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3. Research projects and annual reports
1-1. the Biosynthetic Process of
Hyaluronan and its Application to Anti-aging Technologies

Elucidation of

There are an increasing number of bedridden elderly people
in Japan with a loss of joint function due to conditions like
osteoarthritis. Hyaluronan (HA) acts as a cushion and
lubricant in articulating joints. It is an integral component
of the synovial fluid between joints, but becomes reduced
by age and thereby causes functional disorders. HA is a high
molecular-mass polysaccharide found in the extracellular
matrix, especially of that of connective tissues, and is
composed of repeating disaccharide units in which N-
acetylglucosamine (GIcNAc) and glucuronic acid (GIcUA)
are linked together by alternating #-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.
in establishing an
reconstitution system using a recombinant HAS protein and

Recently, we succeeded in vitro
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
mission.

eradication of cancer has become a social

Although it is well known that uncontrolled cell
proliferation leads to the development of cancers, the
precise mechanisms underlying metastatic tumor

progression and recurrence have not been fully resolved.
Cancer stem cells (CSCs) have recently been reported to
exist in many malignancies and have attracted remarkable
attention because they are believed to be the only cells
capable of initiating cancer growth. Because CSCs are
relatively resistant to conventional chemotherapy and
radiotherapy, and because they are closely associated with
cancer metastasis and recurrence, targeting them is now a
primary goal in cancer therapy.

The main purpose of our research in this domain is to
identify the molecular cues that govern the CSC properties
and establish novel therapies to induce a state of cancer
dormancy by controlling CSCs.

11

2. Our previous studies have demonstrated that transgenic
mice exhibiting HA overproduction in mammary tumors
rapidly developed aggressive breast carcinomas, in which
plastic cancer cells reverted to stem-cell states. Because
excess HA production consumes large quantities of the
cytosolic UDP- N-acetylglucosamine and UDP- glucuronic
acid as substrates, overproduction of this polysaccharide
may alter networks for the cellular metabolism. Stable
isotope-assisted tracing and mass spectrometry profiling
disclosed an acceleration of metabolic flux in the

hexosamine biosynthetic pathway (HBP) (Fig. 1).

Glc Gln
Glc !
Glc-6P
| SinGFAT 6l
Fru-6P = GICN-6P —» GICNAC-6P —= GICNA 1P/—\UDP'G|CNAL‘.
GNPDA - -~ .
l NH4 Acetyl-CoA CoA uTP FP
DP-GIcA
=t nee | T
Glycolysis | T L
I S Hyaluronan
b Synthase

Hyaluronan
Figure 1. HA biosynthesis and HBP

We investigated the molecular events underlying cancer
enhanced HBP flux.
datasets

pathogenesis associated with

Multidimensional  analysis of microarray
demonstrated up-regulation of genes encoding HBP
enzymes in clinical breast cancers and revealed that co-
synthase 2 (HAS2) and

glutamine:fructose-6-phosphate amidotransferase (GFAT),

expression of hyaluronan
a rate limiting enzyme of the HBP, was strongly correlated
with a poor prognosis in advanced cancer patients.
Consistently with the clinical data, comparative analyses of
distinct breast mouse models demonstrated
enhancement of the HBP gene expression in primary

carcinoma cells, with elevation of Has2 expression and

cancer

hyaluronan production in aggressive breast cancer cells.
Overall protein O-GIcNAcylation was also elevated in
association with HBP enhancement in aggressive cancer
cells, and the modification exhibited overlapping but
distinct roles from the hyaluronan signal in the regulation
of CSC-like features. In this study, we uncovered that an
enhanced HBP drove pro-tumorigenic signaling pathways
involving HA and O-GIcNAcylation in aggressive breast
the HA and O-GlcNAcylation
signaling pathways exhibited overlapping but distinct roles
in the regulation of CSC-like phenotypes. Designing the

cancer. Furthermore,



most effective and appropriate strategy towards the
prevention and interception of such pro-tumorigenic signals
may therefore contribute to the achievement of breast
cancer elimination.
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3. Research projects and annual reports

Eukaryotic cells are highly compartmentalized into
membrane-bounded organelles with distinct functions.
Mitochondria are essential organelles that fulfill
central functions in cellular energetics, metabolism
and signaling.  We are studying the molecular
mechanisms of biogenesis and quality control of
mitochondria and other organelles from the viewpoint
of protein and lipid trafficking.

Most mitochondrial proteins are synthesized in
the cytosol and are transported to mitochondria by
The TOM complex in
the outer membrane (OM) functions as a protein
through which over 90% of the
The TOM
complex consists of the channel-forming B-barrel

dedicated import systems.

entry gate
mitochondrial proteome is imported.

protein Tom40, and six a-helical membrane proteins.



We determined here the cryo-electron microscope
(EM) structure of the yeast TOM complex at 3.8A|
resolution.

The cryo-EM structure of the TOM complex
revealed two separate preprotein exits sites toward
the IMS. That presequence-containing
preproteins  that 60%  of
mitochondrial proteins were suggested to leave the

is,
constitute  about
Tom40 pore at the trans site, which is formed by
Tom22/Tom7/Tom40 in vicinity of the middle of the
Tom40 dimer, and are then transferred to Tim50 of
the TIM23 complex via the IMS domains of Tom22
and Tom40.
include three different classes (MIA substrates and

Presequence-less preproteins, which

B-barrel and carrier precursors), were suggested to
leave the Tom40 channel in proximity of Tom5 and
the N-extension of Tom40 at the periphery of the
The IMS-exposed portion of the N-
extension of Tom40 recruits small TIM chaperones

Tom40 dimer.

and Mia40 close to the exit site to ensure an efficient
transfer of precursor proteins. In this way, the
TOM complex functions as the hub for the
intramitochondrial ~ sorting of  mitochondrial
precursor proteins.

Previous studies reported that a subset of tail-
anchored (TA) proteins targeted to the ER were
mislocalized to mitochondria by, for example,
disruption of the GET pathway. The mitochondrial
outer membrane AAA-ATPase Mspl was reported to
clear such mistargeted TA proteins as well as a model
mistargeted TA protein Pex15A30. We found that
mislocalized Pex15A30 was first recognized by Mspl
in the OM, then ubiquitinated by Doal0 and its co-
factors in the ER membrane, and subsequently
extracted from the ER membrane by Cdc48 for
proteasomal degradation in the cytosol. Our results
suggest that Mspl constantly extracts substrate TA
proteins like Pex15A30 from the mitochondrial OM at
the expense of ATP hydrolysis, which are primarily
reinserted into the OM, but the extracted TA proteins
have a small chance of reinserting in the ER
membrane. The substrate TA proteins transferred to
the ER are, if aberrant, ubiquitinated by the ERAD
If TA

proteins transferred to the ER by Mspl escaped

system, Doal0 and its co-factors in the ER.

recognition by the ERAD machinery like the case of
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Gosl in the absence of Get3, they may follow their
their
In this sense, Mspl functions as an

inherent secretory pathways to reach
destinations.
“extractase” that facilitates “proofreading” of the
mistargeted TA proteins by promoting their transfer to
the ER for further degradation or retrial of sorting via

the secretory pathway.
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3. Research projects and annual reports

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

Epileptic model mice and stress-sensitive model mice
showing the anxiety, sleep disorder, and hormonal
homeostatic change were used. Our approach was to check
the symptoms of the models by behavioral and
physiological analyses and to clarify causal molecules by
histological and biochemical analyses. The topics of
research and the content were as follows.

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

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

First, we found that the expression of growth hormone
was up-regulated along neura circuits during the
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epileptogenesis. The administration of the hormoneinto the
hippocampus markedly enhanced the progression of
kindling. Furthermore, the infusion tests of growth
hormone and the receptor antagonist demonstrated that the
expression level of 4rc MRNA was strongly correlated with
locomotor activity level and that the correlation was
completely discriminable among vehicle-, growth
hormone-, and the receptor antagonist-groups. In this year,
13 urinary volatile organic compounds (VOCs) exhibited
differential abundance between epileptic and control mice,
and the corresponding areas under the receiver operating
characteristic (ROC) curve were greater than 0.8. TLE
induced by amygdala stimulation could affect both
endogenous metabolitesand the gut flora (Sci.Rep.,2019) .
Second, we previoudy demonstrated that the
siadyltransferase ST3Ga4 was upregulated within the
neura circuits during epileptogenesis, in contrast, recently
that kindling stimulation failed to evoke epileptic seizures
in ST3Gal4-deficient mice. On the other hand, the deficient
mice showed anxiety, depression, REM deep disorders.
Third, 16 urinary V OCs exhibited differential abundance
between ST3Gal4-KO and the littermate wild-type mice,
and principal component anaysis (PCA) and hierarchical
cluster analysis based on these VOCs classified four groups,
in which (1) 2 VOCs showing differences between
ST3Gal4-KO and WT aged mice; (2) 3VOCs showing
differences between before and after encounter of male with
female at estrus stage in both KO and WT; (3) 3VOCs
showing high urinary contents in KO before encounter of
male with female at estrus stage; (4) 6 VOCs showing
differences between KO and WT that were correlated with
startle test. Finally, we suggested that urinary VOCs were
correlated with several emotiona behaviors and ST3Gal4
modulated metabolic system related with several emotional
behaviors(PLOS ONE,2019).

2: Neuropsychiatric disorders induced by metabolic
loading and sialylation.

Qil-rich diets differentially modulate anxiety and
depression in normal and anxious ST3Gal4 deficient mice.
In this year, we investigated plasma parameters, such as
ALP, triglycerides, total cholesterol, lipoproteins, and total
proteins, and fatty acids originated from plasma glycerides
and free amino acids in non-fasting blood of ST3Gal4
deficient mice. Mostly we received results, then will make
apublished paper.
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3. Research projects and annual reports
Microorganisms colonize the plant body, many of
which do not cause harmful damage to the host plant. It
has been isolated from a variety of plants. Some have
also been reported to enhance host plant growth, disease
resistance, and environmental stress resistance. The
application of these properties to plants by colonizing
microorganisms has been studied in various fields
because of its potential usefulness as a material for
agricultural production. We have studied the genomes of
environmental microorganisms, especially plant-related
bacteria, and reported the genetic information and
diversity related to their life cycle and symbiosis. The
interaction characteristics of such bacteria with plants
are often not correlated with microbial lineages and vary
among closely related lineages, so the factors are largely
unknown. In some cases, uncultured microorganisms
account for the majority of such microbial populations
according to environmental genome analysis. Based on
the information obtained from genome research on plants
and symbiotic microorganisms, research on symbiotic
systems is being carried out with the aim of clarifying
how plants and microorganisms can coexist.



1) In the leguminous plant Aeschynomene indica, some
Bradyrhizobium rhizobia use a type Il secretion system
to form nodules and symbionts, independent of Nod
factors. The nodulation factors of rhizobia involved in
this symbiosis are not well understood. In the case of A.
indica rhizobium strain Bradyrhizobium ORS3257,
several effectors are involved in symbiotic regulation,
and when these mutants are inoculated into A. indica,
they exhibit a variety of nonsymbiotic properties. In
some effectors, the mutation interrupts nodulation and
gene complementation of the effector-deficient strain
restores nodulation. This effector is widely conserved
among Bradyrhizobia and is named "ET-Nod". In plant
cells, ET-Nod is transported to the nucleus and binds to
nucleic acids. When expressed in A. indica roots, it
activates nodule-like organogenesis. Thus, ET-Nod
appears to interfere with host plant gene expression and
activate symbiotic programs, whereas a mixture of
effectors with several roles is delivered from the type Ill
secretion system to plant cells.

2) Bradyrhizobium elkanii, a rhizobium with a relatively
wide host range, possesses a functional type Il secretion
system (T3SS), which symbiotic
incompatibility against Rj4 soybean (Glycine max) and
some accessions of mung bean (Vigna radiata). To
expand our knowledge of the T3SS-mediated partner
selection mechanism in the symbiotic legume-rhizobia
association, we inoculated three Lotus experimental
accessions with wild-type and T3SS mutant strains of B.
elkanii USDA61. The results revealed that different
responses were induced by the T3SS in a host genotype—
dependent manner. Lotus japonicus Gifu inhibited
infection; Lotus burttii accepted infection but produced
nodule maturation inhibition at the post infection stage;
and both L. burttii and L. japonicus MG-20 displayed a
nodule early senescence-like response. By conducting
inoculation tests with gene mutants of previously
reported and newly identified effector protein genes of B.
elkanii USDAG61, we identified NopF as the effector
protein for triggering the infection inhibition, and NopM
as the effector protein for triggering the nodule early
senescence-like response, respectively. Consistent with
this result, BenopF
japonicum induced infection inhibition in L. japonicus
Gifu but did not induce any response in L. burttii or L.
japonicus MG-20. These findings suggest that Lotus

involved in

introduced into Mesorhizobium
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accessions possess multiple checkpoints to eliminate
unfavorable symbionts, including at the post-infection
stage, by recognizing different T3SS effector proteins at
each checkpoint.
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3. Research projects and annual reports

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

This year we planned to perform the research aimed to
decipher the precise mechanism and physiological role
of cell extrusion. Through the analysis we identified the
phenomenon that the extruding cell carries out
fragmentation and the fragments are engulfed by
neighboring epithelial cell. The fragmentation occurs in
a part of a cell body and remaining part of extruding cell
undergoes delamination from the epithelial cell layer.
These processes are unexpected cellular dynamics and
are temporally well correlated with the timing of cell
movement for extruding out from cell layer. Further we
showed that the fragmentation process is crucial step
of cell extrusion and governed by a mechanism with

witch extracellular vesicles are formed and released.
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Laboratory of Population Genetics
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3. Research projects and annual reports

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

1) Evolutionary process of Centromere regions

Centromere is an important area for accurate
chromosome segregation but is also one of the fastest
evolving regions in the genome. By using Arabidopsis
relatives, we are analyzing evolutionary pattern of
centromeric sequences. We found novel repeat from
Turritis glabra with no homology to previously known
centromeric repeat from any species. T. galbra aso has
very complicated repeat structure with chromosome

specificities.

2) Patterns of Transposable Element Evolution
Genomic organization of transposable elements were

analysed in Brassicaceae species. Intergenomic
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transpositions were detected in several families of
transposons in alopolyploid species suggesting
expansion of transposon copies and also influences of
genome shock during polyploidization process. Also,
some active transposons were determined by using wheat
background that can be used for tools for breeding

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

larger than in other species. We compare
repertoire and possible causes of differences among
species. We also analysed patterns of DNA methylation
in chloroplast derived nuclear genomic regions. The
directions of DNA substitutions were highly biased
depending on the time of integration of chloroplast
genomic DNAS to nuclear genome. The biased mutation
might be related to cytosine methylation. We confirmed
that the DNA methylation was regulated only partly by
RNA dependent DNA methylation machinery but mainly

by chromatin remodeling mechanisms.

4) RNA editing evolution among Brassicaceae species

We determined complete chloroplast genomes of
several Brassicaceae species to analyse RNA editing in
chloroplast genome. The presence-absence of RNA
editing are related to phylogenetic clustering indicating
conserved nature of RNA editing variations. We also
determined several genes associated with the RNA
editing by comparing the pattern of divergence of RNA
editing.
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Laboratory of Neuroglycobiology
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3. Research projects and annual reports

Proteins synthesized in the cell need to be correctly folded
and undergo various post-translational modifications to
become functional molecules. The addition of glycans to
the
modifications. Mucin-type glycans, which are one of the

proteins is one of important post-translational
most frequently observed glycans, are often found in mucus

proteins covering epithelial cells. In addition, many
membrane and secretory proteins are modified by these
glycans, but their functions are not well understood.

We have been investigating the roles of an O-linked
sugar chain with the carbohydrate-protein linkage structure,
GalNAcal—Ser(Thr),

carbohydrate. Its biosynthesis is initiated by a group of

which is called a mucin-type
enzymes, polypeptide N-acetylgalactosaminyltransferases
(GalNAc-Ts). GalNAc-Ts consist of a large gene family
with 20 isozymes in humans.

To elucidate the roles of mucin-type glycans in the
development of zebrafish, we have been conducting
extensive analyses of GalNAc-transferase functions during
early development. we isolated and fully sequenced the
galnt5 gene, a novel member of the GalNAc-transferase
isoenzyme, which has not been reported in zebrafish. The
galnt5 expressions in the zebrafish early embryos were
analyzed by in situ hybridization, and we found that the
embryos of 72 hpf expressed galnt5 in the oral and
maxillary regions and the skeletal muscle. We also report

the preliminary results of the CRISPR/Cas9 genome editing.
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Laboratory of Animal Physiology and Neurobiology
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3. Research projects and annual reports

Background and purpose of research:

It is well-known that stressors activate the hypothalamic
pituitary adrenal (HPA) axis and the sympathetic nervous
system. Exposure to repeated and/or intensive stressors is
thought to increase a risk for anxiety and stress disorders.
We are examining neurobiological signs which reflect
influence by acute and chronic stress in the brain, and how
neurons are damaged by stress. The microglia is a kind of
immune cells in the brain, which is probably involved in
neuro-inflammation. Thereby, it might cause malfunction of
neurons due to inflammation in the brain. In our study,
morphological changes in microglia are focused on, since
microglia is monitoring the situation of neuronal cells and
can eat the damaged neurons due to cytokines and other

endogenous substances released in the brain by stressors.

Research topics:

1) Development of detective techniques of degenerated
neurons by stress in the brain,

2) Stress-induced changes in oxygenation in the brain and
morphological changes of microglia in the anoxic regions,
3) How to induce neuro-protective or neuro-damaged

microglia in the brain under the stressful conditions.
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Annual reports:
1) Study on regulatory mechanisms for the HPA axis, and
contribution of microglia to pathogenesis in stress-induced
brain diseases

We are examining if and/or how systemic administration
neurotoxic substance,

of a trimethyltin (TMT) or,

lypopolysaccharide (LPS) has induce morphological
changes in microglia, concomitant with activation of the
HPA axis. Using the antibody against Iba-1 (ionized
calcium-binding adapter molecule 1), the immune-reactive
Iba-1 positive cells (microglia) were found in the limbic
system and other brain regions by administration of TMT or
LPS. Furthermore, we are analyzing the relationship
between degeneration of neurons and morphological
changes of microglia around neurons to neuroprotective or
neuro-damaged phenotype. In the brain from the repeated
restraints for the short period (2 hours per day), there were
the Iba-1 immuno-positive cells with few branches than
those in the LPS-injected animals. Furthermore, we are now
investigating localization of microglia specific makers for
the neuroprotective or neuro-damaged phenotypes among
microglia.

On the other hand, we are studying changes in
composition of the intestinal flora from the feces. One
possibility has been suggested the Lactobacillacease
bacterium may be affected by the repeated restraint stress to

the animal.

2) Use of pig for the translational brain research-another
animal model for studying the brain disorders in human
infants

Pig is known to be sensitive to stressful stimuli. From the
viewpoint of the translational research on stress, this animal
is valuable to examine influence of stress on the brain

development and disorders. Using preweaning piglets, we



are analyzing by histochemical techniques microglia and

other cells in the brain.
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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?

(@How 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
migration, cell proliferation, cell shape and cell death, and
analyze the role and transcriptional mechanism of the
genes that are asymmetrically expressed, using several
mutant and transgenic mice.

We also analyze the role of an amino acid metabolizing
enzyme, Pycr2. The Pycr2 KO mice showed a premature
aging-like phenotype. We want to know the mechanism

for premature aging by abnormal amino acid metabolism.
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1) LRI KO mouse.
LR1 is an extracellular matrix protein and is L-R
asymmetrically expressed in the mouse embryo. The KO
shown L-R defects,

homozygotes had been embryonic lethal. We analyzed

mice had while some of the
earlier stage embryos and revealed that LR1 functions for
embryo development before embryonic day 7 (E7).

It had been reported that LR1 is a component in elastic
fiber. We tried elastic stain in E8 mouse embryos. As a
result, fibrillin, which is one of the major components of
elastic fiber, was not present in the lateral plate mesoderm
where LRI is asymmetrically expressed, suggesting a

novel role for LR1.

2) L-R asymmetric morphogenesis in mouse visceral
organs.

We also analyzed the mechanism of L-R asymmetric
morphogenesis in the kidney and liver. In the mouse, the
kidney is situated more caudally on the left side than the
right. We had known that the renal arteries are initially set
L-R asymmetrically, and then the kidney and the renal
veins are subsequently arranged. This year we observed
the midgestation mouse embryos and found out that the
renal arteries are not formed before E11.75, and then is
initiated by E12.0. The asymmetric location of the renal
artery is established at E12.5~12.75. In E12.25 embryo,
the difference between the left and right renal arteries is
very small, and in some individuals the renal arteries are
located symmetrically.

The mouse liver is asymmetrically lobulated. We
observed the morphogenetic process in the liver. The liver
primordium showed L-R asymmetry at E9.25 and was
divided into 4 lobes at E10.5. The caudal lobe of the liver
was budded from the right lateral lobe at E10.75. By
histological observation of the embryo sections, it was
shown that the hepatoblasts are L-R asymmetrically
situated at E9.5~E9.75.

3) Pycr2 KO mouse.

Pycr2 is an enzyme for proline biosynthesis. We
analyzed the defects in the brain and nervous system, and
the hair cycle of the Pycr2 mutant mice. The Pycr2 KO
mice and the neural cell-specific Pycr? mutant mice
showed neurological symptoms. For quantification of

abnormalities, we recorded three measures, hind-limb



clasping, ledge test and kyphosis. It was revealed that the
symptoms become serious with aging. It was also found
out that Pycr2 is strongly expressed in layer II of the
cerebral cortex, Ammon's horn of the hippocampus, the
cerebellum, and other neuron-rich regions. By observing
the histological sections of these tissues, we found out
that Purkinje cells in the cerebellum are abnormal in the
Pycr2 KO mice and the neural cell-specific Pycr2 mutant
mice.

Moreover, in the Pycr2 KO mice, since glycine level
rose and the expression level of Shmt2, which catalyzes
the conversion of serine to glycine, was increased, we
verified whether neurological abnormalities were rescued
by (1) breeding Pycr2 KO mice on a serine/glycine-free
diet or (2) generating Pycr2/Shmt2 double mutant mice.
As a result, the symptoms could not be improved by either
method, but each free amino acid in the brain of the Pycr2
KO mice fed with the serine/glycine-free diet was
quantified, and the cause thereof was discussed.

Pycr2 is expressed at hair follicle dermal papilla cells
that regulate the hair cycle in mouse skin. We revealed
that the hair cycle was delayed in the Pycr2 KO mice after
20 weeks of age. It was also suggested that the gene
expression level at the hair papilla is abnormal in the
Pycr2 KO mice.

4. B, EEGE

Escande-Beillard N, Loh A, Saleem SN, Kanata K, Hashimoto Y,
Altunoglu U, Metoska A, Grandjean J, Ng FM, Pomp O,
Baburajendran N, Wong J, Hill J, Beillard E, Cozzone P, Zaki M,
Kayserili H, Hamada H, Shiratori H, Reversade B. Loss of
PYCR2 Causes Neurodegeneration by Increasing Cerebral

Glycine Levels via SHMT2. Neuron. in press.

5 RRERGE

& A ME, Beillard Nathalie, Reversade Bruno, H B F H.:
Pycr2 KO <D A28 DR R O S H OMFMT. 45 42 W AA
nFEMTEFS, R, 2020.12.6

36

6. TDHMIFEEEIE
1) Zoft

AN AT JE 1 1t 59 1 B
JEIFFE (HE(R AF FE 3 HR)
AR NS B S 2 IR RIS B R AL 9~ 2 B A

BT BRI S BE  n T A TR TE R

FREY VREANTE ERBIG OO O FEHHE LY, 8 428
ERBRICER L,




ME & BREEYFRARE

Laboratory of Vascular and Neuronal Biology

1. MEHSE

FAIZHOMREO HIIZ, WK O K E 72540 W
VI FIARED R EER LI, VT FIVGRER KO
HCRICRERERE R T T2ERELT, 205
T OIEMEEHI 52810 k0 B OB LSS
BT HIETT, BUEIR. BAUBREOBEEER
PO BTN T, MIBEEE L2 0% R, BX
WD T FNEER IR T DS RO E I
DA THWET, ZNOOHFET —~ I, BADF K (4
THEBYHE) OB R &P AR IR I LD FEREIF R L 720
S
2. AEEOHERR

D) MR SR T AZ L AGy AT )AL DR R R T
BT A M FrAANEH O AT =X LD iR

PIREN IR A o ROy 17 ) AIL 5, RN /R
T 2720 e &N EMIRICHEEEERL T M
WD IME DI Rt HZEE LM LT, ABFSE
WZEoTT VAV OBEFERFEIZEVT JAIVZL Ny
B oM Bk T ERPEFEINDGIL T, IREROE Ak
ARAEDEZY | PHCE VSR BB AR T L~ i
(KS) ZH4E T DA et & R THID TR LTz, NIIRD
MERA T L TR IR B T 5L, 7 /A OfEICE
S TIRER D DFHT LW 23R L7223 (R T /) | siRNA
WL TT VAIV DR BLEM 2D LML ERDD O ML 8T 4R
FH e T A, fFET —AIESHIT, T /A
DM E N OREICTFET D% RIEZ L RIE
(VEGFR2) ICEHEM BAEA 3 5ZL T, MlalNDy 7
IR (PLC v , PKC) &ML L, FHL W& E
REREL CWDEIEERLZ(XA ), AHFZE 0 RER
(EERSIN R b STp R K3 AD ARY IS I SV
DIENTED AREMEDDHY  KS 0 HAR A% % o 1fiL 3 1

ESmIR Ié;é?&/wﬁﬁ??

37

Prof. Misuzu Seo, Ph. D.

VEGFR2
VEGFA' o F/RIv-1
= (Omaa()
s Pt T PR VLKL LAy ULUREES mmn
&R HEa Pt L EERER
—— SU5614

'G Y1214
PLC-y (p)F—u73122

PKC +—— G0O6983

IS

[l | [EEEE [EE)

\ | /

FRAN LK LR DI SR DR PR B CTHZED IR S
ns.

2) A 20 I 1 B TR - 52 A5 IR (FGER) 0 B4 3 38 B & 3
AR D FEVEAL A = R L it

KN 23 A FB 35 D S5 RE 8 L2 3 W TR 2 A0 e 3 4
K75 254K 3( FGFR3) O3Bl EFHIZXD, BADEME
{EEARETDIENHESNTND, £, EAEREIET
SO FE E M RS AF T VAT 50 (5-Fu) & H
WIB IR O F B b & &6 (5 o K o0 38 45 23 f RE
(272> TE0 . KA o> 78 15 |55 HE 250 B b 5 (K] 1
(FGF) & D% 54K (FGFR3) O3 B _EH BB L T
HIENWMESNTND, BB OWFRETITRIGN A
#IKE Caco2 % FGFR3 1Z%f9% siRNA Z4LE TS
Z&EIZEY, FGFR3 OB a /v /¥ 7Lz siFGFR3
T, siRNA LEZIZL > FUAN ALY FGER3 %l
FIFE B2 FGFR3 R BI#EAZ T Invasion Assay
ICEVREER LY MTT Assay 12XV 5-Fu (Zxf45
PLO AT AE A5 12 X E 9 FGFR3 FBLOFEIZ S
THiFL72, Invasion Assay {23V T, Control siRNA %
WLE LT siC BEEL LT, siIFGFR3 ALE 1= B2
IR FLTHY, FGFR3 HELH ICHE W TR MR DK
THREIELZZEDS, FGFR3 O3 8%, Caco2 DR
FREZ LT A e b o7, MTT Assay (28T,
siC ALERED 5-Fu 1Zx$% 1C50 fEIX 864.1uM
TPV, siFGFR3 ALERED 1C50 fHIZ 27.7uM 7ol



B FGFR3 8 A /v /¥ T 528128, 5-Fu
W TR AMER K 30 fFEiRol, &HIT,
FGFR3 FHLAED 1C50 1%, 1000 u M LA E7Eo7228
b, FGFR3 O3 BT, 5-Fu OHLBSAFIHE O S
W< e RENT, -, FGFR3 O#ifa s 7 v
IZOWTHET L7258 RAS/MAPK #%#. PLC—y1 #%
. PIBK-Akt #&EEDE LN T, FGFR3 #HIZLD
IEVEAE R B DI, DL EORER G REBAAMALIZE
3% FGFR3 OF¢ 8L, 2iHRE 2 L LH 2 A A Difi
MEIERFIZED  BDAER bR RE T LN RENT, F
7o  ZNBOEMIT FGFR3 RBUCLA Ty 7o
TEMAL DR G2 RIB I/ 285, FGFR3 I KA
PBIRE DR 3 FLELTHE THLHEE 2B,

3) I N R SE I+ (VEGR) =2 —a ') U (NRP) %
I LTz DS A MR D B4 5l LER RS AT = X LD fifE B

BAFRIE DR EEB TN A B O D EE/RIERE
Ths, Z<OEMEE LM E N B E R 1 (VEGF-A)
T BB IR O R E 2B S
TLTRBLMBELUAGIED, VEGF-A (T, EBRAX
T TLINE DT AV T+ — LB EALESND, H
Th. VEGF165 (3% N BB D5, 7 1 | & 1B
R L, M B AP LR E Z R 7-7, VEGF
ZHRKIT, Fri o F—YRAL &R VEGFR2 &,
Far ¥ —EBRAS VR —a e
LINRPD)3® 5, FEMENESE Tl VEGF DR BLAEL2Y
VEGFR2 OFELIR A58 E# tH TEAeW Ay, NRPL O
HEUTEMA LR EIZ O THER D, 72, VEGF &
NRP1 OFBINELIRDENBABE DO THBENILER
WMESNTWD, KR TIE, IEFrr o —ERE
FE NRPL OB MBI DRI Y 7 v B 30
'E GIPC1, Syx, RhoA ZPLEFHZ L&~ T, BN
AR PC3M L7 VAT T AR—-~< USTMG D HIFH & 1214
ZHETLHZEER L,
3. Research projects and annual reports
Anosmin-1 activates vascular endothelial growth
factor receptor and its related signaling pathway for
olfactory bulb angiogenesis. Anosmin-1 is a secreted
glycoprotein encoded by the ANOS1 gene, and the loss
of function causes Kallmann syndrome (KS), which is
characterized by anosmia and hypogonadism due to
(0B) the
physiological function of anosmin-1 remains to be
elucidated. In KS, disordered angiogenesis is observed in
OB, resulting in its hypoplasia.

olfactory bulb dysfunction. However,

In this study, we
examined the involvement of anosmin-1 in angiogenic
processes. Anosmin-1 was detected on the vessel-like
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structure in OB of chick embryos, and promoted the
outgrowth of vascular sprouts in the OB tissue culture
assay. Cell migration, proliferation, and tube formation
of endothelial cells were induced by treatment with
anosmin-1 as well as vascular endothelial growth factor
(VEGF)-A, and further enhanced by treatment with both
of them. We newly identified that anosmin-1 activated
VEGF receptor-2 (VEGFR2) by directly binding to it,
and its downstream signaling molecules, phospholipase
Cyl (PLCy1) and protein kinase C (PKC). These results
suggest that anosmin-1 plays a key role in the
angiogenesis of developing OB through the
VEGFR2-PLCy1-PKC axis by enhancing the VEGF
function.
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3. Research projects and annual reports

Currently, outbreaks of highly pathogenic avian
influenza and other emerging and re-emerging diseases
have caused serious economical and social disturbances
worldwide. Highly pathogenic avian influenza HS virus

has spread across worldwide, and outbreaks are now
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endemic in several countries. To control these infections
is the most important. Our research is focused on:

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

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

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

Due to concerns that wild birds could possibly spread
subtype HS5 viruses, surveillance was conducted to
monitor the types of avian influenza viruses circulating
among the wild birds migrating to or inhabiting in
The

influenza H5 viruses were isolated from wild birds in

Vietnam and Japan. highly pathogenic avian
Vietnam. Wild birds are considered to play a role in the
introduction and dissemination of avian influenza virus
in Vietnam and neighboring countries. In addition, we
isolated avian influenza virus containing low pathogenic
H5N1 virus from wild birds migrate to Japan in the
winter. Therefore, it was suggested that many avian
influenza viruses are being introduced continuously in
Japan.

Most HON2 influenza viruses are avirulent for mice.
However, the HON2 virus recently isolated from wild
birds in Vietnam was found to be highly infective for
mice and to acquire high virulence by passaging by mice.
Genetic analysis strongly suggested that mutations other
than 627 in the PB2 protein are important for the

increased pathogenicity in mammalian host.
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3. Research projects and annual reports

Reproductive interference by alien hornet Vespa velutina
threatens the native populations of Vespa simillima in
Japan

The yellow-legged hornet Vespa velutina has become one
of the major alien species in European and East Asian
countries. As in its homeland, the invading V. velutina is
reported as the major predator of honeybees and is
becoming a threat to beekeeping in Europe. However, it
remains unknown how V. velutina might affect native
hornets when it invades Asia, where a large number of
Vespa species are distributed. Thus, by analyzing the
mitochondrial cytochrome c oxidase subunit | gene, we
investigated whether interspecific mating occurs between V.
velutina and Japanese native Vespa spp. Our results
showed that the alien V. velutina causes reproductive
interference in Japanese native hornet Vespa simillima.
Forty-three percent of native V. simillima queens had the
sperm of V. velutina males, and among the all V. simillima
queens analyzed, 28% only had V. velutina sperm. We did
not find evidence of V. velutina queens having the sperm of
V. These findings that
reproductive interference by V. velutina males poses a

simillima males. suggest
threat to the native V. simillima populations. A decline of V.
simillima may also negatively affect other insects that

interact with V. simillima.
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3. Research projects and annual reports

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

1: Study for tobacco smoke

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

2: Study for Natural products

(1) Honey

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

(2) Agaricus Blazei Murill

Agaricus blazei Murill has been traditionally used as
medicine in Brazil. Agaricus blazei Murill
reported for anti-tumor activity and immune activity. It is
unclear how Agaricus blazei Murill hot water extract
activates the immune system and anti-tumor activity.
Therefore, we are focusing on the mechanism of activity of
immune functions in immune cells associated with anti-

has been

tumor activity by Agaricus blazei Murill hot water extract
and its characterization of effective component. We have
Murill
activated immune functions neutrophils and macrophages

demonstrated that extract of Agaricus blazei

in mice.



4. X, ER/GE

TN BEER Y95 dbHEfl pl-103, ISBN978-4-8326-
1007-1 C3047, 2019.

Chika Kanamori, Minoru Takeuchi. Smoking, Cryptomeria
Japonica Pollen and

Immunity. Precision Medicine,

2(3):287-290, 2019.

5. FRRRLE

Honami Nakata, Saki Hamada, Yuki Hirano, Minoru Takeuchi.
Effect of cigarette smoking on M1/M2 type Alveolar Macrophage
(AM) and the restore of AM by smoking cessation. 48th Annual
meeting of Japanese Society for immunology, Des.2019.

Yuki Hirano, Saki Hamada, Honami Nakata, Minoru Takeuchi
Cigarette smoke inhibit expression of CD11c surface antigen of
lung neutrophils induced by LPS in mice. 48th Annual meeting
of Japanese Society for immunology, Des.2019.

Saki Hamada, Yuki Hirano, Honami Nakata, Hiroki Takakuwa,
Minoru Takeuchi Effect of cigarette smoke on influenza virus
infection in mice. 48th Annual meeting of Japanese Society for
immunology, Des.2019.

M. Takeuchi, M. Uno, Y. Hirano, S. Hamada, H. Nakata, A.
Kawazoe, K.E. Pinkerton. Effect of honey with associated
antioxidant on Lipopolysaccharide (LPS) induced lung
inflammation in mice. 2019 EMGS annual Meeting, Washington
DC, September 19-23, 2019.

M. Takeuchi, M. Uno, Y. Hirano, S. Hamada, H. Nakata, A.
Kawazoe, K.E. Pinkerton. Anti-inflammatory effect of honey on
pulmonary inflammation associated with neutrophil by
lipopolysaccharide (LPS) in mice. FOCIS 2019, Boston, June 18-
21, 2019.

Minoru Takeuchi, Chika Kanamori, Yuki Hirano, Saki Hamada,
Mauna Uno, Honami Nakata, Kent E Pinkerton. Effects of
cigarette smoke on the immunological mechanisms of
development of pulmonary pollen allergy. ATS 2019, Dallas, May
17-22, 2019.

M. Takeuchi, M. Takasaki, N. Miwa, Y. Hirono, Y. Tanaka, K.

Koike, N. Ishida, KE. Pinkerton. Secondhand tobacco smoke

48

induce inhibition of immune functions and DNA damage of
alveolar macrophage in mice. 2019 SRNT 25th Annual Meeting,
San Francisco, February 20-23, 2019.

PrNgE EEBAFERIE R A AN 70 JAERL AR TS MR #HH

(RIS ER 2325 SRMocHdE 10 H 20 B 5#

6. TOMFILEER
1) SEES
B 7 A Bh 4 - B IE (C)
ML S EME LI n T =V DL T LY
F—FNE DO BIHIZ DT
WHIEREH MNFE, BAGHERE H29-31 4 (3 4)
2) FHNEH)
TR R K 5 2 B o
TEBITIT R AP EHEME S B
T R ATREER
INFANE R - SR BR B ) i i T i i B
Pulmonology #iGEfmiEZ: B, WIR MiFEMmEZ By
DA

FFEEE . website

3)

http://www.cc.kyoto-su.ac.jp/~mtakex/




KPR E

Laboratory of Pharmacology

1. RBE

WHFZEE T, EICLL FOTF—~< 2 oW T 42T -
T3,
(1) 98 5 I 3R 6 A = X A8 L OV VR i B RE S FR oD
¥5 RE iR B

BRI, KRR ER B L OWRE R OB EEEM KL
THY, MEOHE, §BEBIOWIR - AEFEZEOIES),
SOEIRPLORE LV o7 kk 2 e BB RE A o T D,
S 5 AR O YA 1T Ca® R BEA NI A2 &Ik
DZD, E7o, FIRM OUNMEIEVEX, % 2 iRI5ED
BRI E s TR IS SN T D, 2B
PER AR EZW R, £, FiBHMICEE T2 /K
EIFIENDEA-EEMEELT, TNENOZ FKRICEA
DIE WA =B B ST 5, Zhicky, MIICRE T
% Ca” B MEA AL F ¥ RN DIFMENEAL T D55, #
JEAN D Ca® ¥ FENEALL, fie #& RIS O IS HE T 1 3 28
{t4% (Figure 1), F BRI L OB RERY 281k
I, AT DIRER OB RE R IC SN, |ILE, WHE.,
WBCEHE R R E DR BICHORPBEE 2 HND, YT
FRETIX, RBAREDRIEZLFESNTODIO G
I e 8 Bl AT = X 36 L ON@ - 18 AL o0 B 5 LS D 9%
HBOIFRED — IO WTHIE AT > TV,

4 3\

Cholinergic nerve

oo
°

o

acetylcholine ° : Voltage gated
° TRPC etc  Ca® channel

muscle cell

Figure 1. Regulation of smooth muscle contractility by
cholinergic nerves
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3. Research projects and annual reports
Research Projects:
(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 modulating blood vessel tone,
controlling gastrointestinal and genitourinary tract motility,
and regulating 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
2)

pathophysiology of diseases associated with smooth muscle

regulate  smooth  muscle contractility, and
abnormality.

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

Under normal conditions, intracellular concentration of
Ca?" ([Ca?"];) is kept very low (less than 100 nM). When
cells are stimulated, the [Ca?']i is increased, resulting in
various cellular responses such as contraction, proliferation,
migration, cell death and release of neurotransmitters etc..
The increase in [Ca®"]; is induced by the Ca?* release from
internal Ca?* stores and Ca®' entry into the cell through
Ca’"-permeable ion channels including TRP channels,
piezo channels and Orai channels etc.. The aim of this study
the

physiological and pathophysiological roles of them. In this

is to characterize channels and to elucidate

study, we collaborate with Prof. David J Beech’s

Laboratory in University of Leeds.

Annual Reports:
(1) In mouse ileal myocytes, muscarinic receptor-mediated
the

synergism of the M2 and M3 muscarinic receptor subtypes.

cationic current (Mlcat) occurs mainly through
We studied the M2/Ms synergistic pathway further. Our
results suggest the importance of Ggi11/phospholipase C
(PLC)-hydrolyzed phosphatidylinositol 4,5-bisphosphate
(PIP2) breakdown in mlcat activation and support the idea

that the Ma/M3 synergistic pathway represents a signaling
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complex comprising the M2-Gi/o and M3-Gq/11-PLC systems,
wherein both the G proteins are special, and are not
associated with the discrete M2 or M3 receptors as well as
nonmuscarinic receptors.

(2) We investigated the effects of 9-hydroxyphenanthrene
(9-phenanthrol), which is a potent and selective blocker of
the transient receptor potential melastatin 4 (TRPM4)
channel, on the resting membrane potential and cholinergic
contractile responses to elucidate the functional role of
TRPM4 channels in the contractile activities of mouse
detrusor and ileal longitudinal smooth muscles. Our results
suggest that TRPM4 channels are constitutively active and
are involved in setting the resting membrane potential,
thereby regulating the basal tone in detrusor and ileal
smooth muscles. TRPM4 channels also play a significant
role in cholinergic signaling in detrusor, but not ileal,

smooth muscles.
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Since our discovery of Bacillus subtilis MifM,
which monitors the activity of the YidC-mediated
membrane insertion pathway, we have been interested in
and studying this class of proteins called ‘regulatory
nascent chains’, which function while they are still in the
midst of the process of biosynthesis on the ribosome. A
remarkable property of this class of gene products is that
they interact cotranslationally with components of the
ribosome including those comprising the polypeptide exit
tunnel, and thereby arrest their own translation elongation.
The arrested state of translation elongation affects
translation of the downstream target gene either positively
(in the case of MifM) or negatively. Importantly, these
regulatory nascent chains serve as a co-translational
substrate of the protein localization pathway to be
monitored, such that the arrest can be stabilized or canceled
in response to changes in the effectiveness of the
localization machinery under given conditions of the cell.
Thus, these nascent chains represent unique biological
sensors that enable real-time feedback regulation of the
target machinery. In the MifM regulatory system, its
translation arrest is released when the nascent MifM chain,
as a monitoring substrate of YidC (the regulatory target),
engages in the YidC-mediated insertion into the membrane.
The regulated elongation arrest of MifM enables cells to
maintain the capacity of membrane protein biogenesis. As
introduced above, our interests are also focused more
generaly on the mechanisms of protein localization and
biogenesis, the biological processes where nascent
substrates undergo dynamic the
machineries of translation, targeting and translocation. We
envision that our research activities should ultimately lead
to the development of a new research area that might be
called biology”,
understanding the still hidden principle of the central
dogma of gene expression, where nascent chains are likely

interactions with

“nascent chain which ams at

to play key roles.

This year’s accomplishments
1) Proteome-wide capture of co-translational protein
dynamics using a transposable force reporter (TnFR)

The elongation arrest of MifM is force-sensitive
and is canceled when the MifM nascent chain is pulled from
the N-terminus. We took advantage of such a force-
sensitivity to capture co-translational pulling force on
in a proteome-wide fashion. Using

nascent chains
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transposon, we constructed a gene-fusion library, in which
the N-terminal regions of proteins were fused N-terminally
to the arrest sequence of MifM and then screened proteins
that canceled elongation arrest. We indeed identified
hundreds of proteins that canceled the elongation arrest of
the force reporter, most probably reflecting their abilities to
initiate the maturation and/or localization process co-
translationally.

2) ldentification and characterization of a novel ribosome
rescue factor in B. subtilis

Ribosome stalls on mRNA when it translate
mMRNA that lacks an in-frame stop codon (non-stop mRNA).
Ribosome rescue factors mediate rescue of the ribosomes

on the non-stop mMRNA. In addition to previously-identified
primary ribosome rescue factor, tmRNA-SmpB complex,
we here identified BrfA as a secondary ribosome rescue
factor in B. subtilis. We demonstrated that BrfA recruits
RF2 to the stalled ribosome to facilitate a stop codon-
independent translation termination on the non-stop mRNA.
BrfA is the first reported example of RF-dependent
ribosome rescue factor in Gram-positive bacteria.

3) Screening of chemical compound that inhibits YidC
We have previously constructed areporter strain

of B. subtilis that exhibits an elevated level of LacZ activity
in response to dysfunction of YidC. By screening chemical
compounds that elevate the reporter activity, we are
searching for those that inhibit the YidC pathway of
membrane protein insertion. We now identified several
compounds that elevate the reporter activity in a dose-
dependent manner.

4. /X, BEEGE

R 3T

Shimokawa-Chiba, N.*, Muller, C.*, Fujiwara, K., Beckert, B.,
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Bacillus subtilis. Nat. Commun. (2019) 10, 5397. (*: equally
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contributed, #: corresponding authors)
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FHIF 2 4l Bh 4 - SEARIFSE (B)
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JERE R BUATZE . S A BIBFZE 1230 T, AR T D S B bR
WCRWIZEBRL TV D, fil 21X, ERETOE S B %4
o THRIFRBIZUC LD FIE W BT T RGN D TH Y,
F7o, BRFBIE A SOOI B O LW e R TOMEIENF A
DINFEEREL S TND, FEEBZE L TOFOTIE, HM
HFESCEAT OB AN A GREMEE ) KB, 23a=F—
varjom ERMRESNAD | BIFEBBL, FELOaIa=S
—varZBLTENLDORE ) & LE® 5720 OHE ITH Hl
IR - TEY, ZOFERETIEF ICEm W, MA T, LM A
TAIEE 1 AGBRBEEPROAEMBIRERE LR - HY 1
REDMER B F2, LT AT LEE IVICBWT, BE#HE
LWL THEHEBEIEBEIT TR, FNOEBETERFEEICHE
BRL T2, SHIZ, TN —FEB) THLIK B A= AT T
IZRWTH, SOOI R AR LA L O M DG I LBl
B EATORE | BEH CTHIKRL,
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1. IEHE

&2 B OREREIEA R0 A i O B ERAR | L B A W] K R
HOEIRNDDIHD, Ho BB E IR, FREYYER - L7
ANTHDERDZ L N TEOMAEAEREZ R nWeE 2 THD,
Z DI FE D D A I SE & T BB D HT
PRRIBRO FTREME AL END, BIELL T OIS T —~ 28 L
THFFEAHED TND, X B ab A IS AT &0 7 A A8 1 BRI
Bir F e TELLTHNWA,
(1) MR 227 B s 22 B OO A s SRR OO B -
C. perfringens O %/ aisalL 7T 7 9% ADP UK
BT S la LZNE TR YA h—3 ZEFRTHI N~
ETHEEE [b D7D, ZOBE, V74 B T BMEEICLY
Ib OREELHEREICHE 2 Y Tl SE 2 D T T2, SR
BT Ib BELE Ta-Tb A G IROREEZ BN LI,
(2) ADP VAR UL TR &2 DS iy F A RO S A
kR 2 IRIR RS AT ADP VRS UL B FR(ADPRT) &4
WL T, RARNDE L B EAEML , RAND S T F VAR
R B R 5.2 2 ZORNRRRANEL OSSR O FE
BN T~ BE& 72 ADP VRS UL 3R (BE5R) L2 0D
B G RTOR SSE R 2D T D,

2. REEOHRAR

(1) C perfringens N> RN HHRILIT 7 F o &8
B ADP U R kT B Ta & T AR~
DEEE b 25725, B2 WX LARTED iy B R O JeE
WTEY, Ta KB LORE T 7 F v L OB RORE
% X BRGS0 L, K& LISREOibT &
Wedd T & 7o, TS FESE OB HUE 2 BT 51
I3, b DIFER R, LinL, EEL 7 ThHIEN
b, VU VIRR LS EE L o T, ZDTRD T A4
TR LD D C& 12, Y TR ED
WERBEIOZ Y v FORT Y —=2 T RED T, &ofE
HEOT — X LI L, ZOfRHTH 5 Tb JEFLO &5y
fRREMRAT IR LTz, Ta 287 2 F 2 d ADP U R LAL
P A TS B 7-0120T Ib QKBNS VLA ) 2
~—ZA, WICHIERE ECiE A b2 2 LOIb 4
VI<w =625 EER, @I la B3EE L,
Ta ONAAREENE T T, @la 8 b AV ~—fFfLa i@
WD, ZOADDAT T N EEELTRD (F), IO
TEMAT O B B9IE, 500KDa DA VT ~—51EA 7 L FEALIS &
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OIEFLOEE BN T 2L THD, Ib (X 20KDa D712
Fid5l(pro)k 75KDa D 4 DDR AL NHIRDR T 4(Ib))S 7
%y RIBHE CRIESE GST-pro-Ib )7L FERN T
T THUERL, GST & pro I, S Al CTA)I~—75
rvarEy), AREE MRS L0 T4 ET
TS T — 22 BUF LT, E5IZ cryo EM % FV - B F-fi#
Wratlieotz, LARIOMRNT NG, s FREIXIEEV S, b 137
2flS(pro) & Il 5 L, FUIALARRH LT, BEFLIZ/RDZ
LIE, Do TE, TUBALOBIEAA~OZE(LIE, B
— AN VEES SO I EE MU LA HIT D, ZOHE
BITHOK DT o TNV RIED BT, T/ — s
CEMADD LD FEDVETH -T2, ZOTbF, 4 1%
LMNG (Lauryl Maltose Neopentyl Glycol) ?Dj F L s 8l
TV OINZ D EFEITIRTT LTz, SHILTTA A E -8R
BEENCDREBT VY RIERL T 20 LMNG DA E
JAREIRDI LS, TV —av Bz oD, JARER
BRI DIREZ TR ST, 2O TROD -T2, I D5
HEHAWTYH T VR LTV RIERETTVO, KBRS &
H'EMFZERTO Titan Krios Z W THREATTV, CTXRPRRE
T 2.9 A iRRE COMEEA AT, b BEALIZ 7 &R
725, BT la ZBEBSEDL20IC, TS T8 T%
PERT2NEE 2 FHEELT b BEFLIZ la 2N T, 7 — 2 &I
1R, CLRIRMER W 54T o7, 77 A53T DB T~
— ANV NFERREOLO L AN EI M EN TR
WEWEOE ST DIENTE TNEIRNTEITV, 2.9A
& 2.8 AL REE COMNTICIR I LT, ZOFRERD D, LT D
ZEN DD TETZ (D) la (X7 &R b EILIC— a5
%o (2)TalE N KIOR AL ThEA L, T2F > ADP Uy
JABIEPEE RS C RIMR A AL, FD _EITALET 5, (3)
la O N KIGIIZOFREAITIDRIGD o ~V o7 2D —E RS
%0 (4)ZD Ta O N KIHOIEIE, b BEFALOFASENL (B 26



(&) 1bBRTL () lafEE-1bEETL (short stem)
(B) lafEE-1biEFL(long stem: T2 &)

A)THD ¢ 270 T ~ERN TNz, ZOZENE Ta D 1b I
LEN L COEEFERIT N Rh D CiTbhb B 2 b
B, F72(5) TV DIEAL AT, = L LR 5ER
TR, H\ short stem BUISHARL L CIEAEL . B85,
Zb5E4 K (long stem ) (27252 L TRREA~D S22 A
WIREND, FABINII2 > TN R DI N—T IR T 5
5y FEFR | PR B AR LD LD Tb BEFL OO LoD R
W7, 2o B ER IR AR B LT, ChbORERE, 4
3 H | Nature Structural & Molecular Biology #&~fg#L7=
RUBBEERER T, i (M2) |, . HEFERBRRT, B
KFOILFIFSE)

(2) T AARTREIZEFTH T, VolvafDOxTr 7T uhs
>V (CPE) XHBE DB - Eebi, FiloRhmmHRs A
HENT=, ZDOFFRIT Clostridium perfiingens iota-like toxin
(CPILE)&fin4a &3u7=, CPILE 1% CPILE-a, CPILE-b ® 2
DAL R—FR L MB725 binary 138 Thd, AR A 4 4
T LI L7223 & CPILE-b LRI LREEMENT & k4
Too ETLANTHRERZTT 47 4 2V D CDT IXRK
DEATHY, ZOWBIFELIED TS, Zibs e
ANV DT LNBO G RERD, KT E ORGEE
BT D, Z OMFFRITBAERIBIR O MR & 72
Do

(3) ADP U /AL DR ENE . Fox 13 ADP VR L L EE5
(BE3R) L2 DRE L _IE DB A RO I LRt
LD TEZ, BT Ta-T 7 F AR, C3-RhoA A,
ScARP-77 =GR DIFSEIZLY . ADP U ukiz &
NIBDOTIETHI, HHOIE DNA DL THIFL L
LT, R AFEHRL T ADP URT LT 400
ZEEAGMTLIZ, LIRSS, A PARP (R ADP Uy

o7

JALHDBNTE / ADP VAR IUAL) ORI E - <b
Mo TR, ZOFRIAD T | ST A D T5,

3. Research projects and annual reports

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

expected to find a novel drug in infectious disease.

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 Ta across the cell membrane. We reported the cryo-
EM structures of the translocation channel Ib-pore and its complex
with Ia. The high-resolution Ib-pore structure demonstrates a similar
structural framework as observed for the catalytic @-clamp of the
anthrax protective antigen pore. However, the Ia-bound Ib-pore
structure showed a unique binding mode of Ia. One Ia binds to the Ib-
pore, and the Ia N-terminal domain interacts with Ib via two other Ib-
pore constriction sites via multiple weak interactions. Furthermore, Ib-
binding induces Ia N-terminal a-helix tilting and partial unfolding,
whereupon the unfolded N-terminus continues to the ¢-clamp gate.
This study reveals a novel mechanism of N-terminal unfolding that is
crucial for protein translocation. The study was reported in Nat Struct

& Mol Biol.

(2) 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: C.
perfringens iota-like enterotoxin-a (CPILE-a), which acts as an actin
ADP-ribosyltransferase, and CPILE-b, a membrane-binding and
protein-translocation component.

We are trying to reveal the

structure and functions of CPILE-b compared with Ib-pore.

(3) We are interested in the specificity of ADP-ribosyltransferase
(ART). We have revealed the complex structures of la-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 that this is a common substrate recognition
mechanism for all ARTs, all protein/amino acid-target and DNA/base-
target ARTs. However, it is still an open question of the specificity of

human PARPs, which belongs to a different group of ART. Thus, we



are trying to reveal the structures of PARP in order to understand the

specificity.

4. RXEERE

Yamada T, Yoshida T, Kawamoto A, Mitsuoka K, Iwasaki K, Tsuge
H. Cryo-EM structures reveal translocational unfolding in the
clostridial binary iota toxin complex.

Nat Struct & Mol Biol. 27(3):288-296.
doi:10.1038/s41594-020-0388-6. (2020) (E&HHY)

5 ZFRERGE
Yamada T, Yoshida T, Kawamoto A, Mitsuoka K, Iwasaki K, and
Tsuge H : Cryo-EM structure of clostridial binary toxin translocon Ib-
pore, European Workshops on Bacterial Protein Toxins - ETOX19,
Davos (Switzerland), 2019.6.22-26 (1 FE%&3:(LH)
Monma C, Saiki D, Shimojima Y, Suzuki J, Sadamasu K, Yamada T,
Tsuge H, Kamata Y: Diarrheagenic activity of each component of
CPILE as a new enterotoxin produced by Clostridium perfringens
isolated from foodborne outbreaks, CLOSPATH 11, Leiden
(Netherlands) 2019.8.19-22
WS, HTRN: Y =y 2/ 2 iy ER RILEES RO
Rt ABOMIE S 7 T4 AEFBEMEIC L D2 3
B OESIRAE R ARG~ B A 72D 7 T A A BB~ [l
ATy Ly Ay — (M) | 2019.11.6-26-27 (HHHER:
HiF)
HHf, HTD: DNA 2 RH &9 2% ADP U 8 o LRI I
ROMLERMNE, BRMgERMES. xT A7 U —F KK
(KFR) ,2019.7.4-5
HEE, H RSB SRR HORE 2 ADP U AR SV IR R R
DILERAAE (B 20, BERMIEERNER. AT AT Y
A =T KRB (KBR) ,2019.7.4-5
HETIER: & o X BRI T 1L O BORL TR ISR, 55453
HE% 2B M=, SV AYA FRT L ()
2019.8.30-31
WHE, S EM, JIRBER, e, SkEe], T
Cryo-EM structure of clostridial binary toxin translocation channel Ib-
pore. % 57 [l A AEMYIYE, v—HATar_Xvvartk
v — (HlE) | 2019.9.24-26
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Posing just before protein translocation in bacterial binary toxin

Hideaki Tsuge
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1. ARBE

LT VMR g T kAR TR E O b Rk R E
EHHITERNS T80 0TV %G D85 T OFE
HRIEThD, EH e ERAMIRTIE, Fiiicad ks
Te LT AT E R — NS ERES DY, LR AR o
MEAGIZ LA MR D W RIS, AT T 25 4
IRIZEE S ND I8 D, DS AR NER BRI, i A
LOE MR 8 a2 B T B E M THERR S D, R EL
T, LR/ NBRBE Tl B O 77 M R AR A1 F oA
Jal~bo 7 AOMEAERBNETHEEZOND, Fix i
R A E ISR BLIL T MUCT 2343 A SRR
INRBNZHIET DRk A 7L o F U LM AR T 5 e
NhdLEZ T, FE, EMPAMBIERIZIB VT,
MUCLI BHL I FL—3Rv Ly r—9 LIRFETHIEE
AL FRINR LT, T Fx IV 7T DA%
A LU MUCL A PED S 7 F AR 3 & 5 o AL
WCOWTHFZEL Tz, TNHOMFZRERICB VT,
MUCL OFRBUTHEIZ - TREN ER T4 0 E%
DNA =A27a7 L AIZEORER LTz, ZOF T, Trop-2 2
ELLAFHEINDZERbh o7, Trop-2 (TACSTD2)
VR g &7 L X VT Bk & 7 B RV R
B L TW3d, Trop-2 X GA733 ( Gastrointestinal
tumor—associated antigen) 7 73U —IZJ&L. EpCAM &L
THBHIND GAT33-2 & GAT33-1(Trop-2))H72 5,
Trop—2 X EpCAM £ 49% DRERY —0HY | M\ i
WERPELIMEZ S D, Trop—2 OFSEITHER . KIS -CIR
FIRD L7k 2 BRPE OB EDL T H AR LB T
%o EpCAM D@ FIFE LS 26 < O MRS TUITLITHE
STV,

Trop—-2 OEREIZESE L T, GDLD (Gelatinous drop-
like dystrophy; BRI IR AR AhmT7 1—) 2B\ T
Trop—2 BETOERNEENIRK S, 28 57
Trop—2 IXAIE ERHHBR DO N Y —HREA fEE 42208
HEIN TS, LU, EIZBWT Trop-2 O
B34 FTHESNTWRW, (- T, Fox 13V B {ED
X572 Trop-2 DIEHA Y FRIMEEICEET L5 %
7=

Flag-tagged wild—type Trop—2 cDNA Zth KI5 H
Skefifatk, HCTI16 MUIRIZE AL (HCT116/WT #l
fa). Vv Eg{k Trop-2 &IEV Ak Trop-2 % 47BfE+ 5 H
T, Trop-2 # N—27 U —¥ CTiE k1% . phostag &
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T VB SDS-PAGE Z1T-72L2A, 200D/
R EIL, —EBD Trop-2 NI LENTWAZEMN
bhrofe, U VEBLE AR E T HHMT, Ser303 H2
WM Ser322 & Ala [ZEEL7Z Trop-2 #REIT5
HCT116/S303A #ifnE HCT116/S322A MilaZz/ERL L7z,
ZIHDOMINED Trop-2 DY AL fENT T H5ZLITED,

UV FELENLIE Ser322 THAHZ LN b o7z, IRWT, U

VER{E Ser322 DEBEM N FILDO LM FEHIA XM

W HEREEL, UMl Ser322 33y /LT, Glu 124
FL7= Trop-2 23 H45 HCT116/S322E #fd fERLL
2o H69° MUCLIZ &2 Trop—2 DR 8% O AT 47K 7
Too INT ATy A FEEER T Spl1DFHEAITHL,

Trop-2 DIEHAEMHITHZ LN bh-7=, Splix MUCI

WU 2 —RE L, EBIC MUCL ~DH L7 F L —3D5EE
D MUCL ~OD Spl DY V- ETLHET DN b7z,

INBDOFERILIMUCL ~DHLIF -3 DFEED Spli
UZ7)v—hkL, Trop-2 OHEBREZTLETHEE2HND, 6
2, MO BREIZ K95 Trop-2 DU FR{LDO I RAE3

2> © M B ( HCT116/WT ., HCT116/S322A

HCT116/S322E) % A W TR L7z, #hUSIZEY |

Trop—2 $322A & Claudin-7 OFA A /EMH 23 b i<,

Trop-2 S322E 1E&HHFIVZED3 03, Transwell assay
DOFERTIX, HCT116/S322E MR fied |\ W B EhRES
/~L, HCT116/8322A AEbIERWEBEIREZL 2L D

o7z, Claudin—-7 mRNA OL L4 X TOHMIECFE

BEThHoT=08, Zo 3B DL~LE HCT116/S322E
F CE LA LizZem b, Claudin-7 13825 O
EZTTHWDIENFTBINT, 512, Claudin-7 1E
HCT116/S322A M@ TiL, Mg D& FUAETE L7208,

HCT116/S322E & HCT116/WT i fa T iz sy
BLUCHEEL, —EMBEICL b, ZNH0mMm AT

Trop—2 DY AKIE Claudin-7 DAL D FHIZ

BELTWHILERIEL TWD, PKC HEAI LT PKC

siRNA Z T, Trop-2 iZ PKC o & PKC § (ZX-TY
B b SNBZEN D7z, PKC BLEAI K T PKC siRNA
XA ihReixEd L,

2. AAEE DRFIEALR

Trop-2 A L7= EMT O E LB
2-1 BPVER R OVEE Trop-2 238195 HCT116 #
JalZ 15 E-cadherin O 3&H,



TP PER Trop-2 AR B3 5 MK B kM A
HCT116/WT (WT #fE) IZMZ T, Vo igfba7ay s
D122 Ser322 % Ala (ZHaz 728 BA Trop-2 # B
% HCT116/SA(SA ffa) KOV BbaIIv 735
T Glu [CEBLI-ERA Trop2 #RHET 5
HCT116/SE(SE i i) & VE s L 7z, SA #l i 13 1 o
Trop—2 FEBGMALLY FEL ARV IR BIREE R LT, F
FLWT K OVSE Mk SA Mgl il T, paAGEE
LTWAIIICRATZ, ZHHDRERIT Ser322 5DV
Rl 23 a2 1B L 2 FRICEFNTVDIEEIR
BLTWD, EEE WT MiaoBEiERlIL PKC HEHIO
Go6983 D AL FIZ LV BRI A L=, EMT
(epithelial-mesenchymal transition) O7' @A 28T
AR L7z BRI S kL | fR<HE AL, BAEL 7
RZ72 2D Z MBIV TND, BPHER K OVE B Trop-2
HHBI4 % HCT116 FJAIZ DUV T Trop-2 OV MR{LIC
PESZ D RE R 70 75 BT b Rz A0 & P 35 % A0 i P oD A
EIZHPIL TS ENC AR D, 20X RobLic
Bp M AR OV AR RO Trop-2 % HL AR A I 7‘5
E-cadherin O~ L& g LU7-, FHELE Y . E-cadherin
@ mRNA KO3 78 B3O L Lb#E LT SE
I CERIIZIE A L, E-cadherin IZFIFRL /LT F 4l
HENTWAIEIREENT,

2-2 E-cadherin OFBLAH] T 585K 7 D FEBL

EMT @ hallmark (% E-cadherin T&Y, EMT |34z 5K
¥ Snail, ZEB KUY Twist IZE-> CHEEINDIIENHD
nNTna, #->T, DNA ~A7uaT7b Ao/ T ayT A
VTN E ST, Mock MR 5 iz 4 FEOMIRIZIITHZ
NEDOERER T ORI AT 7=, Snail ® mRNA &> /%
JEOL_XAVFIINLOMBTIZERE CThoT,
ZEBImRNA (% SE Ml CTHLL LA L7z, Twistl mRNA
1% WT & SE fifiacH#I L Tui-, E-cadherin Z> /3 7'&
X SE Ml > & T FLzZ b, ZEBL A EI
E-cadherin OFBEEZHIFEL TWAZLERIBL TS, L
2L, Trop—2 DY kD T T ZEBL & Twistl OFIFR
EED D200 = DIFENAES NI,

2-3 VVBE{EIZED Trop-2 OB (ko

Trop—2 OHBENK A ZHRET5ERT, N Kl
FLAG #27%F 7= Trop—2 ([Z&5IZ C K HA ¥ 7%

DU 7B R Trop-2 23 A L7 HCT116 Mifa(WT-HA
MM ZMER LTz, RO T At — 2 EXKKEIL, (2
2 /)70y T A 7 %ICHFFLAG RN HA FUKIC Lo T
HL7z, $TLFLAG HLIKIZED 53 75 50~75kDa D 1ARD N
YRS, B HA FUA T 50~75kDa D8RI
ZC, ~40kDa, ~20kDa & (8 ~13kDa D /S ROV H S
Too BB DIRD/NURPE T {ELTZ Trop—2 & C KT
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FeZB2bd, BT, FESEFRL | RERICHEHTL
72LZ A, ~20kDa<°~13kDa /3 RITHNZ T, 8kDa /3
VRIS T, RN R IR N R AL L2 7 i
NIRRT FRTENICERESNIZLO LTRSS, KIZ
Trop—2 OV LD FALIZBEE T 5 BT DN T
MFL=, PKC 2% Trop—z DY TEAEIE PMA %2 PKC
FLEAI D Go6983 DAFRIZLV RSN, T7bb,
PMA LERIZLY Trop-2 DY RLNTLHEL . G66983
AL IZ L Var b — L LR igid L, IRIC,
Trop—2 DUV EEALEW AL OBIEMZRFTL Tz, filaz
PMA THLEE. MEOT A2 — 2R, BRI~
13kDa O F 2R LI=EZ A, Trop—2 DM A {biT 6 B
MCE—rL7eo7z, Go6983 (ZLDALE LI [RIEE D fFEHT
ERIRoTLZA, Trop-2 OW i (LIZIE LIzZEnn
Trop-2 DU EE{LIL Trop-2 OWF AL ZBRIIE 53 1L<
IZTTETHZEERLTND,

2-4 Trop-2 & B —catenin OfE&E Trop—2 DY EE{b%
NIRRT DT

Trop—2 DY LAY B —catenin EDFE AT ET 57
BERRFILIZ, WT, SA KO SE MilaoZ A —Rb
Trop-2 ZE L, L L7- B —catenin ZHRHHL7=&
ZAH IO TREL LD B —catenin N HE
7=, 96> T, Trop-2 & B —catenin OFEA L Trop-2 DY
ff Iz BN N2 D3 b o T, RIZ., Trop—2 DM
F & B —catenin DEE~DEEEBEHILT-. PMA LB 7=
X EEmE &2 FHRIL, BT HA FrfickoEibik L,
Trop-2 OWr T KO HLIE L7~ B —catenin IX PMA ALEEIC
XOBIIMUT-, PMA ALERH DOHIIEIZ OV T, HA-tagged
Trop—2 fragment & 8 —catenin D434 & o (L FAIIZ R
TAL LT, N CTHBEL Trop-2 W - & B —catenin ®
Ry bhZzAav M58 PMA ALBZXOEEINL 722 E0vb,
Trop—2 OV EALIZ VRS- BIZEY Trop-2
DOW L HEELT- B —catenin OENIRENTLEL-H D
LEZLND,

2—5 B—Catenin & TCF4 1245 ZEB1 DI,

%W B —catenin % TCF/LEF B[R F7 73—
AR EFKR L, ZEBl 70E —FX—|lfEEBT5H2LT
ZEB1 DOFHATTET HZENHMENTND, WT Hiflasz
FAWTHL PR FEBRIZ LY TCF4 & B —catenin WE A EZTE
KT D EEHER LT, EHIZ, Trop-2 Wiji& TCF4/ B
—catenin EAKRNFEATLIELILILERTHOER
ST, ZEB1 OFBENTCHEL TS SE Ml B —catenin
DOILERITUITHE ZEBL OFBITH 30% L=,
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3. Research projects and annual report
3—1 Tumor progression by MUCL1 and its related protein
Mucins are major components covering the luminal
surfaces of the epithelial respiratory, gastrointestinal,
and reproductive tracts, and high molecular weight
glycoproteins with a number of O-glycans. Newly
synthesized mucins are transported into the apical
surface in normal epithelial cells. However, upon the
loss of cell polarity through malignant transformation,
they are transported to the whole cell surface. Tumor
microenvironment is composed of tumor cells and
stroma cells including immune cells. Eventually, new
cell-cell and cell-matrix interactions occur in the tumor
microenvironment. MUC1 is a membrane-bound mucin
and expressed commonly in epithelial cells. Thus, we
speculated that MUC1 possibly interacts with various
lectins present in the tumor microenvironment. In fact,
we demonstrated the colocalization of MUC1 with
galectin-3 or siglec-9 immunochemically in the various
human cancer tissues. Thus, we have studied on
MUC1-mediated signaling triggered by the binding of
lectins and resultant tumor progression. In the process of
these studies, we performed DNA microarray analysis to
detect proteins which expression is elevated associated
with MUCL1 expression. It was revealed that among these
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proteins, Trop-2 was highly induced. Trop-2 (TACSTD?2)
is a cell-surface glycoprotein that is highly expressed in
a variety of epithelial cancer cells. Trop-2 is a part of the
GA733 (gastrointestinal tumor-associated antigen)
family, which is composed of GA733-1 (Trop-2) and GA
733-2, which is also known as EpCAM. Trop-2 has about
49 % homology with EpCAM. Thus, Trop-2 and EpCAM
have a high structural similarity. The expression of
Trop-2 has been associated with biological
aggressiveness and poor prognosis of various cancer
cells such as pancreatic, colorectal and ovarian cancers.
Overexpression of EpCAM is also frequently observed in
many types of carcinomas.

In relation to the function of Trop-2, it is reported that
mutation of Trop-2 gene is directly linked to Gelatinous
drop-like dystrophy (GDLD) and the mutated Trop-2
impairs epithelial barrier function. However, there are no
known Trop-2 mutations that have been implicated in
cancers. Thus, we speculate that modification of Trop-2
such as phosphorylation may be related to its biological
function.

Flag-tagged wild-type Trop-2 cDNA was introduced
into human colorectal cancer cell line, HCT116 cells
(HCT116/WT cell). To distinguish phosphorylated
Trop-2 from nonphosphorylated Trop-2,
N-glycanase-treated Trop-2 was subjected to SDS-PAGE
using phostag-containing acrylamide gel, followed by
western blotting. Two bands were clearly detected,
indicating the phosphorylation of Trop-2 in HCT116/WT
cells. To determine the phosphorylation site, mutated
Trop-2 with Ala instead of 303Ser or Ser322 was
generated using a site-directed mutagenesis, and
expressed in HCT116 cells (HCT116/S303A,
HCT116/S322A).
that Ser322 residue was phosphorylated. Furthermore,
we speculated that negative charge of the phosphorylated
Ser322 residue might be relevant to the downstream

Analyses of mutated Trop-2 reveled

event. Thus, we prepared Trop-2 mutated with Glu
instead of Ser322 residue in order to mimic Trop-2 with
negative charge on 322amino acid (HCT116/S322E).
First, we tried to elucidate the mechanism by which
Trop-2 is induced by MUC1. We found that mithramycin
A, an inhibitor of specificity protein 1 (Sp1)
transcription factor, inhibited the expression of Trop-2,
and that Sp1 was recruited to MUCL. Furthermore,
binding of galectin-3 to MUCL elevated the recruitment



of Spl to MUCL. These results suggest that ligation of
galectin-3 to MUC1 triggers the recruitment of Sp1,
leading to upregulation of Trop-2 transcription.
Furthermore, we investigated the effects of Trop-2
phosphorylation on cell motility using HCT116/WT
(WT), HCT116/S322A (SA) and HCT116/S322E (SE)
cells. Coimmunoprecipitation and Transwell assays
indicated that Trop-2 S322A interacted with claudin-7
the strongest and a phosphomimetic variant, Trop-2
S322E, the weakest and that SE cells have the hightest
motility and SA cells the lowest. All cell lines had
similar levels of claudin-7 mRNA, but levels of
claudin-7 protein were markedly decreased in the SE
cells, suggesting posttranslational control of claudin-7.
Moreover, claudin-7 was clearly localized to cell-cell
borders in SA cells, but was diffusely distributed on the
membrane and partially localized in the cytoplasm of SE
cells and WT cells. These observations suggested that
Trop-2 phosphorylation plays a role in the decrease or
mislocalization of Claudin-7. Using protein kinase C
(PKC) inhibitors and PKC-specific siRNAs, we found
that PKCa and PKCS3 are responsible for Trop-2
phosphorylation. Of note, chemical PKC inhibition and
PKCa-and PKCa-specific sSiRNAs reduced motility.
3-2 Trop-2 mediated induction of EMT and metastasis
1) Expression of E-cadherin in wild-type and mutated
Trop-2 expressing HCT116 cells

In addition to wild-type Trop-2 expressing cells
(HCT116/WT; WT cells), we prepared mutated Trop-2
expressing cells with Ala (HCT116/S322A; SA cells) and
Glu (HCT116/S322E; SE cells) instead of Ser322 to
block and mimic the phosphorylation, respectively, as
described previously. SA cells exhibited significantly
less motility than the other Trop-2-expressing cells in
vitro. Consistently, WT and SE cells appeared to be in
contact more loosely compared with SA cells. These
results suggest that phosphorylation of the Ser322
residue is critically involved in cell adhesion-related
events. In fact, the motility of WT cells was effectively
reduced by treatment with PKC inhibitor G66983.

It is well-known that during the process of EMT,
well-organized epithelial cells change to loosely
contacting and scattering cells. In wild-type and mutated
Trop-2-expressing HCT116 cells, this morphologic
difference associated with phosphorylation of Trop-2
seems to be similar to that between epithelial and
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mesenchymal cells. Thus, we next compared the levels
of E-cadherin in wild-type and mutated
Trop-2-expressing HCT116 cells. Expectedly, E-cadherin
MRNA and protein dramatically decreased in SE cells
compared with in other cells, suggesting that expression
of E-cadherin was down-modulated transcriptionally.
2) Expression of transcriptional factors that repress
E-cadherin transcription

It is well-known that E-cadherin is a hallmark of EMT,
and that EMT is driven by Snail, ZEB and Twist
transcriptional factors. Thus, we analyzed the levels of
mRNA and protein of these transcriptional factors in
mock, wild-type and mutated Trop-2 expressing cells by
DNA microarray analyses and immunoblotting. Similar
levels of Snaill mRNA and protein were expressed in
these cells. ZEB1 mRNA was markedly increased in SE
cells, and TWIST1 mRNA was elevated in WT and SE
cells. E-cadherin protein was decreased only in SE cells,
suggesting that ZEB1 mainly regulates the expression of
E-cadherin, but there may be two pathways to
up-regulate the transcription of ZEB1 and Twistl
through downstream events after Trop-2
phosphorylation.
3) Enhanced cleavage of Trop-2 through its
phosphorylation

In order to detect the intracellular peptide, wild-type
Trop-2 tagged with FLAG at the N-terminal end was
further modified by adding a HA tag at the C-terminal
end. Lysates of FLAG-and HA-tagged wild-type Trop-2
expressing HCT116 cells (WT-HA cells) were subjected
to SDS-PAGE, followed by immunoblotting and
detection with anti-HA- or FLAG-tag antibodies. A
broad band with a molecular mass of 50~75 kDa was
detected with both antibodies, and other bands with
molecular masses of ~40kDa, ~20kDa and ~13kDa were
detected with anti-HA antibodies but not with anti-FLAG
antibodies, indicating that the smaller three bands were
C-teminal peptides produced through cleavage of Trop-2.
Furthermore, a nuclear fraction was prepared from
WT-HA cells and subjected to SDS-PAGE and
immunoblotting. In addition to several fragments with
molecular masses of ~20 and ~13kDa detected in whole
cells, a band with a molecular mass of 8kDa was
detected. This band may correspond to the intracellular
fragment cleaved finally and transported to nuclei, based
on the electrophoretic mobility of artificially synthesized



and phosphorylated cytoplasmic peptides of Trop-2.
Next, we investigated whether or not phosphorylation of
Trop-2 is relevant to its cleavage. PKC-dependent
phosphorylation of Trop-2 was confirmed on the
treatment of WT-HA cells with PMA and PKC inhibitor,
G66983. Expectedly, Trop-2 phosphorylation was
elevated on the treatment of the cells with PMA, and its
elevated phosphorylation was reduced to the basal level
on the pretreatment with PKC inhibitor, G66983. Next,
the relationship of Trop-2 phosphorylation with Trop-2
cleavage was examined. After treatment with PMA or
4a-PMA (control) for several hours, cell lysates were
subjected to SDS-PAGE, followed by Western blotting.
Cleavage of Trop-2 was chased by the detection of a
~13kDa fragment with anti-HA antibodies. Cleavage of
Trop-2 was enhanced by PMA treatment, peaking at 6 h.
After treatment with G66983 or DMSO (control), the
WT-HA cells were cultured in the presence of PMA or
40-PMA for an additional 6 h, followed by detection of
the Trop-2 fragment as described above. Cleavage of
Trop-2 was clearly reduced on the treatment with PKC
inhibitor G66983, indicating that Trop-2 phosphorylation
initiated or enhanced its cleavage .
4) Association of Trop-2 with g-catenin and enhanced
translocation of g-catenin through Trop-2
phosphorylation

To investigate whether or not phosphorylation of
Trop-2 affects its association with B-catenin, Trop-2 was
immnoprecipitated from lysates of wild-type and
mutated Trop-2-expressing HCT116 cells, and then
subjected to SDS-PAGE, followed by immunoblotting
and detection with anti-p-catenin antibodies. Similar
levels of B-catenin were coimmunoprecipitated with
Trop-2 in these cells, suggesting that the interaction of
Trop-2 with B-catenin is not regulated through its
phosphorylation. Next, nuclear accumulation of the
Trop-2 fragment and B-catenin was investigated using
WT-HA cells. A nuclear fraction was prepared from cells
treated with PMA or 4a-PMA, and the Trop-2 fragment
was immunoprecipitated using anti-HA antibodies. The
immunoprecipitates were subjected to SDS-PAGE,
followed by immunoblotting. In addition to the
HA-tagged Trop-2 fragment, coimmunoprecipitaed
B-catenin increased on the treatment with PMA. The
distributions of the HA-tagged Trop-2 fragment and
B-catenin in WT-HA cells were observed
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immunochemically after treatment with PMA or 4a-PMA
for 6 h. Both the HA-tagged Trop-2 fragment and
B-catenin were accumulated in nuclei on the treatment
with PMA. In the merged image, B-catenin colocalized
with HA-tagged Trop-2 fragment in the nuclei can be
observed as white dots. White dot-positive cells in the
nuclei were counted, and the percentage of positive cells
in total cells is shown as a histogram. PMA treatment
increased the B-catenin colocalized with the HA-tagged
Trop-2 fragment in nuclei. These results indicate that
nuclear transport of the Trop-2 fragment associated with
B-catenin was enhanced by increased cleavage due to
Trop-2 phosphorylation.
5) p-catenin and TCF4-dependent expression of ZEB1

It has been reported that nuclear p-catenin binds to
members of the TCF/LEF transcription factor family, and
[3-catenin/TCF4 binds to the human ZEB1 promoter,
triggering its transcription. Formation of the
[-catenin/TCF4 complex was confirmed by their
coimmunoprecipitation in WT cells. Association with the
Trop-2 fragment with p-catenin and TCF4 was also
confirmed by coimmunoprecipitation with anti-HA-tag
antibodies in WT-HA cells. ZEB1 was highly expressed
in SE cells, but not in other Trop-2 expressing cells.
Thus, SE cells were treated with a p-catenin inhibitor
(XAV939, PNU74654) for 24 h, and then the level of
ZEB1 was determined by SDS-PAGE and
immunoblotting of cell lysates. About 30 % of ZEB1
protein decreased on the treatment with the p-catenin
inhibitors. The decreases of the p-catenin and TCF4
proteins on the treatment with each siRNA were
confirmed. Knockdown of B-catenin and/or TCF4 caused
about 50% decrease in the ZEB1 protein level. An
equivalent decrease of ZEB1 promoter activity was
confirmed by luciferase assay. It was also noted that
expression of E-cadherin increased on knockdown of
these factors.
6) STAT3 dependent expression of Twistl

We also found that the levels of Twistl mRNA in WT
and SE cells were considerably higher than those in
Mock and SA cells. This finding suggests that Twistl
may be induced by downstream events through Trop-2
phosphorylation. Twistl is transcriptionally induced by
activation of STAT3 and mediates the STAT3 oncogenic
function. In this context, we analyzed the levels of
STAT3 protein and mRNA in wild-type and mutated



Trop-2 expressing HCT116 cells. Although the levels of
the STAT3 protein and mRNA were similar in these cells,
phosphorylated (705Tyr) STAT3 was significantly
elevated in WT and SE cells compared with in Mock and
SA cells. In fact, knockdown of STAT3 decreased the
expression of Twistl and reciprocally enhanced the
expression of E-cadherin. The mechanism by which
STAT3 is phosphorylated after Trop-2 phosphorylation is
currently under investigation.
7) Binding of galectin-3 to Trop-2 and subsequent
signaling

As described above, phosphorylation of Trop-2 seems
to be a key step for Trop-2 mediated signaling. We
speculated that there are two ways to elevate the
phosphorylation of Trop-2. One is growth-factor
receptor-mediated phosphorylation of Trop-2.
Expression of various growth factor receptors in
HCT116 cells was revealed by DNA microarray analysis.
Ligation of growth factors to their receptors is expected
to activate receptor tyrosine kinase, resulting in
activation of PKC. We examined the phosphorylation
and subsequent cleavage of Trop-2 when WT cells were
treated with various growth factors including EGF, FGF,
TGF-B, HGF and IGF-1. However, no growth factors
exhibited a detectable effect on Trop-2 cleavage. Another
possibility is that Trop-2 is phosphorylated directly on
binding of extracellular unknown ligands. Although we
searched for a specific endogenous protein that binds to
the ectodomain of Trop-2, no specific ligand was
detected. Next, we examined the binding of galectin-3 to
Trop-2, because Trop-2 is a highly glycosylated
membrane protein. Lysates of WT cells were incubated
with galectin-3-Sepharose in the presence or absence of
50 mM lactose. Galectin-3 binding proteins were
examined on SDS-PAGE and immunoblotting.
FLAG-tagged Trop-2 was detected in the galectin-3
binding proteins and its binding was completely
abolished by lactose, indicating specific binding of
galectin-3 to Trop-2. Colocalization of Trop-2 and
galectin-3 on the cell surface was clearly observed
immunochemically, suggesting the binding of galectin-3
to Trop-2 on the cell surface. After incubation of WT
cells with galectin-3 for 30 min, FLAG-tagged Trop-2
was immunoprecipitated from the cell lysates, and then
subjected to SDS-PAGE, followed by immunoblotting
and detection of phosphorylated Trop-2 with
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anti-phosphorylated Trop-2 antibodies. Binding of
galectin-3 to Trop-2 elevated the phosphorylation of
Trop-2. Subsequent cleavage of Trop-2 was also
enhanced at 2~6 h after treatment of the cells with
galectin-3. We also investigated the effect of galectin-3
on the expression of ZEB1 and E-cadherin. Expression
of ZEB1 increased, and reciprocally that of E-cadherin
clearly decreased at 24 h after incubation of the cells
with galectin-3. Eventually, galectin-3 treated cells
exhibited higher cell mobility compared with control
cells.

8) Downmodulation of E-cadherin expression on
treatment with PMA or galectin-3 in MCF-7 cells and
DU145 cells

Trop-2 was immunoprecipitated from lysates of MCF-7
cells and DU145 cells, and then subjected to SDS-PAGE
and immunoblotting, followed by detection with
anti-Trop-2 antibodies. A band with a molecular mass of
about 50 kDa was detected. Expression of Trop-2 in
MCF-7 cells and DU145 cells was also demonstrated by
flow cytometory. Lysates were prepared from MCF-7
cells and DU145 cells treated with PMA or 4a-PMA, and
then subjected to SDS-PAGE and immunoblotting.
Phosphorylated Trop-2, ZEB1, E-cadherin and B-actin
were detected. Expression of ZEB1 was enhanced, and
reciprocally expression of E-cadherin was
downmodulated on the treatment with PMA.
Furthermore, the effect of galectin-3 on expression of
E-cadherin was also investigated. Binding of galectin-3
to Trop-2 expressed in MCF-7 and DU145 cells was
investigated by using galectin-3-Sepharose as described
above. Galectin-3 binding proteins were examined by
SDS-PAGE and immunoblotting. Trop-2 was detected in
the galectin-3 binding proteins in both cells. MCF-7 and
DU145 cells were treated with galectin-3 as described
above. Expression of E-cadherin was clearly
downmodulated on the treatment with galectin-3.
9) Metastasis of wild-type and mutated Trop-2
expressing HCT116 cells and its inhibition by PKC
inhibitor G66983

To evaluate the metastasis of these cells, three cell
types were injected into nude mice intraperitoneally or
subcutaneously.

Intraperitoneally injected cells gave rise to bloody
ascites regardless of wild-type or mutated Trop-2



expressing cells, however, the appearance of nude mice
was extremely different between SA and the other two
cells. Livers and lungs were harvested at 4 weeks after
tumor inoculation, and immunoprecipitation of
FLAG-tagged Trop-2 from the tissue extracts and its
detection were performed. FLAG-tagged Trop-2 was
detected in tissue extracts of some nude mice bearing
WT and SE cells, but not in those bearing SA cells. The
occurrence of liver and lung metastasis was detectable in
2 of 5 and 4 of 5 of WT cells, respectively, and in 2 of 4
and 3 of 4 of SE cells, respectively, whereas metastasis
was not detected in either liver or lung extracts of nude
mice inoculated with SA cells (n=3). Subcutaneously
injected cells formed tumors apparently at similar rates
among these cells. At 8 weeks after subcutaneous
injection, the nude mice were euthanized, and then their
primary tumors, livers and lungs were harvested. The
weights of primary tumors formed by WT, SE and SA
cells were 0.99+0.18, 0.86+0.08 and 1.060+0.23 g,
respectively. No significant difference was detected
among these primary tumors. A higher level of
E-cadherin was detected by immunoblotting in SA
cell-forming tumor tissues than in WT and SE
cell-forming ones. Although no metastasis into the liver
was observed (data not shown), FLAG-tagged Trop-2
was detected in some lungs. Lung metastasis was
detectable in 3 of 5 of WT cells and 1 of 5 of SE cells.
No metastasis was detected in lung of nude mice
inoculated with SA (n=5) cells. In any case, no
metastasis of SA cells could be detected, suggesting that
phosphorylation of Trop-2 may be linked to the
acquisition of metastatic potential.

Therefore, we examined the effect of PKC inhibitor
G066983, on the metastasis of WT cells. WT cells were
injected intraperitoneally into nude mice. Starting 1 day
after tumor cell injection, nude mice received daily
intraperitoneal injection of G66983 (0.25 mg/mouse).
After 4 weeks, FLAG-tagged Trop-2 was detected in the
liver and lung tissues as described above. Liver
metastasis was observed in 9 of 9 of control mice and 2
of 9 of G66983-treated mice. The occurrence of lung
metastasis was detectable in 7 of 9 of control mice and 3
of 9 of G66983-treated mice, indicating that G66983
inhibited the metastasis effectively.

10) Distributions of E-cadherin, phosphorylated Trop-2
and Trop-2 in gastric cancer tissues
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Gastric cancer tissues (20 cases) were immunostained.
Phosphorylated Trop-2, Trop-2 and E-cadherin positive
tissues were found in 8, 10 and 10 cases, respectively.
E-cadherin was expressed mainly at the cell membrane.
Intense E-cadherin staining was observed in normal
appearing tissues, whereas in cancerous tissues, the
staining was reduced. Inversely, phosphorylated Trop-2
was highly expressed in cancerous tissues and adjacent
normal appearing tissues were only faintly stained.
Similar expression levels of Trop-2 were observed in
normal and cancerous tissues, suggesting that the
phosphorylation of Trop-2 is critical for inducing the
down-modulation of E-cadherin.

11) Schematic model of Trop-2-driving derangement of
claudin-7 and E-cadherin

Figure 1 shows a schematic model of Trop-2 mediated
signaling to drive EMT.

Previously, Mori et al. revealed that Trop-2 was
phosphorylated at Ser-322 by PKCa/3, and that
phosphorylation of Trop-2 was linked to mislocalization
of claudin-7 and a decrease of its stability, probably due
to loss of interaction between claudin-7 and Trop-2.
Actually, binding of galectin-3 induced phosphorylation
of Trop-2 and subsequent cleavage of Trop-2 occurred.
Its C-terminal fragment was transported to nuclei, and its
complex with B-catenin and TCF-4 enhanced the
transcription of ZEB1. Transcription of Twistl was also
enhanced by phosphorylated STAT3. STAT3 may be
phosphorylated through Trop-2 mediated signaling.
ZEB1 and Twistl downmodulated the expression of
E-cadherin transcriptionally. The Trop-2 mediated
pathway may play a critical role in driving EMT and
subsequent metastasis, because both tight and adherence
junctions are deconstructed simultaneously and this
cascade is spatially functional from the premalignant
stage.
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1. IEHSE

SOVUARIE, SRR O H ST E T D A N R R T
HY, IMBETHRARSNIZZ L T2 T Y, B
IR IO ML T F REO Ui/ & DIEEEIT, U
VY — DM e & D B RIS U TR I LA 25 1 D%
HEZ o CND, INUIROFELHERENT, Hla DR
SRFAELEYNS, SHILOR Y - B ETIEEAE DB
EARAESN T WD, DD, BHDVIE LT
NAEVVEE —EBTEDLDNZEROBEY THY, 13L
A E DOF BB SR TIE, R R O A &
BT BEREEZ - TWa (Fig.l ), SHICHFHESR)
W ClX, JEARAMATT CERDH - TR RO & kA & %
TERLL T5 (Fig.1 47) . MAFFEEE Tl, ZOT VIR
IR Dy L, GO A N EROHEMRE BfEL
THF R EH#ED T D,

~~~~~ - »
~e -
.

Plasma membrane

Fig.1 The structure of the Golgi apparatus
(Left) Stacked cisternal structure
(Right) Ribbon like structure near the nucleus

TOVURIE, RIS AL, SAAIC I RS
NTEOBLICERRSND, ZRETIZFR 2 1L, IATED
RIR S HLS GM130 DU FRIKIC - THI RIS DT L
BBz (Nakamura et al., Cell 89 p445, 1997), F
Te—7, AVTIRORER Iy KB OHEITIZUZAD

B> T BZELSAMIL T (Yoshimura et al. J. Biol.

Chem. 280 p23048, 2005) , 512, MO L RIEH L
RAHE DB INE T I L TRELTRY, L2k
OFHERIE, MMEBR ST S A2 S D701
HIETHHIL, 72, GM130 D/ 8= —H 7 E Th
% GRSASP65 DV EE{LISZ D= )V AR D FEA% R (- TS
ThHHZELHIBNIZL TS (Bisel et. al. J. Cell Biol. 182
p837, 2008) ,

FOLORFFEING, TAPEROEECHBIEDO R 21370
ARHHETE R 2 B L TT Y A~ —02 ALS (5 25
PERIFREEALAE ) 728 O VERR B A ATREME S, T L
CIRIZIRAE T D5 0 3 7 B HEDS D B 4% 0 A fa et o 7

68

Bi% e E
Prof. Nobuhiro Nakamura, PhD

i, Fi, MW EREERORE IS L TR, Zh
LD RTEOEEAR 2N, MlaoRLIizfbaZ L7
EMR 2 EHENZ /8- TE T, TNHOI VUKD EZ
{EHERE R RN B TR BN, [ AVRIF L4506
n, TOMENEBEZED TN (FREZE AL 90
p21, 2018), FEHEMMLE T T 4oy 2% FHWTZIIZED D,
AL ~L, ZUTEEL ~LToE LIRSS GM130,
GRASP65, YIPF (Yip domain family: #3iR) 22 Ok#e
WBNICTHZET, WM MR B S OA KB D
975 BROOfR BSO8R TR IR IR B O JE RIS LD,

2. KEEOHERE
(1) YIPF BN E O RERR AT

YIPF % R BT H & 23 2003 AR E L 7= L AR
ZJRTET DRI E w S o ERETHY, GM130 <
GRASP65 LIBFHL TR A~D X 7B R TEROME
HEFFICHEREL TW D AT REME N & D, Saccharomyces
cerevisiae |Z1%, Yiplp, Yiflp, Yip3p, Yipdp O4FED
YIPF 2E(EL, —7J7, B YIPF T, YIPF1~6, YIP1B,
YIF1A, YIFIB O9MEMNTFET D, £72, Saccaromyces
cerevisiae D Yiplp BL OV Yiflp OFRERT BT L8> T
BAIREF TS (Yoshida, VY., et al. Exp. Cell Res. 314,
3427-3443, 2008; Tanimoto, K. et al., Cell Struct. Funct.
36, 171-185, 2011; Soonthornsit, J., Exp Cell Res, 2017) ,
Eb YIPF 1%, SFEOMSILI-E A 1~3 2L, £hE
na PR B (ERGIC) , i (cis-Golgi) , T it
(medial-, trans-Golgi, TGN) IZ/3D L CTRTEL TV 5 (Fig.

| complex

ER
YIPF subunit
ERES I complex o B
0O o _o ?03 4 |Yers|viFia
ERGIC | NS YIPF7 | YIF1B
[ R e R e |
sl o C—————D O 2 | YIPF4| YIPF3
Golgi .l g —— o
stack .| ¢ —/——— o @ 3 |ViPFs| vipF1
YIPF2
TGN “ U °
endosomel (o)==} =L o
Fig. 2 Three YIPF complexs and their localization
2)0

bk YIPFX %08, BXOEER YIPF #2708
(Yiplp/Yiflp/ Yip4p/Yipsp) @7 I/ EEEH % T
NCBI 7 —H X — A% MEFRANCIFHT LI 25, BT Ofisk
EERWTIFEAEETOEEEW T, Saccharomyces



cerevisiae D YIPF Z L _7E 4 FiEDA )Y

Tablel Orgnaisms having orthologues of Yip1p, Yif1p, Yip4p and Yip5p

nJ 2 THREETIZENEBRINTE

Taxon (Kingdom) (Phylam) (Class) Species
(Table 1) o if:, ) R (Metazoa) %é\ﬁ Excavata Euglenozoa Kinetoplastida Bodo saltans
< v . Stramenopiles | Heterokontophyta Phacophyceae Ectocarpus siliculosus
Holozoa Tid, HLflifu D Filasterea >
e N SAR Alveorates Ciliophora Oligohymenophorea | Tetrahymena thermophila
ChoanOﬂagel latea % = HTUREAERTO Rhizaria Cercozoa Phytomyxea Plasmodiophora brassicae
*ﬁ Iz , B }\ YIPF @9 71:3 D 6 *ﬁ (YlPFl, Galdieria sulphuraria
Rhodophyta Bangiophyceae o
YIPF3, YIPF4, YIPF5, YIPF®6, Y|F1A) ) Cyanidioschyzon_merolae
Fovyna g ﬁ T:E L Cuwiz (Table 2 ) o Archaeplastida Chlorophyta Chlorophyceae Chlamydomonas reinhardtii
B sid Phys itrella pat
Holozoa A4t D A #Tix, BN YIPF3 Viridiplantae op eomre e
! Streptophyta Acrogymnospermae Picea sitchensis
T NN
YIPF4 UFH é,l ‘d—é&//\y ﬁﬁﬁﬁliﬁg Magnoliophyta Arabidopsis thaliana
j/L‘ﬂ— s s 0):!/1/‘:/{21_( a5 (;af’f (cis-GOlg I) \z Amebozoa Mycetozoa Dictyostelids Dictyostelium discoideum
E’Eﬁ—é YIPF f@é}%@%ﬁii 7 , %?ﬁfﬂﬂ’ﬂﬂﬁ Uniconta Mucoromycota Glomus cerebriforme
isthok Hol . es cerevisi,
&iﬁ%ﬁl@@ﬂ:G:E%&&%H%%tbf:ﬁ Opisthokonta olomycota Dikarya Saccharomyces cerevisiae
Schizosaccharomyces pombe

BEMENE X DIz, £, BEAE D
HIHIZES Teleostomi T, &JH
(Aves) & R\ C, e R D IFED

Table2 Three YIPF complexes are found in holozoa
Most of holozoas have 6 homologues of YIPF except few organisms including Arthropoda

T al BNEEL TV, ZDZE
o, FHEEMH OB E(LICZ B0

RERT O MHAT S D8 % c

RI-L=mTREME N E 2 BT,

(2) GIcNACTI-GFP FSURAITZWH

TI5749010/N BRI IIFERTE D
FIRR R

BT IT7 4o aDHHIRAETD,
TANVROREELR L E DL
BREMNTTH2EMTIN IR~
— 1 —T&% GIcNACTI-GFP %%
BT a7 A=y s BT T574

Orthologues found
o B
Taxon Species ; T ; > 3
AlB AlB AlB
Filasterea Capsaspora owczarzaki + £+ + + +
Salj + + |+ + + +
Porifera i + + + +
Cnidaria + + + +
Placozoa + e + I ¥
+ + |+ + + +
L Mollusca + +| o+ + + +
Nematoda + + + + +
Arthropoda Drosophila - + + -
planci + + |+ + + +
C belcheri + + |+ + + +
Tunicata Ciona i + + | + + + +
Metazoa | | tazon . Rhincodon typus [T+ [+]+]+ +
Bilateria Callorh i + [+ [+ ]+ + - |+ +
Protostomia [P U PR U VU U R R
Teleostomi
Deuterostomeia | . .| Amphibia X BN RERE
Aves Co + e+ + + |+ [+
R
e+l s [+ s+ ]1+]+
Mammalia
Homo sap: gl 22l
S|E|E|E|E|E|E|E|E
SRR R R R

DR (55 A0y I (15 A By el A S
Py BT 5T 4y 2D Fy AR ARITINER DE R
T0%F2 BEAR /N 72 IR 2 BEOR 9~ D8 (A LI L7z, 2o/l
YRR B AR ICIE, IEH AU~ TRV GFP 42
NELEENTZ, hTU A= FEMIT GIeNACTI & M2
FELTWAEEZONDT0, /NI R BIA AT LA
TO GIcNACTI iEME: ERICL > TR D Al fEMEA RIS U
720 GICNACTI JE4E R &2 RS/ N R R BRI,
(1) EZEBLE GG BIRTNL ~ DRI IA IR, HDHNIE(2)
D GIcNACTI-GFP DFAAIARIZI > TER IS ATHEM:
MEZBND, ZTIHOFREMEA B BNIT 5720, M AAA
HESRL DI EE D TX T, WEAEETIT, /INHPHRFR B
ERERWNTIV A 2= /BT T T 4o 2 R 2 B
BENTREY, —FORMKTIE 23 FYRIiz(TgCh23.1
R, ©I— O FHETIE 25 FY LI (TgCh25.1 R #E)
"IV AY = DR FGAFENTWDIENH LI EZ2 > T
7o Tz, AMETREREE SR ORI H2 - AR LD #
RN R > TR ) MMET AT 272825, 25 TR
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® 31,514,547 15 31,514,557 OFRAL (GRCz11) ~hT72 A
DU B RIAEN TNDIEL BN /o TV,

NI AY 2=y VBT T T 403 2 M6 IRIZDOWT, T
VAV =R BIA R IRALE PCR TREMTLIZEZ A,
TgCh23.1 7 U % — S T E > E 7 68 (47%)
TgCh25.1 7 U % — S T H > k7 48 (33%)
TgCh23.1 7UsL& TgCh25.1 7YV %E—DF DFF DL DM
26 fH{£& (18%), TgCh25.1 7 UL % S>>0 4 A
(B%)&otz, —J5, 1EH T R&Z&IZ, TgCh23.1 7Y%
ZOoROERIT R o0 bRtz LTed-> T, TgCh23.1
TV E DR OERILEGE ThD AR RIR S LT,
STHREYIC TgCh25.1 T UV % SRR N R omo 722
LD, LAY — U 2 OFF O ENEIED A TR
WeEZ BN, LIE0-> T, TgCh23.1 7YV BT
MRNRDDHZENRBEENT, ZORIBEMEEARFET 5720
I, RE#EUE - SR # L D 4L FIFFSE 12 L > T TgCh23.1
RIHDET ) DRI ATV, T AT — R FriA BB Ik
DB TS OMERE T IR0 T, T ORER, TgCh23.1 7Y



VTR, hT AT — v 28 F YAk o
30,426,532-30,429,982 (GRCz11) IZHLAIAENTEY, =
D] 3,450bp MRIKLTWBIERHONE/RoT2, ZOFHE
3121 calmodulin binding transcription activator 1a i&f{zx
FNIEET B8, TgCh23.1 7% 2 SFE SR, =
DB T DI TN Lo THEBUIEL 725 ATREME 3T
REE N,

3. Research projects and annual reports

Golgi apparatus is situated at the center of the secretory
pathway. There, newly synthesized secretory proteins are
modified with glycosylation, sulfation, and peptide chain
processing. The fully modified proteins are then sorted and
dispatched for their final destinations, such as lysosome
and plasma membrane. The Golgi apparatus is conserved
widely in Eukaryota from monocellular fungi and protozoa
to multicellular plants and animals. The Golgi apparatus
has a cisternal structure. In most animals and plants, the
Golgi cisternae are stacked in several layers and these are
further connected laterally to form a ribbon-like structure
in vertebrate (Fig. 1). We are trying to understand the
supporting molecular mechanism and physiological
significance of this peculiar structure of the Golgi
apparatus.

Golgi apparatus is disassembled and equally inherited to
the daughter cells during the mitosis. We found that
disassembly is primed by the phosphorylation of GM130
(Nakamura et al., Cell 89 p445, 1997). We also found that
disassembly is necessary for the onset of mitosis
(Yoshimura et al. J. Biol. Chem. 280 p23048). On the
other hand, the Golgi apparatus is closely bound to
centriole and surrounding microtubules in interphase.
Continuous reassembly of the Golgi apparatus is necessary
to re-orientate the centriole to the front of the cells, which
enables the directed movement of the cells. We found that
the phosphorylation of GRASP65 is important for this
reorganization of the Golgi apparatus (Bisel et. al. J. Cell
Biol. 182 p837).

Recently, it was reported that the disorganization of the
structure or function of the Golgi apparatus can cause
neurodegenerative disorders including Alzheimer's disease
and ALS. It was also reported that some Golgi resident
proteins are involved in the control of cytoskeleton, cell
polarization, and signal transduction and the disfunction of
these proteins can cause cancer. The diseases caused by
the structural and functional defects of the Golgi apparatus
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are now called "Golgipathy” and the research in these
subjects became important to understand the pathology
and find new targets to treat these diseases.

(1) The analysis of the function of YIPF proteins

We found YIPF proteins as a family of multi-span
transmembrane proteins localizing in the Golgi apparatus.
They are candidate target proteins for GM130 and
GRASP65 and are supposed to function in the structural
maintenance of the Golgi apparatus. Four family members
were found in Saccharomyces cerevisiae (Yiplp, Yiflp,
Yip4p, Yip5p), while nine family members (YIPF1~6,
YIP1B, YIF1A, YIF1B) were found in human. A homolog
of Yiplp binds a Yiflp homolog as a pair and form a
complex. There are three distinct complexes (1~3) in
human cells. Complex 1 localizes at early Golgi (ERGIC),
complex 2 localizes at the middle (cis-Golgi) and complex
3 localizes at late Golgi (medial-, trans-Golgi, TGN)
(Fig. 2).

All 4 orthologues corresponding to Saccharomyces
YIPFs were identified in virtually all
eukaryotes in the protein sequence database (Table 1 and
2). Besides, two more orthologues corresponding to human
YIPF3 and YIPF4, YIPF5 were identified in Holozoa
including Filasterea, Choanoflagellatea, and Metazoa
(Table 2). No orthologues for YIPF3 or YIPF4 were
identified in Eukaryota except Holozoa suggesting that the
evolution of these proteins played some important role in
multi

cerevisiae

cellularization and evolution of Metazoa, i.e.
animals.

Nine orthologues were identified from Telesotomi to
mammals suggesting that the increase of the homolog
number played some role for the ossification of the
vertebrate.

(2) The mechanism of small chorion phenotype of
GIcNACTI-GFP transgenic zebrafish

We have found that some females of GICNAcTI-GFP
transgenic zebrafish lay eggs with smaller chorion (70%
diameter). It was found that this phenotype was correlated
with stronger GFP fluorescence. Therefore, it was
suggested that the phenotype was caused by the higher
expression level of GICNACTI-GFP, which is predicted to
retain enzymatic activity.

Until last year, identified the integration of
transgene (Tg) on the 23rd and/or 25th chromosome
(named TgCh23.1, TgCh25.1). This year, we screened 146
transgenic zebrafishes and found that 68 ( 47% )

we



individuals have one TgCh23.1 allele, 48 (33%)
individuals have one TgCh25.1 allele, 26 ( 18% )
individuals have one TgCh23.1 allele and TgCh25.1 allele,
4 (3% ) individuals have two TgCh25.1 alleles.
Strikingly, no individual has two TgCh23.1 alleles. This
results strongly suggested that the TgCh23.1 allele has a
recessive lethal effect. To evaluate this possibility, a
whole-genome analysis was performed to confirm any loss
or rearrangement of the integration site of the transgene
for the TgCh23.1 allele. As a result, the transgene was
found to be integrated between 30,426,532-30,429,982 of
23rd chromosome (GRCz11) revealing a deletion of
3,450 bp at the insertion site of the transgene. This region
encodes calmodulin-binding transcription activator la
suggesting the perturbation of the expression of this gene
inducing the recessive lethal effect of the TgCh23.1 allele.

4. X, EERE (Publications)

Shaik, S., Pandey, H., Thirumalasetti, S., Nakamura, N. (2019).
Characteristics and Functions of the Yipl Domain Family
(YIPF), Multi-Span Transmembrane Proteins Mainly
Localized to the Golgi Apparatus, Frontiers in Cell and

Developmental Biology 7, 130.

5. 2R REBE (Meeting Reports)

BABE (2019). 7574y 2138 4ETO GM130 D%
OfEHT. —RALEBEAN T RBE AR Xord 7R Y
oA (KBK)3 A 13 H

6. ZFDh4FFEEIE (Others)
1) #MBE4: (Research Grants)

R 28~304F J  SGHFHEE B AT SRR 4 -
FERR(C) (TAVIRIITZZAZRDD ! 2 HFFER
#H . PRIBE PRk 284 ~304 : 38007 4)
[25440092]

2) JnfAHE (Patents) (7% %4721

3) A7) (Activities in Academic Societies)

HAA b FaiER (2012.4~)

Review Editor: Frontiers in Cell and Developmental
Biology; Membrane Traffic (2018.4.10~)

= E S (Awards) (3% 7L

DAl (Others)

A USR5t (Paper Referee)

Frontier of cell and developmental biology: 6 {4

The FEBS Journal: 1 4

Journal of Cell Science: 1 1

Ot A Fe

4)
5)
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BEAIYE A F5 A HE: Assessment of research
proposal, Research Grants Council, Hong Kong,
China 1

2019 Laboratory Members: Himani Pandey (AR AR 7,
2019 4 3 H £ ), Shaheena Shaik (D2-D3, 2019 4~ 8 A &
), HJI{E—EE Shinichiro Nakagawa (B4, 2019 4= 3 A
FT), BAIEH Mitsuki Okumura (B4, 20194E 3 A £7),
ATHEEI Yurika Kinoshita (B4, 2019 4E 3 A £T), bk 5
KB Ryotaro Hayashi (B4, 2019 4E 3 7)), EIFEAR
Takafumi Nagasaki (B3-B4), #IL* Kyohei Sugiyama
(B3, 2019 4F 7 A»B), mwElMA: Tokio Takaji (B3, 2019
7 Anb), FHKE Taiga Terasaka (B3, 2019 4F 7 A
i)
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1. FRBE

Oy TR E TIL, T 0B D—/4 k&
TRRFZEDORELE L CREL, X X DA DIEETD AL
=R LEFNS, BTH, BRIy kb7 4 —
NT g 7 CARRRERE I ) B L OV 2o RO S A
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BHEMBEEL TS, TRV AR L ERER 815 L 724
VORI MBI R DFE 2 DAL ALK~ TEME
U720, BEERIZE S TEILTHELWEEE 720
BT EUAFET Do ZDOLIRNDPLRRE L NIED
(== = R S AN Y el D A 1] O A SN @ )
WaFBL, TAINAT—JHRON—F RO LH 7R
T2 DR ER B OFIK b7 > TC0D, 2T, (3 Y
IRVBEZELCEMT S productive folding &, [ S R
TH—IVRFLERVNRIBEEHEEICLETH-HDORA
BEEE ) 2L OBIR T 5280%., T8 VRO BEEED
BEEE),. MBELRALTOEGURTLOEEEOH#HR)
EVOBLENDIL, MEDOIFEREE Ch D,

AWFFERTIL, FROar M- T, k4> D
Fp T a e I NIV TR A HEE L T/, 970 b,

1) 27— R RE 513 ~Sm HspAT ORSRERFHT

2) /NIRRT DX B EE B LRy 7 AR, B
N MEFED 7 BN =7 N AR FAERERFO AR

3) M 51 ERdj8 12LDA— 773V — LDP A XD
KEREDIF 52

4)Moyamoya 5 JF K 1B 5 1 mysteriin OFEREFRAT
DAD>ThH->T,

TuP M) DELE THo TR KA DSHEFI K EE
IR E L TEMEL, 7 uY =/ R3) OFE(LH ThoT-
ILAPETE DS KPR 5 DB e U TR S L= 285,
INB2 0D, BIEL TN E N IRY:, KIRKHET
fBES L TD,

IR, 7aPx/h) &7 nla/h2) IZOW T, 20D 1 4E 3
A THLNIHIZOW TR T 5,
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1) A4S VHEMNSFIYROY HspdT QOHRERRHT

aF—4 R EG 4y -3 v~ HspdT 1 1986 4E, 7k M
DILE-THRASNIZZ L RTETHY, 27— U ERICE
WCHEHDEEZ RI2L TS, TDBOAFZENS, HspdT
IEE B LR B OB EICLE 5L THY ., ZOBLENLIT
B FRARHEI LA C U VT, Hepd7 13IRIRICE T2 2%
— N RTIELIR01R5, HspdT OMREILEIZL T,
a7 —r OB AR EERET DR BOIREES
WAL LEHETHHEDTH D, HspdT BLEFIOEERZI TV, 15
BT HspdT BREAL SO —EIZHOW T LR R L=
Biol Chem 2017, 2019), FAE, LVEZ ROV LELA
MR LGRS HE BIELTWA, 207 1y =7 NI s
EIELPE IR AMZEAT L E O LRI FRICREIRL, BA
= F A I B FE i (AMED) BE L R A /X — S a Al
H7 07T AACT-MICEHAR S, IS D B
TWD, AHFFEIT., WFFEBh B O G EIE R A~ R E LT 3E
F—ATEoTHREN TS,

2)IMNERIZBETREAVNRVEREERE., LRy XHlfE.
AN LEEEOIVORN 7 MNakEESHEROE
B85

INBARTIAT = LR LI 2 S A B L~
EEN TSR TF L TuT TV —ARICL>THMRENS
(ERAD) , ZOiEFE T HICXY . 2008 £E(Z ERdj5 &V V)i
TEEEEN R RSN SAT F— VR EL B O NS & R
BIZBWTEERERHZ LTI L2 T TITHELT
&7 (Science 2008, Mol. Cell 2011 72&), E5IZ ERd}5 2374
Ny DR T OIEMEE R 22812 8o T /AMaERN o
TN MEFPEMER 2 > TWD &A% R LIZ(PNAS
2016), =D IH BN S, LRy 7 AHl#Z N Lic s R0
BWEEHEI N MEFE OB AN=2IZEBR L TN,
INEARIZESINOENDIDICEILIBREE FIZHHR, 2O
{EPIBREEIZHVN T ERdjp 2NETTIEMEE RIE T H720121E,
IO IFIEIZ LS TRIT ) BT UL D720, SV
EEZ UL, BFIZEDEICL T ERAJ5 IARZESND DN,
INMERIZE DINCL TH AN UNSLETEH/ETNDON,
DBET THAVR W R E M L7 D, ZAud/MaRE N A
NI RTINS Y DR ROFDO—DThH



Do AWPIEE TITM B et Z R 2 h DL LT — A2 d -~ T

TERIMEN TETDEITFAT- BT 72 T I L - T
IMERIZE TGS TOB AN =X B E LI DD
b5, Flo, MAENBEDOL Ry 7 ZBREERE D L ITREES
DD, T OHERERRINICHHRERL T2,

2. XEEOHMEMR
1) aS—5VHRMS TR0V HepdT DHEBEREHT

Hspd7 13/MaERIZBIEL, 27— A BRI ED 5y
Ty LC, Hoax B3 RL T EFEM RIS C&
1o B RIE T D, HspdT 1Tb—bay X &G (HSP)
WL B IR IE L TR B L~ CRIINE ST, i@
STCTHEL QDML 33°CTHETLEaT7—F A
FRAZHS 32 Hspd7 OIRIFEMMEL 2D L& LRI ZEC, 1
S ULT=(Fujii K et al, Sef Rep, 2019), 2O Z &1, 37°C
NaAT =N TR R B — M rav s &4 Th
V. Hspd7 MaF—/4 12l T HSP LTIV TWAZ &%
IRIBL TN,

AR, Hspd7 23aZ—7 L USADZ L REITHREA L., =
T OREEBRICEAETAZENRBINTND
(Ishikawa Y et al, PNAS, 2016), 512, Hspd7 (ZHfask
DaAT—r L DERERIETHZET, BAMIEOIRE I
H4 2L 3> TE7- Xiong G et al. PNAS . 2020),
HHE S = = B DB E# A5 T Hspd7 DORCHTD
ey 72 Rie L TR L7-(Tto S and Nagata K o Biol
Chem. 2019),

Hspd7 1327 —7 0 O B E B Ff e T oM LR &
OHHERT-EH720, Hspd7 OIEBLEANHE] 95 L L 234
flEnszent, HERS TIEMEESNTE Tz, Fx it
Hspd7 &aZ—7" v O E/ERZE T80 FaHm o
BRBREATV SRR MRIT O | 15017 Hspd7 FLELE DY
DO—IZ OV THFFEIFL, BEICHRSCEL THRELTND
(Ito S et al, J Biol Chem. 2017), 54EE 1%, 4456  Heng
TARF — B BRED)EE VT, ZOBLEAI#HNIZ/N
WA Hspd? &ao—4F L O EMERZREL WD IE
Ui, ZIVET, HspdT &7 —4 ORI BAE A Z /N
TR T 5II%. ZOMEE M E b7 aR) T —%
WCHAZEBEET2LERHY | A fREENS A A7
D0, FEAEHLEROFAL N HEL A>T, BRET £
T2 S MM EAE R A = L ¥ —HRR C LR
b5 IELWE G EIEA D 2 52 L3 TED, BRET ik
12X% HspAT-27—7 VM EERA OB IR ZIL ., P
F O BAFTHEL7=(Ito S et al, J Biol Chem. 2019) , Z
DHIECEY IOF R EWMDORE L LR T, 20
— &3¢ % L7=(Yoshida M et al, Chem Pharm Bull.
2020)
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Hsp47 PHEAIY 2y =7 NI RS 3 K O E TR &
R ZERTE DI FEIRFFEICH R L., B A AT 72 B 5 1A (A
MED) & Fi R A /N —a Al 7 w77 A(ACT-M)
WZEARE I, BRI AT | in vitro TOAEENEHEARBE .
in cell TORAEFEREAM & O in vivo TOEGFEAMZRREG LR
M5, WFRBED I TND, CUE TR

Collagen

Hsp47 PEEH Col003 (&
collagen fEEEALITHES L.
REREETTD.

2) INAKIZBITR40RVBREEE. LEYIRGIHE.
AN LEEEDIORN—Y  pR{BEEEH#FOR
BA

FNEN/INERE O—>Th H/MakTlx, v/ 78
BEE Uy I R c IV T ARAFTAZ AL
W) ZO0DRBEERMNEEL KT LV, EE LR
LTW5, Bxid/MaETYRLT ¢ RELiEMEICEH L
L 7= IthEsE ERAjb # 3R L, ERdj5 23/ NMako Lo
VH R EDEM B RO F v im v BiP EHEAE
BT 52 & &M L7z, ERdjb 13/NKRTI A7 +
— )V R LT GMRIEED Y AN T ¢ RikG 2 B & OB GG
PECUIWT L. ZMERD YA B A ~DHEH AR L,
U EWEFRRICB W CEERREEZ R LTS
Z Lt &HRH L7 (R. Ushioda et al, Science 2008; M.
Hagiwara et al, Mol Cell 2011; R. Ushioda et al.,
Mol Biol.Cell 2013)

S 5T ERj5 AN/ NI EICAFET B AN T AR
7" SERCA2 DY AT ¢ Rikd % B & OELiEtE CHA
L. BAEREFRET S Z & TMIE~D I LT T LA
L, MIEOI NS T AEEBICEEE 52TV
ZENHLMNTR 5T, & BIT BRA5 IT/MEERRKED B
JL IR % L. SERCA2 & DA A T L
TWBZ EaEBHLMNZ L (R. Ushioda et al, PNAS
2016) , WALKRF OIS S & D ILFBFIEIZIBNT
SERCA2b D#E & N AEBIC T L TE Y  (Inoue et al.
Cell Rep.2019) . 514, REMIZ2 AR v THEMAL A 7 = X 1



fREANHIFE SN D, ST T Al E LT, /M
EREDOL Ry 7 ARFBH LT AF ¥ 3L 1P3 5K
ROIEMEZ L Ry 7 ZEAFRNCHIET 2 2 L b RVHL
TEY., K7 LF v RV % ERAjs DEILIEMZ T LT,
reciprocal (278 HHIBIICHIET 2 L5 | Mid TH
PRI AT B2 LoD H 5, £72., ERAj6 DE T
AR=ARIEALT, FEHEZESF RS — 72580
LWAH =X NEWHLNT L, BIE, fSCmERP <
D, Flo, Thb b Ry 7 ZRFR 2/ N EH PEHE
FRREICOWTRFLICE LD, IR ar e M 2EZD
Z &Rk~ (R.Ushioda & K.Nagata, Cold Spring
Harbor Perspectives in Biology 2019) ,
(3CE - #i|)

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:

1: Functional analysis of collagen-specific molecular
chaperone Hsp47.

A collagen-specific molecular chaperone Hsp47 localizes in
the endoplasmic reticulum (ER) and has essential role for
collagen synthesis in vertebrate. Lowering the culture
temperature corrected collagen abnormalities in  Hsp47
knockout cell (Fujii KK, et al, Sci Rep. 2019). This collaborated
study suggested that Hsp47 stabilizes procollagen as heat shock
protein and body temperature would be a heat shock condition
to procollagen folding. Recently, we also collaboratively found
Hsp47 promotes cancer metastasis by enhancing collagen-
dependent cancer cell-platelet interaction. (Xiong G et al,
PNAS 2020) and a cell-specific ablation of Hsp47 defines the
collagen-producing cells in the injured heart (Khalil H, et al,
JCI Insight. 2019). To date, several new binging partners of
Hsp47 were identified, they may co-work with Hsp47 in
collagen synthesis in the ER. We summarized such recent
topics of Hsp47 as a review (Ito S and Nagata K J Biol Chem.
2019).

Hsp47 could be a promising target for the management of
fibrosis. We screened small-molecule compounds that inhibit
the interaction of Hsp47 with collagen from chemical libraries
and found that a molecule Col003 competitively inhibited the
interaction and caused the inhibition of collagen secretion (Ito
S etal, J Biol Chem. 2017).
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We are developing new screening systems and are
searching for more effective Hsp47 inhibitor. Herein, we
established a bioluminescence resonance energy transfer
(BRET) system for assessing Hsp47-collagen interaction
dynamics within the ER. After optimization and validation of
the method, inhibition of the interaction between Hsp47 and
collagen by a small molecule (Col003) was demonstrated for
the first time in the ER. Using the BRET system, we found that
Hsp47 interacts not only with (Gly-Pro-Arg) but also weakly
with (Gly-Pro-Hyp) motifs of triple helical collagen in cells.
This method can provide valuable information on PPIs between
Hsp47 and collagen, and the effects of PPI inhibitors important
for the treatment of fibrotic disorders (Ito S et al, J Biol Chem.
2019). We are searching for more promising compounds by this
method. As a part of the hit compounds, We reported the
structure-activity relationship study on a compound inhibiting
between collagen and Hsp47 (Yoshida M, et al, Chem Pharm
Bull 2020).

The project of Hsp47 inhibitor has developed into
collaborating research with pharmaceutical companies and the
National Institute of Advanced Industrial Science and
Technology (AIST), and was adopted by AcCceleration
Transformative research for Medical Innovation (ACT-M) of
Japan Agency for Medical Research and Development
(AMED). Aiming for clinical application, our research on
Hsp47-collagen interaction also integrates in vitro structure-
activity relationship, in-cell inhibitory activity evaluation and

in vivo efficacy evaluation.

2: Maintenance of ER homeostasis through the crosstalk
among Protein Quality Control, Redox regulation, and Ca?*
flux. We identified ERdj5 as a disulfide-reductase in the 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 SERCAZ2b. It suggests that
the redox activity of ERd]j5 is involved not only in protein
quality control but also in Ca®** homeostasis in the ER (R.



Ushioda et al, PNAS 2016). Furthermore, Inaba group
(Tohoku Univ.) and we elucidated the structure of SERCA2b
(Inoue et al. Cell Rep. 2019). This information may help to
understand the activation mechanism of SERCA2b pump
through ERdj5. On the other hand, we have revealed the
mechanism of the electron transfer to ERdj5 from the nascent
chain. Furthermore, we summarized our previous works as a
redox-dependent endoplasmic
homeostatic mechanism (R.Ushioda & K.Nagata, Cold Spring

review of the reticulum

Harbor Perspectives in Biology 2019).
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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-blooded animals, including humans. BDV
infection in experimental animals has been used to study
the pathogenesis of virus-induced central nervous system
damage and as a model for specific human diseases, e.g.,
BD is in
immunopathogenic damage to the nervous system by

autism.  Classical large part due to

blood-borne inflammatory cells. Responses to BDV
infection vary according to differences in host-specific
factors, e.g., species, animal strain, or age of the host at
the time of infection. However, the definite mechanism
underlying disease outcome is not fully clarified yet. To
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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-
B family in CNS and viral pathogenesis, and 3)
mechanism of changes in virus genome with adaptation
to host.

The precise mechanism underlying the BoDV-1-
induced onset of neurological disorders currently remains
(CORT)

suppression and neuronal damage in the brain due to long-

unclear. Corticosterone causes immune
term hyper secretion. In addition, adrenocortical hormone
reactivates the herpes viruses. In this study we report the
influence of CORT on the onset of Borna disease in detail.
In this study, we analyzed the effect of CORT in mice
during BoDV-1 persistent infection.

Male C57BL/6N mice (SLC) at 5 weeks of age were
inoculated with BoDV-1-CRNP5 4x10°FFU
intracerebrally, and CORT pellets (5mg/pellet) or placebo

pellets were obtained on day 24 after infection. Implanted

strain

under the skin. During the 48-day observation period,
body weight was measured, and clinical symptoms were
evaluated every 4 days from infection day 0, and
behavioral tests and brain and thymus collection were
performed on days 8 and 24 of CORT administration, and
virus And histological analysis were performed.

CORT administration significantly reduced thymus
weight with and without infection. The body weight of
CORT
administration, but in the infected mouse group, the body

infected mice decreased with or without
weight tended to increase in the CORT administration
group. The clinical symptoms of Borna's disease were
significantly higher in the infected group regardless of the
presence or absence of CORT administration, and no
difference due to CORT administration was observed. The
viral load in the brain was not significantly different
depending on the presence or absence of CORT and the
number of days after infection. Histological analysis of
the brain showed that CORT administration significantly
reduced encephalitis in the infected mouse group on day
8 of administration, but no difference was observed on
In the infection + CORT
administration group, encephalitis was more serious on
the 24th day than on the 8th day.

CORT administration to mice persistently infected with

day 24 of administration.

BoDV-1 tended to reduce the condition. The cause was



considered to be the reduction of encephalitis, not the
amount of virus in the brain. These results suggest that
the effect of CORT on the onset of Borna disease differs
depending on the time of infection.
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3. Research projects and annual reports
Gene regulated not only by the
but by the

post-transcriptional control of mRNAs. mRNA stability

expression s

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
zebrafish by

combining a wide variety of approaches in biology. We

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

(A) Analysis of the zebrafish znf598 mutant



When the ribosome aberrantly stalls during translation,
the stalled ribosome is rescued by Ribosome Quality
Control (RQC), and the template mRNA is degraded via
No-go decay (NGD). Znf598, an E3 ubiquitin ligase that
binds to the stalled ribosome, is essential in these
processes. To analyze the physiological function of
Znf598, we have analyzed gene expression profile and
phenotype of zebrafish znf598 mutant embryos. We
found that erythrocytes were reduced in znf598 mutant
embryos.

(B) Establishment of a zebrafish mutant for tRNA
modification enzyme Qtman and Qtgal

The codon-decoding process is affected not only by
tRNA amounts but also their chemical modifications. To
the effect of tRNA modifications
codon-mediated mRNA decay,

analyze on

we focused on a
queuosine modification, which is present at the first
position in anticodons of tRNA Tyr, His, Asn, Asp. By
using CRISPR-Cas9, we generated zebrafish mutants for
Qtman and Qtgal, which attach mannose and galactose to
queuosine, respectively.

(C) Establishment

purification of ribosomes

of a =zebrafish strain for the
In order to biochemically analyze the components,
modifications, and quality of ribosomes in various
developmental stages and tissues, we have developed a
simple and rapid method for affinity purification of
ribosomes from zebrafish embryos. We inserted a Flag
tag at the C-terminus of the endogenous Rpl36 by
genome editing and established a line that allows
ribosome purification by anti-Flag antibody beads.
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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
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unique feature. The photosynthesis in higher plants
chloroplasts which are comprised of
multilayered membranes, and pushes forward carbon
dioxide fixation. Chloroplasts have various regulation
mechanisms of photosynthesis that is an important
function for plants. Particularly, we focus on redox
in modulation system of higher plant
chloroplast, and have major two research projects as

occurs in

regulation

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

Thioredoxins regulate the activity of chloroplast
disulfide
Previous in

enzymes by reducing bonds in a

light-dependent manner. vitro studies
indicated that f~type thioredoxins are the most efficient
redox regulators; however, f-type thioredoxin mutants
did not show any obvious phenotypes. We used in vivo
studies to show that the more abundant m-type
thioredoxins are more important regulators of Calvin
Cycle enzymes. These results highlight the need for in
vivo studies. Furthermore, we recently started to research
functional relationship between light reaction and redox
regulation by thioredoxin.

2: Development of a simple and efficient tool for
molecular biology.

Recently, various restriction endonuclease cleavage
site-independent cloning methods that overcome the
limitations associated with the lack of unique restriction
enzyme sites
"seamless cloning” method). Seamless DNA assembly
kits
Overlapping sequences present at the 5’ - and 3’ -ends
of DNA fragments are combined by these methods in

vitro. The Seamless ligation cloning extract (SLiCE)

have been described (the so-called

have also become commercially available.

method can use extracts from the commonly available
Escherichia coli laboratory strains as an alternative
seamless cloning method; these extracts can be easily
prepared in the laboratory. By using the SLiCE-method,
we constructed a novel series of high efficiency vectors
for TA cloning and blunt-end cloning of PCR products.
These three vectors for PCR cloning showed high
efficiency cloning
preparation. Three pCRT, pCRZero, and pCRZeroT

rate and low cost for vector
plasmids are available from plasmid repository Addgene.
Moreover, we developed a highly sensitive and

low-cost DNA agarose gel detection systems, using



non-mutagenic and loading dye-type DNA-staining
reagents. The DNA detection system that used Midori
Green Direct and Safelook Load-Green, with a cyan LED
light (~490 nm), could detect DNA-fragments at the
same sensitivity to that of the UV-transilluminator
system combined with ethidium bromide. The cyan LED
system can be also applied to SYBR Safe that is widely
used as a non-toxic dye for post-DNA-staining. Another
DNA-detection system excited by black light was also
developed. Black light used in this system had a peak
emission at 360 nm and caused less damage to DNA due
to lower energy of UV rays with longer wavelength when
compared to those of short UV rays.
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3. Research projects and annual reports

In the field of plant breeding, F1 hybrids have many genetic
advantages and contribute to the increase of worldwide crop
production. For the efficient and stable F1 hybrid production,
cytoplasmic male sterility (CMS) is the most useful genetic
characteristic. Besides the practical importance of the CMS,
it is useful to study the interactions between nuclear genes
and mitochondriadd ones from scientific view points,
especiadly for molecular and evolutiona genetics. Thus, we
have been studying the CMS of various plants both in order
to know the evolutional processes and to exploit new
breeding materias.

1) OguraCM S and its fertility restoring genes.

Ogura CMS found in a Japanese radish is the most
important one in Cruciferous plants, being used worldwide.
We have been studying the distributions and differentiations
of OguraCMS gene, orf138. Whereas, we found that various
wild and cultivated radishes possess fertility restoring genes
for Ogura CMS. Hitherto, two fertility restoring genes were
known. Oneis orf687 in a Chinese variety, and another is Rft
distributed in Japanese wild radishes. We observed that a
European radish cultivar has a fertility restoring gene
different from both of orf687 and Rft. We examined the
distribution of orf138 and itstype in F1 varieties cultivated in



Japan. We a so studied the differentiation of fertility restoring
genesin radish.
2) New mal e sterile plants derived from the cell fusion.

We obtained somatic hybrids showing male sterility
between Arabidopsis thaliana and cabbage varieties
(Brassica oleracea). Progenies of the somatic hybrids were
produced by successive back-crosses with B. oleracea. S0
far, the pollen fertility was investigated in the BCs progenies.
The BCs progenies were segregated into completely male
sterile plants and partidly fertile plants. However, dl the BCs
progeny plants had the identical structure of mitochondrial
genome. By further back-crosses, BCs generation was fixed
to be male sterile without anthers and petals. This type of
sterility was also observed in al the plants of BCg and BCio
generations. While, seed fertility with the back-crosses
increased in the later generations.

3) CM S of radish and eggplant by cytoplasm substitutions.

With the purpose to enlarge the numbers of CMS materia
plants, we are anayzing the molecular characteristics of
dloplasmic radishes and eggplants under the collaborative
projects with other institutions. We found unique orfs in male
sterile dloplasmic lines both in radishes and eggplants. By
the studies of their expressions, it was suggested that they are
promising candidates of causa genes of CMS. Furthermore,
we exploited DNA markers of fertility restorer genes of
eggplants. The markers would be useful to identify the
restorer genes and to clarify the mechanisms of CMS and
fertility restoration.
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Complete mitochondrial genome sequence of Brassica oxyrrhina and
comparative analysis of the region containing orf108, a male sterility
gene for mustard (Brassica juncea), anong B. oxyrrhina, Diplotaxis
erucoides and Sinapis species

Akihito Mukai, Megumi Jikuya, Mai Tsujimura, Toru Terachi and
Hiroshi Yamagishi. 2019.

Plant Breeding. 138: 614-623

Mitochondrial orf463 causing male sterility in radish is possessed by
cultivars belonging to the *Niger' group.

Hiroshi Yamagishi, Yoshiyuki Tanaka, Shiori Shiiba, Ayako
Hashimoto, Asumi Fukunaga, Terachi, T. 2019.

Euphytica 215: 109.
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3. Research projects and annual reports

Energy is necessary to sustain life. Bioenergetics is an
important scientific field, whose am is how life changes
energy into aform that is easy to use and how it isused. ATP,
the energy currency of life, is synthesized by ATP synthase,
which exists in mitochondria or in bacteria plasma
membranes. The produced ATP isused in variety of biological
processes, such as muscle contraction, the synthesis and
degradation of biomolecules. For example, the vacuolar proton
ATPase (V-ATPase) uses ATP to transport ions into vesicles
which are responsible for various physiological phenomena
through its acidification. How molecular machines made up of
tiny proteins converts the energy of ATP into transport and
motion is a very interesting question and one that needs to be
solved in the life sciences. To understand the mechanism of
these molecular machines, we need to see its movement and
shape. For this purpose, we have used single-molecule rotation
observation and structural biology with cryo-electron
microscopy. Our final goa is to clarify and describe how
living organism transform and use energy to live.

On the other hand, the process by which life utilizes energy is
likely related to aging and age-related diseases. Several
enzymes involved in energy metabolism are reported to be
involved in life-span altering genes, and the amount of energy
intake itself determines lifespan. We have started to study the
relationship between the intracellular concentration of ATP,
the energy currency, and lifespan using molecular imaging
techniques. The results revealed a close relationship between
aging, anesthetic effects, and metabolic control and ATP
levelsin the individual. Thus, we are addressing the issues of
aging,
bioenergetics.

Based on these points, we have carried out three themes;

(2) rotary ATPase/synthases,

lifespan and disease from the perspective of

Molecular mechanism of
V-ATPase and FoF.

ATP homeostaisin living cells

Structural biology using Cryo electron microscopy

@)
©)

Achievementsin 2019

1) Structure of the Vo domain of V/A-ATPase

Single particle analysis using cryo-EM is one of the most
powerful methods for protein structure determination. With
the advent of direct electron detectors and the development of



analytical techniques, we can easily determine the structure of
protein molecules, sometimes with near atomic resolution. In
this study, we have determined the structure of the Vo part of
V-ATPase at atomic resolution using Titan Krios (FEI), which
is equipped with an automated imaging system at Osaka
University. The hydrophilic V1 part of V-ATPase has been
desorbed, and the leakage of protons from the remaining Vo
part of V-ATPase was expected to be somehow prevented.
The results of the present study revea that the inhibition of
proton leakage is caused by a large structural change in the
hydrophilic arm, which inhibits rotation. These results will be
published in the next year.CryoEM structure of V type ATP
synthase

2) Relationship between anesthetic action and ATP
concentration change

The mitochondrial respiratory chain complex plays an
important role in the synthesis of adenosine triphosphate
(ATP), which is required for various biologica activities, but
it has been reported that pharmacologically and genetically
decreasing the activity of the mitochondrial respiratory chain
complex prolongs the lifespan of Caenorhabditis elegans.
Therefore, we used the MASC assay to search for inhibitors of
mitochondrial ATP synthesis among 2,500 existing drugs to
determine whether they affect the lifespan of C. elegans. Asa
result, we found 8 inhibitors of ATP synthesis among 2500
existing drugs in mammalian cells (Figure 1A). Furthermore,
we found that these eight drugs also reduced ATP levelsin C.
elegans.
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3. Research projects and annual reports

Life sciences are not only contributed to improving
medical technologies and food production through
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 on the issues between life sciences and society.
(1) Research on education related to genome medicine

While with

conceptual understanding of DNA, genes, and genomes,

secondary education in Japan deals
there is no educational curriculum to learn social aspects
likes human genetic testing and genome medicine.
Therefore, we will develop an educational program that
includes awareness of the advantages and issues of
genome medicine and practice of decision making when
using genetic testing. This year, we developed teaching
materials. In addition, we held a meeting to exchange
opinions with high school teachers in Kyoto Prefecture
and gained opinions about the teacher training sessions
up to the previous years.
(2) Development of dialogue methods for life science

We will develop a dialogue method for public
awareness and information sharing for basic research to
produce human germ cells that need to respond to ethical,
legal and social issues (ELSI). In this year, we collected
information from the perspective of "responsible
research and innovation”. It will be useful for attitude

surveys and development of teaching materials in future.
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3. 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 generaly 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 (Brassicaceae), which naturally
undergoes vegetative propagation via regeneration from
leaf fragments.

This year, we have performed genomic analysis of R.

aquatica

aquatica to understand the mechanism of heterophylly and
regeneration. We also analyzed the mechanism of |eaf
shape change and suppression of stomata development
upon submergence.
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Comprehensive transcriptome analyses of galls from four
different host plants suggest common process for gall
development, Seiji Takeda, Makiko Yoza, Taisuke Amano,
Issei Oshima, Tomoko Hirano, Masa H. Sato, Tomoaki
Sakamoto, Seisuke Kimura, The 5 th Joint Symposium on
“Basic and Applied Studies of Plant Natural Products for
Agriculture and Human Health*, Thaksin University,
Songkhla, Thailand, Sep 12, 2019

Molecular mechanism of corolla elongation in Japanese
morning glory, A. Shimoki, K. Ohasi, M. Toda, T. Sakamoto,
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Agriculture and Human Health*, Thaksin University,
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The 5 th Joint Symposium on “Basic and Applied Studies of
Plant Natural Products for Agriculture and Human Health”,
Thaksin University, Songkhla, Thailand, Sep 12, 2019
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Defining codon-mediated mRNA decay and No-go decay in
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Plant regeneration in nature: Studies on natural vegetative
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Principles of pluripotent stem cells underlying plant vitality,
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Differential gene expression analysis of Arabidopsis seedlings
reveals potential involvement of 2-phnylacetic acid in
hormone crosstalk, Sam Cook, Seisuke Kimura, Hiroyuki
Kasahara, The 23" International Conference on Plant
Growth Substances, University Paris-Descartes (Paris,
France) June 25-29, 2019

Discovery of a novel meristematic organ on the cauline leaf for
natural vegetative reproduction of Rorippa aquatica, Shuka
Ikematsu, Ami Sasaki, Rumi Amano, Tomoaki Sakamoto,
Seisuke Kimura, International Symposium: Principles of
pluripotent stem cells underlying plant vitality, Katahira
Campus, Tohoku University (Sendai, Japan), May 11-14,
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Effect of SOG1 overexpression on DNA damage response in
meristematic tissue, Kaoru Okamoto Y oshiyama, Naoki
Aoshima, Naoki Takahashi, Tomoaki Sakamoto, Masaaki
Umeda, Seisuke Kimura, International Symposium:
Principles of pluripotent stem cells underlying plant vitality,
Katahira Campus, Tohoku University (Sendai, Japan), May
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The relationship between phytohormone and plant regeneration
in nature in North American lake cress (Rorippa aquatica),
Rumi Amano, Hokuto Nakayama, Risa Momoi, Emi Omata,
Shizuka Gunji, Yumiko Takebayashi, Tomoaki Sakamoto,
Hiroyuki Kasahara, Ali Ferjani, Seisuke Kimura,
International Symposium: Principles of pluripotent stem
cells underlying plant vitality, Katahira Campus, Tohoku
University (Sendai, Japan), May 11-14, 2019
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Laboratory of
Cell Signaling and Development

1. EHME

AR E AR T JR2A RS T B OB A &S
T) DIRZIE ., E O [RGB AR T 2 Eb e 1 B fdi 7 {45 1)
ZHOLMINA YT H MR A DR ICAETILON
B, ZOZ LT, BDABEBER T3, HER LISk 1T54%
MOEWVHEOBE TEHDORFEINTE L, ZL
TEDEHEBEILTNA 72T TRl IVERH AN
ILIEF R EMIGFIRZEOTERNVLDOTHDLZEE
RELTWD, KFFRETIE, 77UV AT T )LDOHILe
PHENE, BI OO R A A ML O Ik 6E (Z ks &
FEAEB A BB A LB R OR B - MR 1B T DR
DABET Src(V—2) . BLOZ 0 E D Gl Fa g 3
BLOHMRE) Clxoly 7 I mEZ sy i (a7
X Rwy T X —BRE) OF%EERLNIT D, &
VIOT = IZBVRLA TWD, TV AT T DY
MR E W7 JRfila 7 2y =7 ) TIXBL T 03
FLDBERASY UPI-Src S RTLDOR R EZFEHEEE,
2)VMF7R—2 D7 FHHE, 3)INBHMEOHEN. K
BRUORTLODFHBIC NP AMEE H W05
(MDA ey =78) T, L FD3.8. 1) KNAMRE
OmEHHERMEOMBEIE, 2)Sc KFEHFOSY
DUBIEDEBHER, HR Src RELTFLHSFO
BERICECBRVMEA TVD, 2019 F 2BV TEEIC
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(question formulation technique) ik A L 7= ff L\ & &l
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Prof. Ken-ichi Sato, Ph.D.
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Senior Investigator: Alexander Tokmakov, Ph.D.
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Sato. 2019)
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Matsumoto, Isobe, Sato. 2019)
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3. Research projects and annual reports

Research in our laboratory primarily focuses on the
molecular and cellular mechanism of growth, maturation,
fertilization, and apoptosis in oocyte/egg of the African
clawed frog Xenopus laevis (Egg Project), and of
malignant functions such as anti-apoptotic proliferation
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and drug-resistance in human bladder carcinoma cells
(Cancer Cell Project). In the Egg Project, we have
published eight papers, in which three review articles
and five original research articles are included. Our
current subject of inquiry includes the mechanism of
overactivation of unfertilized egg, enzymatic regulation
of matrix metalloproteinase in oocytes during
progesterone-induced ovulation and maturation, and
biological function of membrane microdomain in oocyte
that lacks expression of uroplakin 1.

Hatenathon is a newly coined word. It is a combination
of a word 'hatena’, which means a question mark in
Japanese, and a marathon. Hatenathon is a concept of
question-driven learning (QDL). Through hatenathon,
teachers develop and provide a brand-new learning
environment. The core process used in hatenathon is based
on Question Formulation Technique (QFT) developed by
Dan Rothstein and Luz Santana in the Right Question
Institute. To examine whether question-driven hatenathon
learning is valuable to secondary education, we developed
a series of the hatenathon -learning classes and
implemented them in the Katsura Research Project , a
newly designed course program for promoting a variety of



learner’s knowledge, skills and attitude in Kyoto
Prefectural Senior High School. We conducted twice the
hatenathon learning class, where the first-year students
underwent self-questioning with the use of question
formulation technique. According to the obtained output
materials so far that include a questionnaire survey of the
students, we suggest that a majority of students comes to
realization that they could learn in-depth by questioning
for themselves. Future directions of this kind of learning
approach and its implementation, e.g. problems and their
means of improvement, will also be discussed.
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LRRANEFE DT D T RBROHINDDIT OV THRFT T
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3. Research projects and annual reports

Biodiversity and ecosystem services are essential in
supporting human beings in multiple ways. Japanese
traditional Satoyama landscapes that originally provide an
adequate ecosystem services have been threatened by rapid
socio-economic changesin recent years. We need to explore
the effective countermeasures to secure sustainable supply
of ecosystem services, based on the interaction within and
between nature and human activities.

We have been also facing inherent urban-rural land-use
mixture, causing several urban environmental issues.
Nevertheless, land-use mosaic in urban fringe areas is also
expected to have advantages in various aspects, especially
in bio-resource utilization. Among them, the composting of
the garbage from feeding programsin educational facilities,
such as nurseries, preschools and elementary schools, has
been drawing public attention these days from the aspect of
reducing environmental footprint.

Until last year, we estimated the expected reduced amount

of garbage by composting using “lkigomi-san” project
method at the nursery in Sakai City, central Japan. We also
conducted a questionnaire survey to clarify the possibility
and incentives of children's parents to participate in
composting in their houses. Then we estimated total
acceptable amounts of composts in agricultural lands
surrounding the nurseries in order to assess supply-demand
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balance in each area with assumption of parents
participations in composting.

Our results suggested that the “Ikigomi-san” project on
organic waste management and urban agriculture has a
feasibility of local scale organic material circulation. This
scheme can contribute to further environmental load
reductions and organic material
promoting sustainable region in the suburban area.

recycling, thereby
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3. Research projects and annual reports

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

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

depended on tick species.



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

and tetracycline and showed multidrug resistance.
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BV, FERRT ) A DB T (APX #51) ZE AL
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3. Research projects and annual reports

We have proceeded with the following five projects:
1: Production of useful transplastomic plants.
2: Development of a new chloroplast transformation vector
that can replicate autonomously in chloroplast.
3: Comparative mitochondrial genomics of male-sterile
crops using NGS.
4: Studies on the molecular mechanism of the male-
sterility/fertility restoration system in radish.
5: Comparative mitochondrial genomics of Triticum and
Aegilops using alloplasmic lines of common wheat.

The first project aims at producing various transplastomic
plants that are useful for human beings. Currently, several
transplastomic plants (containing genes like apx, ferritin,
etc...) have been produced using tobacco as a model plant,
and experiments to produce transplastomic crops including
tomato, wheat and lettuce are underway. Transplastomic
lettuce containing either ferritin or gshl gene has been
produced.

The second project is inspired by the results of the first
project; we have accidentally obtained a variegated

transplastomic tobacco plant that contains dipartite

chloroplast genome. Since this plant is expected to serve
as a unique resource to develop a new chloroplast
transformation vector, we are now conducting several
experiments related to this subject.

In the third project, mitochondrial genomes of several
crops such as barley, rye and onion have been analyzed.

The fourth project tries to reveal interaction between
mitochondrial and nuclear genomes using a male-sterility

and fertility restoration system found in radish. Genetic
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variations in both mitochondrial orf7138 and nuclear Rf
genes have been examined. Evolutionary aspect of the
system is also drawing attention.

The fifth project concerns the mitochondrial genome of
Triticum and Aegilops species. It is well known that the
mitochondrial genome of some species in the genera
influences on the phenotype of alloplasmic lines of
common wheat. In order to reveal a mitochondrial gene(s)

responsible for the phenotypic difference between
alloplasmic and euplasmic lines of common wheat, their
complete mitochondrial genome sequences have been

determined using the next-generation sequencer.
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3. Research projects and annual reports
1) Analysis of policy formation process
We

infrastructure (GI) policies between Europe and America,

conducted a comparative analysis of green
Japan. As a result, GI is a common concept that promotes
the utilization of various ecosystem services among those
regions, but in Japan, GI is being introduced in vacant land
and abandoned cultivated land. In addition, GI in Japan is
characterized by the fact that there are ongoing discussions
on land use based on the characteristics of ecosystems as
well as the utilization of various ecosystem services. In
particular, land use with the idea of green infrastructure is
being considered as a response to the risk of natural
disasters. The discussion of GI in Japan may be wider than
in the West. In the future, we would like to examine
effective policy formation methods in Japan.

2) Development of methods to promote natural
environment policy

In order to evaluate the possibility of GI in local
government, we are building indicators of the natural
environment and social system related to GI. Regarding the
natural environment, we proceeded with the study of
indicators for the water repellent function of agricultural
land during floods. In addition, regarding the social system,
we proceeded with the examination of indicators related to
citizens' intentions and administrative plans. Citizen's
intention regarding GI showed that there were not many
regional differences from the result of analysis of citizen
questionnaire. On the other hand, it was clarified that the
plans of local governments regarding GI differ greatly
among regions. In the future, in order to comprehensively
evaluate the possibility of introducing GI, it is planned to
create a database of various GI indicators for each local

government.
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3. Research projects and annual reports
Genetic diversity retained in populations is an essentia
material for adaptive evolution and breeding of plants and
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animals, species can adapt through natural selection to
changing environment, if they have sufficient genetic diversity.
Breeders of domesticated plants and animals can genetically
improve their materials by artificia selection on genetic
variability. Our laboratory is researching the methodology
for evaluation, maintenance and utilization of genetic diversity
in wild and domesticated anima populations.
research projects and the annual reports are as following:

Our main

1:  Construction of selection criteria in guide dog breeding
Suitability for guide dog has been judged by evaluation
with 42 items. For the purpose of sdlective breeding, the
evaluation items should be condensed into a small humber of
selection criteria. ' We applied principal component analysis
and structural equation modelling to results of the evaluation
in Asia Guide dogs Breeding Network (AGBN), and extracted
three mgjor components. Quantitative genetic parameters
and breeding va ues of the components were estimated.
2: Conservation genetics of an endangered bumblebee species
in Japan using microsatellite markers

Bombus Cryptarum florilegus is an endangered bumblebee
species in Japan. The habitat is limited to two peninsular
areas (Nemuro and Notsuke peninsulas) in east Hokkaido.

We collected 42 workers and 21 males in a pasture at
Nemuro peninsula. Each sample was genotyped for eight
microsatellite loci. Nest density was estimated from the
microsatellite data of workers. Estimated nest density was
than 10 , suggesting
managements are required for reducing the deleterious effects
of inbreeding. To evaluate the effect of inbreeding, the
proportion of diploid males and the number of sex alleles were
estimated with the microsatellite data of males. The number
of sex alleles was estimated to be 6.1, which is exceptionally
small
bumbl ebee species.

less that urgent conservation

comparing to the published estimates of foreign

3: Application of maximum avoidance of inbreeding to group
mating in haplodiploid populations

Group mating is an efficient mating system for reducing
inbreeding in captive populations of endangered animal
species. In this mating system, population is divided into
severa groups and males are exchanged among groups every
generation.  Extension of the maximum avoidance of
inbreeding (MAI) to group mating in haplodiploid populations
was numerically examined. It was shown that the application
of MAI can effectively reduce the initial

inbreeding in haplodiploid populations.

increase in
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XN 7= hikaru genki (hig) & 1{xF (Hoshino et al., 1993
Neuron) N2 —NR9% Hig #>/37& 1%, 2V AE@ v
F 72O M B2 A E L (Nakayama et al, 2014 J.
Neurosci.) ., =a2F M7 EF L a2l 52 KK (nAChR)
DRIEEZHIFHL D (Nakayama et al., 2016), F
AR R ITH 1T D nAChR O J&) 7 il S B A8 1 X Bh i i &
MbOFMMPA I TORNZEND, TD5 - HiM % Hig
BRI BEEFENT OMFE R ELTHLIIZL TN,

b) VFFRABB N I ADER I NI EREDRE
LV F S ABEDOHF LNET IV
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T AMBR N I RAEE ST B0y DS AT E R
ML, 200 THRRBIETAHIKET 7747 — 0
Vr o747 = bOBRMEER LT B, FFIT,
Hig & Hasp nENEF NIRRT 45 a2 /S—FAUB
(Nakayama et al., 2016, J. Neurosci.) &7 At 1t
EORREHMEIZT D, /2, Hasp O ~DREE
2550 FEHALNPICT D, TD LT, U7 AM
MEzE Oy F 7 A EOHLET VB ER T
Do

¢) Hig 3L nAChR DEER~DE &

hig 2L, BRBREIIE BN OK T 2R T, 2017
) EORIEHIRAEIT, Hig #2 0 E BEIRIZAT S0
BIbvat >z a5, iz, MERD 7 A1
HENKBLIZL DO THDHET H7251F, Hig IZL->TRTE
il #1252 1F 2 nAChR 23 HEAR & LV BB IZHI T L T D
A[REME N B D, £ T, Hig 8L nAChR DHER ~0 B
B&G -~ A4 ETIC Hig OATICE > TR %A
i AR ODATF 22 12 R B S5,

F7c, Hig CEBEMICHEEIEHT5 Dasth7 =y
nAChR D REBZFH TN L TETWDHIE
735, DaSMER LA O R IC B W CHARET R &L
TIETEBWTCWAATREME B D, 22T, DaSIZH REE
D T BE & o BE P AR AT 375,

2. KEEOHERRE

a) nAChR ¥ 7===vh Dob5 i3 a4+ $EI% T Hig &8
EEAL.ZYD C RAIERP= R A b— 2% 8%
HT5,

Hig LM ANMEHR TR 7 ORIES BREL T, hig 25 5
EORB IGEERBLOHFEMORT) NEIE T LY
Lo —ZE RO EEE R AT LA ML 2FE D ZE B
BRERE LTz, HIEBLFI ORENT OFER ., WLz i
H AchR 7 2=y D—>Tdh 2D Dab IZELTET I/
BHERTHLZENHBA L, 22T, #H2IZ Dasik
15T OHERE R 25 5% CRISPR/Cas9 {EIZIVERL L .
hig BBRIRIZE AL LZA TREIMER L OHEM BT £E
TN WEE 2R LTz, ZOZE0D, Dab Bis1 Ok
BEXKAED hig BBRAET T Ly AT H LML, vavya
U/SZNZIE nAChR 7 = "N 10 S 573, hig 2852
RO CKBIE T DR BLE RNAL IZEWII X5, Dab
72T hig EREOFMmEREI T, LIoR>T, 7
2=y h®OHT Dab BFRIIC hig BIZ T DH 7L



— LU THERE T AZED BN 72 o7, Hig & Dab 1%, &

NENENWOERKICBW TS T A REERNPHDLZE,

EBIZ, Dab M| BB ST 5L 7 AR R TO Hig ©
BAMEZHZEMND, Dab & Hig iXEEHA VI IS
FEALTWAEE X DILD, AL TIE, 728 Dab OFEHE
R85 Hig OMRERBEV T L v AT 507 59D, hig
ERIKDMDYF 7 ATiL, Dab, Dab, Da? DWEH
DRTEEL WA T B0, hige Dab — B RLTIE
Dab O JRITE BN AERI DL FICRDZ eI, £
7= Dab ZE BARTIL, Dab & Da7 O JefE B /38 AR L)
Léhpotz, Thbb, v F FABBICAFLE TS Hig 2372
IpBHE, o F T A% L TO Dab D RIERDEL,
Zhediz Dab & Te AchR 2T A0V 7 2=y
o EL A T B S 2 5B, Dab, Dab, Da7 @
SOV T 2=y MI2OWT N A OISR AL C
U O R Bl B L O N R A AN T TR AT &R
L7 B IZ5 | 3 S, Hig DV 7 2B R
FERER AT, TOME, Dab & Da7 OISR AL
(I3 Hig EOFEABENRH D2 Dab (21T LB L
77o BT, Dab @ C Sl OFELF &R AT 52 R U
EREISE DL, Hig HFHFIE T CRERRERY— %
RT IR FOF L RTE TP R A =2 R
D~ —H—"Td% Rabs LI FEL Tz, £/=, Dab &

A. wild type B. hig mutant
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A basal level of

-

endocytosis causing lethality
C. Da5 mutant D. hig D5 mutant
Hig

i i

A minimum level of
endocytosis
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3. Research projects and annual reports
Research Project: How the brain expresses a variety
of neural function still remains enigmatic. We are



studying regulatory mechanisms underlying synapse
differentiation at molecular levels, and also try to
understand a genetic program that globally organizes
the neural circuits in the brain. To approach these
problems, we employ a small brain of Drosophila,
which comprises 10° neurons, only a millionth the size
of a human brain.  Our research currently focuses
on the synaptic cleft matrix, identifying its
components, analyzing the process of matrix
formation, and revealing roles for matrix in synapse
differentiation and brain functions.

The hig (hikaru genki) gene, identified by a mutant
phenotype of reduced locomotor activity (Hoshino et
al., Neuron 1993), encodes a secretory protein with
multiple CCP domains and an Immunoglobulin
domain. Hig protein localizes to the synaptic clefts,
forming matrix at cholinergic synapses, in the brain
(Hoshino et al., Development 1996; Nakayama et al.,
J. Neurosci. 2014, 2016). The goal of this project is to
identify new proteins that constitute synaptic matrix,
and also to reveal how these proteins are organized in

order to form functional matrix during synaptogenesis.

In addition, we are interested in building a new model
of synaptic structure because the current model lacks
the details of synaptic cleft that should be an essential
component of synapses.

Annual reports:

The synaptic cleft protein Hig prevents an inhibitory role
for the nAChR subunit Do5 in maintaining the receptor
levels.

Presentation of nicotinic acetylcholine receptors
(nAChR) on the postsynaptic membranesis acrucial step
for synaptic differentiation that leads to the generation of
brain functions. However, the molecular mechanisms
underlying the regulation of synaptic nAChR levels
remain to be revealed in the central synapses. A genetic
screening for mutations of h&ig, which
encodes a secretory protein specifically localized to
cholinergic synaptic clefts in Drosophila, resulted in
identifying two recessive mutations in the gene encoding
nAChR subunit Da5. The suppressor mutations as well
as null mutations of Da5 rescued the lethal phenotype of
hig mutants, whereas loss of functions of other nAChR
subunits did not as revealed in RNAi experiments. Thus,
Da5 notably causes a lethality in the animals that fail to
produce Hig. The synaptic levels of nAChR subunits
Da5, Da6 and Do7 were all decreased in hig mutants,
but the loss of Da5 in hig mutants increased Da6 levels
and also upregulated both Da6 and Doa7 levels in the

suppressor
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wild type. In addition, overexpression of Da5 caused a
decrease in Da6 and Da7 levels. These data indicate that
Da5 inhibitorily controls the synaptic levels of nAChR,
and the inhibition is enhanced by the loss of Hig that
anchors Da5 on the postsynaptic membranes.
Domain-swapping experiments among Da5, Do6 and
Da7 indicate that the extracellular domains of Da5 and
Da7 are able to interact with Hig and the succeeding
C-terminal domain of Da5 functions in reducing nAChR
levels, possibly through endocytosis. Da5, Da6 and Da7
subunits make a distinct contribution to the control of
NAChR levels, while they function as the component of a
channel. In addition, it is notable that Da5 becomes a
lethal factor when Hig is missing, or that without the
extracellular region, Da5 is also deleterious even when
Hig is present. This may provide a novel insight into
how synapses become impaired in neuronal degeneration
diseases.
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3. Research projects and annual reports

Many micro-organisms exist surrounding of natural
environment. Some of them infect to plants, and some do
to animals including human. They cause unique diseases
to their host, but the others do not. Some live in animal
intestine and help food-digestion of host animals. Or



some have a role for host evolution. Microbes interact
with their host and establish micro- and macro-cosmosin
nature. We are now studying on pathology, ecology, and
other basic researches of zoonotic micro-organisms.
Especially, we focus on viruses, which cause mosquito-
and tick-borne diseases. Recently, arthropod vectors are
spreading their living places due to global warming.
Therefore, the diseases become one of big concerns in
world-wide public health. Although some diseases are
not in Japan, it is also urgent to develop detection and
prevention system for the diseases. Our main research
themes are: 1) Epidemiological study on mosquito- and
tick-borne diseases in Kyoto city, and 2) Pathological
and molecular biological studies on mosquito- and
tick-borne pathogens.

Annual reports
1) Epidemiological study on mosquito- and tick-borne

diseases in Kyoto city

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

2) Pathological and molecular biological studies on
mosquito- and tick-borne pathogens

Infection of mice with THOV is not pathogenic, whereas
hamsters have a lethal course. Since how to cause
infection over animal species is one of big question in
the natural world, this year, we examined whether THOV
adapts to mice by passaging in mice could infect with
THOV. At the results, THOV after 20 passages
(MA-THOV P20) was letha to mice. Macroscopic
pathological findings of MA-THOV P20-infected mice
showed bleeding in organs like
THOV-infection in hamster. Histopathological findings

various as
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showed significant congestion, hemorrhage, necrosis,
and apoptosisin the liver.
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