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Mitosis is characterized by the segregation not only of genomic component but also of
cellular component into two newly formed daughter cells. This biological event consists of 1)
hypercondensation of chromosomes, 2) alignment and segregation of homologous
chromosomes, and 3) re-distribution of nuclear and cellular proteins to synthesize cellular
structures in daughter cells. These processes are highly organized and require orchestrated
movement of thousands of biological molecules in a short period of time. Proteins, among many
biological molecules, have been considered as primary molecules with significant roles in
maintaining cellular functions during mitosis. Numerous studies have been conducted to identify
and characterize proteins which facilitate the cellular processes but there still remain many
questions regarding to the cell division process and daughter cell formation. Recently RNA
molecules, both protein-coding and non-coding, have been paid attention to their functional role
in mitosis. During mitosis, the RNA molecules may facilitate cellular mechanisms of
chromosome segregation and daughter cell formation. However, few studies to reveal the
function of RNA molecules during mitosis. In order to comprehend the roles of RNA during
mitosis, the types of RNA molecules and the localizations of RNA molecules would be the keys
for understanding the roles of RNA molecules during mitosis. In accordance with previous
studies, the goal of my doctoral research is outlined as follows: 1) the types of RNA molecules
during mitosis, and 2) the localization patterns of RNA molecules during mitosis.

First, I characterized the types of the RNA molecules in mitosis by using microarray analysis.
It revealed that there were wide varieties of the RNA molecule presence in mitotic cells. The
abundance of mRNA of 1656 genes in HeLa cells and of 1543 genes in TIG-1-20 cells. The
genes are involved in the cellular processes such as translation, RNA splicing, transport,
transcription, cell motility, cytoskeleton organization and biogenesis, regulation of progression
through cell cycle, regulation of apoptosis, fructose metabolism were categorized. Those
functions were observed among 1300 genes that were relatively abundant i.e., showing signal
intensities more than 1000, in both Hela cells and TIG-1-20 cells. Especially, those involved in
translation, transcription, and cytoskeleton organization and biogenesis were relatively higher
signal intensities in mitosis than those in interphase cell origins. That finding elucidated that
RNA molecules not only deposited during mitosis but also may be continued to exist in G1 phase
were observed from that microarray analysis. Other RNAs detected with higher signal intensities
in microarray analysis are those coding CCNBI, mitotic-specific cyclin-B1, CDC20, cell
division cycle protein 20, ANAPC11 and PRCI, the component of the anaphase promoting
complex that controls progression through mitosis and the G1 phase of the cell cycle. In addition,
RNAs coding for 1) the cytoskeleton proteins such as keratin cytoskeletal genes, tubulin alpha-1
chain, actin cytoplasmic 2, and actin cytoplasmic 1, and 2) those for histone modification
proteins, such as histone H3.3 and histone H2AZ, were detected.
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In second, I showed the distribution of total RNA during mitosis and identified the presence
of specific structure surrounding the mitotic chromosome named mitotic chromosome coating
spheres (MICCS) with using an in-cell RNase sensitivity assay as well as an in-cell
deproteinization assay. The presence of MiCCS was also detected not only in human tumor cell
lines but also in mammalian tissue culture cells derived from several species, indicating the
formation of MiCCS would be in common among mammalian cell division processes. In
addition, by applying metaphase chromosome spreads with DNA/RNA dual staining, 1 have
discovered the presence of RNA in the specific chromosomal regions; subtelomeric regions,
subtelomeric, centromeric, and interstitial regions in both Vero cells and Indian Muntjac cells.
Dual color staining of RNA and DNA showed remarkable banding patterns on the mitotic
chromosomes, but the patterns were distinct from those of other chromosome banding pattems.
Furthermore the results of 3D-RNA-FISH showed that different types of RNA molecules
distributed in each specific in the cytoplasm of mitotic cells.

Overall, the presence and distribution of RNA molecules revealed here would cast the new
light on understanding the complex mechanisms of cell division process and daughter cell
formation process in cultured cell lines. The localization of RNA molecules in cytoplasm and
mitotic chromosomes during mitosis may be functioning as for the regulations of gene
expression to be required till newly daughter cell formation.
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