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論 文 内 容 の 要 旨 

 Understanding the organization of chromosomal higher order structure is a major challenge in cell biology.  
Many studies revealed that chromosomal proteins and divalent cations are the important factors required for the 
formation and maintenance of chromosomal higher order structure.  However, the functional significance of 
these factors in chromosomes remains to be investigated.  To gain further evidence and insight based on it into 
the mechanism of chromosome organization, the dynamics of chromosomal proteins and divalent cations were 
studied. 
 The three-dimensional structure of a chromosomal protein PPC was analyzed to clarify its structural function 
in the chromosome by crystallization.  Three-dimensional structural analysis of PPC indicated that it is a 
nuclear membrane binding trimer which hooks the chromatin fibers in the AT-rich region of the nucleus.  PPC 
would have functional roles in membrane attachment of chromatin, which is related to DNA replication and 
chromosome aberration. 
 Chromosome structure and chromosomal proteins localization under different divalent cation concentrations 
were investigated by fluorescence microscopy.  Further investigation was performed with electron microscopy 
with high resolution.  The present studies indicated that the dimension of chromosomes and the compaction 
level of chromatins were affected by various divalent concentrations, and the localization of TopoIIα was also 

regulated by the concentration of divalent cations.  Furthermore, condensin proteins were demonstrated as the 
main factor in the maintenance of chromosome structure, but not in the chromosome condensation.  It is 
concluded that divalent cations are essential for chromatin compaction and chromosome condensation.  They 
play a primal role in the organization of higher order structure of chromosomes. 
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論 文 審 査 の 結 果 の 要 旨 

 申請者の論文は、染色体タンパク質および染色体構造を生物物理学的手法で解析した論文である。まず、植物染色

体タンパク質である PPC（Plants and Prokaryote Conserved domain）を構造解析して、その３次元的構造を明ら

かにした。次に、蛍光顕微鏡を用いて、染色体構造が二価陽イオンの濃度によって変化することを見出し、その過程

を電子顕微鏡を用いて高解像度に解明した。 
 研究成果は国際科学誌の Acta Crystallograph や Proteins に発表しており、国際的にも論文内容は高く評価されて

いる。 
 以上のように、本論文は染色体タンパク質と染色体構造を生物物理学的手法で明らかにした独創性及び新規性のあ

る論文である。 
 よって本論文は博士論文として価値あるものと認める。 




