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Effective April 1, 2017, I have been appointed as Director of the Institute of Molecular and Cellular Biosciences (IMCB). The IMCB has 19
leading laboratories that pursue interdisciplinary research aimed at elucidating the mysteries of life. I embrace the following statement
made by Dr. Sydney Brenner, co-recipient of the 2002 Nobel Prize in Physiology or Medicine: “Progress in science depends on new

. . . . . . AT, Laboratory of Cancer Stem
techniques, new discoveries, and new ideas, probably in that order. —(’Eﬁﬂﬂﬂﬂﬂﬂﬁﬁnﬁﬁ Cell Biology )
Technological innovation can open new horizons for science. At the IMCB, individual researchers are encouraged to explore new scientific _(Itob'//_\ﬁ%ﬂ:fﬁtyg— ES?;:;EESST;S;!S; )_

frontiers and address biological phenomena from a variety of perspectives. Technological developments by IMCB scholars, as well as their _(ﬁmﬂﬂﬁuﬁ]ﬁﬂgﬁg ki‘éﬁ[:t‘gg’ of stem Cell )

unique expertise, will assist in new discoveries, which will in turn lead to new ideas and conceptual frameworks, as Dr. Brenner says. Our

motto is “to elucidate biomolecular structure and functions.” To pursue this goal, we take advantage of our expertise in structural biology EEMISHESE oo )
and bioinformatics, and investigate new quantitative life science methodologies, incorporating mathematical, physical, and artificial ('U 7. Discovery Strategy
intelligence techniques.
The IMCB hosts a variety of research projects on chromosomes, noncoding RNA, membrane proteins, neurons, stem cells, cancers, and —(ﬁ@%&ﬁ]ﬁlﬁﬁﬁﬁﬁ tf:ﬁ’lgg’“yeﬁ: feuceaond
rare diseases, among other topics. Taking advantage of our expertise, I will promote interdisciplinary joint research programs with
2 2 _class analyti 2 s i i igh- i i i i 5 Synch Rad ) ( 3 S 1 Life S
ext?rnal researchers.l(l:l}rrently. our world. class ar'mlytlcal pldtfor'ms have given rise to‘hlgh qugllty joint gru]ects in collaboratlgn with 12 —(ﬁﬂﬂﬁﬁﬁg B EE S Ré:ga:ﬁu{:‘n adiation ) \ﬁﬁﬂiﬁﬂ?ﬁ“ﬁ Dt[:IL‘JSC‘l(;Jrga ife Science )
national research facilities, as well as 20 international research institutes located in eight leading countries. In our collaborative efforts
with the Global Center of Excellence for Synchrotron Radiation Research on higher-order protein structure, we are seeking to establish a SOBMRRE OS5 ASvenced research and
A " s . ” . . . Lo . R . bt J 1\ education program
new discipline termed “electric field biology,” which merges materials science and bioscience. These projects highlight the importance of
our in'stitutle as the hublfor struc.tural biology research. To trans'late our cutting—edge relsear'ch ﬁndings into social welfare and benefits, FRERERE OS5 (e eoee research and
we will actively engage in drug discovery and other forms of applied science in partnership with industry. ( education program
Thg IMCB will proagtlvely recruit junior resear;hers and ‘gfaduate students basedAon the idea that a state-of—the“jart research ENRERE OS5 e e and )
environment can provide the most effective education and training for the next generation of researchers. To promote “independence ( education program
without isolation,” we have maximized our junior researchers’ chances to obtain tenure-track positions, by providing opportunities for
A . " ) N " - Awﬁﬁwagj’n75 /i Integrative research and
creative independence in a full-fledged research environment. We will continue to support the academic development of junior fia B education program
researchers by hosting three workshops per year, on topics such as research ethics, statistical analytical methods, and research exchange. == — —
The Japanese Government's stringent funding for basic scientific research makes it increasingly difficult to maintain research excellence —(ﬁ!:.&tlﬁﬁ?mﬁjl:ﬂjb EQL‘CZWQ?S%;,:m” )
and diversity. To cope with this situation, we will take measures to expand the range of our research while exploring new avenues for
funding. Such measures include: (i) streamlining research by establishing core laboratories and assigning laboratory managers; (ii) —(R| BEER R Facilities )
facilitating external funding through joint research projects with other academic institutions and private-sector partners under the
leadership of the university research administrator; and (iii) providing contract analysis services that involve in-house technologies. In —(E?ﬁwﬁﬁ Electron Microscope )
addition, the IMCB will establish an Independent Advisory Committee that includes one or more renowned overseas researchers among
its members. This committee will regularly make recommendations and suggestions concerning the operations of the IMCB. In this —(Eﬁﬁﬁ%ﬂﬁ Health and Safety Office )
challenging era for academic research organizations, I am determined to take necessary steps to maximize our research excellence while
fostering young scientists. ( B & Office of Strategic )
It is my honor to be appointed as Director of the IMCB, an institution with a distinguished history of scholarship and achievement. With s RE= panagemeny
your support and advice, I will do my best to advance and improve this organization. It is my hope that such efforts will contribute to = - )
- . . X —‘ Office for R h Promot
scientific development in Japan. I cordially ask for your understanding and support. THFEHEEE e el REESEIEN e e i)
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Most of our research is focused on the elucidation of the molecular
mechanisms of cell growth, differentiation, tumorigenesis and cancer
stem cell self-renewal and differentiation.
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Cell growth, differentiation and
tumorigenesis.

Major research activities of this laboratory are concentrated
on the elucidation of the molecular mechanisms of cell

growth, differentiation and tumorigenesis.

Cancer stem cells

Recent studies suggest that only a small population within
the tumor mass, called cancer stem cells, has true
tumorigenic potential. Therefore, cancer stem cells could
be critical targets for cancer chemotherapy. We are
focusing our investigation on the elucidation of the
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Fig.1

Tumor stem cells are resistant to chemotherapy and possess
the ability to metastasize to distant sites.
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Fig.2

CD44+ population from human colon tumors are enriched in
tumorigenic cancer stem cells. Arrowhead indicates a tumor in
nude mouse.

EERMFR - EYRZEBYH
R B (EL(ED) BERARE - EPRESR

E@EEE 0 03-5841-7834

FAX 1 03-5841-8482

E-mail  : akiyama@iam.u-tokyo.ac.jp
http://www.iam.u-tokyo.ac.jp/5ken/
index.html

molecular mechanisms of cancer stem cell self-renewal and
differentiation.

APC, p53 and non-coding RNA

Mutations of the tumor suppressor adenomatous polyposis
coli (APC) are responsible for most colorectal tumors. We
found that Axin associated with APC induces degradation
of f-catenin. Furthermore, we found that truncated
mutant APCs present in colorectal tumor cells activate the
guanine nucleotide exchange factor Asef constitutively and
cause aberrant migration and invasion. Our recent studies
have revealed that Asef contributes to tumorigenesis both
by inducing aberrant migration and invasion of tumor cells
and by promoting tumor angiogenesis. We speculate that
compounds that target Asef might be good candidates for
novel anti-tumor reagents.

Gene expression is regulated by multiple mechanisms,
including regulation of transcription and mRNA stability.
In response to stress signals, the tumor suppressor p53
induces cell cycle arrest, DNA repair, senescence and
apoptosis by regulating the transcription of target genes.
We have recently found that p53 induces an RNAbinding
protein, termed D8, which plays a critical role in p53-
induced apoptosis by stabilizing mRNA. We are
investigating the mechanism of D8-induced apoptosis.

Role of the tumor suppressor gene products in the
central nervous system.
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The research in my laboratory focuses primarily
on the question of how and where a memory is
formed, stored and retrieved in the Drosophila
brain.
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Fig. Memory formation

(A1) We have devised a semi-automated conditioning apparatus
that permits the delivery of odor and shock to be
computationally controlled. It can train multiple samples at a
time, is low-cost and simple to build, and can induce short-term
or long-term memory. (A2) Olfactory center of Drosophila

(B) Ca*" imaging of neural activities in the mushroom body.

http://www.iam.u-tokyo.ac.jp/fly/
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Drosophila memory formation

The brain function relies on its neural circuits, which are
designed largely by developmental programs encoded in the
genome. In other words, brain function is encoded in the
genome as mechanisms that underlie circuit formation. In order
to determine the molecular basis of brain function, both the
physiological and developmental mechanisms of neural circuits
must be studied. Drosophila can form an association between a
particular odor and an electric shock, acquiring a conditional
avoidance response to the odor. This is a simple form of
memory termed aversive memory. Similarly, Drosophila can
form a memory by associating an odor with the taste of sugar
in a process called appetitive memory. The research in my
laboratory focuses primarily on the question of how and where
a memory is formed, stored and retrieved in the Drosophila
brain. The study of Drosophila olfactory learning offers the
advantages of simple neural circuits and advanced molecular
genetics, allowing us to identify the synapses that provide
plasticity and transduce critical signals. We are currently
focusing on the neuropile called the mushroom body, which is
thought to function as a coincidence detector during olfactory
learning. The mushroom body consists of many types of
neurons, of which major lobes called y, a/f and a/f are thought
to serve, at least in part, as units of the neuropile. Each plays a
role in a different step of memory formation —for example,
acquisition, consolidation and retrieval— indicating that memory
formation can be divided into several stages and that each of
these stages is performed by a distinct unit. In addition, these
lobes develop in a sequential manner following the order of the
stages of memory formation for which they are responsible.
This ordered development prompts us to infer the possibility
that each component of memory formation evolved
independently and then became organized such that the
organisms could form memories and improve their adaptive
strategy.

Our projects include identification of the genetic mechanisms
underlying aversive and appetitive memory formation and
understanding the developmental mechanisms that form
relevant neural circuits. To this end, we utilize various
strategies and techniques, such as genome-wide RNAI
screening, transcriptome and live imaging.

J. Neuroscience, 37, 5496-5510, 2017, FEBS open Bio, 7, 562-576,
2017, Development, 141, 4716-4728, 2014, Genes Cells, 18, 1070-
1081, 2013, J. Neuroscience, 31, 4944-4954, 2011, Development,
137, 3303-3313, 2010, Development, 137, 3193-3203, 2010, J.
Neurosci. Methods, 188 195-204, 2010, Development, 135, 1471-
1480, 2008, Developmental Biology, 318, 247-257, 2008,
Development, 134, 1539-1548, 2007, Nature Neuroscience, 9, 67-
75, 2006, Development, 133, 791-800, 2006, Development, 132,
4587-4598, 2005, Development, 131, 703-712, 2004, Development,
131, 73-82, 2004, Nature Reviews Genetics, 2, 620-630, 2001,
Development, 128, 67-74, 2001, Mol. Cell, 5, 59-71, 2000, Nature,
398, 242-246, 1999, Nature, 389, 627-631, 1997
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Mechanism of the liver infl ammation and regeneration and generation of

liver and pancreatic cells from human iPS cells.
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Liver Development, Pathogenesis and Regeneration

The liver consists of parenchymal hepatocytes with various
non-parenchymal cells, including endothelial cells,
mesenchymal cells, mesothelial cells and blood cells. We
have developed methods to isolate each type of liver cells
and used them to dissect cellular interactions during
development, pathogenesis and regeneration. During
development, hepatoblasts emerge from the foregut
endoderm and diff erentiate to hepatocytes and bile ducts
and are considered liver stem/progenitor cells. In adult, the
liver is known as a unique organ capable of regeneration.
Upon surgical removal of a portion of the liver, the
remaining hepatocytes enlarge and replicate to repair,
whereas liver progenitor cells, also known as oval cells,
emerge in response to several kinds of severe liver injury.
We have been characterizing those liver progenitors and
dissecting the mechanism of their development. Moreover,
chronic liver injury often leads to fibrosis, cirrhosis and
carcinogenesis. We are also interested in molecular
mechanisms underlying pathogenesis and regeneration.

Diff erentiation of iPS cells to liver and pancreatic cells
Development of a system to prepare suffi cient quantity of
functional cells is essential for the application of iPS cells.
We have developed culture systems to generate functional
hepatocytes and insulin-producing pancreatic f cells from
human iPS cells. We are currently trying to apply those
cells for regenerative medicine and drug discovery.
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Remodeling of bile ducl by liver injury
Mornsal liver
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Fig. 1

In liver injuries caused by hepatotoxin, duct marker positive
liver progenitors appear around the portal vein, which is
known as ductular reaction. By injecting ink through common
bile duct, fine ductular structures are observed. After injury
branching of bile ducts is dramatically increased. CK19 is a
bile duct marker and those CK19 positive cells are stained
with ink, indicating the CK19 cells on 2 dimensional analysis

is indeed connected to bile ducts.
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Fig. 2

In ductular reaction, cell fate tracking by single cell labeling
revealed that biliary cells are heterogeneous in their
proliferation potential and that highly proliferative cells are
present in the periphery of the biliary tree.
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Biological phenomena are mainly regulated through the maintenance and
conversion of cell function based on replication and transcription.

Gene
Selector

Since these are regulated by nucleosome structure, novel theoretical
frameworks are desirable.
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Establishment of novel frameworks on
gene regulation

Horikoshi was devoted to the leading-edge study on
eukaryotic transcription in his early days as a scientist. Then,
his focus was shifted to chromatin, which recently drew the
attention of researchers and has been actively studied. He
was far ahead of his time. In the chromatin study, he tried to
obtain novel components that would play roles in eukaryotic
gene regulation. He was and has been eager for novel
principles and concepts that can illustrate gene regulation at
nucleosome, chromatin, and chromosome levels. Using the
functionally unidentifi ed domains of TFIID and GTF
subunits, he succeeded in isolation and functional analyses of
numerous kinds of novel factors, yielding important
structural, functional, mechanistic, and phylogenetic
principles.
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Molecular design, synthesis and structural development studies
of bioresponse modifiers based on multi-template and dramatype
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Multi-target/function bio-active
compounds

The aims of this laboratory are to discover and produce
new bio-active compounds based on bio-organic and
medicinal chemistry, and to use them to gain an
understanding of life phenomena. As methodology, two
approaches named “multi-template approach” and
“dramatype approach” are being applied.

“Dramatype approach” : Many life phenomena are
controlled by the expression, localization, and degradation
of proteins. Thus far, research on chemical control of the
expression of proteins has succeeded in discovering and
producing various nuclear receptor ligands. At the same
time, functional molecules that regulate life phenomena
through modification of proteolysis have been designed and
produced. It has become possible to destroy target proteins
at any time, and this is expected to serve as a new
technique for the functional analysis of proteins within
cells. Our objective is to use the tools we have discovered
to elucidate the bioresponse network. In addition, we are
designing and synthesizing molecules that control the
folding process of proteins. These are compounds that
control dynamic structure-based function of proteins, and
they will open up new domains in medicinal chemistry of
bioresponse modifiers.

“Multi-template approach” : Almost all of the target
molecules of bio-active compounds are proteins. There
exists fifty to seventy thousands different proteins in our
body. Although the number of the human proteins are
such a so large, their fold structures, i.e., three-dimensional
spatial structures ignoring chemical nature of amino acid
side chains, are thought to be far better conserved in
evolution than the amino acid sequences. Progress in
structural biology and molecular evolution researches
concluded that, the number of the fold structure types are
quite limited to as few as approximately only one thousand.
Therefore, a given single fold structure might be
characteristic of, and distributed to, 50 to 70 human
proteins on average, and one might expect that a single
scaffold structure which is spatially complementary to one
fold structure might serve as a multi-template for
structural development of ligands that would specifically
interact with 50 to 70 different human proteins. The multi-
template approach should be applicable to recently
evolving technique called shotgun approach and/or
polypharmacology.
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Synthesis and evaluation of novel dual BRD4/HDAC inhibitors.
Amemiya, S., Yamaguchi, T., Hashimoto, Y. and Noguchi-Yachide, T.
Bioorg Med Chem. 15, 3677-3684 (2017).

Development of N6-(heteroarylcarbonyl) adenines as BRD4 inhibitors.
Amemiya, S., Yamaguchi, T., Hashimoto, Y. and Noguchi-Yachide, T.:
Heterocycles 94, 1107-1114 (2017).

Switching subtype-selectivity: Fragment replacement strategy affords
novel class of peroxisome proliferator-activated receptor a/¢é (PPARa/d)
dual agonists.

Shioi, R., Okazaki, S., Noguchi-Yachide, T., Ishikawa, M., Makishima, M.,
Hashimoto, Y. and Yamaguchi, T.. Bioorg Med Chem Lett. 27, 3131-3134
(2017).

Development of nonsteroidal glucocorticoid receptor modulators based on
N-benzyl-N-(4-phenoxyphenyl) benzenesulfonamide scaffold.

Yoshioka, H, Yamada, A., Nishiyama, Y., Kagechika, H., Hashimoto, Y. and
Fujii, S: Bioorg Med Chem. 25, 3461-3470 (2017).
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Phenanthridin-6-one derivatives as the first class of non-steroidal
pharmacological chaperones for Niemann-Pick disease type C1 protein.
Fukuda, H., Karaki, F., Dodo, K., Noguchi-Yachide, T., Ishikawa, M.,
Hashimoto, Y. and Ohgane, K.: Bioorg. Med. Chem. Lett. 27, 2781-2787
(2017).

Progress in the medicinal chemistry of silicon: C/Si exchange and beyond.
Fujii, S. and Hashimoto Y. Future Med Chem. 9, 485-505 (2017).

Structural Development Studies of Pyrazoloketone-Derived Acetyl-CoA
Carboxylase Inhibitors.

Okazaki, S, Sakai, T., Ishikawa, M., Hashimoto, Y. and Yamaguchi, T.:
Heterocycles 95, 595-607 (2017).

Design and Synthesis of 1,3,5-Triazine Derivatives as Novel Inverse
Agonists of Nuclear Retinoic Acid Receptor-Related Orphan Receptor-y.
Kaitoh, K., Toyama, H., Hashimoto, Y. and Fujii, S.: Heterocycles 95, 547-
556 (2017).
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I: Development of silicon-containing bio-active compounds
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II: Biological modifiers derived from thalidomide based on the
‘multi-template” approach
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SiRNAs (combs), a major class of small RNAs, silence their target mRNAs
(cord) by cleaving (scissors) the complementary sequences via the
effector complex, termed RISC (tray).
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Dissecting how RNAs function

Most genetic information encoded by the genomic DNA is first transcribed as
messenger RNAs (mRNAs), followed by translation to proteins to exert their
functions. Coined by Francis Crick in 1958, this flow of genetic information—
called the Central Dogma—has been widely accepted as a basic principle in
molecular biology. However, recent studies have revealed many important
exceptions to this principle. Our laboratory is investigating one such exception
called non-coding RNAs (ncRNAs), which act as functional RNA molecules
without being translated to proteins.

Well-known ncRNAs such as rRNAs (ribosomal RNAs), tRNAs (transfer RNAs)
and snRNAs (small nuclear RNA) were all discovered at the dawn of molecular
biology. These canonical ncRNAs play pivotal roles in fundamental processes of
the Central Dogma including mRNA processing and translation, and as such, their
functions and actions have been studied extensively. However, recent studies
revealed that a much wider variety of ncRNA species are in fact expressed in
eukaryotic cells. For instance, miRNAs (microRNAs), siRNAs (small interfering
RNAs) and piRNAs (piwi-interacting RNAs) are tiny ncRNAs of 20-30 nucleotides
discovered from the 1990's onward. These small RNAs recognize their target
mRNAs through base pairing and regulate the fundamental flow of the Central
Dogma at post-transcriptional and transcriptional levels. More recently,
transcriptome analyses have identified numerous long non-coding RNAs
(IncRNAs) with diverse functions including epigenetic regulation. These newly
discovered ncRNAs are thought to play essential roles in complex biological
processes by dynamically and finely modulating gene expression. Yet, our
knowledge on production and function of these ncRNA species is still very
limited. We are challenging this new frontier of the RNA world by combining
biochemistry, biophysics, cell biology and genetics.

Codon usage and 3' UTR length determine maternal mRNA stability in zebrafish.
“Mishima Y, Tomari Y.
Mol Cell. 2016 Mar 17; 61(6): 874-85.

Identification and functional analysis of the pre-piRNA 3" Trimmer in silkworms.
Izumi N, Shoji K, Sakaguchi Y, Honda S, Kirino Y, Suzuki T, Katsuma S, *Tomari Y.
Cell. 2016 Feb 25; 164(5): 962-73.

Single-molecule analysis of the target cleavage reaction by Drosophila RNAi enzyme complex.
Yao C, Sasaki HM, Ueda T, *Tomari Y, *Tadakuma H.
Mol Cell. 2015 Jul 2; 59(1): 125-32.

Defining fundamental steps in the assembly of the Drosophila RNAi enzyme complex.
Iwasaki S, Sasaki HM, Sakaguchi Y, Suzuki T, *Tadakuma H, *Tomari Y.
Nature. 2015 May 28; 521(7553): 533-6.

microRNAs block assembly of eIFAF translation initiation complex in Drosophila.
Fukaya T, Iwakawa HO, *Tomari Y.
Mol Cell. 2014 Oct 2; 56(1): 67-78.
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We aim at understanding the entirety of the neural circuit networks of
the brain, using a simple but elaborated model system of Drosophila with
advanced molecular genetic techniques.

Comprehensive analysis of the neural
circuit architecture of the brain

Brain cannot be understood by the analyses of the
molecular mechanisms within the neural cells. Because the
brain is a complex of information circuits that consist of
numerous logical elements, ie. the neurons, understanding
the architecture of the neural circuits is the prerequisite
for the understanding of the_ functional organization of the
brain. Though modern brain science tends to focus on
higher functions of the brain such as learning and logical
thinking, our current knowledge is far from enough to
explain even simple brain functions such as basic sensor;
recognition. To understand the basic rules by whic
elaborate neural circuits develop and function, it is effective
to analyze the entirety of a simple and easily accessible
neural systems like an insect brain rather than to analyze
% fraction of a vastly complex and inaccessible mammalian
rains.
Conventional histological techniques could reveal only the
structure of the labeled neurons. Thanks to the advanced
expression induction systems of the fruit ﬂi’ Drosophila
melanogaster, it is easy to drive expression of t) fluorescent
proteins like GFP to reveal the morphology of the labeled
cells, 2) activity dependent fluorescent reporters to analyze
the physiological responses of the labeled neurons, and 3)
proteins that kill, block synaptic transmission, or trigger
neural activity with heat or light to alter neural functions
and investigate the roles of these neurons in the brain.
Such tight integration of anatomical and functional analyses
is a very effective way to reveal the architecture and
functional principle of the brain. .
Taking the advantage of our world-largest collection of
more than 4,500 GAL4 enhancer-trap expression driver
strains and newly established LexA enhancer-trap
expression drivers, together with the techniques to
sgemﬁcally visualize the whole circuit structures made by
the progeny of a single neural stem cell, we are
systematically identifying and mapping neurons in order to
trace_ the information pathway of various sensory
modalities (visual, olfactory, gustat(_)rﬁ, auditory, etc.) from
the peripheral sensory cells to hldg er-order associative
centers to motor output centers, and analyzing their neural
architecture using sophisticated three-dimensional image
analyses and network informatics.

1) Tto, K., Shinomiya, K., Tto, M., Armstrong, D., Boyan, G., Hartenstein, V.,
Harzsch, S., Heisenberg, M., Homberg, U, Jenett, A., Keshishi
Restifo, L., Rossler, W., Simpson, J., Strausfeld, N.J., Strauss,
Vosshall, L.B; The Insect Brain Name Working Group. A systematic
nomenclature for the insect brain. Neuron, 81: 755765, 2014.

2) Tto, M., Masuda, N., Shinomiya, K., Endo, K., and Ito, K., Systematic
analysis of neural projections reveals clonal composition of the
Drosophila brain. Curr. Biol: 23, 644-

3) Tanaka, N.K., Endo, K. and Ito, K. The organization of antennal lobe-
associated neurons in the adult Drosophila melanogaster brain. ] Comp
Neurol 520: 4067-4130, 2012.

4) Endo, K., Karim, M.R,, Taniguchi, H., Krejci, A., Kinameri, E., Siebert, M.,

K. . and Moore, A.W. Chromatin modification of Notch

Neuron Database, a comprehensive database system of the Drosophila
brain neurons. ] Comp Neurol 519, 807-833, 2011.

6) Kamikouchi, A., Inagaki, HK., Effertz, T., Fiala, A. Hendrich, O,
Gopfert, M.C. and Ito, K. The neural basis of Drosophila gravity sensing
and hearing. Nature 458, 165-17, 2009.
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A-L: Neural circuits visualized with expression driver strains.
Auditory receptors (A, B), visual projection neurons connecting
lower and higher visual centers, and input/output neurons
connecting the higher order olfactory center and surrounding
areas (G-L). M-Z: Neural circuits made by the clonally related
neurons deriving from single stem cells (M-Z). Insets show the
entire projection patterns between brain regions (“projectome”).
C, E, M-Z: 3D stereogram. D, F, M-Z: Overall projections
(magenta) and distribution of the presynaptic sites (green-
white).
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In 2004, our laboratory discovered shugoshin, the protein that plays an
essential role in chromosome segregation. We enjoy the research to
reveal the basic mechanisms of chromosome segregation.
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Study of Fundamental Mechanisms of
Chromosome Segregation
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Control

Shugoshin RNAI

Chromosomes, the identity of the genome, are maintained as
homologous pairs, as they derive from dad and mum. During
mitosis, all copies of chromosomes are accurately transferred to
daughter cells by equational division. Any mistakes in this
process frequently lead to apoptotic cell death or cancer that
causes lethal defects to the organism. In the germ cells, a
specific nuclear division called meiosis generates the gametes
(eggs and sperms), which carry a single set of chromosomes.
Down, syndrome and most early miscarriages in humans stem
from a disorder of chromosome segregation in meiosis. Thus, it

'9' gl ;:'ﬁ is very important for biology and medical science to understand
#‘ e | -J- ,"a the regulatory mechanisms of chromosome segregation. We
|

R 49 .‘a"‘ aim to elucidate the fundamental principles of chromosome

N B, ! segregation (there are indeed many interesting principles!) in
‘ , + eukaryotes. We study fission yeast, mouse and human cells.

. o Ty Currently, our studies are concentrated in the following topics.
' 3 &""T J}l 1) Identification of novel kinetochore factors that provide the

difference between equational and reductional divisions.
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2) Studies on the mechanisms which determine kinetochore
orientation.

3) Studies on the molecular mechanisms to regulate spindle
assembly in mouse oocytes.

4) Analysis of telomeres in mouse germ cells.

5) Analysis of the regulatory mechanisms of the function and
localization of the kinetochore protein shugoshin.

6) Studies on the causual relationship between tumorigenesis
and dysfunction of shugoshin in humans.

1) Tanno, Y., Susumu, H, Kawamura, M., Sugimura, H., Honda, T., and
Watanabe, Y. The inner centromere-shugoshin network prevents
chromosomal instability. Seience 349, 1237-1240 (2015)

2) Akera, T., Goto, K., Sato, M., Yamamoto, M., and Watanabe, Y. Madl
promotes chromosome congression by anchoring a kinesin motor to the
kinetochore. Nat. Cell Biol. 17, 1124-1133 (2015)

3) Sakuno, T. and Watanabe, Y. Phosphorylation of cohesin Rec11/SA3 by
casein kinase 1 promotes homologous recombination by assembling the
meiotic chromosome axis. Dev. Cell 32, 220-30 (2015)

Fig. 1 The regulations of chromosome segregation during 4) Kim, ], Tshiguro, K* Nambu, A., Akiyoshi, B, Yokobayashi, S, Kagami, A,
mitosis and meiosis. Cohesin Rad21 and Rec8 Ishiguro, T. Pendas, AM., Takeda, N., Sakakibara, Y., Kitajima, TS.,
responsible for sister chromatid cohesion and Tanno, Y., Sakuno, T., and Watanabe, Y. Meikin is a conserved regulator
meiosisspecific kinetochore-centromere proteins Meikin of meiosis-I-specific kinetochore function. Nature 517, 466-471 (2015)
(Moa1) and shugoshin (Sgo1) are indicated. 5) Shibuya, H., Ishiguro, K., and Watanabe, Y. The TRF1-binding protein

. P . : P TERBI promotes chromosome movement and telomere rigidity in
Fig. 2 Shugoshin is required for centromeric protection in
E S 55 (KL 15 [TeCal L meiosis. Nat. Cell Biol. 16, 145-156 (2014)

. HELE ?e”S_" . . . 6) Ishiguro, K-I, Kim, J., Shibuya, H., Hernandez-Hernandez, A., Suzuki, A.,
Fig. 3 Localization of meiosis-specific telomere protein Fukagawa, T., Shioi, G. Kivonari, H, Li, X.C, Schimenti, J., Hoog, C. and
TERB1 in mouse spermatocytes. Watanabe, Y. Meiosis-specific cohesin mediates homolog recognition in

mouse spermatocytes. Genes Dev. 28, 594-607 (2014)
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Membrane proteins are known to be involved in a diverse array of diseases and are good therapeutic targets. Indeed, more
than a half of pharmaceutical drugs in the market target membrane proteins. Therefore, to facilitate the rational designing
of the next generation therapeutic drugs, intensive analyses of membrane protein structures are required. However, the
determination of the three-dimensional structures of membrane proteins still remains extremely difficult. To accelerate the
structural analyses of membrane proteins and complexes, IMCB has established “The Center for Structural Biology of
Challenging Proteins”. This center undertakes a comprehensive research on the structures of important and challenging
proteins by X-ray crystallography, electron microscopy and computational and theoretical studies, and aims at designing
“seed” compounds, which may develop as new drugs.
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This year Professor Toyoshima received the Gregori Aminoff Prize 2016
from the Royal Swedish Academy of Sciences, “for their fundamental
contributions to understanding the structural basis for ATP-driven
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translocation of ions across membranes”.
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Laboratory of membrane proteins

Since proteins have to change their three-dimensional
structures to achieve their functions, it is impossible to
understand how they work without knowing their 3D
structures. We aim at understanding the functions of
important proteins based on the atomic structures using
X-ray crystallography as the principal tool. We focus on the
structural basis of active ion transport and have already
succeeded in determining the atomic structures for 10
different states that nearly cover the entire reaction cycle of
the calcium pump (1-3). As a result, we now roughly
understand how ion pumps work and can answer
fundamental questions, e.g. what ATP and phosphorylation
do. Crystal structures represent, however, only a few points
in the reaction cycle and protons, which play important roles
in structural changes and functions, are invisible to X-ray.
Therefore, theoretical calculations are also important in our
study. We have also established an expression system using
mammalian cell culture and succeeded in crystal structure
analysis of a mutant. Such technology is unique and will
become more and more important. Another principal target
of our study, in collaboration with a Danish group, is the
sodium pump (5-6), which is expressed in all animal cells and
deeply implicated in many diseases. These results have been
recognized world-wide and Prof. Toyoshima was elected to
prestigious Foreign Associate of the National Academy of
Science, US.A. and a Hitchcock Professor at UC Barkeley.
His lectures and interview can be seen on YouTube. He was
also awarded a Medal with Purple Ribbon in 2015 and
Gregori Aminoff prize in 2016.

We are also studying signal transduction pathways, through
which cells sense and respond to environmental stimuli, e.g.,
pH, nutrient, and atomic status. The pathways to these “non-
ligand” stimuli are evolutionally conserved and allow us to
use yeast as well as mammalian cells to study the basic
mechanisms and the generality of the regulation.

1. C. Toyoshima, M. Nakasako, H. Nomura and H. Ogawa: Crystal
structure of the calcium pump of sarcoplasmic reticulum at 2.6 A
resolution. Nature 405, 647-655 (2000)

2. C. Toyoshima and T. Mizutani: Crystal structure of the calcium pump
with a bound ATP analogue. Nature 430, 529-535 (2004)

3. C. Toyoshima, H. Nomura and T. Tsuda: Lumenal gating mechanism
revealed in calcium pump crystal structures with phosphate analogues.
Nature 432, 361-368 (2004)

4. C. Toyoshima, S. Twasawa, H. Ogawa, A. Hirata, J. Tsueda and G. Inesi:
Crystal structures of the calcium pump and sarcolipin in the-Mg**
-bound EI state. Nature 495, 260-264 (2013)

5. Y. Norimatsu, K. Hasegawa, N. Shimizu and C. Toyoshima: Protein-
phospholipid interplay revealed with crystals of a calcium pump.
Nature, 545, 193-198 (2017)

6. T. Shinoda, H. Ogawa, F. Cornelius and C. Toyoshima: Crystal structure
of the sodium-potassium pump at 24 A resolution. Nature 459, 446-450
(2009)

7. R. Kanai, H. Ogawa, B. Vilsen, F. Cornelius and C. Toyoshima: Crystal
structure of a Na'-bound Na', K "-ATPase preceding the EIP state.
Nature 502, 201-206 (2013)
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The reaction cycle and a crystal structure of Na™,

‘H ' Jens C.
EERT,

K*-ATPase in comparison with those of Ca?*-ATPase. They are

ATPpowered ion pumps that are responsible for establishing concentration gradients for Na*/K* and Ca®*
respectively, across membranes. These concentration gradients are used for many biological processes. Therefore, ion
pumps are vital in our activities, and a Nobel Prize was given to Skou in 1997 for his finding of the Na*, K*-ATPase.
Yellow bars show that the crystal structures of the corresponding states have been determined in our laboratory.

23




24

R NTE OJEBL L L - ANPZAERO
S DT

EBEDIFEEIFERFTROER CATRRBERTY .
1958F D=4 7O DEELE. INFTHLDEDE
IAESEHIESHICEN, EHOBWAESHCEINTER
Ulzo IFECRIIFBEZTIC U RS v I FYA Y DER
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ANP is a peptide hormone secreted from heart atrium, which plays a
crucial role in regulating blood pressure and volume. Quaternary
structural change has occurred upon ANP binding.

BEEHEIIMEEE TtV I —

Expression and production of challenging
proteins

One of our long-term goals is to determine threedimensional
structures of proteins, which have great importance in
both academic research and industrial application. The
importance of structure determination of these proteins,
such as membrane proteins or their complex with drugs, is
evident. For example, understanding of receptor/ligand
interactions should help researchers design drugs targeting
receptors whose functions affect human disease. However,
most of structures of these proteins are difficult to
determine. One of the reasons is that there is no easy as
well as versatile system for the protein production of
membrane proteins. Another a critical reason is that there
are few laboratories to tackle these proteins, because
determination of these structures is a high-risk and
highreturn investment. To promote this important mission
further, we are developing new expression methods, such
as adenovirus expression system and direct selection of
stable mammalian cell lines that express desired proteins
in high yield.

One of our current researches focuses on the atrial
natriuretic peptide (ANP) receptor. ANP plays a major role
in blood pressure regulation and volume valance of our
body. ANP activities are mediated by a singlespan
transmembrane receptor coupled to guanylate cyclase
(GCase). The ANP receptor is a member of GCase-coupled
receptors that share a similar overall molecular
configuration and, presumably, a common signal
transmission mechanism. Although ANP is used in clinical
treatment of acute heart failures, its degradation in plasma
is critical. Therefore, more stable derivatives for an ANP
receptor agonist are awaited. Recently we have succeeded
in determining a structure of the ANP receptor complexed
with ANP. The structure explains how the ANP receptor
recognizes ANP, and should be useful for designing new
drugs for acute heart failures. We are also interested in
solving other GCase receptors. Comparison of the
structures of the GCase recptors with and without ligands
will guide us to the understanding of the mechanism of
signal transmission by the GCase-coupled receptors. We
are also interesting in establishing or developing new
expression systems for membrane proteins. proteins.
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(A) Physiological function of ANP. ANP is a peptide hormone
produced in the heart atrium and secreted into the circulation
in response to atrial distension. ANP has potent natriuretic and
vasorelaxant activities. Through these actions, ANP regulates
blood pressure and volume. (B) Structural changes induced in
the ANP receptor by ANP and proposed mechanism of signal
transmission. ANP binding causes a twist motion of the two
extracellular domain. This motion reorients the two intracellular
domains. The reorientation of the intracellular domains brings
two active sites of GCase domains to optimal proximity and
orientation, thereby giving rise to the GCase catalytic activity.
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complexes.
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IV INT BB EDERT D FIF—TEDILARESE T
BENTHAELE T, UIeh' > T, EREDTHE XHZ
ALZRET DI CFIMAEEREN NI R TT, XHiRiE
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1. BEHERZ

PSS PR EFE T DRISHEER (TS AA—
AFAT—) ETRYTFIVIECHDILHEEISHRT SRR
WCKST. Y FAEMEFE I D AN R LZERTFOER
ETHSHICT BT ET>CTVET, &BIC, YT F)UEE
ZERET 2 RTF ROERD FILEYDRREFZETILN IR
DITENDFETE RN T DT & CHRFEREDBIERN
ZIR S DHEMREED TVET, T/, RN HEET
% L TEERERY VNI B PIEBEDMIIEAEXCREN ST /Y
JEECHEDIMAEERT AT BT > TLE T (Fukai
et al, EMBO J., 2003; Sato et al., Proc. Natl. Acad. Sci.
U.S.A., 2007; Yamashita et al., Nat. Struct. Mol. Biol.,
2010; Yamagata et al., Sci. Rep., 2015; Yamagata et al.,
Nat. Commun., 2015; Kimura et al., Sci. Rep., 2016; Chen
et al., Sci. Rep., 2017; Goto-lto et al., Sci. Rep., 201713&)

2. ABFFVIVITFUIT

AEFFUF76T7 = /BEENSIBDINSBRIVINTET,
TOTFTPYV—LICKDIVINTBDR T F)E L TOREEED
BETIN, IVINTBHRUMNCORL MDY
TFILELTFEEL T ENEFEDIARICKIBESHICIFE>T
WEY, AEFFUEFBEEDOU I VEREFCIENKIHDAFF
ZURE (M) ECKRIBDTUY VERE (G76) M4 VYRT
FRIBEEHIVERTF RESGEN LT OB BT ETIEF
FUBERERULE TN, 48EBBDUIY (K48) ZNULTOR
Mol AEFF VBN TOT 7YV —AICKDDRITFILEL
TIFES5LDITHULT, MIPKE3ZEN LTINS feIE+F
VEH (M, K638H) 7’077 Y —LAlCkELEVLWY IS
JWELTIFEDEFT, fhfcbld, MISEPOKE3ENEE R K
EIJE}E'_;’CL,\%DNA}E1EFEK\%\\EJ7T)Lﬂatlui@b
FDYTF VIR =X 7 SRS SR S HERERRATIC R Y
BSMCLTVEY . DNABESWEFMREON ALICIER
[CBEZ(CBD>THY., BONAEZEDECH AHIHIDTZ6D
DRIFEEBODRRZT>TWVWET (Sato et al, Nature,
2008; Sato et al., EMBO J., 2009a; Sato et al., EMBO J.,
2009b; Sato et al, PNAS, 2011; Sato et al, Nat. Struct.
Mol. Biol., 20157,
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Our laboratory elucidate mechanisms of molecular signaling and
reactions at atomic resolution by X-ray crystallography of protein
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Molecular mechanisms for assembly and
functions of protein complexes

Biological macromolecules are folded to exert their specific
functions. Therefore, three-dimensional structure
determination is necessary to elucidate how biological
macromolecules work. X-ray crystallography is a powerful
structure determination technique in terms of resolution
and applicable molecular weight. The mission of our
laboratory is elucidation of regulatory mechanisms for
molecular signaling and reactions inside or outside cells at
atomic resolution by X-ray crystallography of biological
macromolecular complexes. We further perform functional
analyses using site-directed mutants iz vitro and/or in vivo
to support the principle of the complex formation and
functional mechanism revealed by three-dimensional
structures of macromolecular complexes.

1. Structural neuroscience

We elucidate molecular mechanisms for synapse formation
at atomic resolution by structural and functional analyses
of synapse-inducing cell adhesion complexes (termed
“synapse organizers”) and their downstream effectors.
Further, we will develop methods for controlling synapse
formation, based on the structural information. Since
dysfunctions of the synapse formation are closely related to
neurodevelopmental disorders, expected results might lead
to an innovation of therapeutic methods for
neurodevelopmental disorders. We also investigate
membrane proteins and molecular complexes that play
important roles in neuronal functions.

2. Ubiquitin signaling

Ubiquitin is a conserved 76-residue protein, which is well
known as a signaling molecule for the proteasomal
degradation. Further, recent researches have revealed that
ubiquitin controls various cellular functions besides the
protein degradation. Ubiquitin can form ubiquitin chains
thorough the conjugation between its C-terminal glycine
residue (G76) and lysine residues or terminal methionine
residue (M1). Ubiquitin chains linked through Lys at
position 48 (K48) are served as the proteasomal degradation
signal, whereas those linked through M1 and K63 function
in proteasome-independent contexts such as DNA damage
and inflammatory responses. We focus on MI- and K63-
chain-mediated processes and elucidate their structural
basis by using techniques of X-ray crystallography,
enzymology, biophysics and cell biology. DNA damage and
inflammation are closely related to tumorigenesis. We
present a basis for design of antitumor drugs.
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Epigenetic alterations, namely chemical modification of both the DNA itself and the proteins that interact with eukaryotic
DNA to build chromosome, are critical for gene regulation and therefore play crucial roles in development and cell
differentiation. Furthermore, aberrant epigenetic alterations are increasingly recognized as being involved in the
development of various diseases such as cancer, lifestyle disease, aging, and chromosome aberration linked disease. The
Research Center for Epigenetic Diseases of the Institute of Molecular and Cellular Biosciences was established in 2010 to
focus on studies on epigenetics. Outstanding laboratories in the fields of development, cell differentiation, cancer, aging, and
genomics have been brought together to perform multidisciplinary studies for this purpose. In 2011, a core laboratory
service department has been launched to support activities of epigenetic studies world-wide. In addition to its own
discoveries and development of new technologies related to epigenetic studies, it provides mass spectrometry technology,
next generation sequencing technology, and computational tools of broad general application to the scientific community.
Our ultimate goal is to help develop therapeutic applications in regenerative medicine as well as in the treatment of cancer
and metabolic bone diseases.
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Genomic approaches open up the way to understand how
various chromosomal functions are connected to make a
network for faithful maintenance of the genome.
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ZEFHEAERIEEDMRIBTT, SMCY YNNI BEGHIFIR
HEFTICIWMENRENTCVETN (De—yy, JVFY
V. SMC5/6). INSEERIFVTNEEREYICEEIC
RIFENTHEY . DR EDRBAEDDECICHADERE ZHD
BPNHSNTVET, —H. INSOREFRIEEEZREYIC
BEOHEDELTVSEZEASNTSY ., BICIe—Y2D
#BEAR2(3CdLS (Cornelia de Lange Syndrome) &IE(EN
BEHRGHERBEDORR B2 ZENHSNTVET (B2).
HE2FIe—Y VEBHKICDWT, ChiIP-seqAZRWVTZD Fig. 1
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HIEICESLTVEEZASHICLELIE (B3), IR, R4 molecule
TRCALSEEZMEDME. /v I 7D MY ORERL., BEEF. To understand the molecular mechanism that guarantees the
HE2, F LAZREREZELCIE —Y VOESHIEONF genome integrity, it is essential to study process of
XHAZZALEBALTVET, IO DDSMCESHEHZEN chromosome dynamics (i.e., transcription, replication,
PNESHEICRYEZOEEZISNZT—INESNTH recombination, repair, and partition) as a whole using genomic
DLRE. £ YOR BEEREAVARETOCLET. approaches.
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Fig. 2

Loss of Cohesin localization sites in CdLS patient cell line.

A Clinical traits of CdLS patients (kindly provided by Dr. lan Krantz)

B Loss of Cohesin localization sites in CdLS as revealed by ChIP-seq.
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Fig. 3

Cohesin co-localizes with CTCF and functions as a transcriptional insulator

ChlP-seq profiles of Cohesin and CTCF

A Cohesin insulator model deduced from our study

B Cohesin together with CTCF, connects different sites on one DNA molecule,

thereby creating DNA loops that can control enhancer-promoter interactions.
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Links between dysregulation of chromosome
function and human disease

Our main interest is to understand molecular mechanisms for the regulation of
chromosome functions (ie. transcription, chromosomal replication, recombination,
repair, and partition). Plenty of human diseases (including cancer and aging) are
caused by dysregulation of chromosome functions. Our main method for the
understanding of chromosome functions is dgenomlc approaches. Genetic and
biochemical approaches have so far identified hundreds of proteins involved in
chromosome metabolisms. Now, genomic approaches let us know how these
proteins are actually integrated Into the process of chromosome metabolic
pathways, and how each pathway is connected to make a huge network for the
precise regulation of chromosome functions (Fig. 1). We are exploring dynamic
aspects of chromosome functions in two yeast species (Saccahromyces cerevisiae
and Schizosaccharomyces pombe), mouse, and human by genomic approaches
called ChIPchip (Chromatin Immunoprecipitation combined with high resolution
tiling genome chip technology) and ChIP-seq (ChIP combined with next generation
sequencing technology) techm%ues. ) )
For example, ChIP-chip and ChIP-seq enable us to monitor progression of DNA
replication through precise mapping of replication machinery and newly
synthesized DNA In the whole genome, Using these techniques, we have analyzed
how DNA replication checkpoint proteins are integrated into the process of DNA
replication, leading us to identification of Mrcl as a key player for DNA
replication checkpoint cascadel ). By applying the same technique to analysis of
human chromosome, we have shown that cohesin, a protein complex that is
essential for chromosome partitioning, plays also an important role in
transcriptional regulation as an insulator protein (Fig. 2), 3), 4), 5). This function of
cohesin is very special to metazoan and loss of transcriptional control by cohesin
es&)emaﬂy in human is known to cause multi-developmental system disorder called
CdLS (Cornelia de Lange Syndrome) (Fig. 2 and 3). One of our research focuses
now is to understand molecular mechanisms of transcriptional control mediated
by cohesin and its related protein complex (condensin and Smc5/6 complex).

Major topics in our research are as follows

Y& Molecular mechanisms of transcriptional regulation by cohesin complex

Y¢ Molecular mechanisms of transcriptional regulation by condensin and SMC5/6
complex

Y& Molecular mechanisms of replication fork stalling and re-starting

¢ Molecular mechanisms of sister chromatid cohesion establishment

1) Lou H, Komata M, Katou Y, Guan Z, Reis CC, Budd M, Shirahige K, Campbell JL. Mrcl
and DNA polymerase epsilon function together in linking DNA replication and the S
phase checkpoint. Mol Cell. (2008) 32, 106-117.
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Genome is the most important information on the earth that determines the design of
life while the material DNA is quite “fragile” to chemicals and radiations. During

evolution, organisms got ability to repair and regenerate the genome. We are trying to
reveal the molecular mechanism of genome maintenance and the relationship to
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cellular senescence and tumorigenesis.
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How is the genome integrity maintained?

Human genome has ~ 3 billions base pairs, corresponding to
~ 2 m in length. Such a long DNA is packed into the small
nucleus (~ 5 um diameters) and duplicated in mitosis. It is
easy to imagine that the genome is entangled and broken in
the small compartment. In addition, the genome gets
damaged by ROS, UV and chemical modifications. Seriously
damaged genome induces apoptosis to kill the cell. Slight
damaged one activates the DNA repair system. But the some
lesions on the genome may escape from the system and
accumulate. The accumulation reduces cellular functions and
induces senescence. It may cause cancer, too. As a human
body has ~ 4 trillions cells, it is a quite tough job to maintain
the genome integrity in all of them. Especially, long-life cells,
such as germ line and stem cells need intensive care. We
study how those cells regenerate genome and keep the
integrity.

What is the “Aging signal” from damaged
genome?

In eukaryotic cells, the genome has several “fragile” sites that
are especially unstable. The ribosomal RNA gene repeat
(rDNA) is the biggest one. The repeat occupies ~ 10% of
yeast and ~ 05 % of human genome. Recently, we found
that rDNA stability determines yeast lifespan. Therefore, we
speculate that the rDNA is a major source of “Aging signal”
that induces cellular senescence and restrict the lifespan. We
would like to identify the signal.
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Laboratory of Cancer Stem Cell Biology
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We investigate the molecular mechanisms by which cancer stem cells,
essential targets for cancer therapy, drive the formation and growth of
tumors and aim to develop new therapeutic strategies directed specifi
cally against them.

E@EE 1 03-5841-7835

FAX 1 03-5841-8482

E-mail  : kawasaki@iam.u-tokyo.ac.jp
http://www.iam.u-tokyo.ac.jp/5ken/

Concept of Cancer Stem Cell and our
Research Interests

Tissue stem cells found in various organs have been
thought to maintain self-renewal and pluripotency and
generate diff erentiated cells specifi ¢ to the tissue in which
they reside. It has recently been shown that tumors are
also organized in a hierarchy of heterogeneous cell
populations -mirroring a stem cell system- and that the
capability to maintain tumor formation and growth
specifically resides in a small population of cells called
‘cancer stem cells (CSCs). CSCs display strong resistance
to chemotherapy and radiotherapy. They would therefore
be responsible for tumor recurrence and metastasis after
cancer treatments and considered as the essential target
for cancer therapy. We investigate the mechanisms by
which CSCs drive the formation and growth of tumors, and
aim to make contributions to cancer therapy and diagnosis.
We are especially focusing on the molecular function of
membrane proteins and transcription factors/epigenetic
regulators crucially involved in the selfrenewal and diff
erentiation of CSCs.
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Many cancers are maintained in a hierarchical organization of rare cancer stem
cells and more differentiated tumor cells. Conventional therapies target proliferating
diff erentiated cells and may preferentially spare cancer stem cells, which could
lead to tumor recurrence. Therapies that are specifically directed against cancer
stem cells are therefore expected to lead to tumor degeneration. Furthermore, it
should be possible to treat cancers by inducing diff erentiation of cancer stem cells.

Research Center for Epigenetic Diseases
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Laboratory of Stem Cell Regulation
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Stem cells are strictly regulated by various extracellular signals in vivo.
We shed light on the mechanisms of stem cell regulation by using

technology to identify stem cells and their supporting cells.
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Analysis of the molecular mechanisms of intercellular
interactions involved in liver development and disease

Liver is composed of hepatocytes and non-parenchymal cells
including endothelial cells, hepatic stellate cells, biliary epithelial
cells (BECs), blood cells and so on. Because hepatoblasts
proliferate and diff erentiate into both hepatocytes and BECs
during liver development, they are considered as fetal liver
stem/progenitor cells (LPCs). On the other hand, adult LPCs
are known to contribute to regeneration in severely injured
liver. Although the growth and differentiation of LPCs are
supposed to be regulated by intercellular interactions among
various liver cells, the precise mechanism underlying liver
development and regeneration remains poorly understood. Our
aim is to uncover the cell-cell interaction relevant to the liver
regeneration as well as the pathogenesis of cirrhosis and
carcinogenesis, which contributes to regenerative medicine.
Recently, we are also focusing on the relationship between
liver diseases and “Dying Code” derived from dying cells.
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Model of cell lineages and intercellular interactions during liver
development and diseases

The lineages of fetal liver cells are delineated based on the
expression profiles of cell surface markers. Numerous cells
constituting the liver have communication with each other to
create an orderly “cellular society”. However, the disruption of
cellular society by various insults will lead to liver diseases such
as hepatitis, cirrhosis and carcinogenesis.
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Laboratory of Drug Discovery Strategy
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Many disease-related proteins are remained functionally un-controllable
with small molecules. We are discovering the novel strategy for regulating

BE@EEE 1 03-5841-7853

FAX 1 03-5841-8495

E-mail @ m-ishikawa@iam.u-tokyo.ac.jp
http://www.iam.u-tokyo.ac.jp/chem/IMCB-strategy-
HP/Index.html

Novel strategy for small molecule drug
discovery

1) Protein knockdown: formation of artificial protein-
protein complex

We have developed a new approach, named “protein
knockdown”, using small molecules to induce selective
degradation of target proteins post-translationally. Protein
knockdown would be useful for biological studies. It might
also provide a new therapeutic strategy in cases where
expression of target proteins is closely related to diseases.
2) Discovery of non-canonical nuclear receptor ligands
Inhibitors of the interaction of a nuclear receptor and
coactivators, and transrepression-selective nuclear receptor
ligands were generated.

3) Improvement in aqueous solubility of small molecules
Aqueous solubility is essential for drug candidates, and
improvement of the aqueous solubility of bioactive
compounds is a major issue for medicinal chemists. We
proposed a strategy for improving aqueous solubility, that
is, modification of molecules in ways that would disrupt
molecular planarity or symmetry, which in turn results in
a decrease of crystal packing.

[E] REL 2 INTEIE, &2 /NTEE3, IAPIC & - THZ#
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(Above) Conjugated molecules of the IAP ligand with a
ligand of the target protein induced formation of a complex of
IAP and the target protein, and degradation of the target
protein.

(Lower left) Transrepression-selective liver X receptor (LXR)
ligand

(Lower right) Improvement in aqueous solubility in small
molecule drug discovery programs

Research Center for Epigenetic Diseases
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In germ cells, which are responsible to transfer the genetic information to
their progeny, environment surrounding the DNAs is dramatically changed
for precise transmission. In our laboratory, we are studying how chromatin
dynamics contributes the maintenance and erasure of genetic information.
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Epigenetics supports proper transmission
of genetic information to progeny.

Germ cells undergo dynamic morphological and molecular
changes in order to transfer their genetic information to
the progeny. For example, in sperm nuclei, which major
axis is only 5 micrometer due to the histone removal and
intense chromatin condenstaion, most of the nuclear events
such as transcription and translation are thought to be
shut-off. However, recent studies indicate that small
amount of histones as well as RNAs still exist in mature
sperm, and suggest the possibility that these histones and
RNAs play some roles during fertilization. More recently, it
is demonstranted that transient stress occurs in male
individuals causes epigenetic alteration, and the altered
epigenetic marks are inheritable to progeny. These
observations support the idea that sperm transfer
something other than their genome to the progeny.

In our laboratory, we focus on the chromatin dynamics in
germ cells, and examine how it contributes cell
proliferation, differentiation and fertilization, and three
specific projects are on-going; i) identification and analysis
of chromatin modifiers important for spermatogonial stem
cells (SSCs), ii) profiling of histones retained in sperm and
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functional analysis of sperm histone variants, and iii)
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Figure legend) A model of histone modification dynamics
in sperm and early embryo for transcriptional regulation.
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Development of N6-(heteroarylcarbonyl) adenines as BRD4 inhibitors.
Amemiya S, Yamaguchi T. Hashimoto Y. and Noguchi-Yachide T.:
Heterocycles 94, 1107-1114 (2017).
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and extra-terminal domain(BET) 7 7=U—9>/VJ&

(BRD2. BRD3. BRD4. BRDTD 4%&) h'dpt). EEPT
OXFYVUETU VI BEDMIENTOERHHICES LT
W2, ZOEEAIFHMNARIE U TERRIEREMSICH D,
HDACH &z, ZDREEAIICEROMNREI RS ﬂta':‘”)
FEpRVorinostat (SAHA) R ENHFINTARIE UTHEEIN
uéo—ﬁ\@%Eﬁ%@%ﬁ%tbtrmﬁﬁtméﬁﬂ
DHEFEHZEIFICENE TR 77— 20V —EENE
BEnNTWd, 22T MU 7—YI0O0V-EEELTD
FTHBRDA/HDACZEHERI DRI, RUNAMRICST
EAMZERII LI, TORBR, BEEHEEMRN 585
NIEBRERBICNRY VAT FZUBEREET DR
HDAC/BRDAZEHERIZRIR T DT EICHII LT, RlIR
EEMREIMNAEEZET D ENHFTE. THIC
BRDAFEEHI 4N AR IC BT B —EFREHIOERMNA
ShERoT,

BRD4 1:: ST v RBET BRD4KH§§‘I
Vil NF xa FDRTERE HDAcﬁEiﬁl
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Codon usage and 3 UTR length determine maternal mRNA stability
in zebrafish.

Mishima Y and Tomari Y

Mol Cell. 2016 Mar 17; 61(6): 874-85.

Y ORIEINCEFIRICHET SMRNA (BEMRNA)
HBASNTHY . INZFLE L TERTNZTHFIFR
IYNTED. ZREBROEGRERZZEIATVET. LLL
ZRER—TEDR-EIR DL, —EBDOFHEMRNAFRPHC
BN, BESOHULMRNAICESHO U E T, @
HECHITHFHBNEOES INEZDEFHICHNT, £D
KOBRACEDVNTEEMRNAD DBEEINZDHME.
NFTHRI DD >TLWEBATUI.

Bl B3 T7 0 vy 2LV SNRBGEROZIEINE
AWT. BEMRNADREMRZRET 2ERZHTLEL
oo REGEMEMRNAE RNLZEREEMRNAZ fEFEY (X
AU SSITHEREATIC K > TENS DR DIFEZESHIEICH
RUILBR. METIHEGREBSTH2 IR OERICRY D
BBTENTHU KU, FedRVOMEMZENZELAT
BELFZEGEU. O R OEMAMRNADI i< 852 71
U (A) HORTICHBZSX% I ETMRNADZEMDZE
ZEHET T EERBNICFIALE Ulc. SS5ICTONRER
R(CIF3 UTRORS HEBIREEIZRILTVE U,
DI EDBRNS, IVINTBEDT S/ BEINEIEES 28T
BSTHZIRVIC. BEMRNADRZERZRET 21%E|
HHdTENPESHERIF UL,

COFERIF. INFTOEGESOTHOFIZEL. B
TNTVEMRNADZE M BRZFTHND T EZTEElCT
DEHNBRENDTY., SRIGFIOERZEDHEIC. EYDIEFR
ECBITECTFRREDEFENT SICRED ENEFEIN

FI,
/’»

'I'\') A SHD 5

O-O.’(;ﬂ._)

FRELIFY + FHW3IUTR

ARELT R P S #D3 UTRIEVEMEMRNAR, 24
#ZICCCR4-NOTHREMIC & 2 BIIRKTFHI & K U A HOIEM % 2
FTRES B,

& 1‘1‘5%7}‘ [# %] ZRNAE [IE%]
ZRNAZ R % LL A0

The poly(A) tail blocks RDR6 from converting self mRNAs into
substrates for gene silencing

Baeg K, Iwakawa HO and Tomari Y

Nature Plants. 2017. Mar 20; 3: Article number: 17036.

BIED A JVARNAL ABBICEA LSBT F N SEF
TcRNATREZ [RE] BIFECRNAETH U, B5%I—
HALYYYT (PTGS) EFENZECTFHEEEZT
UCRRICHHET D T EHHSNTVERT, PTCSIFEHD
RIS SR I DEMIREIEEE TI N, SITRERDDE
RNAKFMHRNAR U XS —E 6 (RDR6) H'—ZEEDRNA
HSZAHRNAZ GRS 2RI TY. PTGSH [EH] &
MRNAICEERLTUE S &9 VN TBMES NG E Y,
TBEEEN IRAE T BT, IBYICIEFBEED [EHE] GmRNA
HPTGSHBDIZNICBRSBVEL S T2AS5ND UL HD'EH
BEEBASNETT . INFTEYPHEZRVIZIART [EH]
IFMRNANY B DR ABHID B SDMRNAICK U TPTGSH
EEhT 5 EZBASBEER>TVBDTRIBRVD ENSR
BIEFENTLBDD, GIHZ0EHZRAFTVSDHE
AN TVWEBATUR. SERLCIFPTCSDSIEERLES
“AERNAZER S 2B R CHDRDR6BEN [RE] &
RNAL TEE] BmMRNAZRDFTVZDTRIBEVLHAEN
SIRERZILT. $BHEUIZRDRODMEZHEREN THT LR
UTce ZDHER. RDROIEMRNADEKIRKICH B MU AfEZE
FIvI 9B ETERBMRNATH D &HIMT L AL
ZRET—HT, KU ABZHECIRORNAIGZARHEEL
PTGSICEL EVWSHHRIGMEZH DT ENHESHITIRY &F
Utz AR THSNICIESTZRDREOMESF [FEIEHR
MRNAIFPTGSDIFEM IR SRLDH] & W S Uiz <
[CHBRBHEFHFET DI LN TERT,

E =
EELZMRNA (k1% @KUAS (RE) #RDR6 (F75Y) »5
ENBEFMELYPTGSICEBABISRNBH (L), RUAHER
Wz R HmRNAIZRDRBIC & > T AL S hPTGSHEEIC L > T
HRENB (T
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Curr Biol (23) 644-655, 2013

B(C 3 B M OMBRMIRIE. 2 THREFHIBNDREZRY
RUTIESN D, EHHSNIHRIE. [EDFHMIRNSE
FNEHEVSHBICERRL, ZNZENIRBICHELT
SESFREWROBEIED] & [HETEITRF >/c@izE
BZED] £V 2 DDTREMEN' 2 A\ EEDB TLE S 8>
TLBNERARE oIz, Z I THEFMIRD 1 DEZTNHE
DF R E ROE T RERZR B UICER. $9100855
REHAEN, SIES N2 FHRIBEFEDECALH, HBIE
TR DR E > TIBETE IS SRS D R Z (S I RN

[D0—FIAZw b ZEMTDIENDN oIz, F./0
FERRIDEGEE W D IFHEV RS . DB ST
RSB DRIE, HEDI7O—FIL1Zy MHEBE
DE>TESNT UV, MEFDOBROREE. DIy b
A7OYIDKSICHFEDET >TESNTND, SOOH
RC.Y3DI3INIOLTOBHICOVT. EDIZ Y
ROETITRE U, EDK SR HROBHEEEE>TLDH
ZRRAL. BMRNMESEZ R DEYDBIROBDOHEEZ
1O THS S LTz,

so HERY NI—-THASE
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L RUROIARZ NI ZAEMRT D
Bl A D Hfe 37
Ito, K., Shinomiya, K., Ito, M., Armstrong, D., Boyan, G., Hartenstein, V.,
Harzsch, S, Heisenberg, M., Homberg, U., Jenett, A., Keshishian, H,,
Restifo, L., Rossler, W., Simpson, J., Strausfeld, N.J.,, Strauss, R., and

Vosshall, L.B; The Insect Brain Name Working Group. Neuron (81)
755-765, 2014.

BXDIHRIFIERE PR PEZPIRG ERSNIBRICEB L
fEBDOHEM o feh HEICE>T. 2 TOWEDEEEH
EWICHRAT 2 IRT NI ARRMNEESINTVD, LN
U DFER. ERIARN B A TRD > IO ESE, Tl 2P
BROEENEBAETEFT > TLRRVEVSEBIRELL
TEle, WRANBABREE TH. HREICK > THRHIW
WHESTEHISEADELTVD, BRI TIF2007FEDE
BEFZCIOBBLERSN. 4 HEISHRZEDD—F
TN —TTEERERZEED T &I D Tee BD—ERTIRL 2
HEHRR LTV RHREFHEHRTOABVD, Hoh i
[CII>CEBDMAMRZEN—RICHELBERRZT L6,
39V 3INIRIFTCRLIBLEVERNOESZIEHET 5
HRZEIIUIc, BRERIDOHRIGEATE. EENRIF
EDOREHTY —F— v FEED ZEHDEL, ST,
KON BEMEEHRDE—AEE UTHFNICIRAMINT
WBEEZTN U, WIITHIREZMH L. HFRPOKXIRE
iEHRT—IR—RICFHLLVIMER ZVWE R < BB E UTHE
HFAFEBBE, BEBHARENZRMEL THBEORRZESF
EHETT,
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Yuji Tanno, Hiroaki Susumu, Miyuki Kawamura, Haruhiko Sugimura,
Takashi Honda & Yoshinori Watanabe “The inner centromere-
shugoshin network prevents chromosomal instability”

Science 349, 1237-1240 (2015)

t S DESMHIETIFA6ADERBENZEICHEIE SN TL
2DICHULT, B AL U TIRRBADREIEHSERIC
BoNaIEMHSNTVET, Ml RHOLETDORERD
BEORBF. REAMBKIUY / LAORRERZFFEL.
BONAEB RO ZDBIELERET 2EEXSNTNE
T COREBHEDHERBEZ5 TR T D FEBICONTIE,
BLDUREMNMEBRESN TV LD TOEERDFHE
[FRD>TVFEATUR, FIFRTIE. REGFHEREZ
NI B AEBEROMIRKOE < T, 2EFEDOEY FOXT
DORENGHEEE > F—EY bOXT7 - 2TV Y

(ICS) ®Y bI—TIHAREICFZO>TVD T ELEZRBUE
Ulco AR, MIRDOHALDEEGD T/ LDRZEN
ZS|ERITEBNGD TRIBZIHSHIC LICTREENS
B ABIDBER(CHIc R AT ZES A DHREVZIE T,
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i > 7=/ VE E BRI OERMEEES 2MEFH 5, Ib—
& (BEX b2HIKID X FILEICHES L TRTET 3)HP1 .,

EE 2TV ERELTIDR Y NT—IDREMEZZ TV
3, NAMBIKNZ T 2h S DREBRRICRIBIRON S,

Shibuya H, Hernandez-Hernandez A, Morimoto A, Negishi L, Hoog C,
Watanabe Y.

MAJIN Links Telomeric DNA to the Nuclear Membrane by
Exchanging Telomere Cap

Cell 163, 1252-1266 (2015)

BREBRNFRANEGODZERICIE. THOZTNZTNOE
TEMIRE (T WONF) TREWNIERICHEDCHES k.
ZRBICKY, DEREINERBANBUHIED T 2HHEHN
HIET, CORBEOHERS T RKGREEIERDERE

(REHZ) TlE. LADKR [TOX7] MNPLBIRE
B EITDEEZONTVEITN . ZODFAHZXLDIPER
[FEATVWEBATUIC, AIFETIE, YO XDETEHRIC
BVT. TOXT7 DEEZE B HITFHEUICEENEZET L
SRSV IVIBMAJINETERB2EHRRB UE Uiz (K).,
BE. TOX7EHERTIDNAGY TILIUV EFENS S
VINTEICBODNTVETH. MAJIN-TERB2(F, DT/
IV 7ZDNANSHT ZETEZTOXPDNAICKEEG L. T
OX7DNAZIRICRIE T B 27U ZR DT EHBESH TR
DEURE. &512. MAINBELUTERB2LEIGETD ./ wI 7D
RO ZDETHS. MAJIN-TERB2HFEAED T O X 7 HE&EhH"
EIERRDERICABEART RGHEETH 2 EZIHLEL
foo AFRRICKISOFERDIKTH > BB HITFELIET
OX 7DD FHEENHESNCEI F U,
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1. Norimatsu, Y., Hasegawa, K., Shimizu, N. and Toyoshima, C.:
Protein-phospholipid interplay revealed with crystals of a calcium
pump. Nature, 545, 193-198 (2017)

2. Kanai, R,, Ogawa, H., Vilsen, B, Cornelius, F. and Toyoshima, C.:
Crystal structure of a Na“-bound Na‘, K-ATPase preceding the
E1P state. Nature 502, 201-206 (2013)

3. Toyoshima, C., Iwasawa, S., Ogawa, H., Hirata, A, Tsueda, J. and
Inesi, G.: Crystal structures of the calcium pump and sarcolipin in
the Mg*-bound E1 state. Nature 495, 260-264 (2013)

4. Shinoda, T., Ogawa, H., Cornelius, F. and Toyoshima, C.: Crystal
structure of the sodium-potassium pump at 24 A resolution. Nature
459, 446-450 (2009)

FRSHEAND A 7> DRENEZESTEREICHEE
[CIHHICE>TWVND, ZOREDRZHFFT 2DFA 4R
VTEHETHY . BRIV D LATPase (ATP/KRES
R) FZDPTCROMEDEALDFEINHDREBETH
%, Ca*"-ATPaseldATPDIIKDBRICH SR T RILF—%&
Bu. 1EOATPHIEY . 2EDAHILY D LAZREDRICE
S5OTERTED N, ZTOIRIVF—FIBERERIFFEE100%
(SET D, COEBHBIF1963FITI15EHasselbachlCk -
THIICEBEIN. 1970FER(ICEZNRIGBIENTEIIS N
feo TEHB. Ca? o LIBWVWRIIMZ S DETRETCa’”
EEEUIZDB. ATPONIKD R E Ry FTEOBEDHERILIC
EHBRIWETILICK T, Ca I LBV LT
BUVE2REICREBUZRILI DT ETI AV EERT 2
EVDSHDTH D, COBERLDREZRFLUNILTHS
MCT DT ENHADEETH D,

ZDIHIC. XEIERETICEW A TED, RYIDIES
(Ca’™ f&BkEE 1 E1-2Ca%") #2000£(C. Ca’ IRLMigiE
(E2) #2002 [CNaturelCHRL. 2ABA VNI hES
ZBDTEDTEZ, IBITHD 8 DDREEDIEEREICDRMTY
L. ATPPREEE L2 LTWLDDHN. E S0 > THEEEERL
TOZEH 5 nmBBNzCa* EEEAIICEZ 5N, 44D
FHMEZEZ 200, Fle. ADHICH O méEEzE LT
W2DNEWVSTEARBHEICSPEZ SN2 K DICEo I,

EFDIC. AN, PE3IDHDIMMRERAA VDEBEZE
ATCa AWM EENT DREBN v I AZFHIEL TV
BDTHY . ATPIEZDEBZZEZ DI DFHIHEF CTH S
DN, ZOLIBRBUWBEEN. IERICKELRIAESHDD
THREICEI>TWVWA I EICFEREUNMVVESIABLD
DEHELD. SHIC2017FEICIFREFEZRREL TRERPD
FEE-SEROTURLICHIIL. ZOER. K FEQEEFY
VEEBEEA T VEEANZALDEEREREE U THMSA
NTWBZENHBAL, BEAEDEEZERICHT 2EME
ERDHDTVDHONARBDN. ZO—RANEESNDICES
feo COEHEDEFD—IRKIFHREDR—LR—IDENH
T, &Fleo BEBHEN AU T4 )LZFPRKZN—=T LU—KTIT>
feiE#Z(EYouTUbe TR2 ZEN'TE S, RIDMEEMHERIC
BULTIF EEEZESRBUTOEREERW,

48

Nature, 8 June 2000

) E

MOTION PICTURE

Nature, 11 May 2017

1963
ey
Ware
amp PTILRST
ATP ADP
1979 E1-2Ca” —— E1-2Ca™-ATP —p E1~P-2Ca™ADP —» E1P-2Ca"

2ca*

2H

2016 curent staus (as of dune 2016)

»oaTr

-

RBA S P

v, SEo '
{&L‘tﬁ_ﬂ. 2

2017
E1-2Ca” E1~P-ADP-2Ca”
LI -
it 2 B 3
T ik
t )
BN
EFHRMA~

e EREEHEEERADE

'@ U ANPEZABROFIVE VEHAICHES
s

g0 EREEHEEERADE

'O U ANPZBEWROBFEA A LICE B
TR

Ogawa et al. (2004), J. Biol. Chem., 279: 28625-28631.
Ogawa et al. (2009), FEBS J., 276: 1347-1355.

DELUDBENBANP (DEMFIRRTF R) &, ME - FHED
BEE. MERSROBHRICATNBEEETS, BHBK - FHUD
LFIRMER, MBIREAZESIESRIL, BR HADMEPFRERE
—EICRIND, ANPRBHGHFEN13HOR | OBBRLDZSH
THh, MRESICUAY REE R XA V&, fRNICT 7 ZUILEBY T
S—t (GCase) RAAV&EED, 2BHEULTHEL, BREAD
ANPOESICHV. HFANTGTPZCGMPICERT 2. F4F. ANP
BEROERERCIESTEXNZXLERSNIN, ANPEEEF
DXIRERENZTR> TS, TNETICANPESHEOMBIENRILE
VG R AL VDANPRERE L IFBESREDEEDLEN S, ANP1
DFREBE2HFOBICEFENTHES L. ANPOBBICHVESES
FhitwistEB#RI I EEPSHIC Uz (Ogawa et al, 2004).
—7. ANPHERESIREDERIETPICE. 284 LTHTFOBEFLN
i UIzdO (hh-dimer) & HFORERLAER LI BO (tt-dimer)
D2 ODEHEDEHEZ 5N, LEDWistEE Z5-IHT 2505 >
feo ZTTEFRMEICKDERFRTZTL. BREFICEEINRG
VWEEDREZR P ANPIEEEIREETIEhh-dimerz &2 2285
MMZUTze Flzhh-dimerQREICSH 2 Trp7 4DEEN A TR,
ANPIEESETIEDFAICEBN TV D, ANPESEICIEARICE
HIBTENHESNICB ST, CORBRRIXERBERTTRHIN
[RERZEZHIHHDTHS (Ogawa et al, 2009), LLEDTE
N5, ANPEEBICH S twistEENH 28 U R X o >/ (CEEEN.
SZEROEHLES|IERIT I ENEER CIESHEDAE TRV
heEEZ5ND,

ﬂh-d\merh tt-dimer

(F) #@BF»5 VB2 21H0 2 RIEDFHEM (ANPIE
EEROEE) . (T)ANPREICH S BB,

Ogawa et al. (2010), Protein Sci., 19: 544-557.

HCIFANPZBHEDELZRED 5. ANPOREDIER
A ZVIREEREFNTH 2 EZHSHIC Ule. XiRfERET
HSBSNIEIETIF 1 D FDIBFRA 7 D ANPIEEBRML
DEFICHFETDIENS. CDRFRAF VHANPHES
HIEICBIS S 2 SHERIS Nz, 12D BEULIERA7 VI
SBEDFAICTERICE STV B eDICREHN D DRFEN
HEEZEZ SN, DFOBERFDICHICFETDEDER
AINKRBCTH o lco —73. BRIGERA LV ERRAFTVIC
B UCRBHREANPEZRBE T 2D, TvERAF VICER
UIeHDIFERZER BV EZHES M C LIz, I T &
FATVERRA L UNBR U ICRBHDIGRBSHFNZT
W ANPREGEMEICURBRRA 4V DREIEZH# . B
FROEBDBNREFA URE UTCRFA 7 > DIS7ZRR
UTepr. ANPIESEIRAE - EEIREHIC, REHDIERA
T URBEEMDIHCRFA F VHFET BT ML,
CORBERIE. ZBRDERAF VHRETRETSHSEZR
I 2H. CDRFAF VHANPORBEZHIEL TV T
D RIET . —77. GCaseRBUDIERA 7 VEEGEH
D 1 REFFREFEFTRESNTS Y. @D 3 XEE
ERS. TNTNERA TV ERBE T2 EFREINZN. T
DB - BENHRHELT LY = VEBERBAHETHRESNTL
BT EIFEERRV. IEDERIC, (1) ANPRBHAHTANPRS
BEMMERA 7 VREKFETHD I, () RBTRERIER
A VDRBARICFET B L. Q) BEICREFESNILE
FAAVRBEET—IHFET B LB ZBRHICHS LI
BRAFTVHUAY ROBEZE7ORT Y v I (CHIET 5T
REMZTET2HDTHDEEX SN D,

(k) BRAA> (B3 v b) 4. BECF> ke R
BARCETEL . (B) BRI FCREETF— 7 £HOEEDE
BADhE (B ANPERME. & NPRVUT S IZRE #:
KHMEL TV 2 3 D BREE),
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Yusuke Sato, Eiji Goto, Yuri Shibata, Yuji, Kubota, Atsushi Yamagata,
Sakurako Goto-Ito, Keiko Kubota, Jun-ichiro Inoue, Mutsuhiro
Takekawa, Fuminori Tokunaga, Shuya Fukai “Structures of CYLD
USP with Metl- or Lys63-linked diubiquitin reveal mechanisms for
dual specificity.” Nat. Struct. Mol. Biol., 22, 222-229 (2015)

DEFFUOEHEN > oMU 1EFF VI3 ER< 15HHk
AV T FIMmERBZRIET 50, COREZAVTRU L
EFFUHEEERTDDONCE> T, ZOBEEHKEEFER
%o BIZIE, TNFaiR EDREMY A M A VICK BRI
K. MetTdLyse3ZN L THES LR IEFF Vi

(MTEEB KUKE38H) HFEMINDH. TNFRET T T
IVEERBOEMHERF & LTB< . NAMSIBLFEYT
H2CYLDIF. USPT 7= U—CBI 2B IEFF /1LBER

(DUB) T&HW. MIEB KUK63IHEEFENCEIRTT DT
ETRIEV T FIVEIRIT 2 ARRTF LTS T vy
EHROCYLDIC DV T, MTEEB KUKE3BEDZNZNICH
I BIEMIRREDISEREE M1 I B RTEMHIRED ISR
BEZRELUIL. TOH/R. USPT7IU—DBRHNTH
CYLDDH (CTFIET 2 REGBARIE A, M188 EKO3TED
BSEDBVICHHRUTEH ZEnhh >l e, ZERD
RIDRERBET SMRBLANILTDT? v A EEGHET. M1
HEBRUKOIMWICHT 2 _EREMEDAANZXLZEESH(C
Ulz. SEOREEZ B ODUBDEERIREMEN 1 T
Sh &Rz, ARG, RUIEFF VEBICL)OERD
SNBRBLEPRERID. BHEOEM. MiaDRtORRE
ZHRAT 2 SHDMBDEBRERD CHHFINS,
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Atsushi Yamagata, Tomoyuki Yoshida, Yusuke Sato, Sakurako Goto-
Ito, Takeshi Uemura, Asami Maeda, Tomoko Shiroshima, Shiho
Twasawa-Okamoto, Hisashi Mori, Masayoshi Mishina, Shuya Fukai
“Mechanisms of splicing-dependent trans-synaptic adhesion by PTPJ
-ILIRAPL1/IL-1RACcP for synaptic differentiation”, Nat. Commun., 6,
6926 (2015)

AR DY F TAOEM S BFE. SREEOEMY
SRFEDRICREZMOTCEERRAT v S ThHY . ZDH
BB DRI R 4 BIR FEREORA & BE(CEHET B
CENTREINT VD, BEEREDERAERES(CRHET
B9VINTIBTHBPTPSEILTRAPLT/IL-1RACPIE. ZNF
NEFHSR SBIRBRICHKIR L. ERNICEEERT2 &
TYF TRBMER EBIERNDHEFEER T, DERY
WHEIERIF. PTPOBGTFORIRNRA TS AV VT DRERE
UCZEFRICEASNZRWRTFR (SZIIVIRTF
RABKUB) [CRUBEHEIND, INSDZIZTTVY IR
TFRIGYF S RENHDES E UTHAET 2 EZZ 5N
2N, ZOMHEHFDFEMIFIAARL >Tce AR TIF. PTPO
SILTRAPLT R U'PTPS & IL-1RACP & DESED I FHEIE X
REREEEITOTATREL., STITVIURTIFRARG
ILTRAPLI R UMIL-TRACPE DS BEZHBM T D T &, &z,
SZIOVIURTFRBIF2DDAL/TOT U UERXA
VOBICHBAIN, RXAVBEOMNERFRZRNTDIU Y
H—&E UTILIRAPLTRUIL-1IRACPE DR BICB 5T BT &
EHASMCIUE. TNSDAAZIAIF, BASENERE
DD FRIBEERBTE Y T TP ABBREDBITICL T, #
BEMICBEM TSN, BlB. 2DDIZI TV IURTFR
3 FTFPRA—HF A P EERERDREEERFCHBVNT
ERBBEZEES T ENESHICHE ST,
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Sasaki M and Kobayashi T.

Ctf4 prevents genome rearrangements by suppressing DNA double-
strand break formation and its end resection at arrested replication
forks

Molecular Cell, 66, 535-545, 2017
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BREICL>TDSBMEEESND &I FE LIz, —AT.
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Saka K, Takahashi A, Sasaki M, Kobayashi T. (2016) More than 10%
of yeast genes are related to genome stability and influence cellular
senescence via rDNA maintenance. Nucleic Acids Res. 44: 4211-21.
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" ® _ Expression and localization of sterile alpha
motif domain containing 5 is associated with

cell type and malignancy of biliary tree

<3, FRARIEIDR 550 25

_ Oncostatin M causes liver fibrosis by
regulating cooperation between hepatic
stellate cells and macrophages in mice

Yagai T, Matsui S, Harada K, Inagaki FF, Saijou E, Miura Y,
Nakanuma Y, Miyajima A and Tanaka M. PLoS One 12(4): ¢0175355.
(2017)
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B ofc. £ T, BHER/BIBRBARIC S 1F 2 SAMDSDFHIR
ZHANRER. FFADE /ARl TDSAMDSDFHIR(FET
HSNBEM o leh. FPIBKRIEFADBEDNER
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SNTVD, £ T, £ MEEEOREREAZ AR,
FFPIERREERR(C ST 5 Bl 4 I CSAMDS AT L T
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REBETS, BAUSAMDS ERABEITT 2 & EBIC,
fpRIEiElHMET Ulce —73. SIRNAZRWT b ~EEREEk
HRODSAMDS DFEIRZ N U fER. MBIEIEN 7T Ui,
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Matsuda M, Tsurusaki S, Miyata N, Saijou E, Okochi H, Miyajima A,
and Tanaka M. Hepatology. In press (2017)
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Tomoshige, S., Nomura, S., Ohgane, K., Hashimoto, Y., Ishikawa, M.:
Discovery of small molecules that induce degradation of huntingtin
Angew. Chem. Int. Ed. 2017, 56, 11530-11533.
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apoptosis protein) OEAICHEET BILEYH. KEEEE
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TR L. EEEEY V/NNJEORENIEFF VL - 7O
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FENYF Y N IRRRY Y INTBTH BN FUF (Htt)
[CDOV T HEICH T 2ESFUAY REFHSNTVED S
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Ishikawa, M., Ohzono, T., Yamaguchi, T., Norikane, Y.
Photo-enhanced aqueous solubilization of an azo-compound
Scientific Reports 2017, 7, 6909.
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Aoshima K, Inoue E, Sawa H, Okada Y. (2015). “Paternal H3K4
methylation is required for minor zygotic gene activation and early
mouse embryonic development”. EMBO Reports. Jul; 16(7): 803-12. doi:
10.15252/embr. 201439700.

Okada Y, & Aoshima K. (2015). “KM mutant highlights enhancers in
minor ZGA.” Cell Cycle. Aug 18;14(16):2541-2. doi: 10.1080/
15384101.2015.1060774.
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DT SR T RE T e 6D Z DFHAIFBAS H Tl Fh o1z,
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BRENIOHA L. SOICHEMRRISRISERSIIHNERD S
Nze TOICTDAF)LZIIRT DBERDBEIEZFH A IER
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Hada M, Masuda K, Yamaguchi K, Shirahige K, Okada Y. (2017)
“Identification of a variant-specific phosphorylation of TH2A during
spermiogenesis.”. Scientific Reports. Apr 7; 7: 46228. doi: 10.1038/
srep46228.

Hada M, Kim. JH, Inoue E, Fukuda Y, Tanaka H, Watanabe Y, Okada
Y. (2017) “TH2A is phosphorylated at meiotic centromere by Haspin.”
Chromosoma, Aug 12.doi: 10.1007/s00412-017-0638-5.
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