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

Hyaluronan and its Application to Anti-aging Technologies

Biosynthetic Process
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 (GlcNAc) and glucuronic acid (GlcUA)
are linked together by alternating B-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 potential. Our future challenge is therefore
to understand the entire mechanism of HA biosynthesis and
apply this knowledge to developing innovative anti-aging

technologies.

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
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eradication of cancer has become a social mission.
Although it is that

proliferation leads to the development of cancers, the

well known uncontrolled cell

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
the

conversion of cancer cells to cancer stem cells occurred at

Our previous studies have demonstrated that
a high rate in a breast cancer mouse model with a high HA
production ability. We further investigated glucose (Glc)
metabolism in HA-overproducing cancer cells by stable
isotope and mass 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
intermediate, fructose-6-phosphate (Fru-6P), in the HBP
GDP-Mannose  (Man)
respectively. UDP-GIcUA is made by three-step reactions:

novo from a common glycolytic

and biosynthetic  pathway,

conversion of glucose-6-phosphate (Glc-6P) into glucose-
1-phosphate (Glc-1P); conversion of Glc-1P into UDP-Glc;
and oxidation of UDP-Glc. HPLC analysis revealed that
HA-overproducing breast reduced

cancer cells have

amounts of nucleotide sugars such as UDP-GlIcNAc¢, 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, we
have shown that partial inhibition of N-glycosylation by
low-dose tunicamycin causes characteristic changes in the
N-glycan structural patterns of proteins and promotes
cancer stemness.

We are currently investigating the effects of various Glc
metabolism inhibitors on both cancer stemness and
anticancer drug resistance to elucidate the mechanism by

which HA hyperproduction modulates cancer stemness.

4. WX, EEGE

Iwamoto S, Kobayashi T, Hanamatsu H, Yokota I, Teranishi Y,
Iwamoto A, Kitagawa M, Ashida S, Sakurai A, Matsuo S,
Myokan Y, Sugimoto A, Ushioda R, Nagata K, Gotoh N,
Nakajima K, Nishikaze T, Furukawa JI, Itano N. Tolerable
glycometabolic stress boosts cancer cell resilience through

altered N-glycosylation and Notch signaling activation. Cell
Death Dis. 15(1):53 (2024). doi: 10.1038/s41419-024-06432-z.
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Laboratory of Molecular and Cellular Biology
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BIWTL . /INHAE DS A R L ~DPEH AL . o V8
mEEBICBOWTEEREFAZRIZLTCNAI LA AL
(R. Ushioda et al., Science, 2008; M. Hagiwara et al., Mol. Cell,
2011; R. Ushioda et al., Mol. Biol.Cell, 2013, K. Uegaki et al.,
Cell Rep., 2023)

EBIZ ERdj5 /MRS FICEES DAL T DR T
SERCA2b BILUIILT T AAF T3V 1P3 ZHEOY
NI ARG % B & ORITIEMETHRAEL , HEERER AT
HZET/IMAEA~D AN T KRN Z T L NMaED v



DU LENREICH B A 5 2 TV 2 E B BT (R
Ushioda et al., Proc. Natl. Acad. Sci. U S A,. 2016, S. Fujii et
al., Proc. Natl. Acad. Sci. U S A,. 2016), ¥7-, ERdj5 D /K1H
WSV AN DIINT T DA AR F SR E, Ihas R
VT OREK AL EREIFTIEEHALNICLE (R
Yaamashita et al., Sci. Rep., 2021) ,

SIHITH & X, R T2 L C/MadiE ci#sE ERplS8
DHEghAF L BT HI LR R LTz, /MR AREOH S
A DEEENIARFR ENZ N ORBIR TH 7273, ERpl8
WXHENA A S AT A2 L T LK SR O S fRIEPE A FF
DZLEALINILTZ, ERplS (CXD/MEEDBEERLKFE Sy
FETEEIT , /NEEN ST A R N~ D EE LK R DI E
BE | b AN RAAR T 52 & TRl LOME KD E AL
(25 B% 5.2 52 030D 7= (C. Tsutsumi et al., Cell Rep.,
2024),

Al M7 N—T1E MR N BT A E MG D)
D& R Z % L U7z (In preparation) , 7 V2 F 213/
ENORRARETCERE AR L, AV T ARG OB H
URTEOMEEHIZBWTRORREEE RS 57T
HDHR, ORI REORHThH o7, RARITED,
AN TE VD 43 1 FAR VB - 22 BRI - 7=, BITE,
ZOWIEROBREMENT A D DL EH I, KIGHEA Ao E
HLE RS BR OFEST IR B L CEY, Cryo-EM (2L D% i fiF
HHich & FarRe7e iRl 2 M 2 7, Eio, a7 A IRy — L%
e ATl 5 M O 1E SRR R OREERICH ERVIA Th
V., ShOREBRBHIGFSND,

AT /AR A RN ARRE BT D -2l g & L

T AN AR —ATF6 OIEMALD/INAKA DL Ry 72
WRIBICEAEL THRIEEL TWAZ 2N LE (X 1.,
Under revision) , ZiU L, /NEEARN RSB BV Ry 7 R0
LR T A= %I U TR HIEIS L T D I L 2R
HLOTHY  IMUKEDT BT F AZ ALV Ry I AB LD
B B e R o E R R THD,
SHI, IMERIZIBIT DEBLO X /G VB P R A
FEL, ol iiE R o X L I E OB L3 RIZI TS
2SS &L T OB EEN R IR S TV D (Under
revision) , ZAUZEY | /NEEN O R TS SRR ICBI 5
Fl-7emAAELI-BL, 7 a7 A AL A DOHERITE T 5
ZERHIEND,

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:
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1. LRI RFI#HE LI AL A2 —ATF6 DiEMEILEE

Maintenance of ER homeostasis through the crosstalk among
Protein Quality Control, Redox regulation, and Ca’* flux. We
identified ERdj5 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 ERd;5 cleaves the disulfide bond of SERCA2b,
a Ca?" pump on the ER membrane, and regulates its function.
Additionally, ERdj5 senses the Ca?* 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 Ca’" homeostasis in the ER (R.
Ushioda et al., Proc. Natl. Acad. Sci. U § A., 2016).

Here, we focused on the control of the Ca?* 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 Ca?" by SERCA2b. Then, we
found that the reductase ERdj5 affects the Ca®" release activity
of the IP3R (S. Fujii et al., Proc. Natl. Acad. Sci. U S A. 2023) .
Additionally,

mitochondrial

we found that ERdj5 deficiency causes
fragmentation due Ca®*

disruption (R. Yamashita et al., Sci. Rep., 2021) . It was

to homeostatic
clarified that redox regulation by ERdj5 is involved in the
uptake and release of calcium ions 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 Erol and utilizes the
electrons transferred to Erol through oxidative folding to
supply the 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
within the ER lumen has largely remained unclear, our findings
reveal that ERp18 acquires hydrogen peroxide decomposition
activity upon binding to zinc ions. This hydrogen peroxide
decomposition activity of ERp18 in the ER 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).

Our group has identified the first transporter responsible for
supplying glutathione to the ER, uncovering a previously
the

environment within the ER (In preparation). We have also

unknown molecular basis for maintaining redox
established a high-purity purification system suitable for
structural analysis by cryo-electron microscopy (Cryo-EM) and
are developing a proteoliposome-based assay system for
quantitative evaluation of its transport activity. In addition, we
revealed that the ER stress sensor ATF6 is activated through
redox-dependent regulation mediated by ERdj5S, PDIR, and
ERp18 (Fig.1, Under revision), providing new insight into the
tight interplay between ER proteostasis and the redox
environment. Furthermore, we identified a novel protein quality
control structure within the ER, which appears to function as a
spatial platform for the selective degradation of misfolded
proteins (Under revision), offering a new perspective for

advancing research in proteostasis.
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Ryo Ushioda : Mechanism for maintaining ER calcium ion
homeostasis through redox regulation, EMBO Workshop [ The
endoplasmic reticulum - guardian of cellular homeostasis |, Italia,
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Laboratory of BIOCHEMISTRY
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Prof. Toshiya Endo, Ph. D.
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3. Research projects and annual reports
Identification of the factors involved in mitochondrial
DNA (mtDNA) maintenance

Mitochondrial proteostasis is maintained through the

coordinated function of proteins encoded by both the
nuclear and mitochondrial genomes. In 2023, our
laboratory determined the cryo-EM structure of yeast porin
(Porl in yeast; VDAC in humans), a transporter of small
molecules and ions across the mitochondrial outer
membrane. The determined structure showed that Porl
forms a homo-hexameric structure on the mitochondrial
membrane (below, manuscript under revision). By
generating a series of Porl mutants with amino-acid
substitution at residues involved in the protomer-interfaces,
we identified one interesting mutant that rapidly lost
mitochondrial DNA (mtDNA).

strain, we performed a genetic screen for deletion strains

By using this mutant porl

lacking genes for yeast known nuclease-related proteins
that could suppress mtDNA loss in the por]l mutant strain.
This screen allowed us to identify seven genes, including
YME?2, which has previously been implicated in mtDNA
maintenance. Most of these factors are localized in

mitochondria, and four have human homologs.
Furthermore, deletion of these factors in the porl mutant
led to the accumulation of mtDNA within mitochondria.

These findings may offer a starting point to elucidate the

mechanisms underlying mtDNA  maintenance and
regulation, which are essential for mitochondrial
proteostasis.

Re-routing pathway for mislocalized mitochondrial

Tail-anchored (TA) membrane proteins mislocalized to
mitochondria are extracted by the mitochondrial outer
membrane AAA-ATPase Mspl and redirected to the
endoplasmic reticulum (ER), where they are subjected to
quality control processes. Conversely, deletion of the ER-
resident ATPase Spfl causes mislocalization of many
mitochondrial outer membrane TA proteins, as well as a
subset of N-anchored (NA) proteins, to the ER. Upon re-
expression of Spfl, these mislocalized proteins are
relocated to mitochondria. Using a promoter-switch system,
we found that newly synthesized mitochondrial outer
membrane NA proteins, such as Mspl, initially mislocalize
to the ER regardless of the presence of Spfl. In the presence
of Spfl, however, Mspl is relocated to mitochondria,
whereas in its absence, Mspl stays in the ER. This
mislocalization to the ER does not require the signal
recognition particle (SRP) pathway, which is typically
essential for the ER targeting of nascent NA proteins. When
glycosylation tags were attached to the mislocalized NA
proteins, they became glycosylated, indicating not only ER
targeting but also translocation across the ER membrane
into the lumen, presumably via the SEC61 complex. We are
currently investigating the factors that mediate the re-
routing of mislocalized single-pass membrane proteins to
Spfl-mediated

mitochondria in coordination with

extraction
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Matsumoto S, Ono S, Endo T.
trafficking between mitochondria and the endoplasmic
reticulum by fluorescence microscopy. Methods
Enzymol 707, 153-171 (2024) (ed. Nils Wiedemann,
Review)

Matsumoto S, Kogure Y, Ono S, Numata T, Endo T. Mspl

and Pex19-Pex3 cooperate to achieve correct localization

Analysis of protein

of Pex15 to peroxisomes. FEBS J. online published
(2025)

Endo T, Wiedemann N. Mechanisms and pathways of
mitochondrial protein transport. Nat. Rev. Mol. Cell Biol.
in press. (2025) (Review)
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Research projects and annual reports

We investigate the mechanisms of developing
emotiona memory in the hippocampus-amygdaa
connections and the acquisition of neura 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, leep 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 isto 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.

Amygdaakindling model mice are analogous to
secondarily generalized complex partia seizures and a
model of temporal lobe epilepsy in humans, showing
abnormal neura 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 aong with neura
epileptogenesis. The administration of the hormoneinto the

circuits  during

hippocampus markedly enhanced the progression of
kindling. We performed the infusion tests of growth
hormone and its receptor antagonist. It showed that the
expression of Arc mRNA was strongly correlated with

25

locomotor activity and that the correlation completely
distinguished among vehicle, growth hormone, and the
receptor antagonist groups. This year, we found that when
epileptic seizures continue for more than 20 days, blood
glucose levels increase just after epileptic seizures, and
brain and adiposetissue weightsincrease daily. We are now
trying to determine why the amygdala stimulation induced
hyperglycemia.

Second, we previoudy demonstrated that the
siayltransferase ST3Ga4 was upregulated within the
neura circuits during epileptogenesis. In contrast, that
kindling stimulation recently failed to evoke epileptic
seizures in St3gall4 deficient mice. On the other hand, the
deficient mice showed anxiety, depression, and REM sleep
disorders.

The deficient mice also exhibited reduced auditory
prepulse inhibition. While the thalamic neurons express
St3gal4 in response to stimuli, the loss of St3gal4 may
affect dopamine and serotonin receptor in the cerebral
cortex via the thalamo-cortica circuit. In 2024, we
discovered that St3gal4 knockout mice exhibit impaired
axonal projections of GABAergic neurons to the thalamic
anterior nucleus. The absence of ST3GAL4 prevents the
development of axonal projections that typically mature by
postnatal day 20. Using adeno-associated virus (AAV)
vectors, we established a system to visualize these neural
pathways. In 2025, we aim to investigate changesin neura
circuits focused on GABAergic axona projections,
particularly structural plasticity in the thalamocortical
circuit.

In a 2024 peer-reviewed study, we demonstrated that
elevated blood AL Plevelsin St3gal4 knockout mice exhibit
a negative correlation with reduced ALP activity in the
thalamus and a positive correlation with increased freezing
behavior in fear conditioning tests. These findings suggest
that St3gal4 deficiency disrupts ALP localization/function,
potentially driving emotional behaviora phenotypes.

Third, we investigate the mechanisms of
neuropsychiatric disorders and their metabolic correlations.
Tempora lobe epilepsy and depression-anxiety cause
plastic changes in neuronal circuits, mainly in the limbic
system. Therefore, it suggested that metabolic changes via
the limbic system's hypothalamus will occur. Then, we
developed the diagnostic procedure for anxiety and
depression involving the limbic system, which is associated
with metabolism. So far, we have found anxiety and



depression biomarkers in mice and human or temporal lobe
epilepsy biomarkers.

In 2024, we identified ten VOC biomarkers from 68
sarcopenia patients and 71 age-matched healthy controls,
with support from JST, and applied for an international
patent as well as publishing a peer-reviewed article. Our
human studies have been conducted through participation
in the "Otassha Kenshin" health checkup program at the
Tokyo Metropolitan Institute of Gerontology, where urine
samples were provided. Moving forward, we intend to
clarify the metabolic pathways of these VOC markers and

to trandate our research findings into real-world
applications.
4
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3. Research projects and annual reports

A wide variety of microorganisms colonize the interior
of plants, many of which establish symbiotic rather than
pathogenic relationships with their hosts. Microbes such
as bacteria and fungi have been isolated from numerous
plant species and are known to promote growth, enhance
resistance to pathogens, and improve tolerance to abiotic
stresses like drought and salinity. These beneficial
microbes are gaining attention for their potential in

sustainable agriculture, with ongoing research into their



application as microbial inoculants. Among these

interactions, the rhizobium-legume symbiosis is a

well-characterized model. Rhizobia form nodules on
legume roots and fix atmospheric nitrogen, supplying it
to the host plant while contributing to soil nitrogen
cycling. Our research focuses on understanding the
molecular basis of this symbiosis, particularly the genes
and signaling pathways involved in its establishment,
and the diversity of symbiosis-related genomic regions
acquired via horizontal gene transfer. In this year, we
pursued two main objectives: (1) elucidating the factors
required for nodule symbiosis establishment, and (2)
the

horizontally acquired DNA in rhizobial genomes.

analyzing diversification and evolution of
As part of this work, we investigated rhizobia isolated
from Desmodium paniculatum. Strains were classified
based on ITS and nifH sequences, and their symbiotic
All  tested

successfully formed nodules and promoted shoot growth

performance was evaluated. strains
in D.paniculatum, but notable differences in nodule
number and growth effects were observed among strains.
For example, strains Dpnl, Dpn2, and Dpn3—despite
having identical ITS and nifH sequences—showed
significantly different growth-promotion effects (Dpnl <
Dpn2 < Dpn3), suggesting that functional diversity can
exist even among closely related strains. Furthermore,
two additional strains (B02 and B39) from distinct
phylogenetic clusters exhibited even higher symbiotic
effectiveness, indicating that strains from genetically
divergent groups may possess superior symbiotic traits.
We also assessed the host specificity of D.paniculatum
derived rhizobia by inoculating them into Glycine max
(soybean) and Lotus japonicus. Some strains clustered
with Bradyrhizobium elkanii based on ITS and nifH
phylogeny, but showed poor nodule formation, low
nitrogenase activity, and no significant promotion of
shoot growth in either host. These findings highlight the
high degree of host specificity among D.paniculatum
associated rhizobia and the existence of functional
diversity even within the same phylogenetic lineage.
Additionally, two strains from D.paniculatum were
identified as genetically identical (ITS and nifH) to the
B.elkanii related soybean strain HK4-10, which belongs
to a subcluster distinct from the main B.elkanii lineage.
These strains failed to form effective symbioses with

soybean, likely due to incompatibility linked to the

28

soybean Rj genotype and Dbacterial symbiosis
suppressing factors. However, when inoculated into
D.paniculatum, these same strains exhibited effective
nodulation and nitrogen fixation, with growth-promotion
effects comparable to HK4-10. These results suggest the
presence of host-specific symbiotic control mechanisms
and provide a basis for further investigation into the

molecular determinants of host compatibility.
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3. Research projects and annual reports

This year, in order to clarify the adverse effects of
abnormal execution of cell extrusion on living
organisms, we conducted experiments using
mammalian cultured cells and found that inhibition of



extracellular vesicle formation, which plays an
essential role in cell extrusion, impeded its rapid
execution and strongly suggested that this leads to
disruption of the barrier function normally maintained
by the orderly architecture of the epithelial layer. In
addition, detailed live-imaging analysis of cell
extrusion in vivo (Drosophila) revealed that extruding
cells formed numerous radial protrusions at the
interface with the extracellular matrix. We are currently
examining the possibility that these protrusive
structures play a role in the execution of cell extrusion.
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Laboratory of Population Genetics
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We focused on the maintenance mechanisms of DNA
variation in Plant species. We are interested in the 5. 2oRRLGE
following four topics. 1, Tvhra b T rARY v Tallldkr ba X770
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1) Evolutionary process of Centromere regions
Alexandros Bousios. Estela Perez—-Roman. [ U

Centromere 1is an important area for accurate
chromosome segregation but is also one of the fastest K. Basile Leduque, B #3. Matthew Naish,

evolving regions in the genome. By using Arabidopsis BB ok, Em E. % . Alejandro Edera,
relatives, we are analyzing evolutionar attern of [N ) . , -
yne y P HAK SR, Juliarni, MfE Hix, NE EF

¥ 52—, Zdravko Lorkovié, Elf 752, Fredéric

centromeric sequences. We found novel repeat from

Turritis glabra with no homology to previously known

centromeric repeat from any species. 7. galbra also has Berger.{i[i% H3.Leandro Quadrana. lan Henderson,
very complicated repeat structure with chromosome B Ytk — 2 g w7 209511 K
— BOS .
specificities.
ﬁ:}

2) Patterns of Transposable Element Evolution

Transposon families with an integration specificity to 6. TDHAFELEIR

the centromere region were characterized in

Brassicaceae species and their evolutionary patterns 1) FHMEE)
were analyzed. In Arabidopsis thaliana and A. lyrata, we Genetica: %A
identified an amino acid change that caused loss of BMC Plant Biology : itk % &
centromere targeting in ALE family transposon In Plants: fii % B

several Brassicaceae species, we found different types of HA#IG R A

subgroups in the centromere region and in the other
regions. We believe that further analysis of different 2) Toft 2L
species will allow us to verify how transposons of the
same family maintain centromere specificity and how

they have evolved.
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Laboratory of Neuroglycobiology
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3. Research projects and annual reports

The addition of glycans to proteins is a crucial post-
translational modification within cells. Our research
focuses on O-linked carbohydrate chains, specifically
mucin-type carbohydrates. These glycans play essential
roles in various cellular processes. The biosynthesis of
mucin-type glycans is initiated by a group of enzymes
UDP-GalNAc: N-

acetylgalactosaminyltransferases (GalNAc-Ts). In humans,

known as polypeptide
this enzyme family consists of 20 different isozymes.
To gain insight into the functions of mucin-type glycans
during neural differentiation, we have conducted extensive
analyses of brain-specific GalNAc-Ts. Specifically, we
isolated the Galnt9 and Galnt17 genes. Using these genes,
we are generating a mutant P19 cell line - an embryonic
carcinoma cell line capable of differentiating into neural

cells. Our ongoing work involves examining the roles of
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Galnt9 and Galntl7 mutants during neural differentiation

processes.
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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

Several visceral organs are
development, the visceral organs are L-R symmetrically
initiated, and then their shape is 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 transcriptional mechanisms of
the genes that are asymmetrically expressed using
mutant and transgenic mice.

LR1 is an extracellular matrix protein and is L-R
asymmetrically expressed in the mouse embryo. The LRI
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 Shmt2 in the
(Escande-Beillard N. et al., 2020). The SAimt2 KO mouse
is embryonic lethal, suggesting Shmt2 is essential for
We the

mechanisms of the symptoms in these KO mice using

regulates mouse  brain

mouse embryogenesis. want to clarify

mutant and transgenic mice.

1) LRI mutant mouse.

LRI mutant mice have L-R defects, while some of its
homozygotes are embryonic lethal at E6 ~ E7. We had
found the cell proliferating defect in the LR/ KO mouse
embryos. It was suggested that low cell proliferating
causes the abnormal morphology. We guessed that the
abnormal morphology is transiently arisen in wild-type
embryos too, which is recovered by LR1 regulating the

cell proliferation. To verify this hypothesis, we gave the
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stress to pregnant mice, which was bred with low protein
feed, and analyzed the morphology of their embryos.

We also found that LR/ KO mice showed a low ongoing
pregnancy rates after the implantation. We analyzed the
uterus of LRI/ KO mice after the implantation. However,
we could not detect the histological defects in their

uterus.

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

Several visceral organs are L-R asymmetrically formed.
We thought 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 that governs L-R asymmetric morphogenesis
in visceral organs is asymmetrically expressed in the
liver before birth. This year, we analyzed which cells
express these genes and how Pitx2 regulates the

asymmetric expression of amino acid metabolism genes.

3) Pycr2 KO mouse.

Pycr2 is an enzyme for proline biosynthesis. We had
found by blood biochemical tests that Pycr2 KO mice
might have the kidney defects. This year, we analyzed
Pycr2 KO mouse urine and searched for the histological
defects in the renal tubule of the Pycr2 KO mouse kidney.
However, Pycr2 KO mouse urine was normal, and we
could not detect any defect in the renal tubule of the
Pycr2 KO mouse. We revealed the expression pattern of
Pycr2 in the mouse kidney. Pycr2 is expressed in the
Bowman capsule, the renal tubule, and collecting duct.

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,
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 searched for
the defects of some molecules composing basement

membrane. As a result, it was shown that the laminin is



normal, whereas the collagen is abnormal, in the Pycr2
KO mice.

ifﬁ%ﬁ‘(i—y«w—f/u, 2024. 58, 994-998
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Currently, outbreaks of highly pathogenic avian influenza
and other emerging and re-emerging diseases have caused
serious economic and social disturbances worldwide. The
H5N1 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 among
domestic poultry worldwide. In addition, avian influenza
viruses of subtypes other than H5, which are infectious to
humans, are emerging. Controlling these infections is the
most important. Our research is focused on:

1: The evolution and spread mechanism of pathogens such
as avian influenza virus in nature.

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

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

Highly pathogenic avian influenza viruses are spreading
worldwide, with approximately 226 cases reported in wild
birds across Japan this season. This figure is almost the
same as the 242 cases reported two years ago. In addition,
51 cases of infection have been confirmed in domestic
poultry, and approximately 10 million birds have been
culled. This figure was close to the record high level of two
years ago. In our domestic surveillance, the highly
pathogenic H5SN1 subtype virus was isolated in a goshawk
in Nagano Prefecture. One of the characteristics of this
season is that infections in sea birds were confirmed in
eastern Hokkaido from late March. These infections caused
the deaths of marine mammals, including seals and sea
otters. There are concerns about the possibility of human
infection, but so far, no mutations related to human
infection have been confirmed. Since the highly pathogenic
avian influenza viruses are expected to enter Japan by wild
birds in the coming year, it is important to continue
monitoring the status of wild birds carrying the virus.

Analysis of mammalian adaptation of the HON2 subtype
avian influenza virus, which is thought to be involved in the
outbreak of the pandemic, suggests that the PB2-195

mutation promotes replication in the mouse brain and



enhances viral polymerase activity. PB2-195 may be an

important active site. Further detailed analysis is ongoing.
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3. Research projects and annual reports

The cadastral survey of honey plant resources in the Altyn Solok
Nature Reserve in the Urals, Russia.

The cadastral survey of honey plant resources entails a
thorough assessment of nectar plant flora, covering
quantitative, qualitative, and territorial aspects, alongside
economic evaluation. Our research aimed to conduct such
a survey within the Altyn Solok Nature Reserve. Modern
beekeeping prioritizes exploring nectar-bearing potential
and species diversity among wild growing woody, shrubby,
and herbaceous nectar-bearing plants in protected
conservation areas with minimal human intervention. These
natural biocenoses contrast sharply with modern
agrocenoses, optimized for crop productivity but often
lacking the diversity of nectar bearing plants crucial for
sustainable bee colony development and survival.
stable feral

biocenoses can guide the creation of an agricultural

Investigating nectar bearing flora in
environment tailored for optimized honey bee breeding. In
the Altyn Solok Nature Reserve, the linden tree (Tilia
cordata) stands out as the dominant nectar plant,
contributing to 91% of all nectar production. The Nature
Reserve hosts a diverse array of nectar plants, including 18
tree species, 23 bush species, and 210 herb species.
Determining the optimal number of honey bee (A. m.
mellifera) colonies in the region revealed that managing
approximately 8,109 colonies (increasing tenfold from the
current 800

colonies) would maximize beekeeping

efficiency while preserving the reserve’s ecological
integrity. This calculation considers available nectar plant
resources and aims to ensure sustainable beekeeping
practices. Only 30% of the maximum possible nectar-
producing potential of honey plants is used to calculate the
number of bee colonies. The remaining 70% of the nectar is
inaccessible to bees since it is consumed by insects of other

species living in parts of the reserve inaccessible to bees.
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3. Research projects and annual reports

We have been studying the mechanisms of body axis
fish,
zebrafish (Danio rerio) and medaka (Oryzias latipes).
Small fish
developmental genetics and experimental embryology

formation and organogenesis using small

are model vertebrates suitable for

because of the large number of mutants, and the ease of
genetic and embryonic manipulation. Currently, we are

focusing on left-right axis formation, somite

differentiation, and otolith formation. We are also
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collaborating on the Medaka Genome Project to study
the genome evolution of vertebrates, and on the
epigenetic changes during development and in response
to environmental stimuli.

I was appointed in April 2023 and began the following
new research projects.
*Left-right asymmetry formation by secreted signaling
proteins
*Mechanism of otolith formation using #a mutants

Evolutionary diversity of somite-derived cell types

The results of the above new projects have not yet been
obtained. Instead, we have published the following
results of our previous genomics and
epigenomics-related studies in medaka fish.

+ A Complete picture of the dynamics of histone
modifications during epigenetic reprogramming in
medaka embryos

+ Identifying candidate epigenetic memories for
nutritional stimuli

Establishment of an experimental system to study the
effects of maternal nutritional environment on the next

generation
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Hiroyuki Takeda. Towards understanding the
epigenetic regulation of vertebrate early development —
fish as a model. Asian Conference on Fish Models for
Diseases, 17 - 20 February, 2025. Bangkok, Thailand.
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Centennial Symposium, 16 - 19 September 2024, Freiburg,
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Takafumi Ikeda, Toru Kawanishi, Hiroyuki Takeda.
Extracellular behavior of Nodal and Dand5 proteins
secreted from the left-right organizer during left-right
pattern  formation.  Spemann-Mangold Centennial
Symposium, 16 - 19 September 2024, Freiburg, Germany.
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Extracellular interplay of Nodal and Dand5 proteins
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early development in non-mammalian vertebrates. Cold
Spring Harbor Asia meeting for Chromatin, Epigenetics
& Transcription, May 13 -17, 2024, Suzhou, China.
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Figure 1. Regulation of smooth muscle contractility by
cholinergic nerves
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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 and 2)

pathophysiology of diseases associated with smooth

regulate smooth muscle contractility,

muscle abnormality.

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

Under normal conditions, intracellular concentration of
Ca?" ([Ca®']i) is kept very low (less than 100 nM). When
cells are stimulated, the [Ca®']; is increased, resulting in
cellular such as contraction,

various responses

proliferation, migration, cell death and release of
neurotransmitters etc.. The increase in [Ca?']i 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
and to elucidate and

channels physiological

pathophysiological roles of them.

Annual Reports:

The contractility of smooth muscle changes in response
to mechanical stretch caused by luminal contents in the
gastrointestinal tract, mediated by mechanosensitive ion
channels. Mechanosensitive ion channels are expressed
on smooth muscles and intrinsic neurons in the
gastrointestinal tracts. However, the molecular identity
of these channels and their physiological roles in
regulating gastrointestinal motility remain unclear. This
study aimed to elucidate the roles of Piezol channels,
which have been identified as a new class of
mechanosensitive nonselective cationic channels, in the

regulation of gastrointestinal motility. Our previous

46

studies demonstrated that activation of Piezol channels
expressed in the interstitial cells of Cajal (ICCs) can
potentiate ileal smooth muscle contraction. This year, we
the

mechanisms downstream of Piezol channel activation

specifically investigated signal  transduction

involved in this excitatory modulation.
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3. Research projects and annual reports
Since our discovery of Bacillus subtilis MifM,
the activity of the YidC-mediated

membrane insertion pathway, we have been interested in

which monitors

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
As

introduced above, our interests are also focused more

maintain the capacity of membrane protein biogenesis.

generally on the mechanisms of protein localization and
the

undergo

where nascent
with  the

machineries of translation, targeting and translocation. We

biogenesis, biological processes

substrates dynamic interactions
envision that our research activities should ultimately lead
to the development of a new research area that might be
called which

understanding the still hidden principle of the central

“nascent chain biology”, aims at
dogma of gene expression, where nascent chains are likely

to play key roles.

This year’s accomplishments
(1) Identification and Analysis of Novel Translation Arrest

Peptides
Translation arrest peptides (APs) function cotranslationally

as nascent polypeptide chains. Recently, we conducted a
comprehensive search for APs across over 30,000 bacterial

genomes and identified nearly 20 novel APs. This screening
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revealed that many arrest motifs shared common sequences,
such as RAPP or RGPP. Based on this finding, we further
searched for proteins containing RAPP-like motifs to
identify additional AP candidates and further identified
more than 10 novel APs. Notably, whereas most previously
known APs are encoded upstream of genes involved in
protein localization, many of the newly identified APs were
located upstream of a wide variety of genes unrelated to
localization pathways, suggesting their broader range of

biological functions.

(2) Identification and Functional Characterization of the

Translation Quality Control Factor YImH

Ribosome stalling on mRNAs due to aberrant translation

can impair ribosome recycling and reduce overall
translation capacity. To counteract this, cells utilize
ribosome quality control (RQC) mechanisms that resolve
stalled ribosomes. Using transposon sequencing (TnSeq)
and bioinformatics-based approaches, we identified YImH
as a novel RQC factor in Bacillus subtilis. Simultaneous
loss of YImH and trans-translation, another translation
quality control mechanism, caused synthetic growth defects.
Biochemical and structural analyses in collaboration with
the Hauryliuk lab (Sweden) and the Wilson lab (Germany)
confirmed that YImH binds to the 50S subunit in complex
with RqcH, a known RQC component. Furthermore, a
reporter assay developed by the Buskirk group (USA)
showed that YlmH functions as an RQC factor and can

substitute for the function of RqcP, a YImH homolog.

(3) Translation Facilitation of Translation-impeding

sequences by ABCF Family Proteins

EF-P is a well-characterized trans-acting factor that
facilitates the translation of polyproline sequences, which
are difficult for the ribosome to synthesize. In this study,
we found that members of the ABCF protein family also
promote the translation of translation-impeding sequences.
Specifically, we found that the double deletion of efp
(encoding EF-P) and yfmR (encoding an ABCF protein)
results in synthetic growth defects in Bacillus subtilis.
YfmR promoted the translation of sequences containing
alternating proline and aspartic acid residues. In addition,
another ABCF protein, YkpA, was found to enhance the
translation of sequences composed of consecutive acidic or
basic amino acids. These observations revealed the role of

ABCEF proteins in ensuring efficient translation.
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T AP YRV T DN ZEEFDTH LML
Teo THUS ADP U R ALER DIIZEN D £ D5yFH%
Wl -> CT&E MR, £72E b PARP 72 K04y R IX
AHZRRDB L K DFVIIFEE DB RO TN D,
HEIZ DNA @D ADP U AR T /uAkid DarT-DarG @ k% o7 v
F R R DORERED Tvan Ahel 2L WA SNV IE
HEHOTWD, MAWI &2, ZOHIEORRIT
SCARP-7 7 = VAR EF U TH D Z e NbroTE T
(Toxins (Basel) 2024) .

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: Ia, an ADP-
ribosyltransferase, and Ib, which is involved in binding to the cell and
translocation of Ia across the cell membrane. We have reported the
cryo-EM structures of the translocation channel Ib-pore and its
complex with Ia (Nat Struct & Mol Biol., 2020). Furthermore, we
reported binary CDT (CDTa and CDTDb) toxin complex from the most

clinically important bacterium Clostridioides difficile (formerly
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Clostridium) (Nature communications, 2022). These studies revealed
the dynamic 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.

(2) We are interested in the specificity of ADP-ribosyltransferase
(ART). We have revealed the complex structures of Ia-actin, C3-
RhoA, and ScARP-guanine for the last ten years. From these
structures, we understood they all use the ARTT-loop in common.
Furthermore, we consider this a common substrate recognition
mechanism for all ARTs, all protein/amino acid-target and DNA/base-
target ARTs. However, the specificity of human PARPs, which belong
to a different group of ART, is still an open question. We summarized
the review of ART and published as special issue, ADP-Ribosylation
and Beyond (Toxins (Basel) 2024).
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1. HIEHME
SVVIRE, 43RS O R RITAT B T D N E T
HY, MK TE R A RSN H o B EZ T, bE

FOHRIR L DA IR T F RH DO UMW 228 DER 21TV,

VY — DM 72 8 B RN U T B LR %55
BEREZHH > TS, VIR OIFIELHEREIL, BLANHRL OB
FERRAAEW D, ZHIROMEY) - B ETIZEALE DR
BAWITIRESNL TS, TVUEIE, BHHTY LI
ENHVVIEE " EE TEDLNISROEEY THY, 1T
AL OF BB S T, ROERTR O RS AR
H BT JE R EZ > T D (Fig.l ££) , SHICHEHE
B I, RV TEADEH > TR 0O KA i
B L TV (Fig.l 7). YRR TIL, 2Ok
DOEIET R O 5y 1 Hsfk &, MDA B & O %
HIgL CHF R 2D T B,
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Fig. 1 The structure of the Golgi apparatus. (Left) Stacked cisternal
structure. (Right) Ribbon like structure near the nucleus.

IOUIRIE, RN RS L, BRI S ISR
SINTZOBICFHEREIND, ZRETICHE 4 1L, SAVR
DFFIRGY BN GM130 DUz k->THl RISz
EEIALMNIZL T2 (Nakamura et al., Cell 89, p445-, 1997)
Fre—J5, ANVARDOIRAR Gy BT 5 K OEATIZHIED
BE > TWAZELH BN LT (Yoshimura et al., J.
Biol. Chem. 280, p23048-, 2005) , 51, MO /LR
DRSO NE IS T IS ICL TRELTERY, =
NOIROTFHER T, HIREE R CHEIT T mE A2 bsED
T2DOIZEETHDHIE, £2, GMI130 O/X—hF—FL X7
B ThH% GRSASP65S DY RALINZ DTV IARDFEAE AL
ICEETHLHIELHBIMIL TV (Bisel et. al., J. Cell
Biol. 182, p837-, 2008) ,

I DBFIENS, TR OREERHEREDO R ENTI
BANREHETE A BE L T Y A~ —Ji° ALS (5%
i P AR 22 A58 AL ) 7 & D AR 28 1 9 SR A 3B AT R R R,
INVRIZIRAE T 25 0 37 B REDSHI R B R <0 e A 14k
O, T, MRNERIEEROFGICHEELTRY,
INHDH L RIEOBERE R 2D, MROEICREbLT
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LI EDRIR 2 EB DI TE T, 2ROV UIKOHE
EEALRCHEER 2D AEUREBIL, TR &4
S, TOMENEREZED TND (PHGE £E
% 90, p21-, 2018), FEFB ML LB T T 7 v 2k AV
WEFEG, ML ~L, ZUCTREIEL LTI LIRS
GM130, GRASP65, YIPF (Yip domain family) 72 & OHEHE
ZHLNITDHIET, FEOMRRE MR B & DA FELR B
DI BR ORI LB B AR O 58 RS fr S,
2. HIET—~
(1) TWSIMHIREIRGE GM130 DI LTCHEKBE
e Bt S aE

GM130 1FTNVARD cis MNTJRHIETHRAEME 23
JETHY, ANVVEOREEMERICEHEEBIC, TATK
~DE T JHEACITHEREL TV B ZEARIB ST
5, IEEDOF 2 OWFFEND, GM130 28 4 BIKTHY Y Y
LTRID 2 O EE LD ENH LT > TV (Ishida
et al, FEBS J. 282, p2231-, 2015) , 34T 47 Y tatg % 7
FERELIZEZA, Y RINRSHIZBAWT T RIEZRD, s 2
STREA LR RO LB b aB R s
NED R DREER M OZHA GM130 IR & T2/
GTPase Th5 Rabl OFEHR GM130 53 DY ERKIC
FoTEATDNEIDEMITL TS,
(2) JLCHKIZEET DS EEEEIV/NVEH YIPF

DR IEL iR

YIPF Z 2B RETFR 4 A 2003 EICRIELEZI LY
RIZRETDEK RIS @Y 7ERETHY, GMI130
X GRASP65 L FHL TINVIRA~D X 78 JRTESHE
WEHERFIZHERE L CTWH W REME A3 & D, Saccharomyces
cerevisiae 121X, Yiplp, Yiflp, Yip3p, Yipdp D 4D
YIPF 7”fF{EL, —77, Bk YIPF Ti3, YIPF1~6, YIP1B,
YIF1A, YIFIB O9MEMNFEE T D, £7=, Saccaromyces
cerevisiae @ Yiplp 3L Yiflp OFRETT N7 Lo
THEAEIKEZ T2 (Shaik.et al., Frontiers Cell Dev.
Biol. 7, 130-, 2019), th YIPF {%, SFEOIMN LA A
1~3 L, TNEhIT /L Eji (ERGIC), T
(cis-Golgi), T it (medial-, trans-Golgi, TGN) IZ43 )24
TRIELTCND, YIPF O 3 OB EIRNE DXH72505 11
TN IRDBRDENNBEL TODOD, Fe, £
NENOBEERIZE DI R D)%, Bin /v I F T
%, Bis TR, B RBEFRINEREICIVETL
T\,

R
0 —



(3) YIPF ORI -E & AR B ETEE

ZHETIZ, YIPFa V7 2= hOFH R IR 13 I il
SRURELFEAENTEY, ZOZLIE>TH I E 3
BIRHHI SN TWDLZEBRHLNERS TV, — )7,
YIPFa %7 ==>k mRNA ® 3'UTR /L 8 7 ==vFZlt
L TRWIENS, ZOMEEN YIPFa 7 2=y kDX
NOERBUAT NP OEENE R IZ L TOWDIENRIBIN
770 FEBRZ, YIPFalA @ 3'UTR X, X2 0B R B AT
HETHHENRHHE, 2, TOHFIL 3UTR @ 1-1118
RO FICEDIEBABI RS TND, £z, ZOH
B EBE L mRNA LU TIEARSEIER L~ LT
TONTVWAZELRIBEINTWD, (78 7R R
RFRF P B 20 BHE L3R 30, 2022)

DL EofERICE S, BIEIX YIPF o 1A @ 3'UTR 12X
DN IBERBRE O T OFEMA RS TVD, F
72, LD YIPF @ %7 2= MZ O Th R AR O FH Hi A%
MBHDMEIDRATL TS,

3. AEEOHERR
(1) YIPF a2 OS5 S48 O R 4T

YIPF a2 {28\ Th, YIPF a 1A RESICaRN B E S
3UTR IZE S THREI SN T DN E I 24T o712, £7,
YIPF a2 @ 47 BiDFA/Dar s 2ikEan 258 -2
FARZERR L, HEK293 M CREISETL24, X1y
B EITE AT LB L TR 10 fZIcH L 7= (Fig.
2A), —7F, mRNA ElIaRU i bizio Tk L)
Sz, TORERIT, YIPF a2 OFBEN, YIPFa lA L5
TeNZ R EFIRRL L TO AP SN TWAIEE/RL
TV (LA : REET —4),

A YIPFa2 B 3'UTR C 3'UTR
WT Op + -+
200 200+ 8.0
116 116 |
98 98 F 4.0
66 - 66 -
2.0 -
45 - 45 -
-
1.0+
31 4 - 31 - - -
0.5+
21 1 21 1 02+

Fig. 2. YIPFu2 expression is reduced by non-optimal
codons in the coding region and by its 3' UTR sequence.
(A) Wild-type (WT) or codon-optimized (Op) YIPFo2
constructs were expressed in HEK293 cells, and protein
levels were analyzed by western blotting. (B) The YIPFa2 3'
UTR was inserted either directly downstream of the
wild-type YIPFa2 coding region (+) or downstream of the
poly(A) signal as a control (-). Protein expression in HEK293
cells was analyzed by western blotting. (C) The experiment
was performed as in (B), but mRNA levels were analyzed by
northern blotting.
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Wiz, AR O YIPF a2 FIRREIKIC YIPFa2 O
3'UTR (1938bp)Zf+ ML HEK293 flifid CRIES W=D
5, PRI U TE L R7E R B EIXEP AT L i LTl
50%\Z 8 L7z (Fig. 2B) , mRNA EHFEFRE DL~z
W LT =2 e s (Fig. 2C), YIPF o 1A LT H 7D,
YIPE a2 @ 3'UTR | mRNA L~ULTRHEBEZEDSES
HREFEOZENIRBEENT (UARRES . REET —4),

DL EORERIL, YIPF a2 OFRBLA YIPF a 1A LT HE7e
25 THEBECHREI SN TV A I EERL TS, 5 %1,
YIPF 2 @ 3'UTR (Z5% mRNA Z& LM 04y F itk %
"5,

(2) YIPF@1A @ JUTRIZKBHA /N B FHIE = EH#
B O

YIPF o 1A @ 3'UTR OF{ 5643 (1-1118bp) DFHFR L~
JVTDH LRI GF B MESEEIZZS B L, 3'UTR OR(
LIRSS D E DE AP IR L AL S TELE T AT 51T
o7, 3'UTR OHIEE %, S'HHDHOE 3L =430
— RIEEETHD (1-746, 374-1118), BLK, =40 —
DL AN EILT- 0 (1-373, 374-746, 747-1118) %
YEREL, BFZERY YIPF o 1A OFHERIZHRE L T HEK293 i
BRCREIE, avhe— VLB L7225, 1-746 & 1-
373 DA THY RIEFRBEBEOEMABESh, £,
1-373 DL AROAINTIE, mRNA &IZELIZ2h -
7o LT23>C, 3'UTR @ 5' 1-373 OFEIICEIRRL ~L
TOX NI ERBEW IR S DL RB I
(7 EEF B E R FRFEP A B F R
+EC, 2024),

Relative increase

YIPFa1A 3'UTR(2230bp) 0.0 1.0 2.0 3.0
pAsjgnaI
Full T |
1 2230
pAsfgnaI
1-1118 — ]
1 1118
1116-2230 — |
1116 2230
1-746 —> |
i 746
374-1118 I
374 11T18
- I
1-373 —
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374-746 —>-- ]
374 746
747-1118 |

7;7 11T1B

Fig. 3. The YIPFa1A expression enhancer sequence is
located at the 5’ end of the 3’ UTR.  Full-length or
indicated regions of the 3’ UTR were placed either
immediately downstream of the YIPFa1A coding sequence
or downstream of the poly(A) signal as a control.
Expression in HEK293 cells was analyzed by western
blotting and quantified using Imaged. The relative increase
in protein expression compared to the control is shown on
the right.
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4. 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
which

subsequently sorted and directed to their final destinations,

formation of fully modified proteins, are
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
the

physiological significance of this unique organization of

unravel underlying molecular mechanisms and
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 p230438).

During interphase, the Golgi apparatus maintains close

association with the centriole and surrounding microtubules.

This tight interaction enables the continuous reassembly of
the Golgi which the

reorientation of the centriole towards the front of the cells.

apparatus, in turn facilitates
This reorientation is crucial for directed cell movement.
Notably, our investigations have revealed the significance
of GRASP65 phosphorylation the
reorganization of the Golgi apparatus (Bisel et al., J. Cell
Biol. 182 p837).

Recent studies have highlighted the significant role of

in orchestrating

Golgi apparatus disorganization in the development of
neurodegenerative disorders, such as Alzheimer's disease
and amyotrophic lateral sclerosis (ALS). Additionally,
disruptions in the structure and function of the Golgi
apparatus have been associated with the onset and

progression of cancer, as certain Golgi resident proteins
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crucial roles in cytoskeletal regulation, cell

play
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 GM 130 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 Rabl, a
small GTPase, and GM130 phosphorylation.
(2) Analysis of the Function and Localization

Mechanism of YIPF Proteins

YIPF proteins comprise a family of multi-span
transmembrane proteins that localize to the Golgi apparatus.
These proteins are predicted to interact with GM130 and/or
GRASP65 and are suggested to be involved in maintaining
Golgi structure. In Saccharomyces cerevisiae, there are four
family members (Yiplp, Yiflp, Yip4p, Yip5Sp), while in
humans, there are nine family members (YIPF1~6, YIP1B,
YIF1A, YIF1B). In human cells, there are three distinct
complexes that localize to different sub-compartments of
the Golgi apparatus: complex 1 localizes to the early Golgi
(ERGIC), complex 2 localizes to the middle Golgi (cis-
Golgi), and complex 3 localizes to the late Golgi (medial-
trans Golgi, TGN). Our current investigations involve
analyzing the functions and localization mechanisms of
these three YIPF complexes in various Golgi sub-
compartments through gene knockdown, gene knockout,
and gene expression experiments.
(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
YIPFalA promotes protein expression, and this effect is
attributed to the region spanning nucleotides 1-1118 of the
3'UTR. Furthermore, it has been suggested that this
promotion of protein expression occurs at the 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 regulates protein expression. In addition, we are
analyzing whether similar regulatory mechanisms exist for
other YIPFa subunits.

Annual progress
(1) Analysis of the Regulation Mechanism of YIPF o 2
Expression

We analyzed whether YIPFa2, like YIPFalA,

regulated by codon optimality and 3'UTR. First, we created

is

a mutant with 47 rare codons of YIPFa2 converted to
optimal codons and expressed it in HEK293 cells. The
protein expression level increased approximately 10-fold
compared to the wild type (Fig. 2A). Meanwhile, mRNA
levels did not change due to codon optimization. This result
indicates that YIPFa2 expression levels are regulated only
at the protein translation level, unlike YIPFalA (Ryusei
Yamamoto).

Next, when the 3'UTR of YIPFa2 (1938bp) was added to
the wild-type YIPFo2 coding region and expressed in
HEK?293 cells, contrary to expectations, protein expression
levels decreased by approximately 50% compared to the
wild type (Fig. 2B). Since mRNA levels also decreased to
similar levels, this suggests that unlike YIPFalA, the
3'UTR of YIPFa2 has an effect of reducing expression at
the mRNA level (Fig. 2C; Ryusei Yamamoto).
indicate that YIPFa2 expression is
different

These results

regulated by molecular mechanisms from
YIPFalA. In the future, we will investigate the molecular
mechanisms of mRNA expression suppression by the
3'UTR of YIPFa2.
(2) Analysis of the Regulation Mechanism of
YIPF a 1A expression by the 3'UTR

Focusing on the protein expression level increase by the

first half of YIPFalA's 3'UTR (1-1118bp) at the

translational level, we analyzed which part of the first half
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of the 3'UTR contains regulatory elements. We created
constructs with one-third deletions from either the 5' or 3'
side of the first half of the 3'UTR (1-746, 374-1118), as well
as those divided into one-third elements (1-373, 374-746,
747-1118), linked them to wild-type YIPFalA coding
region, and expressed them in HEK293 cells. Compared to
controls, increased protein expression levels were observed
only with 1-746 and 1-373. Additionally, addition of the 1-
373 element showed no change in mRNA levels. Therefore,
it is suggested that the 5'-side region of the 3'UTR (1-373)
has a function to increase protein expression levels at the
translational level (Fig. 3; Yurika Nakanishi: Master's
thesis, Graduate School of Life Sciences, Kyoto Sangyo
University, 2024).

In the future, we will investigate the detailed molecular
mechanisms of protein expression level increase by the 1-
373 region.
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1. MEHE

FLZIXZ S OMAEMIZHENTAEEZTWD, UAVRIT
WMAEHD— B THLN, B CEROEDITUE R /N R
OB LR, B IcE AL, &
TR N DN E AR LT T 5, Z DR R AR

U7l B DAl 32 | B B HE DB 5 L o T B HE Y 7 PR 7

HDMNIT A VAP 5 BLU T Gl e 23 g 32 e % i
BEDT M) | LIRS THERINIZD AT A LD
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3. Research projects and annual reports

We are surrounded by a lot of microbes. Virus is one
of microbes and causes disease on animal and plant. Our
laboratory is focused to veterinary and zoonotic viral
disease, especially neurovirology. We are interested in
Borna disease virus (BoDV) that is etiological agent of
Borna disease. Borna disease has been known over 100
years as a fatal neurological disease of horses and sheep in
central Europe. At present, it is recognized as an emerging
disease in cats, dog, birds, and a broad host range in warm-
BDV infection in
study the

blooded animals, including humans.

experimental animals has been used to
pathogenesis of virus-induced central nervous system
damage and as a model for specific human diseases, e.g.,
BD

immunopathogenic damage to the nervous system by blood-

autism. Classical is in large part due to

borne inflammatory cells. Responses to BDV infection vary

e.g.,
species, animal strain, or age of the host at the time of

according to differences in host-specific factors,

infection. However, the definite mechanism underlying
disease outcome is not fully clarified yet. To study
disturbances of movement and behavior in BDV-infected
animals, we examined the following points: 1) comparing
pathogenesis in rats infected with several viral strains, 2)

contribution of gene expression of TGF-f family in CNS
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and viral pathogenesis, and 3) mechanism of changes in
virus genome with adaptation to host.

In this year, we analyzed the effect of oxytocin (OXT),
which suppresses the production of corticosterone (CORT)
secreted when stressed by environmental factors, on the
pathology of infection.

Two-week-old male and female MRL-+/4+ mice (SLC)
were inoculated intracerebrally with BoDV-CRNP5 strain
(4x103FFU/20pl/mouse). On the 7th or 8th day after
infection, 1puL of OXT (60pg/pl) was administered to both
nasal cavities of the mice. During the 40-day observation
period, body weight was measured and clinical symptoms
of Borna disease were evaluated visually every 4 days, and
CORT concentration in feces was measured. On the 40 days
post infection (dpi) or when severe Borna disease was
detected, 12 behavioral tests selected from the Modified-
SHIRPA method were performed, and thymus and adrenal
weights, viral titers in the brain, and brain histological
analysis were performed.

Body weight in the infected group increased until the 16
dpi regardless of whether or not OXT treatment was
administered, but on the 16th day of infection, the OXT-
treated group was significantly heavier than the non-treated
group. Clinical symptoms of Borna disease were
significantly worsened by infection, but no difference was
observed with OXT

significant abnormalities due to infection were observed in

treatment. In behavioral tests,
three items, one of which changed with OXT treatment.
Perivascular cell infiltration was observed in the brain in
the infected group, but no difference was observed with
OXT treatment.

In BoDV-I-infected mice, the OXT-treated group
showed delayed weight loss and behavioral changes in the
early stages of infection, but no clear effect on the onset of
Borna disease or encephalitis was observed. However,
while the non-OXT-treated group showed weight loss as the
main symptom, the OXT-treated group showed a tendency
for neurological symptoms, mainly motor disorders, to be
the main symptom, suggesting that the factors causing the

deterioration of the overall condition had changed.
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3. Research projects and annual reports

Gene expression is regulated not only by the
but by the

post-transcriptional control of mRNAs. mRNA stability

transcriptional ~ mechanisms also
is a major determinant of both 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 novel function of codons,
recent studies highlighted prevalent changes in tRNA
amount and modifications, ribosome quality and its
binding factors under different cellular environments.

Our laboratory studies the molecular mechanisms and
biological roles of codon-mediated control of gene
by

combining a wide variety of approaches in biology. We

expression  during zebrafish embryogenesis
have achieved the following progress in this year.

(A) During translation elongation, when ribosomes stall
abnormally and collide with trailing ribosomes, the
stalled by the

Ribosome-associated Quality Control (RQC) pathway,

ribosomes are  disassembled



and the mRNA is degraded via the No-go decay (NGD)
pathway. This process requires Znf598, an E3 ubiquitin
ligase that binds to ribosomes. To elucidate the
physiological role of Znf598, our laboratory generated a
zebrafish znf598 mutant and discovered that red blood
cells are reduced in the mutant. We analyzed ribosome
defects at the

molecular level in znf598 mutants. Using Disome-Seq, a

collisions induced by translational
next-generation sequencing technique that captures ~60
nucleotide-long mRNA fragments derived from colliding
of

ribosome collision in wild-type and znf598 mutant

ribosomes, we comprehensively mapped sites
zebrafish embryos. Our analysis revealed that ribosome
collisions frequently occur during translation of mRNA
sequences encoding tandem C2H2-type zinc finger
domains, and that such collisions are recognized by the
quality control machinery, triggering NGD.

(B) To elucidate the mechanism by which codon
optimality affects mRNA stability, we generated and
analyzed a zebrafish mutant line of CNOT4, a gene
previously reported in humans and yeasts to be involved
in this process. Our results showed that even in the
absence of cnot4, codon optimality still influenced
mRNA stability in zebrafish, suggesting that alternative
mechanisms beyond the previously reported pathways
may mediate mRNA

codon-dependent stability

regulation.
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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
which

multilayered membranes, and pushes forward carbon

occurs in chloroplasts are comprised of
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 advanced our research on the factors
regulated by thioredoxins, a regulatory factor. Using
Arabidopsis thaliana as a model, we studied the activity
regulation of Calvin cycle enzymes known to be
regulated by thioredoxin for a long time, such as
sedoheptulose-1,7-bisphosphatase (SBPase),
(FBPase), the

chloroplast-type FoF1-ATP synthase, and examined their

fructose-1,6-bisphosphatase and

properties. It became clear that the redox regulation by

thioredoxin is important for the activity of the

chloroplast ATP synthase.
Additionally, thioredoxin, the regulatory factor, has 10

isoforms in 5 groups in chloroplasts (Figure 1). Over the
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past decade, it has become evident that these isoforms
have distinct functional roles within plant chloroplasts.
Therefore, we summarized recent findings, including our
the

functions of the chloroplast thioredoxin family proteins

group's results, and organized physiological
by group, compiling them into a review article.2:
Physiological role and molecular mechanism of reducing
equivalent transfer system on thylakoid membranes in
chloroplasts.
2: Development of new techniques for biochemistry and
molecular biology

In the field of plant science, genotyping of plants using
genetic methods requires a convenient determination of
their genotypes. We initiated research and conducted
preliminary experiments on a methodology for rapid and
simple genotyping for screening plant mutants. The
results showed that rapid and simple genotyping can be
performed with the envisioned method. We will acquire

data for publication of the methodology research results.
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3. Research projects and annual reports

The maintenance of life requires energy, and bioenergetics is
the field of study that examines how organisms convert energy
into a usable form and utilize it. Adenosine triphosphate
(ATP), the universal energy currency of life, is primarily
synthesized by ATP synthase in mitochondria. The ATP
produced is utilized in various biological processes, including
movement, biosynthesis, degradation, and molecular transport.
For instance, vacuolar-type proton ATPase (V-ATPase) uses
ATP to transport ions into vesicles, leading to acidification
that facilitates diverse physiological functions. Proteins that
utilize ATP to transport substrates, such as V-ATPase, are
classified as transporters. Structural analyses of these
transporters have significantly advanced our understanding of
their mechanisms; however, some aspects remain unresolved.
A fundamental question in life sciences is how molecular
machines composed of proteins convert ATP energy into
transport or movement. To elucidate this mechanism, dynamic
structural analyses using cryo-electron microscopy are being
conducted. Traditionally, membrane proteins have been
analyzed in a solubilized state after extraction from biological
membranes; however, solubilization and purification may

result in subunit dissociation or complex disassembly. By
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directly analyzing membrane proteins in their native biological

membranes, their authentic structural state can be captured.

1) Structural Analysis of ATP Synthase and V-ATPase
Vacuolar-type ATPase (V-ATPase) is an ATP-driven proton
pump found in the acidic organelles of eukaryotic cells, such
as lysosomes and endosomes. It plays a crucial role in protein
quality control and metabolic processes by facilitating
acidification within vesicles. Similar to ATP synthase FoF1,
V-ATPase utilizes a rotary catalytic mechanism to convert
ATP energy into rotational force, enabling proton transport.

To elucidate the functional and structural mechanisms of
V-ATPase, we have employed a bacterial V-ATPase variant
(V/A-ATPase), which is considered an ancestral form of
eukaryotic V-ATPase. Using a combination of biochemical
analyses, single-molecule biophysics, and structural biology
have made in
ATP-driven
demonstrated in last year's findings).
the

V-ATPase provides valuable insights that could contribute to

we
the

approaches, significant  progress

understanding rotary mechanism (as

Furthermore, determining structure of eukaryotic
drug discovery targeting V-ATPase. Structural analyses of
ATP synthase FoF1 are also being conducted, with the aim of
elucidating the energy conversion mechanisms between ATP

synthesis, hydrolysis, and rotational movement.

2) Structural Biology of Membrane Proteins Involved in
ATP Dynamics Using Cryo-Electron Microscopy

Cryo-electron microscopy (cryo-EM) has emerged as a
leading technique in structural Dbiology, enabling the
visualization of molecular structures, organelles, and even
entire cells with near-atomic resolution. We have actively
adopted this technology and were among the first to elucidate
the structural changes associated with the rotation of V-type
ATP synthase. Building upon this methodology, our goal is to
further refine high-resolution imaging of molecular behavior
within cells and describe intracellular phenomena at the
atomic level. We aim to extend our research scope to ATP
channels that regulate ATP dynamics, with the objective of
elucidating ATP-related molecular mechanisms at atomic

resolution.

3) In Situ Structural Analysis of Membrane Proteins
Traditionally, structural analyses of membrane proteins have
relied on purification in a solubilized state; however,

membrane proteins naturally function within biological



membranes under specific membrane potentials. To accurately
investigate their native functions and structures, direct
structural analysis of membrane proteins within biological
membranes is essential.

Currently, we are conducting structural analyses of ATP
synthase FoF1 and respiratory chain complexes located in the
mitochondrial inner membrane. By determining their
active-state structures, we aim to describe the molecular
mechanisms of oxidative phosphorylation at atomic resolution.
Additionally, we are refining a specialized purification method
for V-ATPase located in synaptic vesicles, enabling efficient

isolation and structural analysis of intact synaptic vesicles.

Achievements in 2023

1. Structural Determination of Large-Pore PANX3
The cell membrane contains channel proteins that facilitate the
such as ATP.

Large-pore proteins known as pannexins (PANXI1-3) are

transport of relatively large molecules

thought to primarily mediate nucleotide transport, including
ATP and AMP. Typically, these channels remain in a closed
conformation but open under specific conditions, such as
during apoptosis, allowing ATP efflux, which reduces
intracellular ATP levels and accelerates apoptosis. However,
the molecular mechanisms underlying channel gating and
nucleotide selectivity remain unclear, as do the specific roles
of the three isoforms.

While the structures of PANXI1 and PANX2 have been
reported, the structural characteristics of PANX3 remained
unresolved. Although a low-resolution structure of PANX3 in
the presence of ATP and calcium ions was published earlier
this year, its apo-form structure had yet to be determined. To
address this gap, we established an expression system using
suspension cells and successfully purified PANX3 for
structural analysis. Cryo-EM grids were prepared and imaged
using a Titan Krios at Osaka University’s High-Voltage
Electron Microscopy Center.

Subsequent  structural analysis yielded a cryo-EM
reconstruction of PANX3 at sub-3 A resolution. The resolved
PANX3

transmembrane pore along a central symmetry axis. The

channel formed a heptamer, generating a

narrowest constriction, located in the extracellular region, was
composed of an isoleucine ring, similar in size to that of other
pannexins. Structural variability analysis revealed substantial

conformational dynamics in the intracellular regions,
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providing critical insights into the mechanistic properties of

pannexin channels.

2. ADP-Inhibited FoF1-ATPase Structure

FoF1-ATPase consists of the F1 domain, which hydrolyzes
ATP, and the Fo domain, a membrane-embedded proton
channel. The F1 domain has three catalytic sites for ATP
hydrolysis and three non-catalytic sites where ATP binds but
is not hydrolyzed.

ADP inhibition occurs when ADP remains bound at the
catalytic sites, preventing ATP hydrolysis. Although the
non-catalytic sites do not directly participate, eliminating ATP
binding at these sites induces ADP inhibition, a long-standing
unresolved question.

To investigate this mechanism, we generated a variant of
FoF1-ATPase (ANC-F1-ATPase) lacking ATP-binding at
non-catalytic sites and determined its ADP-inhibited structure
at 2.9 A resolution using cryo-electron microscopy.

The ADP-inhibited structure closely resembled the wild-type
enzyme but showed distinct nucleotide binding differences. In
the E site, ATP was replaced by ADP, and in the D site,
phosphate was absent, leaving only ADP bound. These
findings suggest that ADP at the E site blocks ATP binding,
while phosphate loss at the D site stabilizes the ADP-inhibited

state.

3. High-Resolution Structural Analysis of Mammalian
V-ATPase

V-ATPase was purified from rat brain and analyzed using

cryo-electron Membrane

solubilized with detergent, followed by the addition of SidK, a

Legionella-derived inhibitor that specifically binds V-ATPase.

microscopy. proteins  were

The SidK-V-ATPase complex was isolated using Flag-tagged
SidK and Flag resin purification. Further refinement by gel
filtration yielded high-purity samples for structural analysis.
Cryo-EM imaging achieved sub-2.5 A resolution, allowing
atomic model construction of the Vo domain. These findings
provide detailed
V-ATPase.

structural insights into ~mammalian

RR. BEGE

1 ADP-inhibited structure of non-catalytic site-depleted
FoF1-ATPase from thermophilic Bacillus sp. PS-3.
Kobayashi R., Nakano A., Mitsuoka K., and Yokoyama K.



Biochimica et Biophysica Acta (BBA) — Bioenergetics
(2025) DOI: 10.1016/j.bbabio.2025.149536

2 Cryo-EM structure of the human Pannexin-3 channel.

Tsuyama T., Teramura R., Kishikawa J., Mitsuoka K.
Biochemical and Biophysical Research Communications
745 (2025) doi.org/10.1016/j.bbrc.2024.151227
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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.

Since last year, we have been creating card-style
teaching materials for use in workshops that help people
think about ELSI (Ethical, Legal, and Social Issues) as
personal and relevant topics. These materials are based
on real-life examples from other countries and cover
topics such as the sustainable use of forests and the
benefits and challenges of genome editing in medicine
and agriculture. We have started using these materials in
workshops for university and high school students to test
how effective they are as educational tools. We also
introduced the materials at a conference for science
communicators, where we shared them with science
communicators as well as high school and middle school
teachers. According to surveys from the workshops,
participants said the discussions helped them gain new
ideas and viewpoints. They also felt their own opinions
and feelings changed through the dialogue, and they
were able to ask questions and share their thoughts with
others. These results show that the materials help support
interactive, self-driven learning and encourage people
who are not experts to speak up and think deeply. Next

year, we plan to run more workshops and further



evaluate how wuseful the materials are in different

settings.
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Research projects and annual reports
We interested plant  development
environmental interactions. Currently, we have been

are in and
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
leaf shape using wide range of plant species.

(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 an amphibious plant,
Rorippa aquatica, which naturally undergoes vegetative
propagation via regeneration from leaf fragments.

One of the adaptive mechanisms of plants to submerged
environments is the plastic changes in morphological and
physiological traits. Rorippa aquatica is an amphibious
plant in the Brassicaceae family, and previous studies have
reported changes in leaf morphology and suppression of
stomatal formation in response to submergence. In this
study, we discovered a novel submergence response:
epidermal chloroplast differentiation (ECD),
analyzed its dynamics and molecular mechanisms.

While  submerging
serendipitously

and we

mature  R.
the

aquatica, we

discovered differentiation  of
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chloroplast-like structures within epidermal cells. These
structures were not observed in aerial leaves and were
considered to have newly differentiated in response to
submergence. Confocal microscopy and histological
staining confirmed that these structures were indeed
chloroplasts. Furthermore, time-course observations
revealed that chloroplast differentiation began on the first
day of submergence and increased over time, although
there was no significant change in the size of individual
chloroplasts.

Transmission electron microscopy (TEM) observations
revealed that undifferentiated plastids were present in the
epidermal cells of aerial leaves, and these plastids
differentiated into chloroplasts upon submergence. In the
epidermal cells after submergence, typical chloroplast
structures, including inner and outer membranes, grana,
and stroma, were observed. In addition, starch staining
suggested that these chloroplasts possessed photosynthetic
functions.

To elucidate the molecular basis of submergence-induced
epidermal chloroplast differentiation, we performed gene
expression analysis using RNA sequencing (RNA-seq).
Leaves were collected at different time points after
submergence, and RNA was extracted from epidermal cells
isolated using a razor blade. The analysis revealed
significant changes in gene expression associated with the
submergence response. Gene ontology (GO) analysis
showed a significant enrichment of genes related to
ethylene response and hypoxia response, suggesting that
these signaling pathways may be involved in the induction
of ECD.

This study demonstrated that submergence-induced
epidermal chloroplast differentiation (ECD) is a novel
form of phenotypic plasticity in R. aquatica. This
phenomenon occurs through the rapid differentiation of
pre-existing plastids into chloroplasts upon submergence
signaling. Future research focusing on how ethylene
signaling and hypoxia response regulate ECD is expected
to further enhance our understanding of the adaptive
mechanisms of aquatic plants.

Arvid Herrmann, Krishna Mohan Sepuru, Pengfei Bai, Hitoshi
Endo, Ayami Nakagawa, Shuhei Kusano, Asraa Ziadi, Hiroe
Kato, Ayato Sato, Jun Liu, Libo Shan, Seisuke Kimura,
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3. Research projects and annual reports

The excessive activation of frog eggs, referred to as
overactivation, can be initiated by strong oxidative
stress, leading to expedited calcium—dependent



non—apoptotic cell death. Overactivation also occurs
spontaneously, albeit at a low frequency, in natural
populations of spawned frog eggs. Currently, the
cytological and biochemical events of the spontaneous
process have not been characterized. In the present
study, we demonstrate that the spontaneous
overactivation of Xenopus frog eggs, similarly to
oxidative stress— and mechanical stress—induced
overactivation, is characterized by the fast and
irreversible contraction of the egg’s cortical layer, an
increase in egg size, the depletion of intracellular ATP,
a drastic increase in the intracellular ADP/ATP ratio,
and the degradation of M phase—specific cyclin B2.
These events manifest in eggs in the absence of caspase
activation within one hour of triggering overactivation.
Importantly, substantial amounts of ATP and ADP leak
from the overactivated eggs, indicating that plasma
membrane integrity is compromised in these cells. The
rupture of the plasma membrane and acute depletion of
intracellular ATP explicitly define necrotic cell death.
Finally, we report that egg overactivation can occur in
the frog’s genital tract. Our data suggest that
mechanical stress may be a key factor promoting egg
overactivation during oviposition in frogs.
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3. Research projects and annual reports

Biodiversity and ecosystem services play a crucial role in
sustaining human life in various ways. Traditional
Satoyama landscapes in Japan, which historically provided
rich ecosystem services, have been increasingly threatened
by rapid socio-economic changes in recent years. To ensure
the sustainable provision of these ecosystem services, it is
essential to develop effective countermeasures based on the
dynamic interactions between nature and human activities.

We have continued to study on cases of nature- and plant-
based resource utilization in the Kinki region, to understand
their potential as regional assets and their contribution to
fostering a society in harmony with nature. Regarding the
use of local resources cultivated through long-standing

human-nature interactions, we examined the depiction of



plants and landscapes on teacup bowls from the late Meiji
period to the mid-Showa period. Our analysis confirmed the
cultural significance of pine species, rural and farming
landscapes. Patterns observed on teacup bowls reflected
trends previously identified in historical paintings and
documents, suggesting that these artifacts serve as valuable
representations of people’s perceptions of landscapes from
the Taisho to early Showa period.

Additionally, we conducted a study on the preservation
and utilization of cultural landscapes characterized by
traditional crops in the Ohara district of Sakyo Ward, Kyoto
City, with a focus on red shiso (P. frutescens var. crispa f.
purpurea). Our findings indicate that red shiso in Ohara is
not only valued as a product or processed good but also
plays a role in enhancing the visual appeal of the landscape
for tourists.

In our research for the realization of a nature-symbiosis
society, we also conducted a survey of the Arita-Shimotsu
area, which is currently under application for World
Agricultural Heritage status. We analyzed the long-term
changes in the landscape and traditional local knowledge,
to examine the possibilities and challenges of the World
Agricultural Heritage system in establishing a system of
symbiosis with nature. The analysis of agricultural and
forest land use changes in the 1960s, 1970s, and 2020s
suggested the importance of ridge-top forests, and while
some of the traditional knowledge has been become explicit
knowledge, much of it exists as tacit knowledge. The need
to build a conservation system to share and pass on tacit
knowledge through experience was suggested.

In addition, research was conducted on the occurrence of
wild animals, especially mammals, in semi-natural
environments and the factors that influence them, in
cooperation with regional national universities, agricultural
parks, and national parks, revealing the reality that a variety
of mammals share living areas in remnant forests that are

close to places of human activity.
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3. Research projects and annual reports
The microorganism exists in any places, and might

threaten human and animal health. Zoonotic and food



poisoning microorganism which can infect both animals
and humans cause concern for public health.

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

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

and tetracycline and showed multidrug resistance.
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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 orf138 and nuclear Rf genes, with a focus on

the evolutionary dynamics of this system.

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

91

This project focuses on generating transplastomic tobacco
plants that express a large subunit of the RUBISCO enzyme
with targeted amino acid substitutions. These modifications
aim to enhance 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.
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Research projects and annual reports

1) Analysis of policy formation processes

We researched trends of green infrastructure (Gl) policies
in Japan. The results of our study show that Gl is acommon
political concept that promotes the use of various
ecosystem services in local governments. However, the
apparent motivations for the introduction of Gl differs
among the cities. In most cities in Japan, reconstruction
from the Great East Japan Earthquake are the basis for
developing Gl policy. In addition, Gl in Japan is
characterized by the fact that there are ongoing discussions
on land use based on the characteristics of ecosystems and
the use of various ecosystem services. In recent years, the
frequency of floods has increased in Japan and GI policies
as a means of stormwater management have been attracting
attention. Therefore, the scope of Gl policies in Japan is
expanding. In future, we suggest examining effective Gl
policy formation methods in local government.

2) Evaluation of possibilities for Gl policy introduction

To evaluate the possibility of introducing Gl policies in
local government, we developed natural environmental and
social system indicators related to GI. We constructed
indicators of water management and biodiversity
conservation of agricultural lands during floods and as a
natural environmental index. In addition, we established a
social system index based upon completion of a



questionnaire that captures citizens' Gl-related intentions
and administrative plans. In a future study, we intend to
further develop Gl indicators for local government and
local activities to comprehensively evaluate the possibility
of introducing GI policies.

3) Social action for regional implementation of Gl

In order to promote the social implementation of Gl at the
field level, we have built a collaborative system with local
governments and related entities in the region. In addition,
we are actively participating in the utilization of
commercial facilities related to Gl and projects to develop
rain gardens and have begun efforts to verify the social
effects of Gl.

2024

) 29, pp101-115.

Y. Kawabata, K. Takimoto, T. Nishida, Y. Koshikawa, A. Aizawa
(2025) Integration of Green and Gray Infrastructures—
Conceptualization from the Perspective of Gray
Engineers. Structural Engineering International, 35(1), 125-
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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 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. Formulation and estimation of Ballow’s ancestral inbreeding
coefficient

Deleterious recessive alleles causing inbreeding depression
may be eliminated from populations by purifying selection
facilitated by inbreeding. Providing evidence of this
phenomenon (i.e., inbreeding purging) is of great interest for
conservation biologists and animal breeders. Ballou’s
ancestral inbreeding coefficient is one of the most widely used
pedigree-based measurements to detect inbreeding purging, but
the theoretical basis has not been fully established. I gave a
mathematical formulation of the coefficient and proposed a new
method to estimate based on the obtained formula. Stochastic
simulation suggested that the new method could reduce the
variance of estimates, compared to the conventional gene

dropping simulation.
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Nomura T. (2024) Ballow’s ancestral inbreeding coefficient:
Formulation and new estimate with higher reliability. Animals

14(13), 1844; https://doi.org/10.3390/ani14131844.

5 FRERGE

Mine S., Nomura T., Yokoi K., Kimura K., Hatakeyama M. (2024)
Aiming at building the better strains of the honey bee Apis mellifera.
XXVII International Congress of Entomology, Kyoto.
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3. Research projects and annual reports

Many micro-organisms exist surrounding of natural
environment. Some of them infect to plants, and some do to
animals including human. They cause unique diseases to
their host, but the others do not. Some live in animal
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. We especially focus
on viruses, which cause mosquito- and tick-borne diseases.
Recently, arthropod vectors are spreading their living

places due to global warming. Therefore, the diseases



become one of big concerns in world-wide public health.
Although some diseases are not in Japan, it is also urgent to
develop detection and prevention system for the diseases.
Our main research themes are: 1) Epidemiological study on
mosquito- and tick-borne diseases in Kyoto city, and 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, Kumamoto University Associate
Professor Mayuko Yoneshima, and Aso University Visiting
Researcher Naoko Nihei. 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 we found that

Thogotovirus (WT-THOV) isolated from ticks was not

pathogenic to mice, whereas the mouse-adapted virus (MA-

study, wild-type

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. Using methods developed last
year (mini-genome assay, fusion assay, and interferon-
promoter assay), we analyzed the effect of these mutations
on the proliferation of THOV.
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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
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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 its closely related multicellular green alga
Volvox as materials, we aim to answer following three
questions at the molecular level.
(1) How is information such as the direction and intensity
of the light source processed in the cell?
(2) How is ciliary movement regulated by this
information?
(3) How does photobehavior contribute to algal survival?
Answering these questions has the potential to
contribute to society in two directions. The first one is to
contribute to the industrial use of algae. A wide variety of
algae are currently being used as carbon-neutral
production platforms for supplements and next-generation
fuels. Accumulating knowledge of the photobehavior of
the model alga C. reinhardtii may contribute to improving
the efficiency of outdoor cultivation of algae and the
enrichment process. The other is to accumulate knowledge
on the expression mechanism of human primary ciliary
dyskinesia. C. reinhardtii is regarded as a model organism
in the field of research on the molecular mechanisms of
ciliary construction and motility regulation. Since
dysregulation of ciliary motility induces abnormal light-
responsive behavior, our studies are expected to lead to a
better understanding of the regulatory mechanisms

common to eukaryotic cilia.

Progress in this year: "Potential Collective Behavior in
Chlamydomonas"

Phototaxis experiments with C. reinhardtii typically
involve light exposure for no more than 15 minutes. This
is because when a cell suspension is placed in a Petri dish
several centimeters in diameter and illuminated from one
direction, the cells are capable of swimming from one
edge of the dish to the other within about 5 minutes. In a
previous study, we extended the light exposure duration to
several hours and observed that the sign of phototaxis
(positive or negative) fluctuated over time, shifting from
negative to positive and then back to negative (Asahina et
al., manuscript in preparation).

This phenomenon could be interpreted as individual
cells changing the sign of their phototaxis over time.
However, upon closer examination of the transition

process, it appeared that a subset of the cells shifted from



negative to positive phototaxis first, followed by others,
suggesting collective behavior. Based on this observation,
we hypothesized that some cells might secrete a substance
that induces positive chemotaxis in neighboring cells.

Given previous findings that the sign of phototaxis is
influenced by the intracellular accumulation of reactive
oxygen species (ROS), we examined phototactic behavior
under strong red light, which induces ROS production. We
found that the fluctuation in phototactic direction occurred
more rapidly under this condition. This led us to speculate
that strong light may promote the secretion of the
hypothesized signaling substance.

To test this, we irradiated a cell suspension with strong
light, then centrifuged it to obtain the supernatant
(referred to as “strong light supernatant”). We used this
supernatant in a traditional chemotaxis assay known as the
“agar plug assay,” in which agar pieces containing the test
substance are placed in a cell suspension to determine
whether cells accumulate around them. As a result, we
found that cells were significantly attracted to agar pieces
containing the strong light supernatant.

These findings suggest that C. reinhardtii may exhibit a
form of collective migration, responding chemotactically
to substances secreted by some members of the
population. Future work will aim to identify the attractant
and examine the regulation of ciliary motion involved in

this chemotactic behavior.
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