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Laboratory of Anti—Aging Medicine
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3. Research projects and annual reports
1-1.
Hyaluronan

Elucidation of the Biosynthetic Process of

and its Application to Anti-aging
Technologies

There are an increasing number of bedridden elderly
people in Japan with a loss of joint function due to
conditions like osteoarthritis. Hyaluronan (HA) acts as a
cushion and lubricant in articulating joints. It is an
integral component of the synovial fluid between joints,
reduced by age and thereby causes

disorders. HA is a high molecular-mass

but becomes
functional
polysaccharide found in the extracellular matrix,
especially of that of connective tissues, and is composed
of  repeating
N-acetylglucosamine (GIcNAc) and glucuronic acid
(GIcUA) are linked together by alternating R-1,3 and
B-1,4 linkages (Figure 1). Our laboratory discovered the
first mammalian HA synthase (HAS) gene and has been
thoroughly investigating the HA
biosynthesis ever since. Recently, we succeeded in
establishing an in vitro reconstitution system using a
recombinant HAS protein and developed a screening
system for compounds that have HAS activation
potential. Our future challenge is therefore to understand
the entire mechanism of HA biosynthesis and apply this
knowledge to developing innovative anti-aging

technologies.

disaccharide units in which

mechanism  of

1-2. Studies on Cancer Microenvironment Formation and
the Establishment of Therapies Targeting Cancer Stem
Cell Niches

Cancer has become the leading cause of death in our
country due to increased longevity, and as such the
eradication of cancer has become a social mission.
Although it
proliferation leads to the development of cancers, the
precise mechanisms underlying metastatic
progression and recurrence have not been fully resolved.
Cancer stem cells (CSCs) have recently been reported to
and have

is well known that uncontrolled cell

tumor

exist in  many malignancies attracted
remarkable attention because they are believed to be the
only cells capable of initiating cancer growth. Because
CSCs relatively
chemotherapy and radiotherapy, and because they are
closely associated with cancer metastasis and recurrence,

targeting them is now a primary goal in cancer therapy.

are resistant to conventional

10

CSCs, like normal stem cells, reside and maintain their
stemness within a specialized microenvironment called a
stem cell niche. Thus, strategies to limit their stemness
must focus on the
importance of targeting this CSC niche. The main

and malignant transformation

purpose of our research in this domain is to identify the
cellular and molecular cues that govern the formation of
the specialized CSC niche microenvironment and
establish novel therapies to induce a state of cancer
dormancy by controlling the niche.

2. Our previous studies using a HAS2 transgenic mouse
model demonstrated that HA overproduction caused
rapid development of aggressive breast carcinoma at a
high incidence. Because excess HA production consumes
large the cytosolic UDP-
N-acetylglucosamine and UDP- glucuronic acid as
substrates, overproduction of this polysaccharide may
alter networks for the nucleotide sugar metabolism,
which in turn affects cellular glycosylation status and the
dynamics of the extracellular matrix. In this study, we
applied a stable isotope-assisted tracing and MS
profiling to investigate the changes in intracellular sugar
nucleotide levels in HAS2-overexpressing breast cancer
cells and revealed that HA overproduction significantly
altered the metabolic flux of intracellular nucleotide
sugars, suggesting the physiological significance of

quantities of

changes in intracellular sugar nucleotide levels during
cancer progression.
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Laboratory of Biochemistry
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3. Research projects and annual reports

Eukaryotic cells are highly compartmentalized
into membrane-bounded organelles with distinct
functions. Mitochondria fulfill central functions
in cellular energetics, metabolism and signaling.
The TOM complex in the outer membrane (OM)
imports most mitochondrial proteins, however, its
architecture is unknown. To define the
architecture of the TOM complex, we mapped the
interactions of the channel protein Tom40 with
preproteins in transit and other a-helical subunits
by in vivo and in organello site-specific
photocrosslinking. The translocator contains
three Tom40 B-barrel channels sandwiched between
a central o-helical Tom22 receptor cluster and
external regulatory Tom proteins.

Preproteins in transit were located inside the
B-barrel pore of Tom40 and not in the interstitial
space between Tomd0 molecules. Besides,
positively charged presequences of preproteins
were found to follow an acidic path on the inner
wall of the Tom40 pore, whereas carrier proteins
interact with mostly hydrophobic residues, thereby
Tom40 can handle and chaperone diverse classes of
preproteins by providing distinct translocation
paths. At the TOM channel exit, small chaperones
were recruited, which promotes an efficient transfer
of hydrophobic preproteins to the chaperones for
the downstream transport process.

We aso found that the functional,
preprotein-translocating mature trimeric TOM
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complex exchanges with a dimeric TOM complex
isoform that lacks Tom22. This dynamic
exchange between dimeric and trimeric forms
provides the means for template-driven assembly of
new subunits through their exchange for old
subunits. Dynamic coupling of o-helical
receptors, B-barrel channels and chaperones thus
generates a versatile machinery that transports
~1,000 different proteins.

Organelle functions strictly rely on the
organelle-specific lipid compositions, as well.
How hydrophobic phospholipid molecules can
traverse aqueous compartments to shuttle between
different membranes is a critica question
concerning the mechanism of membrane biogenesis.
Recently, Upsl in the mitochondrial intermembrane
space (IMS) was shown to mediate phosphatidic
acid (PA) transfer between the mitochondrial OM
and inner membrane (IM) in cooperation with
Mdm35. However, how Upsl and Mdm35
cooperate to recognize PA and drive transport of PA
from the OM to IM by traversing the aqueous IMS
remained unclear.

To gain mechanistic insights into how Upsl
with Mdm35 exerts its PA transfer activity, we
determined the X-ray crystal structures of Mdm35
and the Upsl-Mdm35 complex with and without
PA. Surprisingly, two distinct polypeptides of
Upsl and Mdm35 form a single compact domain,
and the Upsl-Mdm35 complex contains a deep
pocket that can accommodate a lipid molecule and
an Q loop likely functioning as alid for the pocket.
The structure of the Upsl-Mdm35 complex with
PA shows that the PA molecule binds to the pocket
in a head-in manner to interact with positively
charged residues in the pocket. Parallel liposome
binding and lipid transfer assays by using Upsl
mutants with Mdm35 show that Arg residue at the
bottom of the pocket and the Q-loop lid are critical
for the PA transfer activity and that conserved Lys
residues around the entrance of the pocket are
important for binding to cardiolipin-containing
liposome and PA transfer. The crystal structures
of Upsl-Mdm35 with and without PA provide a
basis for understanding the molecular mechanism
of phospholipid transfer within mitochondria.
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3. Research projects and annual reports

The homeostasis in gut is maintained by the
balance of proliferation and death of epithelial
cells with the rigid barrier function of epithelia.
The impairment of either of them causes various
disease such as cancer, inflammatory disease,
and infection in gut. I focus on two related
phenomena, cell death and DNA degradation, to
decipher their molecular mechanism and role for
gut homeostasis. The insight obtained from the




project will contribute to understand disease in
gut and develop novel treatments against them.
This year (1) we performed microdissection
and microarray analysis by using the tissue
sections of mouse intestine to select the
candidate genes which may be involved in cell
extrusion. Consequently we extracted each
100-200 genes which expression increase or
decrease at the most apical region of intestinal
villi. (2) We started the first screening step of

RNAi screening by using Drosophila midgut to

indentify the responsible genes for cell
extrusion. (3) To decipher the execution
process of cell extrusion we designed live

imaging experimental system on epithelial cell
line and established stable transformants which
enable the visualization of dynamics of some
molecules including cell adhesion proteins and
cytoskeletal proteins.
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MLz, Fz, MFLEICB W TN R ISR B35
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T7 4y 2l B THMICHRCEBR L Tz (Fig. 1). Z
NHDOBEBE R RAIKOMEN A28 L T, MIZHBIT57 AV
A LDRERERE A DS R TED.

T9 T17
T13 T20
Fig. 1. Analysis of galnt gene expression in zebrafish by WISH.

Isozymes (galnt9, 13, 17, and 20) highly expressed in mammalian

brains were also expressed at high level in zebrafish brains.

2) galnt BB T ERBETF7 40 2DER
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exon5-1
wt Inj.

Fig. 2.

HMA of zebrafish genome

DNA obtained from embryos with or
without injection of CRISPR/Cas9

RNAs.

3. Research projects and annual reports

We have been investigating roles of an O-linked sugar
chain with the carbohydrate-protein linkage structure,
GalNAcal—Ser(Thr), which is called a mucin-type
carbohydrate. Its biosynthesis is initiated by a group of
enzymes, UDP-GalNAc: polypeptide N-acetylgalactos-
aminyltransferases (GalNAc-Ts). GalNAc-Ts consist of a
large gene family with 20
Interestingly, galnt8, 9, 17, and 18 make a unique
that
substitutions in the catalytic domains and they show

isozymes in humans.

subfamily have characteristic amino acid
almost no detectable in vitro catalytic activity using
typical mucin-type peptides as acceptor substrate.
Among them, we have isolated galnt9 and 17, and
that brain-specific
biologically important for the neural differentiation in

mammals. Based on these backgrounds, we have focused

demonstrated they are and

on the functions of galnt genes, and obtained the
following findings.
1) Analysis of zebrafish galnt genes during embryonic
development

We have isolated all the zebrafish galnt genes, and
determined their spatial and temporal expressions during
the
hybridization analysis. Our study demonstrated that,

early development of zebrafish by in situ
during early developmental stages, the isozymes had

characteristics, although significantly overlapping,
expression patterns in the embryos, and some of them
exhibited developmental stage specific expression. We
found that the
mammalian brains were also expressed in the zebrafish
brain at high level (Fig. 2). These data indicate that
the

elucidating the function of mucin-type glycosylation in

isozymes with high expression in

zebrafish are suitable model organisms for
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the vertebrate brains through the analysis of mutant lines
that lack brain-specific galnt genes.

2) Production of galnt knockout zebrafish using
CRISPR/Cas9

The information on the isozyme expression patterns,
when used together with the gene knockdown/knockout
technology, will
isozymes in zebrafish. We are generating zebrafish
mutants lacking a galnt gene using CRISPR/Cas9. We

help clarify the functions of the

have successfully obtained F1 hetero galntl8a mutants.
Production of galntl7 knockout zebrafish is also in
progress. Sequences in galntl7 exon 5 were chosen as
CRISPR target sites to generate knockout zebrafish.
Cas9 mRNA and single guide RNA (exon5-1 or exon5-2)
were injected into zebrafish embryos of 1 to 2-cell stage.
Genomic DNAs were extracted from 5 embryos with
(Inj.) and without (wt) injection, and examined by
heteroduplex motility assay (HMA). Presence of high
molecular weight smear bands in the injected embryos
indicates efficient genome editing activity of CRISPR
(Fig. 2).
enzyme family, we are establishing mutant lines for the
other isozymes using the CRISPR/Cas9 system.

To investigate the biological roles of the
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Pz 2o, WILHEFICERE CTHLI=T N K%
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3. Research projects and annual reports

All somatic cells of our body develop from epiblast, a
cell population that develops in post-implantation
embryos in the case of mammals. How a variety of
somatic lineages develop initialy
homogeneous epiblast is a fundamental problem of

cell from

developmental biology, which we are investigating.
Epiblast stem cells are also used to investigate

the interaction of transcription factors, e.g., SOX2, with



their regulatory target sites in the entire genome, using
ChlP-seq and other technologies.

Among the somatic cell lineages, we are
interested in those leading to neural, sensory, cardiac,
somitic and digestive tract development. Concerning
heart development, we also investigate how cells derived
from multiple cell lineages are organized to form a
united organ.

To date, embryonic neural stem cell (NSC)
lines have been established from ES cells via complex
culture manipulations or from embryonic CNS hat
aready have established specific subdomains. To gain
insight into the mechanisms underlying embryonic NSC
regionalization, we attempted to directly derive NSC
lines from epiblast stem cells (EpiSCs). We reproducibly
established NSC lines from EpiSCs via passages in a
serum-free medium without activin but with EGF and
bFGF. The NSC lines thus established produced neurons,
astrocytes, and oligodendrocytes under appropriate
culture conditions. We further established NSC lines
with addition of either Wnt antagonist or Wnt agonist to
the culture medium. Microarray analyses indicated that
NSC lines established under and high-wnt
conditions had characteristics of anterior and posterior
CNS, respectively.

We transplanted Hensen's nodes of quail to
various areas of st. 4 chicken embryo area pellucida, and
investigated their developmental potential and their
effects on host tissues. The secondary embryonic
structures are in large formed by self-development of the
node graft, which isitself already regionalized.

Neural retinas (NR) of chicken embryos
produce lens cells in culture. If lenses develop from the
same precursor as retina
inhibition would promote lens development in spreading
cultures. We observed enhanced lens differentiation with

low-

neurons, Notch signal

accelerated process and massive lens tissue production
that were concomitant with increased
development, which strongly supports the common
origin model of lens and retinal neurons.

cell/progenitor lines,
established in vitro under particular culture conditions,
representative of different the
developmental process and allow in-depth molecular and
cellular analyses that are not typically available in in
vivo models. Culturing EpiSCs in a specific growth
factor cocktail resulted in a homogeneous cell population

neuronal

Stem cell when

become stages of
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that is stably maintained and produced the cell line SS.
The SS cells overtly differentiated into cardiac muscles
when the growth factor cocktails were altered. Three
major progenitors for embryonic cardiac muscles are
known: first and second heart fields expressing Nkx2.5
and epicardial progenitors expressing Wtl and Thx18.
Microarray analysis revealed that SS cells express high
levels of Wtl and Thx18 but not Nkx2.5, indicating their
epicardial nature. Gene expression profiles of SS cells
reveal characteristics of these cells, including their
expression of specific subtypes of collagen that validate
the use of SS cells for the analysis of epicardial
progenitors. Moreover, as epicardium also contributes to
the development of blood vessels, it is a promising
resource for cell therapy in cardiac diseases, for which
SS cells may be an excellent in vitro model.

The epicardium is an important origin of
coronary vessels of the heart. We found that the vascular
endothelial growth factor A (VEGF-A) has a unique
activity to organize epicardium-derived cells to form
ephrinB2-positive arterial-like tissues.
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3. Research projects and annual reports

Research in our laboratory focuses on the molecular and
cellular mechanism of oocyte maturation and fertilization in
oocyte/egg of the African clawed frog Xenopus laevis (Egg
Project), and anti-apoptotic proliferation and drug-resistance
in human bladder carcinoma cells (Cancer Cell Project).

In the Egg Project, we performed in vitro oocyte
maturation experiments with the use of progesterone (PG) as
a maturation-promoting substance and Xenopus laevis
fully-grown immature oocytes. We investigated the effect
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of microinjection of chemical inhibitors that are expected to
inihibit ATP production in certain event of energy
metabolism processes within the oocyte cytoplasm.
Results obtained so far suggest that ATP from both the
oocyte glycolysis (GL) and oxidative phosphorylation (OP)
are required for the PG-induced oocyte maturation, and that
the oocyte GL and OP are functionally interrelated with each
other.

In the Cancer Cell Project, we have been interested in
addressing the molecular mechanism that connects the
Src-dependent  protein-tyrosine  phosphorylation to the
anti-apoptotic proliferation of human bladder carcinoma cell
line 5637 under serum-starved culture conditions. A series of
experiments was performed to examine whether the
serum-starved 5637 cells require the Src activity for survival,
proliferation and intracellular protein-tyrosine
phosphorylation. PP2, a Src inhibitor, induced cell death that
was accompanied by an increase in the activity of caspase 3/7
in cells that were serum-starved for 72 h. Indirect
immunofluorescent study showed that serum starvation
promoted a time-dependent increase in intracellular
protein-tyrosine phosphorylation and that the phosphorylation
events could be effectively inhibited by PP2.  Immunoblotting
studies demonstrated that serum starvation promoted tyrosine
phosphorylation of not only formerly identified proteins such
as epiderma growth factor receptor (EGFR), Src and
B-subunit of c-Met, but also a novel protein of ~120 kDa, in a
time-dependent manner and that al of these phosphorylation
events could be inhibited by PP2. Immunoprecipitation and
mass spectrometry studies demonstrated that the 120-kDa
protein was focal adhesion kinase (FAK). Phospho-specific
immunochemical analyses demonstrated that EGFR was
phosphorylated on Y845 and FAK was phosphorylated on
Y576/577 and Y925 in a PP2-sensitive i.e. Src-dependent
manner in the serum-starved 5637 cells. A FAK-specific
inhibitor PF-271 effectively decreased the viability of the
serum-starved 5637 cells. These results suggest that FAK
contributes to the survival and proliferation of serum-starved
5637 célls.
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3. Research projects and annual reports

1) Role of 100S ribosomes in protein turnover

Protein turnover is composed of protein degradation and
synthesis or translation. It has been shown to exist in a
growing bacterial cell. Therefore, it has been believeded to
exist as a more essential process in the stationary phase and
the following decay period where no supply of amino acids
from nnutrients is expected.

In stationary state, 70S ribosomes are dimerized
to be 100S ribosomes that are transnationally inactive.
However, few studies deal the relationship among 100S
formation, protein turnover, even the existence of protein
turnover in stationary state and later. This study focuses on
the role of 100S ribosomes in protein turnover in stationary
phase and decay period.

In this study, ribosomal proteins S10 and S2 were
each fused with GFP to track the fates of these proteins in
the stationary growth phase and the following decay period in
E.coli. The fused proteins localized mainly in the cytoplasm,
and their amounts were proportional to the colony—forming
unit. SI0-GFP strains that lacked genes responsible for
regulating 100S ribosomes and S2—-GFP strain that were

unable to form 100S both showed shortened stationary phases.

This result indicates that these strains exhibit earlier death in
the absence of 100S formation (S2-GFP, S10-GFPArmf, and
S10-GFPAhpf) and breakdown (S10-GFPAyfiA). Therefore,
in addition to the mere presence of 100S, the correct timing
of 100S formation and breakdown is required to maintain
viability. This result also showed the presence of a
time—consuming process that controls viability and the
degradation of ribosome after 100S ribosomes has been
dissociated. Whether or not 20 amino acids are effective to
maintain viability was measured by supplying 20 amino acids

at several time points. The results showed the correlation
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between the amino—acid deficiency, degradation of ribosome,
and viability. The obtaines results cannot be interpreted just
by the simple actions of 100S ribosomes and specific to
stationary—state specific proteins but suggested the
contribution of a synthetic cellular process. I here propose a
model in which 100S acts as a tentative repository of
ribosomes that are protected from degradation and provide a
source of amino acids in later growth period. A new GFP that
had been invented by my colleagues, B-maggio, was used in
this study. Its brightness and especially the 100-fold
resistance against photobleaching enabled semi—quantitative
analysis for the first time by fusing gfp gene with chromosomal
genes. In addition, the classic mixing—diluting method was
improved to measure the colony—forming unit more accurately.
This improved accuracy enabled the comparison between the
unit with the amount of ribosome and the detection of amino

acid deficiency at a stage of bacterial growth.

2) Genes which are synthetic lethal with AtmRNA

In evolutional selection, the survival of bacteria is as important
as their growth, but the underlying mechanism is poorly
understood. They are supposed to degrade unnecessary
proteins to salvage amino acids for their survival, namely protein
turnover. In E. coli, starvation of amino acids, or some other
nutrients, synthesizes (p)ppGpp as an alarmon to stop cell
division, and, consequently, to alter the expressions of many
genes at the early—stationary phase . This response is an
adaptation to a starving condition, even though does not
determine cell death. Even after the level of (p)ppGpp returns to
the background level at the mid—stationary phase, cells can still
avoid death, if a fresh medium is added. The commitment to cell
death occurs in the decay period following the stationary phase,
and consequent irreversible decrease of the colony—forming unit
(CFU) follows.

will cause earlier and/or faster decay.

Therefore, a defect of the survival mechanism

In this period, there are marginal sources of
metabolites or energy, and thus the activities of metabolite—
or energy—consuming molecular machineries are likely to be
attenuated. One of the most energy—consuming machineries
is the translation system composed of ribosome and its
associated factors, and ribosome will stall in the deficiency of

intact mRNA and amino acids. The tmRNA system rescues

ribosome from stalling, which is caused by a mRNA lacking



stop codons (nonstop mRNA) or by the reduction of
amino—acyl tRNAs. In such cases, tmRNA complexed with
SmpB occupies the empty A-site of such ribosome . The
nascent polypeptide is then tagged with AANDENYALAA
encoded in ssrA, and rescues the ribosome from stalling by
normal termination. Namely, the defective translation is
reflected on the production of ssrA-tagged polypeptides. The
ssrA—tagged polypeptide is degraded by several peptidases
including AAA+ proteases with the help of specific chaperons.
The degradation leads to the regeneration of amino acids, and
thus it is a kind of protein turnover. Therefore, the
ssrA—induced degradation can be considered to be a
mechanism mitigating the deficiency of amino—acids by
degradation of nascent polypeptides with their synthesis
stalled. In fact, the deletion of ssrA causes a phenotype of
colonies of a small size. In the decay period, deficiency of
amino acids impairs translation, but tmRNA mitigates the
impairment by tagging nascent polypeptides that are destined
for degradation by several protein—turnover factors, such as
ClpXP and CIpAP.

To test the significance of this degradation of
ssrA—tagged polypeptides as a supply of amino acids, we
genetically analyzed the relationships between ssrA and the
genes of protein—turnover factors with a method developed
against the false—positive selection due to the enhanced
mutations by their deletions. AssrA and
disruption of the genes encoding ClpXP, ClpAP, HslUV, and
HtpG (HSP90) showed serious synthetic defects in viability.

tmRNA

Unexpectedly,

Therefore, and the protein—turnover factors
respectively form two redundant pathways that work in
parallel in maintaining viability. In contrast, Alon showed no
with  AssrA,

relationship with viability or a member belonging to the

synthetic effects suggesting either no

tmRNA pathway.
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3. Research projects and annual reports
1) VEGF-A induces VEGFR-independent signaling,
Neuropilin dependent Tumorigenesis.

Neuropilin-1 (NRP1) is a vascular endothelial growth
factor-A (VEGF-A) receptor that is expressed in several
human cancer cell lines such as skin cancer,
glioblastoma, and prostate cancer, transducing a
proliferative signal in an autocrine manner. RNA
interferences of VEGF-A or NRP1 suppressed cancer
cell proliferation. Overexpression of NRP1 wild type
restored shNRP1-treated cancer cell proliferation, but
NRP1 cytoplasmic deletion mutants failed to restore
proliferation. Co-immunoprecipitation analysis showed
that VEGF-A induced interactions between the NRP1
and GIPC1, a scaffold protein, and complex formation
between GIPC1 and Syx, a RhoGEF. A cell-penetrating
oligopeptide that targets to GIPC1/Syx complex
formation and inhibited the VEGF-A-induced RhoA
activation, cancer cell proliferation, and invasion in vitro,
tumor growth and lymph node metastasis in vivo. In
conclusion, strategies to inhibit the VEGF-A/NRP1
signaling pathway are promising for the developing of
new cancer therapeutic drugs.

2: Enhanced Expression of Fibroblast Growth
Factor Receptor 3 Illc Promotes Human Esophageal
Cancer Malignant Progression.

In Japan, the 5-year relative survival rates for
esophageal cancer patients are is approximately 30%,
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suggesting that the esophageal cancer is has a poorer
prognosis compared than that of most other cancers.
Immunohistochemical analysis with anti-FGFR3IlIc
antibody was performed to determine whether
FGFR3Illc was expressed in EC cells. We found that the
cells expressing SCC-112, a tumor marker,
positively stained by FGFR3IlIc at an early stage (stage
0) of ESCC, and these cells were also shown to
colocalize with Ki-67, a cell proliferation marker. To
examine whether the enhanced expression of FGFR3IIlc
promotes esophageal cancer cell proliferation, EC-GI-10
cells, an EC cell line, were used for in vitro proliferation
analysis. The knockdown of endogenous FGFR3 in
EC-GI-10 cells by siRNA (siFGFR3) significantly
reduced cell proliferation. Interestingly, overexpression
of FGFRS3Illic by lentiviral infection enhanced cell
proliferation, whereas that of FGFR3IIlb did not. As an
additional finding, the enhanced cell proliferation
induced by FGFR3Illlc expression was significantly
suppressed by AZD4547, an FGFR-specific kinase
inhibitor, suggesting that upregulation of FGFR3Illc
promoted cell proliferation.

3: Anosmin-1 enhanced Netrin-1-signaling.

Kallmann syndrome is characterized by hypogonadism
due to GnRH deficiency, and a defective sense of smell
related to the defective development of the olfactory
bulbs and olfactory tracts. This syndrome is caused by
mutations affecting the KAL1 gene that encodes for the
extracellular protein Anosmin-1. In this study, the role of
anosmin-1 as a regulator for Netrin-1 signaling was
tested. First, we tested whether Anosmin-1 and Netrin-1
bind directly by immunoprecipitation assay using the
conditioned medium of Anosmin-1-Myc and Netrin-1-V5
expressed HEK?293T cells. As a result, Anosmin-1
directly bound to Netrin-1. The binding affinity was
analyzed by Biacore T-100. Soluble purified Anosmin-1
bound to immobilized Netrin-1 with the affinity (KD:5.2
nM). Next, to determine whether Anosmin-1 regulates
Netrin-1 binding to its receptor, we performed in vitro
binding assay using purified Anosmin-1 and Netrin-1. As
s result, Anosmin-1 enhanced Netrin-1 binding to
Neogenin than compared to Netrin-1 alone. Next, we
examined the expression and localization of Anosimin-1
and Netrin-1 in chick embryonic brains using in situ
hybridization or immunohistochemistry. Anosmin-1
MRNA expressed in mitral cell layer in the olfactory

were



bulb, Netrin-1 expressed in ventricle around the
olfactory bulb. Anosmin-1 and Netrin-1 were co
localized in olfactory bulb. These results suggested that
Anosmin-1 may act as a regulator for the Netrin-1
signaling in developing brain, contributing to elongation
pathway of the olfactory axons and the associated
migration of GnRH neurons.
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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM
as a regulatory nascent chain that monitors the activity of
the YidC-mediated membrane insertion pathway, we
have been interested in and studying on a class of
which

proteins called ‘regulatory nascent chains’,

function while they are still in the process of
biosynthesis. A remarkable property of this class of
nascent chains is that they interact cotranslationally with
of the

ribosome and thereby arrest their own translation

components of the polypeptide exit tunnel
elongation. The arrested state of translation elongation
can be stabilized or canceled in response to changes in
the cellular physiology, allowing each nascent chain to
serve as a unique biological sensor to feedback-regulate
gene expression. For instance, translation arrest of
nascent MifM chain is released when it is inserted into
the membrane in a YidC-dependent manner. Because
elongation arrest of MifM ultimately leads to the
elevation of the synthesis level of YidC2, one of the two
B. subtilis YidC paralogs (SpolllJ and YidC2), the
regulated elongation arrest of MifM enables cells to
maintain the capacity of membrane protein biogenesis
intra- and  extracellular

under  ever-changing

environments.  Our interests are also focused more
generally on the mechanisms of protein localization and
biogenesis, the biological processes where nascent
the

machineries of translation, targeting and translocation.

substrates undergo dynamic interactions with

Through our research activities outlined above, we
would like to develop a new research area that might be
called “nascent chain biology”, which aims at
understanding the still hidden principle of the central
dogma of gene expression, where nascent chains are

likely to play key roles.
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This year’s accomplishments
1) Channel-independent membrane protein insertion by
YidC.

YidC has an "insertase" activity that mediates

membrane protein insertion.  Previous studies had
suggested that YidC forms a cavity, rather than a
protein-conducting channel in the membrane. We now
demonstrated that the cavity provides a hydrophilic
the

membrane interior and that the hydrophilicity of the

microenvironment in otherwise hydrophobic
cavity is indeed important for the YidC functions. We
propose that the hydrophilicity of the cavity serves to
reduce energetic costs that are required for translocation
of hydrophilic substrates the

regions of across

hydrophobic membrane.

2) MifM monitors total YidC activities of B. subtilis.

that MifM
monitors the activity of SpolllJ, the primary YidC
homolog of B. subtilis. We now demonstrated that MifM
also monitors that of YidC2, the secondary YidC

Previously, we have shown

homolog, such that the cells can maintain total YidC
activity by feedback regulating the YidC2 level in
response to overall cellular YidC activities.

3) Structural basis of MifM-ribosome interactions

In collaboration with Dr. Daniel Wilson
(University of Munich), the structures of the
MifM-ribosome  complexes were analyzed by

cryo-electron microscopy. Our studies revealed that the
MifM-ribosome interactions in the ribosomal tunnel lead
to the stabilization of a non-productive conformation of
the active center of the ribosome.

4) Studies of VemP, a novel regulatory nascent chain in
marine Vibrio.

Dr. Hiroyuki Mori and his colleagues (Kyoto
Univ) identified a novel nascent polypeptide that arrests
its own translation elongation and thereby mediates
remodeling of the secretion machinery in Vibrio
alginolyticus. We studied elongation arrest of VemP in
vitro and found that the VemP nascent chain inhibits
peptidyl transfer activity of the ribosome to arrest its

own translation.
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3. Research projects and annual reports

Mucins are major components covering the luminal
surfaces of the epithelial respiratory, gastrointestinal,
and reproductive tracts, and high molecular weight
glycoproteins with a number of O-glycans. Newly
synthesized mucins are transported into the apical
surface in normal epithelial cells. However, upon the
loss of cell polarity through malignant transformation,
they are transported to the whole cell surface. Tumor
microenvironment is composed of tumor cells and
stroma cells including immune cells. Eventually, new
cell-cell and cell-matrix interactions occur in the tumor
microenvironment. MUCL1 is a membrane-bound mucin
and expressed commonly in epithelial cells. Thus we
speculated that MUC1 possibly interacts with some
lectins present in the tumor microenvironment. We are
studying on MUC1-mediated signaling triggered by the
binding of lectins and resultant tumor progression.
Furthermore, immune cells express a variety of lectins.
Binding of MUC1 to a membrane bound lectin such as
siglecs expressed on immune cells may induce immune
regulation because immne

many siglecs

ITIM).

possess

tyrosine inhibitory motif ( Through these
studies, we found prohibitins as a counter receptor for
siglec-9. Their biological significance is currently under

study.

1: Analyses of MUC1-mediated induction of Trop2
Trop2 is a membrane bound glycoprotein and known to
be responsible for tumor progression. We found that
level of Trop2 mRNA was prominently enhanced in
human colon cancer cell line, HCT116 cells when MUC1
cDNA was introduced into the cell. Thus Trop2
promoter activity was estimated in MUC1 expressing
HCT116 cells (HCT116/MUCL1 cells) and control cells
(HCT116/Mock cells) by luciferase assay. The activity in
HCT116/MUC1 cells was estimated to be 3.4 fold
compared with that in control cells. These results
suggest that Trop2 may be induced through
MUC1-related signaling events. Analyses of DNA region
possessing the promoter activity of Trop2 expression
revealed that this region highly contained GC. Thus, it
is speculated that SP1 may play a role as a
transcription factor of Trop2. Expectedly, mitramycin, a

SP1 inhibitor, inhibited the expression of Trop2 mRNA.
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Next, MUC1-CD was immunoprecipitated from the

lysate of HCT116/MUC1 cells and the
immunoprecipitates were subjected to SDS-PAGE,
followed by Western blotting. SP1 was detected in the
immunoprecipitates of MUC1-CD, the
formation of MUC1-CD and SP-1 complex. The level of
SP-1 was higher (-~ 2.3 fold ) in

HCT116/MUCL1 cells compared with HCT116/Mock cells.

suggesting

in the nuclei

These results suggest that MUC1-CD/SP-1 complex was
formed in the cytoplasm and transported into the nuclei,

leading to enhance the transcription of Trop2.

2. Expression of prohibitins on the surface of B
cells and its biological significance

Previously we found that T cell lines and activated T
cells express prohibitins on the cell surface and
prohibitins play a role in signal transduction. Similar
experimants were performed using B cell line, Daudi
and Ramos cells. Cell surface proteins labeled with
biotin were prepared by using streptavidin-Sepharose
and subjected to SDS-PAGE and Western blotting.
Prohibitins were detected on the surface of these cells.
Expression of prohibitins on the surface of these cells
were also observed immunochemically. However,
primary B cells prepared from mouse spleen expressed
no prohibitins on the cell surface. When mouse spleen B
cells were stimulated with LPS, prohibitins were
detected on the cell surface at 48~60 h after LPS
stimulation.

Next, we examined the distribution of prohibitins on the
surface of Daudi cells immunochemically or by using
fluorescein-labeled Rocaglamid which is known to bind
to prohibitins and revealed that prohibitins were
co-localized with B cell receptor, suggesting that
prohibitins may be related to signal transduction. Thus,
signal transduction was examined using Daudi cells.
Cell lysates were prepared from the cells treated with
IgM (Fab’)2 antibody
subjected to SDS-PAGE, followed by Western blotting.

Phosphorylated ERK1/2 and ERK1/2 were detected with

anti for various times and

each antibody. Phosphorylation of ERK1/2 was peaked

at 10 min after stimulation and inhibited by

Rocagalamid.
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3. Research projects and annual reports
We have been focusing our research on the productive folding

of nascent polypeptides by molecular chaperones and protein



quality control mechanism for misfolded proteins within the
cells. Particularly, we have been devoted our activity on the

following four major research projects:

1: Functional analysis of collagen-specific molecular
chaperone Hsp47. Osteogenesis imperfecta (OI) is a genetic
disorder characterized by fragile bones. Mutations in collagen
specific molecular chaperone Hsp47, specifically L78P and
L326P, lead to OI, yet these mutants are not fully
characterized. We found that both Hsp47 mutants were
that degraded by the

ubiquitin-proteasome system, and the collagen-binding ability

structurally  unstable were
of the mutants was significantly lower than that of the wild
type. Thus, the molecular mechanism causing OI might not
alone be a decrease in the amount of soluble Hsp47 in the ER
but also a loss in the ability of Hsp47 to bind collagen and in
K.Nagata

Biochem Biophys Res Commun. 2016). Liver fibrosis is

chaperoning the procollagen folding (S.Ito,
characterized by abnormal collagen accumulation in the
extracellular matrix of liver. In liver fibrosis, hepatic stellate
cells (HSCs) produce collagen actively. In hsp47-KO HSCs,
we confirmed that type 1 procollagen is accumulated in the
ER resulting in causing apoptosis in HSCs, suggesting that
Hsp47 could be potential therapeutic targets for fibrosis (K.
Kawasaki et al., J. Biol. Chem., 2015). We already found that
a small molecule compound inhibits the interaction between
collagen and Hsp47. We reevaluated the inhibitor screening
process and obtained a compound with improved specificity in
a different structural formula from the previous. The triple
helical structure of procollagen was not properly formed by

administration to MEF cell of this compound.

2: Maintenance of ER homeostasis through the crosstalk
among Protein Quality Control, Redox regulation and Ca**
flux. We identified ERdj5 as a disulfide-reductase in ER.
ERdj5 forms the supramolecular complex with EDEM and
BiP, and activates the degradation of proteins misfolded in the
ER by cleaving the disulfide bonds of misfolded proteins and
by facilitating the retrograde transport of these proteins from
the ER lumen into the cytosol, where they are degraded by
ubiquitin-proteasome system, which is called as ERAD (R.
Ushioda et al., Science 2008; M. Hagiwara et al. Mol. Cell
2011; R.Ushioda et al. Mol. Biol. Cell 2013).

We found that ERdj5 cleaves the disulfide bond of
SERCA2, a Ca** pump on ER membrane, and regulates its
function. Additionally, ERdj5 senses the Ca*" concentration in
the ER and regulates the interaction with SERCA2. It suggests
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that redox activity of ERdj5 is involved not only in protein
quality control but also in Ca** homeostasis in the ER
(Submitting). Furthermore, we screened the interaction partner
of ERdj5 to declare redox source of ERdj5. We focused on
novel ER resident Thioredoxin interacting with ERdj5. We
declared its new function and unique regulatory mechanism

for ER redox homeostasis.

3. A novel ER membrane protein negatively regulates

contact site. Protein
the

homeostasis. Macro-autophagy (hereafter autophagy) is one of

autophagy at ER-mitochondria

degradation system is important for intracellular
the intracellular degradation systems. At the steady state,
autophagy constitutively degrades abnormal organelle and
proteins, hence intracellular homeostasis is retained.
Autophagosome is originated by isolation membranes which
occur on the endoplasmic reticulum (ER) and mitochondria
contact site in mammalian cell. Autophagy is dominated by
many autophagic genes. Although positive regulators have
been well studied, negative regulator of autophagy is poorly
understood. Here we have discovered a novel ER membrane
ERdj8, that

degradation process,

protein, negatively regulates autophagic
and we are now performing the

characterization of this molecule.

4. Functional analysis of a novel protein, mysterin. We
demonstrated that mysterin participates in the physiological
angiogenesis during zebrafish embryogenesis (Liu, Morito et
al., PLOS ONE, 2011) and that mysterin forms a huge toroidal
oligomer and changes its overall structure through
ATP-binding and hydrolysis (Morito et al., Sci Rep, 2014).
Furthermore, we examined its biological significance in other
than blood vessels, since mysterin is ubiquitously expressed
throughout the animal body, and elucidated that mysterin is
also necessary for proper formation of fast muscle and
(Kotani, 2015).

Interestingly, mysterin’s two enzymatic activities such as

motoneurons Morito et al., Sci Rep,
ATPase and ubiquitin ligase activities were both necessary for
its physiological function in vivo. Further studies on
intracellular function of mysterin and the pathological

mechanism are warranted.
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1. HESRE

AR ORI B, S R 23 Ak 0 R T I A 203 AR
2R D R A R ORI K] - 72 & A Bl o Ry E
NEICHELE T HIENMLETHD, £, Ml EE) OB
2k, HEAT 7 i & 5% 07 A O fR ik A i 1S T D BN
%o ZOMBBOMEALIZI, SWREE LTy 37
EONRE ORI S RS OE TR RIZLTWD, &5
\Z, TR S TE L<AT O ND DT, 57 bR o B
THHIANVIEROHRELENE LR DTN IIROIES
AR DAL E N EE TH D,

— 77, MRS AL T 5720, bR O
BEREBIEMEL T AL N H D, EERIS, FAFEOTFITND,
LA S HE T A R0 e JE B FR i oo > 7 F v i o
BERI L7020, 53 WAk B OFERE R i D35 L CTHEREL T
LTEMH BN/ TE T, ANTVRIE, ERK 24T L72
B 7 =0, CDK (K DHIM & HIHI s o
NESZELTHECMNEEE(LSE D, I, TVTE
DS A 5 - R JE R E D> S NARE R DO R L
RHIET, ANVIKOBRRIREDIE W, ZnbDv s
T AR RIZT 4 — Ry 7L TOWDATREME D RIB SIS
(Fig. 1: N. Nakamura, et al., Curr Opin Cell Biol, 24,
p.467, 2012),

Cell growth signal Cell cycle control signal
ERK cdki/cyclinB

Signal integration
Signal feedback

GM130/GRASP65/p115

O OO0
———DOT 00
C— O

{ Y

Cell polarization [Cell cycle progression|
Directed cell movement

Fig. 1. Golgi appoints as a platform of signal transduction
The Golgi apparatus changes its structure and localization in
response to the cell growth signal and the cell cycle control
signal. Conversely, the information of the structure and the
function of the Golgi apparatus feedback to the signal
transduction pathway.

DI, TR O i L HERE 3 A oD R
MR E B O EICH B e kB A Rl WD
EBZLNDN, EOHEEAE T S TRy, EZTH
I, IR O E LS RE DR EIEAE 2 A SN LT,
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VRN X2 A R G A - 3 E - 1 5 D o) AR A A A R A
THZEEH M EL TR A ED T D,

GM130 I%, HAF723 1995 412 % AL &5 Uiz a /L DR g
OHMIEMNRET DL RIE (SN T e~y I AKX
L RUE) Th%, GM130 13, pl15 <> GRASP65 72 & Dk
BH U RTBEREE LTI N TR O JE AR I O HEFF IO
HE9 5 (N. Nakamura et al., J Cell Biol, 131, pl715,
1995), F7z, ZNHD XL ST BT IR IR ~ 7 4
FE-CHE N IE B, MR O ICH BEEARR R R
LTCW5, FLEEiX, GM130 EZDfESZ L 7RO
REREMTICED, S AR OREE L RE O TR HEIHERE 2, =
VPRI R D R B e I AR A A PR AR o 2R ARV &
L stz CT&E T,

FRIZE 1L, OGMI30 OEEMRITE, Q8T 77 1>
vaz Wiz GM130 DOFA AW SRR AT, @K
pHIZB T DTN R 3 HL D55 1 ¥, @YIPF 7 73—
B OFSRE MR BT ICE S IC IRV A TV B,

2. AEEOHERR
AAEPE 1T YIPEL, YIPE2, YIPE6 O REiRHT e OB

F7 42 TO GM130 OFEREFRMT, Elo2 DY — el
THWAI VIR %Z GFP ik LNV A 2=y /BT
T4y affRICERA R ONZOT, BLTFICHE T
Do

(1) HeLa #i}E o YIPF1, YIPF2, YIPF6 % siRNA #LEE
WX T/ IF T Lickl s, B OERSLME T Tk
ANTIROWIEICA BREITBEISN 2o o7, Lin
L, YIPF1, YIPF2, YIPF6 @ /v 7 &7 Ml Tix, 1% pH
WIIZ LT N VARD 3 BAL DA BIlZHflSnsZes
FER LTz, £, ZoMmfil#h &% YIPFL, YIPF2, YIPF6
M BIE 95 medial-Golgi, trans—Golgi & 08 TGN (2D Fx
54, cis—Golgi lZarha— LEEEIZS LTV, L
7-28-7C, YIPF1, YIPF2, YIPF6 2M& pH LB k5= 1
VRO WAL EFHEL WL A SR IS N,
YIPF & X7 B RED /N O 0, TV RN
OE WA RRICE 5 L CWBITREMENE 2 6D,

(2) GM130 mRNA ZfEHIETHEN T4 /A VT % 4 FE
GBHL, EZ7 774 2RI AL TR AICE 25
B U, 1 MR AL AR L L, fil 3
FNIAT A T AR E LT, WTIDEL T+
VAVTIZENTH, REEOBFIIH-TDBROH



ReENBlEgsh, £, HEOE KA 2480 X
REDORBFHBEINTZ, ZHLOHOFE R E, GM130
O 1 HE 03 R 11 56 26 185 o0 (A il e 8RO FR S BH IR AL AR, (B
DOFRICEETHHIENRIES L,

3) EHMBETIAVHEO—I—LLTHWLNT
5 N-acetylgluocasminyltransferase [ & eGFP O gl & #
YN E (MAGT-eGFP) 3Bl T 6 7 AV 2= /¥
TIT7 4y aDIERERED T, Hsc70 7 RE—F—TIZ
MAGT-eGFP 2% B2 BL 1=y MAREL, 1 Hifa
HIOIRICHEAIE AL Ohpf T GFP % 3 8 CE R
(GFPy+) Z [ Lk # £ THE B S 72(F,, GFPt), F, [A
TEBHTADETE 2EHL, SOICHAER LB ITED
RIS T, ~TrESGHMON VAV 2=y BT
77492 F,(MAGT-eGFP / —) DAERRICER B LT=,
Whole mount K OVWIFZ{ERRL THILELEZA, 28
PEICTI AR PR ENTWDBIERH LN LR,

3. Research projects and annual reports

During the development of embryo or tissues, and
cellular differentiation, the cell has to acquire polarity to
deliver cell adhesion molecules and inducing factors to
specific directions. The cell also has to acquire front and
rear polarity when it moves to a proper direction.
Secretory pathway plays important roles to enable the
polarization of cells by regulating the delivery of
proteins and lipids. The Golgi apparatus is especially
important core organelle in the secretory pathway. Thus,
function and

the structure, location of the Golgi

apparatus play essential roles to proper

polarization of the cells.

support

The secretory pathway has to be activated to support
active cell growth. In fact, we have shown that the Golgi
apparatus functions as a platform of the growth signal
transduction and cell cycle control and controls the
activity of the secretory pathway in response to the
growth signal. Golgi apparatus receives the growth
signal via ERK pathway and also the cell cycle control
signal via CDK pathway, and changes its shape and
location in the cell. Conversely, the information of the
activity of the Golgi apparatus may provide feedback to
the signal transduction pathways (Fig. 1: N. Nakamura,
et al., Curr. Opin. Cell Biol., 2012).

As described above, the structure and the function of
the Golgi apparatus are suggested to play active roles for
the regulation of the cell polarization and cell growth.
However, the regulatory mechanism remains obscure.

o0

Under this circumstance, we are trying to elucidate the
regulatory mechanism of the structure and the function
of the Golgi
apparatus control cellular polarization and movement.

apparatus to understand how Golgi

GM130 is a cytoplasmic peripheral membrane protein
(a Golgi matrix protein) localized at the Golgi apparatus
that was found and reported by Nakamura et al. on 1995
(N. Nakamura et al. J Cell Biol, 131, p1715 1995). It
binds to p115 and GRASP65 and plays essential role for
the cisternal stacking. It also plays an important role in
the regulation of cell growth, motility and polarization.
Under these circumstances, we have been analyzing the
function of GM130 and its binding proteins to obtain key
information for understanding the regulatory mechanism
of the Golgi
mechanism for the regulation of cellular functions by the

structure and function and also the

Golgi apparatus.

We are now focusing on (1) the structural analysis of
GM130 molecule, (2) the developmental analysis of
GM130 functions using zebrafish as a model organism,
(3) analysis of the molecular mechanism of the Golgi
disassembly by low pH treatment and (4) analysis of the
function of YIPF proteins. This year, we report following
three topics.

(1) Analysis of the functions of YIPFs: By knockdown
experiment using siRNA, YIPF1, YIPF2 and YIPF6 were
the the
disassembly induced by the low pH treatment. These
results suggested that YIPF1, YIPF2 and YIPF6 function
in the disassembly of the Golgi apparatus during the low

found to protect Golgi apparatus from

pH treatment, most probably at the vesicle budding step.

(2) Analysis of GM130 during the early development of
zebrafish: Knockdown of GM130 by morpholino induced
mal-extension of tail, head region atrophy and the lack of
fins. Therefore, GM130 was suggested to have important
roles in these processes.

(3) Production of transgenic zebrafish expressing
N-acetylgluocasminyltransferase | — eGFP fusion protein
(MAGT-eGFP) : Using Hsp70 promoter, MAGT-eGFP
expressing units were constructed and introduced in the
We
heterozygous transgenic zebrafish F,(MAGT-eGFP / -)

zebrafish  embryos. successfully  obtained

expressing MAGT-eGFP throughout whole body.
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FIZHWTWD,
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Do VT T AL, KA O IE RN TN TELY
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HEEDORTEZ2RTERORKEELETELTHE
STz hikaru genki (hig) IR T MNa—RKT 54/
B Hig 1T, aVAE@ S FF A0 B ICRET S, 2
? Hig #o 3 7BEHT O FE R EL T, T ARMBR
~h I AERERTHH Y TEFEL, TNHDTF
T AL BRI BT B B A MR 5,
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UTFoOREERGNZL, O —%% The Journal of
Neuroscience s lZFF£ LTz,
@ Hig ERIBRIZ CCP KA ZHb S, 2V 1Edh ik
O F T AMBIZETIE § 25 Hasp (Hig-Anchoring
Scaffold Protein) Z[RE LT, FDER TIX hig ZBHRL
FERIC MBS L O EmMAMR L, £/2, 7T L=y
VZRKR Dab & DaT7 O FF A% LICE DRI
ENEFIKR T2 T, v 7 A% HAND DLG
AN L TNz, SBIZ, hasp BROKTIE, v F 7
MBIZHIF D Hig TR LT\, 7725 Hasp 1
Hig O 7 AMBR~DJHIEI LT TIH DI EHH B
L7,

SFTRERIZE TS Hig, Hasp BEUTEFILIUY
R (R DREHRE

@ Hig O F T AR ~D G EICIX., Hasp 7207 T
L, THFNaVrZBRDab, Dab BLU DT 75/ 3
Thd, INHOZHERRTIL, Hig OJRTERILEF
AT LR LT 20%I24K T 475, 72, Hig & Hasp, Hig
EDab BEUDaT IFHE L FRICIVIEL T HEn,
INLDOERIEITEEERETRK L TWDHIENH S
nElpot=,

@ Hig & Hasp iddkical g8y F 72D F7 2
M BRICRTE T 5, £ D5y A %8 & iR B BRI BT 2 F W
THIE T 5, Hig & Hasp 1R LY 7 AR BN C 5
AT DIENHALN o, ZORNRD
T N =R A ROBRRIZ DWW T, BEICH BT
TS Hig & Hasp OREEKILL TNDES XD
NDHN, SOV T TAFEOREAREE CHLT 7T+
T =BT T T — LD E B R & i
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® higBROVT LoV —ERORK S ELTT
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3. Research projects and annual reports
Research Project: How the brain expresses a variety
of neural function still remains enigmatic. We study
regulatory mechanisms of synapse differentiation at
molecular levels, and also try to understand a genetic
program that globally organizes the circuit formation
in the brain. To approach these problems, we employ a
small brain of Drosophila, which comprises 10°
neurons, only a millionth the size of a human brain.
Our research currently focuses on the synaptic cleft
matrix, identifying its components, analyzing the
process of matrix formation, and revealing roles for
matrix in synapse differentiation and brain functions.
The hig (hikaru geneki) gene, identified by a
mutant phenotype of reduced locomotor activity
(Hoshino et al., Neuron 1993), encodes a secretory
protein with multiple CCP domains. Hig protein
localizes to the synaptic clefts, forming matrix at
cholinergic synapses, in the brain (Hoshino et al.,
Development 1996; Nakayama et al., J. Neurosci.
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2014). The goal of this project is to identify new
proteins that constitute synaptic matrix, and also to
reveal how these proteins are organized in order to
form functional matrix during synaptogenesis.

Annual reports:

The matrix proteins Hig and Hasp exhibit segregated
distribution within synaptic clefts and play distinct roles
in synaptogenesis.

We identified another matrix protein Hasp, which
contains WAP and multiple CCP domains. Molecular
genetic analysis reveaded that Hasp diffuses
extracellularly and is captured predominantly at synaptic
clefts of cholinergic synapses. Furthermore, Hasp
regulates levels of DLG and the nicotinic acetylcholine
receptor (NAchR) subunits Da6 and Da7 at postsynaptic
terminals. Hasp is required for trapping of Hig, whichis
also secreted and diffused in the brain, at synaptic clefts
of cholinergic synapses; however, Hig is dispensable for
localization of Hasp at synaptic clefts. In addition, in the
brains of triple mutants for the nAchR subunits Da5,
Da6, and Da7, the level of Hig, but not Hasp, was
markedly reduced in synaptic regions, indicating that
these nAchR subunits are required to anchor Hig to
synaptic clefts. High-resolution microscopy revealed
that Hasp and Hig exhibit segregated distribution within
individual synaptic clefts, reflecting their differing roles
in synaptogenesis. These data provide insight into how
Hasp and Hig construct the synaptic cleft matrix and
regulate the differentiation of cholinergic synapses, and
also illuminate a previously unidentified architecture
within synaptic clefts.

The synapse has been extensively studied because it is
essential for neurotransmission. By contrast, the space
between the synaptic terminals, the synaptic cleft, is still
an undeveloped research area despite its ubiquity in
synapses. In fruit fly brains, we obtained evidence that
the matrix protein Hasp and the previously identified Hig,
both of which are secreted extracellularly, localize
predominantly to synaptic clefts of cholinergic synapses
and modulate the levels of nAchR subunits on
postsynaptic membranes. However, Hasp and Hig play
differential roles in matrix formation and exhibit
segregated distribution within synaptic clefts. These
results reveal the molecular mechanisms of synaptic
matrix construction and illuminate a molecular
architecture within synaptic clefts previously unrevealed
in any animal species.
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M. Nakayama, E. Suzuki, S. Tsunoda, C. Hama:
The matrix proteins Hig and Hasp exhibit segregated
distribution within synaptic clefts and play distinct rolesin
synaptogenesis. J. Neurosci. 2016, in press.
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3. Research projects and annual reports

1.Molecular basis of ADP inhibition of V-ATPase

Reduction of ATP hydrolysis activity of vacuolar-type
ATPase/synthase (VoV,) as a result of ADP inhibition occurs
as pat of the norma mechanism of VoV, of Thermus
thermophilus but not VoVi of Enterococcus hirae or
eukaryotes. To investigate the molecular basis for this
difference, domain-swapped chimeric V; consisting of both T.
thermophilus and E. hirae enzymes were generated, and their
function was analyzed. The data showed that the interaction
between the nucleotide binding and C-terminal domains of the
cataytic A subunit from E. hirae V. is central to increasing
binding affinity of the chimeric V4 for phosphate, resulting in
reduction of the ADP inhibition. These findings together with
a comparison of the crystal structures of 7. thermophilus V,
with E. hirae V strongly suggest that the A subunit adopts a
conformation in T. thermophilus V, different from that in E.
hirae V1. This key difference results in ADP inhibition of T.
thermophilus V. by abolishing the binding affinity for
phosphate during ATP hydrolysis.

2. ATP sensing system in whole nematode

Using a single-molecule technique, we observed the motion of
the rotary motors. To obtain the torque values, we then
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analyzed the measured motion trgectories based on the
fluctuation theorem, which states that the law of entropy
production in non-equilibrium conditions and has been
suggested as a novel and effective method for measuring
torque. The measured torque of AzBsD was haf that of the
wild-type V4, and full torque was recovered in the mutant V4,
in which the F-subunit was genetically fused with the
D-subunit, indicating that the globular-shaped F-subunit
reinforces torque generation in V1.
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3. Research projects and annual reports

Diversified microorganisms are able to colonize the
intercellular, and sometimes also intracellular, spaces of
plant tissues, without causing apparent damage to the
host plant. Rhizobia and bacterial endophytes have been
isolated from several tissues in numerous plant species.
Such many bacterial strains have beneficial effects on
plant growth and health. Some strains of them are
studied in terms of the molecular mechanisms of
establishment inside plants and their functions well.
We reported the full genome sequences of such bacteria,
Mesorhizobiumi, Bradyrhizobium, and Azospirillum. The
genomic information provided valuable insights into the
life of the bacteria, information about
interactions with host plants. We examine the nucleotide
sequences of the other related endophytic bacterial
strains genomes and deduce the symbiotic functional

gene repertoire in their genomes. Comparative genomics

including



of naturally occurring plant-associated bacteria have a
potential for providing information that can be used to
develop enhanced plant-microbe interaction.

(1) Bradyrhizobium sp. DOA9 is a bacterial strain
isolated from the legume Aeschynomene americana.
Strain DOA9 exhibits a broad host range, and more
divergent nodulation genes compared with the other
members of the Bradyrhizobiaceae. Genome analysis of
DOA9 revealed that its genome comprised a single
chromosome and a plasmid. The
extremely similar with that of B.japonicum USDA110,
whereas the plasmid showed similarity with pBBtaOl of
strain BTAil. The plasmid of DOA9 encodes genes
related to symbiotic functions. The plasmid has also a
lower GC content. These features suggest that the
plasmid could be the origin of the symbiosis islands of
other Bradyrhizobia. The DOA9 genome exhibited
intermediate characteristics between general
Bradyrhizobia and photosynthetic Bradyrhizobia, thus
providing the evidence for
Bradyrhizobiaceae during ecological adaptation.

(2) The Arabidopsis thaliana (Arabidopsis) genomic
transformation-competent artificial chromosome (TAC)
clones have been valuable as the genetic tools. A
high-resolution map extending over al Arabidopsis
chromosomes was constructed with the genomic TAC
clones. An Arabidopsis genomic TAC library consists
with approximately 10,000 TAC clones harboring large
genomic DNA fragments extending over the whole
Arabidopsis genome. Mapped 5937 TAC clones are
covering 90% of the Arabidopsis chromosomes. We
present the large-scale data set of TAC clones with
high-resolution mapping information as a Java
application tool, the Arabidopsis TAC Position Viewer,
which provides ready-to-go transformable genomic DNA
clones corresponding to certain loci on Arabidopsis
chromosomes. The TAC clone resources will accelerate
genomic DNA cloning, positional walking,
complementation of mutants and DNA transformation for
heterologous gene expression.

(3) Symbioses between leguminous plants and rhizobia
are of great importance to agricultural production and
nitrogen cycling. While these mutualistic symbioses can
involve a wide range of rhizobia, some legumes exhibit
incompatibility with specific strains, resulting in
ineffective nodulation. The formation of nodules in

chromosome is

the evolution of the
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soybean plants is controlled by several host genes, which
are referred to as Rj genes. The soybean cultivar BARC2
carries the Rj4 gene, which restricts nodulation by
Bradyrhizobium elkanii USDAG61. In order to clarify the
mechanism for incompatibility in soybean varieties
carrying the Rj4 allele, the genetic loci in USDA61 were
identified. The rhizobial mutants induce the devel opment
of nitrogen fixing nodules on the roots of Rj4 soybean.
Their responsible mutations were found inside six genes
encoding putative histidine kinase,
regulator, DNA-binding transcriptional  activator,
helix-turn-helix-type transcriptional regulator, phage
shock protein, and cysteine protease. The cysteine
protease had a high degree of similarity with the type 3
effector protein XopD of Xanthomonas campestris.

transcriptional
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3. Research projects and annual reports

We focused on the maintenance mechanisms of DNA
variation in Plant species. We are interested in the
following four topics.

1) Evolutionary process of Centromere regions

Centromere is an important area for accurate
chromosome segregation but is also one of the fastest
evolving regions in the genome. By using Arabidopsis
relatives, effect of different
centromeric sequences on the segregation ratio. We made

F2 plants with different centromere organization patterns

we are analyzing

to analyse transmission rate of each chromosome.

2) Patterns of Transposable Element Evolution

67

In Arabidopsis thaliana, several transposable element
families were identified to have active transposability.
We analysed evolution of VANDAL family transposons.
We found antisilencing factor in VANDAL family
transposon and analyse its mechanisms in various
members of the groups.

3) Effect of Epigenetic regulation on Evolution

Epigenetic regulation can affect evolution patterns
through change of chromatin structure. We focused on
imprinting genes to analyse divergence patterns. We
determined imprinted gene candidate in Brassica rapa
and found that the number of imprinted gene is much
larger than that in species. We compare
conservation and variation of the imprinted gene

other

repertoire and possible causes of differences among
species.

4) Evolution of nuclear transferred cytoplasmic genome
DNAs

We analysed patterns of organelle originated DNA
fragments in several plant species. We found age
dependent methylation that could be regulated by RNAI
independent manner.
understanding of general mechanisms about genome
defense against invasive DNA fragments.

The findings will contribute

4. X, BEEGE

Kosugi A, Tamaru J, Gotou K, Furihata H, Shimizu A, Kawabe
A, Harada E. Metal accumulation by Arabidopsis halleri
subsp. gemmifera at a limestone mining site. Aust. J. Botany
63: 134-140.

Furihata HY, Suenaga K, Kawanabe T, Yoshida T, Kawabe A.

Gene duplication, silencing and expression alteration govern

the molecular evolution of PRC2 genes in plants. Genes and
Genetic Systems, accepted
Kosugi A, Nishizawa C, Kawabe A, Harada E. Zinc

accumulation and vegetation ecology in the allotetraploid,
Arabidopsis kamchatica ssp. kawasakiana. Plant
Biotechnology, in printing

AN AR R B - P AL - B IR - SR S 35 1 THE DR
fE M FE 2 F A X m 7 (Arabidopsis kamchatica ssp.
kawasakiana) fifl {7 O B HEE | 146 288 SR 2 )
il e



5. RRHERLE
Aki Kosugi, Chiaki Nishizawa, Akira Kawabe, Emiko Harada,

Heavy metal accumulation and vegetation ecology in
allotetraploid Arabidopsis kamchatica subsp. kawasakiana.
The Vth International Symposium on Metallomics, Beijing,
China, September 9-12, 2015

TN L B AR EE [ OB AR P AR BE L8 O KERFRERE . A
ARBRFERH 8T MIRE A, 20154 9 A 24 H

WO, 5 W AR RIS Brassica rapa \Z3TAT I AV
TV T A T RATRAR T ORR . B ARIR R H 87 HK
2. e 2015459 A 25 H

FLBNE BERERILE, & A&, oA XX BICB T 55k
RO RNA =7 474 7 OREM AR | B ARBRF 25 87 |

2. iR, 201549 A 26 H

6. TOh4FEEIE

1) SEE e

B F S8 2 46l B 4 - 07 S (i SRR 28 (R BE - 43 4)
WAL ARBRLICBIZR Y ) ADTE D= 2T (07
TR AN L L D 4y - A
WFFEAREF AR TH, BUSEE H23-27 1 (54F)

[ 738 AR - AF 28 T 3[R 92 B
ML T DR BNDA VA R T R RE S AR L LT
RNA FER A7 B 72 AF LA O fiR A
IR BN, B H274 (1 4F)

2) FHNES)
Genetica:ffEZH

3) =%
Best paper award “Aki Kosugi, Chiaki Nishizawa, Akira

bk

Kawabe, Emiko Harada, Heavy metal accumulation and
vegetation ecology in allotetraploid Arabidopsis kamchatica
subsp. kawasakiana, The Vth International Symposium on

Metallomics, Beijing, China, September 9-12, 2015~

¥

TSR AR S = B o 5

i

4) Zoft 7eL

7. REENHEHEERRERCLIEFNEOHT
MR

WFFEBh B E LTI ERDPEAEL  BFEEE DT> T2,
W B B DB IE S 0 S E 2 A R R A e AR O FE BRSO IS
BILCHEE OB /el a2 bR — b 52282 AT RE IS

63

S TND, FRBRTFNEDTE R FEHE R O R A2 ZVHE %I
BIRHTENAIRRIZ/RD WL DBE R S DR ERENH
WICHEIRZTND, EH BBV T TA LIBFEM B 2N
TR BN N 52 ETELDF AL T 7= - 45
HABIRIZENATREI > TS, FFICHEFI A LT WVNE
D RBRITF O TH Y B ANk R > T D588
BOGFEEITZHEICLES>TOWHRE EFTnbEEZLR
2o

(201546 )



EYMDFREEVFRARE

Laboratory of Plant Developmental Biology

1. AERBE

LM OO HEENEC DM A% T3 A | TR
MREL | O3 ODOBLENGHML IS LT 20 ERE (L5
S THD, W5y 13 ALY FEFRETIX, M OF
DEERME, FFIZFEDTE D ZARVEICH R 25 5 | A REE(L
LALLM 2D TS, BERIIZUL T o4
DO FEEREAL TN,
(1) FEDTHE DR B AT I M DI 58

bk 53 #i 3% 2 KRB W) Rorippa aquaticald, 4= & B
RIOSE L TEOWBEZALSELRB AT MM LR T,
ORI, KET DHELE L BERRIC/R S T PR 5E (%
PRV OYRE) B34 T 25— 07, b2 ETIAEFTRREICKTF
LTHE (LWE) D OEEETHRA RIVOEELRAET D,
ZOIOREF O, KOWPFLZEH L -0, ghER B<
WA RREATRIT OIS TWHEE Z b, LR
BEOMAAERZIML, ARRE LR HEE TS
72D B DT
TNERD, £

THEIT. R

aquatica® 7% B,

TUR] VR D AT

=R LD E 1 Rorippa aquatica
DTS, o ELOFRE £ KPOFEE

(2) FEDORED ZEEME DAL S A 21 78

HAARICIESES TR OB RN D, TOHF THLED
AT R EREACITE B P OB E KRS ThDHEN-
TEW, KIFEETIX, ZOXIREDIEED SRR E M i
DB TEDINTAE RSN TNDDNE, FEAEAD
SAXADEWIZE B TH5ZETHLMNIZLEYIEL TS,
FRICH R EOHEHEBL O OBB oL EBIZIERL,
HAEZNBLOE BN RN 2D TND,

(3) HE 4 D 5 42 BEHEAEAE D 5%

M OBEmOEERANTELDOLHONTEY, £<OM
MR BEIICLVIEGH T 5, R. aquaticalX, /K43 RILS
ZWYTHNIT, EOWHICEBOREF LMK L TE
ETD, REBHEDON T AN=A KOV TI R e 8
N FFICEOKIR NSO HE IOV TUTIZEA LI TR
MEINTIen oz, ZZT, OB EET ML T, %
BEFHHEZH OIS T IO O JEEED TD,

(4) W T ) DE5FHLL BDORFTE

69

EHR KW B
Associate Prof. Seisuke Kimura, Ph. D.

Bi#% IRA &
Assist. Prof. Tomoaki Sakamoto, Ph. D

DNAEE LML E W OF 2o VRA NI, 7 ) DELTE
ICHEREL . RIS IEFE IR 2 D7D I MDD T e AT
bb, WL A DT DITES A2 T KB AR O
LHUHENHDD, FDY ) NI FICEEEZZ I TWDHE
BEIADIND, KR TII YOS ) 2B IO VT2
F5 7 LOEEEE B, M)A OF =y 7 RA b
BRI 228 T, W DN ER AR BT R B
EEFHLL AEBHLNZLESEL TS,

2. AEEOHERR

(1) ZEDTHa DR B W I M DI 5T

KRAE E X, R aquatica® 7 ) LT B LT, R
aquaticalZlX, BB A MO E N FE LR BH2OD
H R (AR 3B LOURK) BFAET D, T T ARB LD
RO T ) BEEHZ ANVI T OR Ry —s 2 —T
HHMiSeq B L UNextSeq500 TN LT, E7/2, 150 U7
NVEALDNAY — 7 =B — T DPac-bio THIEHT H Th
Do INETHLNIZT — 4 CK-mer#8 JE T 2B 272 -
2L A DY A R(3460Mbase 2 B T, R THDHE
HEE STz, R, aquaticaly, BABRE CIIM A2 1EH T
RARBIHICIV B L TV, ZHVET, fF2ELRV L
HIZ SRR 20D TRV EHEER SN TS, ARFSE
WEDRETHIENTE, AEMITELNTNDD T,
FRTERVDITBELLHRERRAMAMEICLDbDEE 2
bib, 5% 7 AELFIDRH O E RV, ZRETITAT
STELNTVAZY T M —ARFT OFE R EG LT, ED
FERE DR BIR R Z B S L TVETL,

(2) BEOWEDOZEMEDOHEAL T LTS

EEBFRIN CEEHZEO T, BbomE 0%
FE b DOBRIFET D, Bl 21E, R EDOIXF (k) D1
VT, IT (AR OFEITHRN(K2), IRT L
2T FE, EORRENLITE TR ARV DO LI
R DD, 1800FEARIZIRF D RFBELL TEAHLF THehs
SNEFLDFELONRITFEEVbRTWD, $2, ¥ A3
DIETHZERIEN DY, I (LI HE) o dhfl & B (R %E)
DORMENEETSH(X2), ZOIHRBEICALNAER
DEHENETT NVICTDHIET, EORELZRLELTND
BRTONEBECEDEE X MREZED TND,

F Az DYZEELIED T E H W28 1B F R R %
To7zbZ A, Pt fRIZETHEIELRY | PRI D)L



WIENBLZNIHEELTZ, ZOZEND, X A2 D)3
ERRIEDE T, BIIESMEME O L8R B I X0l S
TWbEEZ BN, 2T, RAD-seqff#rick~—Hh—
PR L, ~ v T LImET A, 678 Ye o oo J i |2 R
LCWAZENHI BN ERST,

IXFEIRFILIEDOE N R DI Tl b2 — A
(B) BEITEZBNEZ RO ENDD, ORI A2
— LD B ONTQTLMT 2T 72225, 9F AR
JEF+5HGLABRAI(GLI) OREn s/ L L T =, GLI
I, A2 — LD I BRI G R - ThoHN, 7T
THHZOE MG OETEENPIXNTIVEL, ZDEHIT
FTDOITATA—LDENLNEE 2 DT, BIE, IX T LI
T DEDKEDE N
[Z2WTH, RAD-seqlZ
XBQTLMHT %47 - T
W5, ZHH0E s 1
BT THIET,ED
R IR E AR 1 % [6) & PoED
“G%ég/ﬁ;qﬁ‘yéﬂéo B2 BRICAR SN 3 EROS KT
(3) HHW 0> 5 4% B HE B AE O 5t

R. aquatica® 3y b O AL, BE R/ O FEEHERANT TV
Wit DD BB DI LMD, FEDSE GG FH A ~D A
—F VUMM E DR B RO RRICEE THLEE X
bz, 22T, A —F T RZDOA K ER 2 EE2RMN
THEBREBIRSTLIA A —F VU PEEBEHEROK
FRIC B &0, A —F 3 v ORI 2 O IFAE DR E
MORBEICEETHLZEEWLNICTHIENTE, B
TE, BRI R T U ATV T h— AN LD A ICBE DD E
B E BT 52 HIRL T, ERAED TS,

(4) WY ) B SFHLL BOTSE

DNAHRAG & 1. DNARR E 708 0 2w 2 B0 L Tl i
A E IS0, M E T E 5 ThD, FLE
3. SOGLEWHIRE M I B DOF = 7R A MA T3, Fli 4
ODNABBIGE D~V AZ =L X a2l —FZ—L LTI T
HZLERWEL, SOCIDEREMENT 2 TV 5, SOG1
W5 T IFAE T 2SQRBLHI TOV L 234 X DI DL,
DNAEAG K 7 D s 535 30| Al Bl JE 7538 0 2 38 |- -
T5H2E, F2SQu, DV R IL M IE E B 045 1k I E 2T
bHZEERLIILT,

IXF IXFEITFORL ITF

3. Research projects and annual reports
We
environmental

are interested in plant development and

interactions. Currently, we have been
focusing on the following four major projects.
(1) Analysis of Phenotypic Plasticity of Leaf shape of

Lake cress

FTARRE IAXLZN
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Plant can alter their development, physiology and life
history depending on environmental conditions, which is
called phenotypic plasticity. The North American lake
cress, Rorippa aquatica, shows heterophylly, phenotypic
plasticity on leaf shape. Submerged leaves are usually
deeply dissected and has needle-like blade, whereas
emergent leaves are generally entire with serrated or
smooth margins (Fig. 1). We investigate the mechanism of
the
started

the heterophylly of lake cress. To understand
heterophylly,

whole-genome sequencing analysis of R. aquatica, using

mechanism  of we  have
illumine and PacBio platforms. We estimated the genome
size of R. aquatica is around 460MB by K-mer analysis.
(2) The evolutionary-developmental study on leaf shape
Cultivated vegetables show remarkable variation in leaf
morphology and we are interested in genetic basis of this
leaf shape variation. Most of varieties of Japanese Daikon
deeply dissected

compound leaves, while some of the varieties have simple

radish (Raphanus sativus) have
leaves with entire margin (Fig. 2). We have developed
molecular markers by RAD-seq analysis and performed
map-based cloning for the leaf shape variation. The results
suggested that the leaf shape variation is controlled by one
gene which is located on chromosome 6. We also
performed QTL analysis of Japanese traditional leafy
vegetable cultivars Mizuna and Mibuna (Brasicca rapa var.
nipposinica) and revealed that the GLABLAL ortholog on
chromosome 9 controls trichome number.

(3) Developmental studies on the mechanisms of
vegetative propagation of Lake cress

R. aquatica can produce plantlets from leaf fragments
that are striped off their stems without any external
We

relationship between phytohormone and plantlet formation

application of plant hormones. investigated the
and found that polar auxin transport has some important
role in the process.
(4) Analysis of genome maintenance mechanisms of plants
Arabidopsis SOG1, which is unique to plants, is a master
transcriptional regulator of the DNA damage response. We
found that the transcriptional response of DNA repair
genes and the programmed cell death is activated along
with increased phosphorylation site of SQ in SOG1. We
also showed that the phosphorylation of SQs;; is required
to arrest cell cycle. These results suggest that the site of
phosphorylation in SOG1 determines the pathway of DNA
damage response.
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Amano, Hokuto Nakayama, Shizuka Gunji, Ali Ferjani,
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K. 2015.3.16-18.

QTL analysis of leaf morphological traits in Japanese
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Molecular mechanism of SOGl activation in response to
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5 56 [ A AMEM AR 2T, RAURERT,
2015. 3. 16-18.
QTL analysis of leaf morphological traits in Japanese

traditional leafy vegetables, Mizuna and Mibuna,

Yaichi Kawakatsu, Kaori Kaminoyama, Kaori Igarashi,
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NF RV NFTNFOREFER & B E U7 A RE
FHIFIE ., KRS EIRSIVTWD R B - B EE O PR %
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2. REEOHEMRR

I AT ANFNFIEBITE~ A2 774 DNA
—LF vk

IVYNRFRNNTRFIRTH A A~ T
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DEATTAF < NNFTARFORBEAAH LR HE R &L
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AV VT EOBRENRIEER 273280, BAREE
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Noymolz, Fi2, vz RUT DNA D> —7r 2 AT
BL RAD-seq fEHTIZ LD M EARHEIE DR % 1T
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EiTol, S, INOOBEBE~——IZk), BREE
BT s I OFERL . DNA B REICE D%
MaE ) R ~DH R R RKICEDOIINTATO
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I BREEIIIY AT BN TRRFESNTNDZ L3 DD
ST, 87 ) LN TILL de novo 7y EIT,
RITZNT ) LB (2 T4 7 H0H) 26 77 6 T4, fhi
¥ 22T 5 EHT bp) DEFITEKIILT, L
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R LG9 THEHOBRE HEMEHEE T HIENTE,
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DBRTHERADTDHIENTE, TNHOEE 713,
e D SEAT R 81T K0 B R0 57 8 3 AL Rp IS - 58 Bl 23
B THILRENRRESNTNDIEND, =R IYAN
F O MEOMRICEBERERELF SILNTHIS
N5, BT NGS 7 —#7 bk, 1,000 fEHLL ED~A2rnm
H7 T4 DNA v~ — B —EERT D2 ENTET, 5.
BT LT —HABLORBLIZBE~Y— T —%F AL,
ER T OVERR S RNA-seq 72 & DT &4 H A b
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3. Research projects and annual reports

Analysis the nest of alian hornet, Vespa velutina ,
found for the first time in Tsushima Island, Japan
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The Asian hornet, Vespa velutina was accidentally
introduced into Korea and Europe, probably via an
imports from China and cause many problems in the
invaded area. This species was unconfirmed in Japan,
however, some workers reported in Tsushima Island in
2012. And many mature nests were found in 2013. We
collected the nest found for the first time in Tsushima
Island and analyzed.

The complete mitochondrial genome of the Japanese
honeybee, Apis (Insecta:
Hymenoptera: Apidae)

In this study, we analyzed the complete mitochondrial

cerana  japonica

genome of the Japanese honeybee Apis cerana japonica.
The mitochondrial genome of A. c. japonica isacircular
molecule of 15 917 bp and is similar to that of A. c.
cerana. It contains 13 protein-coding genes, 22 tRNA
genes, two rRNA genes and one AT-rich control region.
All protein-coding genes are initiated by ATT and ATG
codons and are terminated by the typical stop codon TAA
or TAG, except for the start codon of ATP8 which ends
with C. All tRNA genes typicaly form a cloverleaf
secondary structure, except for tRNA-Ser (AGN).

Complete mitochondrial
bumblebee, Bombus hypocrita sapporensis (Insecta:
Hymenoptera: Apidae)
In the present study,
mitochondrial genome of the bumblebee, Bombus hypo-
crita sapporensis from the Rebun Island, in Hokkaido,

genome of the Japanese

we describe the complete

Japan. The mitochondrial genome of B. hypocrita
sapporensis includes a circular molecule of 15 700 bp. It
contains 13 protein-coding genes, 22 tRNA genes, two
region. All
protein-coding genes are initiated by ATA, ATG, and
ATT codons and are terminated by the typical stop codon
TAA or T, except for ND4L, which ends with TA. All
tRNA genes typically form a cloverleaf secondary
structure.

rDNA genes and an AT-rich control

differentiation in the
butterfly  Niphanda
comparison of natural and secondary habitats

Genetic endangered

myrmecophilous fusca: a
Niphanda fusca is an endangered myrmecophilous
butterfly inhabiting environments at early stages of

succession. Most of its habitats are places where



succession is prevented by human activity. In some
places, however, N. fusca livesin natural semi-bare areas,
such as cliffs in mountains or grasslands around volcanos.
We investigate the genetic structure of N. fusca in Japan
and South Korea to address two questions. (1) Are
populations in natural environments genetically different
from those in secondary environments? and (2) Do
populations in natural environments possess greater
genetic diversity than those in secondary environments?
The AMOVA results indicated that the populations in
natural
environments were differentiated

environments and those in secondary
to some extent;
however, more than 80 % of genetic variation was found
to occur within the same habitat type and within each
population. We found no differences in genetic diversity
between populations in the two environments. At present,
we have not found a strong reason to consider
populations in the two environments as different
evolutionarily significant units. We think it is practical to
conserve populations in natural environments at first,
because in this case we need not manage habitats to
protect N. fusca. We have only to inhibit habitat
destruction. In contrast, in order to conserve populations
in secondary environments, we would have to continue
managing the habitats. This is far more difficult than

inhibiting habitat destruction.

4. /X, FEEGE
1. Takahashi J, Nishimoto M(B4), Wakamiya K(B4), Takahashi
M, Kiyoshi T, Tsuchida K, Nomura T. Complete mitochondrial

genome of the Japanese bumblebee, Bombus hypocrita
sapporensis (Insecta: Hymenoptera: Apidae).
MITOCHONDRIAL DNA: RESOUCES in press. DOI:

/ldx.doi.org/10.1080/23802359.2016.1155423
2. Takahashi J, Wakamiya T(B4), Kiyoshi T, Uchiyama H, Yajima
S, Kimura K, Nomura T. The complete mitochondrial genome

of the Japanese honeybee, Apis cerana japonica (Insecta:
Hymenoptera: Apidae). MITOCHONDRIAL DNA: RESOUCES
in press. DOI //dx.doi.org/10.1080/23802359.2016.1144108

3. Takeuchi T, Takahashi J. Kiyoshi T, Nomura T, Tsubaki Y.
Genetic differentiation in the endangered myrmecophilous
butterfly Niphanda fusca: a comparison of natural and
secondary habitats. Conservational Genetics 2015. 16:979-986.

4. EREH— | BRI IYNTF o UNT AT OEFRE. ZihE

77

5. B — KB CHRBEIRDYY ~T AR AT DA RE,
BI(G A, 2015, 12:222-225.

6. EfEE— R IIFRE EHk, SEili— ST
W TERAE SN S KT Y =7 H1 AR A3F (Vespa velutina)
DAL, Rl IR 5= 5E. 2015.76:49-56.

7. BAEES ., mAES— TN T O RFMERF D7D D
KR 2D L . 7T 4B 2E S K7 5t B B AT 0 T8 T T 7R
2015. 14:1-6.

8. EEH— . WM = A F < F RFIZBITE~ A7
BT T ARDNAY — )V b, FUHEE K I B B
WFEPTPT#. 2015, 14:1-10.

9. M1 MIREAT, Effhl—. TN%E IAREERE
WL B0 FERDEACTE NS RTS8 AT BE R0
FFA BT ZE PP . 2014, 14:1-12.

10. Effl— Za~v it AFOHNST-h<w AT ATOLE
YA (R —vay) flZa<w A A" FE < =a7 L-,
JNARFE e 55 JI BLHE HE i 3 % . 20164F3 A . pp8.

11, A — PLABEM-BRETH A 0 FBLC T2 4
WA T I AT v &M -, (1) B PE IR 2. 20164
3. pp4.

5. FRFRRE

1. EfEHE— (ML) 55 BB, IRk, EAEM—. FrESRAEY
VT HAR AT O R R B A~D BT OV T, 76/
A A B 24 - 60l A A HE B B Ea AR RS, K
FR . 2016.3.26-29.

2. AT (B4) . @iEsi, T HVER ., Gk, PR, B R
[ T = A D WA SRS Sl hal Ty oy 181 %: A i [7B -
RREEICOWT. 5 76[E] A AR 524 - 55600E] B A G H #)
WRMEAAFKRE. K. 2016.3.26-29.

3. WIEH. EEAZ (BA) . Hk. mfGsl—. WHT, -m
ERTE RS/ e O VANV R OB | i1 ST ST (OF-SIFik S i hel =l
HWFFE. FE76lEl A A B 2 - 5560 A A G B B %
e KRE. K. 2016.3.26-29.

4. #'EfE(BA) | Hhi S (BI) | ihthtk, NILE ., KB,
P R 2 . AFHE, B — 7T HhyarIys
T OARKI LML L R B 2 A FRAT. 257600 H AR B k%
£ 5E60 H ARG HE R A Rk, KB,
2016.3.26-29.

5. mfE#E— (ML), RM, ILMRE, Bfail— #HrS5=
ANEY T HARANF-Z ORI E T OB RICKT T
BIZOWT-X B F 74— 4. 3 E. 2015.12.14.

6. #E ik (B4), TR (B3), MG — HEOIVAF
DNA bbb molle-MEFT7+—7 4. HEM.
2015.12.14.




6. TOMIFEEIE

1) AR

LEMAKESR BREIEFERE ERIANTATICEIDBEE
AR R — S a AR O M LIBT3 2 F T8
WK mEM— . PRk 27-29 2B (3 47)

2. —fRALEE ARG ESEIR B AW oy MEVE B R oD 3EGE
B DFEMRERE m B — Rk 27 4R (1 4F)

3. B se i & BURAFIE C RISHISRELY =7 U A
ZANTF OIFACAR L &AL TR #ATEH & DU Bh R i D e 37
IR K Ml — | SRk 26-28 42 (3 4F)

4. NIEWMHEIEANBABREERS HIEITR A LA R
VT HARANFIZEDIERAERERICE 2 DB A
WAL mAE sl — . SRR 26-27 42 (2 4F)

5. WARURERZAEMEIRYT ) LR 2 —TEWERT
LFEHTHL S A SEIE AR R RAE A ARTERfE=
R YT (Apis cerana japonica) D4/ LR Gt
WFFE5 L3 - i — | SRk 27 4R B

3) AN EH)
S AREE AR R R
R — 7N O b S S P A R - M

i

i

0

i

%

EAEAL - EMORER L R AR 5 R R
B R Y RRAD

R S A A R

4) ZHE%

1 EEE— ML) BARE R 76 [MIR2 -4 60 M H A
ISHBmE RS RSGR KNS, FAERRY—F
2016.3.26-29. K < fi

2. PEHIFK (4 k) 55 3 (B4 G IR BR B 2 AL 25 36 2 5
#a& BHHE 2016.2.28

3. BEEM (4 FRA) 3 A SR B B R AR A T
Fa #BFHH 2016.2.28.

4. @iEHE— (M1 F 1 FEREF7+—725 2015, HFE5EH
# 2015.12.14.

KEF T —T A TOZE

78

LS SN

WACE TH#

SEREDELSFTE



RUNTEBEEMFARE

Laboratory of Protein Structural Biology

1. BIRHE

LT E DA IRORE WS bbb A N IE LS
VRTEBNODITFE OO IIR A D | F5EE T T
%o FRITIEYYIE (2B DR T OREE LW A D T D,

B XY ORGSO A O AR L FE AR R K 7
HOEIRNDODBD, B 1T X MG b & RN & E e B,
LT H I BEEEAIR, BICRYER 1 LRANTHLER
DOHRTEOMBEAERZE RT2\WEE 2 TWD, 2O AR
FE DR BN L REYIE & T B OTR I T 28172 72 A K D 7]
REMENEFEND, BIELL T O T —~ &l L CiFsE 2
BHTWD, ADP URT AL EE R EZDEMER S A D
WEIE AW o bk 2 7R 0R R AE L ADP UR U vk SR
(ADPRT)Z 43 WAL T, IRARDZ 2 RIGHAEST L, BRARD Y
T I NMERERICEREE 525, ZOKISHEBOFEMEZID
IINTT A B & AR RUSIRBE TORE i E AR AT 2 1 D T
2o

2. REEODHERE

(1) Fex OWFZERIT. MMEOSWT S ADP VR L=
RO EEEL TR O EITo TET, A4 X H % (la)
=TI F B RRE EAEIE L, ZOXAT DEHRTIEHID T
DENEE 2 B AR THDHPNAS 2008, PNAS 2013),
AR C3 exoenzyme EF DIV RhoA A RO st 1&g
HrichEh LTz,

RhoA ##5LE ADP ViR /LAKE%SE C3 1% RhoA O Asndl %
FEEAYIZ ADP RS BT 578 THY, 1989 FIZRHS
iz, RFAY72 Rho 773U —43F1ZI% RhoA, Racl, Cdc42
WBBM, C3 1% RhoA DHZ ADP VR AL 5, ZoHs 5
PEZF)HL T, Alan Hall ARV T VAT — 7 H) 780t
LA —)1E, RhoA MAR AT 7 A8 — 435 B4 Racl M3
FERBUR & Cded2 SRR Z, ZNENGFE T HTL%
U, SO AW EE M ab7-bL7- C3
O RhoA |2k T 2R BMEIC, RhoA DAFFEEZ & Te %< D
GeT N—T PELR AN TETZ3, C3 & RhoA OEAED
FEEDHIHIN TR, ZOF EAEH & ADP UART L
LD BEMEIL LDy > TV eh 572, Rho GTPase X% D
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IEEBLLE-EEEED ADP URI U LT/RHR THDN, %
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JEEBARAAEY AT BARIZEY ADP YR /b B
BT HI LR YILE,

ZOWREIToT-ARIAEF B, AmERRESFO
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TN, ZDFER T H— IV T v THEREIL 55 D3> TR
hotz, T2 TH 4 ITET, ASP & ORF2 DEAKROREEE
X RS RS ERET ICPE LTz, 2O R, ORF2 & ASP
OFEARERIIBE I ORY T 0T 7 — B L 7l yOfE Akk
KUCHEF I TOBZEBHALN o T, SHICALFHE
BRIZED, ORF2 @ N K, C R¥FEIZ ASP O74—/LT 1
TR ER R RIFLTWAZEEZ BT LT, f ki
(2, ASP & ORF2 D IIZARIEER A &7 mEFINCAH S 35K
A BRIDZ L RPBELTCRBLSNL B T a7 7 —8
1377 LRRMEEIZAAFIEL ., Fic/e 7 7V — &L TV
LTl R, ZOWNEIL JBC IR L,

HFRIFFEICEV LT O RS TD, (1) v T /R TT
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3. Research projects and annual reports

We have been focusing our research on the structural biology of
infectious disease. Especially our target is macromolecular complex
and we would like to reveal the interaction between the infectious
factor protein and human protein.

(1) C3 exoenzyme is a mono-ADP-ribosyltransferase (ART) that
catalyzes transfer of an ADP-ribose moiety from NAD® to Rho
GTPases. C3 has long been used to study the diverse regulatory
functions of Rho GTPases. How C3 recognizes its substrate and
ADP-ribosylation proceeds are still poorly understood. Crystal
structures of C3-RhoA complex reveal that C3 recognizes RhoA via
switch |, switch Il and interswitch regions. In C3-RhoA(GTP) and
C3-RhoA(GDP), switch | adopt the GDP and GTP

conformations, which explains why C3 can

and |l
respectively,
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ADP-ribosylate both nucleotide forms. Based on sructural
information, we successfully changed Cdc42 to active substrate with
combined mutations in the C3-Rho GTPase interface. Moreover, the
structure reflects the close relationship among GInl83 in the
QXE-moatif (C3), a modified Asn4l residue (RhoA) and NC1 of
NAD(H), which suggests C3 is the prototype ART. The structures
show directly for the first time that the ARTT-loop is the key to target
protein recognition and also serve to bridge the gaps among
independent studies of Rho GTPases and C3.

(2) The main syndrome caused by infection with Aeromonas is
gastroenteritis, though in severe cases sepsis may occur. One of the
toxic factor expressed by Aeromonas is serine proteinase. We have
identified the novel serine protease from Aeromonas sobria (ASP),
which lacks a propeptide. Instead, ORF2, a protein encoded just
downstream of asp, appears essential for proper ASP folding. The
mechanism by which ORF2 functions remains an open question, as it
shares no sequence homology with any known intramolecular
propeptide or other protein. We revealed the crystal structure of the
ORF2-ASP complex. Furthermore we found that ASP and its
homologs form a novel family of subtilases having an externa
chaperone. Together with biochemica data, we published in 2015.

4. MXEFEERE
TsugeH, YoshidaT, TsurumuraT.
Conformational plasticity is crucial for C3-RhoA complex

formation by ARTT-loop. Pathog Dis. 73(9)(2015)

Toda A, TsurumuraT, Yoshida T, Tsumori Y, Tsuge H.
Rho GTPase Recognition by C3 Exoenzyme Based on C3-RhoA
Complex Structure.

J Biol Chem. 7;290(32):19423-32. (2015)
Kobayashi H, Yoshida T, Miyakawa T, Tashiro M, Okamoto K,

Yamanaka H, TanokuraM, Tsuge H.
Structural Basisfor Action of the External Chaperone for a
Propeptide-deficient Serine Protease from Aeromonas sobria.

J Biol Chem. 24;290(17):11130-43. (2015)
Tsuge H, TsurumuraT.

Reaction Mechanism of Mono-ADP-Ribosyltransferase Based on
Structures of the Complex of Enzyme and Substrate Protein.

Curr Top Microbiol Immunol. 384:69-87. (2015)



5. FRRERGE

Hideaki Tsuge: Structural basis of Bacterial ADP-ribosyltransferase
and Human Protein Complex. ETOX 17(European Workshop on
Bacterial Protein Toxins) (Braga), 2015 6.20-24 ($71#3#1i)

HET SR TADP U R 3 /U ALBESRCS & RhoAE AR DOREIE & = DR
WHERE ) HadlE e X X UBIFRE S, KT VA AEAS T
TEBAE e 2 — CRBR) . 2014.9.4

B ARG, B, EETIR R, T
basis of ADP-ribosyltransferase C3 exoenzyme with RhoA
complex] #j 53 [l HARAEMME 2 ©RKT (&) |
2014.9. 13-15

Toniti Waraphan, &5 Hfil, BEATERIR. B TR, A HHBZ,
BERL Bl [T U7 sk 2 &Ry I vb
PRI OFE SR ) 5 63 [Bl A ALY GIRKE (&
R) . 2014.9.13-15

HHEf. AT, J)IE, AR, BRSO, iR,
Hz A, T lAeromonas sobria IR _X7F K
KET BT T —EONR vy X0 N R DT+ —NT T

[Structural

-

r&)

Bt ARSI, FR— T AT P @A),
2015. 12. 1-4

PrN#E-, M, B geE:
S\ ] R B A R (SRR D FEE DB |
2 MER— T AT F@EF), 2016, 12. 1-4

[DNAZ A 7 Z U —n DI BLED
HARAA b

6. TOHIFEEIE
(1) ShEnE 4
B TE R Al B4 - SHERIFSE (C)
ifRE4 TADP U AR L {bEE % C3 @ RhoGTPase adal o fif
CEN
WFFEARERS - BT IEH], BUBMRE « H27-H29 4 (34F)
SCHVREAE BRI HORIF TR B A e S b B
AR S I DEREE )
WFFEA 403 - BT IE, BUBARE « H23-H27 F (5 4F)
Blet R Bk F 2 - #FHR (B)
M4 Tem V) EERARKF Tipe ORI & TEMEO TR
WFFEARES - BRI RIG, BUBMRE © H26-27 4R (24F)

(2) FHMEE)

Journal  of
(2014-2018)

Journal of Crystallography (Hindawi) Editorial board

Biological Chemistry, Editorial boards member

Advancesin Biology (Hindawi) Editorial board
AASARES [MPTSE 160 ZES &A
vy BIFSEER S R

(B =H%
FHBEZ (AFRE) 20 B AR TR R
Ec#EFHE 201532

7. BREEGREBAEARIHLCIEHFHEOHENR
AR L7=. C3 exoenzyme &ZDHEE RhoA A KD fbtE
WEAERTIX, 28 B 04BA, FEICES TRENR, ZOHF
ZEi . A AEMBFEBE RIS AL SR | AF5Eh
HOEH BB LORIBIE O O ) /e R — N CiThhi,
ADP VAR AL/ ZE DI N T ANV A= e D E
T s % JBCITREL, IBIT, 6 IR ANV T b
72=ETOX17 T, & F 2% A A DME— D FFH#HEA TV, 20
WERZME LT, TADPURI A LFEREL TIRERR 2 b2
DIEET 7 F - OBEEIRITHN T, I —D>DREMe ADP
VRL ALFEEHR C3 LEDIE RhoA DA KDL
ST ZEIFEERBERNDD | EOT AN TRV,

81



NS FELFHRE

Laboratory of Plant Molecular Genetics

1. AREBE

YR Tl [BSRY O N T 3T 7 5Bk
ERDH . FOBEBRENFREIT>TND, RINTH, 22
BT, Ry — 7= —ZfEH LIS RAEY 03
Fa RUT 5 AOREERAT . Iha R 7 RHERRAR S/
DEFA A 9 DR 85 F O BB S RAT . ZE R R O
o T2 LD H AED OER O3 OB FEOR: &
TpoTnD, IV EAEMIZIZ LT O5 207 0y =7 )
TP THD,
V) ANTERT5 ) AOWF LR R M &3 54 Ay o
B L
2) AL ORFEMNEARFR e MEBIE VAT LD 5y 1-Hifk L
T DLERNER R AD =K LD
MG B LT EET ILELIEREEINa LV RUT7)
LOAE B AN D058
4) 7 ) MR FE A R LT ARSI R T S A
DELIE B 5
5) M Z FEBRCERMITAE LI =Y — o L 0 T
R DB LT 2 — DR 5

ZDHH 1) ~3)IZOWTIE, BLAlT, SR 4 T M X
NTCERZRLDOTay 2 O —HE2FNORY 7 ) 2
BRI R 2 T8 & E D<o DR Ak L
TW5, F, ) IZDW T, Ak 26 4 4 H ICRHFE O
g B) MRS N =255, A e — o5
EIRHIE R LD, KERAELLBICEREIT> TN,
— . 8) DT eY NI 27 4 4 A IR E OBk
B B BEAF SR ISR NS AL, R ZHT72 ISR A LT,

1IN VA= ET AN U7/ S INGY & N /N

NEICHHAZMEB R TO2E0, BREORE/BE
Thbd, 0D, MG ER, Mlafa ., 2o
AR O s TR 2 72 & O 2 BR L C. /EW IS
Tl A It 2 5 2 XHE LTV D, L0 SRk R o
= T-FAE 2 O F T B3 2 H AL RIS D TE S, ks
HNADIEREAR~DBAR T H A IEDHENL SN2 %
ZFT, BRI ANV aLF LA M RO3TEEY T,
BERRR OB X KAELESEL TS, ZivE
THENATIE, ERKOT AV B8R/ TN AT F
AUV ERER T D8 % (GR, SOD, APX, MDAR K& O}
DHAR) O 5 1 & Bl HDVIEA e LU THERE
T BTE AL, A BTG FE ) T fE (ROS) 2 2h 3
HICIHE CEOMME B RTHIEICR I LIz, F L

82

BiE T
Prof. Toru Terachi, Dr. Agr.

B¥% =% =

Assist. Prof. Kiyoshi Takahashi, Dr. Sci.

BT A A EESE OBAS T (GS, gshl) ZZEREIKS /) A
WCRE D Z Rab B RSN, HOREE ORI s
TWD, ZNH—HEOMFFRIZED ., FEEDHIAR R
VEWZ B T 212D IEELT, ZOHM A E 27z
ZEEPERTELDEEZ ZCND, e BH N a4
AT, 7=V F VBB A RERE THRBEITLILT,
FEICEENLE & LR SEDLZEITH I,

EF2) 0T e/ NCIE, EMEARFREFRPERIE AT
LDy T HERE 72 L NCE D S M R AT = X 2 &t
FICHFFEL T D, HEME AR TR S, W IRIXIE R ICEE
THLOD MEBEERFF 1o B DS RSN WL T,
DS ICAHENTWE, ZOMEILF, MHEE
FRAZ WS D IEH0 TidAe< | BEPE R R IR K8 A5 F
DN RUTH )BT, EeZ OB &Mz ok RE
BIE T (Rf BAGT) DT ) BT R D0 D Emb, il
WBTFEINa L RITEEOMAEEROET LELTEL
DOBENRFZNCnD, BIEYIFEETIE, B A%
HDON~E A ZREL N2V RIT Y ) AOE R%E
AT HEELIZ, BEA KR ORI D REER T IZD0T,
BARTF RO A FOR D EREED TND,
ZOZEIZHE L, XA TR R RS ST IR
B TWND Brassica maurorum, B. fruticulosa 73 18
BoOT7 7R EAROIN L RIT S ) AOFTHIT
S>TW5,

3) DT aY 7 NCIE, MR E B AF LWIAH 2R
MEZRAWC, 25X 0EKRETHL=F a7 A EMY
DINARYT T ) LD G, £c4) D7 my =7 NI,
FFLFE, TALF | v RFREVODDIEM DIb=
YRUT T ) LD, T E R R Y — 7 —
EHRALTHRBLIOIELTWD, ZHICEVE 2 DEh
DY ) LD EER BN T HEEBIT, DR BT
HEBL L5258 IBTOFE. SHITTYZMY O R
BT 28 RABIHEE X T,

¥, 5)D7aY /M, L) PHIRELELD T,
APX ZHERRIRY ) ME AN LT BERITB IR A U7 TBEAD
R THLBLZ X N3 | OENT T —~ Th b, FEETEN
T, ZOMBAAR T, JERRIR T DB RN 2DDH
— IV EIENTEY, Lb/hESWY—271nar —
BB EEIZH L TWA, BEADDIRIER /N —I L
DOIFEWITHBEARSH D EETITbN>TWDA, FEM
RTINS TH D,



2. KEEOWMERER

VDoFaye7hTik, BLATOIEE ORI T, i) O
TNET A DIREREDDEBREIT> T D, 3 400,
TNEFF G AR T 583 GSHL K Y GS D AR
THIERR T ) DO Z X Rz D2 LTk
Lz, FR4E IS KEZBHSE TEHOME
TEBTC. T, RMEMNL LT, ZNHOFM 2 R DL
WCEENDTNETF L EERELIEZA, GSHL R
TIEH AR L XTIV ETF Ao O A/ i TR o
FHHAKIEIZHEINL TV,

COERERFE R AT T, EEENDL X ADOTERKIRIC
GSH1 #a—R 95 EFE#8 ATHIEERALTND,
FIEIFVZ ADIEFEA~T 2 VF B+ %8 AT 55
WCHWeFEILE T2, 372 bR I 4~5 WA
BSEFEVHA(R X7 0T7") DR~ # 65 V3
IRDIN—=FT 4 VIR NR—=R AL AT o T2, T DR,
2 A% 2 SOV ABRELNRT-, LI, —FOD
NAIATAELTCLEVW Y 2 —MNIG6N2 -T2, B
— T DHILADBIL, 7 8 DDV a— R ESNTZLDOD,
2 OBHTAY, Fio 1 ODNEL DB TRz, ik
B, 1 DDAV AITH KT D b EIRDOMB XL 155
oy B FEII T DM Z AR D MR R A 1 24T o 72,
4 DNA ZHhii L, PCR T & 4T o 7ol R | BERRIAR NI
gshl BEASNTWBIENI3notz, o, Mg,
=PRI OFER T, BARB AL TRENDY
ARXDY T F VRS, L)L, SDS-PAGE, 7 /v
AT A VEBORERTIE, AR LM ROMIZE
WIgholz, 22T, BABKBFOLHFEHEY —/=
VARV T ULTEED A, gshl EBBEaR L OBIIR 2
EREDMFASILTODIEIH AL, BLE, 7L — Ay
TG ELTza AN M LT, LA RBER R/
LD gsh] AETERBTNDHEZATHD,

W OFEE - B BA Il b ST 570 TR 27 R
E N O 3L [FIF] A - $5 R4S R CHL [RAF S 2 S L7,
BARIIZIE, BRORFHBEHAF R 2 — TR an
XDOTHH N~ KN Bob White M S FEZHREE L THHU,
TR e LR 24 i (BRAE# 2 B O A #
JR) % 11 A ~12 AIZ AT TEAIRGI 2L L, £-h
~MTIE, i R F O E S 7 Y A AL AR
NOTFEL MBI LT RO B WEEE - Bt R
HALTWD, LLRRE, NUabF bh<=hMIonT
. ZRETHBZERG SN TR,

EF4) 7 mY =V MZOWTIL, FEENS D LR &2k
%t L . Ttiticum monococcum, Aegilops seqrsii K X
Secale cereale DINALRKUT DY ) DG FE 2 2 T
Fro, B B A A A LXK R, HEE AR AT ey~

83

FXE LMAEOINARIT OF ) AfiReb IEEE TL
TWa, 2B, Ei2) o7 oY=/ M oW, 1B IR
Dz EAay (BFAa) DREZFERKL, ZOHIT,
WA FeZ R g7 IR WA IEFMOIra N
VT ) 8% ~Tas Ay 77 RIECHREFL TV A
HEFR L, INETHEZLDONTHT (L ZFHAELT
X7, ZOXIRIRIT R &L BT e o
—RELTHITES A,

3. Research projects and annual reports

We have performed the following five major research
projects that are all related to plant organelle genomes:

1: Production of useful plants on the basis of organelle
genome studies.

2: Studies on the molecular mechanism of the
male-sterility/fertility restoration system in radish.

3: Comparative mitochondrial genomics of Triticum and
Aegilops using alloplasmic lines of common wheat.

4: Comprehensive studies on the plant mitochondrial
genome.

5: Molecular analysis on the replication mechanism of a
mini-circle  molecule found in chloroplast of
transplastomic tobacco and development a new vector
for chloroplast transformation.

The first project
transplastomic plants that will be useful for human
beings. Currently several transplastomic tobacco
(containing genes like apx, ferritin, etc...) have been
produced as a model plant, and experiments to produce
transplastomic crops such as tomato, wheat and lettuce
are underway. Transplastomic lettuce containing either
ferritin or gsh1l gene have been produced.

The second project tries to reveal interaction between

mitochondrial

aims at producing various

and nuclear genomes
male-sterility and fertility restoration system found in
radish. Genetic variations in both mitochondrial orf138

and

using a

nuclear Rf genes have been examined.

Evolutionary aspect of the system is also drawing
attention.

The third project concerns the mitochondrial genome of
Triticum and Aegilops species. It is known that the
mitochondrial genome of some species in the genera
influences on the phenotype of alloplasmic lines of
common wheat. In order to revea a mitochondrial
gene(s) responsible for the phenotypic difference

between alloplasmic and euplasmic lines of common



wheat, their complete mitochondrial genome sequences
have been determined using the next-generation
sequencer.

Inspired by the interesting results obtained in the
second and the third projects, we have started the fourth
project. In the project, mitochondrial genomes of
several crops such as barley, rye and onion have been
analyzed. The fifth project is completely new. We
have accidentally obtained a variegated transplastomic
tobacco plant that contains dipartite chloroplast genome.
This plant is expected to serve as a unique resource to
study chloroplast DNA replication and to develop a new

chloroplast transformation vector.
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3. Research projects and annual reports

Genetic diversity retained in populations is an
essential material for adaptive evolution and breeding
of plants and animals; species can adapt through
natural selection to changing environment, if they have
sufficient  genetic  diversity. Breeders  of
domesticated plants and animals can genetically
improve their materials by artificial selection on
genetic variability. Our laboratory is researching the
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methodology for evaluation, maintenance and
utilization of genetic diversity in wild and
domesticated animal populations. Our main research
projects and the annual reports are as following:
1: Development of method for re-establishing strains
in the Japanese Black cattle population, using DNA
information

In the Japanese Black population, intensive use of
popular sires for reproduction has led to a drastic
decline of genetic diversity within the breed. It has
been proven that re-establishment of genetically
divergent strains is effective for recovering and
maintaining the genetic diversity in the Japanese Black
cattle.  We developed a method for establishing
strains in the breed, using SNP information. In the
method, animals representative of a strain are first
selected as a ‘core’ group of the strain.  Assignment
of a candidate animal to the group is judged by a
discriminant function with SNP markers.  The
effectiveness was verified with actual SNP data of the
Japanese Black cattle.
2: Studies on population structure in Japanese Brown
cattle using a whole genome SNP panel.

Population structure of Japanese Brown cattle was
studied using SNP information. In the study, 144
cows were genotyped using the Illumina
BovineSNP50 beadchip. We estimated haplotypes of
the cows taking the half-sib family structure into
account. The extent of linkage disequilibrium was
estimated over whole genome.  The historical
effective population size was estimated from the
distribution of linkage disequilibrium on the genome.
3: Application of statistical genetics to honeybee and
bumblebee breeding

In bees, inbreeding depression is found both in
queens and workers for various traits. Increased
homozygosity at the complementary sex determination
locus due to inbreeding also produces sterile diploid
males and consequently reduces the productivity of the
colony. We compared four mating systems to reduce
the deleterious effects of inbreeding in maintenance of
bee strains, in terms of the inbreeding coefficient and
effective population size.  Numerical computation
showed that combination of within-colony selection
and group mating is a practically recommended
system.



4: Studies on long-term management of guide dog
breeding colonies

Long-term maintenance of guide dog breeding
colonies is required for stable production of dogs with
high guide performance. We estimated an optimum
breeding structure to maintain a guide dog colony
using population genetic theories.

4. FX-EEGE

Takeuchi, T., Takahashi, J., Kiyoshi, T., Nomura, T., Tsubaki,

Y. (2015) Genetic differentiation in the endangered
myrmecophilous butterfly Niphanda fuca: a comparison of
natural and secondary habitats. Conservation Genetics
16:979-986

PPRSETRS - Al — 71PN W (2014). T O RHEHERF
DT D AZBLEROD Fi. U PEFE K7 e Bl
WFZERTHTER. 55 14 5. 41-46.

5 FRERGE

FFAHTES. SNP & O 72 REFIR O R & &
RINZARMEDREM. 55 22 BIFn4- R - o R AR &
2 —.2016.1.12. FHD.

TFRFETER. IR & LT oRd: BRSO B3
A 2T RE RAEMEFERY RV Y A,
2016.3.2. 5UHD.

PFRFETER. 15 &L OIE LWEiE —F—1 ¢ b A
VTFNMNMER Tl b= REEERE VT
VT 4 A R T I 2016.3.5. KU,

6. TDMAFLEIR
1) MR 4
FEMRIK PE 2 « B PE 2R A BT e e 2 [ g8 e
GAT =) THEMZEEEO R RICEE LI E I L
DN M A EM OB%E ) (534)
2) FHMEE)
FORE R R BORRR R LR
JEMOKFERMSIATEIE NFHER A AR
BEMIKFERMNIATBOE NI Z B2 RN AR R
EEFI PRSI BRHEER
MANTATEOEAN  FEGR v ¥ — WA BT
I ES =]
MNATHEIEN FESREy2— PRHFRRME
HMEERER
Asian-Australasian Journal of Animal Sciences, editor
3) ZDfth
7L

87



HEYEEFHRE

Laboratory of Plant Physiology and Biochemistry

1. IRPE

FE A4 B 92 56 CUE, R BERR IR I 38 1 DR RE
NCHRZ RS, RERT—~REEZT>TND,

Wi O RERBEHBOOLEDITHARNH 5, wSEHEY
DA AT EER R LTINS B DI R B DI RE
IO EMER A VTR T THAT L, CO, [EE T b,
I L THERITIE R ICEEREE THLHD,

Kk 2 Tl SRS 20l 2 T D, FLIZBIXZ O H T i 2
T IERRIRIZIB T DL Ry 7 A LW T, Z0
EBRBERE Ly F A = XL DR Z B L, %217 -
TW5,

BEREAROL R o7 ZH|HNE ClX, FALRZ VL
IENBE L RIE N ORIBNC LB B R BT,
FAVRFL T 7V —H R0 O A R RE BE O fif
HraEFRLELT, LLFO BRI EE B 23% E L, BF
Fe DTS,

1) TR IZBITLF A LR 77 —F
28 DY HE ) FE0 46 A o it B

R A AN~ T, KEROITbNAB LR ETREL
LRy 7 ZREBBEAT D, B DT DD I,
KB REFCRERBENOAETDLEF T NADPH %74
T AHD A~ TR iR B H S, BOIE
JERVIRAE D L XICEERR IR AN~ IZRETLF AL %
VAL, I AT NI Y DORESE &R T LT LT
D, P ULAF UL RF U UERIIUDETAHIG M EE E Y R
BRI BRETE2RGT D, F7aARNRE
~OB TR ~E T2, R SEIER G
ICEBWTHREL WD, IO E DR L DE
WAL NI B R FALREL AIED IR AT, 1
FERAN CIRELT A LM P H U VB EBHR L, &
TRBE L) (DFEVET) ZHBLTVDOD, B1H0Z
T 5, Flo, ERREHICEBEOT AV 74— 25 FOT A
LVRF 77— RGP IERH RN TED LD
WV ITDALTNDO0, 205 T Hith AR
HEHSMITT S,

2) EREAR T T aA R UI2i% 5T 1 s RS O fiR 3
ELRR LT, AV, AL ) R DRI A
IVHRTTHD, EEFRRIL, SOIZTFTaAREEMEEND
BEEFF->TRY, e LM A N TXTThHD, BL
WETREV Ry 7 ABRENEAL T HE A AN~
Sy LI RIZ, FTaARIEE R CF TaA RO Rl

88

2! EH e ==
B8 A 2 HEEHE HEEE

Prof. Ken MOTOHASHI, Ph. D.

HMEBH W\l kE
Reseach. Assoc. Yuki OKEGAWA, Ph. D.
(FZaARANEE) OV Ry 7 ZREEEVITIZEA L FIHN
TV, e bix, FIaARANEICLTF AL R
FeZ o RO NRETHIEEMHAL, 2NRFTaAR
PNIECTHEREL TWAZ LB LML, ot /1 O F
DIRNFTALRARET, FALVRF DL 7R
TR T E DR RE T Ao TE e I O AR
Thd, FTAARNIE TR ELRDIEITL ) A T ND
BETDIHTFAI=AL, BIOZOERZENRER Y
BT D,

2. AFEEOMERR

1) BERRL Ry 7 A B B 5T AL R¥ o7
IV —=H L RIED in vivo TORE| SR
BERRIR DT AV IR AT, AR DERIZ CO, [H E 24
IANE Y ATV OEEREIEAL T HIERMBNTH
Do Fl- M OERRITIZIEFE OB OTF 41
REUPEIETHIEL Mo TND, T2 IXET L
W ThdulRXF XF (Arabidopsis thaliana) Tl 5
TN —F 10 ELOF A VRF U NIEET B, Ll
FEEOHMIEN T, BELDOFFLRFL o NEDEINIC
% & DI MEALAZE O TR IE A S Clah o7z, Y
SRR TOF AU RX 2 N LD W5 1E M R o
FFZEI%, ZNETHRBRE N TOERE R2LEICHR
TEY, SBPase iZ m B Cide FRFALRF T
FoTHIMENDEE ZBNT&T, $/2, TOMOEEHE
b R TEERMICHIE S, FRLTFALRF R
B FRIGPE R T L R & Bl 2 LE Lo TE T,
LU, ARS8 ORE 28 Bk % - W T fif ¢ EBE o



HEW) RN T SBPase 1 m BT AL RET L0 EIE
L. ZOBERRKEDPEY DR RICREEBEST LN
bhrote, ZOZEX, in vivo T K Z I WTZo 4 B
DOWFFEEATHIZED EEMEEZ /R LTS,

2) BERRAR T AU RR T VIR IL T AT LD fn vitroTD
P A
BRI L Ry 7 AR ZBIF AL R¥ v E, 0BT
N &IARE FRERBEOLETND, ZNET, T4
V¥ 2% in vitro THEALFEERT 86 FALRF
VDB IE AT, IS DTT R O34 A
WCETz, Ll IAEBMZRSME CTEREITHIZDIC
1L BERRR TN TV D E FEERE TITHORERDHD,
T, ERIKDOF TaARFEEZFA T, BIRFEN
T AV R U BRITTTDHVAT LERHBELT,

3) K LI R & 22 ZR B 72 seamless DNA 7
n—= 7 kOB 3
T AR | I FR ¥ R AL ISR 7F L 72\ seamless DNA
cloning IR NEE & Ip A—H—BHIREILTWDN, £
NERBRDZ L% BF 78 5 Gl 5 L QD KB R
O RE A NTATY HikE e Lic, 2D H ik,
WFZEEE TEE A L TW DR IGEHRIM109, DH5a72E)A 5
FLIh K AT | 15-19 bp OFH R IERLH1 &N
72 DNA Wty &7 2 —%iR AL, 37°C, 15 s [BRIR T2
7213 Ch# X< seamless DNA cloning T& 5%,

3. Research projects and annual reports

We have been setting our research theme on the
functional regulation of higher plant chloroplast.

Plants have photosynthetic ability to convert carbon
dioxide into organic compounds, especially sugars, as
unique feature. The photosynthesis in higher plants
occurs in chloroplasts which are comprised of
multilayered membranes, and pushes forward carbon
dioxide fixation. Chloroplasts have various regulation
mechanisms of photosynthesis that is an important
function for plants. Particularly, we focus on redox
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regulation in modulation system of higher plant
chloroplast, and have major two research projects as
follows:

1: Functional analysis of stromal thioredoxin family
proteins in redox regulation system.

Thioredoxins regulate the activity of chloroplast
enzymes by reducing disulfide bonds in a
light-dependent manner. Previous in vitro studies
indicated that f-type thioredoxins are the most efficient
redox regulators; however, f-type thioredoxin mutants
did not show any obvious phenotypes. We used in vivo
studies to show that the more abundant m-type
thioredoxins are more important regulators of Calvin
Cycle enzymes. These results highlight the need for in
vivo studies.

2: Development of a simple and efficient seamless DNA
cloning method using the cell extracts from Escherichia
coli laboratory strains.

Recently, various restriction endonuclease cleavage
site-independent cloning methods that overcome the
limitations associated with the lack of unique restriction
enzyme sites have been described (the so-called
"seamless cloning" method). Seamless DNA assembly
kits have also become commercially available.
Overlapping sequences present at the 5’ - and 3’ -ends
of DNA fragments are combined by these methods in
vitro. The SLIiCE method can use extracts from the
commonly available Escherichia coli laboratory strains
as an alternative seamless cloning method; these extracts
can be easily prepared in the laboratory. This method
greatly reduces the costs associated with DNA
manipulation.
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3. Research projects and annual reports
In the field of plant breeding, F; hybrids have many genetic
advantages and contribute to the increase of worldwide crop
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production. For the efficient and stable F; hybrid production,
cytoplasmic male sterility (CMS) is the most useful genetic
characteristic. Besides the practical importance of the CMS,
it is useful to study the interactions between nuclear genes
and mitochondrial ones from scientific view points,
especially for molecular and evolutional genetics. Thus, we
have been studying the CMS of various plants both in order
to know the evolutional processes and to exploit new
breeding materials.

1) Ogura CMS and its fertility restoring genes.

Ogura CMS found in a Japanese radish is the most
important one in Cruciferous plants, being used worldwide.
We have been studying the distributions and differentiations
of Ogura CMS gene, orf138. Whereas, we found that various
wild and cultivated radishes possess fertility restoring genes
for Ogura CMS. Hitherto, two fertility restoring genes were
known. One is orf687 in a Chinese variety, and another is Rft
distributed in Japanese wild radishes. We observed that a
European radish cultivar has a fertility restoring gene
different from both of orf687 and Rft. We examined the
distribution of orf138 and its type in F; varieties cultivated in
Japan. We also studied the differentiation of fertility
restoring genes in radish.

2) New male sterile plants derived from the cell fusion.

We obtained somatic hybrids showing male sterility
between Arabidopsis thaliana and cabbage varieties
(Brassica oleracea). Progenies of the somatic hybrids were
produced by successive back-crosses with B. oleracea. So
far, the pollen fertility was investigated in the BCg progenies.
The BCg progenies were segregated into completely male
sterile plants and partially fertile plants. However, all the BCg
progeny plants had the identical structure of mitochondrial
genome. Further back-crosses and observation of pollen
fertility are now undertaken.

3) CMS of radish and eggplant by cytoplasm substitutions.

With the purpose to enlarge the numbers of CMS material
plants, we are analyzing the molecular characteristics of
alloplasmic radishes and eggplants under the collaborative
projects with other institutions. We found unique orfs in male
sterile alloplasmic lines both in radishes and eggplants. By
the studies of their expressions, it was suggested that they are
promising candidates of causal genes of CMS. Furthermore,
we exploited DNA markers of fertility restorer genes of
eggplants. The markers would be useful to identify the
restorer genes and to clarify the mechanisms of CMS and
fertility restoration.
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3. Research projects and annual reports

We investigate the mechanisms of developing
emotional memory in the hippocampus-amygdala
connections and the acquisition of neura plasticity in the
limbic system. Furthermore, we aim to develop diagnostic
methods and therapeutic drugs for the relief of epilepsy,
anxiety, and mood disorders based on the clarification of
the mechanism.

Epileptic model mice and stress-sensitive model mice
showing the anxiety, sleep disorder, and hormonal
homeostatic change were used. Our approach was to check
the symptoms of the models by behavioral and

physiological analyses and to clarify causal molecules by
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histological and biochemical analyses. The topics of
research and the content were as follows.

1: Clarification of mechanism of epilepsy progression and
the comorbidity.

Amygdaakindling model mice are anaogous to
secondarily generalized complex partial seizures and a
model of temporal lobe epilepsy in humans, showing
abnormal neural plasticity. Using kindled mice, we have
found two molecules responsible for epileptogenesis, a
growth hormone and a siayltransferase.

First, we found that the expression of growth hormone
was up-regulated along neural circuits during the
epileptogenesis. The administration of the hormone into
the hippocampus markedly enhanced the progression of
kindling. Furthermore, the infusion tests of growth
hormone and the receptor antagonist demonstrated that the
expression level of Arc mRNA was strongly correlated
with locomotor activity level and that the correlation was
completely discriminable among vehicle-, growth
hormone-, and the receptor antagoni st-groups.

Second, we previousy demonstrated that the
sidyltransferase ST3Gal4 was upregulated within the
neural circuits during epilepstogenesis, in contrast,
recently that kindling stimulation failed to evoke epileptic
seizures in ST3Gal4-deficient mice. On the other hand, the
deficient mice showed anxiety, depression, REM sleep
disorders. Present our approach is to find the acceptor
substrate that receives sialylation by ST3Ga4 and
investigate molecular mechanisms in development of
emotiona side effect of epilepsy via ST3Gal4 and the

acceptor substrate.

2: Neuropsychiatric disorders induced by metabolic
loading and sialylation.

Qil-rich diets differentially modulate anxiety and
depression in normal and anxious mice. We applied for a
patent in August, 2013 and reported in the PLOS ONE in
March, 2015. Next, we aim to investigate lipid metabolic
mechanisms that were generated from food and correlation
of the metabolism with emotional behaviors.

3: Clarification of inhibitory mechanism of epileptic
seizures with botulinum neurotoxin.

Administration of the neurotoxin into the hippocampus
make seizures disappear in 50% of mice with kindled
seizures. We aim to investigate the mechanisms about how
the neurotoxin abolishes the abnormal neural plasticity of

epilepsy
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3. Research projects and annual reports
Background and purpose of research:

The physiological reaction to stressors involves activation
of the hypothalamic pituitary adrenal (HPA) axis and the
sympathetic nervous system. Intense or chronic activation
of both systems may increase a risk for anxiety and stress
disorders. We are examining neurobiological signs which
reflect influence by acute and chronic stress in the brain,

and how neurons are damaged by stress and are regenerated.
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Research topics:

1) Development of detection methods of neuronal signals
related to degeneration of neurons by stressors in the brain.
2) Neuromodulators to dysregulate neural communication
by exposure to stressors, and to promote regeneration of the

damaged neurons in the brain.

Annual reports:
1) Study on regulatory mechanisms by bed nucleus of stria
terminals of the HPA axis

The purpose of this study is to examine how bed nucleus
of stria terminals (BNST) regulates activity of the HPA axis
to secrete corticosteroids. In the anesthetized rats, we are
examining whether and how excitatory amino acids in the
BNST may stimulate glucocorticoid secretion and may
increase the heart rate. Influence of systemic administration
of endotoxins has also been studied mechanisms to

stimulate the HPA axis and to cause neuroinflammation.

2) Investigation of influence of glucocorticoids on the
primary cultured astrocytes

We have used the primary culture of glial cells
(astrocytes) from the fetal brain of mouse in order to
investigate influence of such stress hormones as
glucocorticoids and mechanisms of neuronal degeneration
by stress hormones at the cellular level. It is well-known
that astrocytes have an important role for supporting activity
of neuronal cells. Administration of corticosterone or its
derivatives decreased number of the astrocytes in the

primary culture.

3) Stereotaxic atlas of miniature pig brain
Pig is known to be sensitive to stressful stimuli. From the
viewpoint of translational research on stress, this animal is

valuable to examine influence of stress to the brain
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3. Research projects and annual reports

The microorganism exists in any places, and might
threaten human and animal health. Zoonotic and food
poisoning microorganism which can infect both animals
and humans cause concern for public health.

Arthropods can transmit zoonotic pathogens such as
spotted fever group rickettsiae. Rickettsia japonica, the
etiological agent of Japanese spotted fever is also
associated with arthropod vector, mainly ticks. Therefore,
the prevalence of ticks in Kyoto was investigated. Ticks
were collected weekly by flagging method and rickettsial
DNA was detected by PCR. The rate of rickettsial
infection depended on tick species.

The drug resistant bacterium in food processing can
spread the drug resistance to commensal microflora in
human. Therefore, susceptibility to antimicrobials in
Escherichia coli isolated from slaughterhouse was
investigated. E. coli isolated from the swab samples
obtained from the barn which pigs and cattle were tied
for slaughter were resistant to ampicillin, gentamicin,
chloramphenicol and tetracycline and
showed multidrug resistance.

streptomycin,
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3. Research projects and annual reports
Currently, outbreaks of highly pathogenic avian

influenza and other emerging and re-emerging diseases

have caused serious economical and social disturbances

worldwide. To control these infections is the most

important. Our research is focused on:

1: The evolution and spread mechanism of pathogens

such as avian influenza virus in nature.
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2: Studies on the host range determinant in pathogens,
mechanisms of pathogenesis and immune response of the
hosts through in vivo and in vitro analyses of the
host-parasite interactions.

3: Development of strategies for the prevention and
control of the infections.

Due to concerns that wild birds could possibly spread
H5N1 viruses, surveillance was conducted to monitor the
types of avian influenza viruses circulating among the
wild birds migrating to or inhabiting in Vietnam. An The
H5N6 virus was isolated in 2014 from a Spot-billed
Duck that is resident in the southern part of its range
from Pakistan and India to southern Japan.
Phylogenetic analyses revealed that HA genes of almost
into clade 2.3.4.6. This

isolate had a close phylogenetic relationship to H5N6

the H5 virus was classified

viruses isolated in South China in 2014. These findings
suggest that these H5N6 viruses are circulating and are
being maintained in the East, South East and South Asia
regions including Vietnam and China. In November 2014,
a highly pathogenic H5N8 virus was isolated from tundra
swan in Japan. The HA genes were more closely related
to H5N8 viruses in Europe and Asia. These H5N6 and
H5N8 virus showed high pathogenicity to chickens while
Taken
together, these results also support that wild ducks such

moderate pathogenicity to domestic ducks.
are playing a significant role in the spread and
maintenance of avian influenza in the Asia regions
including Vietnam.
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3. Research projects and annual reports

We are focusing on cigarette smoke, which is currently
attracting attentions as an environmental problem. The
World Health Organization (WHO) reports that mortality
from pulmonary diseases associated with exposure to
cigarette smoke including respiratory infections, chronic
obstructive pulmonary disease (COPD) and lung cancers,
has increased. It has been suggested that these diseases may
be at least partially related to cigarette smoke-induced
impairment of the pulmonary immune system. Cigarette
smoke is a major risk factor for pulmonary diseases.
Cigarette tobacco smoke particles are inhaled into the lung
and reach alveolar space, and then directly encounter
Alveolar Macrophages (AM). AM plays an important role
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as the first line of defense in immunological surveillance
for the lung. In the aim of our study, we are investigating
“making a science for smoking.” Since the fact that immune
functions are suppressed by smoking and tumor growth, we
are also investigating the mechanisms of inhibition and
restoration of suppressed immune functions by natural
products.

1: Study for tobacco smoke

Cigarette smoke is a major risk factor for pulmonary
diseases. Cigarette tobacco smoke particles are inhaled into
the lung and reach alveolar space, and then directly
encounter Alveolar Macrophages (AM). Smoking has been
shown to increase production of reactive oxygen by
alveolar macrophages, which induce DNA damage in these
cells, and it has also been demonstrated that their immune
functions such as antigen presentation and cytokine
production are impaired. Inclusion bodies of high density
appeared in the cytoplasm of AM by cigarette smoke..

2: Study for Natural products

(1) Honey

Natural products are known to have biological activity, and
we have previously investigated the effect of natural
products on immune function. Honey contains various
vitamins, minerals and amino acids as well as glucose and
fructose and is popular as a natural food. There is a wide
variety of honey and the varieties are due to components of
flower sources. Jungle honey is used as traditional medicine
for cold, skin inflammation and burn wound but not only
health care. JH enhanced antibody production through the
increase of CD19 positive cells and proliferation of spleen
cells by augmentation of IL-1p and IL-6 mMRNA expressions.
Japanese honey enhanced IL-1p mRNA expressions in
alveolar macrophage.

(2) Agaricus Blazei Murill

Agaricus blazei Murill has been traditionally used as
medicine in Brazil. Agaricus blazei Murill has been
reported for anti-tumor activity and immune activity. It is
unclear how Agaricus blazei Murill hot water extract
activates the immune system and anti-tumor activity.
Therefore, we are focusing on the mechanism of activity of
immune functions in immune cells associated with anti-
tumor activity by Agaricus blazei Murill hot water extract
and its characterization of effective component. We have
demonstrated that extract of Agaricus blazei Murill
activated immune functions neutrophils and macrophages
in mice.
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Figure 1. Regulation of gut motility by cholinergic nerves
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3. Research projects and annual reports
(1) Mechanisms of gastrointestinal motility.

It is well known that the motility of gastrointestinal tract
is regulated by acetylcholine (ACh) released from
cholinergic nerves, which act on the muscarinic receptors.
The receptors have been classified into five subtypes
including M1, M2, Ms, M4 and Ms. In gastrointestinal
smooth muscles, two subtypes of muscarinic receptor, M2
and Ms, are found with no measurable quantities of other
subtypes. As shown in Figure 1, stimulation of M2 and M3
receptors by ACh
concentration of Ca?* [Ca?'];, resulting in the smooth

increases in the intracellular
muscle contractions. The increase in [Ca®*]i results from
Ca?* release from internal stores and Ca?* entry into the cell
through L-type voltage-gated Ca®* channels achieved by
depolarization due to activation of non-selective cationic
channels. Recently, it has been suggested that interstitial
cells of Cajal (ICC), which exist in the myenteric and deep
muscular plexus and express muscarinic receptors, are



involved in the regulation of gut motility. However, roles of
M2 and M3 receptors and ICC in regulating the gut motility
by ACh remain to be elucidated in detail. Therefore, we are
addressing the above issue using the M2 or M3 muscarinic
receptor knockout (KO) mice and ICC deficient mice.

Our previous studies indicated that muscarinic receptors
can inhibit the activity of ATP sensitive K* (Karp) channels
smooth muscle cells,
contribute to the membrane depolarization in the myocytes.
We identified the type of G proteins involved in the
muscarinic suppression of Kare channels in this year. We
also investigated the Ca?* dependency and PLC dependency
of the muscarinic suppression.

(2) Physiological and pathophysiological roles of Ca?*-
permeable ion channels.

in small intestinal which can

Under normal conditions, [Ca?*]i is kept very low (less
than 100 nM). When cells are stimulated, the [Ca%*]i is
increased, resulting in various cellular responses such as
contraction, proliferation, migration, cell death and release
of neurotransmitters etc. The increase in [Ca®*]; is induced
by the Ca?* release from internal Ca?* stores and Ca®* entry
into the cell through Ca?*-permeable ion channels including
TRP channels, piezo channels and Orai channels etc.. The
aim of this study is to characterize the channels and to
elucidate physiological and pathophysiological roles of
them. In this study, we collaborate with Prof. David J
Beech’s Laboratory in University of Leeds.
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A previous study revealed that the expression of the
Borna disease virus (BDV)-encoding phosphoprotein in
glial cells was sufficient to induce neurobehaviora
abnormalities resembling Borna disease. To evaluate the
involvement of the TGF-B family in BDV-induced
changes in cell responses by C6 glial cells, we examined
the expression levels of the TGF-p family and effects of
inhibiting the TGF-B family pathway in BDV-infected
C6 (C6BV) cells. The expression of activin BA and
BMP7 was markedly increased in BDV-infected cells.
Expression of Smad7, a TGF-B family-inducible gene,
was increased by BDV infection, and the expression was
decreased by treatment with A-83-01 or LDN-193189,
inhibitors of the TGF-p/activin or BMP pathway,
respectively. These results suggest autocrine effects of
activin A .and BMP7 in C6BV cells. IGFBP-3 expression
was also induced by BDV infection; it was below the
detection limit in C6 cells. The expression level of
IGFBP-3 was decreased by LDN-193189 in C6BV cells,
suggesting that endogenous BMP activity is responsible
for IGFBP-3 gene induction. Our results reveal the
regulatory expression of genes related to the TGF-B
family, and the role of the enhanced BMP pathway in
modulating cell responses in BDV-infected glial cells.
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3. Research projects and annual reports

Many micro-organisms exist surrounding of natural
environment. Some of them infect to plants, and some do
to animals including human. They cause unique diseases
to their host, but the others do not. Some live in animal
intestine and help food-digestion of host animals. Or
some have a role for host evolution. Microbes interact
with their host and establish micro- and macro-cosmos in
nature.



We are now studying on pathology, ecology, and
other basic researches of zoonotic micro-organisms.
Especially, we focus on viruses, which cause mosquito-
and tick-borne diseases. Recently, arthropod vectors are
spreading their living places due to global warming.
Therefore, the diseases become one of big concerns in
world-wide public health. Although some diseases are
not in Japan, it is also urgent to develop detection and
prevention system for the diseases.

Our main research themes are: (1) Epidemiological
study on mosquito- and tick-borne diseases in Kyoto city,
and development of new diagnostic and vaccine
protocols for vector-borne diseases, and, (2) Molecular
biological studies on mosquito- and tick-borne
pathogens.

Annual reports

(1) Epidemiological study on mosquito- and tick-borne
diseases in Kyoto city, and development of new
diagnostic and vaccine protocols for vector-borne
diseases.

We continued to capture mosquitoes, which are the
vector of many mosquito-borne diseases, at several fixed
observation points in Kyoto city, Japan. We then tried to
detect pathogens within mosquitoes. As the results, no
evidence of existing of pathogens within mosquitoes
captured in Kyoto city, was obtained. We also conducted
surveillance of tick-borne pathogens at north part of
Kyoto city. We captured many ticks, and tried to detect
pathogens within ticks. We detected several viruses by
reverse transcription polymerase chain reaction. We also
developed new serological detecting protocols for
Kamigamo HI-25 strain of Thogoto virus (THOV), which
we isolated in Kyoto City, 2013, using protein A/G.

(2) Molecular biological studies on mosquito- and

tick-borne pathogens

In this year, we completed the sequence of the virus.
And we characterized the mechanism of THOV infection
to Vero EG6 cells. In early stage of infection of THOV, the
viral polymerase proteins and replication-related proteins,
NP, were produced and located within the cell nucleus.
In the late stage of THOV infection, viral structural
proteins were produced and located within the cell
cytoplasm. These results clearly showed the process of
THOV replication in cultured cells.
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3. Research projects and annual reports
Diabetes mellitus is considered one of the main threats to
human health in both developed and developing world.
Common diseases such as type 2 diabetes mellitus result
from complex interplay among multiple genes, signaling
pathways and environmental factors. There are genetic
analyses in human on genes extrapolated from the
functional studies in vitro or in rodents in order to confirm
the significance in the development of human diseases. Yet
causative polymorphisms were still largely elusive. An
alternative to the gene knockout model is the use of
spontaneous animal models. The OLETF rat is such a
model of obesity-based type 2 diabetes. Subsequently
produced congenic strains showed that most of the loci
examined were shown to contribute to the increased glucose
levels in 30 week-old males. Interestingly, the phenotypic
features observed in single congenic strain, low fat weight
and low leptin levels for Nidd1/of and high fat weight for
Nidd2/of, were masked in the double congenic, yet
hyperglycemia were further aggravated than either single
congenic strain. In order to investigate an affect of obesity
to these loci, we have also generated a congenic strain
introgressed obesity gene (Ipr deficiency). We have
produced a double congenic line with a hyperglycemic gene
(Nidd2, Nidd4, and Nidd6) under obesity condition by



crossing both strains, so that it would be possible to define a
gene specifically affecting hyperglycemia under obesity
condition.

The double congenic strain, F344-fa-nidd2 (Lepr~~ and
Nidd2/of) showed significantly higher glucose levels, and
significantly lower hypoglycemic response to insulin than
those of the obese control strain, F344-fa (Lepr™"). These
phenotypes were observed specifically in the obese strains, but
not in the lean strains. These results indicate that the Nidd2/of
locus harbours a diabetogenic gene associated with obesity.
We measured the expression of 60 genes in the Nidd2/of QTL
region between the strains and found that the levels of the
mMRNA expression of five genes were significantly different
between the strains under condition of obesity. However, three
genes among the five genes were differentially expressed both
in obese and lean rats, indicating that these genes were not
specific for the condition of obesity. While the other two
genes, Cog2 and Plac8 were differentially expressed
specifically only in the obese rats, suggesting that these two
genes are candidates for the onset of type 2 diabetes associated
with obesity in rats.
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3. Research projects and annual reports

As well as humans, all human-associated animals, including
livestock, companion and experimental animals, have the
same right to acquire safe aliment to maintain their healthy
conditions, thereby contributing to humans. As researchers in
veterinary medical science, we have been interested in
detecting and reducing feed contaminants that could harm
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animal health. Our present research purpose is to (1) elucidate
the adverse effects of melamine, a toxic chemical that could
cause kidney stones and kidney failure when ingested, through
in vivo and in vitro studies, and (2) establish a rapid, easy and
cheap melamine screening method.

The results obtained this year are summarized as follows:

1: On the effects of melamine, cyanuric acid and
melamine-cyanurate on mouse podocytes:

Treatments with melamine or cyanuric acid alone did not
induce any significant difference on podocyte parameters. In
contrast, melamine-cyanurate supplementation significantly
affected the cell activity.

2: Development of a melamine screening method

No substantial experiments on this theme have been carried

out this year.
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