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Key Sentences:

1. To unlock the secret of chromosome architecture and segregation

2. To elucidate the molecular mechanisms of condensing

3. To understand the molecular basis of human diseases accompanying chromosomal defects
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Outline

The long-term goal in this laboratory is to understand the molecular mechanisms of chromosome
assembly and segregation during mitosis and meiosis. In particular, we are interested in dissecting
the structure and function of a highly-conserved class of large protein complexes, known as
condensins, that play central roles in these processes. Many eukaryotic cells have two different
condensin complexes (condensins I and II) that are subjected to differential cell cycle regulation
and have both overlapping and non-overlapping functions. The two complexes share a
heterodimeric pair of SMC (structural maintenance of chromosomes) ATPase subunits, and
contain different sets of non-SMC regulatory subunits. Our laboratory takes multidisciplinary
approaches (biochemistry, cell biology, genetics and structural biology) to understanding how
condensins might work at a mechanistic level both in vitro and in vivo.

Functional crosstalk between nucleosomes and condensins (Shintomi)

The nucleosome is the fundamental structural unit of eukaryotic chromatin. During mitosis,
duplicated nucleosome fibers are folded into a pair of rod-shaped chromatids to assemble a
chromosome. While accumulating lines of evidence underscore the paramount importance of
condensins I and II in building mitotic chromatids, it remains to be determined how nucleosomes
contribute to this process. To examine this question, we established an in-vitro chromatid assembly
protocol in which mouse sperm nuclei devoid of histones were incubated with mitotic extracts of
frog eggs. In this cell-free assay, depletion of the histone chaperone Asfl completely impaired
histone deposition on the sperm DNA, resulting in formation of less-compacted nucleosome-free
chromatids. Combinatorial depletion experiments indicated that proper actions of condensin I
relied on nucleosome-dependent chromatin loop compaction and condensin II-mediated chromatid
axis formation. To further understand the functional crosstalk between nucleosomes and
condensins, we now plan to reconstitute chromatids starting from mouse sperm nuclei by using a
minimum set of purified proteins instead of crude egg extracts.

Functional analyses of recombinant condensin I complexes in vitro (Kinoshita)

The eukaryotic condensin I complex is composed of a pair of SMC ATPase subunits and three non-
SMC regulatory subunits. By combining recombinant condensin I complexes (either wild-type or
mutant complexes) and frog egg extracts in which mitotic chromosomes can be assembled in vitro,
we previously demonstrated that balancing acts of two regulatory subunits containing HEAT
repeats support dynamic assembly of chromosome axes. We also examined the role of the kleisin
subunit, another regulatory subunit of condensin I, and discovered that a holocomplex harboring
point mutations in one of the kleisin’s conserved subdomains, called “motif ITII”, produced an
unprecedented defective phenotype in chromosome assembly. During the past year, we have
succeeded in setting up an experimental condition where the functional differences between the
wild-type and motif III mutant complexes are detectable more readily than the conventional
condition. We also found that naked DNA could be used as substrates for functionally dissecting
the mutant complexes. We now plan to further clarify the molecular mechanisms of how the kleisin
subunit contributes to condensin I function through its cooperation with the HEAT subunits.
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Roles of CDK1 phosphorylation of condensin I in mitotic chromosome assembly (Tane)

Condensin I is a five-subunit protein complex that plays a central role in mitotic chromosome
assembly. Previous studies from our laboratory had demonstrated that CDK1 phosphorylation of
condensin I is the major post-translational modification required and sufficient for the formation of
mitotic chromosomes in vitro. It remained unknown, however, which subunits of condensin I (and
which sites of them) are phosphorylated and how phosphorylation of those individual sites
regulates condensin I’ s functions. To address these questions, we expressed and purified a mutant
holo-complex harboring alanine substitutions in ten of the potential CDK1 phosphorylation sites
(10A mutant), and examined their ability to assemble chromosomes by adding them back into a
Xenopus egg extract depleted of endogenous condensin complexes. Initially, we were surprised to
find that the 10A mutant complex displayed a relatively mild defect in chromosome assembly. We
noticed, however, that there were some technical concerns about the purified complexes used in the
current assay. We will improve the constructs and purification conditions to resolve these problems
and further examine the effects of additional phosphorylation site mutations to understand the
detailed picture of phosphorregulation of condensin I during the process of mitotic chromosome
assembly.

Functional analyses of recombinant condensin II complexes in vitro (Kozai)

Genomic DNA undergoes a series of morphological changes during the eukaryotic cell cycle, which
culminate in the compaction of chromatin into a discrete set of rod-shaped chromosomes in mitosis.
This process of chromosome condensation is essential for the faithful transmission of the genetic
information into daughter cells. Among the key regulators in this process are large protein
complexes, known as condensins. While the biological function and biochemical activity of
condensin I (and its subunits) have been studied extensively, how condensin II works at a
mechanistic level remains largely unexplored. During the past year, we have expressed and
purified recombinant mammalian condensin II complexes, and succeeded in establishing an
experimental assay for studying the function of recombinant condensin II in Xenopus egg extracts.
We now plan to address the contribution of each regulatory subunit to the function of condensin I1
by using mutant complexes. Additionally, we will determine how condensin II cooperates with
condensin I to assemble rod-shaped mitotic chromosomes.

Roles of condensin II in the organization of interphase chromatin (Ono)

Condensins I and IT are multisubunit complexes that play essential yet distinct functions in
mitotic chromosome assembly. Condensin II localizes to the nucleus during interphase, and
initiates sister chromatid resolution even before the entry into mitosis. Previous studies from other
laboratories reported that removal of condensin II causes swelling of nuclear chromatin and
morphological abnormality of interphase nuclei in various cell lines including those of humans.
These observations suggested that condensin II may contribute to the global organization of
chromatin at cell cycle stages other than mitosis. It has remained unclear, however, whether the
reported defects were caused directly by the loss of interphase-specific function(s) of condensin II,
or indirectly by the chromosomal defects induced during the previous mitosis. During the past
year, we have started to set up an experimental system in which a condensin II-specific subunit
can be degraded acutely by an Auxin-inducible degron (AID) system (a collaboration with
Imamoto’s lab). Combination of the AID system and drug-induced cell synchronization enabled us
to rapidly remove condensin II from the cell at specific stages of the cell cycle. We now plan to
analyze how interphase-specific removal of condensin II affects nuclear morphology and global
chromatin structure in detail.

Molecular analyses of a gene regulatory complex containing SMC-like domains (Kamada)
Eukaryotic genomic DNA forms a basal structure chromatin mediating histone molecules.
Recruitment of transcription factors and machineries allows active gene expression from the
platform structure. However, depending on the cell cycle stage, cells trigger to form
heterochromatin for transcriptionally inactive chromosomal DNA regions. The conversion to the
inactive chromatin is induced by methylation of cytosine bases on DNA region which the small
digested RNA molecules can complementarily bind after the primary mRNA transcription. In
recent years, many proteins coordinating between such RNA1 factors and transcription
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machineries were genetically identified as gene silencing factors. In a complex participating in
RADM (RNA-dependent DNA methylation) system in plants, one subunit contains a hinge domain
commonly found in SMC proteins involved in eukaryotic chromosome condensation. Interestingly,
a binding partner to this protein has also been discovered and contains an ATP energy-driving
domain. However, the molecular functions and structural bases of these proteins remain unclear.
We plan to clarify the network of interactions among the subunits participating in this system to
understand the functional convergence and differences between proteins related to gene silencing
and chromosome condensation.
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