the sizes of condensed
chromosomes are not determined solely by the developmental stage. In addition, the size of
the nucleus or the amount of DNA possessed therein, rather than cell size, was predicted to
affect directly the condensed chromosome size. Based on the effect of nuclear size and DNA
content, I suggest that the physical constraint of the nucleus is a critical determinant of
condensed chromosome size. Finally, I propose a model for control of condensed chromosome
size to consider the physical constraint of the nucleus. In my proposed model named
nuclear-size-dependent looping model, properties of DNA loop formed in nucleus affects the
condensed chromosome size in metaphase.

This is a first report to quantify a cell-size-dependent spindle elongation and
nuclear-size-dependent chromosome condensation during early embryogenesis. I proposed

possible mechanisms for controlling these two intracellular processes.
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