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

10-1. Elucidation of the Biosynthetic Process of
Hyaluronan 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, but becomes reduced by age and thereby
causes functional disorders. HA is a high molecular-
mass polysaccharide found in the extracellular matrix,
especially of that of connective tissues, and is
composed of repeating disaccharide units in which N-
acetylglucosamine (GIcNAc) and glucuronic acid
(GIcUA) are linked together by alternating 8-1,3 and B-
1,4 linkages (Figure 1). Our laboratory discovered the
first mammalian HA synthase (HAS) gene and has been
thoroughly investigating the mechanism of 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
Our

understand the entire mechanism of HA biosynthesis

potential. future challenge is therefore to
and apply this knowledge to developing innovative

anti-aging technologies.
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1-2. Establishment of Therapies Targeting Cancer Stem
Cell
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 is well known that uncontrolled cell
proliferation leads to the development of cancers, the
precise mechanisms underlying metastatic tumor
progression and recurrence have not been fully
resolved. Cancer stem cells (CSCs) have recently been
reported to exist in many malignancies and have
attracted remarkable attention because they are
believed to be the only cells capable of initiating
cancer growth. Because CSCs are relatively resistant to
conventional chemotherapy and radiotherapy, and
because they are closely associated with cancer
metastasis and recurrence, targeting them is now a
primary goal in cancer therapy.

The main purpose of our research in this domain is
to identify the molecular cues that govern the CSC
properties and establish novel therapies to induce a

state of cancer dormancy by controlling CSCs.

2. Annual reports

Our previous studies have demonstrated that the
conversion of cancer cells to cancer stem cells
occurred at a high rate in a breast cancer mouse model
with a high HA production ability. We further
(Glc) HA-

overproducing cancer cells by stable isotope and mass

investigated glucose metabolism in
spectrometry, and found that the metabolic flux of the
hexosamine biosynthetic pathway (HBP) is significantly
accelerated (Fig. 1). This suggests that excessive HA
production affects intracellular Glc metabolism by
consuming large amounts of the sugar donors, UDP-
N-acetylglucosamine (GIcNAc) and UDP-glucuronic
acid. As illustrated in Figure, the intracellular pools of
nucleotide sugars are comprehensively regulated by
glucose metabolism. UDP-GIcNAc and GDP-Man are
synthesized de novo from a common glycolytic
intermediate, fructose-6-phosphate (Fru-6P), in the
HBP and GDP-Mannose (Man) biosynthetic pathway,
respectively. UDP-GIcUA s
reactions: conversion of glucose-6-phosphate (Glc-6P)

made by three-step

into glucose-1-phosphate (Glc-1P); conversion of Glc-



1P into UDP-GIc; and oxidation of UDP-Glc. HPLC
analysis revealed that HA-overproducing breast cancer
cells have reduced amounts of nucleotide sugars such
as UDP-GIcNAc, GDP-Man, and UDP-Glc, which are
important for N-glycosylation. We also analyzed

glycan structures by mass spectrometry and
demonstrated alterations of N-glycosylation in HA-
overproducing breast cancer cells. With the decrease
of sugar nucleotides, the composition of pauci-
mannose-type, high mannose-type, hybrid-type, and
complex-type N-glycans was changed. Furthermore,
that of N-

low-dose causes

shown inhibition
by

characteristic changes in the N-glycan structural

we have partial

glycosylation tunicamycin
patterns of proteins and promotes cancer stemness.

We are currently investigating the effects of
glucosamine and mannose on both cancer stemness
and anticancer drug resistance to elucidate the
mechanism by which a low-dose glycometabolic stress
induced by HA overproduction modulates cancer

stemness.

4.5, BEERE
Itano N. CD44 and Cancer In Glycoscience: A Global Roadmap
2025 from Japan, Insights from the Japan Consortium for

Glycobiology and Glycotechnology (JCGG), 2" Edition, (Eds,

Shoko Nishihara, Jun Hirabayashi) pp. 411-413, Springer,
2025
Itano N. Hyaluronan In Glycoscience: A Global Roadmap 2025

from Japan, Insights from the Japan Consortium for

Glycobiology and Glycotechnology (JCGG), 2" Edition, (Eds,

Shoko Nishihara, Jun Hirabayashi) pp. 443-446, , Springer,
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Takashi Kobayashi, Shungo Iwamoto, Hisatoshi Hanamatsu,
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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 two major research projects:

Maintenance of ER homeostasis through the crosstalk
among Protein Quality Control, Redox regulation, and
Ca2+ flux. We identified ERd]5 as a disulfide-reductase
in the endoplasmic reticulum (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 facilitating the retrograde transport of
these proteins from the ER lumen into the cytosol,
where they are degraded by the 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
SERCA2b, a Ca2+ pump on the ER membrane, and
regulates its function. Additionally, ERdj5 senses the
Ca2+ concentration in the ER and regulates the
interaction with SERCA2b. It suggests that the redox
activity of ERdj5 is involved not only in protein quality
control but also in Ca2+ homeostasis in the ER (Proc.
Natl. Acad. Sci. U S A., 2016).

Here, we focused on the control of the Ca2+ pump
and channel by the redox regulation in the ER. Here,
we obtained the structural information of SERCA2b for



understanding how ERdj5 promotes the influx of Ca2+
by SERCA2b. Then, we found that the reductase ERdj5
affects the Ca2+ release activity of the IP3R (Proc.
Natl. Acad. Sci. U S A. 2023). Additionally, we found
that  ERdj5
fragmentation due to disruption of Ca2+ homeostasis
(Sci. Rep., 2021). It was clarified that ERdj5-mediated
redox regulation is involved in calcium ion uptake and

deficiency  causes  mitochondrial

release in the ER.

We have elucidated how ERdj5 obtains the electrons
for its reductase activity in the oxidative environment
of the endoplasmic reticulum (ER). It has been
demonstrated that ERdj5 binds to the oxidative
enzyme Ero1 and uses electrons transferred to Ero1 via
oxidative folding to supply electrons (K. Uegaki et al.,
Cell Reports, 2023).

Moreover, we have discovered that the ER reductase
ERp18 binds to zinc ions via sulfur atoms. While the
role of zinc ions in the ER lumen has largely remained
unclear, our findings reveal that ERp18 acquires
hydrogen peroxide-decomposition activity upon
ERp18-mediated
decomposition of hydrogen peroxide in the ER

binding zinc ions. This

prevents the leakage of hydrogen peroxide into the

cytosol, thereby reducing oxidative stress and
influencing cellular and organismal aging (C. Tsutsumi
et al., Cell Reports, 2024).

We obtained several important findings regarding
the mechanisms governing endoplasmic reticulum
(ER) redox homeostasis and proteostasis. In particular,
we demonstrated that the ER stress sensor ATF6 is
precisely redox-regulated by ER oxidoreductases,
thereby elucidating the molecular basis linking
reductive stress to ER stress signaling (Wada et al., in
press).

We also identified the first transporter responsible for
supplying glutathione to the ER, significantly

advancing our understanding of how reducing
equivalents are delivered from the cytosol into the ER
lumen. Glutathione is essential for maintaining the ER
redox environment, disulfide bond formation, and
protein quality control; however, the mechanism
underlying its transport into the ER had long remained
unknown. We established a high-purity purification
system for the transporter using Escherichia coli and

are currently advancing structural analyses by cryo-EM,

as well as transport activity assays using a

proteoliposome-based system. In addition, we
identified novel regulatory factors of the ER membrane
glutathione transporter, further clarifying the
molecular basis underlying ER redox environment
formation.

In addition, we elucidated the molecular mechanism
by which the collagen-specific molecular chaperone
HSP47 is induced by mechanical stresses such as
gravity and mechanical loading (A. Kasai et al., in
reduced HSP47

expression may lead to muscle weakness and bone

press). We further found that

loss, suggesting a close interplay among mechanical
stress, ER proteostasis, and redox homeostasis. These
findings provide important insight into how ER redox
dysregulation can affect not only cellular functions but
also tissue- and organ-level physiology.

4. ), FBERE *Corresponding Author

S. Wada, K. Uegaki, K. Nagata, R. Ushioda* Regulation of
the endoplasmic reticulum stress sensor ATF6a through
multiple oxidoreductases in the ER. iScience, in press

A. Kasai, S. Ito, R. Ushioda*, K. Nagata*. The expression of
the collagen chaperone Hsp47 is regulated by mechanical
loading through the YAP/TEAD pathway. J Biol Chem. in
press

J. Kirstein, R. Ushioda (46 A#143% H ) H. Kampinga* et al.
J-domain proteins: from molecular mechanisms to
diseases. Cell Stress Chaperones 2026, 31, 100142 (2026)
Y. Takano, Y. Ishiwata-Kimata, R. Ushioda, Y. Kimata, K.
Nakatsukasa*: Hydroxyurea modulates thiol-disulfide
homeostasis in the yeast endoplasmic reticulum, Life
Science Alliance 8(8): €202503225(2025)
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3. Research projects and annual reports
Eukaryotic cells are highly compartmentalized into

membrane-bounded organelles with distinct functions.

Mitochondria are essential organelles that fulfill
central functions in cellular energetics, metabolism
and signaling. We are studying the molecular
mechanisms of biogenesis and quality control of
mitochondria and other organelles from the viewpoint
of protein and lipid trafficking.

Quality control

of aberrant proteins at the

mitochondrial outer membrane.

Most mitochondrial proteins are encoded by the
nuclear genome, synthesized in the cytosol, and
The
membrane protein complexes, translocators, in the

subsequently imported into mitochondria.

mitochondrial outer and inner membranes mediate
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both protein import into mitochondria and sorting
the When
translocator function is impaired, precursor proteins

into submitochondrial compartments.
become stalled within the TOM complex in the outer
membrane, leading to clogging of the import channel.
This results in the accumulation of precursor proteins
in the cytosol and induces cellular stress. To prevent
such abnormal conditions, cells possess quality control
systems that remove stalled precursor proteins. Indeed,
previous studies have shown that the Ubx2-Cdc48
system facilitates the clearance of precursor proteins
accumulated at the TOM complex.

Here, we found that the aldehyde dehydrogenase
Hfd1, (CoQ)
biosynthesis electron

which is involved in coenzyme Q

required for mitochondrial
transport as well as sphingolipid metabolism in yeast,
is dually localized to the ER and mitochondria as a tail-
anchored (TA) protein. Furthermore, Hfd1 was found
to interact with both the TOM complex and Ubx2,
another protein localized to the ER and mitochondria
that functions in protein quality control.

In Hfd1-deficient cells, hexadecanal, a sphingolipid
degradation intermediate and substrate of Hfd1,
accumulated and partially inhibited the TOM complex-
mediated import of mitochondrial proteins. This block
was found to arise from the production of reactive
oxygen species (ROS) triggered by hexadecanal
Ubx2 was
required for the removal of precursor proteins stuck at
the TOM complex.

These findings suggest the operation of a novel

accumulation. Under these conditions,

quality control pathway in which Ubx2, involved in the
removal of aberrant proteins, functionally cooperates
with the sphingolipid metabolic enzyme Hfd1 at the
TOM complex. This study provides a new perspective
linking mitochondrial protein import quality control
with  lipid
understanding of the mechanisms that maintain

metabolism and advances our

mitochondrial function.
Identification of the minimal functional unit of the

mitochondria-ER contact site.

Eukaryotic organelles are not isolated compartments
functioning independently; rather, they communicate
with one another through spatially close contact sites
that
information. Among such inter-organelle contact sites,

enable the exchange of metabolites and



the ERMES complex in yeast is one of the best
characterized. ERMES consists of Mmm1, whose N-
the
protein

terminus is anchored in the ER membrane,

mitochondrial outer membrane [-barrel
Mdm10, and the bridging proteins Mdm12 and
Mdm34. Mmm1, Mdm12, and Mdm34 each contain an
SMP (synaptotagmin-like mitochondrial-lipid-binding
protein) domain that binds lipids. The major function
of ERMES is thought to be lipid transport between the
ER membrane and the mitochondrial outer membrane,

whereby lipids are transferred from the ER membrane

to mitochondria through Mmm1, Mdm12, and Mdm34.

Indeed, we previously demonstrated experimentally
that the Mmm1-Mdm12 complex possesses lipid
transport activity.

Here, we found that not all four ERMES subunits are
required for the ERMES primary function, lipid
transport. Instead, the SMP domain of Mmm1 alone,
when tethered to both the ER membrane and the
mitochondrial outer membrane, was sufficient to
perform the ERMES function. This activity could not be
replaced by the isolated SMP domains of either
Mdm12 or Mdm34. Moreover, the tethered Mmm1
SMP domain remained functional even when its N- and
C-termini were inverted. In contrast, substitution of
five hydrophobic residues within the SMP domain with
hydrophilic residues abolished lipid transport activity.
These results demonstrate that the SMP domain of
Mmm1 constitutes the minimal functional unit of
ERMES. An important future challenge will be to
determine the structural and functional features that
distinguish the Mmm1 SMP domain from those of

Mdm12 and Mdm34.
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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 neural plasticity in
the limbic system. Furthermore, we aim to develop
diagnostic methods and therapeutic drugs for
relieving epilepsy, anxiety, and mood disorders based
on clarifying the mechanism.

Epileptic model mice and stress-sensitive model
mice showing 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 clarify causal molecules by
histological and biochemical studies. The other goal is
to develop diagnostic methods and therapeutics
based on such metabolic associations. The topics of
research and the content were as follows.

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

(1)-1. Involvement of metabolism with refractory
epilepsy in mice

Amygdala-kindling model mice are analogous to
secondarily generalized complex partial seizures and a
model of temporal lobe epilepsy in humans, showing
abnormal neural plasticity. We have found two
molecules responsible for epileptogenesis using
kindled mice: a growth hormone and a
sialyltransferase.

First, we found that the expression of growth
hormone was up-regulated along with neural circuits
during epileptogenesis. The administration of the
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hormone into the hippocampus markedly enhanced
the progression of kindling. We performed infusion
tests of growth hormone and its receptor antagonist.
These experiments showed that the expression of Arc
mMRNA was strongly correlated with locomotor activity,
and that this correlation clearly distinguished among
vehicle, growth hormone, and receptor antagonist
groups.

Second, we have found that when epileptic seizures
continued for more than 20 days, blood glucose levels
increased immediately after epileptic seizures, and
brain and adipose tissue weights increased
progressively. In 2024, we discovered that prolonged
seizures caused obesity and diabetes-like symptoms,
including insulin resistance in skeletal muscle, in
kindling mice. These symptoms were accompanied by
post-seizure increases in the plasma levels of
adrenaline, corticosterone, insulin, glucose in kindling
mice, likely mediated through the hypothalamus—
pituitary axis, which lies downstream of the limbic
system. In 2025, an original research paper containing
these findings is close to be submitted.

Third, in 2025, we found that several changes in the
concentrations of volatile organic compounds (VOCs)
in urine were associated with the progression of
epileptic seizures and accompanied by changes in the
microbiota. In 2026, we are currently investigating
microbiota metabolic

alterations in  host-gut

interactions and abnormalities in  metabolic

homeostasis associated with status epilepticus.

(1)-2. Involvement of the sialyltransferase ST3GAL4 in
thalamocortical circuit plasticity

Approximately 30% of patients with epilepsy show
neuropsychiatric ~ symptoms,  including  sleep
disturbance, depression, and anxiety. Although these
symptoms are often considered adverse effects of
antiepileptic drugs, their underlying mechanisms
remain unclear. We previously found that St3gal4-
deficient mice lose susceptibility to epileptogenesis
but show depression-like behavior, anxiety-like
behavior, sleep disturbance, and impaired prepulse
inhibition. These phenotypes were ameliorated by
haloperidol or clozapine, suggesting that ST3GAL4
may regulate thalamocortical circuits that influence

cortical dopaminergic and serotonergic signaling.



The thalamic reticular nucleus (TRN) consists of
GABAergic neurons and regulates the activity of
thalamic nuclei. The anterior ventral thalamic nucleus,
where St3gal4 mRNA is markedly up-regulated during
epileptogenesis, receives GABAergic projections from
the reticular nucleus. In 2024, we showed that this
postnatally formed projection is impaired in St3gal4-
deficient mice. In 2025 we generated Parv-
Cre+/-;St3gal4-/- and Parv-Cre+/-;St3gal4+/+ mice
and established an AAV-based projection-labeling
system. Using this system, we observed projections
from parvalbumin-positive reticular thalamic neurons
to anterior ventral thalamic neurons in wild-type mice.
In 2026, we investigate the effect of St3gal4 deficiency
on the projection of TRN neurons to the anterior
ventral thalamic nucleus.

St3gal4-deficient mice also show increased plasma
alkaline phosphatase (ALP), reduced thalamic ALP
activity, and reduced brain TNAP protein expression.
In 2026, we will compare reticular thalamic GABAergic
projections between wild-type and St3gal4-deficient
mice and identify brain ST3GAL4 acceptor substrates,
with particular focus on their relationship with TNAP.

(2) Urinary VOC analysis for visualizing metabolic
changes associated with neuropsychiatric disorders,
sarcopenia, and frailty

Temporal lobe epilepsy, depression, and anxiety
disorders may induce plastic changes in limbic neural
circuits, leading to hypothalamus-mediated metabolic
alterations. To detect such early metabolic changes,
we have analyzed urinary volatile organic compounds
(VOCs) from older adults, depression/anxiety model
mice, and temporal lobe epilepsy model mice using
SPME-GC-MS.

These studies identified urinary VOC biomarker
profiles associated with depression/anxiety in humans
and mice, temporal lobe epilepsy in mice, and
sarcopenia in humans. The identified VOCs may
originate from foods, gut microbiota, environmental
compounds, and host cellular metabolism, and may
also reflect reduced drug metabolism. We have
obtained three domestic patents and one U.S.
application after PCT filing, and are now analyzing the
effects of food intake and exercise to promote social
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implementation of urinary VOC-based health

assessment.
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3. Research projects and annual reports

A wide variety of microorganisms colonize plant
tissues, and many of them are known to be
nonpathogenic to their host plants. Instead, they

often contribute to plant growth promotion,
enhanced disease resistance, and improved
tolerance to environmental stresses. These

plant-associated microorganisms have attracted
considerable attention as biological resources for

sustainable agriculture, and extensive research has



been conducted on their functions and interactions
with plants. Among them, the symbiotic relationship
between legumes and rhizobia is one of the most
important plant-microbe interactions because it is
responsible for biological nitrogen fixation, a
process that converts atmospheric nitrogen into
Rhizobia

establish symbiosis with host plants by inducing the

forms available for plant utilization.
formation of specialized organs called root nodules
on the roots, where they fix atmospheric nitrogen
and supply the resulting nitrogen compounds to the
host plant. The objective of this study is to elucidate
the mechanisms underlying the establishment and
maintenance of root nodule symbiosis by focusing
on the interactions between rhizobia and their host
plants. Previous studies have demonstrated that
even closely related rhizobial strains can exhibit
substantial differences in symbiotic performance
and host specificity. Furthermore, the observed
association between the genetic diversity and
functional diversity of rhizobial populations
highlights the importance of considering both plant
and microbial factors when investigating symbiotic
interactions. Therefore, this study aims to clarify the
relationship between symbiotic phenotypes and
genetic backgrounds by examining the effects of
host genetic factors on symbiotic traits, identifying

factors involved in host recognition and symbiosis

establishment, selecting rhizobial strains with
contrasting symbiotic characteristics.

Leguminous plants establish symbiotic
relationships with specific rhizobial partners, and
this host specificity is essential for effective
biological nitrogen fixation. To investigate the

diversity and symbiotic characteristics of soybean
rhizobia in agricultural soils, rhizosphere soils were
collected from fields cultivated with seven different
crop species. The soils were used to inoculate
soybean plants, and rhizobia were subsequently
isolated from the resulting nodules. A total of 56
isolates were classified based on sequence analysis
of the ITS region. Phylogenetic analysis grouped the
isolates into two B. japonicum clusters and one
group
reassigned to the B. barranii subcluster based on ITS,

B.diazoefficiens  cluster. Second was

although its nifH gene was closely related to those

30

of typical soybean rhizobia. Symbiotic evaluation
revealed that these strains formed relatively large
numbers of nodules and promoted plant growth
during the early cultivation stage. The effectiveness
of symbiosis varied among soybean cultivars,
suggesting that host genetic background influences
symbiotic performance.

In addition, two rhizobial strains isolated from
be

genetically closely related to the soybean rhizobial

Desmodium paniculatum were found to
strain HK4-10. Despite this close relationship, they
formed very few nodules on soybean plants. To
investigate the basis of this reduced symbiotic
ability, spontaneous variants were selected under
high-inoculum conditions. Several re-isolated strains
showed improved symbiotic performance, resulting
in green leaves and increased chlorophyll content in
soybean plants. These observations suggest that
host
compatibility and nitrogen-fixing ability. Overall, the

genetic changes in rhizobia can alter

results demonstrate considerable genetic and

functional diversity among soybean-associated
rhizobia and highlight the importance of both
rhizobial and host genetic factors in determining

symbiotic outcomes.
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3.Research projects and annual reports
This year, with the aim of elucidating the adverse

effects of abnormalities in the execution of cell
extrusion on the gastrointestinal tract, including the
intestine, we generated and began analyzing mice with
intestine-specific double knockout of Arf1 and Arf6,
which are involved in extracellular vesicle formation
and play important roles in the execution of cell
extrusion. Preliminary results suggest abnormalities in
the villus structure of the small intestine and the
presence of mild inflammation. We will continue
validation and further analyses. In parallel, we have
also initiated research aimed at drug discovery
targeting the mechanisms of cell extrusion.

In addition, we newly found that the phenomenon
previously observed in Drosophila epithelial tissues—
where extruding cells form numerous radial protrusive
structures on the surface attached to the extracellular
matrix—can also be observed in mammalian cultured
cells. We are continuing to investigate the possibility
that this phenomenon plays a role in the execution of
cell extrusion.

Furthermore, based on previous findings on
epithelial cell extrusion, we performed live imaging
analyses of the modes of endothelial cell elimination
using zebrafish and observed a process similar to
epithelial cell extrusion.
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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, we are analyzing evolutionary
pattern of centromeric sequences. We found novel
repeat from Turritis glabra with no homology to
previously known centromeric repeat from any
species. T. galbra also has very complicated repeat
structure with chromosome specificities.

2) Patterns of Transposable Element Evolution

Transposon families with an integration specificity
to the centromere region were characterized in
Brassicaceae species and their evolutionary patterns
were analyzed. In Arabidopsis thaliana and A. lyrata,
we identified an amino acid change that caused loss
of centromere targeting in ALE family transposon In
several Brassicaceae species, we found different
types of subgroups in the centromere region and in
the other regions. Also there are several transposon
families localized to specific genomic regions in
other plant species. We believe that further analysis
of different species will allow us to verify how
transposons of the same family maintain centromere
specificity (or non-centromere target) and how they
have evolved.
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Laboratory of Neuroglycobiology
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3. Research projects and annual reports

Protein glycosylation is a crucial post-translational
modification that regulates protein function. Our
research focuses on mucin-type O-linked glycans,
synthesized by UDP-GalNAc: polypeptide N-acetyl-
galactosaminyltransferases (GalNAc-Ts), a family of 20

% £k
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isozymes in humans. We have identified galnt9 and
galnt17 as brain-specific isozymes and have been
investigating their roles in neural systems.

To analyze their functions, we examined their
expression in zebrafish and initiated the generation of
gene-deficient mutants to establish an in vivo
functional analysis platform.

During this fiscal year, we conducted neural
differentiation experiments using P19 cells and our
previously developed adhesion culture method. We
further optimized culture conditions to improve
differentiation efficiency and reproducibility. In
parallel, we initiated CRISPR/Cas9-mediated genome
editing to generate galnt9 and galnt17 mutant cell
lines, including sgRNA design and transfection
experiments.

These efforts have established experimental systems
to investigate the roles of GalNAc-Ts in neural

differentiation.
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Laboratory of Organogenesis
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3. Research projects and annual reports

left-right (L-R)
asymmetrically located in vertebrates. In embryonic
the L-R
symmetrically initiated, and then their shape is

Several visceral organs are

development, visceral organs are
asymmetrically changed through asymmetric gene
expression. We want to know the mechanism for the
generation of L-R asymmetry.

(DHow is the asymmetric expression of the genes
regulated?

(2How is the shape of the visceral organs changed?
We observe the morphogenesis of each organ in
detail, focusing on the differences between left and
right in cell shape, cell migration, cell proliferation,

and cell death, and analyze the roles and
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transcriptional mechanisms of the genes, which are

asymmetrically expressed, wusing mutant and
transgenic mice.

LR1 is an extracellular matrix protein and is L-R
asymmetrically expressed in the mouse embryo. The
LR7 mutant mice had shown L-R defects, while some
of the homozygotes had been early embryonic
lethal.

We also analyze the roles of amino acid

metabolizing enzymes, Pycr2 and Shmt2. We

reported that the Pycr2 KO mice showed a
premature aging-like phenotype, and Pycr2
regulates Shmt2 in the mouse brain

(Escande-Beillard N. et al, 2020). The Shmt2 KO
mouse is embryonic lethal, suggesting Shmt2 is
essential for mouse embryogenesis. We want to
clarify the mechanisms of the symptoms in these KO
mice using mutant and transgenic mice.

1) LRT mutant mouse.
LRT mutant mice have L-R defects, while some of
its homozygotes are embryonic lethal at E6 ~ E7.
This year, we investigated the influence of the
maternal environment on embryonic development.
Excluding the genetic factors of the embryo and
evaluating the maternal influence, we found that in
LRT homozygous mutant mothers, in addition to a
decrease in implantation rate, the rate of embryonic
developmental abnormalities was significantly
increased, suggesting that maternal factors may be
involved in developmental abnormalities caused by
LR1
uterus after implantation. In the uterine tissue
the LR1

expressed in the inner uterine smooth muscle, the

deficiency. Subsequently, we analyzed the

surrounding implantation  site, was
adjacent endometrium, and around blood vessels in
those regions. Therefore, to clarify the role of LR1 in
the elastic fibers of the inner uterine smooth muscle
layer and in the microenvironment around blood

vessels, we performed histological analysis.

2) Functional differences between left and right in
visceral organs.

Several visceral organs are L-R asymmetrically
formed. We hypothesized that there might also be
functional differences between the left and right in



the visceral organs and searched for the difference
in the free amino acid level between the left and
right lobes of the mouse liver. There were
differences between lobes in the amount of the
several amino acids and the expression of the genes
regulating amino acid metabolism. The differences
in the gene expression between lobes were shown
after birth, but not before birth. On the other hand, a
transcription factor Pitx2, which governs L-R
asymmetric morphogenesis in visceral organs, is
asymmetrically expressed in the liver during
embryonic development, but histological analysis of
Pitx2 expression in adulthood revealed no clear
expression in either lobe. These results suggest that
molecules induced by Pitx2 during development are
involved in the regulation of amino acid metabolism
gene expression in hepatocytes, and that the gene
expression mechanism established before adulthood
is maintained in adulthood.

3) Pycr2 KO mouse.

Pycr2 is an enzyme for proline biosynthesis. Pycr2
KO mice are leaner than wild-type mice. To
investigate the cause of this leanness, we focused on
the hypothalamus, the feeding center, and analyzed
it. We revealed that the POMC expression is
decreased in the arcuate nucleus of Pycr2 KO mice.
Furthermore, while previous analyses were
performed under group housing conditions, there
was no difference in body weight between wild-type
and Pycr2 KO mice under individual housing
conditions, indicating that differences in housing
conditions affect the phenotype of Pycr2 KO mice.

Pycr2 KO mice show the hair cycle defect. We had
found out that the hair cycle is delayed in the Pycr2
KO mice, that Pycr2 is expressed in the dermal
papilla cells and the outer root sheath cells, that the
expression of Fgf7 at the dermal papilla is decreased,
and that the basement membrane of the dermal
papilla is abnormal. This year, we found that the
basement membrane surrounding the outer root
sheath of the zigzag hair is abnormally thickened.
We analyzed the expression of basement membrane

components in the Pycr2 KO mice. As a result, it was
shown that the laminins and collagens are normal in
the Pycr2 KO mice. Next, we analyzed the
degradation activity of the basement membrane.

4) Shmt2 KO mouse.

Shmt2 is an enzyme for the conversion of L-serine to
glycine. It was reported that the Shmt2 KO mouse is
embryonic lethal. We found that some of the Shmt2
KO embryos are smaller from early developmental
stage after the implantation. Furthermore, it was
suggested that abnormal morphology in the Shmt2
KO embryos is caused by low one-carbon
metabolism. Shmt2 KO embryos also showed
ventriculomegaly of the fourth ventricle, and this
year we analyzed the defects in neurogenesis. In the
fourth ventricle, Crmp?2 is abnormally
phosphorylated, suggesting that axonal elongation
is inhibited. Focusing on Semaphorin signaling,
which has been reported to be involved in Crmp2
phosphorylation, we investigated its expression and
found that the expression of several Semaphorin
genes is abnormal.
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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 economic and social
disturbances worldwide. The H5 subtype highly
pathogenic avian influenza virus, which emerged in
Hong Kong in 1997, is no longer reported to infect
humans; however, it continues to spread globally. In
addition, avian influenza viruses of subtypes other
than H5NT1,
emerging. Controlling these infections is important.

which are infectious to humans, are

Our research is focused on:
1: Elucidating the evolution and spread mechanism
of pathogens such as avian influenza virus in nature.
2: Analyzing the host-pathogen interactions to
identify the factors that determine the host range of
pathogens and to clarify the mechanisms of
pathogenesis.
3: Development of diagnostic methods, prevention
and treatment strategies for the prevention and
control of infections in animals and humans.

Highly pathogenic avian influenza continues to
seasonal outbreaks have

spread globally, and

become endemic in Japan. Among wild birds,
approximately 166 positive cases were confirmed
across the country this season, maintaining a level
comparable to the previous year, demonstrating the
continuous introduction of viruses through
migratory birds. In domestic poultry farms, 23 cases
which

decrease from the previous year; however, more

were reported this season, represents a

than 5 million birds were culled. In our domestic
surveillance, while highly pathogenic viruses were
not isolated, more than 10 avian influenza viruses
We
analysis  of

were isolated. are currently conducting

characterization these isolates to
understand the diversity of viruses circulating within

Japan, which is essential for developing future



control measures. Since viral introduction s
expected to continue with each season, ongoing
surveillance of the virus-carrying status in wild birds
remains critically important.

The HIN2 subtype avian influenza virus, which is of
concern as a potential pandemic, has been the
subject of continued analysis regarding its
adaptation to mammals, building on our findings
from the previous year. We previously demonstrated
that the PB2-195

replication within the mouse brain. In this study, we

mutation promotes viral
further investigated the interaction between the
PB2-627 and PB2-195 mutations The

PB2-627 mutation alone does not permit viral

in detail.

invasion into the brain; however, when combined
with the PB2-195 mutation,
significantly enhanced and viral

pathogenicity s
brain invasion
becomes possible, as confirmed in our experimental
studies. In addition, we analyzed the localization of
the virus within brain tissues of infected mice. We
plan to continue detailed molecular analysis of the
interaction mechanism between these two critical

mutations in mammalian adaptation.
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SIIETEI OB BNELRSEAEM COBECHEED
B & AT o7z, AMFRICEY  HEAEGREICEIT 2R
W78 S LT EN S M O BRE B ST L, HilskE
THEUATHEDERIZOVWTEE TS, DER 2K
fETBETHELUNREEZOSND,

KR TIZ, R YIYNFRERD G THEES.

KEE NEE NE BRE RERB . ETE EAL.

BERE FE. SRBL HEHRLERRTRELL
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BEREFERLZ, £3. WSDEXREMOBERFE L%
RIDIZIFNIVRY Y DNA DEERYZHVTHF
RIFERNT 2T 72 RI.BSINFOEBREEZEEL, £
BREL RS ZOBRIZIOVTESEBRBITIZIS DM
BT o7 AMETIE BIEIICERTHARVIYNF
DWENEEDEELHASHIIL, ZOREENEIE/LD
FHEEDESICERTIONEERTD,

SYUNWNFNFL XL ZIZE TS 1V R Z DM 757
#r& RNAL FEATZ (311775 25 f B % DEZE(HE O
wy)

IYNFAFALL =
(Varroa destructor) I%. -1
A7 IV INF (Apis mellifera)
WA F A L. R EEY
AIVADE N EBUTIYN
FHABELFSRITEE
RThd, REDHREL
TOEEIXEAEREDOR
E 2SI RNA HifT DG
WHIRINTWED, 2D/
DITIIBER L 27V ABEDIERERITEY WEEED
ZERRENABTRDEILNFRARTH D,

AWFETIR, BERTERINAZIYNFATFAIZE =%
X1, RNA-seq &AW HB N1 O — LRI 25
U7 FDFER, 5t 8 D RNA VIV AZRE L, TH
7 5 7 (ARV-1, ARV-2, DWV, VDV-2, VDV-5) ZEEL
7o ZDHH ARV-1 & ARV-2 35 EEATIZUD TETE
MWHER XNz, X512 DWV (Deformed wing virus) (318
HHR) —REE 5, BERERBICS T EERY AV
ATHDIEDNRBIN, /-, BB L OHRIET
DIANVADHEELE L2 25, DWV, VDV-2, VDV-5
IXELE B LA AMEA T, ARV-1, ARV-2 IZIEEIRS
FUOAAEARTENENERETIERIRDO SN,
BONE)—RNSEIANADEET ) LEF| 2 HEEL,
DFRBEFETOLLEIL, ZENABTICBI2RESR
£ (30C.IEER 70%) &RFE L, AERIZ BRICEH
XNV ADEEZEMATILEHIT,
RNAI & AWKt R EBFREAMOBRKICH I -EE
REBIEHRE D,



I/ oavtFDREEFELAZEE G~ —
DEFFEEH £F)

7 xXIJruawu Yy F
(Pentalagus furnessi) 13, B
REROBERELEZEIC
DAERTD. RIBEHRTE
ERLU-—B—EOEEET
Hd., MO TILHEE DL & FH
IZHHELTW DN, RO
WAL, O—R¥, BLTH
REICLOIHRELREIZEVE
EEITE LA LU, HEKE
DRFIRARERMB L OCHBEAEEBEICEEIN TV,
HE, VT —AN) 32 AZDOEBREZICLVEREIXE
BEMIZHEMN RO RELEEEERTI/-ODE
BB BIIMRRE L TRELT WS,

ARIFFETIE RLERFHHFEOEBEELEHHLL
T EEN SRR S L OERERBNICH H TR %
B —N—DRKETo - BEEBIOXEFIVE
X200 —RFIVEROMERB NS DNA 2t U, Kt
RY—=r YV 7 (NGS)ZFHWTIMIVRYY DNA
(MtDNA) DEREFI 2 HRE Uz, ZHIZEDIRAIEIC
L2 TFRFEBEERLUER, EBGENFEELR—
B—LLTOMBEMNRD THR XN, X512, NGS
R R ONET ) AER»S KRBT 2 HE L, HEIE
M ZBEEDH IOV TI4h DNA X—H—D%
FHIR I U7z, BIR U BB DEALIZE W T, BN
ZEULEIEEER U/, X512, EHE DNA 2HWT
NGS 12L& % DNAN—I—F 4 VT EIZL BB M AR O
BEMEIZOWTEMRIEZ 1T o7,

AMETHFEIN Y70 T514 DNA ¥—H—
. EEAIREE DA MR RO E . XS6ITITE R
A %@ U BB BRI E 2RI L2, 2hHD
BREE RO ERELEFEHROEEICEFLSL, B¥
PR E DV ZESEOBNVELFHE DR EITAE
ETHIENH/FING,

HEIRIE1RFE /3y TINNFNFIZE IS 2 ([FEA D

B ETHRER FICE 77 (ER EF)
ROUNFNFEIE, ALFEFRD

B 2 HDITH 250~300 &

NERTIEHSUERRATHS,

BNTE I Yy TN NF

(Bombus cryptarum florilegus)

B ERBOREXES X

UBMEBEDIREIRIZOAER
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TEHFDOETHD, AMBIIB RSB REELY. &
BEFRPERERC -2 E REMEE S KD E
EHOBVERBANDERINTVS, UNUEE, BB
LIZLBKEB LR ARBEEAIAVAARNVNFNFDE
B.RGRFABRHROERIZLDEBHONE/N - 5 i1t
LWV EANERIZEY, AEITMBEOBIE->TWS
AEEMEN B B, §TIZ 2000 FERFIHAIZ ., EABR A4
DIEHREDIEBIZEL LT 2 FRAADHENREINT
WBD, RIEDEFIMEREIZB ) 2B ERIIT L
BMREW,

ARIFETIE RELSOMEFEEL N LI, EEHNSF
MOMESIVEREEETFEOREZEEG/IITHES 2
fEAERAZADHIIRI., ISIZAADA LT EANDEES
MEE U7z, AFECHHRICEHRELAYA 270 F5 1K
DNA ¥ —H—Il k2B EM@EIT L. A ABEKRDFM LR
BIEEER LR ERBE(FIS) IFAEDEEZRL. A
TUEGEOHEENFEZ LELMERNREDON
7o UL, AEMED 72.7% 0 2 FEFZATHY, Mk
EEEBETOEZHEENELMET LTI REIN
T WREBIR DS R, Bk, il A R, B, BLUR
RBB/O5DOWMMIZBVWTHEEE 2R ITERNHERY
NOEBRREICEDPEBEDORLZEENRBINA, B E
DFRERIX, / VY TN FNNF DIRTFE R BEDE D T
FARERFHICERBmUTEY ., MK A 73D THE
VRBBIZHBZEERLTNNS,

RXXINFIZE TS E I DY FEL FRIFF I &R L8 I
#(EH %)

AXANFEB ORI, Y
WAL OR W ETTAIE S
U7t &M (N1 ay
RIYRN)THY ., TOERERKNIC
IR DEFEBE VBRI N
TW5  RIFFETIL, AXANF
HRDEENRZIZ, SEM(EER
EFHEME) ICLMMmEEE
FTIR(7—V ZE#RHN 0K
BN BLZER D T T770) 07 B L O M Tl &
E U, Z DRI 2 W B L Z RSN SRR IE 2 A
770

RO R, SEOEERKIIERBELERNE
TR UT, HREICERDEEZRITTOBIEHS N
ol MR B B DA F AZANFIE, KO E %
EDXVNI'E (IER) LIEE CTED 2R % A
LTHY, 2R BRBICNELRGEERB KL E
MEEB/LTNDS  BAZRANFI, MM IR



S EIRAUCEREHETHE|EE N7y NEl 2L
D, FEBOBEAREHCDORE ZHE Y ER - {LFEHA
TINVAMEGD TN, X6, BARICERTEIYSS
O AXANF I, ALZRIBE KRR T, A4 & BRI
HhOEEWHEGCEDOREREEZRATHILT. ¥
LWEREHHEUL D DBSEEHRE TN\ THKRY
AT LEER LTV,

AWFFEIE, ARXANFHRBHIBRBE DA BN =y FIIn
UTROMIEMR L EBED N — R4 72 HHE LT
WBILEEFLZEDTH S, ZOMRILFROTIE
NAT AV IOE KB KB RMBREDNAAIAT
17 A (EWREMREAT) ~NDR A INDS,

3. Research projects and annual reports

First report of Ophiocordyceps sp. infecting the Japanese
bumble bee Bombus ardens.

Bumble bees are vital pollinators in both wild and
agricultural ecosystems, but face mounting threats from
diverse pathogens. Here, we report the first documented
case of an Ophiocordyceps fungus infecting a bumble
bee (Bombus ardens), discovered in a mixed deciduous
forest in Japan. This finding broadens the known host
range of Ophiocordyceps, although its potential
ecological implications for bumble bee populations
remain unclear at this stage, highlighting the need for
further research into the prevalence and effects of such

infections.

WX, EEQE
X
Takahashi Y., Takahashi J. (2025) A honey bee fossil

(Hymenoptera, Apidae) from the Late Pliocene to Early

o s

Pleistocene Teragi Group, Hyogo Prefecture, Japan:
Bridging a gap in Apis evolutionary history. ZooKeys. DOI:
10.3897/zookeys.1255.162389

2. Tsubota M., Sunahata H., Ito A., Suzuki M., Takahashi J.
(2025) The complete mitochondrial DNA sequence of
Pentalagus furnessi (Lagomorpha: Leporidae), an endemic
species of Amami Oshima, Japan. Mitochondrial DNA Part
B. 10:889-893. DOI: 10.1080/23802359.2025.2552811

3. Takahashi J, (2025)

Ophiocordyceps sp. infecting the Japanese bumble bee

Kumoi F. First report of

Bombus ardens. Journal of Apiculture Research. DOI:
10.1080/00218839.2025.2554030
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4. Nakasako J.(B4), Ohara D.(B4), Sunahata H.(B4), Oda R.(B4),
Nagano S.(B4), Fujimoto E.(B4), Tamura N.(B4), Kiyoshi T.,
Ohba S., Takahashi J. (2025) First complete mitochondrial
genome data of Hydrophilus bilineatus deciphered within
the genus Hydrophilus. Data in Brief. 62:111936.

5. Takahashi J., Ohba S. (2025) Development of a visual loop-
mediated isothermal amplification method to detect
environmental DNA of the giant water bug Kirkaldyia
deyrolli in the field. Conservation Genetics Resources.
17:121-127. DOI: 10.1007/s12686-025-01385-7

6. BBH—(2026) EERE &« F\W /A /NIRBHERTIZHE T
FEBEORFEHRLSEBDOEE. New Food Industry.
68(2):71-82.

7. EREM— - APER A (B4) - B RS - KEE MR (2025) Field
LAMP & W /=2 HADREDNADR Hi . DNAZ B,
33:58-61.

8. = E 4 (B4) - BB — (2025) LAMPIRIC X B X VX A
BIENFIY DB FHE DT, DNAZEL. 33:62-65
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Laboratory of Embryology

1. REEIE

BMEEEMEZCTIR. NEAE(ETI571vva
Danio rerio ¥ A& 71 Oryzias latipes) &\ T&EHE
B OMBEFREBBIIBIAEERELUBEN
BROMEERFZL TN D, NLRIEIIZBOERE R
ENFEEL. BETFEACREENEE THEHRY,
REBEE EREEZIHE LTS VEREY TH
5, BAIIETIT74v Y afB AXAEE AT, #H
FEBECEELBHX LR OBETHOBEMRITE
DTS, RBEFEHLTWAREIR, EA#HFR. &
EHios b, BEROEERETHS, WITLUT, H 2k, A
BHTI)LTOAV 7B IO TET ) AR (LB
BINE) 2 OMERL HETHEL TS,

2. XFEDHRERHR

SEEX BIIEREEEEELRZFLNIAF—EVT
BEFOEEN, TNTNERDILANMEHDELT
BHIAXNBZEEBHOSMNIL, 3 & UTH R U7z (Fukus

hima & Takeda, 2025),

3.Research projects and annual reports

We have been studying the mechanisms of body
axis formation and organogenesis using small fish,
zebrafish (Danio rerio) and medaka (Oryzias latipes).
vertebrates suitable for

Small fish are model

developmental genetics and  experimental
embryology because of the large number of mutants,
and the ease of genetic and embryonic manipulation.
left-right
otolith

formation. We are also collaborating on the Medaka

Currently, we are focusing on axis

formation, somite differentiation, and

Genome Project to study the genome evolution of
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vertebrates, and on the epigenetic changes during
development and in response to environmental
stimuli.

In 2025, we demonstrated that the transcription
of developmental genes and housekeeping genes is
initiated under distinct histone modification states,
and these findings were published as a research
article (Fukushima & Takeda, 2025).

4./, BEERE
T*, Sushida T, Tsai TY, Takeda H,
Megason SG. Formation control between leader and

- Kawanishi

follower tissues allows coordinated
growth. Sci Adv. 2025Jul30;11(31):eads2310.doi:
10.1126/sciadv.ads2310

*Fukushima HS*, Takeda H*. Coordinated action of
multiple active histone modifications shapes the

migratory

zygotic genome activation in teleost embryos.
NatCommun.2025Jun16;16(1):5222.doi:10.1038/s414
67-025-60246-x.

» Liu S, Kawanishi T, Shimada A, Nukada Y,
MiyazawaM,Takeda H*, Tasaki J*.Chemical-induced
heart defects using a transgenic zebrafish model.
ToxicolSci.2025Jun12:kfaf083.doi:10.1093/toxsci/kfaf
083.

- Kei Nagura#, Takafumi lkeda#, Takashi Hasebe,
Yumeko Satou-Kobayashi, Sumio Udagawa, Shuji
Shigenobu, Atsuko Ishizuya-Oka, Masanori Taira.
Histological and gene-expression analyses of pyloric
sphincter formation during stomach metamorphosis
in Xenopus laevis. Developmental biology. 2025
Jan:517:100-116. (#: equal contribution)

5. FZRRLE

ERNKFHEE

*Toru Kawanishi, Takamichi Sushida, Tony Y.-C. Tsai,
Hiroyuki Takeda, Sean G. Megason. Shaping the
embryonic axis in zebrafish: Coordinated tissue



growth via collective cell migration. The 48th Annual

Meeting of the Molecular Biology Society of Japan
2025 & 12 H . Pacifico Yokohama.

fBIBI& A, REPESE Cell-cycle regulation governs

establishment of epigenetically active and repressed

states during early development in fish. Joint

Meeting of JSCB 77th & JSDB 58th 2025F 7 A, %

HE

- Toru Kawanishi, Takamichi Sushida, Tony, Y.-C. Tsai,
Takeda,

between leader and migratory follower

Hiroyuki Sean G. Megason. Formation
control
tissues facilitates coordinated growth. Joint Meeting

of JSCB 77th & JSDB 58th 20254 7 A, &4HE

ERXE MK
lkeda, Takeda.
interplay of Nodal signalling molecules and ECM

- Takafumi Hiroyuki Extracellular
shapes left-right asymmetry in zebrafish embryos.
International Symposium on Multimodal ECM. Oral
& Poster. 2025 Sep.

- Toru Kawanishi, Takamichi Sushida, Tony Y.-C. Tsai,
Hiroyuki Takeda, Sean G. Megason. Collective cell
migration facilitates coordinated growth of the
body

elongation. 85th Fujihara Seminar: The Mechanics of

midline tissues during zebrafish axis

Life Across Scales. Awaji Yumebutai, Hyogo.
CMEES. AEAERICBUEBREEDAN=X
LEHEAL. NBRP AKX 2 —HF—I—F 422 2026. R
Z—FR. 2026 & 3 H.

-MHEEN. ZE#FKICEITS Nodal ¥ 7 FIVaF
DAL, Wit IS 2025, HERFER. 2025
£ 12 A.

CMEES. EAEMERICBITEYTFIVSTFDIS
XE[RCIEBTEI—YATINNSGETIT74v ¥
AN— B 1 E BAEYANTIVI=ES, OBEER.
2025 £ 11 H.

6. TOM4FELEE

1) AHBES

1. AHE S (R EE)

-REESE REMEBBREE EBHEB)
2024 - 2025 EE (&)

(RF) TARBERRFEBES R UREBFHICORELE
YR RRAT )
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CREEE BEMABAEE AMEEHEME
(A) (RR)TEGEFRIZHITS0WMEY AT RE
FEEER ECM OBEA1FIV R

CHMHEHEY MEMABOREEZ EFHE
2023-2025 FEDand5 DA RN SEISHN
THAMRFIRZED B

2. RH&E®

MEE S 2024-2025 £E 5 2 @ A0 IMZER
B MR SR ) 2 MRIRBRBEA D@ IS = ATREIC U7
FEY AT LAIRE B DR |

2) FEIHEE U

3) FHEH
REFS HAREEYZERHEE
BHEF¥S  AMED-CRESTIREAS 17 25—

B0 FEMBEL OB I EFRFEERE

(PO)

RE S IST-ERATO /X 3)VA 7 44— (PO)

4) %E%

i & 5 : International Symposium on Multimodal
ECM Young Researcher Poster Award. 2025 4 9 A
5) Zof
=T
1. - REEERRSE
RHEFESE: HREKXKZ¥ EMP I — Z (Executive
Management Program, tt&x AG&HEE) AT
2. ATATFR
-2025.06.16 FLAVY—2
https://www.kyoto-su.ac.jp/news/news-001131.html
MNHREICB I 2BETFHREOLMAZ MR - HE
BEDOE AN MERMH A IE R T HE & -
(Fukushima and Takeda, Nat commun, 2025)

2025 FERELTEY
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1. ARBE

WHEZETIE, U TOF—<IZDOWTIHFE 21T
T3,
(D) FEBBHIERES AN = ALBE I ORI HEERE R
DYR REfR A

SEVE AR, REERESLCMRERDOEELERK
UTHY, MEDHE, BBES IR - EJERRDE
B, SERAOFALH LR 2 AR R E-T
Wa, SEIEFHONMEITHIEA Ca2 iBE ([Ca®t];) g
M2 LIckVEIY, B4 R EEME R RIVE
VNZE > TRBZRIZEI XN TV B, 2h6 N E IS REZ
EVMEE, 7, FIBEHGMERICRR T ZARLEIE
NEZEABELHEEAL, TNTLOZREICEE DOER
EEBBEESITS, 2L, MEICREKE TS
Ca*BBRBMEATVFYINDEENETEIEE,
[Ca®"]i MEALL, BRI ONEEMENETS
(Figure 1), FIBHHBOMBE LI UKENELIL,
B T2 OMEERREII RN, BILE, KA, @
B ISE RS DEBIZ OB EEZ O5ND, YR
FETI, RKBALANZLFEINTN S, OFIBHIN
MR A=A L, BXO, QFIEHEBORE 24D
EERDBRIIOWVT, ZNTIEEZToTW5,

7

Figure 1. Regulation of smooth muscle contractility by
cholinergic nerves

SEIR I e AR O — Al LT ) BRI L S
P58 18 R DR AR BB R DR & R T, FARE NS Y
NE7FLayvizky, TRPC Fy 2Lk Ldeds
BRABAT T v 2NV DFEENEAL, MESHI BT S,
ZTORR, BEAKENE Ca®> FyrleN LTHREAIC
Ca?* MR AL, BhidINHE S5,
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(2) Ca?" BBMEAA Y F ¥ IV DET M FREA T2
ot

FR RO Ca2 T I HERE, 100 nM LT WS IEREITE
WBEIZEZNT WS, MR 2 2RI b3 L,
[Ca®*]; AMEMU, TDFER, MBIDIHNE, HETE, HEE,
HERIZE, MR EYE DR R EHE 2 2 B B OVE
BIND, ZOXIIHIEAD Ca?IZEBBEIEES LIV
WRIZECESELTWVWAIENHMONTWVWS, ID
[Ca%"]; DML, Ca?t AR NEMBEEAND Ca2™ i
HERTE Ca? BBMAAVF ¥ 2N EAN UM
50D Ca® BIBIZE»TELSIND, KT EEEIL,
TRP F¥ XJb, Piezo F¥ )V, Orai Fy 1R DR IE
Ca2t B @M A AV F ¥ 3NV DOEE AN E, LI -
RRRAEHEFNEEZHSNITEIENDTH D,

2. KFEDHFEER

BB EBHOIHMEL, BARYIZL5EBOMHE
IZE->TEATHIENMOENT WS, ZDHBERIBIC
L OFAENL, WA R A AV F v 2LV
INBIEARBINTVD, EHORIBRZEA AT
AL, FIEHMIEOARET, ZOIEHE%ES
TR MR X0 27 N — L R B (Interstitial cells of
Cajal; ICOIZERBT LTI IO NT WS, LHL
BHRG, TheDMEIZRIRT 214V F v 2IVD ST
FERIZODWTIRBERMBONTEY, BEESFHIC
BIFBEENDWTIEIARHATH S, AMFFEDO BRI, B
WRBURZ MG 1 A > F ¥ 3 Piezo1 M IGE EE D
HIZEDIIIEELTWEIDONEASNITEIILT
H2 EEEFEFTIIR I, HEMERED ICCIZRR
9% Piezo1 F v 2V HVING G B OUNHE % HLE M 12
DR ERBLTE /-, SEEIL, ICC-MY IZF
9§ % Piezol F¥ IV O/NGEBFAFICE 2% E %
BESMIT 728, ICCHREM Piezol RIEX T AE AW
TR 21727/, TORER, NEIZTBEWT, ICC-MY D
Piezo1 F ¥ IV HNHEM D & % BEEN U TR IB /i D UNHE
EEETHIILIIEY, NEEHEEETIILNHS
mein-oz,

3. Research projects and annual reports
(1) Mechanisms of gastrointestinal motility
Smooth muscle, which is located in the walls of the



visceral organs, plays an important role in several
processes in the body including blood vessel tone,
gastrointestinal and genitourinary tract motility, and
airway resistance. Smooth muscle contractility is
regulated by intracellular Ca?*, which is affected by
various neurotransmitters and hormones that act on
its receptors, leading to change in activities of ion
channels (Figure 1). Structural and functional
changes in the smooth muscle can lead to disorders
such as hypertension, asthma, and irritable bowel
syndrome. Our laboratory focuses on understanding
1) the mechanisms that regulate smooth muscle
contractility, and 2) pathophysiology of diseases
associated with smooth muscle abnormality.

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

Under normal conditions, intracellular concentration
of Ca2* ([Ca®*]) is kept very low (less than 100 nM).
When cells are stimulated, the [Ca2*]; 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.

Annual Reports:

The contractility of smooth muscle changes in
response to mechanical stretch caused by luminal
contents in the gastrointestinal (Gl) tract, and this
response has been suggested to be mediated by
mechanosensitive ion channels. Mechanosensitive
ion channels are expressed in smooth muscle cells as
well as interstitial cells of Cajal (ICC) and intrinsic
neurons in the Gl tract, both of which are known to
regulate smooth muscle contractility. However, the
molecular identity and functional significance of
these channels in regulating Gl motility remain
unclear. This study aimed to elucidate the roles of
Piezo1, a mechanosensitive nonselective cation
channel, in the regulation of Gl motility. Our

previous studies demonstrated that activation of
Piezo1 channels expressed in ICC in the myenteric
plexus (ICC-MY) enhances ileal smooth muscle
contraction. This year, we investigated the
physiological roles of Piezo1 channels in ICC-MY in
regulating small intestinal motility using ICC-specific
Piezo1 knockout mice. Our findings indicate that
Piezo1 channels expressed in ICC-MY sense tissue
stretch and enhance smooth muscle contraction,
thereby accelerating small intestinal motility.

4. 53, EEGE
BuLL

FRRERRE

EP}:',\—,,EEEE!Hié REFHE, VBEF AL, BT - AN
B8 4 B D B AR B 2 B M Piezo1 F v 2 IVIC L 2 /NG E B
FHIHEAE. 5090 H AREE R FE L, AT, 2026.3.17.

TEES, FHHEE, R, MEELL, HEET BRI
B BG4 YT ¥ 2RIV Piezo 11 & 2 /N 18 55 I e 38 &
~JIN—)VE B A R BRI Piezo 1 RIB U AR I\ -1 -
25168MH H ABMEZ ¥R R, HiEH, 2025.9.3.

HREEZE, AHBEE, K, BEEL, MEET R
B2 BMEGA AV F ¥ 2V Piezo & B /N 18 £ I e A &i
ANV B MR R Piezol RIBI U A% B R -,
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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM, which
monitors the activity of the YidC-mediated membrane
insertion pathway, we have been interested in and
studying this class of proteins called ‘regulatory
nascent chains’, which function while they are still in



the midst of the process of biosynthesis on the
ribosome. A remarkable property of this class of gene
products is that they interact cotranslationally with
components of the ribosome including those
comprising the polypeptide exit tunnel, and thereby
arrest their own translation elongation. The arrested
state of translation elongation affects translation of
the downstream target gene either positively (in the
case of MifM) or negatively. Importantly, these
regulatory nascent chains serve as a co-translational
substrate of the protein localization pathway to be
monitored, such that the arrest can be stabilized or
canceled in response to changes in the effectiveness
of the localization machinery under given conditions
of the cell. Thus, these nascent chains represent
unique biological sensors that enable real-time
feedback regulation of the target machinery. In the
MifM regulatory system, its translation arrest is
released when the nascent MifM chain, as a
monitoring substrate of YidC (the regulatory target),
engages in the YidC-mediated insertion into the
membrane. The regulated elongation arrest of MifM
enables cells to maintain the capacity of membrane
protein biogenesis. As introduced above, our
interests are also focused more generally on the
mechanisms of protein localization and biogenesis,
the biological processes where nascent substrates
undergo dynamic interactions with the machineries of
translation, targeting and translocation. We envision
that our research activities should ultimately lead to
the development of 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.

(1) Evolutionary adaptation of bacterial proteomes to

translation-impeding sequences.

Recently, our laboratory identified more than 20
translation arrest peptides. Many of them were found
to contain amino acid motifs such as RAPP or RGPP.
These findings suggested that bacterial ribosomes are
inefficient  at
RAPP-like
systematically searched genomes from tens of

intrinsically translating  proteins

containing sequences. Here, we

thousands of bacterial species for underrepresented
four-amino-acid motifs. Remarkably, RGPP and RAPP
emerged as the most strongly depleted motifs in
bacterial proteomes.

Although RAPP-like motifs alone are insufficient to
induce translation arrest, they can readily become
difficult-to-translate sequences when combined with
adjacent N-terminal sequences. Therefore,
RAPP/RGPP-containing sequences are likely to impose
a risk of ribosome stalling and are expected to be
subject to negative selection. The strong depletion of
RGPP and RAPP motifs from bacterial proteomes is
consistent with this notion.

Interestingly, RAPP-like motifs were preferentially
found near the C-termini of relatively small secretory
proteins. Based on their characteristic features, these
proteins likely function as arrest peptides. These
difficult-to-translate
opposing
evolutionary trajectories: they have been selectively

observations suggest that

sequences  have undergone  two
eliminated from ordinary proteins while being actively
exploited by arrest peptides as regulatory elements.

Functional Diversity

(2) Discovery of among

Translation Arrest Peptides

The above analyses suggested that proteins carrying
RAPP-like
translation arrest peptides. To test this hypothesis, we

C-terminal motifs might function as
focused on actinobacteria, and examined whether
such proteins induce translation arrest.

Strikingly, all seven proteins possessing the
characteristic features described above were found to
induce translation arrest. In contrast, the functions of
their downstream genes were highly diverse. These
findings suggest that arrest peptides may function as
regulatory sensors in biological processes beyond the

maintenance of protein localization homeostasis.
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(2026) (* corresponding author, * equally contributed)
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3.Research projects and annual reports

We have been focusing our research on the structural biology of
infectious diseases. Especially our target is macromolecular
complexes, and we would like to reveal the interaction between
the infectious factor protein and substrate protein. This basic

research leads to finding a novel drug for infectious diseases.

This year’s accomplishments

(1) The iota toxin produced by Clostridium perfringens type E, is a
binary toxin comprising two independent polypeptides: la, an
ADP-ribosyltransferase, and Ib, which is involved in binding to the
cell and translocation of la across the cell membrane. We have
reported the cryo-EM structures of the translocation channel Ib-
pore and its complex with la (Nat Struct & Mol Biol., 2020).
Furthermore, we reported binary CDT (CDTa and CDTb) toxin
complex structure from the most clinically important bacterium
difficile

communications, 2022). These studies revealed the dynamic

Clostridioides (formerly  Clostridium)  (Nature
motion of N-terminal unfolding of A subunit for the translocation
upon the binding into the B subunit pore.

Recently, outbreaks of food poisoning in Japan were reported in
which Clostridium perfringens was strongly suspected to be the
cause based on epidemiological information and fingerprinting
of isolates. The isolated strains lack the typical C. perfringens
enterotoxin (CPE) but secrete a new binary toxin consisting of two
components (BEC (CPILE). We revealed the novel property of BEC
by cryo-EM, electro-physiology, cell toxicity, and pathology
(Communications Biology, 2025).

(2) Various plants contain ribosome-inactivating proteins (RIPs).
Unlike other RIPs, the roots of Mirabilis jalapa contain a MAP that

inactivates E. coli ribosomes. Although the crystallization of MAP

was reported more than 30 years ago, the structure was unknown.

For the expression of the MAP in E.coli. we enginnered MAP
mutant (MAPEQRQ) which lacks the E. coli ribosome inactivating
activity. And then, we purified, crystallized and collected
diffraction data at the High Energy Accelerator Research
Organization (KEK). Finally we determined a crystal structure with

2.1 A resolution. Furthermore, we demonstrated the complex
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structure of a 12-nt RNA complex of the sarcin-risin loop using
AlphaFold 3. We have compiled these findings and reported in
Toxins (Basel) in 2025.
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08519-5. (£ FHH V) (EBRILEH0)

Nishida N, Ninomiya Y, Yoshida T, Tanzawa T, Maki Y, Yoshida

H, Tsuge H, Habuka N.( 2025)

Structure of Ribosome-Inactivating Protein from Mirabilis
jalapa and Its L12-Stalk-Dependent Inhibition of Escherichia

coli Ribosome.
Toxins (Basel). 17(12):575. doi:
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HEZHELU TR ZED TS,

TIVIRIE, R AEIh, IRMRRICEEICo i
XINEDLIZERERINS, ZNETICHR 4L, TVIK
DFERIR TN GM130 DY) VERLIZL > TEI S IX N5
ZrZBHSHMIZU~ (Nakamura et al., Cell 89, p445-,
1997), £7/2—7H, INVIEKOREK S EIT D HEDHELT
KR EDHRENE2H->TVWBEIELERESMIZILE
(Yoshimura et al., J. Biol. Chem. 280, p23048-, 2005).,
51T, BEAD IVIARIEH ODRAE DBUNE IR D &
NILTRELTSY, INVVIKROBE#ERIE, MES R
IETHFAEELIER-DICEETHDIIE, $/-,
GM130 D/X—bF—& 2 INIETHS GRSASPE5 DYV
BAMNZDINIROBERICEETHIILEHSM
IZLUT\ 3 (Bisel et. al., J. Cell Biol. 182, p837-, 2008),

BREDHZENS, TIVIEROEBEPHEEDRLMNT I
OA R R EFTELTTVYNI—EP ALS(F
EHEMEAIREAGE) R DR E M EE 2 R,
TIDARIZBIET B RN 7B REDSHH B #8040 R4S 1t
DFRE, E/=, MENBREEROFAEHIEELTEY,
INEDRYNIEDORRER 2N, MlDEIIBEDEZ
ERREDR 2 LSRR TEZ, ZNEDTIVIHED
BEZ L OBEETRENCEUEAI, TV IRRKE I
&oFon, TOMENEEHEED TV (FNIBE &
fb% 90, p21-, 2018), FEMEP LTS5 71y a%2H
WRRZEM S, ML AV, ZUTREIERL NV Th IV
f£%> GM130, GRASP65, YIPF(Yip domain family) ¥
DHEEREEZAONITEILT, BOMBRLERERRED
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(1) INVIINIIRAEVINIE GM130 DINTHKF
EL L e

GM130 IETNVIRD cis fAIIZBIETHREMR LN
JBETHY, DIIROBEMRICELLHIT, TIVIER
ANDAVNTERBTEMTBERELTWB LAV REBINTY
5, EEDTE 2 DIFFEMNS, GM130 23 4 B4R THY ¥ B
B2 BOEERLIILVHONERS TV
(Ishida et al, FEBS J. 282, p2231-, 2015) , 3 HF 1 7%
BBEBERELELIA, Y BINXSIZBEWT T #lkh
D, Zhh 2 HFEELAETFEOSTFLEDLNSEMN
FRINZ, TNODELHEERI R DZE#N GM130 1
&S T 5/NE GTPase Tdhd Rabl DIEEX GM130 4
TV VBLIZE>TEATEINEIDEER LTS,

(2) IWIIKRIZBET S S EIEEBX NI EEE YIPF
D REL BTELIERE

YIPF &V NIBREITTE 4 M 2003 EIZRELEZINY
WIIBETLIEREEE RIS NNIEHTHY, GM130
% GRASP65 LFAL T INIEADR Y NI ERIERE
EHERICHREL TS I BEME A dH %, Saccharomyces
cerevisiae (ZI&, Yiplp, Yiflp, Yip3p, Yipdp D4FED
YIPF WEFEL, —K, &b YIPF T, YIPF1~6, YIP1B,
YIF1A, YIF1B @ 9 EMWEE T %, £/, Saccaromyces
cerevisiae D Yiplp 8LV Yiflp DREQ T NRT LR
THEEHEFAK TS (Shaiket al., Frontiers Cell Dev.
Biol. 7, 130-, 2019), & b YIPF i&, 3D LB E&E
1~3 2L, ThZhINIEK LT (ERGIC), H ik
(cis-Golgi), T (medial-, trans-Golgi, TGN)IZ5 h 4
TRELTWS,

INETIZE®ZIE YIPF Vw7 XV EEB(KD)IZLY,
YIPF AR 1, 2TV IR OB EMRFICHRELTWEZ
EEHOMMIZILTWVS, LM UERDS, EEMEE AV
&% dD YIPF 2w o7& EERTIR/NIA-HREER DX
UNTBEEER AN TEDBRIANDMRITFTELYE
LB THo7z, ThODFERIE, D YIPF 773V —4&
UNTBES UL DRI LV BEDOREES M
TTIRI v IZ T BRNTEMELR> TS AR 2R
BLTW,



—F R, HEHESRA NI 7B EEIZ,
YIPF3/YIPF4 A ENINIENBROBEH D FLindZ
LEFHR UK, YIPF3/YIPF4A EEENINIERDER 7
V74D a—VEBOERS FLUTHEIETDHIE
MWRIEBINSAILI, YIPF OBEEERREADZHDRELF
WM TH B (Kitta, S. et al. EMBO J. 1-25, 2024),

L EDMERREEEEXT, YIPF OFRIRFAFHEIELE
ERMRORAHEEDO KRG BB TOIIL2BHEL
THEEED TV,

(3) YIPF DFI - H A& R A Hit s

ZNETIZ,YIPFa 7 2=y hOBIEREBICIZIE R E
ARVMELAINTEY, ZOZLIZE->TEVYNIE
FEBME SN TOBIIEBEShERH>TWVDS, —F,
YIPFa ¥ 72 =%k mRNA @ 3'UTR (X B ¥72=whZ
HBLUTRW\WIENS, ZOMEEM YIPFa 7 31=v D
AUNIERBUMONDRERE ERAZLTVBILHIRE
Xz, EBRIZ, YIPFalA @ 3'UTR IF, 2V NV BHE%
RETEIHENDHLL, £/, TOXRIX 3UTR D 1-
1118 BEDIDIZEBIEMNHSMNILR->T WD, £/,
ZDRVNIEFRBERAEIL mRNA LRV TIHRLSEIRY
RIVTIFOLNTVBEILERBINT WS, (BFEIRA:
REPEERFRZERE B FEMERME L3R, 2022)

M EDWERIZE DX, WIEIX YIPFalA D 3’UTRIZE D
AUNIBEHBERBOS FHBOFEMEFE TS, F
72, LD YIPFa B 7 2=y MZDOWTE R D FA Sk g
HBINES IR LTS,

2. XFEDHEHRR
YIPF o 1A DOFIRFAEENE DR

YIPFalA OARMERBREIMBEDCREREZHESNITS
7212 YIPF BETORBERT LA, (1) BHFRE
BlzBFaF/mA IRV DOEHME, (i) BV 3’UTR THdZL
2, EFBLHEETS 2 2OMBLLTRVWEYWE,
YIPFalA IZE SR & Y TARERBIFNG, HALIRVDE
MEIZEIZ mRNA LARVTHBEEIHI$TIENHS M
Y, THUFEIER LR mRNA DRIZKBZEARIEY
Nz, —KH, 271477 3’UTR 25 H5L mRNA B3
v, BEMEEINDEIRING, £/, 3UTRRE
fEMTIZLY, 3'UTR SEAL#HIK (51-150) ¥ mRNA ZE 1L
IZRREMND+HTHY, ZOFRERLLUT mRNAB LU A Y
NIBOEH DV RIS ERTEIEMNRINZ, ZHIZ
$UT, 3'UTR EALAHEIK (1116-2230) 1 mRNA E% 1
MXEEDODRVNNIBEEIIEMET, XVNIE/
MRNA HOET 2ESFERMEI A E U TN I LAR
BINiz, INODRERERETHL, YIPFalA DA R M
EEP/BOTEVERNEMTIEDATEL,
YIPFa1A OFBEMN, HAIRVIZES mRNA EET,
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FUTRIEALERAIIZL D mRNA ZE L, X512 3’ UTRIEAL
AL BEIREMHE LD, ZEHRHEIEEZ T TV
BATEEME AR XNz (Fig. 2) ARFZERREIL, 2025 £
9 A 9 HIZFVL YV LT, ARSI N (Uxiv, 2025,
doi:10.51094/jxiv.1511.), 2026 % 4 A 6 HAH} T FEBS
Open Bio WEHEINWXELULTHKRINA,

3. Research projects and annual reports

The Golgi apparatus occupies a central position
within the secretory pathway, where it plays a crucial
role in the modification of newly synthesized secretory
proteins through processes such as glycosylation,
sulfation, and peptide chain processing. These
modifications result in the formation of fully modified
proteins, which are subsequently sorted and directed
to their final destinations, such as the lysosome and
plasma membrane. The Golgi apparatus is conserved
extensively across Eukaryota, ranging from unicellular
fungi and protozoa to multicellular plants and animals.
Structurally, the Golgi apparatus exhibits a cisternal
architecture. In most animals and plants, the Golgi
cisternae are arranged in multiple layers and are
interconnected laterally, giving rise to a ribbon-like
structure in vertebrates (Fig. 1). Our research aims to
unravel the underlying molecular mechanisms and
physiological significance of this unique organization
of the Golgi apparatus.

The Golgi apparatus undergoes disassembly and is
equally inherited by daughter cells during mitosis.
Previous studies have shown that this disassembly
process is initiated by the phosphorylation of GM130
(Nakamura et al., Cell 89 p445, 1997). Additionally, it
has been discovered that the disassembly of the Golgi
apparatus is essential for the onset of mitosis
(Yoshimura et al., J. Biol. Chem. 280 p23048). During
the Golgi
association with the centriole and surrounding
This tight the
continuous reassembly of the Golgi apparatus, which

interphase, apparatus maintains close

microtubules. interaction enables
in turn facilitates the reorientation of the centriole
towards the front of the cells. This reorientation is
crucial for directed cell movement. Notably, our
investigations have revealed the significance of
GRASP65 the
reorganization of the Golgi apparatus (Bisel et al., J.

Cell Biol. 182 p837).

phosphorylation in orchestrating



Recent studies have highlighted the significant role of
Golgi apparatus disorganization in the development of
neurodegenerative disorders, such as Alzheimer's
(ALS).
Additionally, disruptions in the structure and function

disease and amyotrophic lateral sclerosis
of the Golgi apparatus have been associated with the
onset and progression of cancer, as certain Golgi
resident proteins play crucial roles in cytoskeletal
regulation, cell polarization, and signal transduction.
Consequently, the term "Golgipathy" has been coined
to encompass the diverse diseases resulting from
these structural and functional defects within the Golgi
apparatus.

(1) Function and Localization Mechanism of
GM130

GM130 is a peripheral membrane protein that
primarily localizes to the Golgi apparatus. It has been
proposed to play a crucial role in maintaining Golgi
structure and participating in the localization of Golgi
proteins. In a recent study by Ishida et al. (FEBS J. 282,
p2231-, 2015), we demonstrated that GM130 exists as
a tetramer composed of two distinct structures
characterized by differences in the N-terminus: a
closed I-shape and an open Y-shape. Upon re-
examining negatively stained images of GM130, we
discovered the formation of X-shaped structures,
resulting from the binding of two T-shaped structures
at the open N-terminus. Currently, our research aims
to investigate the interconversion and regulation of
these different GM130 structures, particularly through
the interaction with Rab1, a small GTPase, and GM130
phosphorylation.

(2) Analysis of the Function and Localization
Mechanism of YIPF Proteins

The YIPF protein family comprises multi-pass
to the Golgi
apparatus, which we first identified in 2003. These

transmembrane proteins localized
proteins may function cooperatively with GM130 and
GRASP65 in regulating protein localization to the
Golgi and in maintaining Golgi structure. In
Saccharomyces cerevisiae, four YIPF proteins—Yip1p,
Yif1p, Yip3p, and Yip4p—have been identified. In
contrast, nine members exist in humans: YIPF1-6,
YIP1B, YIF1A, and YIF1B. In Saccharomyces cerevisiae,
homologs of Yip1p and Yif1p form a pair and assemble

into a complex (Shaik et al., Frontiers in Cell and
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Developmental Biology, 7, 130, 2019). Human YIPF
proteins form three distinct complexes (Complexes 1-
3), which are localized to different regions of the Golgi:
upstream (ERGIC), medial (cis-Golgi), and downstream
regions (medial- and trans-Golgi, and the TGN),
respectively.

Through YIPF knockdown (KD) experiments, we have
previously demonstrated that YIPF complexes 1 and 2
contribute to the maintenance of Golgi structure.
However, individual YIPF knockdown experiments in
cultured cells produced unexpectedly mild effects on
protein transport between the endoplasmic reticulum
and the plasma membrane, as well as on protein
modification. These findings suggest that under
normal culture conditions, functional redundancy
among YIPF family members may compensate for the
loss of individual proteins, thereby masking the
knockdown phenotypes.

Recently, we discovered that during autophagy
induction, the YIPF3/YIPF4 complex serves as a marker
for Golgi degradation. This finding suggests that the
YIPF3/YIPF4 complex functions as a component of the
regulatory mechanism controlling Golgi quantity and
quality, providing an important clue toward
understanding YIPF function (Kitta, S. et al, EMBO
Journal, 1-25, 2024).

Based on these findings, we are currently
conducting research aimed at elucidating the overall
regulatory mechanisms governing YIPF expression and
complex formation.

(3) Regulation Mechanisms of the YIPF Expression
and Complex Formation

It has been shown that the coding region of the
YIPFa subunit is rich in non-optimal codons, which
suppress protein expression. On the other hand, the 3'
untranslated region (3'UTR) of the YIPFa subunit
mRNA is longer compared to that of the B subunit,
suggesting that this region may play a role in
regulating YIPFa subunit protein expression. In fact, it
has been shown that the 3'UTR of YIPFa1A promotes
protein expression, and this effect is attributed to the
region spanning nucleotides 1-1118 of the 3'UTR.
that this

promotion of protein expression occurs at the

Furthermore, it has been suggested

translational level rather than at the mRNA level (Tokio



Takaji: Master's Thesis, Graduate School of Life
Sciences, Kyoto Sangyo University, 2022).
Based on these findings, we are currently

investigating the detailed molecular mechanisms by
which the 3'UTR of YIPFalA
expression. In addition, we are analyzing whether

regulates protein
similar regulatory mechanisms exist for other YIPFa
subunits.

(4) Annual progress: Analysis of the Regulation
Mechanism of YIPFa1A Expression

To elucidate the cause of the low exogenous
expression of YIPFa1A, we analyzed the characteristics
of YIPF genes and identified two features that correlate
with low expression: (i) enrichment of rare codons
within the coding region, and (ii) the presence of a
long 3' untranslated region (3'UTR). Experimental
analysis focusing on YIPFalA revealed that the
enrichment of rare codons primarily suppresses
expression at the mRNA level, suggesting the
involvement of translation-coupled mRNA decay.

In contrast, inclusion of the native 3'UTR increased
mRNA

Furthermore,

levels and enhanced overall expression.
the 3'UTR
demonstrated that the proximal region (nucleotides
51-150) is mRNA

stabilization, resulting in increased levels of both

deletion analysis of

necessary and sufficient for
mMRNA and protein. By comparison, the distal region
(nucleotides 1116-2230) increased mRNA abundance
but did
translational repression accompanied by a reduced

not elevate protein levels, suggesting
protein-to-mRNA ratio.

Taken together, these findings not only explain the
extremely low exogenous expression of YIPFalA, but
also suggest that its expression is regulated in a
multilayered manner, involving mRNA reduction by
rare codons, mRNA stabilization by the proximal 3'UTR
region, and translational repression mediated by the
distal 3'UTR region (Fig. 2).

This research outcome was first released as a

9, 2025 2025,
and was subsequently

preprint on September (Uxiv,
doi:10.51094/jxiv.1511.),
accepted and published as a paper in FEBS Open Bio
on April 6, 2026.
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Takaji, T., Nakanishi, Y. & Nakamura, N. YIPFa1A
expression is regulated by multilayered molecular
mechanisms. Jxiv (2025) doi:10.51094/jxiv.1511.
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Laboratory of Virology

1. HRIE
EBIEZOMEMEHENTEI TS, VAL A
IHEMD—BETHEH, BCEHEDZDIIHERER
INRE DB F UM R 22007280, B CEMICEE
U. 8 EHIFEAO/NRE 2 FEE U THEIET S, TORER.
FHEUZMBOEE, MEEREOREEL V-2 EEN
BEE, HOEWIVAINVATIR & FIR U7 RGN E
FRBIGENSTEYERBINTHRINAZYD, A
MIAVEDBEERFOEENGZEINDREDEE
HIRBENF X IIND, ZOL I BRBRERIZES
SIf 2 REEEFE(R) LR, FAZEDOEZE T,
i/ NERELE D AV ARG SE | BRI 1V AE
ICHEBELTWS, RERS, FE#RRAETH TR
IRREISEEFE UKL, £ MEKEMOEFEEICK
DN R AL FEEIEFI DR 5B P2 DIZ IR B R AR B
RIBEMNZ N, WS HEEREYVE | LU THEH
IZFDFRRNEENTNENSTH D,
FGEIK, [TV AR - R RE R 2R TS/
DIZ RV FFETAINV A (BoDV) Bz L VE| R Xh
SRIVTRICEREZRVAZFEET> TV D, RIVHREIX
NG AN S 7 D I S QNS SN S B A DR g
EREFRITHEKELLUTI00EL EFINSH SN TV,
BE AT AXTIATI, RPN, UV e B
. RHEE2EDEANEHEEYICRENZDOND
HEBEEELUTERBINT VS, LNLEDS, WES
FEWAN = ALIFFIEBEINTHRY, ESL kb
B BEEMEIIRBETH 20, ImE, B Ao
RGP UZE MEN ABRLBRERIETHY, L MNTIZEE
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BNEE AR TR EEMENDH DI EWNRINS, FAZEL,
BoDV DFFfi/ M LSRR &% AT T2EH
T, IV MOIYTAZEDREETIVEMIIB I 2KRED
Rty CEEIEELTEIENEE) M. 7V 7/
fZeE DHIRIEEMIBIZBIT 2RO &21T->T
W3,

2. XFEDHEKRR
[RIVHEIANA 1 BIRED AIZB T 5 AR AR
MRIETENER

AIVFHET 14X 1 8 (Borna disease virusi:
BoDV-NDIFE/ AHIAINAE, RINVFIAIVAE, AN
MRVFTANARBIZE T DIESET,. —AH~ 1 A8H
D RNA 7AIVATH%,BoDV-1 3L b B L REED
HAFEOP MR RIFFRBRTD, RIETILHRIL
FREMEIENDITENENEE  EEHEEES IO
REEREOMBEBRISEIL. EELRE SN
IZBSLDS, UL, RIEICEIEFIIRAETIHL S
NE L IBREB LCFHIEIIELIN TR,

FEREDEIFHETIZ, ANV AAREBIZOWMEMN
¥4 %3)VF 22513 (corticosterone: CORT) %
BoDV-1 BFY I RAIMET DL, BREYFRERNENLT D
ZEDRINZ, —F ARNVABBIROHEAFTH
V% BoDV-1 B MBS L, —@ME I RGg
REODBEBNRINZ, UNU, AFV RV DRIEREN
HELEZZLIZES>T BRRNICIZEE RNV HREH
fEUT-, TITAMETIE, BHENICAN A28 T
XBBEBILTY)YF AV b environmental enrichment:
EE)DRIRIZEH Uk, EE LIk, S HY OB ITEY) 2
TEXRENE2EITHAETREOREDILTH D, Rift
72T, BoDV-1 BV AIZEITS EE IZX B AN A
BRSNSV FROFECEE L2 ME T 2 REM %3
NpZezBEME L,

2 BED MRL+/+ <77 A2 BoDV-CRNPS #k % b
L. &Y 4 HEICEE A& &AL, BIEHE S 4
H Z LAV F958 D B R E R DAl & AR B HIE & 4T\
BERLVFBELHM XN S, HBOIZEYE 40 HE
W2 =72 74—V R ERE Modified-SHIRPA J£I2& 3
TEIEWRBR TR, BIMEEM 21T 5/, %
DFER, BoDV+/EE+EEIL BoDV+/EE—FE& bR, B Y
20 HEIZBII 3 BHRICE BRIV HEOBEFRERNE X



ICBETH-o/, IS BIBRKHEFTERU-ER
I& BoDV+/EE—FE 1 IL(10%) TH-/=DITH U,
BoDV+/EE+E£X 3 L (33%)THY., ZDHH 2 LR
NVHREFRETHILRSER UL, ZOILMN5, EE 1T
FBRNFFEDFKIE DELE L EBAREIN, A—T
V74—V REAERIZH VT, BoDV—/EE+ B (X,
BoDV—/EE—FE L b RA—F V74—V RDF R T Y
ANDBRAMELRBDON, FOFRRIYTITBIT2HTE
BREIIERICEMUE, COBEMNS, EE I3 REH
TEOBEBRIPERIN, F A—T V71—
REABRTld. BoDV+/EE+EEIX BoDV+/EE—FE& b,
TANAREEIZE>TRDON-EHRESHZDRTH
FERICHHEINAZ, MBERDHHFOME.
BoDV+/EE—#|% BoDV—/EE—F& A FRIMEREE
LSUOAIMNIVYNERFERIZEMLUALZ, — 5.
BoDV+/EE+EIL BoDV—/EE+EEE HLA, FRIMERE S
SUANINUYMEDEBREIIRDONL N7z, T
DIERMNS, TN ARG L BHHAKRDFTHEM, EE 12X
STEBINAEIENREIN, MATAINVADEYL
DB L OB ZEDTRE 2R U722, EE DFEIZLD

BRERBDSNEN-, EE DBEEIZEDHS T,
BoDV+#d BoDV—HEL LA, BRGL 16 HEIZBIT5E
fEF D CORT EHFENERIHEML, RIFEENFR
IR Uz, CORERMNS DAV ARG EST T 51T
DT, BT L BFERD CORT DM & INXE/~Z
ENRBIN, ZNTEIVBIRE EHEL . BERENT
flxh-TEENEZION, UEDERENS,
BoDV-1 B~ AIZETS EE IZRIVFTRDFIEDE
IEL R, BEFREFEDE T EBKDITHEEIH ST
5IENRBINT,

3. Research projects and annual reports
Borna disease virus 1 (BoDV-1) is a non-segmented,
single-stranded negative-sense RNA virus belonging

to the order Mononegavirales, the family
Bornaviridae, and the genus Orthobornavirus.
BoDV-1 establishes persistent infections in the

central nervous system of a wide range of mammals,
including humans. When disease develops, it causes
a neurological disorder known as Borna disease,
characterized by behavioral abnormalities, motor
dysfunction, and sensory disturbances; in severe
cases, it can be fatal. However, many aspects of the
mechanisms leading to disease onset remain unclear,
established

measures currently exist.

and no treatments or preventive
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Previous studies in our laboratory have shown that
(CORT),
secretion increases under stress, to BoDV-1-infected

administration of corticosterone whose

mice exacerbates disease pathology. In contrast,
which
stress-reducing effects, transiently alleviated disease

administration of oxytocin, has
symptoms in BoDV-1-infected mice. However, as the
effect of oxytocin diminished, the mice ultimately
developed severe Borna disease. Therefore, this
study focused on the effects of environmental
enrichment (EE), which can sustainably reduce stress.
EE the

environment species-appropriate

refers to improvements in
that

behaviors and abilities in laboratory animals. The

housing
promote

aim of this study was to investigate whether stress
reduction through EE in BoDV-1-infected mice can
suppress the onset and progression of Borna
disease.

Two-week-old MRL+/+ mice were intracerebrally
the BoDV-CRNP5
environmental enrichment (EE) housing was initiated

inoculated with strain, and
on day 4 post-infection. During the observation
period, clinical signs of Borna disease and body
weight were assessed every four days. When mice
were judged to have developed severe Borna
disease, or on day 40 post-infection, behavioral
assessments were conducted using the open field
test and the modified SHIRPA protocol, followed by
blood collection and tissue sampling.

As a result, the BoDV+/EE+ group exhibited
significantly milder visually assessed clinical signs of
Borna disease on day 20 post-infection compared to
the BoDV+/EE- group. Furthermore, by the end of
the observation period, only one mouse (10%)
survived in the BoDV+/EE- group, whereas three
mice (33%) survived in the BoDV+/EE+ group, two of
which survived without developing Borna disease.
These findings suggest that EE delays the onset of
Borna disease and attenuates its severity.

Overall, these findings suggest that environmental
enrichment in BoDV-1-infected mice delays and
the
suppresses the decrease in spontaneous locomotor

attenuates onset of Borna disease and

activity and the progression of dehydration.
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RNA FEHFHRZE

Laboratory of RNA Regulation

1. ARBE

BLRZFHRBEIL 7L DNA DOSDEEBRED AL S
FLEE#O mRNA FIEIZE > TEHICHETI SN T
W5, FFHZ mRNA DZEMRIIZ VNN IVBRBEDEL 1
IVIERHETIEERTHY ., ZOHIEIIEERFED
IONE M EGRRIIBEATHS, UNLEHEXTIC
FREAX N TS mRNA ZE M I EIOKILD—A
IEER, B2l NE KBTI T74vY2%ET
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3. Research projects and annual reports

Gene expression is regulated not only at the level of
transcription but also through post-transcriptional
control of mRNAs. mRNA stability is a major
determinant of both the amount and timing of
protein expression, thereby essential for complex
biological processes such as development. By using
zebrafish embryos as a model system, we discovered
that codon composition determines mRNA stability
after fertilization. These codon effects on mRNA
stability are dependent on translation by the
ribosome, indicating that the codon effects stem
from the decoding process by tRNAs. In addition to
this
highlighted prevalent changes in tRNA amount and

novel function of codons, recent studies
modifications, ribosome quality and its binding
factors under different cellular conditions.

Our laboratory studies the molecular mechanisms
and biological roles of ribosome-mediated control
of gene expression during zebrafish embryogenesis
by combining a wide variety of approaches in
biology. We have achieved the following progress in
this year.

(A) Analysis of translation and its quality control
mechanisms
When a

during translation elongation and collides with a

ribosome undergoes aberrant stalling
trailing ribosome, the stalled ribosome is resolved

by the Ribosome Quality Control (RQC) pathway,



while the template mRNA is degraded through
No-go decay (NGD). This process requires Znf598, a
ribosome-associated E3 ubiquitin ligase. To clarify
the physiological role of Znf598, our laboratory has
generated and has been analyzing znf598 mutant
zebrafish. In this fiscal year, we performed detailed
sequence analyses of znf236 and znf335, two
mRNAs encoding tandem C2H2-type zinc finger
domains, which were identified in our laboratory as

representative mRNAs that induce ribosome
collision. We found that the
ribosome-collision-inducing sequences were

acquired relatively recently during the evolution of
teleost fish and that they are caused by amino acid
substitutions at the single-residue level.

(B) Analysis of tRNA queuosine modification

We analyzed changes in queuosine, a chemical
modification introduced into the anticodon of tRNA,
during zebrafish development, across adult tissues,
and during aging. We found that, unlike in mammals,
queuosine modification in zebrafish is constitutively
maintained at a high level except during early
development.

4., BEERE

Shichino Y, Mito M, Kinugasa Y, Wakigawa T, Yamashita A,
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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 regulation in modulation system of higher
plant chloroplast.

1: Functional analysis of factors controlled by
thioredoxin in the regulation of photosynthesis

This year, we investigated the defense mechanisms
against harmful reactive oxygen species (ROS)
generated by excess electrons under high-light
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conditions. Our research focused specifically on
peroxiredoxin, a protein that scavenges ROS within
chloroplasts.

Analysis of plants lacking this protein revealed not
only accumulated ROS and stunted growth but also
a disruption in the balance of electron distribution
during light exposure. These results suggest that
peroxiredoxin acts as more than just a scavenger of
harmful substances; it functions as a "balancer” that
regulates the flow of electrons from ferredoxin
according to environmental conditions, thereby
maintaining the safety of the entire photosynthetic
system.
2: Development of new techniques for biochemistry
and molecular biology

In plant science, rapid and simple genotyping is
essential for analyzing plant genotypes using
genetic methods. We are developing a methodology
to streamline the genotyping process for mutant
screening.
This year, we confirmed that our newly devised
method enables quick and easy genotyping. We
have optimized the procedure by refining several
experimental conditions and plan to establish it as a
standardized protocol in the future.

4.5, BERE
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Chloroplasts Differentiation in Epidermal Cells: An
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3.Research projects and annual reports

Energy is essential for sustaining life, and the study of
how energy is converted and utilized in living systems is
known as bioenergetics. Adenosine triphosphate (ATP),
the universal energy currency of the cell, is primarily
produced by ATP synthase located in mitochondria.
Understanding the mechanism of ATP synthesis has been
a central question in life sciences. We have previously




investigated this process using ATP synthase derived
from thermophilic organisms. In this year, we successfully
determined the high-resolution structure of ATP synthase
in the ATP-producing state, revealing that energy
conversion is mediated through intramolecular torsional
strain. This achievement marks a significant milestone in
elucidating the mechanism of ATP synthesis.

Living systems maintain homeostasis by dynamically
regulating energy metabolism under diverse conditions,
including aging, environmental changes, and cellular
stress. Mitochondria play a central role in this adaptive
The

undergoes substantial structural remodeling depending

regulation. mitochondrial  inner membrane
on cellular conditions, forming highly developed cristae
under active energy production, while showing reduced
or disorganized structures during aging or functional
decline.

In addition to their

mitochondria are also key regulators of cell death. Under

role in energy production,
severe stress conditions, the mitochondrial permeability
transition pore (PTP) is formed, leading to rapid loss of
mitochondrial function. Although ATP synthase has been
implicated in this process, the underlying molecular
mechanism remains unclear.

At the molecular level, respiratory chain complexes and
ATP synthase assemble into higher-order supramolecular
structures within the mitochondrial inner membrane.
their

dynamics in situ remain poorly understood. In this study,

However, native organization and structural
we employ a novel structural biology approach—native
state structural analysis—allowing membrane proteins to
be analyzed without solubilization. This enables us to
both the

mitochondrial membrane proteins in their physiological

investigate structure and function of

context.
This
understanding

approach provides a new framework for

biological ~ processes  such  as
mitochondrial diseases, aging, stress responses, and
apoptosis from the perspective of supramolecular
organization and structural dynamics. Furthermore, this
analytical platform is expected not only to unify our
understanding of mitochondrial function but also to be
broadly applicable to the study of other cellular

organelles.
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1) Native state analysis of mitochondrial super
complexes

Mitochondria are organelles that dynamically remodel
their inner membrane architecture in response to cellular
metabolic states. Under conditions of high energy
demand, well-developed cristae structures are formed,
whereas aging or metabolic decline leads to extensive
reorganization of the inner membrane, accompanied by
a reduction of cristae. Such structural remodeling is
closely linked to the regulation of mitochondrial function.
In addition to their central role in energy production,
mitochondria also act as key regulators of cell death
Under the

permeability transition pore (PTP) is

(apoptosis). severe stress conditions,
mitochondrial
formed in the inner membrane, leading to the collapse of
mitochondrial function. Although membrane protein
complexes, including ATP synthase, have been implicated
in this process, the structural basis of PTP formation
remains largely unresolved.

In our laboratory, we directly analyze supramolecular
assemblies of mitochondrial inner membrane proteins,
such as ATP synthase and respiratory chain complexes,
using cryo-electron microscopy under native membrane
conditions. By preserving the physiological membrane
environment, this approach enables us to investigate the
structural organization and dynamics of these complexes
in their functional states.

Through this strategy, we aim to achieve a unified
understanding of mitochondrial functional changes
associated with metabolic states, aging, stress responses,
and apoptosis from the perspective of supramolecular

architecture.

2) Native state structure analysis for Organella
membrane protiens

Currently, we are conducting native state structural
analyses of intracellular organelles, such as synaptic
vesicles and lysosomes, in which membrane proteins are
examined within their native membrane environments.
These organelles play essential roles in fundamental
cellular  processes, including  neurotransmission,
intracellular degradation, and homeostasis; however,
much of their underlying molecular basis remains poorly

understood.



Conventional structural approaches rely on solubilization
and purification of membrane proteins, processes that
the lipid
intermolecular interactions, thereby preventing direct

often disrupt environment and weak
visualization of proteins in their functional states. In
contrast, our study employs cryo-electron microscopy to
analyze organelle membranes without solubilization,
enabling direct observation of membrane proteins and
their supramolecular assemblies as they function in situ.

Through this approach, we aim to elucidate, at high
resolution, how organelle functions are established based
on specific molecular arrangements and supramolecular
architectures. Furthermore, we seek to establish a unified
framework for structural

understanding dynamics

associated with changes in cellular function.

3) Structural Analysis of Membrane Proteins for Drug
Discovery

Traditionally, structural analyses of membrane proteins
have reliWe investigate human membrane transporters
and ion channels as therapeutic targets through

structural biology approaches using cryo-electron
microscopy. These membrane proteins play central roles
in solute transport and the maintenance of ion
homeostasis, and are critically involved in the onset and
progression of various diseases.

In this study, we aim to determine high-resolution
structures of these proteins while preserving their
functional, membrane-embedded states (native state).
This approach enables us to uncover drug-binding sites
and elucidate mechanisms of action at the molecular
level, which are often inaccessible by conventional
methods.

structural

the obtained

information, we seek to understand the determinants of

Furthermore, leveraging
ligand binding modes and selectivity, thereby providing
design principles for highly specific inhibitors and
activators.

Ultimately, this work aims to establish a theoretical
foundation for the development of next-generation
therapeutics with improved efficacy and reduced side
the
structure-based rational drug design.ed on purification in

effects, contributing to advancement  of

a solubilized state; however, membrane proteins

naturally function within biological membranes under
specific membrane potentials. To accurately investigate
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their native functions and structures, direct structural

analysis of membrane proteins within biological

membranes is essential.

Achievements in 2023

1. Snapshot Analysis of ATP Synthase during ATP
synthesis

ATP synthase is a complex molecular machine composed
of a membrane-embedded region and a peripheral
the
proton flow (proton

domain protruding from the membrane. In
membrane-embedded portion,
motive force) drives the rotation of a ring-shaped
structure, known as the c-ring, and this rotational motion
is transmitted to the extramembranous domain to drive
ATP synthesis.

However, direct visualization of ATP synthase under an
active proton motive force has long remained elusive.
Membrane proteins are inherently difficult to study, and
conventional structural analyses have been limited to
detergent-solubilized samples removed from their native
membrane environments. As a result, capturing the
structure of ATP synthase in its fully functional state has
been a major challenge.
this
reconstituted system in which bacterial ATP synthase and

To overcome limitation, we established a
the light-driven proton pump bacteriorhodopsin were

incorporated into artificial lipid bilayer vesicles
(liposomes). Upon light illumination, bacteriorhodopsin
actively transports protons into the vesicle lumen,
thereby generating a proton motive force across the
membrane. Under these conditions, the addition of ADP
and inorganic phosphate triggers ATP synthesis by ATP
synthase.

To capture this reaction process, samples were rapidly
frozen and analyzed by cryo-electron microscopy. In the
absence of a proton motive force, ADP-bound states
were observed at the catalytic sites. In contrast, under
conditions where a proton motive force was present,
ATP-bound states were identified, demonstrating direct
visualization of ATP synthesis in action.

Furthermore, a structural state in which the c-ring had
rotated by approximately 30 degrees was identified.
Notably, this rotation was accompanied by torsional
deformation between the membrane-embedded and

extramembranous domains. These observations suggest



that rotational motion is transiently converted into

intramolecular torsional strain, which in turn drives
conformational changes in the peripheral domain to
promote ATP synthesis.

Importantly, such intramolecular torsional states were
not observed in conventional detergent-solubilized
samples. These findings highlight the critical importance
of structural analysis under near-native conditions using
liposome-based reconstitution systems and establish a
new paradigm for directly visualizing the molecular
mechanisms of membrane proteins in action.

2. Native-State Structural Anal Native-State
Structural Analysis of Supramolecular Complexes in
the Mitochondrial Inner Membrane.

Mitochondria function not only as the “powerhouses” of
the cell, producing ATP (adenosine triphosphate), but
also as central hubs for the biosynthesis of essential
The

mitochondrial inner membrane harbors high densities of

molecules such as amino acids and lipids.
ATP synthase (FoF,), responsible for ATP production, and
respiratory chain complexes (complexes I-IV), which
mediate electron transport. These membrane proteins
assemble into supramolecular complexes that are
thought to enhance the efficiency of energy conversion.
However, most previous structural studies have relied on
detergent-solubilized samples, in which membrane
proteins are removed from their native lipid environment.
As a result, their native organization and assembly states
within the mitochondrial membrane have remained
poorly understood.

In this study, we employed an approach that preserves
the

mitochondrial

native membrane environment to analyze

inner membrane proteins, thereby

revealing the architecture of their supramolecular
assembilies. For ATP synthase, we demonstrated not only
the presence of IF1-linked dimers but also the existence
of tetrameric assemblies formed by higher-order
association of these dimers within the mitochondrial
These exhibit

membrane-bending properties and are likely to serve as

inner membrane. tetramers strong
key structural units involved in the formation of cristae,
the characteristic folds of the inner membrane. While
IF1-linked tetramers had previously been suggested to
arise as artifacts of purification, our findings provide

direct evidence that they exist in vivo.
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In addition, although it has been proposed that lipids
bind within the central cavity of the c-ring, our analysis
did not reveal stable lipid binding. Instead, the densities
previously attributed to lipids are likely to originate from
detergent molecules introduced during purification.

We further characterized respiratory supercomplexes and
identified not only previously known compositions but
CliClILCIV3.
uncovered a large megacomplex containing two copies

also a novel assembly, Moreover, we
of complex | (Cl,ClII,CIVe). These findings demonstrate
that respiratory chain complexes exist not as fixed
entities but as dynamic supramolecular assemblies with
diverse compositional states.

Overall, this work highlights the importance of analyzing
membrane proteins in their native state, enabling the
identification of higher-order structures and assembly
modes that were previously overlooked. Our approach
allows high-resolution structural determination from
minimal sample quantities, opening the door to studies
using limited biological materials such as animal tissues
and cultured cells. Furthermore, these findings provide a
structural framework for understanding mitochondrial

dysfunction in a wide range of diseases.
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Laboratory of science communication
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3.Research projects and annual reports

Life sciences are not only contributed to improving
medical technologies and food production through
the understanding of life phenomena but also
provide new perspectives on life and social issues.
Focusing on the social aspects of life sciences, we
will conduct research from the perspectives of
science communication, science education, and
science and technology governance, targeting the
issues between life sciences and society.

1) Develop methods to share science & ELSI with
society.

We have been developing card-style teaching
materials for use in workshops that help people
think about ELSI (Ethical, Legal, and Social Issues) as
personal and relevant topics. And, we have also
developed a board game titled “Immunity and
Allergy Board Game,” primarily aimed at elementary
school students, and have been conducting research
on its educational effectiveness and other aspects.

In addition, we examined public perceptions of DIY
biology, analyzed ELSI issues, and explored the
relationship between science and society from the
material aspects of DIY biology. In this context, we
identified the material aspects of DIY bio as having
the potential to expand public “participation” in
science. Drawing on these findings, we developed an
educational program primarily designed for teachers.
The program incorporated cell culture using DIY
by
experimental procedures, it deepened participants’

biology techniques; involving  hands-on
understanding of ELSI through practical experience.
It also served as a forum for participants to share
their values and experiences, confirming its value as

a form of participatory communication.
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3. Research projects and annual reports

We are interested in plant development and
environmental interactions. Currently, we have been

focusing on the following three major projects.



(1) Analysis of phenotypic plasticity of leaf shape

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 heterophylly
of lake cress.
(2) The evolutionary-developmental study on leaf
shape

Leaf shape is one of the most diverse character all
in biology and divarication patterns are key factors
that determine leaf shapes. We analyzed a variation
in the

species.

leaf shape using wide range of plant
(3) Molecular studies on the mechanisms of
vegetative propagation

Some plant species have an amazing regenerative
capacity and naturally regenerate entire individuals
from explants, while many other species require
optimized hormonal application. Although vegetative
propagation by regeneration is widely observed
across various plant species, the underlying regulatory
mechanisms are mostly unknown owing to the lack of
suitable experimental models. We have established a
novel model system to study these mechanisms using
which
naturally undergoes vegetative propagation Vvia

an amphibious plant, Rorippa aquatica,
regeneration from leaf fragments.

Heloniopsis orientalis is a perennial species in the
family Melanthiaceae distributed from Hokkaido to
Kyushu in Japan, as well as in Sakhalin and the Korean
Peninsula. In addition to seed reproduction, this
species propagates by forming epiphyllous buds at
the leaf tips. In this process, mesophyll cells on the
adaxial side of the midrib undergo irregular cell
divisions to form a protrusion, from which both
adventitious roots and shoots simultaneously emerge.
Because vegetative reproduction originating from
differentiated mesophyll cells is extremely rare,
elucidating its molecular mechanism would provide
novel developmental insights. However, little is known
at the genetic level.

In this study, we investigated the mechanism of
epiphyllous bud formation through leaf excision
experiments and RNA-seq analysis. Approximately
two weeks after leaf cutting, irregular cell divisions
were observed in mesophyll cells at the distal region.
Cytokinin treatment promoted callus-like tissue and
bud formation even outside the midrib region,
whereas auxin treatment, as well as inhibition of auxin
transport or biosynthesis, had no marked effect.

Gene expression analysis revealed that
regeneration-related genes such as STM, CUC2, and
WOX11 were specifically expressed in the distal region
addition,

associated with light responses were enriched among

immediately after excision. In genes
those upregulated in the distal region. Under dark
conditions, bud formation did not proceed in regions
other than the tip. These findings suggest that light
stimulation may first activate regeneration-related
gene expression, thereby inducing epiphyllous bud
formation.

Taken together, our results indicate that the leaves of
this species initiate reproductive activity via
epiphyllous bud formation at a relatively early stage
of vegetative growth, and that light plays an
important role in this process. Further studies
examining the effects of specific light conditions will
be necessary to clarify the underlying molecular

mechanisms.
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3. Research projects and annual reports

Our  laboratory  investigates the  molecular
mechanisms of fertilization signaling and egg cell
responses mediated by the tyrosine kinase Src using
oocytes of African clawed frog (Xenopus laevis and
Xenopus tropicalis) as a model system. We previously
identified and purified Src from vertebrate egg cells
and demonstrated for the first time at the molecular
level that its tyrosine kinase activity is markedly
activated upon fertilization, revealing the evolutionary
conservation of fertilization signaling pathways. We
further showed that activated Src phosphorylates and
activates phospholipase Cy, leading to transient
intracellular calcium elevation and egg activation. Our
current studies focus on the mechanisms of Src
activation during fertilization and the molecular basis

of sperm—-egg interaction and fusion, particularly the



role of uroplakin Il localized in egg membrane

microdomains. In recent years, we have also

investigated egg overactivation induced by oxidative
stress or mechanical stimulation, demonstrating that
this process leads to irreversible cortical contraction,
ATP depletion, cyclin B2 degradation, and ultimately

necrotic cell death accompanied by membrane rupture.

We are currently exploring the similarities and
differences between physiological egg activation and
overactivation, especially in relation to Src signaling,
to establish an integrated understanding of egg cell
fate determination. In 2025, our major achievements
included publication of two peer-reviewed review
articles in the International Journal of Molecular
Sciences and Biomolecules, as well as an original
research article in Cells. Using constitutively active and
kinase-inactive Src mutants, we demonstrated that Src
positively regulates progesterone-induced meiotic
maturation and is specifically required for membrane-
dependent egg activation pathways, although it is
dispensable for direct calcium-induced activation. We
further that

fertilization-like signaling

showed Src selectively mediates
induced by hydrogen
peroxide and cathepsin B, supporting the existence of
branching mechanisms in egg activation signaling.
These findings indicate that Src functions not merely
as

an upstream signaling molecule but as an

integrative regulator coordinating multiple
fertilization and egg activation pathways, while also
revealing a novel functional separation between

membrane-dependent  signaling and  calcium-
dependent responses in egg cells. In parallel, our
laboratory develops

inquiry-based learning

methodologies and science communication
approaches grounded in life science research, and in
2025 published two books on inquiry-driven learning

and higher education pedagogy.
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3. Research projects and annual reports

This fiscal year, we conducted a series of field
surveys and analyses throughout the Kansai region to
explore how natural and plant functions can be utilized



to enhance the sustainable use of local resources and
support a society in harmony with nature.

We investigated the ecosystem services associated
with traditional agricultural systems and traditional
crop varieties.

Regarding the use of local resources, we examined
the factors that support the continuation of traditional
crop cultivation. We focused on the red perilla in
Ohara and Suguki in Kamigamo. Our results suggest
that, especially for sustaining Suguki production, it is
important to maintain good relationships among
farmers, strengthen cooperation between producers
and manufacturers, and develop systems for sharing
information.

To contribute to a society in harmony with nature,
we analyzed the issues and possibilities of the Globally
(GIAHS)
program in the Arida and Shimotsu regions. We

Important Agricultural Heritage Systems
conducted a GIS analysis to examine the locations of
unshu orange huts, the environmental characteristics
of those locations, and their relationship to the
continuation of unshu orange cultivation. Our results
showed that the
influenced not only by geographical and ecological

locations of these huts were
conditions but also by the cultural background of the
region.

Regarding the GIAHS "Minabe-Tanabe Ume System,”
we organized an event to increase interest among
young people. Through interactive exhibits and a
questionnaire survey of visitors, we evaluated changes
in awareness and interest in the system. We also
examined the effectiveness of hands-on activities for
sharing information and considered practical ways to
continue regional cooperation and long-term
activities. Furthermore, as a means of engaging young
people, we adopted clear file folders as an outreach
tool. Given that they are familiar, visually appealing,
and effective for repeatedly conveying information, we
created three versions tailored to different levels of
interest and distributed them at the “Ume-one” event

in February.
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Laboratory of Bacteriology

1. HRIE

WEMIHSPBLIAIEELTEY., BIZEY P
ANDBEEENTILEDHD, BN TEEME ADF
IR T AMEYIX. ALEIME DB DY H LR
THHRRERICENT, ABBBRPECRREE L
DFEEF SR THARESENDH D20, RERFEE%
EDHTW5E, YIEZETIX B ALDRIZA>TH
BEARDZIFEUEEHS>TWAYX R R DE
ZHREEERL. ThSD X DE A3 2 RGUEM
HRBTEDISIHBEINT OO0 EMATIIL
EOILTWDS(K), /2. BROTLERSGICE 5K
BEOTMEREMMEICOVWTHAEL. BRAZNL. 8L
ADHETED LS ITMEELEF LB LT DNE
LTV 3,

K. fAEHIIE VTR IN-FEEY. A. 1)V
B. * X3 C.\Z¥YY D.VH

2. XFEDHERRE
REZR)IREDRIMYEDEH EEWIL. e N B
DONAIZFETDIIENSG, XX FRABRILEBRGE
DORBEEREENTEAREMEDNH D, BRIZBVTIE, <
A=A Rickettsia japonica 12k % A AKLBEED
FEEDEMMBBIEINTVS, REHICBIIZYE =D
DAEELVEMICHSNITID, X —ORERE
EHEREUTCERUZ, £ SEEIX ALOEANLY
ZRBLEZONDYIDOERBBRNHDAETOH
BEBELUCHWBHRICEBRE U A XPRNIFELTN
REZIIDWTORABEEHIME U, TDRER. ABTH
ELATZZIDWTE, CRETOREMTRADSN
TWEORI Iy F 7 NEETEIIE, BER

94

BRI 3RS B
Assoc. Prof. Azusa SOMEYA, D.V.M., Ph.D.

EEBRDEMMNRDSNDZ LN SNITR -T2, H1E
EYIWNMEETEHYE UIDOWTE, PCRIZEVI TV FT
MR IN BISRMIMEZED. TNEDVTvFT
DAREHYPANDFEREIZDOOTEFT LU TOSBEND
5, - AERMIZIIZEOFTESYNER LTS,
INSDOHFEEYMN, xX=—DEFRIZEDISICHS
LTWENRET T 5720, S EESEH LY ORI
ARG LDERRRABEEEMU, I6IT, Yy —Y U hT
V7 ERMALULNIBEEEOMERELERL TV
5, 5SEEDRHAETEH. BEEYDHHARIMITKEIA
EENIRD SN2,

AR, EHADOE E£HWOR AN EELLR->TEY,
B EFY NS DRBREEDEENBEIN TS, B
RETIREEESBROBMMAMELZ>TWENY
CYUNONNVIAT 2 BELZ, NVRATIEAT0 -
MEFLREDNBRILERPELF SEITHE T, /3
REDEMTEVEMIERE TS, SBEINAZNVIAT
X e MIBITREEMENRE X TS Bartonella
henselae ¥, ZNETNIEV VNS EEINIL DR
\ Bartonella clarridgeiae L [E] € X7z, B. henselae I%.
MmEFEEEZRL, ThARRELEETLILE SN
TWB0., ZThEDBERRIZDWT, M FriksE % fiF
U7z BBBMNDRVEDD NIET YNNG BEX
NENVEIATIE ENSFBEINAENVIATDED
IZIMEFHERERTIEMRBINA, NTET VMR
BETEINNVIATD, FEBYPLMIBITHHEEMEIC
DWTIIRITH S0, 5 XTI FEMICHETToLL
EITVENTHEEEY R, TORERIIDOVTHEL,
REREEZFHONILTOLKBENDH S, 5HEF XD
DX INODHEEFYOBRFERRBRERNELZRETL
T,

EAIMMAEEIL, HERPEDREDR. FHTES
MEENHIRINDRY, AREE LORELRE. K
BENOHMEEOFEAICKI) HRUAMEE N BRI
BUANLERTHHEREENREBINT VS, ZZT
YMEZETIK. EBRREL2EMTHRBICE T HEHA
MHEEORRELETLE/20. BRRARESOREF N
SRBEZDBL, BRBRZHEORELME LU TER
UTW\ %, 73 Bl U7 ZEHI i M B O M S D KB B I
B TEIENHSNERS72720, Bl ST Ih oDk
DEFMEFITER LU TOLKDENH B,



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
group Rickettsia
japonica, the etiological agent of Japanese spotted

as spotted fever rickettsiae.
fever is also associated with arthropod vector,
mainly ticks. Therefore, the prevalence of ticks in
Ticks
monthly by flagging method and rickettsial DNA was
detected by PCR.

The drug resistant bacterium in food processing

Kyoto was investigated. were collected

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, streptomycin,
and and showed

chloramphenicol tetracycline

multidrug resistance.
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Laboratory of Plant Molecular Genetics
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3.Research projects and annual reports
We are currently conducting the following six
research projects:

1. Mitochondrial genome editing in eggplant

This project focuses on mitochondrial genome editing
in eggplant, with a particular emphasis on orf218, a
putative male-sterility gene. Using the mitoTALECD
platform, we aim to introduce a premature stop codon
to disrupt its function and validate its role in
cytoplasmic male sterility (CMS).

2. Male sterility and fertility restoration in radish

This project investigates the molecular basis of the
male sterility and fertility restoration system in radish.
We are elucidating the crosstalk between
mitochondrial and nuclear genomes by characterizing
genetic variations in the mitochondrial orf738 and
nuclear Rf genes, with a focus on the evolutionary

dynamics of this system.
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3. Survey of Rf genes for timopheevi cytoplasm in
wheat

This project aims to identify and characterize Rf genes
responsible for fertility restoration in the timopheevi
cytoplasm of wheat. A comprehensive survey of the
Japanese wheat core collection is being conducted to
determine the distribution and diversity of these genes.

4. Production of transplastomic tobacco expressing
modified RUBISCO

This project focuses on generating transplastomic
tobacco plants that express a large subunit of the
RUBISCO
substitutions. These modifications aim to enhance

enzyme with targeted amino acid

photosynthetic efficiency and improve plant growth.

5. Genes controlling morphological variation in the
tobacco mutable line

This project explores the genetic basis of
morphological variations observed in the tobacco
mutable line. By integrating classical genetics and
modern genomic tools, we seek to identify the key
genes and regulatory networks responsible for these

phenotypic changes.

6. Utilization of purple photosynthetic bacterial
lysate as a liquid fertilizer

This project examines the application of lysate derived
from purple photosynthetic bacteria as a liquid
fertilizer for hydroponic lettuce cultivation. We aim to
evaluate its potential to enhance plant growth and
nutrient uptake in sustainable agricultural systems.

4.8, EERE
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Terachi: Identification and variation of a new restorer of
fertility gene that induces cleavage in orf138 mRNA of
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231, DOI10.1007/s00122-024-04736-4, OCT 2024
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Laboratory of Environmental policy science
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3. Research projects and annual reports

1) Research on Policy Development and Citizen
Participation in the Field of Natural Environment
During FY2025, research was conducted on policy
trends and regional implementation related to Green
Infrastructure (Gl) and Nature-based Solutions (NbS)
in Japan. In recent years, increasing attention has been



directed toward the utilization of ecosystem functions
in response to issues such as biodiversity conservation,
disaster risk reduction, climate change adaptation, and
regional revitalization. This study focused on the roles
of citizen participation and local stakeholders in the
implementation of environmental policies and Gl
initiatives. In particular, an application for analyzing
environmental behavior was developed in Inabe City,
addition,
experiments were conducted at the commercial facility

Mie Prefecture. In participatory social

“Nigiwai no Mori” to investigate environmental
behavior and public awareness related to natural
Through

promoting pro-environmental

factors
the
potential for citizen-participatory approaches to green

environments. these activities,

behavior and
infrastructure were examined.

2) Evaluation of Green Infrastructure Implementation
and Ecological Surveys

Ecological and environmental surveys were conducted
to obtain fundamental data for evaluating the
feasibility of green infrastructure implementation and
natural environment conservation. In the Suzuka
Mountains, including Mt. Fujiwara and Mt. Ryugatake,
surveys focused on the population status of sika deer
and their impacts on vegetation. Particular attention
was given to grazing damage affecting rare plant
species. In addition, environmental impacts associated
with recreational use, including hiking activities, were
examined. Furthermore, ecological

surveys were

conducted on traditional underground irrigation
“"Manbo” Mie

Prefecture. Biological communities and surrounding

systems known as in Inabe City,
land-use conditions were investigated in order to

evaluate the ecological significance of these systems

and their potential applicability as green infrastructure.

These investigations provided basic knowledge for

sustainable regional development utilizing local
natural resources.

3) Practical Implementation of Green Infrastructure
Practical activities for the implementation of green
infrastructure were carried out in collaboration with
local governments, private enterprises, and citizen
organizations. At the commercial facility “Nigiwai no
Mori” in Inabe City, participation was made in the

development of green infrastructure spaces centered
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on rain gardens. The project included planning, design,
and construction processes, taking into consideration
rainwater infiltration, biodiversity conservation, and
environmental amenity. In addition, community events
and environmental education activities were organized
to strengthen collaboration among local stakeholders
and to examine approaches to
the

Through these activities,

community

development utilizing value of natural

environments. practical
knowledge regarding the maintenance and utilization
of green infrastructure at the regional level was

accumulated.
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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 successfully adapt through
natural selection to changing environment if they have
sufficient genetic diversity. Breeders of domesticated
plants and animals can genetically improve their
economically important characters by artificial selection

on genetic variability. Our laboratory is researching the
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methodology for evaluation, conservation and utilization
of genetic diversity in wild and domesticated animal
populations. Our main research projects and the annual
reports are summarized as follows:
1: Development of selection procedure for guide dogs by
accounting for non-additive genetic effects

In successful production of guide dogs, selection of
breeding dogs with favorable temperament should be
based on the heritable genetic component (breeding
value), while performance of guide dogs should be
evaluated not only on heritable but also on non-heritable
genetic components (dominance and epistatic
components) because their performance is an assembled
expression of gene actions including gene-interactions
with various dimensions. In our laboratory, we have
established a selection method for breeding dogs based
on breeding values. In this year, we developed a
selection procedure for guide dogs by accounting for
dominance and epistatic effects.
2.: Mating system to avoid inbreeding at a maximum in
honeybee colonies

Honeybees show inbreeding depression for various
traits both in queens and workers. Increased
homozygosity at the complementary sex determination
locus due to inbreeding produces sterile diploid males
and consequently reduces the productivity of the colony.
In this study, on the assumption that colonies are
maintained by artificial insemination, a mating system to
avoid inbreeding at a maximum was developed, in which
mixed semen from drones in one colony is systematically
rotated to another colony. Although application of this
rotational system is strictly limited to a Fibonacci number
of colonies, it was shown that the system effectively

reduces the inbreeding rate in any number of colonies.
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5. ZOhHFECEIR

NAEES

MR, B8R TERBBRENELLZO0—TVILE
V=S INRIGDERIZE T8N - 5 FECFENME] (BFR
REE)



IST £ Al D H WK 7 10 s 5 A COI-NEXT. Bio-Digital
Transformation (N4 DX). [5—XERENRIYT ) ABTE(T X
VERE) FMOREFE I (IYNFF—L HELEE)

JST-A-STEP. [ ATAEFEL A RFRAEIZL DIV IVYNFH
RARMOBRERMOF) (FFEsEE)

2)FHNES)
AWHEEALENEER S FREEZESZER
AWHEEALENEER RS PREEZELEE
WYTHREA FERBLVZ— ARG SES
WATBUEA FEURREVA— AA4SHEREHEEMZAS
%58

3) FOfth
A

107



SEEFMAE

Laboratory of Environmental Hygiene

1. AEHE
FAbDEDOREDIZIE, BT NRNE, B2 2
EMDBEETD, ZOFIZIE, WA OB REEY L b

IWBRLTEKESSRBITEDEHNIE, TH TR
EDNEHB, £/ BRMEOLS ICBY OB TEY
DHELEBNTIZEDR, BSISEEY DOHELDEFE
TEERBEHE2HE->TVEITHAIEDETEET S,
ZORIZ. FAZH DR VICTEE S M AW LB Y DM
MBI ELAE> T ERBENIJOIAETARY
JUAREAEFE LTS,

AR ESEF TR MEHIOFTEFITEI NS

HENETe SN SCEW IZRBG 2 A BB B E
(ANB LB RYLE, BB RBRYEZ /213 Zoonosis)
R SEITHEEMEDNIIOVTOREMEDIKIREAS
ZALREARBEF TOFERANOMIE, AREEN
KDI-DDEBEZHEEIT > TN D, ERILRIE
S RIL, WO X ZFE DO B EYNEN D ABLE
RBYYETH 2 (K 1), i EDHBRIEBBALIZAE S BEA I
DEBHFEDIEKRE, TSI BREOH R EWE
M RBRIEDOFRITHOIMLANBERINT VWS, HARIZE
WTE,BATHRITTEIVANVADHESHEREEDE
A&, ZOERARITNDRNENETHELL>TWE, EZ
T AMEZTIEUATORET—IZDOWVTHEET
2TW3,
(MINB L O X =AM BB B DA TS
BB %F%E’Jﬁﬁﬁtxﬁfﬁffﬁﬂ&’évﬁ%’/@ﬁﬁ%
QB L X—HE N NRLBERGEERF XD
SRR M EY ORI 8 - 55 T E Y E IR

X 1. ICss At B L 0@ RRGLE D R LR

Hi R B A 1 NBR LB B YYE OBl L LT, DS

DI ANFANTAINARBRGIE DB GEIRE R T, éé’ﬁé'%fti

E‘(?b\ﬁ% FLR-o>TMN ORI TEFBRNERINTVS, L
FEFEIITIR T, L MIUBRRUNMASEDEEERE

%I*t R

108

4% AIEH E
Prof. Akihiko Maeda, D.V.M.. Ph.D.

2. RFEEDHAREMR

(1) < & = 847 P N BRI 58 RGO AR T I 5 1)
RPE LR & R E IR DR %

REHREEEREFREOHRFELLTIT>TY
%, WO & =2 DI I M R B IR 2 R R AR %
MO NTEN 5. BN T OHEMA IO =

DREFEICIVELRS, LAEN>T ADEETIREH
ICER TR X =D, TN 6 DR D> HETEM
EOEE(BEMER) ICL->TH, SEMIRTIRT T
SRPENRZRDIEDEEZOND, TNETDHFKT,
R ATEIMUZT7ENTF X = DEIEME . B
A7V T EME DORE RITHEEZ ORI ENH S AT
BEMAVRIBINTEY, BE, FMIEIT LTV 5,

()i KU~ X =g A1 AN BR LA GYE 2 5 XH#E
SRR Y O - 5 T £ R
INETOMET, BETX NS DEEU-EF LR
TRIAIVA(WT-THOV) IZR T AR ERE M 2R X3, —
FH. RUANEMET AV A (MA-THOV) Tld, ZiEET
EERIL, BIEHNRIEE /LB 2BHSMNILE, [
TAINADT ) I RNAERS & LS U2 ZA, UAIVAD
RNA 72 RNA 1RV A5 —YB=F (PB2)IZ1 7 Ffr, IEHE
EHEI2HREEC ML ZEHEIZ 1 yFRICEENER
HoEN, TNEDEHBIL, TNTNERSHHICT
—RINTVS/-20, ENHiE LU TROECZTHEE
ESHRDIEEIZDOWTHRS U s,

3. Research projects and annual reports
Research projects

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 intestines 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 research of zoonotic micro-organisms.
which cause

We especially focus on viruses,

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 2) Pathological
and molecular biological studies on mosquito- and
tick-borne pathogens. The THOV neutralizing
antibody titer was measured in wild animals living in
Kyoto City, it became clear that the palm civet and
the raccoon possess the THOV neutralizing antibody
titer.

Annual reports

(1) Epidemiological study on tick-borne diseases in

Kyoto city
This is a joint research project with the Kyoto City

Institute of Environmental Health. Hematophagous
arthropods such as mosquitoes and ticks transmit
various pathogens from animals to humans. The
pathogens they transmit vary depending on the type
of mosquito or tick. Therefore, it is thought that
infectious diseases prevalent in a given area differ
depending on the type of mosquito or tick that
inhabits the environment in which people live, and
the type of resident bacteria (resident bacterial
flora) that they carry. Previous research has
suggested that there may be gender differences and
regional differences in the rate of resident bacteria,
especially Coxiella bacteria, in Haemaphysalis
longicornis ticks collected in Kyoto City, and we are
currently conducting a detailed analysis.

(2) Pathological and molecular biological studies on

mosquito- and tick-borne pathogens

In our previous study, we found that wild-type
Thogotovirus (WT-THOV) isolated from ticks was not
pathogenic to mice, whereas the mouse-adapted
virus (MA-THOV) caused multiple organ failure and
was fatal. Comparing the genomic RNA sequences
of both viruses, we found one mutation in the viral
RNA-dependent RNA polymerase gene (PB2), two in
the membrane glycoprotein, and one in the ML
protein. Since these proteins are encoded in
different RNA segments, we investigated the

generation of gene reassortments containing each
segment separately.
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Laboratory of Cell Behavior
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3. Research projects and annual reports

It is typical for organisms to change their behavior
autonomously in response to external stimuli. Our
laboratory aims to elucidate the molecular
mechanisms by which Chlamydomonas reinhardtii, a
model unicellular green alga, regulates ciliary
movement in response to light stimuli and exhibits
photobehavioral responses.

C. reinhardtii is a freshwater unicellular green alga. It
is considered a model organism in a wide range of
research fields, such as ciliary motility, photosynthesis,
and photobehavior. C. reinhardtii cells sense light at
the eyespot near the equator of the cell and changes
swimming direction by regulating the beating of its
two cilia (flagella), exhibiting photobehaviors such as
phototaxis (change of direction toward the light
source or against it) and photoshock response (brief
backward swimming). These responses occur within 1
second after photosensing, and thus provides a good
model of photobehavior in organisms. In our
laboratory, using C. reinhardtii and other swimming
molecular

microalgae, we aim to clarify the

mechanisms and physiological significance of
photobehaviors.
This year, we worked on the unconscious
domestication on Chlamydomonas. Chlamydomonas
has long been used as a model organism in a wide
range of research fields. In particular, a strain isolated
in Massachusetts, USA, in 1945 has been continuously
maintained through serial subculture and is regarded
worldwide as a "wild-type” strain. In recent years,
however, it has been pointed out that experimental
organisms maintained in laboratories over long

periods may acquire traits that differ from those of
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organisms in the wild. This phenomenon is known as

“unconscious domestication” and is considered

problematic when evaluating the physiological
significance of phenotypes observed in experimental
organisms. We believe that this issue may also apply
to the photobehavioral traits that are the focus of our
research.

Therefore, this year, to examine unconscious
domestication in Chlamydomonas, our laboratory
conducted comparative phenotypic analyses of two
Chlamydomonas species from three perspectives: (1)
ciliary beat frequency, (2) cell growth rate, and (3)
photosynthetic activity. The first species was
Chlamydomonas reinhardtii, a model species used
worldwide. We compared the reference strain
collected in 1945 with a laboratory strain collected in
2006. The second species was Chlamydomonas incerta,
for which we compared a strain collected from Shobu
Pond on the university campus in May 2025 (Fig. 2)
with a laboratory strain of the same species collected
in 1996.

C. incerta (Fig. 3) was isolated from Shobu Pond
using a plankton net. Green algae that passed two
screening criteria—"showing phototaxis toward green
light” and "growing in medium for Chlamydomonas"—
were then identified by sequencing PCR products
corresponding to the ITS region of rDNA. In C
reinhardtii, although some parameters among (1), (2),
and (3) showed significant differences between strains,
no clear trend was observed that correlated with the
length of laboratory maintenance.

In C. incerta, no significant differences were
observed in (1) ciliary beat frequency or (3)
photosynthetic activity. However, for (2) cell growth
rate, the 1996 strain showed a higher growth rate and
reached a higher final cell density than the Shobu
Pond strain. These results suggest that the 1996 strain
may have adapted to the culture medium used in the
laboratory, effects of

possibly reflecting the

domestication.
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