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【【ククラライイオオ電電子子顕顕微微鏡鏡にによよるるウウェェルルシシュュ菌菌イイオオタタ毒毒素素のの複複合合体体構構造造のの解解析析】】  

イオタ毒素は二成分の毒素で細胞内でアクチンのＡＤＰリボシル化を行い、その重合を 

阻害する Ia と Ia を細胞内に透過させる Ib からなります。 

Ib は膜に孔をあけ、Ia を透過させる装置として働きますが、その機構は不明でした。 

Ib膜孔単体とIaが結合したIb膜孔複合体の構造をクライオ電子顕微鏡で明らかにし、 

Ia と Ib 膜孔の結合により Ia のＮ末端が解け透過する最初の様子を捉えました。 

（山田、吉田、津下ら：Nature Structural & Molecular Biology 2020 27(3):288-296） 

野生株 

trx m124-2 変異株 

trx m124-1 変異株 
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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). 

 
We investigated the molecular events underlying cancer 

pathogenesis associated with enhanced HBP flux. 
Multidimensional analysis of microarray datasets 
demonstrated up-regulation of genes encoding HBP 
enzymes in clinical breast cancers and revealed that co-
expression of hyaluronan synthase 2 (HAS2) and 
glutamine:fructose-6-phosphate amidotransferase (GFAT), 
a rate limiting enzyme of the HBP, was strongly correlated 
with a poor prognosis in advanced cancer patients. 
Consistently with the clinical data, comparative analyses of 
distinct breast cancer mouse models demonstrated 
enhancement of the HBP gene expression in primary 
carcinoma cells, with elevation of Has2 expression and 
hyaluronan production in aggressive breast cancer cells. 
Overall protein O-GlcNAcylation was also elevated in 
association with HBP enhancement in aggressive cancer 
cells, and the modification exhibited overlapping but 
distinct roles from the hyaluronan signal in the regulation 
of CSC-like features. In this study, we uncovered that an 
enhanced HBP drove pro-tumorigenic signaling pathways 
involving HA and O-GlcNAcylation in aggressive breast 
cancer. Furthermore, the HA and O-GlcNAcylation 
signaling pathways exhibited overlapping but distinct roles 
in the regulation of CSC-like phenotypes. Designing the 

Figure 1. HA biosynthesis and HBP 
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most effective and appropriate strategy towards the 
prevention and interception of such pro-tumorigenic signals 
may therefore contribute to the achievement of breast 
cancer elimination. 

Chokchaitaweesuk C, Kobayashi T, Izumikawa T, Itano N. 
Enhanced hexosamine metabolism drives metabolic and 
signaling networks involving hyaluronan production and O-
GlcNAcylation to exacerbate breast cancer. Cell Death & 
Disease 10:803 (2019) 

 

Itano N. Enhanced hexosamine metabolism drives metabolic and 

signaling circuit involving hyaluronan production and O-

GlcNAcylation to promote cancer stem-like properties. 

Hyaluronan 2019 (Cardiff, UK)  
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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 Sci.Rep.,2019 . 
   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,2019).  

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 
and free amino acids in non-fasting blood of ST3Gal4 
deficient mice. Mostly we received results, then will make 
a published paper. 
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1. Fujita, A., Okuno, T., Oda, M., Kato, K. (2020). Urinary 
volatilome analysis in a mouse model of anxiety and depression 
PLOS ONE 15(2), e0229269. https://dx.doi.org/10.1371/journal. 
pone.0229269 
2. Fujita A, Ota M, and Kato K. (2019) Urinary volatile metabolites
of amygdala-kindled mice reveal novel biomarkers associated with 
temporal lobe epilepsy. Scientific Reports, 9:10586, 
https://doi.org/10.1038/s41598-019-46373-8 

1. Keiko Kato  Neuropsychiatric disorders induced by metabolic

loading and sialylation, the 2019 International Symposium in 

Kangwon National University (KNU) Sep 19, 2019 

2. Keiko Kato, Neuropsychiatric disorders induced by metabolic 

loading and sialylation, 2019. 8. 13 Joint 

International symposium of korean society of life science and 

interdisciplinary society of genetic & genomic medicine: Life 

Science & genetic medicine from bench to clinic  2019 Aug 13-

14 Busan BEXCO Bldg. 2, 3F.

3. Tangsudjai Siriporn, Fujita Akiko, Ikawa Masahito, Kato 

Keiko, Distributions of epilepsy/ anxiety responsive, alpha2,3-

sialyltransferase ST3Gal IV mRNA and visualization of mCherry 

in CRISPER/CAS mediated mCherry knock-in at ST3Gal4 locus

of mouse (PB-471), 2019.7.26 Neuro2019 , . 

4.  ,  ,  ,  , 

 Alteration of 

metabolism in temporal lobe epilepsy model mice (PB-475),

2019.7.26 Neuro2019 , . 

5.  ,  ,  , 

 Profiling of urinary volatile 

metabolites in amygdala-kindled mice and finding of novel 

biomarkers associated with temporal lobe epilepsy (PB-468), 

2019.7.27 Neuro2019 , . 

6.  ,  ,  ,  , 

ST3Gal IV

 Comparative analysis of urinary volatile 

organic compounds in Depression / Anxiety model animal 

ST3Gal IV KO mice, (PB-470), 2019.7.27 Neuro2019 

, . 

7.  ,  , Siriporn Tangsdjai,  

   

 30

 (2019-1-30-1-31) 

http://www.kyoto-su.ac.jp/faculty/professors/

ls/kato-keiko.html 
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Research projects and annual reports 
 Microorganisms colonize the plant body, many of 
which do not cause harmful damage to the host plant. It 
has been isolated from a variety of plants. Some have 
also been reported to enhance host plant growth, disease 
resistance, and environmental stress resistance. The 
application of these properties to plants by colonizing 
microorganisms has been studied in various fields 
because of its potential usefulness as a material for 
agricultural production. We have studied the genomes of 
environmental microorganisms, especially plant-related 
bacteria, and reported the genetic information and 
diversity related to their life cycle and symbiosis. The 
interaction characteristics of such bacteria with plants 
are often not correlated with microbial lineages and vary 
among closely related lineages, so the factors are largely 
unknown. In some cases, uncultured microorganisms 
account for the majority of such microbial populations 
according to environmental genome analysis. Based on 
the information obtained from genome research on plants 
and symbiotic microorganisms, research on symbiotic 
systems is being carried out with the aim of clarifying 
how plants and microorganisms can coexist. 
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1) In the leguminous plant Aeschynomene indica, some 
Bradyrhizobium rhizobia use a type III secretion system 
to form nodules and symbionts, independent of Nod 
factors. The nodulation factors of rhizobia involved in 
this symbiosis are not well understood. In the case of A. 
indica rhizobium strain Bradyrhizobium ORS3257, 
several effectors are involved in symbiotic regulation, 
and when these mutants are inoculated into A. indica, 
they exhibit a variety of nonsymbiotic properties. In 
some effectors, the mutation interrupts nodulation and 
gene complementation of the effector-deficient strain 
restores nodulation. This effector is widely conserved 
among Bradyrhizobia and is named "ET-Nod". In plant 
cells, ET-Nod is transported to the nucleus and binds to 
nucleic acids. When expressed in A. indica roots, it 
activates nodule-like organogenesis. Thus, ET-Nod 
appears to interfere with host plant gene expression and 
activate symbiotic programs, whereas a mixture of 
effectors with several roles is delivered from the type III 
secretion system to plant cells. 
2) Bradyrhizobium elkanii, a rhizobium with a relatively 
wide host range, possesses a functional type III secretion 
system (T3SS), which involved in symbiotic 
incompatibility against Rj4 soybean (Glycine max) and 
some accessions of mung bean (Vigna radiata). To 
expand our knowledge of the T3SS-mediated partner 
selection mechanism in the symbiotic legume–rhizobia 
association, we inoculated three Lotus experimental 
accessions with wild-type and T3SS mutant strains of B. 
elkanii USDA61. The results revealed that different 
responses were induced by the T3SS in a host genotype–
dependent manner. Lotus japonicus Gifu inhibited 
infection; Lotus burttii accepted infection but produced 
nodule maturation inhibition at the post infection stage; 
and both L. burttii and L. japonicus MG-20 displayed a 
nodule early senescence–like response. By conducting 
inoculation tests with gene mutants of previously 
reported and newly identified effector protein genes of B. 
elkanii USDA61, we identified NopF as the effector 
protein for triggering the infection inhibition, and NopM 
as the effector protein for triggering the nodule early 
senescence–like response, respectively. Consistent with 
this result, BenopF introduced into Mesorhizobium 
japonicum induced infection inhibition in L. japonicus 
Gifu but did not induce any response in L. burttii or L. 
japonicus MG-20. These findings suggest that Lotus 

accessions possess multiple checkpoints to eliminate 
unfavorable symbionts, including at the post-infection 
stage, by recognizing different T3SS effector proteins at 
each checkpoint. 
 

A. Teulet, N. Busset, J. Fardoux, D. Gully, C. Chaintreuil, F. 

Cartieaux, A. Jauneau, V. Comorge, S. Okazaki, T. Kaneko, F. 

Gressent, N. Nouwen, J.F. Arrighi, R. Koebnik, P. Mergaert, L. 

Deslandes, E. Giraud: The rhizobial type III effector ErnA 

confers the ability to form nodules in legumes. Proc Natl Acad 

Sci U S A. 2019. 116, 21758-21768.  

 

S. Kusakabe, N. Higasitani, T. Kaneko, M. Yasuda, H. Miwa, S. 

Okazaki, K. Saeki, A. Higashitani, S. Sato: Lotus Accessions 

Possess Multiple Checkpoints Triggered by Different Type III 

Secretion System Effectors of the Wide-Host-Range Symbiont 

Bradyrhizobium elkanii USDA61. Microbes and Environments, 

2020. 35, 1-16. 

M. Itakura, K. Mitsuya, T. Kaneko, K. Minamisawa: 

Investigation of genomic diversity and nitrogen fixation 

capability in indigenous Bradyrhizobium diazoefficiens strains, 

5th Asian Conference on Plant-Microbe Symbiosis & Nitrogen 

Fixation, Tohoku University, Sendai, 2019.5.15-17  
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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. Also, 
some active transposons were determined by using wheat 
background that can be used for tools for breeding 

3) Effect of Epigenetic regulation on Evolution
Epigenetic regulation can affect evolution patterns

through change of chromatin structure. We focused on
imprinting genes to analyse divergence patterns. We
determined imprinted gene candidate in Brassica rapa
and found that the number of imprinted gene is much
larger than that in other species. We compare
conservation and variation of the imprinted gene
repertoire and possible causes of differences among
species. We also analysed patterns of DNA methylation
in chloroplast derived nuclear genomic regions. The
directions of DNA substitutions were highly biased
depending on the time of integration of chloroplast
genomic DNAs to nuclear genome. The biased mutation
might be related to cytosine methylation. We confirmed
that the DNA methylation was regulated only partly by
RNA dependent DNA methylation machinery but mainly
by chromatin remodeling mechanisms.

4) RNA editing evolution among Brassicaceae species
We determined complete chloroplast genomes of

several Brassicaceae species to analyse RNA editing in
chloroplast genome. The presence-absence of RNA 
editing are related to phylogenetic clustering indicating
conserved nature of RNA editing variations. We also
determined several genes associated with the RNA 
editing by comparing the pattern of divergence of RNA 
editing.

Takanori Yoshida, Hazuka Y. Furihata, Taiko K. To, Tetsuji 

Kakutani, and Akira Kawabe* Genome defense against 

integrated organellar DNA fragments from plastids into plant 

nuclear genomes through DNA methylation.  Scientific 

Reports, vol. 9, 2060. 
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Akira Kawabe*, Hazuka Y. Furihata, Yudai Tsujino, Takahiro 

Kawanabe, Sota Fujii, and Takanori Yoshida Divergence of 

RNA editing among Arabidopsis species.  Plant Science, vol. 

280, p. 241-247. 
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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 
development of zebrafish, we have been conducting 
extensive analyses of GalNAc-transferase functions during 
early development. we isolated and fully sequenced the 
galnt5 gene, a novel member of the GalNAc-transferase 
isoenzyme, which has not been reported in zebrafish. The 
galnt5 expressions in the zebrafish early embryos were 
analyzed by in situ hybridization, and we found that the 
embryos of 72 hpf expressed galnt5 in the oral and 
maxillary regions and the skeletal muscle. We also report 
the preliminary results of the CRISPR/Cas9 genome editing. 

N. Nakamura, A. Kurosaka, Mucin-type glycosylation as a 

regulatory factor of amyloid precursor protein processing. Journal 

of Biochemistry 165(3), 205-208. 

I. Chandel, R. Baker, N. Nakamura, V. M. Panin, Live imaging 

and analysis of muscle contractions in Drosophila embryo. 

Journal of Visualized Experiments (2019) doi: 10.3791/59404. 

C. Jinnipar, M. Carmen, L. Seunghyung, A. Kurosaka, B. 

Waraporn, Multiple-factor mathematical modeling of glycine-

glucose browning, Journal of Food Engineering (2020) 273, 

109829. 
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3. Research projects and annual reports
Anosmin-1 activates vascular endothelial growth

factor receptor and its related signaling pathway for
olfactory bulb angiogenesis. Anosmin-1 is a secreted
glycoprotein encoded by the ANOS1 gene, and the loss
of function causes Kallmann syndrome (KS), which is
characterized by anosmia and hypogonadism due to
olfactory bulb (OB) dysfunction. However, the
physiological function of anosmin-1 remains to be
elucidated. In KS, disordered angiogenesis is observed in
OB, resulting in its hypoplasia. In this study, we
examined the involvement of anosmin-1 in angiogenic
processes. Anosmin-1 was detected on the vessel-like

structure in OB of chick embryos, and promoted the 
outgrowth of vascular sprouts in the OB tissue culture 
assay. Cell migration, proliferation, and tube formation 
of endothelial cells were induced by treatment with 
anosmin-1 as well as vascular endothelial growth factor 
(VEGF)-A, and further enhanced by treatment with both 
of them. We newly identified that anosmin-1 activated 
VEGF receptor-2 (VEGFR2) by directly binding to it, 
and its downstream signaling molecules, phospholipase 
C 1 (PLC 1) and protein kinase C (PKC). These results 
suggest that anosmin-1 plays a key role in the 
angiogenesis of developing OB through the 
VEGFR2–PLC 1–PKC axis by enhancing the VEGF 
function. 

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. 

M. Kurokawa-Seo, S. Matsushima, A. Shimizu, M. Kondo, H.

Asano, N. Ueno, H. Nakayama, N. Sato, H. Ogita. Anosmin-1 

activates vascular endothelial growth factor receptor and its 

related signaling pathway for olfactory bulb angiogenesis. 2019 

Gordon Research Conference  Gordon Research Seminar, 

Angiogenesis, Salve Regina Univ. Newport, RI, U.S.A. 

2019.8.5 ( ) 

M. Kurokawa-Seo, VEGF-A/NRP1 signaling in cancer cells.

- Cell-penetrating peptides inhibit cancer cells signaling in

vitro -. Invited lecture by Professor Marsha A. Moses, Harvard 

Medical School, Vascular Biology Program, Boston Children’s 

Hospital, Dept. of Surgery, Karp Family Research Laboratories 

Boston, U.S.A  2019.8.15 

K. Fukumitsu, H.Yonekura, N. Ota, N. Ueno, S. Ueda, S.

Nakanishi, A. Yamaguchi, M. Seo. Enhanced FGFR3IIIc 

expression is correlated with poor prognosis in human 
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Research projects and annual reports

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

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

1. Wilson T, Takahashi J, Kim I, Spichiger SE. First reports of

Vespa mandarinia (Hymenoptera: Vespidae) in Washington

State, USA and Nanaimo, Canada represent two separate

introduction events. Annals of Entomological Society of America.

inpress.

2. Inamoto T, Mizobata J(B4), Mantani Y, Yokoyama T, Hoshi N,

Kitagawa H, Takahashi J. New method of injecting solution into

the abdomen to overcome fxation delay of the midgut on making
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the histological specimens of honeybee worker.. inpress. 

DOI:10.1007/s13355-020-00688-5 Applied Entomology and 

Zoology 
3. Chikano M(M2), Takahashi J. Complete mitochondrial DNA 

sequence of the yeast Zygosaccharomyces siamensis 

(Saccharomycetes: Saccharomycetales) from fermented honey 

of the Apis cerana japonica in Japan. Mitochondrial DNA Part 

B. inpress. /DOI:10.1080/23802359.2020.1785961 

4. Ilyasov RA, Lee MI, Takahashi J, Kwon HK, Nikolenko AG. 

2020. Review A revision of subspecies structure of western 

honey bee Apis mellifera. Saudi Journal of Biological Sciences . 

inpress. DOI:10.1016/j.sjbs.2020.08.001 

5. Harada R(B4), Yoshioka M(B4), Okuyama H, Kato M, Martin 

SJ, Takahashi J. 2020. Complete mitochondrial DNA sequence 

of the parasitic honey bee mite Varroa destructor 

(Mesostigmata: Varroidae). Mitochondrial DNA Part B. inpress. 

DOI:10.1080/23802359.2019.1711219 

6. Takeuchi T, Sasaki T, Mitsuhata M, Kiyoshi T, Nishimoto M

M2 , Nomura T, Takahashi J. 2019. Low mitochondrial DNA 

variation in the endangered bumble bee Bombus cryptarum 

florilegus. Journal of Apicultural Research. 58:591-596. DOI: 
10.1080/00218839.2019.1614735 

7. Okuyama H, Kiyoshi T, Tsubaki H, Takahashi J. 2019. A 

comparison of complete mitochondrial DNA sequences of Mnais 

costalis Selys, 1869 (Odonata: Calopterygidae) from three 

different populations (one allopatric and two sympatric). 

Mitochondrial DNA Part B. 4:3104-3105. DOI: 
10.1080/23802359.2019.1667888 

8. Okuyama H, Kiyoshi T, Tsubaki H, Takahashi J. 2019. Complete 

mitochondrial genome sequence of the broad-winged damselfly, 

Mnais pruinosa Selys, 1853 (Odonata: Calopterygidae). 

Mitochondrial DNA Part B. 4:3101-3103. DOI: 
10.1080/23802359.2019.1667887 

9. Yamasaki K, Takahashi R(M2), Harada R(B4), Matsuo Y(B4), 

Nakamura M, Takahashi J. 2019. Reproductive interference by 

alien hornet Vespa velutina threatens the native populations of 

Vespa simillima in Japan. The Science of Nature. 106:15. DOI 

10.1007/s00114-019-1609-x 

10. Ilyasov R, Nikolenko A, Tuktarov V, Goto K, Takahashi J, 

Kwon HW. 2019. Comparative analysis of mitochondrial 

genomes of the honey bee subspecies A. m. caucasica and A. m. 

carpathica and refinement of their evolutionary lineages. 

Journal of Apicultural Research. 58:567-579. DOI: 

10.1080/00218839.2019.1622320 

11. Ilyasov RA, Youn HG, Lee MI, Kim KW, Proshchalykin MY, 

Lelej AS, Takahashi J, Kwon HW. 2019. Phylogenetic 

relationships of Russian far-east Apis cerana with other north 

Asian populations. Journal of Apicultural Science. 63:289-314. 

DOI: 10.2478/jas-2019-0024 

12. Takahashi J, Okuyama H, Martin SJ. 2019. Complete 

mitochondrial DNA sequence of the small hive beetle Aethina 

tumida (Insecta: Coleoptera) from Hawaii. Mitochondrial DNA 

Part B. 4:1522-1523. 

13. Asami M(B4), Okuyama H, Takahashi J. 2019. Complete 

mitochondrial DNA sequence of the three-keeled pond turtle 

Mauremys reevesii (Reptilia: Testudines). Mitochondrial DNA 

Part B. 4:1520-1521. 

14. Asami M(B4), Okuyama H, Takahashi J. 2019. Complete 

mitochondrial DNA sequence of the endemic Japanese pond 

turtle Mauremys japonica (Reptilia: Testudines). Mitochondrial 

DNA Part B. 4:1450-1451. 

15. Takahashi J, Hosaka K, Martin SJ, Kawabe A. 2019. Asian 

Honey Bee Apis cerana Foraging on Mushrooms.  Bee World. 

96:10-11. DOI:10.1080/0005772X.2018.1556964 

16. Takahashi J, Okuyama H, Kiyoshi T, Takeuchi T, Martin SJ. 

2019. Origins of Vespa velutina hornets that recently invaded Iki 

Island, Japan and Jersey Island, UK. Mitochondrial DNA Part A. 

30:434-439. DOI:10.1080/24701394.2018.1538366 

17. M2

53:31-35. 

18. B4 M2 M2

84:20-23. 

19. B4 B4

2019. 22:6-8. 
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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 suppressed immune functions by natural 
products. 
1: Study for tobacco smoke 
Cigarette smoke is a major risk factor for pulmonary 
diseases. Cigarette tobacco smoke particles are inhaled into 
the lung and reach alveolar space, and then directly 
encounter Alveolar Macrophages (AM). Smoking has been 
shown to increase production of reactive oxygen by 
alveolar macrophages, which induce DNA damage in these 
cells, and it has also been demonstrated that their immune 
functions such as antigen presentation and cytokine 
production are impaired. Inclusion bodies of high density 
appeared in the cytoplasm of AM by cigarette smoke.. 
2: Study for Natural products 
(1) Honey
Natural products are known to have biological activity, and
we have previously investigated the effect of natural
products on immune function. Honey contains various
vitamins, minerals and amino acids as well as glucose and
fructose and is popular as a natural food. There is a wide
variety of honey and the varieties are due to components of
flower sources. Jungle honey is used as traditional medicine
for cold, skin inflammation and burn wound but not only
health care. JH enhanced antibody production through the
increase of CD19 positive cells and proliferation of spleen
cells by augmentation of IL-1β and IL-6 mRNA expressions.
Japanese honey enhanced IL-1β mRNA expressions in
alveolar macrophage.
(2) Agaricus Blazei Murill
Agaricus blazei Murill has been traditionally used as
medicine in Brazil. Agaricus blazei Murill has been
reported for anti-tumor activity and immune activity. It is
unclear how Agaricus blazei Murill hot water extract
activates the immune system and anti-tumor activity.
Therefore, we are focusing on the mechanism of activity of
immune functions in immune cells associated with anti-
tumor activity by Agaricus blazei Murill hot water extract
and its characterization of effective component. We have
demonstrated that extract of Agaricus blazei Murill
activated immune functions neutrophils and macrophages
in mice.
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Honami Nakata, Saki Hamada, Yuki Hirano, Minoru Takeuchi. 

Effect of cigarette smoking on M1/M2 type Alveolar Macrophage 

(AM) and the restore of AM by smoking cessation. 48th Annual 

meeting of Japanese Society for immunology, Des.2019.  

Yuki Hirano, Saki Hamada, Honami Nakata, Minoru Takeuchi 

Cigarette smoke inhibit expression of CD11c surface antigen of 

lung neutrophils induced by LPS in mice. 48th Annual meeting 

of Japanese Society for immunology, Des.2019. 

Saki Hamada, Yuki Hirano, Honami Nakata, Hiroki Takakuwa, 

Minoru Takeuchi Effect of cigarette smoke on influenza virus 

infection in mice. 48th Annual meeting of Japanese Society for 

immunology, Des.2019. 

M. Takeuchi, M. Uno, Y. Hirano, S. Hamada, H. Nakata, A.

Kawazoe, K.E. Pinkerton. Effect of honey with associated 

antioxidant on Lipopolysaccharide (LPS) induced lung 

inflammation in mice. 2019 EMGS annual Meeting, Washington 

DC, September 19-23, 2019. 

M. Takeuchi, M. Uno, Y. Hirano, S. Hamada, H. Nakata, A.

Kawazoe, K.E. Pinkerton. Anti-inflammatory effect of honey on 

pulmonary inflammation associated with neutrophil by 

lipopolysaccharide (LPS) in mice. FOCIS 2019, Boston, June 18-

21, 2019. 

Minoru Takeuchi, Chika Kanamori, Yuki Hirano, Saki Hamada, 

Mauna Uno, Honami Nakata, Kent E Pinkerton. Effects of 

cigarette smoke on the immunological mechanisms of 

development of pulmonary pollen allergy. ATS 2019, Dallas, May 

17-22, 2019.

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

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

induce inhibition of immune functions and DNA damage of 

alveolar macrophage in mice. 2019 SRNT 25th Annual Meeting, 

San Francisco, February 20-23, 2019.  

Pulmonology , WJR

http://www.cc.kyoto-su.ac.jp/~mtakex/
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Since our discovery of Bacillus subtilis MifM, 
which monitors the activity of the YidC-mediated 
membrane insertion pathway, we have been interested in 
and studying this class of proteins called ‘regulatory 
nascent chains’, which function while they are still in the 
midst of the process of biosynthesis on the ribosome. A 
remarkable property of this class of gene products is that 
they interact cotranslationally with components of the 
ribosome including those comprising the polypeptide exit 
tunnel, and thereby arrest their own translation elongation. 
The arrested state of translation elongation affects 
translation of the downstream target gene either positively 
(in the case of MifM) or negatively. Importantly, these 
regulatory nascent chains serve as a co-translational 
substrate of the protein localization pathway to be 
monitored, such that the arrest can be stabilized or canceled 
in response to changes in the effectiveness of the 
localization machinery under given conditions of the cell. 
Thus, these nascent chains represent unique biological 
sensors that enable real-time feedback regulation of the 
target machinery. In the MifM regulatory system, its 
translation arrest is released when the nascent MifM chain, 
as a monitoring substrate of YidC (the regulatory target), 
engages in the YidC-mediated insertion into the membrane. 
The regulated elongation arrest of MifM enables cells to 
maintain the capacity of membrane protein biogenesis.  As 
introduced above, our interests are also focused more 
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 force reporter (TnFR) 

The elongation arrest of MifM is force-sensitive 
and is canceled when the MifM nascent chain is pulled from 
the N-terminus. We took advantage of such a force-
sensitivity to capture co-translational pulling force on 
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 force reporter, most probably reflecting their abilities to 
initiate the maturation and/or localization process co-
translationally. 

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

Ribosome stalls on mRNA when it translate 
mRNA that lacks an in-frame stop codon (non-stop mRNA). 
Ribosome rescue factors mediate rescue of the ribosomes 
on the non-stop mRNA. In addition to previously-identified 
primary ribosome rescue factor, tmRNA-SmpB complex, 
we here identified BrfA as a secondary ribosome rescue 
factor in B. subtilis. We demonstrated that BrfA recruits 
RF2 to the stalled ribosome to facilitate a stop codon-
independent translation termination on the non-stop mRNA. 
BrfA is the first reported example of RF-dependent 
ribosome rescue factor in Gram-positive bacteria. 

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

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

Shimokawa-Chiba, N.*, Müller, C.*, Fujiwara, K., Beckert, B., 

Ito, K., Wilson, D. N.#, Chiba, S.# Release factor-dependent 

ribosome rescue by BrfA in the Gram-positive bacterium 

Bacillus subtilis. Nat. Commun. (2019) 10, 5397. (*: equally 

contributed, #: corresponding authors) 

Ito K, Shimokawa-Chiba N, Chiba S. Sec translocon has an 

insertase-like function in addition to polypeptide conduction 

through the channel. F1000Res. (2019) ;8:F1000 Faculty Rev-

2126.  
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Research projects and annual report
Tumor progression by MUC1 and its related protein

Mucins are major components covering the luminal 
surfaces of the epithelial respiratory, gastrointestinal, 
and reproductive tracts, and high molecular weight 
glycoproteins with a number of O-glycans. Newly 
synthesized mucins are transported into the apical 
surface in normal epithelial cells. However, upon the 
loss of cell polarity through malignant transformation, 
they are transported to the whole cell surface. Tumor 
microenvironment is composed of tumor cells and 
stroma cells including immune cells. Eventually, new 
cell-cell and cell-matrix interactions occur in the tumor 
microenvironment. MUC1 is a membrane-bound mucin 
and expressed commonly in epithelial cells. Thus, we 
speculated that MUC1 possibly interacts with various 
lectins present in the tumor microenvironment. In fact, 
we demonstrated the colocalization of MUC1 with 
galectin-3 or siglec-9 immunochemically in the various 
human cancer tissues. Thus, we have studied on 
MUC1-mediated signaling triggered by the binding of 
lectins and resultant tumor progression. In the process of 
these studies, we performed DNA microarray analysis to 
detect proteins which expression is elevated associated 
with MUC1 expression. It was revealed that among these 

proteins, Trop-2 was highly induced. Trop-2 (TACSTD2) 
is a cell-surface glycoprotein that is highly expressed in 
a variety of epithelial cancer cells. Trop-2 is a part of the 
GA733 (gastrointestinal tumor-associated antigen) 
family, which is composed of GA733-1 (Trop-2) and GA 
733-2, which is also known as EpCAM. Trop-2 has about 
49 % homology with EpCAM. Thus, Trop-2 and EpCAM 
have a high structural similarity. The expression of 
Trop-2 has been associated with biological 
aggressiveness and poor prognosis of various cancer 
cells such as pancreatic, colorectal and ovarian cancers. 
Overexpression of EpCAM is also frequently observed in 
many types of carcinomas. 

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

Flag-tagged wild-type Trop-2 cDNA was introduced 
into human colorectal cancer cell line, HCT116 cells 
(HCT116/WT cell). To distinguish phosphorylated 
Trop-2 from nonphosphorylated Trop-2, 
N-glycanase-treated Trop-2 was subjected to SDS-PAGE 
using phostag-containing acrylamide gel, followed by 
western blotting. Two bands were clearly detected, 
indicating the phosphorylation of Trop-2 in HCT116/WT 
cells. To determine the phosphorylation site, mutated 
Trop-2 with Ala instead of 303Ser or Ser322 was 
generated using a site-directed mutagenesis, and 
expressed in HCT116 cells (HCT116/S303A, 
HCT116/S322A).  Analyses of mutated Trop-2 reveled 
that Ser322 residue was phosphorylated. Furthermore, 
we speculated that negative charge of the phosphorylated 
Ser322 residue might be relevant to the downstream 
event. Thus, we prepared Trop-2 mutated with Glu 
instead of Ser322 residue in order to mimic Trop-2 with 
negative charge on 322amino acid (HCT116/S322E). 
First, we tried to elucidate the mechanism by which 
Trop-2 is induced by MUC1. We found that mithramycin 
A, an inhibitor of specificity protein 1 (Sp1) 
transcription factor, inhibited the expression of Trop-2, 
and that Sp1 was recruited to MUC1. Furthermore, 
binding of galectin-3 to MUC1 elevated the recruitment 
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of Sp1 to MUC1. These results suggest that ligation of 
galectin-3 to MUC1 triggers the recruitment of Sp1, 
leading to upregulation of Trop-2 transcription. 
Furthermore, we investigated the effects of Trop-2 
phosphorylation on cell motility using HCT116/WT 
(WT), HCT116/S322A (SA) and HCT116/S322E (SE) 
cells. Coimmunoprecipitation and Transwell assays 
indicated that Trop-2 S322A interacted with claudin-7 
the strongest and a phosphomimetic variant, Trop-2 
S322E, the weakest and that SE cells have the hightest 
motility and SA cells the lowest. All cell lines had 
similar levels of claudin-7 mRNA, but levels of 
claudin-7 protein were markedly decreased in the SE 
cells, suggesting posttranslational control of claudin-7. 
Moreover, claudin-7 was clearly localized to cell-cell 
borders in SA cells, but was diffusely distributed on the 
membrane and partially localized in the cytoplasm of SE 
cells and WT cells. These observations suggested that 
Trop-2 phosphorylation plays a role in the decrease or 
mislocalization of Claudin-7. Using protein kinase C 
(PKC) inhibitors and PKC-specific siRNAs, we found 
that PKCα and PKCδ are responsible for Trop-2 
phosphorylation. Of note, chemical PKC inhibition and 
PKCα-and PKCδ-specific siRNAs reduced motility. 
3-2 Trop-2 mediated induction of EMT and metastasis 
1) Expression of E-cadherin in wild-type and mutated 
Trop-2 expressing HCT116 cells 
  In addition to wild-type Trop-2 expressing cells 
(HCT116/WT; WT cells), we prepared mutated Trop-2 
expressing cells with Ala (HCT116/S322A; SA cells) and 
Glu (HCT116/S322E; SE cells) instead of Ser322 to 
block and mimic the phosphorylation, respectively, as 
described previously. SA cells exhibited significantly 
less motility than the other Trop-2-expressing cells in 
vitro. Consistently, WT and SE cells appeared to be in 
contact more loosely compared with SA cells. These 
results suggest that phosphorylation of the Ser322 
residue is critically involved in cell adhesion-related 
events. In fact, the motility of WT cells was effectively 
reduced by treatment with PKC inhibitor Gö6983.  

It is well-known that during the process of EMT, 
well-organized epithelial cells change to loosely 
contacting and scattering cells. In wild-type and mutated 
Trop-2-expressing HCT116 cells, this morphologic 
difference associated with phosphorylation of Trop-2 
seems to be similar to that between epithelial and 

mesenchymal cells. Thus, we next compared the levels 
of E-cadherin in wild-type and mutated 
Trop-2-expressing HCT116 cells. Expectedly, E-cadherin 
mRNA and protein dramatically decreased in SE cells 
compared with in other cells, suggesting that expression 
of E-cadherin was down-modulated transcriptionally. 
2) Expression of transcriptional factors that repress 
E-cadherin transcription 

It is well-known that E-cadherin is a hallmark of EMT, 
and that EMT is driven by Snail, ZEB and Twist 
transcriptional factors. Thus, we analyzed the levels of 
mRNA and protein of these transcriptional factors in 
mock, wild-type and mutated Trop-2 expressing cells by 
DNA microarray analyses and immunoblotting. Similar 
levels of Snail1 mRNA and protein were expressed in 
these cells. ZEB1 mRNA was markedly increased in SE 
cells, and TWIST1 mRNA was elevated in WT and SE 
cells. E-cadherin protein was decreased only in SE cells, 
suggesting that ZEB1 mainly regulates the expression of 
E-cadherin, but there may be two pathways to 
up-regulate the transcription of ZEB1 and Twist1 
through downstream events after Trop-2 
phosphorylation.   
3) Enhanced cleavage of Trop-2 through its 
phosphorylation 

In order to detect the intracellular peptide, wild-type 
Trop-2 tagged with FLAG at the N-terminal end was 
further modified by adding a HA tag at the C-terminal 
end. Lysates of FLAG-and HA-tagged wild-type Trop-2 
expressing HCT116 cells (WT-HA cells) were subjected 
to SDS-PAGE, followed by immunoblotting and 
detection with anti-HA- or FLAG-tag antibodies. A 
broad band with a molecular mass of 50~75 kDa was 
detected with both antibodies, and other bands with 
molecular masses of ~40kDa, ~20kDa and ~13kDa were 
detected with anti-HA antibodies but not with anti-FLAG 
antibodies, indicating that the smaller three bands were 
C-teminal peptides produced through cleavage of Trop-2. 
Furthermore, a nuclear fraction was prepared from 
WT-HA cells and subjected to SDS-PAGE and 
immunoblotting. In addition to several fragments with 
molecular masses of ~20 and ~13kDa detected in whole 
cells, a band with a molecular mass of 8kDa was 
detected. This band may correspond to the intracellular 
fragment cleaved finally and transported to nuclei, based 
on the electrophoretic mobility of artificially synthesized 
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and phosphorylated cytoplasmic peptides of Trop-2. 
Next, we investigated whether or not phosphorylation of 
Trop-2 is relevant to its cleavage. PKC-dependent 
phosphorylation of Trop-2 was confirmed on the 
treatment of WT-HA cells with PMA and PKC inhibitor, 
G 6983. Expectedly, Trop-2 phosphorylation was 
elevated on the treatment of the cells with PMA, and its 
elevated phosphorylation was reduced to the basal level 
on the pretreatment with PKC inhibitor, Gö6983. Next, 
the relationship of Trop-2 phosphorylation with Trop-2 
cleavage was examined. After treatment with PMA or 
4α-PMA (control) for several hours, cell lysates were 
subjected to SDS-PAGE, followed by Western blotting. 
Cleavage of Trop-2 was chased by the detection of a 
~13kDa fragment with anti-HA antibodies. Cleavage of 
Trop-2 was enhanced by PMA treatment, peaking at 6 h. 
After treatment with Gö6983 or DMSO (control), the 
WT-HA cells were cultured in the presence of PMA or 
4 -PMA for an additional 6 h, followed by detection of 
the Trop-2 fragment as described above. Cleavage of 
Trop-2 was clearly reduced on the treatment with PKC 
inhibitor Gö6983, indicating that Trop-2 phosphorylation 
initiated or enhanced its cleavage .
4) Association of Trop-2 with β-catenin and enhanced 
translocation of β-catenin through Trop-2 
phosphorylation   

To investigate whether or not phosphorylation of 
Trop-2 affects its association with β-catenin, Trop-2 was 
immnoprecipitated from lysates of wild-type and 
mutated Trop-2-expressing HCT116 cells, and then 
subjected to SDS-PAGE, followed by immunoblotting 
and detection with anti-β-catenin antibodies. Similar 
levels of β-catenin were coimmunoprecipitated with 
Trop-2 in these cells, suggesting that the interaction of 
Trop-2 with β-catenin is not regulated through its 
phosphorylation. Next, nuclear accumulation of the 
Trop-2 fragment and β-catenin was investigated using 
WT-HA cells. A nuclear fraction was prepared from cells 
treated with PMA or 4α-PMA, and the Trop-2 fragment 
was immunoprecipitated using anti-HA antibodies. The 
immunoprecipitates were subjected to SDS-PAGE, 
followed by immunoblotting. In addition to the 
HA-tagged Trop-2 fragment, coimmunoprecipitaed 
β-catenin increased on the treatment with PMA. The 
distributions of the HA-tagged Trop-2 fragment and 
β-catenin in WT-HA cells were observed 

immunochemically after treatment with PMA or 4α-PMA 
for 6 h. Both the HA-tagged Trop-2 fragment and 
β-catenin were accumulated in nuclei on the treatment 
with PMA. In the merged image, β-catenin colocalized 
with HA-tagged Trop-2 fragment in the nuclei can be 
observed as white dots. White dot-positive cells in the 
nuclei were counted, and the percentage of positive cells 
in total cells is shown as a histogram. PMA treatment 
increased the β-catenin colocalized with the HA-tagged 
Trop-2 fragment in nuclei. These results indicate that 
nuclear transport of the Trop-2 fragment associated with 
β-catenin was enhanced by increased cleavage due to 
Trop-2 phosphorylation. 
5) β-catenin and TCF4-dependent expression of ZEB1 

It has been reported that nuclear β-catenin binds to 
members of the TCF/LEF transcription factor family, and 
β-catenin/TCF4 binds to the human ZEB1 promoter, 
triggering its transcription. Formation of the 
β-catenin/TCF4 complex was confirmed by their 
coimmunoprecipitation in WT cells. Association with the 
Trop-2 fragment with β-catenin and TCF4 was also 
confirmed by coimmunoprecipitation with anti-HA-tag 
antibodies in WT-HA cells. ZEB1 was highly expressed 
in SE cells, but not in other Trop-2 expressing cells. 
Thus, SE cells were treated with a β-catenin inhibitor 
(XAV939, PNU74654) for 24 h, and then the level of 
ZEB1 was determined by SDS-PAGE and 
immunoblotting of cell lysates. About 30 % of ZEB1 
protein decreased on the treatment with the β-catenin 
inhibitors. The decreases of the β-catenin and TCF4 
proteins on the treatment with each siRNA were 
confirmed. Knockdown of β-catenin and/or TCF4 caused 
about 50% decrease in the ZEB1 protein level. An 
equivalent decrease of ZEB1 promoter activity was 
confirmed by luciferase assay. It was also noted that 
expression of E-cadherin increased on knockdown of 
these factors. 
6) STAT3 dependent expression of Twist1 

We also found that the levels of Twist1 mRNA in WT 
and SE cells were considerably higher than those in 
Mock and SA cells. This finding suggests that Twist1 
may be induced by downstream events through Trop-2 
phosphorylation. Twist1 is transcriptionally induced by 
activation of STAT3 and mediates the STAT3 oncogenic 
function. In this context, we analyzed the levels of 
STAT3 protein and mRNA in wild-type and mutated 
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Trop-2 expressing HCT116 cells. Although the levels of 
the STAT3 protein and mRNA were similar in these cells, 
phosphorylated (705Tyr) STAT3 was significantly 
elevated in WT and SE cells compared with in Mock and 
SA cells. In fact, knockdown of STAT3 decreased the 
expression of Twist1 and reciprocally enhanced the 
expression of E-cadherin. The mechanism by which 
STAT3 is phosphorylated after Trop-2 phosphorylation is 
currently under investigation. 
7) Binding of galectin-3 to Trop-2 and subsequent 
signaling 

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

anti-phosphorylated Trop-2 antibodies. Binding of 
galectin-3 to Trop-2 elevated the phosphorylation of 
Trop-2. Subsequent cleavage of Trop-2 was also 
enhanced at 2~6 h after treatment of the cells with 
galectin-3. We also investigated the effect of galectin-3 
on the expression of ZEB1 and E-cadherin. Expression 
of ZEB1 increased, and reciprocally that of E-cadherin 
clearly decreased at 24 h after incubation of the cells 
with galectin-3. Eventually, galectin-3 treated cells 
exhibited higher cell mobility compared with control 
cells.   
  
8) Downmodulation of E-cadherin expression on 
treatment with PMA or galectin-3 in MCF-7 cells and 
DU145 cells 

Trop-2 was immunoprecipitated from lysates of MCF-7 
cells and DU145 cells, and then subjected to SDS-PAGE 
and immunoblotting, followed by detection with 
anti-Trop-2 antibodies. A band with a molecular mass of 
about 50 kDa was detected. Expression of Trop-2 in 
MCF-7 cells and DU145 cells was also demonstrated by 
flow cytometory. Lysates were prepared from MCF-7 
cells and DU145 cells treated with PMA or 4α-PMA, and 
then subjected to SDS-PAGE and immunoblotting. 
Phosphorylated Trop-2, ZEB1, E-cadherin and β-actin 
were detected. Expression of ZEB1 was enhanced, and 
reciprocally expression of E-cadherin was 
downmodulated on the treatment with PMA. 
Furthermore, the effect of galectin-3 on expression of 
E-cadherin was also investigated. Binding of galectin-3 
to Trop-2 expressed in MCF-7 and DU145 cells was 
investigated by using galectin-3-Sepharose as described 
above. Galectin-3 binding proteins were examined by 
SDS-PAGE and immunoblotting. Trop-2 was detected in 
the galectin-3 binding proteins in both cells. MCF-7 and 
DU145 cells were treated with galectin-3 as described 
above. Expression of E-cadherin was clearly 
downmodulated on the treatment with galectin-3. 
9) Metastasis of wild-type and mutated Trop-2 
expressing HCT116 cells and its inhibition by PKC 
inhibitor Gö6983  

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

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

Therefore, we examined the effect of PKC inhibitor 
Gö6983, on the metastasis of WT cells. WT cells were 
injected intraperitoneally into nude mice. Starting 1 day 
after tumor cell injection, nude mice received daily 
intraperitoneal injection of Gö6983 (0.25 mg/mouse). 
After 4 weeks, FLAG-tagged Trop-2 was detected in the 
liver and lung tissues as described above. Liver 
metastasis was observed in 9 of 9 of control mice and 2 
of 9 of Gö6983-treated mice. The occurrence of lung 
metastasis was detectable in 7 of 9 of control mice and 3 
of 9 of Gö6983-treated mice, indicating that Gö6983 
inhibited the metastasis effectively. 
10) Distributions of E-cadherin, phosphorylated Trop-2 
and Trop-2 in gastric cancer tissues 

Gastric cancer tissues (20 cases) were immunostained. 
Phosphorylated Trop-2, Trop-2 and E-cadherin positive 
tissues were found in 8, 10 and 10 cases, respectively. 
E-cadherin was expressed mainly at the cell membrane. 
Intense E-cadherin staining was observed in normal 
appearing tissues, whereas in cancerous tissues, the 
staining was reduced. Inversely, phosphorylated Trop-2 
was highly expressed in cancerous tissues and adjacent 
normal appearing tissues were only faintly stained. 
Similar expression levels of Trop-2 were observed in 
normal and cancerous tissues, suggesting that the 
phosphorylation of Trop-2 is critical for inducing the 
down-modulation of E-cadherin.  
11) Schematic model of Trop-2-driving derangement of 
claudin-7 and E-cadherin 
 Figure 1 shows a schematic model of Trop-2 mediated 
signaling to drive EMT. 
 Previously, Mori et al. revealed that Trop-2 was 
phosphorylated at Ser-322 by PKCα/δ, and that 
phosphorylation of Trop-2 was linked to mislocalization 
of claudin-7 and a decrease of its stability, probably due 
to loss of interaction between claudin-7 and Trop-2. 
Actually, binding of galectin-3 induced phosphorylation 
of Trop-2 and subsequent cleavage of Trop-2 occurred. 
Its C-terminal fragment was transported to nuclei, and its 
complex with β-catenin and TCF-4 enhanced the 
transcription of ZEB1. Transcription of Twist1 was also 
enhanced by phosphorylated STAT3. STAT3 may be 
phosphorylated through Trop-2 mediated signaling. 
ZEB1 and Twist1 downmodulated the expression of 
E-cadherin transcriptionally. The Trop-2 mediated 
pathway may play a critical role in driving EMT and 
subsequent metastasis, because both tight and adherence 
junctions are deconstructed simultaneously and this 
cascade is spatially functional from the premalignant 
stage.  

1) Yamashita,T., Mori, Y., Alzaaqi, S.M., Yashiro, M., 
Sawada, T., Hirakawa, K., and Nakada, H. (2019) 
Induction of Trop-2 expression through the binding of 
galectin-3 to MUC1. Biochem.Biophys. Res. Commun. 
516, 44-49 
2) Mori, Y., Akita, K., Ojima, K., Iwamoto, S, Yamashita, 
T., Morii, E., and Nakada, H. (2019) Trophoblast cell 
surface antigen-2 (Trop-2) phosphorylation by protein 
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kinase C PKC  enhances cell motility. J Biol 
Chem 294, 11513-11524 
3) Inoue, T., Kohno, M., Nagahara, H., Murakami, K., 
Sagawa, T., Kasahara, A., Kaneshita, S., Kida, T., 
Fujioka, K., Wada M., Nakada, H., Hla, T., and Kawahito, 
Y., (2019) Uplagulation of sphingosine-1-phosphate 
receptor 3 on fibroblast-like synoviocytes is associated 
with the development of collagen-induced arthritis via 
increased interleukin-6. PLOS one 14,:e0218090 
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cerevisiae YIPF 4

Table 1 Metazoa
Holozoa Filasterea
Choanoflagellatea

YIPF 6 YIPF1, 
YIPF3, YIPF4, YIPF5, YIPF6, YIF1A

Table 2
Holozoa YIPF3, 
YIPF4

cis-Golgi
YIPF

Teleostomi
(Aves)

GlcNAcTI-GFP

F1

70%
GFP

GlcNAcTI

GlcNAcTI
GlcNAcTI

(1) (2)
GlcNAcTI-GFP

2
23 TgCh23.1

25 TgCh25.1

25

31,514,547 31,514,557 GRCz11

146
PCR

TgCh23.1 68 47%
TgCh25.1 48 33%
TgCh23.1 TgCh25.1
26 18% TgCh25.1 4

3% TgCh23.1
TgCh23.1

TgCh25.1
2

TgCh23.1

TgCh23.1

TgCh23.1

Table I　Orgnaisms having orthologues of Yip1p, Yif1p, Yip4p and Yip5p

Table 2　Three YIPF complexes are found in holozoa
Most of holozoas have 6 homologues of YIPF except few organisms including Arthropoda
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23
30,426,532-30,429,982 GRCz11

3,450bp
calmodulin binding transcription activator 1a

TgCh23.1 2

 

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

Golgi apparatus is disassembled and equally inherited to 
the daughter cells during the mitosis. We found that 
disassembly is primed by the phosphorylation of GM130 

Nakamura et al., Cell 89 p445, 1997 . We also found that 
disassembly is necessary for the onset of mitosis 

Yoshimura et al. J. Biol. Chem. 280 p23048 . On the 
other hand, the Golgi apparatus is closely bound to 
centriole and surrounding microtubules in interphase. 
Continuous reassembly of the Golgi apparatus is necessary 
to re-orientate the centriole to the front of the cells, which 
enables the directed movement of the cells. We found that 
the phosphorylation of GRASP65 is important for this 
reorganization of the Golgi apparatus Bisel et. al. J. Cell 
Biol. 182 p837 . 

Recently, it was reported that the disorganization of the 
structure or function of the Golgi apparatus can cause 
neurodegenerative disorders including Alzheimer's disease 
and ALS. It was also reported that some Golgi resident 
proteins are involved in the control of cytoskeleton, cell 
polarization, and signal transduction and the disfunction of 
these proteins can cause cancer. The diseases caused by 
the structural and functional defects of the Golgi apparatus 

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

We found YIPF proteins as a family of multi-span 
transmembrane proteins localizing in the Golgi apparatus. 
They are candidate target proteins for GM130 and 
GRASP65 and are supposed to function in the structural 
maintenance of the Golgi apparatus. Four family members 
were found in Saccharomyces cerevisiae (Yip1p, Yif1p, 
Yip4p, Yip5p), while nine family members (YIPF1~6, 
YIP1B, YIF1A, YIF1B) were found in human. A homolog 
of Yip1p binds a Yif1p homolog as a pair and form a 
complex. There are three distinct complexes (1~3) in 
human cells. Complex 1 localizes at early Golgi (ERGIC), 
complex 2 localizes at the middle (cis-Golgi) and complex 
3 localizes at late Golgi medial-, trans-Golgi, TGN  

Fig. 2 . 
All 4 orthologues corresponding to Saccharomyces 

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

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

We have found that some females of 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/or 25th chromosome 
(named TgCh23.1, TgCh25.1). This year, we screened 146 
transgenic zebrafishes and found that 68 47%  

70



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

 

Shaik, S., Pandey, H., Thirumalasetti, S., Nakamura, N. (2019). 

Characteristics and Functions of the Yip1 Domain Family 

(YIPF), Multi-Span Transmembrane Proteins Mainly 

Localized to the Golgi Apparatus, Frontiers in Cell and 

Developmental Biology 7, 130. 
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R.Ushioda & K.Nagata, Cold Spring 
Harbor Perspectives in Biology 2019

Research projects and annual reports 
We have been focusing our research on the productive folding 
of nascent polypeptides by molecular chaperones and protein 
quality control mechanism for misfolded proteins within the 
cells. Particularly, we have been devoted our activity on the 
following two major research projects:  
 

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

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

Hsp47 could be a promising target for the management of 
fibrosis. We screened small-molecule compounds that inhibit 
the interaction of Hsp47 with collagen from chemical libraries 
and found that a molecule Col003 competitively inhibited the 
interaction and caused the inhibition of collagen secretion (Ito 
S et al, J Biol Chem. 2017).  

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

 
The project of Hsp47 inhibitor has developed into 

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

 
2: Maintenance of ER homeostasis through the crosstalk 
among Protein Quality Control, Redox regulation, and Ca2+ 

flux. We identified ERdj5 as a disulfide-reductase in the ER. 
ERdj5 forms the supramolecular complex with EDEM and BiP, 
and activates the degradation of proteins misfolded in the ER 
by cleaving the disulfide bonds of misfolded proteins and 
facilitating the retrograde transport of these proteins from the 
ER lumen into the cytosol, where they are degraded by the 
ubiquitin-proteasome system, which is called as ERAD R. 
Ushioda et al., Science 2008; M. Hagiwara et al. Mol. Cell 
2011; R.Ushioda et al. Mol. Biol. Cell 2013 .  
  We found that 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. 
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Ushioda et al., PNAS 2016). Furthermore, Inaba group 
(Tohoku Univ.) and we elucidated the structure of SERCA2b 
(Inoue et al. Cell Rep. 2019). This information may help to 
understand the activation mechanism of SERCA2b pump 
through ERdj5. On the other hand, we have revealed the 
mechanism of the electron transfer to ERdj5 from the nascent 
chain. Furthermore, we summarized our previous works as a 
review of the redox-dependent endoplasmic reticulum 
homeostatic mechanism (R.Ushioda & K.Nagata, Cold Spring 
Harbor Perspectives in Biology 2019). 
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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 
during BoDV-1 persistent infection. 

Male C57BL/6N mice (SLC) at 5 weeks of age were 
inoculated with BoDV-1-CRNP5 strain 4x103FFU 
intracerebrally, and CORT pellets (5mg/pellet) or placebo 
pellets were obtained on day 24 after infection. Implanted 
under the skin. During the 48-day observation period, 
body weight was measured, and clinical symptoms were 
evaluated every 4 days from infection day 0, and 
behavioral tests and brain and thymus collection were 
performed on days 8 and 24 of CORT administration, and 
virus And histological analysis were performed. 

 CORT administration significantly reduced thymus 
weight with and without infection. The body weight of 
infected mice decreased with or without CORT 
administration, but in the infected mouse group, the body 
weight tended to increase in the CORT administration 
group. The clinical symptoms of Borna's disease were 
significantly higher in the infected group regardless of the 
presence or absence of CORT administration, and no 
difference due to CORT administration was observed. The 
viral load in the brain was not significantly different 
depending on the presence or absence of CORT and the 
number of days after infection. Histological analysis of 
the brain showed that CORT administration significantly 
reduced encephalitis in the infected mouse group on day 
8 of administration, but no difference was observed on 
day 24 of administration. In the infection + CORT 
administration group, encephalitis was more serious on 
the 24th day than on the 8th day. 
  CORT administration to mice persistently infected with 
BoDV-1 tended to reduce the condition. The cause was 
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considered to be the reduction of encephalitis, not the 
amount of virus in the brain. These results suggest that 
the effect of CORT on the onset of Borna disease differs 
depending on the time of infection.

4 II.   11 

12 13.

2019.2.15 pp.154-155.
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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 used in vivo 
studies to show that the more abundant m-type 
thioredoxins are more important regulators of Calvin 
Cycle enzymes. These results highlight the need for in 
vivo studies. Furthermore, we recently started to research 
functional relationship between light reaction and redox 
regulation by thioredoxin. 
2: Development of a simple and efficient tool for 
molecular biology. 

Recently, various restriction endonuclease cleavage 
site-independent cloning methods that overcome the 
limitations associated with the lack of unique restriction 
enzyme sites have been described (the so-called 
"seamless cloning" method). Seamless DNA assembly 
kits have also become commercially available. 
Overlapping sequences present at the 5 - and 3 -ends 
of DNA fragments are combined by these methods in 
vitro. The Seamless ligation cloning extract (SLiCE) 
method can use extracts from the commonly available 
Escherichia coli laboratory strains as an alternative 
seamless cloning method; these extracts can be easily 
prepared in the laboratory. By using the SLiCE-method, 
we constructed a novel series of high efficiency vectors 
for TA cloning and blunt-end cloning of PCR products. 
These three vectors for PCR cloning showed high 
efficiency cloning rate and low cost for vector 
preparation. Three pCRT, pCRZero, and pCRZeroT 
plasmids are available from plasmid repository Addgene.  

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

 

Takatoshi Sekiguchi, Keisuke Yoshida, Yuki Okegawa, Ken 
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solutions in 96-wellPCR plates. Methods Protoc. 3, 41 (2020) 
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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. 
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
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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.

Complete mitochondrial genome sequence of Brassica oxyrrhina and 

comparative analysis of the region containing orf108, a male sterility 

gene for mustard (Brassica juncea), among B. oxyrrhina, Diplotaxis 

erucoides and Sinapis species 

Akihito Mukai, Megumi Jikuya, Mai Tsujimura, Toru Terachi and 

Hiroshi Yamagishi. 2019. 

Plant Breeding. 138: 614-623 

Mitochondrial orf463 causing male sterility in radish is possessed by 

cultivars belonging to the ‘Niger’group. 

Hiroshi Yamagishi, Yoshiyuki Tanaka, Shiori Shiiba, Ayako 

Hashimoto, Asumi Fukunaga, Terachi, T. 2019. 

Euphytica 215: 109. 

. 2019. 
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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  
 
Achievements in 2019 
1) Structure of the Vo domain of V/A-ATPase 
Single particle analysis using cryo-EM is one of the most 
powerful methods for protein structure determination. With 
the advent of direct electron detectors and the development of 

91



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

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

1.  Nakanishi Atsuko Kishikawa Jun-ichi Mitsuoka Kaoru
Yokoyama Ken   Cryo-EM studies of the rotary 
H+-ATPase/synthase from Thermus thermophilus. (2019) 
Biophysics and Physicobiology 140-146  
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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 
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 (Brassicaceae), which naturally 
undergoes vegetative propagation via regeneration from 
leaf fragments. 
 This year, we have performed genomic analysis of R. 
aquatica to understand the mechanism of heterophylly and 
regeneration. We also analyzed the mechanism of leaf 
shape change and suppression of stomata development 
upon submergence.  
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Cell Physiology 61: 353-369  

Gholamreza Gohari, Asghar Mohammadi, Ali Akbari, Sima 
Panahirad, Mohammad Reza Dadpour, Vasileios Fotopoulos 
and Seisuke Kimura: Titanium dioxide nanoparticles (TiO2 
NPs) promote growth and ameliorate salinity stress effects 
on essential oil profile and biochemical attributes of 
Dracocephalum moldavica. Scientific Reports 10: 912-1-14 

Seiji Takeda, Makiko Yoza, Taisuke Amano, Issei Ohshima, 
Tomoko Hirano, Masa H. Sato, Tomoaki Sakamoto, Seisuke 
Kimura: Comparative transcriptome analysis of galls from 
four different host plants suggests the molecular mechanism 
of gall development. PLOS ONE 14: e0223686-1-19 

Gaojie Li, Shiqi Hu, Hongwei Hou and Seisuke Kimura: 
Heterophylly: Phenotypic Plasticity of Leaf Shape in 
Aquatic and Amphibious Plants. Plants 8: 420-1-13 
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.  60: 137-147 
Mai Tsujimura, Takakazu Kaneko, Tomoaki Sakamoto, Seisuke 

Kimura, Masayoshi Shigyo, Hiroshi Yamagishi, Toru 
Terachi: Multichromosomal structure of the onion 
mitochondrial genome and a transcript analysis. 
Mitochondrion 46: 179-186 
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2019.12.3-6 
Chromosome level genome assembly of palaeopolyploid plant 

Rorippa aquatica, Tomoaki Sakamoto, Takuya Sakamoto, 
Sachihiro Matsunaga, Seisuke Kimura, Frontiers in plant 

environmental response research: local signaling, 
long-distance communication and memory for 
developmental plasticity, Noyori Conference Hall, Nagoya 
University, Nagoya-shi, Aichi, Nov. 18-19, 2019  

Developmental analysis of the origin of cauline leaf propagules 
for vegetative reproduction of Rorippa aquatica, 
Shuka Ikematsu, Ami Sasaki, Rumi Amano, 
Tomoaki Sakamoto, Seisuke Kimura, Frontiers in plant 
environmental response research: local signaling, 
long-distance communication and memory for 
developmental plasticity, Noyori Conference Hall, Nagoya 
University, Nagoya-shi, Aichi, Nov. 18-19, 2019  

The suppression mechanism of stomatal development under 
submerged condition in Rorippa aquatica, Tatsushi Umase, 
Fuko Noguchi, Shuka Ikematsu, Tomoaki Sakamoto, 
Seisuke Kimura, Frontiers in plant environmental response 
research: local signaling, long-distance communication and 
memory for developmental plasticity, Noyori Conference 
Hall, Nagoya University, Nagoya-shi, Aichi, Nov. 18-19, 
2019  

Developmental and molecular studies on wound-induced 
regeneration of Rorippa aquatica, Rumi Amano, Hokuto 
Nakayama, Risa Momoi, Shizuka Gunji, Yumiko 
Takebayashi, Shuka Ikematsu, Tomoaki Sakamoto, Hiroyuki 
Kasahara, Ali Ferjani, Seisuke Kimura, Frontiers in plant 
environmental response research: local signaling, 
long-distance communication and memory for 
developmental plasticity, Noyori Conference Hall, Nagoya 
University, Nagoya-shi, Aichi, Nov. 18-19, 2019  

Discovery of a novel meristematic organ on the cauline leaf for 
natural vegetative reproduction of Rorippa aquatica, Shuka 
Ikematsu, Ami Sasaki, Rumi Amano, Tomoaki Sakamoto, 
Seisuke Kimura, 
3
2019.10.28-30 

Effect of environmental condition on the efficiency of 
vegetative propagation or Rorippa aquatica, 

5
2019.9.25-27 

Discovery of a novel meristematic organ on the cauline leaf for 
natural vegetative reproduction of Rorippa aquatica, Shuka 
Ikematsu, Ami Sasaki, Rumi Amano, Tomoaki Sakamoto, 
Seisuke Kimura, 5

2019.9.25-27 
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Comprehensive transcriptome analyses of galls from four 
different host plants suggest common process for gall 
development, Seiji Takeda, Makiko Yoza, Taisuke Amano, 
Issei Oshima, Tomoko Hirano, Masa H. Sato, Tomoaki 
Sakamoto, Seisuke Kimura, The 5 th Joint Symposium on 
“Basic and Applied Studies of Plant Natural Products for 
Agriculture and Human Health“, Thaksin University, 
Songkhla, Thailand, Sep 12, 2019  

Molecular mechanism of corolla elongation in Japanese 
morning glory, A. Shimoki, K. Ohasi, M. Toda, T. Sakamoto, 
S. Kimura, T. Seiji, The 5 th Joint Symposium on “Basic 
and Applied Studies of Plant Natural Products for 
Agriculture and Human Health“, Thaksin University, 
Songkhla, Thailand, Sep 12, 2019  

Classification of Southeast Asian mints based on DNA markers 
and search for genes involved in biosynthesis of aromatic 
compounds, Y. Fukui, M. Saito, N. Nakamura, S. Okamoto, 
S. Sato, T. Sakamoto, S. Kimura, Y. Nakamura, N. Kubo, 
The 5 th Joint Symposium on “Basic and Applied Studies of 
Plant Natural Products for Agriculture and Human Health“, 
Thaksin University, Songkhla, Thailand, Sep 12, 2019  
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2019.9.7-8 

16
2019.9.7-8 
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136

2019.9.6  
Defining codon-mediated mRNA decay and No-go decay in 

zebrafish embryos, Yuichiro Mishima, Seisuke Kimura, 
Shintaro Iwasaki, EMBO WORKSHOP: Protein Synthesis 
and Translational Control, EMBL Heidelberg (Heidelberg, 
Germany), Sep 4-7, 2019  

20 2019.8.31-9.1 
RNA-seq -

Antoine Guiguet  
21

2019.8.7-10 
ROS

2019.7.25 

2019.7.5  
Plant regeneration in nature: Studies on natural vegetative 

propagation, Seisuke Kimura, International Symposium: 
Principles of pluripotent stem cells underlying plant vitality, 
Katahira Campus, Tohoku University (Sendai, Japan), 
2019.5.14  

Differential gene expression analysis of Arabidopsis seedlings 
reveals potential involvement of 2-phnylacetic acid in 
hormone crosstalk, Sam Cook, Seisuke Kimura, Hiroyuki 
Kasahara, The 23rd International Conference on Plant 
Growth Substances, University Paris-Descartes (Paris, 
France) June 25-29, 2019  

Discovery of a novel meristematic organ on the cauline leaf for 
natural vegetative reproduction of Rorippa aquatica, Shuka 
Ikematsu, Ami Sasaki, Rumi Amano, Tomoaki Sakamoto, 
Seisuke Kimura, International Symposium: Principles of 
pluripotent stem cells underlying plant vitality, Katahira 
Campus, Tohoku University (Sendai, Japan), May 11-14, 
2019  

Effect of SOG1 overexpression on DNA damage response in 
meristematic tissue, Kaoru Okamoto Yoshiyama, Naoki 
Aoshima, Naoki Takahashi, Tomoaki Sakamoto, Masaaki 
Umeda, Seisuke Kimura, International Symposium: 
Principles of pluripotent stem cells underlying plant vitality, 
Katahira Campus, Tohoku University (Sendai, Japan), May 
11-14, 2019  

The relationship between phytohormone and plant regeneration 
in nature in North American lake cress (Rorippa aquatica), 
Rumi Amano, Hokuto Nakayama, Risa Momoi, Emi Omata, 
Shizuka Gunji, Yumiko Takebayashi, Tomoaki Sakamoto, 
Hiroyuki Kasahara, Ali Ferjani, Seisuke Kimura, 
International Symposium: Principles of pluripotent stem 
cells underlying plant vitality, Katahira Campus, Tohoku 
University (Sendai, Japan), May 11-14, 2019 
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Research projects and annual reports
Research in our laboratory primarily focuses on the 

molecular and cellular mechanism of growth, maturation,
fertilization, and apoptosis in oocyte/egg of the African 
clawed frog Xenopus laevis (Egg Project), and of 
malignant functions such as anti-apoptotic proliferation 

and drug-resistance in human bladder carcinoma cells 
(Cancer Cell Project). In the Egg Project, we have 
published eight papers, in which three review articles 
and five original research articles are included.  Our 
current subject of inquiry includes the mechanism of 
overactivation of unfertilized egg, enzymatic regulation 
of matrix metalloproteinase in oocytes during 
progesterone-induced ovulation and maturation, and 
biological function of membrane microdomain in oocyte 
that lacks expression of uroplakin III.
  Hatenathon is a newly coined word. It is a combination 
of a word 'hatena', which means a question mark in 
Japanese, and a marathon. Hatenathon is a concept of 
question-driven learning (QDL).  Through hatenathon, 
teachers develop and provide a brand-new learning 
environment. The core process used in hatenathon is based 
on Question Formulation Technique (QFT) developed by 
Dan Rothstein and Luz Santana in the Right Question 
Institute. To examine whether question-driven hatenathon 
learning is valuable to secondary education, we developed 
a series of the hatenathon -learning classes and 
implemented them in the Katsura Research Project , a 
newly designed course program for promoting a variety of 

FL rapture GVBD

A, B

C PG
hCG Tokmakov, 

Matsumoto, Isobe, Sato. 2019

2020
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learner’s knowledge, skills and attitude in Kyoto 
Prefectural Senior High School. We conducted twice the 
hatenathon learning class, where the first-year students
underwent self-questioning with the use of question 
formulation technique. According to the obtained output 
materials so far that include a questionnaire survey of the 
students, we suggest that a majority of students comes to
realization that they could learn in-depth by questioning 
for themselves. Future directions of this kind of learning 
approach and its implementation, e.g. problems and their 
means of improvement, will also be discussed.

Sato KI, Tokmakov AA. (2020) Toward the understanding of 
biology of oocyte life cycle in Xenopus Laevis: No oocytes 
left behind. Reprod Med Biol. 19(2):114-119. doi: 
10.1002/rmb2.12314. eCollection 2020 Apr. PMID: 
32273815

Tokmakov AA, Matsumoto Y, Isobe T, Sato KI. (2019) In Vitro 
Reconstruction of Xenopus Oocyte Ovulation. Int J Mol Sci. 
20(19):4766. doi: 10.3390/ijms20194766. PMID: 31561408

Kurotani A, Tokmakov AA, Sato KI, Stefanov VE, Yamada Y, 
Sakurai T. (2019) Localization-specific distributions of 
protein pI in human proteome are governed by local pH and 
membrane charge. BMC Mol Cell Biol. 20(1):36. doi: 
10.1186/s12860-019-0221-4. PMID: 31429701

Tokmakov AA, Awamura M, Sato KI. (2019) Biochemical 
Hallmarks of Oxidative Stress-Induced Overactivation of 
Xenopus Eggs. Biomed Res Int. 2019:7180540. doi: 
10.1155/2019/7180540. eCollection 2019. PMID: 31341903

Tokmakov AA, Akino K, Iguchi S, Iwasaki T, Stefanov VE, 
Sato KI. (2019) Autophosphorylation of MAP kinase disables 
the MAPK pathway in apoptotic Xenopus eggs. Biochem 
Biophys Res Commun. 517(1):140-145. doi: 
10.1016/j.bbrc.2019.07.033. Epub 2019 Jul 16. PMID: 
31320137

Tokmakov AA, Sato KI. (2019) Activity and intracellular 
localization of senescence-associated β-galactosidase in 
aging Xenopus oocytes and eggs. Exp Gerontol. 119:157-167. 
doi: 10.1016/j.exger.2019.02.002. Epub 2019 Feb 12. PMID: 
30769028

Sato KI, Tokmakov AA. (2019) Membrane Microdomains as 
Platform to Study Membrane-Associated Events During 
Oogenesis, Meiotic Maturation, and Fertilization in Xenopus 
laevis. Methods Mol Biol. 1920:59-73. doi: 
10.1007/978-1-4939-9009-2_5. PMID: 30737686

Tokmakov AA, Sato KI. (2019) Reconstitution of Intracellular 
Calcium Signaling in Xenopus Egg Extracts. Methods Mol 
Biol. 2019;1920:41-57. doi: 10.1007/978-1-4939-9009-2_4.
PMID: 30737685
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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 suggested that the “Ikigomi-san” project on 
organic waste management and urban agriculture has a 
feasibility of local scale organic material circulation. This 
scheme can contribute to further environmental load 
reductions and organic material recycling, thereby 
promoting sustainable region in the suburban area.  
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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.  
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 the purpose of selective breeding, the 
evaluation items should be condensed into a small number of 
selection criteria.  We applied principal component analysis 
and structural equation modelling to results of the evaluation 
in Asia Guide dogs Breeding Network (AGBN), and extracted 
three major components.  Quantitative genetic parameters 
and breeding values of the components were estimated. 
2: Conservation genetics of an endangered bumblebee species 
in Japan using microsatellite markers 
  Bombus Cryptarum florilegus is an endangered bumblebee 
species in Japan.  The habitat is limited to two peninsular 
areas (Nemuro and Notsuke peninsulas) in east Hokkaido. 
  We collected 42 workers and 21 males in a pasture at 
Nemuro peninsula. Each sample was genotyped for eight 
microsatellite loci. Nest density was estimated from the 
microsatellite data of workers.  Estimated nest density was 
less than 10 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: Application of maximum avoidance of inbreeding to group 
mating in haplodiploid populations 
  Group mating is an efficient mating system for reducing 
inbreeding in captive populations of endangered animal 
species.  In this mating system, population is divided into 
several groups and males are exchanged among groups every 
generation.  Extension of the maximum avoidance of 
inbreeding (MAI) to group mating in haplodiploid populations 
was numerically examined.  It was shown that the application 
of MAI can effectively reduce the initial increase in 
inbreeding in haplodiploid populations. 
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Research projects and annual reports 
Research Project: How the brain expresses a variety 

of neural function still remains enigmatic. We are 
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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 model lacks
the details of synaptic cleft that should be an essential
component of synapses.

Annual reports:
The synaptic cleft protein Hig prevents an inhibitory role 
for the nAChR subunit Dα5 in maintaining the receptor 
levels.   
   Presentation of nicotinic acetylcholine receptors 
(nAChR) on the postsynaptic membranes is a crucial step 
for synaptic differentiation that leads to the generation of 
brain functions. However, the molecular mechanisms 
underlying the regulation of synaptic nAChR levels 
remain to be revealed in the central synapses. A genetic 
screening for suppressor mutations of hig, which 
encodes a secretory protein specifically localized to 
cholinergic synaptic clefts in Drosophila, resulted in 
identifying two recessive mutations in the gene encoding 
nAChR subunit Dα5. The suppressor mutations as well 
as null mutations of Dα5 rescued the lethal phenotype of 
hig mutants, whereas loss of functions of other nAChR 
subunits did not as revealed in RNAi experiments. Thus, 
Dα5 notably causes a lethality in the animals that fail to 
produce Hig. The synaptic levels of nAChR subunits 
Dα5, Dα6 and Dα7 were all decreased in hig mutants, 
but the loss of Dα5 in hig mutants increased Dα6 levels 
and also upregulated both Dα6 and Dα7 levels in the 

wild type. In addition, overexpression of Dα5 caused a 
decrease in Dα6 and Dα7 levels. These data indicate that 
Dα5 inhibitorily controls the synaptic levels of nAChR, 
and the inhibition is enhanced by the loss of Hig that 
anchors Dα5 on the postsynaptic membranes. 
Domain-swapping experiments among Dα5, Dα6 and 
Dα7 indicate that the extracellular domains of Dα5 and 
Dα7 are able to interact with Hig and the succeeding 
C-terminal domain of Dα5 functions in reducing nAChR
levels, possibly through endocytosis. Dα5, Dα6 and Dα7
subunits make a distinct contribution to the control of
nAChR levels, while they function as the component of a
channel. In addition, it is notable that Dα5 becomes a
lethal factor when Hig is missing, or that without the
extracellular region, Dα5 is also deleterious even when
Hig is present. This may provide a novel insight into
how synapses become impaired in neuronal degeneration
diseases.
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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 
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some have a role for host evolution. Microbes interact 
with their host and establish micro- and macro-cosmos in 
nature. We are now studying on pathology, ecology, and 
other basic researches of zoonotic micro-organisms. 
Especially, we focus on viruses, which cause mosquito- 
and tick-borne diseases. Recently, arthropod vectors are 
spreading their living places due to global warming. 
Therefore, the diseases become one of big concerns in 
world-wide public health. Although some diseases are 
not in Japan, it is also urgent to develop detection and 
prevention system for the diseases. Our main research 
themes are: 1) Epidemiological study on mosquito- and 
tick-borne diseases in Kyoto city, and 2) Pathological 
and molecular biological studies on mosquito- and 
tick-borne pathogens.  

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

diseases in Kyoto city
We continued to capture mosquitoes, which are the

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

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

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

showed significant congestion, hemorrhage, necrosis, 
and apoptosis in the liver. 
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生命科学部関連校舎

名　称

 第１実験室棟

 １６号館

 ９号館

 １５号館

10号館万有館

雄飛館

5号館

1号館

7号館

6号館

神山天文台

12号館

4号館 13号館

14号館
15号館

11号館

並楽館

本館

神山ホール

9号館
16号館

第2実験室棟

第1
実験室棟

第2
研究室棟

第5
研究室棟

第4
研究室棟

第3
研究室棟

第1
研究室棟

真理館

神山球技場

総合体育館

駐輪場

駐輪場

エスカレータ

エスカレータ
エスカレータ

茶室
第2

課外活動棟

神山
テニスコート

正門

守衛所

追分寮

国際交流会館

中央図書館

バス乗場
菖蒲池

遠望館

天地館
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