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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 (K. Kamada, and T. Hirano)

In eukaryotic cells, the condensin complex consists of two SMC catalytic subunits and three non-SMC regulatory
subunits. In many if not all eubacterial species, a related complex exists that is composed of an SMC homodimer and two
kinds of non-SMC subunits (known as ScpA and ScpB). To understand the basic mechanism of action of SMC protein
complexes, we have used the Bacillus subtilis condensin subunits as a model system and characterized their biochemical
properties. A truncated form of the ATP-binding ‘head’ domain of the B. subtilis SMC (BsSMC) subunit is found to exist as
monomers in the presence of ATP. This result suggests that that the ability of the BsSMC head domain to form an
ATP-sandwiched dimer is much weaker than that of similar domains isolated from other organisms. When ScpA is
expressed alone, it forms insoluble aggregates. Interestingly, however, when ScpA and ScpB are expressed together, the
two subunits form a soluble binary complex, and a soluble form of ScpA monomers is recovered in side fractions. Domain
mapping experiments further suggest that ScpA undergoes a conformational change upon binding to ScpB, which may in
turn contribute to the formation of an ScpAB-SMC-head ternary complex.

2. Condensins and chromosome architecture (T. Ono, and T. Hirano)

In higher eukaryotic cells, there exist two condensin complexes, known as condensin | and Il. Both play essential yet
distinct functions in the processes of mitotic chromosome assembly and segregation. Although the two complexes share
structural similarities, their cell cycle dynamics and chromosomal distributions are distinct from each other. Moreover,
condensin | and Il distribute on the metaphase chromatid axis in a non-overlapping manner. To understand the molecular
basis of condensin-mediated chromosome assembly, we have searched for potential factors that might contribute to the
differential distribution of condensin | and 1. We find that condensins | and Il tend to be enriched in R-band and G-band
regions, respectively, on metaphase chromosomes. On the other hand, it has long been known that G-band regions are
replicated later in S phase and condense earlier in prophase, compared to R-band regions. This set of information allows us
to propose the working hypothesis that condensin 11 may play a role in coordinating two distinct chromosome events, i., e.,
DNA replication in S phase and chromosome condensation in M phase. We are now attempting to test this idea by various
molecular and cytological techniques.

3. Cell cycle-specific functions and regulation of condensins (N. Aono, K. Kinoshita, and T. Hirano)

Accumulating lines of evidence suggest that the condensin complex plays an important role not only in mitotic
chromosome condensation but also in various interphase chromosomal functions. It remains unclear, however, whether
two condensin complexes (condensin | and I1) might have distinct functions during interphase and how the two complexes
might be regulated differentially throughout the cell cycle. To address these questions, we have analyzed the functions and
cell cycle dynamics of the two complexes in Xenopus egg cell-free extracts. Our results show that condensin 11, but not
condensin 1, is required for the completion of DNA replication under stressed conditions. Our current efforts also start to
uncover a novel phosphorylation-dependent mechanism by which condensin 1 is targeted to chromosomes in a
mitosis-specific manner. We plan to explore this mechanism in greater details by using the cell-free extracts and other
experimental systems including human tissue culture cells.

4. Regulation of condensin Il function by MCPH1, a gene product whose mutations cause human microcephaly (D.
Yamashita, and T. Hirano)

Primary autosomal recessive microcephaly is a neurodevelopmental disorder characterized by marked reduction in brain
size and mental retardation. The MCPH1 gene, one of the genes responsible for microcephaly, encodes a protein containing
multiple BRCT (BRCAL C-terminal) domains. Cells from MCPH1 patient cells display a unique cellular phenotype with
premature chromosome condensation in early G2 phase and delayed decondensation post mitosis. Our previous study
showed that this phenotype is caused by misregulation of condensin 11, but not of condensin I. To further understand how
MCPH1 might regulate condensin Il, we have characterized the properties of the two factors in human tissue culture cells.
A series of immunoprecipitation assays using truncation mutants show that MCPH1 physically interacts with condensin |1
through its central domain. We are now testing how the interaction might be regulated during the cell cycle and how it
might contribute to the regulation of condensin II's activity in vivo and in vitro. We are also planning to address the same
set of questions by using Xenopus egg extracts in which more intensive biochemical and functional analyses can be
designed.

5. The role of condensins in mammalian meiosis (J. Lee, and T. Hirano)

Meiosis is different from mitosis in that two successive divisions occur after a single round of DNA replication. In meiosis
I, chromosome behavior is especially unique: homologous chromosomes pair and recombine to their partners, making
bivalent chromosomes at metaphase I. At anaphase I, homologous chromosomes, but not sister chromatids, separate from
each other. While the roles of two condensin complexes have been characterized extensively in mammalian somatic cells, it



is totally unknown whether what kinds of condensin subunits might be expressed in meiotic cells or how they might
participate in meiotic chromosome functions. In this project, we aim to elucidate the role of condensins in meiotic
chromosome architecture dynamics in mouse spermatocytes and oocytes. To this end, we have raised antibodies against all
known subunits of mouse condensins. Immunofluorescent and immunoblotting analyses using somatic culture cells show
that a subset of these antibodies is able to specifically recognize common or unique subunits of condensin | and Il. We are
now using these antibodies to investigate the expression pattern of each subunit in mouse meiotic tissues. We are also
attempting to identify putative molecules that might associate with the condensin subunits specifically during meiosis.

6. Molecular basis of sister chromatid cohesion (K. Shintomi, and T. Hirano)

A recent series of numerous studies in various organisms has demonstrated that a multi-protein complex termed cohesin
plays a central role in sister chromatid cohesion during mitosis and meiosis. Very little is known, however, about how it
might work at a mechanistic level. To fully understand the molecular basis of sister chromatid cohesion, we have
reconstituted holo- and sub-complexes of cohesin from its recombinant subunits by using the baculovirus expression system.
We are now testing their behaviors and functions in Xerngpus egg extracts, a powerful experimental system that is able to
recapitulate the whole cohesion process /in vitro. A series of experiments using mutant forms of the cohesin complex will
allow us to learn how the ATPase cycle and its individual subunits might regulate its molecular actions. Another yet
related aim of this project is to elucidate the functions of cohesin regulators, which have been implicated in cohesion
establishment during S phase and cohesin release in M phase. Comprehensive analyses of this class of proteins by using
various biochemical and immunological techniques combined with the egg extracts will help us establish a complete picture
of sister chromatid cohesion during the cell cycle.
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