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[ 4 ) Study of nuclear dynamics in fission yeast: Analysis of structures and
regulations of the nucleus in association with meiotic DNA replication
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In meiotic prophase, the fission yeast nucleus shows an elongated morphology, called a horsetail nucleus, which moves back and
forth within the cell. Horsetail nuclear movements continue for about 2 hours prior to meiotic division. During this period,
telomeres are clustered at the leading edge of the moving nucleus and chromosomes are aligned by the nuclear movements,
providing a unique opportunity to examine the chromatin structures in a defined orientation. To understand the functions of
nuclear architecture in meiosis, our lab previously isolated several meiosis-defective mutants with abnormal horsetail nuclear
morphology, including a csnl-E46 mutant. The csnl” gene encodes a COP9 signalosome complex subunit, which is required for
the full activation of cullin-based E3 ubiquitin ligases. In this thesis, I first described the chromatin in horsetail nucleus of csniA
is more flexible and stretched than wild type cells. Then I proved that stretching of the horsetail nucleus was resulted from
insufficiency of dNTPs synthesis. Stretching of the chromatin did not occurred when DNA replication initiation was inhibited by
depletion of Mcm10, suggesting that the alteration of chromatin structure occurred after initiation of DNA replication.
Furthermore, the stretching of chromatin was remarkably reduced by conditional depletion of histone acetyltransferase Mstl,
suggesting that DNA replication-coupled histone acetylation is involved in the chromatin stretching. In addition, the duration of
nuclear movements in c¢snlA mutant was strikingly prolonged to 4-5 hours. I found that this prolongation was caused by the
Cds1-dependent replication checkpoint, which represses expression of a meiotic forkhead transcription factor mei4 " gene. In the
absence of Mei4, the cells continued horsetail movement, and overproduction of Mei4 untimely terminated nuclear movements,
demonstrating that Mei4-mediated regulatory pathways link nuclear movement to DNA replication in meiosis. These findings
propose a novel dynamic nature of nucleus, which is cooperatively regulated through DNA replication checkpoint and its

downstream transcription factor.
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