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Research projects and annual reports 
 1-1. Elucidation of the Biosynthetic Process of 
Hyaluronan and its Application to Anti-aging Technologies 
There are an increasing number of bedridden elderly people 
in Japan with a loss of joint function due to conditions like 
osteoarthritis. Hyaluronan (HA) acts as a cushion and 
lubricant in articulating joints. It is an integral component 
of the synovial fluid between joints, but becomes reduced 
by age and thereby causes functional disorders. HA is a high 
molecular-mass polysaccharide found in the extracellular 
matrix, especially of that of connective tissues, and is 
composed of repeating disaccharide units in which N-
acetylglucosamine (GlcNAc) and glucuronic acid (GlcUA) 
are linked together by alternating ß-1,3 and ß-1,4 linkages 
(Figure 1). Our laboratory discovered the first mammalian 
HA synthase (HAS) gene and has been thoroughly 
investigating the mechanism of HA biosynthesis ever since. 
Recently, we succeeded in establishing an in vitro 
reconstitution system using a recombinant HAS protein and 
developed a screening system for compounds that have 
HAS activation potential. Our future challenge is therefore 
to understand the entire mechanism of HA biosynthesis and 
apply this knowledge to developing innovative anti-aging 
technologies. 
 
1-2. Establishment of Therapies Targeting Cancer Stem 
Cell 
Cancer has become the leading cause of death in our 
country due to increased longevity, and as such the 
eradication of cancer has become a social mission. 
Although it is well known that uncontrolled cell 
proliferation leads to the development of cancers, the 
precise mechanisms underlying metastatic tumor 
progression and recurrence have not been fully resolved. 
Cancer stem cells (CSCs) have recently been reported to 
exist in many malignancies and have attracted remarkable 
attention because they are believed to be the only cells 
capable of initiating cancer growth. Because CSCs are 
relatively resistant to conventional chemotherapy and 
radiotherapy, and because they are closely associated with 
cancer metastasis and recurrence, targeting them is now a 
primary goal in cancer therapy. 
The main purpose of our research in this domain is to 
identify the molecular cues that govern the CSC properties 
and establish novel therapies to induce a state of cancer 
dormancy by controlling CSCs. 

2. 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). 

 
In this study, we investigated downstream signals of HBP 

in breast cancer cells to elucidate the mechanism by which 
HBP flux accelerated by HA overproduction regulates 
cancer stemness. Phosphatidylinositol-3-kinase (PI3K)/Akt 
and glycogen synthase kinase 3  (GSK3 ) govern several 
signaling pathways associated with cancer progression. 
Since these signal pathways have also been suggested to be 
associated with self-renewal of CSCs, the phosphorylation 
state of these signal molecules was analyzed by Western 
blotting. The HA-deficient cancer cells displayed greatly 
reduced Akt phosphorylation at both Ser473 and Thr308 as 
well as GSK3  phosphorylation at Ser9 as compared with 
control cells. The phosphorylation of GSK3  inhibits its 
activity and prevents it from phosphorylating -catenin, 
thus allowing the stabilization and nuclear translocation of 

-catenin. The stabilized -catenin subsequently induces 
the epithelial-mesenchymal transition (EMT) crucial for the 
maintenance and expansion of CSCs. In accordance with 
the reduced phosphorylation of GSK3 , the expression of 

-catenin was decreased in HA-deficient cancer cells. 
These results suggest that HBP flux coupled with HA 
biosynthesis acts on CSC regulation via the PI3K/Akt-
GSK3 - -catenin signaling pathway. 

Figure 1. HA biosynthesis and HBP 
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Kobayashi T, Chanmee T, Itano N. Hyaluronan: Metabolism and 
Function. Biomolecules 10:1525 (2020) 
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Laboratory of Molecular and Cellular Biology Associate Prof. Ryo Ushioda, Ph.D
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Research projects and annual reports 
We have been focusing our research on the productive 

folding of nascent polypeptides by molecular chaperones and 
protein quality control mechanism for misfolded proteins 
within the cells. Particularly, we have been devoted our activity 
on the following two major research projects:  
 
Maintenance of ER homeostasis through the crosstalk 
among Protein Quality Control, Redox regulation, and Ca2+ 

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

  We found that ERdj5 cleaves the disulfide bond of SERCA2b, 
a Ca2+ pump on the ER membrane, and regulates its function. 
Additionally, ERdj5 senses the Ca2+ concentration in the ER 
and regulates the interaction with SERCA2b. It suggests that 
the redox activity of ERdj5 is involved not only in protein 
quality control but also in Ca2+ homeostasis in the ER (R. 
Ushioda et al., PPNAS 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 
review of the redox-dependent endoplasmic reticulum 
homeostatic mechanism.  

Here, we focused on the control of the Ca2+ pump and channel 
by the redox regulation in the ER. Here, we obtained the 
structural information of SERCA2b for understanding how 
ERdj5 promotes the influx of Ca2+ by SERCA2b. Then, we 
found that the reductase ERdj5 affects the Ca2+ release activity 
of the IP3R. Additionally, we found that ERdj5 deficiency 
causes mitochondrial fragmentation due to Ca2+ homeostatic 
disruption. It was clarified that redox regulation by ERdj5 is 
involved in the uptake and release of calcium ions in the ER.

1. 
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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 
dedicated import systems.   The outer membrane 
contains several -barrel membrane proteins, including 
porins, which are responsible for the transport of small 
molecules. -barrel membrane proteins move through the 
outer membrane via the TOM complex and are inserted 
into the outer membrane from the intermembrane-space 
side by the translocator SAM complex, forming a 

-barrel structure. The SAM complex is composed of 
Sam35, Sam37, and the -barrel membrane proteins 
Sam50 and Mdm10, yet Mdm10 is not always 
incorporated into the SAM complex, but it dynamically 
moves back and forth between the SAM complex and the 
ERMES complex (an inter-organelle tethering complex 
between the ER and mitochondria). To elucidate the 
mechanism by which the SAM complex incorporates 

-barrel membrane proteins into the outer membrane, we 
determined the cryo-EM structures of the yeast SAM 
complexes with and without Mdm10 at a resolution of 
2.8-3.2Å. 

In the structure of the SAM complex without Mdm10, 
Sam50 formed a dimer ((Sam50)2-Sam35-Sam37), and 
each Sam50 was "laterally open" with the -barrel not 
completely closed (this complex is called the SAMdimer 
complex). Sam35 and Sam37 interacted with each other 
and bound to the dimer of Sam50 from the cytosolic side, 
thereby anchoring Sam50 to the SAM complex. On the 
other hand, biochemical and low-resolution EM analyses 
have suggested a heterotrimeric structure (called the 
SAMcore complex) consisting of Sam50 : Sam35 : Sam37 
= 1 : 1 : 1 stoichiometry as the structure of the SAM 
complex, and the cryo-EM structure of the heterotrimer 
in micelles was also recently reported. We thus 
introduced two types of Sam50, one with a His-tag and 
the other with an HA-tag, into a yeast strain lacking 
endogenous Sam50, and performed affinity purification 
using the His-tag resin. The results showed that 
HA-Sam50 was purified together with His-Sam50, 
indicating that the SAMdimer complex does indeed exist 
on mitochondria. Furthermore, analysis of the apparent 
complex size by native PAGE and cross-linking 
experiments showed that both the SAMcore and SAMdimer 
complexes are present on yeast mitochondria. Then, an 
arising question is why the SAMcore and SAMdimer 
complexes exist on mitochondria. It is known that the 
SAM complex recognizes the “ -signal” in the 
C-terminal -strand of the -barrel part of the substrate 
precursor. Therefore, we immobilized the -signal of the 
His-tagged substrate Tom40 on the resin and examined 
which SAM complex binds to it. We found that the 

-signal of substrate Tom40 binds to the SAMdimer 
complex. In other words, the SAMdimer complex was a 
species that accommodates the substrate Tom40. 
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In our current model, when the -signal of the substrate 
Tom40 is recognized by the SAMdimer complex, Tom40 
binds to the SAM complex in a manner that replaces one 
of the Sam50 molecules, transiently forming the 
Sam50-Tom40-Sam35-Sam37 intermediate complex. 
Once formation of the -barrel structure becomes 
complete, Tom40 needs to dissociate from the SAM 
complex, but our previous biochemical analyses 
suggested that Mdm10, another -barrel membrane 
protein, could replace Tom40 and drive the mature 
Tom40 out of the SAM complex. Indeed, in the cryo-EM 
structure of the SAM complex containing Mdm10 
determined in the present study (the SAMMdm10 complex), 
one of the Sam50 molecules in the SAMdimer complex 
was replaced by Mdm10, and the long helical structure 
of Sam37 was inserted into the barrel structure of 
Mdm10, thereby tethering Mdm10 to the SAM complex. 
After this, Mdm10 was replaced by another Sam50 
molecule, and the SAMdimer complex was re-generated to 
complete the reaction cycle. 
  

H. Takeda, A. Tsutsumi, T. Nishizawa, C. Lindau, J.V. 
Busto, L.-S. Wenz, L. Ellenrieder, K. Imai, S.P. Straub, 
W. Mossmann, J. Qiu, Y. Yamamori, K. Tomii, J. 
Suzuki, T. Murata, S. Ogasawara, O. Nureki, T. Becker, 
N. Pfanner, N. Wiedemann, M. Kikkawa, and T. Endo, 
Mitochondrial sorting and assembly machinery 
operates by -barrel switching. Nature 590 (7844), 
163-169 (2021) 

Y. Araiso, K. Imai, and T. Endo (Review), Structural 
snapshot of the mitochondrial protein import gate. 
FEBS J. online published on Dec 10, 2020 

H. Shiino, S. Furuta, R. Kojima, K. Kimura, T. Endo, 
and Y. Tamura, Phosphatidylserine flux into 
mitochondria unveiled by organelle-targeted 
Escherichia coli phosphatidylserine synthase PssA. 
FEBS J. 288, 3285-3299 (2021) (Online published on 
Dec 7. 2020) 

T. Tamura, A. Fujisawa, M. Tsuchiya, Y. Shen, K. 
Nagao, S. Kawano, Y. Tamura, and T. Endo, Umeda M, 
Hamachi I, Organelle membrane-specific chemical 
labeling and dynamic imaging in living cells. Nat 
Chem Biol. 16 (12), 1361-1367 (2020) (online 
published on Sep 21, 2020). 

Y. Tamura, S. Kawano, and T. Endo (Review), Lipid 
homeostasis in mitochondria. Biol. Chem. 401, 
821-833 (online published on April 22, 2020) 

Toshiya Endo: Pathways, machineries and mechanisms of 
mitochondrial protein and lipid transport ( ) 
DBB Zoom Seminar (hosted by Stockholm University), 
Online 2020.6.1 
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 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. 
   Amygdala-kindling model mice are analogous to 
secondarily generalized complex partial seizures and a 
model of temporal lobe epilepsy in humans, showing 
abnormal neural plasticity. 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 neural circuits during the 
epileptogenesis. The administration of the hormone into the 
hippocampus markedly enhanced the progression of 
kindling. Furthermore, the infusion tests of growth 
hormone and the receptor antagonist demonstrated that the 
expression level of Arc mRNA was strongly correlated with 
locomotor activity level and that the correlation was 
completely discriminable among vehicle-, growth 
hormone-, and the receptor 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 metabolites and the gut flora. 
   Second, we previously demonstrated that the 
sialyltransferase ST3Gal4 was upregulated within the 
neural 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 sleep disorders.  
  Third, 16 urinary VOCs exhibited differential abundance 
between St3gal4-KO and the littermate wild-type mice, and 
principal component analysis (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 emotional behaviors and St3gal4 modulated 
metabolic system related with several emotional 
behaviors(PLOS ONE, 2020).  

2: Neuropsychiatric disorders induced by metabolic 
loading and sialylation. 
   Oil-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 

22



and free amino acids in non-fasting blood of ST3Gal4 
deficient mice. Mostly we received results, then will make 
a published paper. 

 

1.Siriporn Tangsudjai , , , 

 ST3Gal IV

 39  2020 

2. Siriporn Tangsudjai

St3gal4

GWAS 39  2020 
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Prof. Takakazu Kaneko, ph.D.

 

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 

 

24



and symbiotic microorganisms, research on symbiotic 
systems is being carried out with the aim of clarifying 
how plants and microorganisms can coexist. 
(1) Since 110-cluster strains isolated from soybean 
nodules are classified into two groups based on genomic 
information, soybean inoculation of with Group 2 strains 
belonging to the 110-cluster strains was compared with 
the USDA110 inoculation showed a decrease in dry 
weight and significantly lower nitrogen-fixing activity in 
several strains. Furthermore, the soybean inoculation test 
using mutant strains of polysaccharide synthesis related 
genes, which are absent in all Group 2 strains, showed a 
decrease in dry weight. 
(2) The genomic island (GI) common to soybean 
rhizobia, which is inserted into the genome as well as the 
symbiotic island (SI), was found as a candidate genetic 
factor determining the symbiotic characteristics of B. 
elkanii. When the genes encoded in the GI were 
examined, homologs to the SI fix gene cluster were 
found in the GI, and their identities% of the fix gene 
products were close to 80%. 
(3) B.elkanii USDA94, Rhizobium sp. KAW12, 
Herbaspirillum sp. B501 and Azospirillum sp. B510 were 
inoculated on Rorippa aquatica, respectively. After 
growing plants, the leaf morphology was observed and 
the microbiome was compared for the shoots and roots, 
respectively. In the 16S metagenomic analysis, the most 
frequent OTU was OTU12, which varied between 33% 
and 78% of each data set. 

In the establishment of a legume-rhizobium 
symbiosis, the Nod factor is sensed by the plant's 
receptors, causing nodulation. However, certain 
rhizobium species deliver effector proteins into host cells 
that hijack the legume nodulation signal. The rhizobial 
effector Bel2-5 is similar to the XopD effector of the 
plant pathogen Xanthomonas campestris and can induce 
nitrogen-fixing nodule in the soybean nfr mutant. Bel2-5 
induces expression of cytokinin-related genes and 
represses ethylene-related genes and defense-related 
genes. When Bel2-5 was expressed in a soybean mutant 
that had lost Nod factor recognition and was unable to 
form nodule, it showed the ability to form nodule. 

Ratu,S.T.N., Teulet,A., Miwa,H., Masuda,S., Nguyen,H.P., 

Yasuda,M., Sato,S., Kaneko,T., Hayashi,M., Giraud,E., 

Okazaki,S.: Rhizobia use a pathogenic-like effector to hijack 

leguminous nodulation signalling. SCIENTIFIC REPORTS, 

2021. 11, Article number: 2034. 
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Research projects and annual reports 
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Research projects and annual reports 
 We focused on the maintenance mechanisms of DNA 
variation in Plant species. We are interested in the 
following four topics.  
 
1) Evolutionary process of Centromere regions 
 Centromere is an important area for accurate 
chromosome segregation but is also one of the fastest 
evolving regions in the genome. By using Arabidopsis 
relatives, we are analyzing evolutionary pattern of 
centromeric sequences. We found novel repeat from 
Turritis glabra with no homology to previously known 
centromeric repeat from any species. T. galbra also has 

very complicated repeat structure with chromosome 
specificities. 
 
2) Patterns of Transposable Element Evolution 
 Genomic organization of transposable elements were 
analysed in Brassicaceae species. Intergenomic 
transpositions were detected in several families of 
transposons in allopolyploid species suggesting 
expansion of transposon copies and also influences of 
genome shock during polyploidization process. We 
search for candidate groups of transposon families that 
are specific to one of the genomes and can be transferred 
across the genome after diploidization. We plan to 
identify several potentially transposable copies and 
analyze whether or not they are actually transpose. 
In addition, we have identified a new group of 
Arabidopsis transposon family members that show a 
centromere region-specific insertion pattern, and we are 
analyzing the transposition pattern of this group through 
genome analysis of multiple Arabidopsis thaliana strains. 
We are also investigating the transposition mode of a 
group for which no transferable copies are found in 
Arabidopsis by recreating the ancestral state. 
 
3) RNA editing evolution among Brassicaceae species 
 We determined complete chloroplast genomes of 
several Brassicaceae species to analyse RNA editing in 
chloroplast genome. We analysed RNA editing in 
chloroplasts of several species of Brassicaceae, and have 
searched for loss-of-function mutations in PPR genes 
involved in RNA editing to analyze the diversity of RNA 
editing among Arabidopsis lines and its causes. In 
addition, we are planning to elucidate the evolutionary 
pattern of RNA editing in the entire Brassicaceae family.

Le NT, Harukawa Y, Miura S, Boer D, Kawabe A, Saze H.  

Epigenetic regulation of spurious transcription initiation in 

Arabidopsis. Nat Commun. 2020 Jun 26;11(1):3224. 

RNA PPR
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Prof. Akira Kurosaka, Ph. D.

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 
proteins is one of the important post-translational 
modifications. Mucin-type glycans, which are one of the 
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, 
GalNAc 1 Ser(Thr), which is called a mucin-type 
carbohydrate. Its biosynthesis is initiated by a group of 
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 neural 
differentiation, we have been conducting extensive 
analyses of brain-specific GalNAc-transferases.  We 
isolated and fully sequenced the galnt9 and galnt17 genes
and generated sgRNAs for each gene to generate mutant 
P19 cell line.  P19 is an embryonic carcinoma cell line 
that can differentiate into neural cells when stimulated with 
retinoic acid.  We are generating galnt9 and galnt17 
mutant cell lines to examine their roles during the neural 
differentiation. 
. 

 

 GalNAc-T5

39 2020. 10. 27-

29. 
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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 the 

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 the local blood flow and 

oxygenation in the brain and morphological changes of 

microglia, 

3) How to induce neuro-protective or neuro-damaged 

microglia in the brain under the stressful conditions. 

 

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 

of a neurotoxic substance, trimethyltin (TMT) has induce 

morphological changes in microglia. Using the antibody 

against Iba-1 (ionized calcium-binding adapter molecule 1), 

the immune-reactive Iba-1 positive cells (microglia) in the 

substantia nigra were found, some of which became 

round-shaped, by administration of TMT. Furthermore, we 

are analyzing the relationship between degeneration of 

neurons and morphological changes of microglia. In the 

region of the substantia nigra, the number of the 

tyrosine-hydroxylase (TH) immune-positive neurons largely 

decreased in the TMT-injected rat. These findings suggest 

that TMT administration causes neuro-inflammation, 

leading to the morphological change in microglia as well as 

degradation of the TH-positive neurons in the substantia 

nigra region. However, questions still remain about the 

relation between cause and effect observed in this study.  

 

2) Study on the morphological and functional changes of 

microglia under the condition of hypoxia or ischemica.  

Activity of the cells in the brain are supported by 

adequate supply of the oxygen and nutrients (mainly 

glucose), that are carried along the blood flow. However, it 
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is unknow how microglia, the immune cells in the brain, 

reacts to changes in the local cerebral blood. As neurons and 

other cells in the brain are damaged in hypoxia, ischemia, 

microglia probably reacts to these pathological phenomena. 

In our study, the experimental thrombosis using Bengal rose 

and green laser light caused clearly morphological change 

of the Iba-1 immuno-positive cells (microglia) to be 

round-shaped in the cerebral cortex. These findings can 

provide an information between some relation between 

morphological and functional changes of microglia and the 

spatial differences in  oxygenation level in the brain if by 

combing visualization of inflammatory or restorable makers 

(CD markers) on the microglia. 

 

3) Use of pig for the translational brain research-another 

animal model for studying the brain disorders in human 

infants  

Pig is an animal to be sensitive to stressful conditions. 

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.  

Saito, T., Hishiki, M., Shibutani, M., Yokoyama, K. Influence of 

trimethyltin on neurons and microglia in the midbrain of rat. The 

43rd Annual Meeting of the Japan Neuroscience Society, Osaka, 

2020. 0729-0801, 1P-252 (on-line).  
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Research projects and annual reports 
Several visceral organs are left-right (L-R) 

asymmetrically located in vertebrates. In embryonic 
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. 

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

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

We also analyze the role of an amino acid metabolizing 
enzyme, Pycr2. The Pycr2 KO mice showed premature 
aging-like phenotypes. We want to clarify the mechanism 
of the symptoms in the Pycr2 KO mice using several 
mutant and transgenic mice. 
 
1) LR1 mutant mouse. 

LR1 mutant mice had shown L-R defects, while some of 
the homozygotes had been embryonic lethal. We 
analyzed earlier-stage embryos and found out that LR1 is 
expressed in the future head region and that LR1 
functions for embryo development before embryonic day 
6 (E6). 
 

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

We have been studying 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 embryos using two mouse 
strains and found out that the asymmetric location of the 
renal artery is established universally at E12.25~12.5. 

The mouse liver is asymmetrically lobulated. We 
observed the morphogenetic process in the liver. The 
liver primordium showed clear morphological L-R 
asymmetry from 23~24 somite stages, E9.25. Moreover, 
we found out that there is a difference in cell 
proliferation between the left and right sides of the liver 
primordium. 

 
3) Pycr2 KO mouse. 

Pycr2 is an enzyme for proline biosynthesis. We have 
been analyzing the defects in the brain and nervous 
system, the hair cycle, and the blood glucose regulation 
of the Pycr2 mutant mice.  

The Pycr2 KO mice and the neural cell-specific Pycr2 
mutant mice showed neurological symptoms. We found 
out that some of the Purkinje cells in the cerebellum 
were abnormal in these Pycr2 mutant mice after the age 
of 8 weeks. In the cerebellum of these mutant mice, the 
microglia were a few and activated microglia appeared. 

In the Pycr2 KO mice, the hair cycle had been delayed 
after the age of 20 weeks. This year, we measured the 
expression level of several genes regulating hair cycle, 
and free amino acid level. In the Pycr2 KO mice, the 
expression of Fgf7 and Bmp2 was abnormal and the level 
of proline and hydroxyproline was decreased. We also 
found out that the number of hair follicles in the Pycr2 
mutants increased more than in wild-type mice. 

Pycr2 KO mice showed abnormal blood glucose levels. 
Pycr2 is expressed in islets of Langerhans in the 
pancreas and the hypothalamus that regulate blood 
glucose. The insulin level in the islets of Langerhans was 
decreased in some of Pycr2 KO mice. 
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Research projects and annual reports 
Targeting VEGF-A/Neuropilin-1 signaling in Cancer 
cells. 

Background: Cancer invasiveness is one of the most 
important processes of cancer progression. Cancer cells 
express high levels of vascular endothelial growth factor-A 
(VEGF-A) and its receptor neuropilin-1(NRP1). NRP-1 is 
a 130kDa transmembrane protein that has been identified as 
a novel VEGF-A receptor. The function of NRP1 is as co-
receptor of VEGFR2, enhancing VEGF-A binding to its 
receptor and promote downstream signaling. However 
NRP1/GIPC1 or GIPC1/Syx interaction have a role in 
cancer cells has been unclear. We investigated a novel 
signal transduction pathway of VEGF-A/NRP1 that 
induced cancer cell progression by forming a GIPC/Syx 
complex that activated RhoA and degraded p27. 
Method: siRNA, Invasion assay, DC (detergent compatible) 
protein assay, SDS-PAGE, Western blotting.<BR>Results 
and Discussion: Vascular endothelial growth factor 
(VEGF) mediated signaling occurs in tumor cells and this 
signaling contributes to key aspects of tumorigenesis. 
Neuropilins are crucial for mediating the effects of VEGF 
on tumor cells. NRP1 binding to VEGF-A induced the 
interaction between GIPC1 and Syx. PC3M (prostate 
cancer) and U87MG (brain tumor) cells secreted VEGF-A 
activated RhoA via NRP1 to upregulate the tumorigenic  

Fig. 1 VEGF-A secreted by cancer cells stimulate their 
invasion and metastasis. 
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activity in an autocrine manner and supported the VEGF-
A/NRP1 signaling pathway in cancer cells. GIPC1 formed 
complex with Syx that led to the activation of RhoA. 
NRP1/GIPC1 or GIPC1/Syx interaction occurs in VEGF-
A/NRP1 signaling pathway. The RNA interference of 
GIPC1 or Syx reduced active RhoA. The siRNAs treatment 
of VEGF-A or NRP1 suppressed PC3M and U87MG cancer 
cells expression. Knockdown of endogenous VEGF-
A/NRP1 or GIPC/Syx expression inhibit VEGF-A/NRP1 
signaling pathway in vitro. Autocrine VEGF-A signaling is 
crucial for cancer initiation and NRP1 is necessary for this 
VEGF-A/NRP1 signaling. Targeting VEGF-A/NRP1 
signaling provides to develop new cancer therapeutic drugs

Matsushima S, Shimizu A, Kondo M, Asano H, Ueno N, 

Nakayama H, Sato N, Komeno M, Ogita H, Kurokawa-Seo M. 

Anosmin-1 activates vascular endothelial growth factor receptor 

and its related signaling pathway for olfactory bulb angiogenesis. 

Sci Rep., (2020) 10(1):188. doi: 10.1038/s41598-019-57040-3.
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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 H5 virus 
has spread across worldwide, and outbreaks are now 
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 H5 viruses, surveillance was conducted to 
monitor the types of avian influenza viruses circulating 
among the wild birds migrating to or inhabiting in 
Vietnam and Japan. The highly pathogenic avian 
influenza H5 viruses were isolated from wild birds in 
Vietnam. Wild birds are considered to play a role in the 
introduction and dissemination of avian influenza virus 
in Vietnam and neighboring countries. 

H5N8 highly pathogenic avian influenza viruses 
(HPAIV) were detected nationwide from Hokkaido to 
Kagoshima prefecture in this winter. Outbreaks of 
HPAIV have been confirmed on more than 50 farms, 
about 10 million birds culled, the highest number of a 
single season. It can be surmised that migratory birds 
brought the viruses into Japan and wild birds or animals 
spread them onto the farms. We surveyed AIVs in wild 
waterfowl in this winter in the San-in district. Twelve 
strains of AIV, including 4 strains of H5N8 HPAIV, were 
isolated. It supports that HPAIV had spread among wild 
birds in this area, even though there was no outbreak in 
farms. It is important to monitor the prevalence of AIV 
among wild birds to prevent the emergence of new 
epidemics. 
 

41



 

42



Associate Prof. Jun-ichi Takahashi, Ph. D.

 

 

 

  

1

(Sphaerularia bombi)

15 3

8 1

(
)

0.3% 10.6% 14.2% 16.7%

16.7%

( )

DNA NGS 18SrDNA
PCR

18rDNA

 
 
 

(Zygosaccaromyces siamensis)
  

99%
 Z. siamensis 

Z. siamensis 

 Z. siamensis 
( )  12  

25 
 30 C

43



( ) (
)

 25 C

 DNA 
 DNA  

DNA  ITS  PCR 
Z. 

siamensis 
Zygosaccaromyces  

MEGA X 
 Z. 

siamensis  
 
 

 
 

(Kirkaldyia 
deyrolli)

(

)

1980 

 2020

DNA 

( )

 DNA 
 DNA 

(
)  PCR 

 DNA  3 

(Cytb COI ND4)
 3  PCR 

 DNA 
 DNA  COI 

0.00289 

 

Research projects and annual reports 
 
First Reports of Vespa mandarinia (Hymenoptera: 
Vespidae) in North America Represent Two Separate 
Maternal Lineages in Washington State, United States, 
and British Columbia, Canada 

In September 2019, destruction of a Vespa mandarinia 
Smith 1852 nest was reported for the first time in North 
America in Nanaimo, British Columbia, Canada. In 
December 2019, the Washington State Department of 
Agriculture also confirmed the first detection of an adult 
specimen of V. mandarinia in the United States, in Whatcom 
County, Washington. Vespa mandarinia is the largest hornet 
species and is a known predator of several insects, 
including the European honey bee (Apis mellifera) 
(Hymenoptera: Apidae) (Linnaeus, 1758). The 
establishment of V. mandarinia in North America poses a 
serious threat to apiculture, and this species is considered 
an actionable quarantine pest. Here we report details of the 
first detection of this species in the United States and use 
genetic sequence data obtained from five specimens across 
the globe to estimate differences in origin of the Canadian 
and U.S. detections. The full mitochondrial genomes of four 
V. mandarinia specimens representing different geographic 
locations were sequenced and compared with an existing 
reference genome. A maximum likelihood tree using 13 
protein-coding regions from mitochondrial DNA suggests 
that the Canada and U.S. specimens are from two separate 
maternal lineages. A large-scale survey is currently 
underway to assess the level of Asian giant hornet 
establishment in both countries and to determine the future 
direction of eradication efforts. 
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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  

as the first line of defense in immunological surveillance 
for the lung. In the aim of our study, we are investigating 
“making a science for smoking”. Since the fact that immune 
functions are suppressed by smoking and tumor growth, we 
are also investigating the mechanisms of inhibition and 
restoration of suppression in 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. Honey is used as traditional medicine for 
cold, skin inflammation and burn wound but not only health 
care. Jungle honey enhanced antibody production through 
the increase of CD19 positive cells and proliferation of 
spleen cells by augmentation of IL-1  and IL-6 mRNA 
expressions. Japanese honey also enhanced IL-1  mRNA 
expressions in AM and antibody production. 
(2) Agaricus Blazei Murill 
Agaricus blazei Murill has been traditionally used as 
medicine in Brazil. Agaricus blazei Murill has been 
reported for anti-tumor activity and immune activity. It is 
unclear how Agaricus blazei Murill hot water extract 
activates the immune system and anti-tumor activity. 
Therefore, we are focusing on the mechanism of activity of 
immune functions in immune cells associated with anti-
tumor activity by Agaricus blazei Murill hot water extract 
and its characterization of effective component. We have 
demonstrated that extract of Agaricus blazei Murill 
activated immune functions of neutrophils and 
macrophages in mice. 
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Figure 1. Regulation of smooth muscle contractility by 
cholinergic nerves 
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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 blood vessel tone, gastrointestinal and 
genitourinary tract motility, and airway resistance. Smooth 
muscle contractility is regulated by intracellular Ca2+, 
which is affected by various neurotransmitters and 
hormones that act on its receptors, leading to change in 
activities of ion channels (Figure 1). Structural and 
functional changes in the smooth muscle can lead to 
disorders such as hypertension, asthma, and irritable bowel 
syndrome. Our laboratory focuses on understanding 1) the 
mechanisms that regulate smooth muscle contractility, and 
2) pathophysiology of diseases associated with smooth 
muscle abnormality. 

 
(2) Physiological and pathophysiological roles of Ca2+-
permeable ion channels 

Under normal conditions, intracellular concentration of 
Ca2+ ([Ca2+]i) is kept very low (less than 100 nM). When 
cells are stimulated, the [Ca2+]i is increased, resulting in 
various cellular responses such as contraction, proliferation, 
migration, cell death and release of neurotransmitters etc.. 
The increase in [Ca2+]i is induced by the Ca2+ release from 
internal Ca2+ stores and Ca2+ entry into the cell through 
Ca2+-permeable ion channels including TRP channels, 
piezo channels and Orai channels etc.. The aim of this study 
is to characterize the channels and to elucidate 
physiological and pathophysiological roles of them. In this 
study, we collaborate with Prof. David J Beech’s 
Laboratory in University of Leeds. 

Annual Reports: 
(1) The contractility of smooth muscle changes in response 
to mechanical stretching caused by luminal contents in the 
gastrointestinal tract. Mechanical stimulation is sensed by 
mechanosensitive ion channels. Mechanosensitive cationic 
channels are expressed on the gastrointestinal smooth 
muscle cells and may contribute to contractions in response 
to muscle stretch. However, the molecular identity of the 
cationic channels remains unclear. In this study, we aimed 
to elucidate the roles of Piezo1 channels, which have been 
identified as a new class of mechanosensitive nonselective 
cationic channels, on the regulation of gastrointestinal 
motility. This year, we performed immunohistochemical 
staining using an antibody against Piezo1 to examine the 
expression of Piezo1 in murine colon. We also investigated 
the effects of Yoda1, a Piezo1 selective activator, and 
GsMTx-4, a Piezo1 inhibitor, on contractile activity in 
murine colonic smooth muscles. Our results suggest that 
Piezo1 channels are involved in the contraction of smooth 
muscles in murine colon. 
(2) It is well known that the motility of gastrointestinal tract 
is regulated by acetylcholine (ACh) released from 
cholinergic nerves, which act on the muscarinic receptors 
(mAChR). The receptors have been classified into five 
subtypes including M1, M2, M3, M4 and M5. In 
gastrointestinal smooth muscles, two subtypes of 
muscarinic receptor, M2 and M3, are found with no 
measurable quantities of other subtypes. Stimulation of M2 
and M3 receptors by ACh increases in the [Ca2+]i, resulting 
in the smooth muscle contractions. The increase in [Ca2+]i 
results from Ca2+ release from internal stores and Ca2+ entry 
into the cell through L-type voltage-gated Ca2+ channels 
achieved by depolarization due to activation of non-
selective cationic channels. A lack of ligands with a high 
degree of receptor subtype selectivity and the frequent 
contribution of multiple receptor subtypes to responses in 
the same cell type have hampered studies on the signal 
transduction mechanisms and functions of individual 
mAChR subtypes. Therefore, novel strategies such as 
genetic manipulation are required to elucidate both the 
contributions of specific mAChR subtypes to smooth 
muscle function and the underlying molecular mechanisms. 
In this year, we reviewed recent studies on muscarinic 
function in gastrointestinal smooth muscle using mAChR 
subtype-knockout mice. 
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Research projects and annual reports 
Since our discovery of Bacillus subtilis MifM, 

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

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 
nascent chains in a proteome-wide fashion. Using 
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 protein-dynamics reporter, most probably reflecting 
their abilities to initiate the maturation and/or localization 
process co-translationally (Fujiwara et al., 2020. Cell Rep.). 
We are also developing a second generation of TnDR or 
TnDR-seq, which greatly improves coverage by combining 

the current version of TnDR with the next-generation DNA 
sequencing technology. 

 
2) Identification and characterization of novel translation 
arrest factors 
 Three of the translation arrest factors previously 
found in eubacteria (SecM, MifM, and VemP) are encoded 
upstream of genes encoding components of the protein 
localization machinery. Using this and other information, 
we comprehensively searched more than 400 eubacterial 
genomes and found three more translation arrest factors 
encoded upstream of genes for the protein localization 
machinery, and named ApcA, ApdA, and ApdP, respectively. 
ApcA and ApdA are encoded by actinobacteria genome, 
whereas ApdP is encoded by -proteobacterial genome. 
Genetic and biochemical analyses using the E. coli and B. 
subtilis translation systems showed that they all arrest 
translation elongation at a specific codon. Comprehensive 
mutational analysis allowed us to identify the sequences 
that are crucial for translational arrest. Interestingly, these 
arrest factors, which likely have occurred independently 
during bacterial evolution, were also found to cause 
translational arrest in a manner depending on amino acid 
sequences (RAPG or RAPP) that are similar to each other 
(Sakiyama et al., Nucleic Acids Res. 2021).  
 

 

Fujiwara, K., Katagi, Y., Ito, K. and Chiba, S. (2020) Proteome-

wide capture of co-translational protein dynamics in Bacillus 

subtilis using TnDR, a transposable protein-dynamics reporter. 

Cell Rep. 33, 108250.  

doi: 10.1016/j.celrep.2020.108250.  

 

Sakiyama K, Shimokawa-Chiba N, Fujiwara K, Chiba S. (2021) 

Search for translation arrest peptides encoded upstream of 

genes for components of protein localization pathways. 

Nucleic Acids Res. 49, 1550-1566.  

doi: 10.1093/nar/gkab024.  
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. 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 Ia 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 -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.  

Two other groups reported binary toxin CDTb-pore from C.difficile 

structures, recently. These structures are all double-heptamer, thus, the 

physiological heptamer structure have not been reported. We would 

like to reveal the physiological pore structure of CDTb and the CDTa-

bound CDTb-pore. 

 

(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 studying the difference of 

the pore in CPILE-b compared with Ib-pore and CDTb-pore. 

 

(3) We are interested in the specificity of ADP-ribosyltransferase 

(ART). We have revealed the complex structures of Ia-actin, C3-

RhoA and ScARP-guanine for the last ten years. From these 

structures, we understood they all use the ARTT-loop in common. 

Furthermore, we consider 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 

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

specificity. 

 

. 2020.4~2021.3) 
Tsuge H.  A myelin sheath protein forming its lattice.                 
J. Biol. Chem. 295(26):8706-8707.  
doi: 10.1074/jbc.H120.014273. (2020)  
Yoshida T, Tsuge H. Common Mechanism for Target Specificity of 
Protein- and DNA-Targeting ADP-Ribosyltransferases 
Toxins (Basel). 2021 13(1):40. doi: 10.3390  
Yamada T, Tsuge H. 
Preparation of Clostridium perfringens binary iota-toxin pore complex 
for structural analysis using cryo-EM  
Methods Enzymol. 2021;649:125-148. 
doi:10.1016/bs.mie.2021.01.032.  

 
 
 
 

56



.  

 
 

.  
(1)  

( )  

Journal of Biological Chemistry, Editorial boards member  

B  

 

 

 

 

 

 

 

 
 

57



Prof. Nobuhiro Nakamura, PhD

 

Fig.1

Fig.1

 

GM130
Nakamura et al., Cell 89, p445-, 1997

Yoshimura et al., J. 
Biol. Chem. 280, p23048-, 2005

GM130
GRSASP65

Bisel et. al., J. Cell 
Biol. 182, p837-, 2008  

ALS

 
90, p21-, 2018)

GM130 GRASP65, YIPF Yip domain family

 

GM130
, , 

GM130 CHO 39.5 C

GM130
GM130

GM130 N
300 400

GM130 CHO GM130
GM130

GM130
CRISPR/Cas9

GM130
Ann Ran

CRISPR/Cas9
HEK293 HeLa GM130

GM130

GM130
 

 

YIPF 2003
GM130

GRASP65
Saccharomyces 

cerevisiae Yip1p, Yif1p, Yip3p, Yip4p
YIPF YIPF YIPF1~6, YIP1B, 

58



YIF1A, YIF1B Saccaromyces 
cerevisiae Yip1p Yif1p

 (Shaik,et al., Frontiers Cell Dev. 
Biol. 7, 130, 2019) YIPF
1~3 ERGIC

cis-Golgi medial-, trans-Golgi, TGN
Fig. 2  

YIPF

YIPF 1A, YIPF 3, 
YIPF 1B

3’UTR
Table 1 3’UTR

YIPF  

YIPF 1A

3’UTR
HEK293

 
3’UTR

Fig. 3 3’UTR
YIPF 1A 3’UTR mRNA

 

GlcNAcTI-GFP
F1 70%

GFP
GlcNAcTI

GlcNAcTI
GlcNAcTI

(1) 
(2) GlcNAcTI-GFP

2
23 TgCh23.1

25 TgCh25.1

TgCh23.1 23
3,450bp

TgCh25.1 25
TgCh23.1

TgCh23.1

TgCh25.1 TgCh23.1
TgCh25.1

GlcNAcTI-GFP
 

TgCh25.1
TgCh25.1

Fig. 3

=1.15mm, 
=1.03mm, Kruskal-Wallis P<0.01

=1.07mm, P<0.01
GlcNAcTI-GFP

59



 

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 
vertebrates (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 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 
are now called "Golgipathy" and the research in these 
subjects became important to understand the pathology 
and find new targets to treat these diseases. 

GM130 is a peripheral membrane protein localized on the 
surface of the cis-Golgi cisternae. It has an important role 
in the docking and fusion of transport vesicles to the Golgi 
cisternae and also for the maintenance of the structure of 
the Golgi apparatus. It was reported that the loss of GM130 
in CHO cells renders the cells to be temperature sensitive 
and lethal at 39.5 C because of the inhibition of the 
vesicular transport through the Golgi apparatus 
concomitant with the disassembly of the Golgi apparatus. 
On the other hand, recent reports of human genetic disease 
and knockout mouse studies revealed that the organisms 
missing normal GM130 are viable while they have multiple 
lesions, i.e., neuronal disorders and abnormal 
spermatogenesis. In these cases, frameshift mutations of 
GM130 caused premature termination of GM130 at 
300~400 amino acid residues from the N-terminus. On the 
other hand, the cause of GM130 loss has not been 
elucidated in the above-mentioned study of CHO cells. 
Therefore, the loss of GM130 may not cause temperature 
sensitivity and lethality. Here, we tried to evaluate this 
possibility by producing GM130 knockout cells by a 
CRISPR/Cas9 system developed by Ann Ran et al. The 
results of the trials revealed that the GM130 knockout cells 
can be produced but apoptosis was induced in those cells 
leading to cell death. From these results, it was strongly 
suggested that GM130 has an essential role in cell survival. 

YIPF proteins are a family of multi-span transmembrane 
proteins localizing in the Golgi apparatus. They are 
predicted to be target proteins for GM130 and GRASP65 
and are proposed to function in the maintenance of the 
Golgi structure. There are four family members in 
Saccharomyces cerevisiae (Yip1p, Yif1p, Yip4p, Yip5p), 
and nine family members (YIPF1~6, YIP1B, YIF1A, 
YIF1B) in human. A homolog of Yip1p binds a Yif1p 
homolog forming a paired complex. There are three distinct 
complexes (1~3) in human cells. Complex 1 localizes in the 
early Golgi (ERGIC), complex 2 localizes in the middle 
(cis-Golgi) and complex 3 localizes in the late Golgi 
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medial-, trans-Golgi, TGN  Fig. 2 . 
YIPF 1A, YIPF 3, YIPF 1 did not express well in 

cultured cells when transient transfection was performed 
using a plasmid vector containing only their coding region. 
After careful examination of our previous results, it was 
found that these low expression family members have 
extremely long 3' UTR sequences (Table I). These results 
suggested a possibility that the 3' UTR sequences support 
the expression of these YIPF proteins. 

To evaluate this possibility, the 3'UTR was appended to 
the coding sequence of YIPF 1A expression construct, and 
the expression of the proteins was compared. As a result, 
the protein expression was significantly enhanced with the 
addition of 3' UTR (Fig. 3). It was suggested that the long 
3' UTR of YIPF 1 induce protein expression by stabilizing 
the mRNA or the protein. 

  

We have found that GlcNAcTI-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 
GlcNAcTI-GFP, which is predicted to retain enzymatic 
activity. 

Until last year, we identified the integration of transgene 
(Tg) on the 23rd and 25th chromosomes (named TgCh23.1, 
TgCh25.1). TgCh23.1 has a deletion of 3,450 bp at the 
insertion site of the transgene. There was no large deletion 
for TgCh25.1. The homozygous of the TgCh23.1 was not 
found indicating the lethality of the homozygous embryo. 
On the other hand, homozygous individuals of TgCh25.1 
allele and individuals with one TgCh23.1 allele and 
TgCh25.1 allele were grown to maturity. These results 
strongly suggested that the multiple existences of 
GlcNAcTI-GFP transgene and resulting in higher 
expression of GlcNAcTI-GFP caused the small chorion 
phenotype. 

To evaluate this possibility, TgCh25.1 heterozygous 
individuals were crossed to produce TgCh25.1 homozygous 
individuals. These were grown up to maturity, genotype 
checked, and mated produce fertilized embryos. As shown 
in Fig. 4, the chorion size was significantly smaller for 
TgCh25.1 homozygous compared with wild type (medial 
diameter: -/- = 1.15mm, +/+ = 1.03mm, Kruskal-Wallis 

test: P<0.01 . TgCh25.1 heterozygous also showed 
significant smaller chorion size (+/- = 1.07mm, P<0.01). 
Therefore, it was concluded that the small chorion 
phenotype was caused by the multiple integrations of 
GlcNAcTI-GFP transgene and the expression of the protein. 

 

(Research Grants)  
2  Patents  
3   (Activities in Academic Societies) 

4) Awards  
5) Others  

Paper Referee  
Frontier of cell and developmental biology: 3  

 
: Assessment of research 

proposal, Research Grants Council, Hong Kong, 
China 1  

 

2020 Laboratory Members:  Takafumi 
Nagasaki (B4),  Kyohei Sugiyama (B4), 

 Tokio Takaji (B4),  Taiga Terasaka (B4)
 Mari Toda (B3)  Shungo Kawamura 

(B3)  Haruka Kawaguchi (B3) 

61



Laboratory of Virology

Associate Prof. Yoshii Nishino,  

DVM, Ph.D 

BoDV

100

BoDV

 

BoDV
1 RNA

BoDV

BoDV

BoDV
QOL

 

CORT
CORT

Dex
CORT

GR BoDV

EBV
BZLF1 Dex

GR

62



 

CORT

 

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., 
autism. Classical BD is in large part due to 
immunopathogenic damage to the nervous system by 
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 
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-

 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 
unclear. Corticosterone (CORT) causes immune 

suppression and neuronal damage in the brain due to long-
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 
before BoDV-1 infection.  

Four-week-old, male C57BL/6N mice (SLC) were 
subcutaneously implanted with CORT pellets (5 
mg/pellet) or placebo pellets. Eight days later, the BoDV-
1-CRNP5 strain was inoculated intracerebroventricularly 
with 4 × 103 FFU, and the mice were weighed and 
evaluated for clinical signs every 4 days during the 40-
day observation period until day 40 of CORT treatment 
(32 dpi). Behavioral studies and brain and thymus 
samples were collected for virological and histological 
analysis on days 24 and 40 of CORT treatment. 

The results showed that on day 24 of CORT 
administration, the weight of thymus was significantly 
decreased by CORT administration with or without 
infection. However, on day 40 of CORT administration, 
the effect of CORT administration disappeared and the 
thymus weight was significantly decreased by infection. 
The weight of infected mice transiently increased with 
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CORT administration, but then decreased and no 
difference was observed on day 40 of CORT 
administration. No difference in the visual clinical 
manifestations of Borna disease was observed with CORT 
administration. However, in behavioral tests, worsening 
of behavioral abnormalities in the CORT-treated group 
was observed in 4 of 12 tests conducted on day 40 of 
CORT administration. There was no difference in viral 
load between the CORT-treated and non-CORT-treated 
animals. Histological analysis of the brain showed that 
viral antigens were found in a wide area of the brain with 
or without CORT administration on day 40, and the 
degree of encephalitis was similar. However, when the 
brain was divided into 10 regions and the degree of 
encephalitis was compared, the degree of encephalitis in 
the cerebral cortex on day 40 of CORT administration was 
more severe.  
  These results indicate that the pathogenesis of BoDV-1 
infection in pre-CORT-treated mice was transiently 
alleviated by CORT administration, but later worsened, 
possibly due to the rapid worsening of encephalitis in the 
cerebral cortex caused by the loss of the inhibitory effect 
of CORT administration on the thymus. These results 
suggest that the effect of CORT on the development of 
Borna disease varies with the time of treatment. 
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Research projects and annual reports 
Gene expression is regulated not only by the 
transcriptional mechanisms but also by the 
post-transcriptional control of mRNAs. mRNA stability 
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 
expression during zebrafish embryogenesis by 
combining a wide variety of approaches in biology. We 
have achieved the following progress in this year. 
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(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. We have generated a zebrafish znf598 mutant 
strain and found that erythrocytes were reduced in 
znf598 mutant embryos. To understand molecular 
abnormalities underlying this phenotype, we developed a 
novel method to analyze ribosome collisions caused by 
aberrant translation. In collaboration with Dr. Shintaro 
Iwasaki at RIKEN, we developed Disome Seq, which 
analyzes mRNA sequences of approximately 60 bases 
derived from the two colliding ribosomes by 
next-generation sequencing. We revealed the sites of 
ribosome collision in early zebrafish embryos on 
transcriptome using this method. 
(B) Analysis of ribosome modifications during zebrafish 
embryogenesis 
In order to biochemically analyze the components, 
modifications, and quality of ribosomes at various 
developmental stages, we have established a zebrafish 
strain containing a Flag insertion at the endogenous 
rpl36 locus. Using this strain, we affinity-purified 
ribosomes from zebrafish embryos at various 
developmental stages and analyzed the changes in the 
modifications. We found that the amount of 
ubiquitination on the ribosome increased from 
fertilization to the later developmental stages. 
Furthermore, we found that the ubiquitination was 
introduced to the ribosomal proteins in the small subunit 
by Znf598. 
 

P. Han, Y. Shichino, T. Schneider-Poetsch, M. Mito, S. 

Hashimoto, T. Udagawa, K. Kohno, M. Tanaka, Y. Mishima, T. 

Inada, S. Iwasaki S: Genome-wide survey of ribosome collision. 

Cell Reports (2020) 31, 107610 

M. Mito, Y. Mishima, S. Iwasaki: Protocol for Disome Profiling 

to Survey Ribosome Collision in Humans and Zebrafish. STAR 

Protocols (2020) 1, 100168 

:  2020 , 146-151  

 

: 

 43  , 
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: 

 43  , 

2020.12.2-4 
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Research projects and annual reports 
We have been setting our research theme on the 

functional regulation of higher plant chloroplast.  
Plants have photosynthetic ability to convert carbon 

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

Thioredoxins regulate the activity of chloroplast 
enzymes by reducing disulfide bonds in a 
light-dependent manner. Previous in vitro studies 
indicated that f-type thioredoxins are the most efficient 
redox regulators; however, f-type thioredoxin mutants 
did not show any obvious phenotypes. We analyzed 
functional correlation of f-type thioredoxin and other 

photosynthetic factors. Light activation of thiol enzymes 
by the thioredoxin systems and cyclic electron transport 
by the PGR-dependent pathway contribute substantially 
to regulation of photosynthesis. To further study 
regulatory mechanisms that contribute to efficiency 
during the induction of photosynthesis, we analyzed the 
contributions of PSI donor- and acceptor-side regulation 
in the trx f1f2 mutant background. Acceptor-side 
limitations in the pgr5 trx f1f2 mutant suppressed 
photosynthesis initiation, suggesting that PGR5 is 
required for efficient photosynthesis induction. 

We also analyzed the m-type thioredoxin mutants and 
found that the PGR5/PGRL1-dependent photosystem I 
cyclic electron transport pathway was regulated by 
m-type thioredoxins. Genetic and phenotypic 
characterization of multiple mutants indicated the 
physiological interaction between Trx m and the 
PGR5/PGRL1-dependent pathway in vivo. Using 
purified Trx proteins and ruptured chloroplasts, in vitro, 
we showed that the reduced form of Trx m specifically 
decreased the PGR5/PGRL1-dependent plastoquinone 
reduction. In planta, Trx m4 directly interacted with 
PGRL1 via a disulfide complex formation. Furthermore, 
the Trx m4-PGRL1 complex was transiently dissociated 
during the induction of photosynthesis. We propose that 
Trx m directly regulates the PGR5/PGRL1-dependent 
pathway by complex formation with PGRL1. 
2: Development of a simple and efficient tool for 
biochemistry and molecular biology. 

A simple and fast manual centrifuge was developed to 
spin down solutions in 96-well PCR plates. A 
commercially available salad spinner was utilized for 
this purpose. Acceleration and deceleration of the 
centrifuge were faster than those of a conventional 
electric centrifuge using 96-well PCR plates. Solutions 
in a 96-well PCR plate settled quickly after centrifuging 
for only 3 sec. This lightweight centrifuge can be stored 
under the work bench or on a shelf and can be put on the 
bench only when required, whereas the electric 
centrifuge is immobile due to its weight and the 
requirement of electric cables. This simple centrifuge is 
inexpensive, requires minimal effort for making, and can 
be used anywhere. 
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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 mitochondrial ones from scientific view points, 
especially for molecular and evolutional genetics. Thus, we 
have been studying the CMS of various plants both in order 
to know the evolutional processes and to exploit new 
breeding materials. 
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1) Ogura CMS and its fertility restoring genes. 
 Ogura CMS found in a Japanese radish is the most 
important one in Cruciferous plants, being used worldwide.  
We have been studying the distributions and differentiations 
of Ogura CMS gene, orf138. Whereas, we found that various 
wild and cultivated radishes possess fertility restoring genes 
for Ogura CMS. Hitherto, two fertility restoring genes were 
known. One is orf687 in a Chinese variety, and another is Rft 
distributed in Japanese wild radishes. We observed that a 
European radish cultivar has a fertility restoring gene 
different from both of orf687 and Rft. We examined the 
distribution of orf138 and its type in F1 varieties cultivated in 
Japan. We also studied the differentiation of fertility restoring 
genes in radish. 
2) New male sterile plants derived from the cell fusion.  
 We obtained somatic hybrids showing male sterility 
between Arabidopsis thaliana and cabbage varieties 
(Brassica oleracea). Progenies of the somatic hybrids were 
produced by successive back-crosses with B. oleracea.  So 
far, the pollen fertility was investigated in the BC6 progenies.  
The BC6 progenies were segregated into completely male 
sterile plants and partially fertile plants. However, all the BC6 
progeny plants had the identical structure of mitochondrial 
genome. By further back-crosses, BC8 generation was fixed 
to be male sterile without anthers and petals. This type of 
sterility was also observed in all the plants of BC9 and BC10 
generations. While, seed fertility with the back-crosses 
increased in the later generations. 
3) CMS of radish and eggplant by cytoplasm substitutions. 
 With the purpose to enlarge the numbers of CMS material 
plants, we are analyzing the molecular characteristics of 
alloplasmic radishes and eggplants under the collaborative 
projects with other institutions. We found unique orfs in male 
sterile alloplasmic lines both in radishes and eggplants. By 
the studies of their expressions, it was suggested that they are 
promising candidates of causal genes of CMS. Furthermore, 
we exploited DNA markers of fertility restorer genes of 
eggplants. The markers would be useful to identify the 
restorer genes and to clarify the mechanisms of CMS and 
fertility restoration. 

Yamagishi, H., Hashimoto, A., Fukunaga, A. and Terachi, T. 

Appearance of male sterile and black radishes in the progeny of cross 

between Raphanus raphanistrum and Raphanus sativus. Breeding 

Science 70: 637-641. 2020 

 

Yamagishi, H., Jikuya, M., Okushiro, K., Hashimoto, A., Fukunaga, 

A., Takenaka, M. and Terachi, T. A single nucleotide substitution in 

the coding region of Ogura male sterile gene, orf138, determines 

effectiveness of a fertility restorer gene, Rfo, in radish. Molecular 

Genetics and Genomics (In press). 2021 
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Research projects and annual reports 
 Energy is necessary to sustain life. Bioenergetics is an 
important scientific field, whose aim is how life changes 
energy into a form that is easy to use and how it is used. ATP, 
the energy currency of life, is synthesized by ATP synthase, 
which exists in mitochondria or in bacterial plasma 
membranes. The produced ATP is used 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 goal 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 
levels in the individual. Thus, we are addressing the issues of 
aging, lifespan and disease from the perspective of 
bioenergetics. 
Based on these points, we have carried out three themes;  
(1) Molecular mechanism of rotary ATPase/synthases, 

V-ATPase and FoF. 
(2) ATP homeostais in living cells 
(3) Structural biology using Cryo electron microscopy  
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Achievements in 2020 
1) Snapshot analysis 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 V1 part of 
V-ATPase at atomic resolution using Titan Krios (FEI), which 
is equipped with an automated imaging system at Osaka 
University.  
A total of more than 50,000 electron microscopy images were 
obtained from the cryo-grid under different solution conditions, 
and the structures under each solution condition were 
determined. The best-resolved image showed atomic 
resolution structures at ~2.6 Å. The structure of ATP in the 
nucleotide binding site could be clearly identified.  
 
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 biological activities, but 
pharmacological and genetic studies have shown that reducing 
the activity of the respiratory chain complex increases the 
lifespan of C. elegans. Therefore, we used the MASC assay to 
search for inhibitors of mitochondrial ATP synthesis among 
2500 existing drugs, and examined whether they affect the 
lifespan of C. elegans. As a result, we found 8 inhibitors of 
ATP synthesis from among 2500 existing drugs in mammalian 
cells. By measuring lifespan, they found that the eight ATP 
synthesis inhibitors increased the lifespan of C. elegans. These 
research results were published in BBA bioenergetics. 
Furthermore, MASC assay suggested that these targets are 
respiratory chain complex I. It was also suggested that several 
anticancer drugs also inhibit the activity of complex I. We 
currently carry out a couple of biochemical experiments to 
elucidate the relationship between inhibition of respiratory 
chain complex I and anesthetic and anticancer effects, as well 
as the structural basis of the inhibition mechanism. 
 
3) Construction of an expression and purification system 
for proteins involved in ATP dynamics 
This year, we attempted to construct an expression system for 
ATP channel proteins. The gene of ATP channel protein fused 

with GFP at the N-terminus was incorporated into the 
expression vector and transfected into HEK293 freestyle.  
After examining the reagents for transfection, the amount of 
DNA input, and the incubation time after transfection, the 
fluorescence of the cells was observed, confirming the 
expression from the introduced gene.  The expressed proteins 
were parially purified through introduced tag into the proteins, 
and it appeared as a major band in SDS-PAGE.  The negative 
stained electron microscopy images showed the complex 
structure of the target protein.  Since the yield is not 
sufficient for the preparation of cryo-grids, we will try to 
increase the amount of expression and purification. Once we 
have a good cryo-grid, we will start structural analysis using 
CryoEM.  
 

1. Mechanical inhibition of isolated V o from 
V/A-ATPase for proton conductance. Kishikawa J, 
Nakanishi A, Furuta A, Tamakoshi M, Mitsuoka K, and 
*Yokoyama K.  (2020) Elife e56862 

2. Identification of chemical compounds as an inhibitor 
of mitochondrial ATP synthesis, leading to an 
increased stress resistance and an extended lifespan 
in C. elegans.  Ikeda T, Kishikawa J, Hayashida Y, 
Fujikawa M, Yokoyama K. (2020) Biocim Biophys Acta 
Bioenerg  2020 Nov 1;1861(11):148281.  
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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) Analysis of educational effects of junior sessions at 
the Congress of the Japanese Society for Regenerative 
Medicine 

Since 2018, we have been in charge of planning and 
managing junior sessions for junior/high school students 
at the Congress of the Japanese Society for Regenerative 
Medicine This year, we analyzed the educational effects 
of these junior sessions from the questionnaire survey on 
these participants. From this result, it was suggested that 
the participants had an opportunity not only to learn the 
knowledge of regenerative medicine but also to learn 
communication ability, expressiveness, and cooperation. 
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Research projects and annual reports
 We are interested in plant development and 
environmental interactions. Currently, we have been 
focusing on the following three major projects.  
(1) Analysis of phenotypic plasticity of leaf shape 
 Plant can alter their development, physiology and life 
history depending on environmental conditions, which is 
called phenotypic plasticity. The North American lake 
cress, Rorippa aquatica, shows heterophylly, phenotypic 
plasticity on leaf shape. Submerged leaves are usually 
deeply dissected and has needle-like blade, whereas 
emergent leaves are generally entire with serrated or 
smooth margins (Fig. 1). We investigate the mechanism of 
the heterophylly of lake cress.  
(2) The evolutionary-developmental study on leaf shape 
 Leaf shape is one of the most diverse character all in 
biology and divarication patterns are key factors that 
determine leaf shapes. We analyzed a variation in the
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 

1 Rorippa aquatica
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explants, while many other species require optimized 
hormonal application. Although vegetative propagation by 
regeneration is widely observed across various plant 
species, the underlying regulatory mechanisms are mostly 
unknown owing to the lack of suitable experimental 
models. We have established a novel model system to 
study these mechanisms using an amphibious plant, 
Rorippa aquatica, which naturally undergoes vegetative 
propagation via regeneration from leaf fragments. 
 This year we performed RNA-seq analysis upon 
submergence to clarify the mechanism of submergence 
response of R. aquatica. The results showed that the 
expression of a group of genes related to the 
phytohormone ethylene are changed in addition to a group 
of genes involved in leaf morphogenesis. When ethylene 
was applied to shoot apex of R. aquatica, the leaf shape 
became closer to that of submerged leaves. The results of  
RNA-seq analysis of ethylene-treated aerial leaves showed 
that the expression of a group of genes related to leaf 
morphogenesis was altered. These results suggest that 
ethylene accumulation is involved in the submergence 
response. Since the light environment changes during 
submergence, next we examined the effect of light quality 
on leaf morphology and found that blue light irradiation 
suppressed the formation of submerged leaves in R. 
aquatica. These results indicate that pathways involved in 
ethylene response and blue light reception regulate leaf 
morphogenesis in R. aquatica.  
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Research projects and annual reports 
  The main goal of our laboratory is to elucidate the 
entire life cycle of the African clawed frog (Xenopus 
laevis) egg. The oocyte life cycle includes oogenesis, 
oocyte maturation and ovulation, fertilization and 
activation of development, death of the oocyte (apoptosis 
or over-activation), and ovulation. These phenomena 
include oocyte maturation and ovulation, fertilization 
and activation of development, and oocyte death (egg 
apoptosis or over-activation). 
  One of the most important key words in understanding 
all of these phenomena of the egg cell life cycle is the 
Src gene. The Src gene was first discovered as an 
oncogene in the Rous Sarcoma Virus, and was later 
found to be present in the genomes of virtually all 
multicellular organisms (animals), including chickens, 
mice, frogs, humans, and other vertebrates. Therefore, 
there are two major directions for research on the Src 
gene: one is to study its carcinogenic mechanism, and 
the other is to study its function in normal cells. 
  We have shown that the Src gene product (i.e., Src 
protein: a tyrosine-specific protein kinase) in Xenopus 
laevis oocytes is rapidly activated at fertilization and 
acts as a trigger for a temporary increase in intracellular 
calcium concentration, which is essential for egg 
activation. Furthermore, we found that uroplakin III 
(UPIII), a single transmembrane protein present in the 
egg cell membrane, functions as a sperm receptor and 
triggers intracellular Src activation upon fertilization. 
Our research question is how the UPIII-Src system 
functions in fertilization and other phenomena of the egg 
cell life cycle.  
  When the African clawed frog egg is mature and ready 
for fertilization (unfertilized egg or mature oocyte), cell 
death by apoptosis becomes feasible. In other words, if 
unfertilized eggs are left without sperm for more than 
about 12 hours, the intracellular proteolytic enzyme 
caspase 3/7 is activated, which eventually leads to 

changes in the distribution of pigment on the cell surface 
(pathological increase in intracellular calcium 
concentration), a decrease in intracellular ATP and 
protein (disruption of the energy metabolism system), 
and even an increase in the capacity of the entire cell 
(disruption of cell membrane homeostasis). In this year, 
we found that ATP leaks out of the cell as unfertilized 
eggs undergo apoptosis, suggesting that this may be one 
of the mechanisms of intracellular ATP reduction 
described above. Furthermore, we focused on the 
ATP-specific channel pannexin 1 (PANX1) as a molecule 
that may be involved in this phenomenon, and found that 
PANX1 is present in the plasma membrane of immature 
oocytes (oocytes in the ovary) by sucrose density 
gradient ultracentrifugation and immunoblotting. We are 
now examining the dynamics (expression level and 
protein state: presence or absence of cleavage by 
caspases) of PANX1 in oocytes during egg maturation, 
fertilization, and apoptosis, and the effect of 
carbenoxolone, a known PANX1 inhibitor, on 
unfertilized egg apoptosis.  
  

A.A. Tokmakov, V.E. Stefanov, K. Sato (2020) Dissection of 

the ovulatory process using ex vivo approaches. Front Cell 

Dev Biol. Dec 9;8:605379. doi: 

10.3389/fcell.2020.605379. eCollection 2020.PMID: 

33363163  https://pubmed.ncbi.nlm.nih.gov/33363163/ 

K. Sato, A.A. Tokmakov (2020) Towards the understanding of 

biology of oocyte life cycle in Xenopus laevis: no oocytes left 

behind. Reprod Med Biol. Jan 20;19(2):114-119. doi: 

10.1002/rmb2.12314. eCollection 2020 Apr.PMID: 

32273815 https://pubmed.ncbi.nlm.nih.gov/32273815/ 

https://ksu.repo.nii.ac.jp/?action=pages_view_main
&active_action=repository_view_main_item_detail
&item_id=10577&item_no=1&page_id=13&block_
id=21  
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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 changes in 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 programs in 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 “Ikigomi-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 

balance in each area with assumption of parents 
participations in composting. 

Our results showed that the amount of food loss and 
oversupply discharged from nursery school meals was 
much higher than that of plate waste. Plate waste reduction 
was acceptable to nursery staffs, due to its other educational 
goals, such as food education. However, they were not able 
to reduce food loss without disturbing childcare, thereby 
difficult to maintain their motivation. Although the 
composting activity of food waste as environmental 
education in nursery schools could contribute to the 
reduction of composting of plate waste, it was expected that 
the effect on resource recycling would be limited. Measures 
against food loss and oversupply are also important, but 
these should be solved not only by environmental education 
activities or the efforts of nursery schools and children 
themselves, but also by institutional measures for supports. 
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Rickettsia japonica 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 
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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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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 gsh1 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 
variations in both mitochondrial orf138 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. 
   

Yamagishi, H., Hashimoto, A., Fukunaga, A. and Terachi, T.: 

Appearance of male sterile and black radishes in the progeny of 

cross between Raphanus raphanistrum and Raphanus sativus. 

Breeding Sci. 70(5), 637-641 (2020). 
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Research projects and annual reports 
1) Analysis of policy formation processes  
We researched trends of green infrastructure (GI) policies 
in Europe, America, and Japan. The results of our study 
show that GI is a common political concept that promotes 
the use of various ecosystem services within those countries. 
However, the apparent motivations for the introduction of 
GI differs among the three regions. For example, in Europe 
the focus is on economic promotion, while in the United 
States GI policies are developed around rainwater 
management. In Japan, reconstruction from the Great East 
Japan Earthquake is the basis for developing GI policy. In 
addition, GI in Japan is characterized by the fact that there 
are ongoing discussions on land use based on the 
characteristics of ecosystems and the use of various 
ecosystem services. In recent years, the frequency of floods 
has increased in Japan and GI policies as a means of 
stormwater management have been attracting attention. 
Therefore, the scope of GI policies in Japan is expanding. 
In future, we suggest examining effective GI policy 
formation methods in Japan. 
 
2) Evaluation of possibilities for GI policy introduction  
To evaluate the possibility of introducing GI policies in 
local government, we developed natural environmental and 
social system indicators related to GI. We constructed 
indicators of water management and biodiversity 
conservation of agricultural lands during floods and as a 
natural environmental index. In addition, we established a 
social system index based upon completion of a 
questionnaire that captures citizens’ GI-related intentions 
and administrative plans. In a future study, we intend to 
further develop GI indicators for local government to 
comprehensively evaluate the possibility of introducing GI 
policies.  
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Takashi Osawa, Usuke Ueno, Takaaki Nishida, Jun Nishihiro: Do 
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Research projects and annual reports 
Genetic diversity retained in populations is an essential 

material for adaptive evolution and breeding of plants and 
animals; species can adapt through natural selection to 
changing environment if they have sufficient genetic diversity.  
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Breeders of domesticated plants and animals can genetically 
improve their materials by artificial selection on genetic 
variability.  Our laboratory is researching the methodology 
for evaluation, maintenance and utilization of genetic diversity 
in wild and domesticated animal populations.  Our main 
research projects and the annual reports are as following: 
1:  Construction of selection criteria in guide dog breeding 
   Suitability for guide dog has been judged by evaluation 
with 42 items.  For a purpose of selective breeding, the 
evaluation items should be condensed into a small number of 
selection criteria.  We applied factor analysis and structural 
equation modelling to results of the evaluation in Asia Guide 
dogs Breeding Network (AGBN), and extracted three major 
components.  Quantitative genetic parameters and breeding 
values of the components were estimated.  Using the 
obtained genetic parameters, selection index to simultaneously 
improve the three major traits was constructed. 
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 
15(/km2) suggesting that urgent conservation 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 comparing to 
the published estimates of foreign bumblebee species. 
3: Inbreeding and selection response in a small population of 
honeybee under incomplete reproductive isolation 
  Assuming a small population of honeybee with incomplete 
reproductive isolation, we developed theories to predict 
response to selection and inbreeding coefficient.  The 
theories were applied to a selection program with a scale 
applicable to beekeepers in Japan.  Numerical computation 
showed that even under an incomplete reproductive isolation, 
a remarkable genetic gain could be achieved if more than 90% 
of drones can be isolated.  It was also shown that a small 
amount of introgression of drones from outside populations 
would effectively suppress the increase of inbreeding 
coefficient. 

(2021) 

. Vol.56, No.7, 28-31. 

Nomura T., Sasaki T., Taniguchi Y. (2021)  A molecular genetic 

method for estimating best density without explicit definition of 

habitat area. Journal of Insect Conservation 25 695-706. 

(2021) 

. 

 

. 

 

Asian-Australasian Journal of Animal Sciences, editor

102



Prof.  Chihiro Hama, Ph. D.
 

103



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 105 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 general 
model does not incorporate synaptic cleft into the 
architecture as an integral part of synapse.  
Annual reports:  
Identification of CG42613 as a cholinergic synaptic 
protein that regulates the localization of Hasp and sleep 
   To identify a synaptic protein that are required for 
the localization of Hasp at synaptic clefts, we 
immunoprecipitated brain extracts with anti-Hasp 
antibody and analyzed the precipitants by mass 
spectrometry. Two membrane proteins, CG42613 and 
Neurexin-1 were found among the proteins that emerged 
through the experiments. CG42613 is a membrane 
protein containing multiple CUB domains (see Figure), 
and reported to be expressed in both neurons and 
astroglia. In the null mutants of the gene that we 
generated by imprecise excision of transposon, Hasp is 
decreased in the synaptic regions, indicating a role for 
CG42613 in Hasp localization. As we have successfully 
obtained anti-CG42613 antibody, it is now possible to 
reveal precise relative location of Hig, Hasp and 
CG42613 within a synaptic cleft using an ultrahigh 
resolution microscope. 
   The CG42613 mutants exhibit abnormal sleep pattern. 
During transition period from light-on to -off and 
light-off to -on, wild-type flies move well, but the 
mutant flies show less locomotor activity. It will be 
interesting to determine which of mechanisms (light 
response, circadian rhythm, or sleep need) is involved in 
the abnormal behavior. 
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Synaptic levels of acetylcholine receptors are controlled 
by the internalizing subunit D 5 and synaptic cleft 
protein Hig in the Drosophila brain 
Yuhi Nishimura, Minoru Nakayama, Osamu Nishimura, 
Shigehiro Kuraku, Masaki Sone, Chihiro Hama 
The 43rd Annual Meeting of the Japan Neuroscience 
Society. July 29 to August 1, 2020 (On-line presentation) 
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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 
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host and establish micro- and macro-cosmos in nature. We 
are now studying on pathology, ecology, and other basic 
researches of zoonotic micro-organisms. Especially, we 
focus on viruses, which cause mosquito- and tick-borne 
diseases. Recently, arthropod vectors are spreading their 
living places due to global warming. Therefore, the diseases 
become one of big concerns in world-wide public health. 
Although some diseases are not in Japan, it is also urgent to 
develop detection and prevention system for the diseases. 
Our main research themes are: 1) Epidemiological study on 
mosquito- and tick-borne diseases in Kyoto city, and 2) 
Pathological and molecular biological studies on mosquito- 
and tick-borne pathogens. The THOV neutralizing antibody 
titer was measured in wild animals living in Kyoto City, it 
became clear that the palm civet and the raccoon possess 
the THOV neutralizing antibody titer. 
 
Annual reports 
1) Epidemiological study on 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 
a virus-neutralization test for Hl-Kamigamo 25 strain of 
Thogoto virus (THOV), which we isolated in Kyoto City, 
2013.   

   
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. In this year, we examined whether THOV 
adapts to mice by passaging in mice could infect with 
THOV. We isolated THOV after 20 passages (MA-THOV 
P20) clones. Cloned viruses were lethal to mice as similar 
to MA-THOV P20. Macroscopic pathological findings of 
MA-THOV P20 clones-infected mice showed bleeding in 
various organs.  
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