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The long-term goal in this laboratory is to understand the molecular basis of chromosome segregation
during mitosis and meiosis. Central to this process are two multiprotein complexes, known as
condensin and cohesin, that regulate chromosome condensation and cohesion, respectively. The two
complexes are structurally related with each other and contain members of a large family of
chromosomal ATPases, known as structural maintenance of chromosomes (SMC) proteins. Mutations
in the subunits of condensin and cohesin lead to genome instability in many model organisms, and
recent lines of evidence suggest that subtle perturbation of condensin and cohesin functions
potentially causes developmental diseases in humans. Our laboratory takes multidisciplinary
approaches to understand how condensin, cohesin and SMC proteins might work at a mechanistic
level both in vivo and in vitro.

1. Structural biology of the condensin complex

The condensin complex consists of two SMC core subunits and three non-SMC regulatory subunits. The SMC subunits contain
ATP-binding cassette (ABC) motifs and function as catalytic subunits of the complex. The non-SMC subunits are known to
regulate SMC activities in vitro and to modulate cellular localization of the complex in vivo. Very little is known, however, how
these functions might be achieved at a structural level. The goal of this project is to obtain crystal structures of a non-SMC
trimer or its subdomains and to determine their atomic structures. We use Encephalitozoon cuniculi, a small protozoan that
infects various mammalian cells, as a model organism. The genome of this organism is relatively small, containing short
intergenic spacers and short coding regions. In many cases, deduced protein sequences appear to lack structurally flexible loop
domains, leading us to predict that £. cuniculi proteins may, in general, be suitable for crystallization. We have closed cDNAs
encoding condensin subunits from this organism, and are now attempting to establish an overexpression system for X-ray
crystallographic analysis.

2. Identification of chromosomal factors that determine the longitudinal differentiation of mitotic chromosomes

Mitotic chromosomes are not uniformly compacted: rather they are highly differentiated along their longitudinal axes. Such a
subdomain structure of chromosomes has been well known as classical chromosome banding in the field of cytogenetics. In fact,
chromosome banding techniques have been utilized to distinguish between individual chromosomes and to detect structural
aberrations that are linked to human diseases. Surprisingly, however, we know almost nothing about the molecular
mechanism(s) by which the longitudinal differentiation of chromosomes is established and maintained during the cell cycle. An
important clue to this longstanding question in chromosome biology has recently been provided by our discovery that two
different condensin complexes (condensin I and condensin II) alternate along the axis in vertebrate chromosomes. Furthermore,
our studies suggest that the two complexes display different behaviors during the cell cycle, and may contribute to chromosome
functions outside mitosis. In this project, we wish to test and refine the idea that the different distribution and dynamics of
condensins I and IT might contribute to the longitudinal differentiation of mitotic chromosomes. To this end, we are now
attempting to establish several human cell lines with a normal karyotype, and to investigate the relationship between the
distribution of condensins and other structural parameters of chromosomes, such as chromosome banding pattern, base
composition/GC content, DNA replication timing, and chromatin modifications.

Staff

Head
Dr. Tatsuya HIRANO

Member
Dr. Katsuhiko KAMADA

Visiting Member
Dr. Takao ONO (Institute for Developmental Research, Aichi Human Service Center)



