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1. To unlock the secret of chromosome architecture and segregation

2. To elucidate the molecular mechanisms of condensins and cohesin

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. Central to this process are two multiprotein
complexes, known as condensins 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 SMC (structural maintenance of chromosomes)
proteins. Mutations in the subunits of condensin and cohesin cause various defects in chromosome
segregation, leading to genome instability in many model organisms. Furthermore, emerging lines
of evidence suggest that functional perturbation of condensins and cohesin is tightly associated
with several developmental diseases in humans. Our laboratory takes multidisciplinary approaches
to understanding how condensins, cohesin and SMC proteins might work at a mechanistic level
both in vivo and in vitro.

Functional analyses of recombinant condensin complexes in vitro (Kinoshita, Hirano)

Many eukaryotic cells have two different condensin complexes (known as condensins I and II) that
play a key role in the process of mitotic chromosome assembly. Condensins I and II share a
heterodimeric pair of SMC ATPases as their core subunits, whereas each complex contains a
distinct set of three non-SMC regulatory subunits. Despite recent progress in our understanding of
cellular functions and regulation of condensins, their molecular mechanisms of action remain to be
fully investigated. To this end, we had established an experimental protocol for reconstituting
condensin I from its recombinant subunits, and succeeded in purifying a wild-type holo-complex as
well as a panel of sub-complexes lacking one or more of the regulatory subunits. These complexes
were then subjected to functional assays using frog egg extracts in which mitotic chromosomes can
be assembled in vitro. Our results demonstrated that balancing acts of two non-SMC subunits
containing HEAT repeats support dynamic assembly of chromosome axes. During the past year, we
have introduced a panel of point mutations into the kleisin subunit of condensin I, and obtained
evidence for physical and functional interactions between the kleisin subunit and the two HEAT
subunits. We now plan to address the molecular basis of chromosome axis formation by further
exploring cooperative actions of the three non-SMC subunits.

In situ physicochemical analyses of condensin-based chromosome axes (Ono, Hirano)

Condensins I and II are multiprotein complexes that play a central role in mitotic chromosome
assembly and segregation. As judged by immunofluorescence microscopy, both complexes are
concentrated along the internal axial region of each chromatid. It is not fully understood, however,
how the condensin-enriched chromosome axes are formed and contribute to the assembly of mitotic
chromosomes. Classical studies had shown that, when isolated chromosomes were exposed to a
high-salt buffer, axial structures containing condensins formed proteinaceous aggregates, known as
chromosome scaffolds. These observations prompted us to re-examine the physicochemical
properties of chromosome axes in a systematic approach. To this end, we established a set of
experimental protocols for inducing reversible changes of chromosome morphology in situ. In this
setup, swollen chromosomes produced in a low-salt buffer could be “reorganized” by returning them
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to buffers containing different concentrations of salt. We found that the reorganization of
chromosome axes, which depends on condensins (especially condensin II), makes a crucial
contribution to the restoration of overall morphology of chromosomes. In contrast, apparent
contribution of topoisomerase II to this reorganization process was small if any. We now plan to
extend this experimental system to understand the mechanism of mitotic chromosome assembly in
the context of physicochemical properties of condensin-based chromosome axes.

Elucidation of histones’ contribution to chromosome assembly (Shintomi, Hirano)

Although histones account for roughly half weight of all proteins associated with mitotic
chromosomes, their potential roles in mitotic chromosome assembly remain largely unexplored. To
address this fundamental question, we established a new cell-free assay combining frog egg
extracts and mouse sperm chromatin devoid of histones. When they were mixed together, histones
and other chromosomal proteins including condensins were recruited from the extract to the
chromatin, eventually producing mitotic chromatids in vitro. We found that depletion of the histone
chaperone Asf1 from the extracts completely impaired histone deposition reactions. Surprisingly,
however, the resulting histone-free chromatin displayed chromatid-like structures with DAPI-dense
discrete axes surrounded by hazy chromatin loops. In these highly characteristic structures,
condensin II localized exclusively along the axes, whereas condensin I was distributed both along
the axes and on chromatin loops. Our cell-free assay established here will be useful for studying
how crosstalk among histones and two condensins controls the organization of axes and loops
within mitotic chromatids.

Functional analyses of condensins using chromatin templates (Takeuchi, Hirano)

Condensins are multisubunit protein complexes that play fundamental roles in mitotic chromosome
assembly and segregation. Although it had been demonstrated that purified condensin I has the
ability to introduce positive superhelical tension into double-stranded DNA (dsDNA) in an
ATP-hydrolysis-dependent manner, it remains unknown how the corresponding activity might act
on nucleosomal DNA. To address this question, we sought to use minichromosomes (small
chromatin-like structures assembled on closed circular dsDNA) as a substrate for condensins. We
established an experimental protocol for isolating minichromosomes assembled in frog egg extracts,
and demonstrated that isolated minichromosomes share many biochemical properties with those of
sperm chromatin-derived chromatids assembled in frog egg extracts. During the past year, we have
further refined the experimental protocols so that minichromosomes could be used as a substrate
for a condensin-binding assay in vitro. We anticipate that this experimental assay will be powerful
in dissecting the molecular action of condensins on chromatin templates at an unprecedented level.

Molecular and structural analyses of the bacterial condensin complex (Kamada, Hirano)

The maintenance of the genome DNA in prokaryotes requires many nucleoid-associated factors.
Among them, a condensin-like complex, which is recruited to the origin-proximal region, plays a key
role in the organization and segregation of the nucleoid. This complex (often referred to as bacterial
condensin) is composed of an SMC homodimer and a regulatory subcomplex containing two other
subunits. The SMC dimer is a V-shaped molecule with an ATP-binding head domain at each distal
end, and the regulatory subcomplex binds to one of the head domains. As judged by electron
microscopic analysis, introduction of certain mutations into the regulatory subunits changed the
overall architecture of the full complex, indicating that internal structural changes of the
subcomplex make a crucial contribution to determining the shape of the full complex. We now plan
to investigate the mode of subunit-subunit interactions in vivo by expressing the corresponding
mutant subunits in bacterial cells, and to further analyze structural and enzymatic roles of the
regulatory subunits in the ATPase cycle of the SMC complex.

Rk 27 #-FE/ FY2015



Principal Investigator

R A Tatsuya Hirano
Staff Scientists

AN S Takao Ono

g sz Katsuhiko Kamada
KT FiA Kazuhisa Kinoshita
oE N Keishi Shintomi
Postdoctoral Fellows

P Bk Kenji Nishide

TN FEE Kozo Takeuchi

MR & Shoji Tane
Technical Staff

i T Akiko Matsuura
Assistant

HEX WTAH Izumi Arimitsu

Part-timer
AN NN S Naomi Kobayashi
HFE EE Masami Inoue

WFE4- )/ Annual Report



