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科目名 配当学年 担当教員 

フレッシャーズセミナー 1 板野、遠藤、川根、黒坂、近藤、佐藤、嶋本、瀬尾、千葉、 
中田、中村、永田、浜、横山 

生物学通論Ａ、Ｂ 1 川根、嶋本 

化学通論Ａ、Ｂ 1 横山 

生命システム概論 1 永田 

物質生物化学 1 黒坂、浜 

分子生物学 2 瀬尾、千葉 

遺伝子工学 2 嶋本 

代謝生物化学 2 遠藤、中田 

細胞生物学 2 中村、永田 

発生生物学 2 近藤、佐藤 

システム生物学 3 遠藤、中村 

バイオ解析科学 3 板野、中村 

タンパク質制御システム 3 永田、横山 

細胞情報システム学 3 瀬尾 

免疫学 3 中田 

神経生物学 3 浜 

腫瘍生物学 3 佐藤 

再生システム学 3 川根、近藤 

放射線生物学 3 黒坂 

薬理学 3 板野 

生命システム演習Ⅰ、Ⅱ、Ⅲ 1, 2 板野、瀬尾、横山、黒坂、中村 

生命科学演習Ⅰ、Ⅱ 1 川根、板野 

生命システム英語講読Ⅰ、Ⅱ、Ⅲ 2, 3 近藤、佐藤、遠藤、瀬尾、中田、千葉、浜 

生物学実験 ２ 板野、佐藤、中村、浜 

生命システム実習Ⅰ、Ⅱ 2, 3 板野、遠藤、川根、黒坂、近藤、佐藤、嶋本、瀬尾、千葉、 
中田、中村、永田、浜、横山 

基礎特別研究 3 板野、遠藤、川根、黒坂、近藤、佐藤、嶋本、瀬尾、千葉、 
中田、中村、永田、浜、横山 

応用特別研究 4 板野、黒坂、佐藤、嶋本、瀬尾、中田、中村、永田、浜、 
横山 

 （注：化学実験は非常勤講師によって行われている。） 
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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. Studies on Cancer Microenvironment Formation and 
the Establishment of Therapies Targeting Cancer Stem 
Cell Niches 
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. 

CSCs, like normal stem cells, reside and maintain their 
stemness within a specialized microenvironment called a 
stem cell niche. Thus, strategies to limit their stemness 
and malignant transformation must focus on the 
importance of targeting this CSC niche. The main 
purpose of our research in this domain is to identify the 
cellular and molecular cues that govern the formation of 
the specialized CSC niche microenvironment and 
establish novel therapies to induce a state of cancer 
dormancy by controlling the niche. 
 
2. Our previous studies using a hyaluronan synthase 2 
(Has2) transgenic mouse model demonstrated that 
hyaluronan overproduction by cancer cells caused rapid 
development of aggressive breast carcinoma at a high 
incidence. Thus, we hypothesize that Has2 
overexpression and hyaluronan overproduction may 
accelerate cancer progression by expanding CSC 
subpopulations during cancer development. Primary 
cancer cells were established from mammary tumors 
developed in transgenic mice and subjected to the flow 
cytometric analysis. Flow cytometric analysis 
demonstrated the enrichment of CD44high/CD24low 
CSC-like cells in Has2-overexpressing cancer cells. In 
this year, we found the down-regulation of E-cadherin 
and up-regulation of the epithelial-to-mesenchymal 
transition (EMT)-related molecules such as transforming 
growth factor beta (TGF-β) and Snail/Twist 
transcriptional factors in hyaluronan-overproducing 
cancer cells. Taken together, our findings suggest that 
excess hyaluronan production induces the EMT in breast 
cancer cells. 

T. Chanmee, P. Ontong, N. Mochizuki, P. Kongtawelert, K. 

Konno, N. Itano: Excessive hyaluronan production promotes 

acquisition of cancer stem cell signatures through the 

coordinated regulation of Twist and the TGF-β-Snail signaling 

axis. J. Biol. Chem. 289, 26038-26056 

T. Chanmee, P. Ontong, K. Konno, N. Itano: Tumor-associated 

macrophages as major players in the tumor microenvironment. 

Cancers 6, 1670-1690. 2014. 

A.M. Arranz, K.L. Perkins, F. Irie, D.P. Lewis, J. Hrabe, F. Xiao, 

N. Itano, K. Kimata, S. Hrabetova, Y. Yamaguchi: Hyaluronan 

deficiency due to Has3 knock-out causes altered neuronal 
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activity and seizures via reduction in brain extracellular space. 

J. Neurosci. 34, 6164-6176 

K. Konno, Y. Shiotani, N. Itano, T. Ogawa, M. Hatakeyama, K. 

Shioya, N. Kasai: Visible, safe and certain endotracheal 

intubation using endoscope system and inhalation anesthesia 

for rats. J. Vet. Med. Sci. 76, 1375-1381 

K. Konno, N. Itano, T. Ogawa, M. Hatakeyama, K. Shioya, N. 

Kasai: New visible endotracheal intubation method using the 

endoscope system for mice inhalational anesthesia. J. Vet. Med. 

Sci. 76, 863-868 

P. Ontong, Y. Hatada, S. Taniguchi, I. Kakizaki, N. Itano: Effect 

of a cholesterol-rich lipid environment on the enzymatic 

activity of reconstituted hyaluronan synthase. Biochem. 

Biophys. Res. Commun. 443, 666-671 

T. Chanmee, P. Ontong, N. Itano: Hyaluronan: cancer and cancer 

metastasis. Glycoscience: Biology and Medicine (Eds. 

Taniguchi N. et al.) Springer pp. 1411-1417 

N. Itano, T. Chanmee, K. Kimata: Hyaluronan synthase 1-3 

(HAS1-3) Handbook of Glycosyltransferases and Related 

Genes (Eds. Taniguchi N. et al.) Springer 865-872 

T. Chanmee, P. Ontong, N. Itano: Biosynthetic pathways of 

proteoglycans Handbook of Glycosyltransferases and Related 

Genes (Eds. Taniguchi N. et al.) Springer 1681-1686 

: 
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Prof. Toshiya Endo, Ph. D.

Assist. Prof. Shin Kawano, Ph. D.
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Research projects and annual reports 
Most mitochondrial proteins are synthesized in the 

cytosol, and are subsequently imported into mitochondria.  
Much is known about the pathways/components for the 
protein transport to the matrix, inner membrane (IM) , and 
intermembrane space (IMS), yet little is known for the 
insertion of outer membrane (OM) proteins with a single 

-helical TM segment.  Om45 is one of the most 
abundant proteins in the OM of yeast mitochondria and 
was thought to be inserted into the OM from the cytosolic 
side as an N-anchor protein.  We now revealed that Om45 
is anchored to the OM from the IMS by its N-terminal 
hydrophobic segment.  Unlike any of the known OM 
proteins, Om45 import requires the TIM23 complex in the 
inner membrane, a translocator for presequence-containing 
proteins, and the membrane potential ( ).  Therefore, 
Om45 is anchored to the OM via the IMS by a novel 
import pathway.  Interestingly, the length and folding of 
the C-terminal segment appear to block the Om45 
transport through the Tom40 channel, thereby switching 
the membrane topology of Om45 in the OM.   

The TOM40 complex functions as the protein entry 
gate into mitochondria.  We systematically mapped the 
interactions of the Tom40 -barrel channel with 
translocating preproteins and -helical subunits of the 
TOM40 complex by in vivo and in organello site-specific 
crosslinking.  The paths of presequence-containing and 
presequence-less proteins were defined, demonstrating 
translocation through the interior of the Tom40 β-barrel.  
The positively charged presequence of the 
presequence-containing protein follows an acidic patch 
cluster on the inner wall of the Tom40 pore to be funneled 
toward the trans presequence binding site of the TOM40 
complex in the IMS for subsequent transfer to the TIM23 
complex.  Presequence-less carrier proteins interact with 
distinct residues lining the Tom40 pore, most of which are 
hydrophobic, to be funnelled toward the N-terminal 
domain of Tom40 and its attendant small TIM chaperones 
for the IM translocator.  Analysis of the contacts between 
Tom40 and Tom22 revealed that Tom40-Tom22 trimers 
form the architectural core of the native TOM40 complex.  
In addition, the TOM40 complex was found to be in a 
dynamic equilibrium between the native major 440 kDa 
complex containing a Tom40-Tom22 trimer and a less 
abundant 100 kDa complex containing Tom40 dimers but 
lacking Tom22.  Such an exchange may be important not 
only for continuous assembly of new subunits through 
their exchange for old subunits, but also for the function of 
the TOM40 complex.  

Organelle functions rely on lipid trafficking to 
achieve membrane-specific compositions of lipids, yet its 
mechanisms are unclear.  We focused on the 
Ups1/Mdm35 system, which mediates phosphatidic acid 
(PA) transfer between the OM and IM, and determined the 
X-ray structures of Mdm35 and Ups1-Mdm35 with and 
without PA. The Ups1-Mdm35 complex constitutes a 
single domain that has a deep pocket and flexible -loop 
lid.  Structure-based mutational analyses revealed that a 
basic residue at the pocket bottom and the -loop lid are 
important for PA extraction from the membrane after Ups1 
binding to the membrane.  Basic residues around the 
pocket entrance are important for Ups1 binding to the 
membrane for PA extraction.  Ups1 binding to the 
membrane is enhanced by dissociation of Mdm35.  These 
results provide a structural basis for understanding of the 
mechanism of PA transfer between the mitochondrial 
membranes. 
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D. Maruyama, M. Yamamoto, T. Endo, and S. 
Nishikawa, Different sets of ER-resident J-proteins 
regulate distinct polar nuclear-membrane fusion 
events in Alabidopsis thaliana. Plant Cell Physiol. 
55,1937-1944 (2014)  

Y. Tamura, H. Sesaki and T. Endo, Phospholipid 
transport via mitochondria (Review). Traffic 15, 
933-945 (2014)  

F. Koyano, K. Okatsu, H. Kosako, Y. Tamura, E. Go, M. 
Kimura, Y. Kimura, H. Tsuchiya, H. Yoshihara, T. 
Hirokawa, T. Endo, E. A. Fon, J. F. Trempe, Y. Saeki, 
K. Tanaka, and N. Matsuda, Ubiquitin is 
phosphorylated by PINK1 to activate parkin. Nature 
510, 162-166 (2014) 

J. Song, Y. Tamura, T. Yoshihisa, and T. Endo, A novel 
import route for an N-anchor mitochondrial outer 
membrane protein aided by the TIM23 complex. 
EMBO Rep. 15, 670-677 (2014) 

H. Okamoto, A. Miyagawa, T. Shiota, Y. Tamura and T. 
Endo, Intra-molecular disulfide bond of Tim22 
maintains integrity of the TIM22 complex in the 
mitochondrial inner membrane. J. Biol. Chem. 289, 
4827-4838 (2014) 

D. Maruyama, T. Sugiyama, T. Endo, and S. Nishikawa, 
Multiple BiP genes of Alabidopsis thaliana are 
required for male gametogenesis and pollen 
competitiveness. Plant Cell Physiol. 55, 801-810 
(2014) 

B. Rahman, S. Kawano, K. Yunoki-Esaki, T. Anzai, and 
T. Endo, NMR analyses on the interactions of the 
yeast Tim50 C-terminal region with the presequence 
and Tim50 core domain, FEBS Lett. 588, 678-684 
(2014) 

: NMR

Tim40 , 2013

, , 2014.3.6 

Toshiya Endo: How the cell makes mitochondria from proteins 

and lipids. Mini-symposium at National Taiwan University 

, Taipei, 2014.5.16 

Toshiya Endo: How the cell makes mitochondria by transport of 

proteins and lipids, Seminar at Institute of Molecular Biology, 

Academia Sinica , Taipei, 2014.5.19 

Toshiya Endo: How the cell makes mitochondria from proteins 

and lipids, The KSU International Symposium: Cutting-edge of 

Life Sciences , Kyoto, 2014.5.30-31 

: 

, 66

, , 2014.6.11-13 

Jiao Song, Yasushi Tamura, Tohru Yoshihisa, Toshiya Endo A 

novel import route for an N-anchor mitochondrial outer 

membrane protein aided by the TIM23 complex, 66

, , 2014.6.11-13 

: ERMES

, 66

, , 2014.6.11-13 

: , 

 , 2014.7.25 

: , 97

, 

, 2014.8.21 

: 

 Mechanisms of protein and lipid transport in yeast 

mitochondria, 52

, , 

2014.9.25-27 

Yasushi Tamura and Toshiya Endo: Phospholipid trafficking 

between mitochondria and the endoplasmic reticulum

, 87 New Phase in 

Organelle Biology: Cellular Organellostasis with Mitochondria 

as a Hub , , 2014.10.15-18 

: 

, 87 , , 2014.10.15-18 

: ERMES

Mdm12 Mmm1

, 87 , , 

2014.10.15-18 
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Associate Prof. Kohki KAWANE, Ph. D. 

 

Research projects and annual reports 
 The homeostasis in gut is maintained by the balance of 

proliferation and death of epithelial cells with the barrier 

function of epithelia. The impairment of them causes various 
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disease such as cancer, inflammatory disease, and infection in 

gut. I focus on two related phenomena, cell death and DNA 

degradation, to decipher their molecular mechanism and role 

for gut homeostasis. The insight obtained from the project will 

contribute to understand the disease in gut and develop novel 

treatments against them. 

 A. We have done the optimization of a novel RNAi screening 

system in Drosophila to identify involving genes in cell death 

(extrusion).   

B. We established a system, in which live imaging analysis of 

cell extrusion can be performed by using mouse intestinal 

organoid (mini-gut) and found that the cells are delaminated 

from epithelial layer as they are still alive. 

  

1. Chan MP, Onji M, Fukui R, Kawane K, Shibata T, Saitoh S, 

Ohto U, Shimizu T, Barber GN, Miyake K : DNase 

II-dependent DNA digestion is required for DNA sensing by 

TLR9 degradation. Nat Commun. 6: 5853, 2015  

2. Kawane K, Nagata S : DNA degradation and its defects. 

Cold Spring Harb Perspect Biol. 6: pii: a016394, 2014  

: 

. 45

2014.5.14 

: . 

Crest-

2014.11.16 
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Prof. Akira Kurosaka, Ph. D.

Fig. 2.  Expression of galnt17 
in the brain. Di; diencephalon, 
Hb; hindbrain, Re; retina 
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Fig. 1.  Secretion of prolactin and growth hormone is 
affected by decreased dopamine signal in the galnt17 KO 
mice. 
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Research projects and annual reports 
 We have been investigating roles of an O-linked sugar 
chain with the carbohydrate-protein linkage structure, 
GalNAcα1➝Ser(Thr), which is called a mucin-type 
carbohydrate. Its biosynthesis is initiated by a group of 
enzymes, UDP-GalNAc: polypeptide N-acetylgalactos- 
aminyltransferases (GalNAc-Ts). GalNAc-Ts consist of 
a large gene family with 20 isozymes in humans. 
Interestingly, GalNAc-T8, -T9, -T17, and -T18 consist of 
a unique subfamily that have characteristic amino acid 
substitutions in the catalytic domains and they show 
almost no detectable catalytic activity. Among them, we 
have isolated GalNAc-T9 and -T17, and demonstrated 
that they are brain-specific and biologically important 
for the neural differentiation. Based on these 
backgrounds, we have focused on the functions of 
glycosyltransferases to make mucin-type carbohydrates, 
and obtained the following findings.  
1) Analysis of galnt17 knockout mice 
  Analysis of galnt17−/− mice exhibited no obvious 
defects in the brain structures and their memory, but 
showed reduction in body size and food intake, and 
defect in reproduction (female KO mice). We performed 
Western blot analysis of pituitary extracts from 8 weeks 
old WT and KO male mice using anti-prolactin (Prl), 
anti-growth hormone (GH), and anti-GAPDH antibodies, 
and found that the serum growth hormone level is 
downregulated, but that of prolactin is upregulated (Fig. 
1A). We then determined serum Prl levels in WT and KO 
females that were intraperitoneally administered with 
saline (-) or haloperidol, a dopamine receptor antagonist. 
Haloperidol upregulated WT serum Prl as high as that of 
KO mice (Fig. 1B), indicating that the inhibitory signal 
of dopamine was decreased in the KO mice. This 

suggests that galnt17 regulates serum levels of pituitary 
gland hormones by regulating the dopamine signal. 
2) Analysis of zebrafish galnt genes during embryonic 
development   
  We have isolated zebrafish Y-subfamily galnt genes, 
and determined their spatial and temporal expressions 
during the early development of zebrafish (Nakayama, et 
al. (2014) GEP). Our study demonstrated that galnt8 was 
expressed in the cephalic mesoderm and hatching gland 
during early developmental stages, and differently 
expressed in the head, somatic muscles, and liver in the 
later stages. The other three orthologs (galnt9, 17, and 
18) also exhibited the characteristic expression patterns, 
although their expressions were generally strong in the 
nervous systems (Fig. 2). 
  To produce zebrafish mutants that are defective of 
galnt genes, we employed recently developed 
genome-editing technology, TALEN and CRISPR/Cas 
systems. We have successfully generated galnt9 mutant 
zebrafish.  
3) A rapid and efficient method for neuronal 
induction of P19 embryonic carcinoma cell line 
  We have developed a novel method for the rapid and 
efficient neurogenesis of P19 cells, without aggregate 
formation in a suspension culture. The new approach is 
based on an adherent serum-free culture in a 
laminin-coated dish in the presence of FGF8, α 
-secretase inhibitor, and cytosine arabinoside. The new 
method efficiently induced P19 cells to differentiate into 
neurons within 4 days, and subsequently into mature 
neurons that were responsive to several 
neurotransmitters, giving spontaneous neuronal network 
activity within 6 days (Nakayama, Y., et al. (2014) J. 
Neurosci Meth.).  

Kurosaka, A., Nakayama, Y., & Nakamura, N. (2014). 

O-Glycosylation in the development of zebrafish. In 

Glycoscience: Biology and Medicine (pp. 1–8). Tokyo: 

Springer Japan. 

Nakayama, Y., Nakamura, N., Kawai, T., Kaneda, E., Takahashi, 

Y., Miyake, A., Itoh, N., & Kurosaka, A. (2014). Identification 

and expression analysis of zebrafish polypeptide α-N-acetyl- 

galactosaminyltransferase Y-subfamily genes during 

embryonic development. Gene Expression Patterns, 16(1), 1–7. 
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Nakayama, Y., Wada, A., Inoue, R., Terasawa, K., Kimura, I., 

Nakamura, N., & Kurosaka, A. (2014). A rapid and efficient 

method for neuronal induction of the P19 embryonic carcinoma 

cell line. Journal of Neuroscience Methods, 227, 100–106. 

Srimontri, P., Nakayama, Y., Kurosaka, A., Hirabayashi, Y., & 

Kato, K. (2014). Sialyltransferase ST3Gal IV deletion protects 

against temporal lobe epilepsy. Journal of Neurochemistry, 

131(5), 675–687. 
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Prof. Hisato KONDOH, Ph.D.

Assist. Prof. Yasuo ISHII, Ph.D.
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Research projects and annual reports 
All somatic cells of our body develop from epiblast, a 
cell population that develops in post-implantation 
embryos in the case of mammals. How a variety of 
somatic cell lineages develop from initially 
homogeneous epiblast is a fundamental problem of 
developmental biology, which we are investigating. 
 The approach we are taking is to investigate 
the regulation of cell lineage specification by SOX2 and 
other transcription factors, and the effects of intercellular 
signaling on the action of transcription factors. To this 
end, we analyze conditional knockout mouse embryos, 
where particular transcription factor genes are 
inactivated in developmental stage/cell lineage-specific 
manner. We also utilize epiblast stem cell lines and 
chicken embryos to manipulate epiblast cells with 
exogenous factors. 
 Epiblast stem cells are also used to investigate 
the interaction of transcription factors, e.g., SOX2, with 
their regulatory target sites in the entire genome, using 
ChIP-seq and other technologies. 
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 Among the somatic cell lineages, we are 
interested in those leading to neural, sensory, cardiac, 
somitic and digestive tract development. Concerning 
heart development, we also investigate how cells derived 
from multiple cell lineages are organized to form a single 
organ. 
 In 2014, we started crossing conditional 
knockout mouse lines for various transcription factor 
genes and Cre- recombinase transgenic mouse lines that 
are activated by tamoxifen treatment. 
 We established a new epiblast stem cell line 
from a C57BL/6 embryo, and compared its 
characteristics with another line derived from the 129 
mouse line. Taking advantage of epiblast stem cells, we 
investigated the binding site distribution of transcription 
factors and their complexes in the whole mouse genome 
using ChIP-seq. The results were compared with those 
using ES cells, human ES cells, and mouse neural stem 
cells. We further investigated the conditions for epiblast 
stem cells to develop into limited somatic cell lineages. 
 To investigate mechanisms to specify 
particular developmental pathways, developmental 
processes that do not follow ordinary developmental 
pathways (e.g., lens transdifferentiation from neural 
retina) can provide essential clues. Investigations along 
this line are also ongoing. 
 The epicardium of the embryonic heart 
contributes to coronary vessels. We showed that vascular 
endothelial growth factor (VEGF)-A activates mobility 
of epicardium-derived cells and promotes formation of 
vascular structures. 

Matsuda K, & Kondoh H. Dkk1-dependent inhibition of Wnt 

signaling activates Hesx1 expression through its 5' 

enhancer and directs forebrain precursor development. 

Genes Cells. 19, 374-385 (2014). 

Yoshida M, Uchikawa M, Rizzoti K, Lovell-Badge R, 

Takemoto T & Kondoh H. Regulation of mesodermal 

precursor production by low-level expression of B1 Sox 

genes in the caudal lateral epiblast. Mech Dev. 132, 59-68 

(2014). 

Kondoh, H. & Kuroiwa, A. (Eds). New Principles in 

Developmental Processes (Springer, Tokyo, 2014). 

Liedtke D, Erhard I, Abe K, Furutani-Seiki M, Kondoh H & 

Schartl M. Xmrk-induced melanoma progression is affected 

by Sdf1 signals through Cxcr7. Pigment Cell Melanoma 

Res. 27, 221-233 (2014). 

 

T. Takemoto, H. Kondoh: The role of Tbx6 in the derivation of 

mesodermal tissue from the axial stem Cells. 47th Annual 

Meeting of Japanese Society of Developmental Biologists 

Nagoya, 2014.5.27-30. 

M. Uchikawa, R. Okamoto, H. Kondoh: Multiple enhancers of the 

Sox2 locus distributed within a 200 kb region in the chicken 

genome. 47th Annual Meeting of Japanese Society of 

Developmental Biologists Nagoya, 2014.5.27-30. 

H. Kondoh: Dynamics of gene regulatory network centered by 

Sox2 during embryogenesis. KSU International Symposium: 

Cutting-edge of Life Sciences. Kyoto, 2014.5.30-31. 

H. Kondoh: An ensemble of Sox-partner interactions determines 

genomic targets and specify cell states. 4th International SOX 

Research Conference. Cleveland, Ohio, USA 2014.9.8-12 

H. Kondoh: Regionally specific mechanisms of neural plate 

development. 18th International Conference of the 

International Society of Differentiation. London, UK, 

2014.11.2-5. 

H. Kondoh, K. Matsuda, T. Mikami, M. Andrabi, S. Oki, K. 

Yamaguchi, S. Shigenobu: Dynamic changes in gene 

regulatory network during early stages of embryogenesis, as 

indicated by an efficient ChIP-seq analysis. 37

2014.11.25-27. 

H.Iida, Y. Ishii, H. Kondoh: Mechanisms underlying 

transdifferentiation of chicken embryonic neural retina into 

lens. 37 2014.11.25-27. 

Y. Ishii, K. Fujimoto, W. Zi, S.Yasugi: Expression of Eph/ephrin 

family genes in the heart tube and proepicardium of the chick 

embryo. 47th Ann. Meeting for Jap. Soc. Develop. Biol., 

Nagoya, 2014.5.28-29. 
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Research projects and annual reports 
 Research in our laboratory focuses on the molecular 
and cellular mechanism of oocyte maturation and 
fertilization in oocyte/egg of the African clawed frog 
Xenopus laevis (Egg Project), and anti-apoptotic 
proliferation and drug-resistance in human bladder 
carcinoma cells (Cancer Cell Project).  
  In the Egg Project, we have employed albino oocytes 

to analyze intracellular ATP concentration ([ATP]i) in 

the course of progesterone (PG)-induced oocyte 

maturation. The live cell-imaging experiments 

demonstrated that [ATP]i increased until GVBD 

(germinal vesicle breakdown), then decreased a while 

and shifted to a moderate increase. These [ATP]i changes 

are similar to those reported in the mouse oocytes. 

Oligomycin A, an inhibitor of ATP synthase, was found 

to cause a delay in the timing of the PG-dependent 

[ATP]i increase and the appearance of white spot, a 

hallmark of oocyte maturation, on the animal surface of 

oocytes. These results suggest a functional relationship 

between ATP metabolism and oocyte maturation. 
  In the Cancer Cell Project, we have been interested in 

addressing the Src-dependent mechanism of serum- 

independent survival, proliferation, and tyrosine 

phosphorylation in human bladder carcinoma cell line 

5637.  PP2, a Src inhibitor, induces cell death in 

serum-starved 5637 cells that is accompanied by an 

increase in the caspase activity. In this fiscal year, we 

succeeded in identifying and characterizing a novel Src 

substrate in serum-starved 5637 bladder carcinoma cells.  

Immunoblotting showed that serum starvation promoted 

an increase in PP2-sensitive tyrosine phosphorylation of 

not only known substrates such as EGFR, Src and c-Met, 

but also a unknown protein of 125 kDa, in 5637 cells.  

Further experiments demonstrated that the 125-kDa 

protein was focal adhesion kinase (FAK).  We are in the 

process of determining the phosphorylation site(s) in 

FAK by phospho-specific antibodies and the roles played 

by FAK using knock down and/or pharmacological 

approaches.   

Sato, K.: Transmembrane signal transduction in oocyte 

maturation and fertilization: focusing on Xenopus laevis as a 

model animal. International Journal of Molecular Sciences 16, 

114-134, 2014. 

Tokmakov, A.A., Stefanov, V.E., Iwasaki, T., Sato, K., Fukami 

Y.: Calcium signaling and meiotic exit at fertilization in 

Xenopus eggs. International Journal of Molecular Sciences 15, 

18659-18676, 2014. 

Iwao, Y., Shiga, K., Shiroshita, A., Yoshikawa, T., Sakiie, M., 

Ueno, T., Ueno, S., Ijiri, T.W., Sato, K.: The need of MMP-2on 

the sperm surface for Xenopus fertilization: Its role in a fast 

electrical block to polyspermy. Mechanism of Development 134, 

80-95, 2014. 

Mahbub Hasan, A.K.M., Hashimoto, A., Maekawa, Y., 

Matsumoto, T., Kushima, S., Ijiri, T.W., Fukami, Y., Sato, K.: 

The egg membrane microdomain-associated uroplakin III-Src 

system becomes functional during oocyte maturation and is 

required for gamete bidirectional signaling at fertilization in 

Xenopus laevis. Development 141, 1705-1714, 2014. 

Ijiri, T.W., Vadnais, M.L., Huang, A.P., Lin, A.M., Levin, L.R., 

Buck, J., Gerton, G.L.: Thiol changes during epididymal 

maturation: a link to flagellar angulation in mouse 

spermatozoa? Andrology 2, 65-75, 2014. 
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Ijiri, T.W., Kishikawa, J., Imamura, H., Iwao, Y., Yokoyama, K., 

Sato, K.: ATP imaging in Xenopus laevis oocytes. In Sexual 
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Springer) 181-186, 2014. 
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3. Research projects and annual reports 
1) VEGF-A induces VEGFR-independent signaling, 
Neuropilin dependent Tumorigenesis.

Neuropilin-1 (NRP1) has been identified as a 
VEGF-A receptor. DJM-1, a human skin cancer cell line, 
expresses endogenous VEGF-A and NRP1. RNA 

interferences of VEGF-A or NRP1 suppressed DJM-1 
cell proliferation. Overexpression of NRP1 wild type 
restored shNRP1-treated DJM-1 cell proliferation, but 
NRP1 cytoplasmic deletion mutants failed to restore 
proliferation. Co-immunoprecipitation analysis showed 
that VEGF-A induced interactions between the NRP1 
and GIPC1, a scaffold protein, and complex formation 
between GIPC1 and Syx, a RhoGEF. Knockdown of 
GIPC1 or Syx reduced active RhoA and DJM-1 cell 
proliferation without affecting either MAPK or Akt 
pathway. C3 exoenzyme or Y27632 inhibited 
VEGF-A-induced proliferation of DJM-1 cells. 
Conversely, overexpression of the constitutively active 
form of RhoA restored proliferation in 
siVEGF-A-treated DJM-1 cells. Furthermore, inhibition 
of the VEGF-A/NRP1 signaling upregulated p27, CDK 
inhibitor. A cell-penetrating oligopeptide that targets to 
GIPC1/Syx complex formation and inhibited the 
VEGF-A-induced RhoA activation and suppressed 
DJM-1 cell proliferation. In conclusion, this new 
signaling pathway of VEGF-A/NRP1 induces cancer cell 
proliferation by forming a GIPC1/Syx complex that 
activates RhoA to degrade the p27 protein. 

2: Enhanced Expression of Fibroblast Growth 
Factor Receptor 3 IIIc Promotes Human Esophageal 
Cancer Malignant Progression.

Fibroblast growth factor receptor 3 (FGFR3) is a 
tyrosine kinase receptor that harbors oncogenic activity 
in several types of cancers. Two alternatively spliced 
isoforms of FGFR3 exist, FGFR3IIIb and FGFR3IIIc. 
We investigated the gene expression of FGFR3IIIb and 
FGFR3IIIc in esophageal squamous cell carcinoma 
(ESCC) patients by RT-PCR, and found that the 
incidence of FGFR3IIIc was higher in ESCC (12/16, 
75%) than in normal esophageal epithelia (6/16, 38%). 
Moreover, a semi-quantitative RT-PCR analysis revealed 
that FGFR3IIIc expression levels were higher in ESCC 
than in the normal esophagus. On the other hand, no 
significant difference was observed in the incidences or 
levels of FGFR3IIIb between ESCC and the normal 
esophagus. An immunohistochemical analysis of early 
stage-ESCC showed that carcinoma cells with the 
squamous cell carcinoma marker SCC-112 expressed 
FGFR3IIIc, and ESCC expressing FGFR3IIIc were 
stained with Ki67, a cell proliferation marker. The 
function of FGFR3IIIc was evaluated by treating the 
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representative esophageal carcinoma cell line EC-GI-10 
with FGF2, a specific ligand for FGFR3IIIc, and/or 
siRNA for FGFR3. The knockdown of endogenous 
FGFR3 by the siRNA treatment significantly abrogated 
cell proliferation. The overexpression of FGFR3IIIc in 
cells enhanced cell proliferation due to the endogenous 
expression of FGF2, whereas that of FGFR3IIIb did not. 
 In conclusion, the strong expression of FGFR3IIIc may 
promote malignant progression in ESCC. FGFR3IIIc 
may have the potential to be an early stage-tumor marker 
and molecular target for ESCC therapy. 
3: Anosmin-1 inhibits Netrin-1-induced growth cone 
collapse. 

Kallmann's syndrome (KS) is known as a congenital 
disease associated with hypogonadotropin hypogonadism, 
impaired sense of smell, loss of secondary sexual 
characteristics. Patient of KS is impaired in axon 
outgrowth of olfactory neuron, formation of olfactory 
bulb, migration of gonadotrophin rereleasing hormone 
(GnRH) neuron. Eight causal genes including KAL1, 
encoding Anosmin-1(Anos1), have been isolated. Anos1 
is known as an extracellular secretion protein. The 
function of Anos1 is thought to attract guidance cue, but 
its molecular mechanism has not been elucidated yet. By 
comparison of Ano1 protein homology to the database of 
NCBI protein blast, Anos1 have high homology to DCC 
and Neogenin, receptors of Netrin-1 (NTN1). NTN1 
signaling has a key role to regulate olfactory 
development and migration of GnRH neuron. Here we 
show that Anos1 directly binds to NTN1 to modulate the 
NTN1 signaling.
  Co-immunoprecipitation analysis between 
recombinant Anos1 and NTN1 showed that Anos1 
directly bound to NTN1. The affinity was analyzed by 
Biacore T-100. Soluble Anos1 bound to immobilized 
NTN-1 with the affinity, KD 3.6 nM. NTN1 induced 
growth cone collapse in PC12 cells. Anos1 inhibited 
NTN1-induced growth cone collapse. Next, to 
investigate the signal transduction of growth cone 
collapse, we examined dephosphorylation of cofilin that 
regulates actin polymerization. NTN1 induced cofilin 
dephosphorylation. Anos1 inhibited NTN1-induced 
cofilin dephophorylation. NTN1 binds to its receptor 
UNC5B to induce repulsive signaling in growth cone. 
Anos1 inhibited NTN1 binding to UNC5B. These results 

suggest that Anos1 act as an attractive guidance cue by 
inhibiting NTN1-induced repulsive signaling. 
 

C. Waga, H. Asano, T. Sanagi, E. Suzuki, Y. Nakamura, A. 

Tsuchiya, M. Itoh, Y. Goto, S. Kohsaka, S. Uchino, 

Identification of two novel Shank3 transcripts in the 

developing mouse neocortex. J. Neurochem. 128(2): 280-93 

(2014) 

Someya A, Fukushima R, Yoshida M, Tanahashi Y, Prapeuk T, 

Iizuka R, Hirami H, Matsuda A, Takahashi S, Kurita G, 

Kimura T, Seo M, Funaba M, Nishino Y. A study on Borna 

disease virus infection in domestic cats in Japan. J Vet Med 

Sci. 76(8):1157-60 (2014) 
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Research projects and annual reports 
Since our discovery of Bacillus subtilis MifM 

as a regulatory nascent chain that monitors the activity of 
the YidC-mediated membrane insertion pathway, we 
have been interested in and studying on a class of 
proteins called ‘regulatory nascent chains’, which 
function while they are still in the process of 
biosynthesis. A remarkable property of this class of 
nascent chains is that they interact cotranslationally with 
components of the polypeptide exit tunnel of the 
ribosome and thereby arrest their own translation 
elongation.  The arrested state of translation elongation 
can be stabilized or canceled in response to changes in 
the cellular physiology, allowing each nascent chain to 
serve as a unique biological sensor to feedback-regulate 
gene expression. For instance, translation arrest of 
nascent MifM chain is released when it is inserted into 
the membrane in a YidC-dependent manner.  Because 
elongation arrest of MifM ultimately leads to the 
elevation of the synthesis level of YidC2, one of the two 
B. subtilis YidC paralogs (SpoIIIJ and YidC2), the 
regulated elongation arrest of MifM enables cells to 
maintain the capacity of membrane protein biogenesis 
under ever-changing intra- and extracellular 
environments.  Our interests are also focused more 
generally on the mechanisms of protein localization and 
biogenesis, the biological processes where nascent 

substrates undergoes dynamic interactions with the 
machineries of translation, targeting and translocation. 
Through our research activities outlined above, we 
would like to develop 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 chain might 
play key roles. 
 
This year’s accomplishments 
1) YidC as a channel-independent membrane protein 
insertase. 

YidC has an "insertase" activity that mediates 
membrane protein insertion.  Previous studies had 
suggested that YidC forms a dimeric channel-like 
structure.  However, crystal structures of YidC solved 
by collaboration with Nureki (University of Tokyo) and 
Tsukazaki (Nara institute of Science and Technology) 
laboratories have revealed that YidC forms a hydrophilic 
cavity that opens toward the cytoplasmic but not 
extracytoplasmic side of the membrane, arguing against 
the channel model.  Using our MifM-based lacZ 
reporter assay system that can measure YidC-mediated 
membrane protein insertion activity, we carried out 
mutational analyses of SpoIIIJ (a B. subtilis YidC 
homolog) and MifM (a substrate of YidC) and found that 
the positive charge of an arginine on the concave surface 
of the YidC cavity facilitates membrane insertion of 
MifM by electrostatically attracting the negatively 
charged moieties of substrates.  Our results, together 
with those of the structural and other biochemical 
analyses, suggest that YidC is a channel-independent 
insertase and its electrostatic interaction with a substrate 
plays a crucial role to drive the membrane insertion 
reaction.   
 
2) Identification of the arrest release-promoting element 
of SecM 

E. coli SecM is a regulatory nascent chain that 
monitors protein secretion pathway and modulates 
expression level of secretion motor ATPase, SecA.  The 
C-terminally located arrest element of SecM interacts 
with the ribosomal components in the exit tunnel to halt 
its own translation elongation.  The elongation arrest is 
released upon the engagement of its N-terminal region, 
carrying the export signal sequence, in the Sec secretion 
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reaction.  Through a series of systematic mutational 
analysis, we now identified a sequence of 10 amino acids 
that resides just outside of the exit of the ribosome 
tunnel as an element that participates in the 
secretion-dependent release of the arrest. 
 

 

D. Sohmen, S. Chiba, N. Shimokawa-Chiba, A. Innis, O. 

Berninghausen, R. Beckmann, K. Ito, D. Wilson: Structure of 

the Bacillus subtilis 70S ribosome reveals the basis for 

species-specific stalling. Nat. Commun. (2015) in press 

N. Shimokawa-Chiba, K. Kumazaki, T. Tsukazaki, O. Nureki, 

K. Ito, S. Chiba: A hydrophilic microenvironment required 

for the channel-independent insertase function of YidC. Proc. 

Natl. Acad. Sci. USA. (2015) in press 

*S. Chiba, K. Ito: MifM monitors total YidC activities of 

Bacillus subtilis including that of YidC2, the target of 

regulation. J. Bacteriol. (2015) in press 

    (*corresponding author)  

K. Nakamori, S. Chiba, K. Ito: Identification of a SecM 

segment required for export-coupled release from elongation 

arrest. FEBS Lett. (2014) 588, 3098-3103. 

*K. Kumazaki, *S. Chiba, M. Takemoto, A. Furukawa, K.I. 

Nishiyama, Y. Sugano, T, Mori, N. Dohmae, K. Hirata, Y. 

Nakada-Nakura, A.D. Maturana, Y. Tanaka, H. Mori, Y. 

Sugita, F. Arisaka, K. Ito, R. Ishitani, T. Tsukazaki, O. 

Nureki: Structural basis of Sec-independent membrane 

protein insertion by YidC. Nature (2014) 509, 516-520. 
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Research projects and annual reports 
 Mucins are major components covering the luminal 
surfaces of the epithelial respiratory, gastrointestinal, 
and reproductive tracts, and are high molecular weight 
glycoproteins with a number of O-glycans. 
 Since normal epithelial cells exhibit a clear polarity, 
synthesized mucins are transported to be the apical cell 
surface and become secretory or membrane-bound 
glycoproteins. Upon malignant transformation, mucins 
are transported to whole cell surface, and then some 
mucins are secreted into tumor tissues and/or 
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bloodstream of cancer patients because of loss of the cell 
polarity of epithelial tissues.  
 In tumor microenvironments, soluble lectins and 
mucins may be ligands for membrane-bound mucins and 
lectins, respectively. Membrane bound mucins may be 
counter receptors for membrane-bound lectins. Binding 
of lectins to membrane bound mucins expressed on 
tumor cells is expected to start signaling and play a role 
in tumor progression. In addition, binding of mucins to 
siglec family expressed on immune cells may lead to 
down-modulation of immune cells because many siglecs 
possess immune-regulatory motif. These mutual 
interactions may facilitate the tumor progression. 
 
1: Transcriptional induction of urokinase-type 
plasminogen activator (uPA) by forming a complex of 
MUC1 and NF- B p65 transcription factor and binding 
to the uPA promoter in MUC1 expressing cells. Mucin 1 
(MUC1) is overexpressed in various human malignant 
tumors and its expression is correlated with a poor 
prognosis. Microarray analysis revealed that expression of 
urokinase-type plasminogen activator (uPA) was elevated 
in MUC1-overexpressing cells. Furthermore, up- and 
down-modulation of MUC1 expression was clearly 
correlated with the change of uPA expression. An 
immunochemical study showed that the distribution of 
uPA coincided with that of MUC1in various human cancer 
tissues. The MUC1 C-terminal domain (MUC1-CD) was 
associated with nuclear factor- B (NF- B) p65 in 
MUC1-expressing cells. ChIP assays demonstrated that 
MUC1-CD existed with NF- B p65 on the uPA promoter. 
Luciferase assays indicated that the uPA transcriptional 
activity was correlated with the level of MUC1 expression 
and that this MUC1-enhancing effect on the uPA 
transcription was abolished by introduction of mutations 
into the NF- B binding sites on the uPA promoter. These 
results indicate that formation of the MUC1-CD and 
NF- B p65 complex enhanced nuclear translocation of 
NF- B p65 and subsequent occupancy of NF- B binding 
region on the uPA promoter, leading to elevated 
transcription of uPA. We also demonstrated that uPA 
induced by MUC1 enhanced the matrix metalloproteinase 
(MMP)-2 and -9 activities, and consequently promoted 
cancer cell invasion.  
 

2: Recruitment of -catenin by binding of galectin-3 to 
MUC1-N-terminal domain in MUC1-expressing mouse 
3T3 cells. Galectin-3 is expressed in a variety of tumors 
and its expression level is related with tumor progression. 
It has been reported that MUC1 is a natural ligand of 
galectin-3. A stable MUC1 transfectant was produced by 
introducing MUC1 cDNA into mouse 3T3 fibroblasts 
(MUC1/3T3 cells). Galectin-3 present on the cell surface 
increased with the expression of MUC1 and is colocalized 
with MUC1. We found that galectin-3 bound to the 
N-terminal domain of MUC1(MUC1-ND) but not to the 
C-terminal one. (MUC1-CD). After ligation of galectin-3 
to 3T3/MUC1 cells, MUC1-CD was immunoprecipitated 
from the cell lysate. -Catenin was detected in the 
immunoprecipitate with anti-MUC1-CD Ab from a lysate 
of galectin-3-treated 3T3/MUC1 cells. These results 
demonstrate that galectin-3 binds to MUC1-ND and 
triggers MUC1-mediated signaling in 3T3/MUC1 cells, 
leading to recruitment of -catenin to MUC1-CD.   
 
3: Difference in mesothelin-binding ability of serum 
CA125 between patients with endometriosis and 
epithelial ovarian cancer. CA125 is the most commonly 
used serum marker for epithelial ovarian carcinoma (EOC), 
but shows a high-false-positive rate for several benign 
diseases such as endometriosis. In our study, using two 
different CA125-binding molecules, i.e., recombinant 
mesothelin and an anti-CA125 monoclonal antibody, a 
novel sandwich ELISA for determining the serum levels of 
CA125 with mesothelin-binding ability (CA125meso) was 
developed, and tested for patients with endometriosis 
(n =59) and EOC (n=36). We found that both the serum 
CA125meso level and the ratio of the serum CA125meso to 
CA125 levels (CA125meso/CA125) were significantly 
higher in patients with EOC than in patients with 
endometriosis (p<0.00005 and p<0.000001, respectively). 
Thus, mesothelin-binding ability may be a useful indicator 
for discriminating CA125 obtained from patients with 
endometriosis and ovarian cancer. 

 
A. Sasaki*, K. Akita*, F. Ito, T. Mori, J. Kitawaki, H. Nakada: 

Difference in mesothelin-binding ability of serum CA125 

between patients with endometriosis and epithelial ovarian 

cancer. Int. J. Cancer. 2015. 136(8), 1985-1990 (*These 

authors contributed equally to this work) 

S. Tanida, Y. Mori, A. Ishida, K. Akita, H. Nakada: Galectin-3 
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binds to MUC1-N-terminal domain and triggers recruitment 

of beta-catenin in MUC1-expressing mouse 3T3 cells. 

Biochim. Biophys. Acta. 2014. 1840(6), 1790-1797  
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bleomycin-induced lung injury mice model. PLoS One. 2014. 

9(9), e106792 
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Research projects and annual reports 
We have been focusing our research on the productive folding 
of nascent polypeptides by molecular chaperones and protein 
quality control mechanism for misfolded proteins within the 
cells. Particularly, we have been devoted our activity on the 
following four major research projects: 
 

1: Functional analysis of collagen-specific molecular 
chaperone Hsp47.  Liver fibrosis is characterized by 
abnormal collagen accumulation in the extracellular matrix of 
liver. In liver fibrosis, hepatic stellate cells (HSCs) are 
activated and transformed into myofibroblasts which produce 
collagen actively. Here, we succeeded in knocking out of 
collagen specific molecular chaperone hsp47 gene by 
Cre-LoxP system in HSCs isolated from hsp47 floxed mice. In 

42



hsp47-KO HSCs, we confirmed that immature type 1 collagen 
is accumulated in the endoplasmic reticulum (ER) resulting in 
causing apoptosis in HSCs. These results suggest that Hsp47 
could be potential therapeutic targets for fibrosis K. 
Kawasaki et al., J. Biol. Chem., 2015 . 

We already found that a small molecule compound inhibits 
the interaction between collagen and Hsp47. We investigated 
the inhibitor binding site in Hsp47 and revealed that this 
compound competitively inhibited the binding of procollagen 
to Hsp47 using NMR methods. Structural information of the 
interaction of the compound with Hsp47 enables us to design 
more effective therapeutic drugs for fibrosis.  

 
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 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 
by facilitating the retrograde transport of these proteins from 
the ER lumen into the cytosol, where they are degraded by 
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 
SERCA2, a Ca2+ pump on ER membrane, and regulates its 
function. Additionally, ERdj5 senses the Ca2+ concentration in 
the ER and regulates the interaction with SERCA2. It suggests 
that redox activity of ERdj5 is involved not only in protein 
quality control but also in Ca2+ homeostasis in the ER. As 
ERdj5 is an oxidoreductase in the ER, it is strongly suggested 
that three important homeostasis in the ER, protein, redox and 
Ca homeostasis, are cross-talking each other.  
 Furthermore, we tried the screening of interaction partner of 
ERdj5 to declare redox source of ERdj5. We expect to resolve 
the detail molecular mechanism of ERdj5.  
 
3. A novel ER membrane protein negatively regulates 
autophagy at ER-mitochondria contact site. Protein 
degradation system is important for the intracellular 
homeostasis. Macro-autophagy (hereafter autophagy) is one of 
the intracellular degradation systems. At the steady state, 
autophagy constitutively degrades abnormal organelle and 
proteins, hence intracellular homeostasis is retained. 
Autophagosome is originated by isolation membranes which 
occur on the endoplasmic reticulum (ER) and mitochondria 

contact site in mammalian cell. Autophagy is dominated by 
many autophagic genes. Although positive regulators have 
been well studied, negative regulator of autophagy is poorly 
understood. Here we have discovered a novel ER membrane 
protein that negatively regulates autophagic degradation 
process, and we are now performing the characterization of 
this molecule.. 
 
4. Functional analysis of a novel protein, mysterin. We 
isolated a novel gene encoding a huge protein, which we 
named mysterin, as a susceptibility gene for human 
cerebrovascular disease (moyamoya disease). Mysterin with a 
size of 591kDa contains RING finger ubiquitin ligase domain 
and two AAA+ ATPase domains. Mysterin forms a huge 
toroidal oligomer the size of which is comparable to known 
macromolecules such as the ribosome and is supposed to 
exhibit mechanical activity in the cell (D. Morito et al., Sci. 
Rep. 2014). Knockdown experiments using zebrafish 
demonstrated that mysterin has essential roles for 
physiological angiogenesis and myogenesis through its 
enzymatic activities. Further studies on intracellular function 
of mysterin and the pathological mechanism are warranted. 

J. Kirstein-Miles , D. Morito , T. Kakihana, M. Sugihara, A. Minnen, 

S.M. Hipp, C. Nussbaum-Krammer , U.F. Hartl, K. Nagata, 

R.I.Morimoto Proteotoxic stress and ageing triggers the loss of 

redox homeostasis across cellular compartments. 

EMBO J.  in press 

D. Morito & K. Nagata Pathogenic Hijacking of ER-Associated 

Degradation: Is ERAD Flexible ? Mol Cell.  in press 

A. Kitamura , K. Nagata & M. Kinjo Conformational analysis of 

misfolded protein aggregation by FRET and live-cell imaging 

techniques. Int. J. Mol. Sci. in press 

K. Kawasaki , R. Ushioda , S. Ito, K. Ikeda, Y. Masago & K. Nagata: 

Deletion of the Collagen-specific Molecular Chaperone Hsp47 

Causes Endoplasmic Reticulum Stress-mediated Apoptosis of 

Hepatic Stellate Cells. J Biol Chem. in press 

E. Avezov , T. Konno, A. Zyryanova , W.Chen, R. Laine ,A.Crespillo- 

Casado , E. Melo , R. Ushioda , K. Nagata , CF Kaminski , HP 

Harding & D Ron: Retarded PDI diffusion and a reductive shift in 

poise of the calcium depleted endoplasmic reticulum. BMC Biol. 

in press 

D. Morito, K. Nishikawa, J. Hoseki, A Kitamura, Y. Kotani, K. Kiso, 

M. Kinjo, Y. Fujiyoshi & K. Nagata Moyamoya disease-associated 

protein mysterin/RNF213 is a novel AAA+ ATPase, which 
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dynamically changes its oligomeric state. Scientific Reports   

24(4):4442 (2014)   

T. Kakugawa, S. Yokota, Y. Ishimatsu, T. Hayashi, S. Nakashima, S. 

Hara, N. Sakamoto, H. Kubota, M. Mine, Y. Matsuoka, H. Mukae, 

K. Nagata & S. Kohno Serum heat shock protein 47 levels are 

elevated in acute interstitial pneumonia BMC Pulmonary Medicine  

14:48 (2014) 

Y. Honzawa, H. Nakase, M. Shiokawa, T. Yoshino,H. Imaeda, M. 

Matsuura, Y. Kodama, H. Ikeuchi, A. Andoh,Y. Sakai, K. Nagata, 

T. Chiba Involvement of interleukin-17A-induced expression of 

heat shock protein 47 in intestinal fibrosis in Crohn’s disease.

Gut 63 (12): 1902-1912 (2014)   

T. Ramming, H. G. Hansen, K. Nagata, L. Ellgaard, C.Appenzeller- 

Herzog GPx8 peroxidase prevents leakage of H2O2 from the 

endoplasmic reticulum Free Radical Biol Med. 70:106-116 

(2014) 

T. Olszak, J. F. Neves, C. M. Dowds, K. Baker, J. Glickman, N. O. 

Davidson, C-S. Lin, C. Jobin, S. Brand, K. Sotlar, K. Wada, K. 
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W. Müller, S.B. Snapper, S. Schreiber, A. Kaser, S. Zeissig & R. S. 

Blumberg Protective mucosal immunity mediated by epithelial 

CD1d and IL-10. Nature 509:497-502 (2014)  
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Prof. Nobuhiro Nakamura, PhD 

 

Fig. 1: N. Nakamura, et al., Curr Opin Cell Biol, 24, 
p.467, 2012

  

Cell cycle control signalCell growth signal
cdk1/cyclinBERK

GM130/GRASP65/p115

Signal integration
Signal feedback

Cell polarization
Directed cell movement

Cell cycle progression

Fig. 1.  Golgi appoints as a platform of  signal transduction 
The Golgi apparatus changes its structure and localization in 
response to the cell growth signal and the cell cycle control 
signal. Conversely, the information of the structure and the 
function of the Golgi apparatus feedback to the signal 
transduction pathway.
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Research projects and annual reports 
 During the development of embryo or tissues, and 
cellular differentiation, the cell has to acquire polarity to 
deliver cell adhesion molecules and inducing factors to 
specific directions. The cell also has to acquire front and 
rear polarity when it moves to a proper direction. 
Secretory pathway plays important roles to enable the 
polarization of cells by regulating the delivery of 
proteins and lipids. The Golgi apparatus is especially 
important core organelle in the secretory pathway. Thus, 
the structure, function and location of the Golgi 
apparatus play essential roles to support proper 
polarization of the cells. 
 The secretory pathway has to be activated to support 
active cell growth. In fact, we have shown that the Golgi 
apparatus functions as a platform of the growth signal 
transduction and cell cycle control and controls the 
activity of the secretory pathway in response to the 
growth signal. Golgi apparatus receives the growth 
signal via ERK pathway and also the cell cycle control 
signal via CDK pathway, and changes its shape and 
location in the cell. Conversely, the information of the 
activity of the Golgi apparatus may provide feedback to 
the signal transduction pathways (Fig. 1: N. Nakamura, 
et al., Curr. Opin. Cell Biol., 2012). 
 As described above, the structure and the function of 
the Golgi apparatus are suggested to play active roles for 
the regulation of the cell polarization and cell growth. 
However, the regulatory mechanism remains obscure. 

Under this circumstance, we are trying to elucidate the 
regulatory mechanism of the structure and the function 
of the Golgi apparatus to understand how Golgi 
apparatus control cellular polarization and movement. 
 GM130 is a cytoplasmic peripheral membrane protein 
(a Golgi matrix protein) localized at the Golgi apparatus 
that was found and reported by Nakamura et al. on 1995 
(N. Nakamura et al. J Cell Biol, 131, p1715 1995). It 
binds to p115 and GRASP65 and plays essential role for 
the cisternal stacking. It also plays an important role in 
the regulation of cell growth, motility and polarization. 
Under these circumstances, we have been analyzing the 
function of GM130 and its binding proteins to obtain key 
information for understanding the regulatory mechanism 
of the Golgi structure and function and also the 
mechanism for the regulation of cellular functions by the 
Golgi apparatus. 
 We are now focusing on (1) the structural analysis of 
GM130 molecule, (2) the developmental analysis of 
GM130 functions using zebrafish as a model organism, 
(3) analysis of the molecular mechanism of the Golgi 
disassembly by low pH treatment and (4) analysis of the 
function of YIPF proteins. 
 This year, we have mainly focused on the first subject 
(Fig. 2). GM130 is a cytoplasmic peripheral membrane 
protein localizing on the cis-side of the Golgi apparatus. 
GM130 is proposed to function as a membrane skeleton 
maintaining the structure of the Golgi apparatus and as a 
vesicle tether that facilitates vesicle fusion to the Golgi 
membrane. More than 60% of the GM130 molecule is 
believed to exist as coiled-coil structures with a 
probability above 90%, according to its primary amino 
acid sequence. The predicted coiled-coil regions were 
similar to p115 and Uso1p, both of which form a 
coiled-coil homo-dimer. Therefore, GM130 has long 
been thought to form a homo-dimer in a rod-like shape. 
However, our biochemical and electron microscopical 
analyses revealed that GM130 is a parallel 
homo-tetramer in a flexible rod-like structure with I- and 
Y-shaped conformations. The structure of the N-terminal 
region may interchange between open (branched or 
Y-shaped) and closed (non-branched or I-shaped) 
conformations, possibly with the help of associated 
molecules. This conformational change may alter the 
oligomeric state of the GM130 molecules and the 
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Fig. 2.  Structure of GM130
GM130 is proposed to function in maintaining the Golgi 
structure and also tethering vesicles to the Golgi 
membrane for fusion. We found that GM130 is a parallel 
homo-tetramer in a flexible rod-like structure with open 
(Y-shaped) or closed (I shaped) N-terminal conformations. 
The interaction of controller molecules may affect the 
N-terminal conformation and the function.
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function of GM130 in vesicle tethering and maintenance 
of the Golgi structure. 
 

Soonthornsit, J., Yamaguchi, Y., Tamura, D., Ishida, R., 

Nakakoji, Y., Osako, S., Yamamoto, A. and Nakamura, N. 

(2014). Low cytoplasmic pH reduces ER-Golgi trafficking 

and induces disassembly of the Golgi apparatus. Exp. Cell 

Res. 328, 325–339. 

Ishida, R., Yamamoto, A., Nakayama, K., Sohda, M., 

Misumi, Y., Yasunaga, T. and Nakamura, N. (2015). 

GM130 is a parallel tetramer in a flexible rod-like structure 

with N-terminally open (Y-shaped) and closed (I-shaped) 

conformations. FEBS J. in press
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Research projects and annual reports 
 
 How the brain executes a variety of neural function 
still remains enigmatic. We are studying molecular 
mechanisms by which neuronal events occur during 
nervous system development, and also trying to 
understand a genetic program that globally organizes 
the circuit formation 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 mechanisms underlying synaptic differentiation, 
analyzing the mutants that show reduced locomotor 
behaviors. 
 

Research Project:   
Identification and function of novel synaptic matrix 
proteins.  

The hig (hikaru geneki) gene, identified by a mutant 
phenotype of reduced locomotor activity (Hoshino et 
al., Neuron 1993), encodes a secretory protein with 
multiple CCP domains. This Hig protein localizes to 
the synaptic clefts in the brain (Hoshino et al., 
Development 1996). The goal of this project is to 
identify proteins that constitute synaptic matrix, and 
to reveal how those proteins are organized in the 
matrix.  

Annual reports:   
A matrix protein Hikaru genki localizes to the cholinergic 
synaptic clefts and regulates the postsynaptic organization 
in the Drosophila brain 
The synaptic cleft is a narrow but crucial space for 
neurotransmission and serves as an interface involved in 
the differentiation or maintenance of presynaptic and 
postsynaptic terminals. Albeit a number of molecules 
that constitute either terminals have been studied, little is 
known about the proteins that are present in the synaptic 
cleft matrix, especially in the central nervous system 
(CNS).  We report that Hikaru genki (Hig), localizes 
specifically to the synaptic clefts of cholinergic synapses 
in the Drosophila CNS.  Our data indicate that this 
specific localization of Hig is achieved by capture of 
secreted and diffused Hig to the synaptic clefts even 
when it is ectopically expressed in non-cholinergic 
neurons and glia. Notably, in the absence of Hig, an 
intracellular scaffold protein DLG was abnormally 
accumulated in the cholinergic postsynapses, while the 
synaptic distribution of acetylcholine receptor (AchR) 
subunits Dα6 and Dα7 were significantly decreased.  
Consistently, the hig mutant flies showed resistance to 
an AchR agonist, spinosad, which causes lethality by 
activating specifically Dα6 among AchR subunits, 
suggesting that the loss of Hig compromises the synaptic 
activity mediated by Dα6.  These results indicate that 
Hig is a specific component of synaptic cleft matrix for 
cholinergic synapses and regulates the postsynaptic 
organization in the CNS. 
  In addition to Hig, we have identified another 
component of synaptic cleft matrix, Hasp (Hig-anchoring 
scaffold protein). The loss of this protein causes reduced 
locomotor activity as do hig mutations, and notably Hasp 
is required for Hig to localizes to synaptic clefts. Thus, 
Hasp as well as AchR subunits function in capturing Hig, 
suggesting sequential processes of synaptic matrix 
formation.  

 

 

Hig  
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Nakayama, M., Matsushita, F., Hama, C. 

The matrix protein Hikaru genki localizes to cholinergic 

synaptic clefts and regulates postsynaptic organization in 

the Drosophila brain. 

The Journal of Neuroscience. 2014. 34, 13872-13877.  

Featured Article  

Nakayama, M., Hama, C. 

The matrix protein Hikaru genki localizes to cholinergic 

synaptic clefts and regulates postsynaptic organization in 

the Drosophila brain. 
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Research projects and annual reports 

1.Molecular basis of ADP inhibition of V-ATPase 
Reduction of ATP hydrolysis activity of vacuolar-type 
ATPase/synthase (V0V1) as a result of ADP inhibition occurs 
as part of the normal mechanism of V0V1 of Thermus 
thermophilus but not V0V1 of Enterococcus hirae or 
eukaryotes. To investigate the molecular basis for this 
difference, domain-swapped chimeric V1 consisting of both T. 
thermophilus and E. hirae enzymes were generated, and their 
function was analyzed. The data showed that the interaction 
between the nucleotide binding and C-terminal domains of the 
catalytic A subunit from E. hirae V1 is central to increasing 
binding affinity of the chimeric V1 for phosphate, resulting in 
reduction of the ADP inhibition. These findings together with 
a comparison of the crystal structures of T. thermophilus V1 
with E. hirae V1 strongly suggest that the A subunit adopts a 
conformation in T. thermophilus V1 different from that in E. 

hirae V1. This key difference results in ADP inhibition of T. 
thermophilus V1 by abolishing the binding affinity for 
phosphate during ATP hydrolysis. 
2. ATP sensing system in whole nematode 
Using a single-molecule technique, we observed the motion of 
the rotary motors. To obtain the torque values, we then 
analyzed the measured motion trajectories based on the 
fluctuation theorem, which states that the law of entropy 
production in non-equilibrium conditions and has been 
suggested as a novel and effective method for measuring 
torque. The measured torque of A3B3D was half that of the 
wild-type V1, and full torque was recovered in the mutant V1, 
in which the F-subunit was genetically fused with the 
D-subunit, indicating that the globular-shaped F-subunit 
reinforces torque generation in V1. 

*Corresponding author 

1. Nakanishi A., Kishikawa J., Tamakoshi, M., *Yokoyama K. (2014) 

The ingenious structure of central rotor apparatus in VoV1; key for 

both complex disassembly and energy coupling between V1 and 

Vo. PLos One 10: accepted. 

2. Kishikawa J, Seino A, Nakanishi A, Tirtom NE, Noji H, Yokoyama 

K, Hayashi K. (2014) F-subunit reinforces torque generation in 

V-ATPase. Eur Biophys J. 43, 415-422 

3. Kishikawa J., Nakanishi A., Furuike S., Tamakoshi M., *Yokoyama 

K. (2014) Molecular basis of ADP inhibition of VoV1. 

J.Biol.Chem. 289 403-412 

Molecular basis of ADP-inhibition of V type 

 ATPase/synthase. 2014 ATPase symposium, , 5.14-15 

3. : The ingenious structure of central rotor apparatus  

in VoV1; torque transmission mechanism in the central rotor 

  of VoV1. 2014  

, , 9.19-20 
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Research projects and annual reports 
 Diversified microorganisms are able to colonize the 
intercellular, and sometimes also intracellular, spaces of 
plant tissues, without causing apparent damage to the 
host plant. Rhizobia and bacterial endophytes have been 
isolated from several tissues in numerous plant species. 
Such many bacterial strains have beneficial effects on 
plant growth and health. Some strains of them are 
studied in terms of the molecular mechanisms of 
establishment inside plants and their functions well.  
We reported the full genome sequences of such bacteria, 
Mesorhizobiumi, Bradyrhizobium, and Azospirillum. The 
genomic information provided valuable insights into the 
life of the bacteria, including information about 
interactions with host plants. We examine the nucleotide 
sequences of the other related endophytic bacterial 
strains genomes and deduce the symbiotic functional 
gene repertoire in their genomes. Comparative genomics 
of naturally occurring plant-associated bacteria have a 
potential for providing information that can be used to 
develop enhanced plant-microbe interaction. 
(1) The cyanobacterium, Microcystis aeruginosa, 
contains a large number of defense genes. Thus, it is a 
good model to study the co-evolution of phage and 
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bacteria. Here, we isolated and characterized two 
phage-resistant M. aeruginosa mutants that came from a 
phage intermediate-sensitive culture. To determine the 
mutation conferring resistance, a protein expression 
pattern analysis was performed comparing 
phage-sensitive and -resistant sub-strains. There were no 
apparent differences in expression patterns in the soluble 
fraction; however, a 90kDa protein in the hydrophobic 
fraction from the phage-sensitive sub-strain was 
observed. Using PCR, the entire sequence encoding the 
protein was determined. ISP90 contained no conserved 
domains and was predicted to be a membrane-associated 
protein. No mutations were detected in the nucleotide 
sequences coding ISP90 and diversification of ISP90 
regions within this species were observed. 
Diversification of ISP90 regions within this species 
suggests a possible genomic island that may be subjected 
to selective pressures from phages. 

(2) To understand closely examined genomes of some 
related bacteria, using comprehensively curated 
reference databases are important. We have developed 
CyanoBase for cyanobacterial genomic research, and 
RhizoBase for Rhizobia/endophytic bacteria. Both 
databases focus on the representation and reusability of 
reference genome annotations, which are continuously 
updated by manual curation. Domain experts have 
extracted names, products and functions of each gene 
reported in the literature. To ensure effectiveness of this 
procedure, we developed the TogoAnnotation system 
offering a web-based user interface and a uniform 
storage of annotations for the curators of the CyanoBase 
and RhizoBase databases. The results of these intensive 
annotations are displayed on the GeneView pages of 
each database. The number of references investigated for 
CyanoBase increased from 2260 in our previous report to 
5285, and for RhizoBase, we perused 1216 references.  

T.Yoshida, R.Kamiji, G.Nakamura, T.Kaneko, Y.Sako: 

Membrane-like protein involved in phage adsorption associated 

with phage-sensitivity in the bloom-forming cyanobacterium 

Microcystis aeruginosa. Harmful Algae. 2014. 34, 69-75 
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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 effect of different 
centromeric sequences on the segregation ratio. We made 
F2 plants with different centromere organization patterns 
to analyse transmission rate of each chromosome. 
 
2) Patterns of Transposable Element Evolution 
 In Arabidopsis thaliana, several transposable element 
families were identified to have active transposability. 
We analysed evolution of VANDAL family transposons. 
We found antisilencing factor in VANDAL family 
transposon and analyse its mechanisms in various 
members of the groups. 

 
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 
detected differences in duplication numbers and 
conservation of gene structure between epigenetically 
regulated and non-epigenetically regulated loci. We are 
determining imprinted gene candidate in different 
Brassicaceae species to compare conservation and 
variation of the inprinted gene repertoire. 
 
4) Evolution of nuclear transferred cytoplasmic genome 
DNAs 
 We analysed patterns of organelle originated DNA 
fragments in several plant species. We found age 
dependent methylation that could be regulated by RNAi 
independent manner. The findings will contribute 
understanding of general mechanisms about genome 
defense against invasive DNA fragments.  

T. Yoshida, HY. Furihata, A. Kawabe: Patterns of genomic 

integration of nuclear chloroplast DNA fragments in plant 

species. DNA Research, 21, 127-140. 

A. Kosugi, J. Tamaru, K. Gotou, HY. Furihata, A. Shimizu, A. 

Kawabe, E. Harada: Metal accumulation by Arabidopsis halleri 

subsp. gemmifera at a limestone mining site. Aust. J. Bot. in 

printing.

Aki Kosugi, Jun Tamaru, Kazumi Goto, Akifumi Shimizu, Akira 

Kawabe, Emiko Harada: Metal accumulation of Arabidopsis 

halleri ssp. gemmifera in a limestone mining site. 8th 

International Conference on Serpentine Ecology, Sabah 

Malaysia, 2014. 6. 9-13. 
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図1 Rorippa aquatica
左：陸上の形態　左：水中の形態

66



Research projects and annual reports 
 We are interested in plant development and 
environmental interactions. Currently, we have been 
focusing on the following four major projects.  
(1) Analysis of Phenotypic Plasticity of Leaf shape of 
Lake cress 
 Plant can alter their development, physiology and life 
history depending on environmental conditions. This 
fundamental property 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. We investigate the 
mechanism of the heterophylly of lake cress. To 
understand global transcriptional alternations associated 
with heterophylly, we have performed transcriptome 
analysis. RNA was extracted from shoot apices from 
plants grown various environmental condition and used for 
mRNA-seq analysis. We identified the genes which 
expression levels are correlated with leaf shape changes 
and are trying to reveal the function of these genes.  
(2) The evolutionary-developmental study on leaf shape 
 Cultivated vegetables show remarkable variation in leaf 
morphology. For example, Mizuna (Brassia rapa var. 
nipponsinica) has deeply lobed leaves, while Mibuna, 
which is developed from Mizuna by breeding in 19th 
century, has entire leaves with smooth margin. We are 
interested in genetic basis of this leaf shape variation.  
 We have developed 83 CAPS markers and performed 
QTL (quantitative trait loci) analysis for leaf shape 
variation.  The results suggested that the leaf shape 
variation is controlled by four QTLs. One of the major 
QTLs was detected on chromosome 10 and synteny 
analysis revealed that homolog of GA20ox3 gene, which is 
involved in gibberellin biosynthesis, is located near this 
QTL. Application of gibberellin to Mizuna made the 
leaves simplified, suggesting that GA20ox3 is responsible 
for leaf shape variation between Mizuna and Mibuna.  
(3) Developmental studies on the mechanisms of 
vegetative propagation of Lake cress 
 R. aquatica can produce plantlets from leaf fragments 
that are striped off their stems without any external 
application of plant hormones. To reveal the mechanism of 
vegetative propagation in R. aquatica, we performed 
developmental and molecular analysis. SEM observation  
suggested that calli form on the surface of section around 
midrib in about 7 days after cutting of the leaves and the 
calli might originate from vasculature tissues.  
(4) Analysis of genome maintenance mechanisms of plants  
Arabidopsis SOG1, which is unique to plants, is a master 
transcriptional regulator of the DNA damage response. We 
showed that SOG1 is activated by AtATM through 
post-translational phosphorylation. Also we found that 
phosphorylation of at least two sites of SOG1 is required 
for its function.   

図2 野菜に観察される葉形の多様性

ミズナ　 ミズナとミブナのF1    ミブナ　　　　 打木源助　エベレスト
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Research projects and annual reports
Genetic structure of apicultural honeybee Apis 
mellifera in Japan
The apicultural honeybee Apis mellifera L. has been 
introduced for about hundred years in Japan. We 
sequenced the non-coding intergenic region between COI 
and COII mitochondrial genes from 12 populations 
collected through Japan. About 50 different haplotypes 
have been reported for the non-coding region of A. 
melliefra. This study detected A. mellifera ligstica type 
in Japan, which we consisted haplotype C1. These results 
suggested that PCR product only was distinguished from 
African haplotype. In addition PCR-RFLP and 
sequencing of the non-coding region increased the 
reliability of diagnostic when found other haplotype 
from Japan.

A preliminary report on the genetic diversity of a highly 
endangered dragonfly, Libellula angelina Selys, 1883, 
in the Okegaya-numa Pond, Shizuoka, Japan
Libellula angelina is one of the most endangered 
dragonfly species in Japan. To conduct some 
conservation genetic study, the genomic DNA extracted 
from exuviae, not from tissues of living individuals, 
seems to be useful because the effect on the fitness of 
individual is as small as possible. In this study, we 
observed the genetic diversity of L. angelina in the 
Okegaya-numa Pond population based on the sequence 
of mitochondrial DNA fragment (829 bps). Eleven 
haplotypes were obtained from 20 samples. Thus, as 
much as 11 maternal lineages in the pond were 
succeeded to the adults of the year 2008. This is rather 
large number in consideration of the sample size.
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. Research projects and annual reports 
We have been focusing our research on the structural biology of 

infectious disease. Especially our target is macromolecular complex 

and we would like to reveal the interaction between the infectious 

factor protein and human protein.  

(1) We have been studying Actin ADP-ribosylating toxin (ADPRT) 

such as iota toxin from C.perfringens which ADP-ribosylates Arg-177 

of α-Actin for many years. In 2013, we revealed high-resolution 

structures of NAD+-Ia-actin and Ia-ADPR-actin obtained by soaking 

apo-Ia-actin crystal with NAD+ under different conditions and 

proposed the strain-alleviation model for the reaction. In this family, 

this complex is only available structure. Now we are trying to study 

another ADP-ribosylating toxin C3 which modifies RhoA. C3 has 

long been used to study the diverse regulatory functions of Rho 

GTPases. However, how C3 recognizes its substrate and 

ADP-ribosylation proceeds is still poorly understood. We are trying to 

reveal the complex structure of C3-RhoA. 

 (2) Influenza pandemics with human-to-human transmission of the 

virus are of great public concern. It is now recognized that a number 

of factors are necessary for human transmission and virulence, 

including several key mutations within the PB2 subunit of 

RNA-dependent RNA polymerase. Though we have been revealed 

structures of PB2 domain (PB2 middle (PLoS One 2013) and 

C-terminal (JBC 2009)), we furthermore would like to reveal the 

function and structure of whole RNA-polymerase complex. Now we 

are trying to study the similar RNA-polymerase complex in sake 

anemia virus.  

(3) The main syndrome caused by infection with Aeromonas is 

gastroenteritis, though in severe cases sepsis may occur. One of the 

toxic factor expressed by Aeromonas is serine proteinase. We have 

identified the novel serine protease from Aeromonas sobria (ASP), 

which lacks a propeptide. Instead, ORF2, a protein encoded just 

downstream of asp, appears essential for proper ASP folding. The 

mechanism by which ORF2 functions remains an open question, as it 

shares no sequence homology with any known intramolecular 

propeptide or other protein. We revealed the crystal structure of the 

ORF2-ASP complex. Furthermore we found that ASP and its 
homologs form a novel family of subtilases having an external 

chaperone. Together with biochemical data, we are trying to publish in 

2015. 
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Research projects and annual reports 
 We have performed the following three major research 
projects relating to the organelle genomes in higher 
plants: 
1: Production of transplastomic plants. 
2: Comprehensive studies on the molecular mechanism 
of the male-sterility/fertility restoration system in radish.   
3: Comparative mitochondrial genome analysis of 
Triticum and Aegilops using alloplasmic lines of 
common wheat. 
 The first project aims at producing various 
transplastomic plants that will be useful for human 
beings.  Currently several transplastomic lines 
(containing genes like apx, ferritin, etc...) have been 
produced using tobacco as a model plant, and 
experiments producing transplastomic crops such as 

tomato, wheat and lettuce have been conducted.  As the 
result on this, transplastomic lettuce containing ferritin 
and gsh1 gene have been successfully produced.  
 The second project tries to reveal interaction between 
mitochondrial and nuclear genomes using a 
male-sterility and fertility restoration system found in 
radish.  Genetic variations in both mitochondrial orf138 
and nuclear Rf genes have been examined to reveal 
evolutionary aspect of the system.   
 The third project concerns the mitochondrial genome of 
Triticum and Aegilops species.  It is known that the 
mitochondrial genome of some species in the genera 
influences on the phenotype of alloplasmic lines of 
common wheat.  In order to reveal a mitochondrial 
gene(s) responsible for the phenotypic difference 
between alloplasmic and euplasmic lines of common 
wheat, their complete mitochondrial genome sequences 
have been determined using the next-generation 
sequencer. 
 Inspired by the interesting results obtained from the 
second and the third projects, we have planned to do the 
fourth project named “Comprehensive studies on the 
plant mitochondrial genome using the next-generation 
sequencer”.  In this project, mitochondrial genomes of 
several crops such as barley, rye and onion have been 
analyzed.   
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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: Development of method for re-establishing strains 
in the Japanese Black cattle population, using DNA 
information

In the Japanese Black population, intensive use of 
popular sires for reproduction has led to a drastic 
decline of genetic diversity within the breed.  It has 
been proven that re-establishment of genetically 
divergent strains is effective for recovering and 
maintaining the genetic diversity in the Japanese Black 
cattle.  We developed a method for establishing
strains in the breed, using SNP information. In the 
method, animals representative of a strain are first 
selected as a ‘core’ group of the strain.  Assignment 
of a candidate animal to the group is judged by a 
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discriminant function with SNP markers.  The 
effectiveness was verified with actual SNP data of the 
Japanese Black cattle. 
2: Studies on population structure in Japanese Brown 
cattle using a whole genome SNP panel. 
  Population structure of Japanese Brown cattle was 
studied using SNP information.  In the study, 144 
cows were genotyped using the Illumina 
BovineSNP50 beadchip.  We estimated haplotypes of 
the cows taking the half-sib family structure into 
account.  The extent of linkage disequilibrium was 
estimated over whole genome.  We will extend the 
study to estimating the effective population size and 
genetic diversity. 
3: Application of statistical genetics to honeybee and 
bumblebee breeding 
  Efficiency of selective breeding in a partially 
isolated bee yard was theoretically evaluated, in terms 
of the inbreeding coefficient and genetic gain by 
selection.  Numerical computation showed that even 
in a bee yard with the isolation coefficient of 80%, a 
remarkable genetic gain will be obtained by an 
appropriate selection program.  Theoretical 
background of prediction equation of genetic gain in a 
bee population was also given by extending the 
theories shown in the present study. 
4: Studies on long-term management of guide dog 
breeding colonies 
  Long-term maintenance of guide dog breeding 
colonies is required for stable production of dogs with 
high guide performance.  We estimated an optimum 
breeding structure to maintain a guide dog colony 
using population genetic theories. 
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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. 
The redox state of higher plant chloroplasts fluctuates 
widely under light and dark conditions. In the light, 
reducing equivalents are produced from photosystem and 
used to produce the reductant NADPH. NADPH is 
further used for the reduction of CO2 in the chloroplast 
stroma. A portion of the reducing equivalents is also 
utilized for reduction of stroma thioredoxins. 
Thioredoxins transfer reducing equivalents for regulation 
of thiol-enzymes, scavenging for reactive oxygen species, 
or reducing equivalents transfer system across thylakoid 
membranes. How stromal thioredoxins recognize various 
target proteins in stroma, without being confused?  
  Arabidopsis thaliana have five groups of stromal 
thioredoxins. We have focused m-type thioredoxin, a 
member of stromal thioredoxin family proteins. T-DNA 
insertion lines of m-type thioredoxin in A. thaliana were 
screened. The trxm124 mutant showed the growth defect 
and the decreased chlorophyll content, compared with 
the wild type. Deficiency of Trx m impaired plant growth 
through decrease in the CO2 assimilation rate. 
 
2: Physiological role and molecular mechanism of 
reducing equivalent transfer system on thylakoid 
membranes in chloroplasts. 
In contrast to redox state control in stroma side, 
knowledge pertaining to redox regulation on the lumenal 
side of the thylakoid membrane remains very limited. We 
previously demonstrated that a thioredoxin-like protein 
is located in the thylakoid lumen and can function as a 
reducing equivalent carrier to protein targets located in 
the lumen. In order to function as a carrier of reducing 
equivalents in the thylakoid lumen, a thioredoxin-like 
protein in thylakoid lumen side in turn must receive 
reducing equivalents. These results suggest that higher 
plant chloroplasts possess a reducing equivalent transfer 
system which operates across the thylakoid membrane 
from the stroma to the lumenal side. We analyze the 
physiological role and molecular mechanism of the 

85



 
 

reducing equivalent transfer system across the 
membrane.  
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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.  
For the establishments of new male sterile materials, we are 
utilizing organelle genome engineering methods such as cell 
fusion, and cytoplasm substitution. 
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, ‘Kurodaikon’, has a fertility restoring gene different 
from both of orf687 and Rft.  We, thus, determined the DNA 
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sequence of this new gene.  From the results we estimated the 
genetic processes in which the fertility restoring gene of 
‘Kurodaikon’ was produced.  
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).  
It was found by the molecular analyses of their mitochondrial 
genomes that the male sterile hybrids contain the various novel 
genome structures of mitochondria.  Progenies of the somatic 
hybrids were obtained by successive back-crosses with B. 
oleracea.  So far, the pollen fertility was investigated in the BC5 
progenies.  The BC5 progenies were segregated into completely 
male sterile plants and partially fertile plants.  However, all the 
BC5 progeny plants had the identical structure of mitochondrial 
genome.  Further back-crosses and observation of pollen fertility 
are now undertaken. 
 In order to compare the mitochondrial genome of the somatic 
hybrids, we determined whole sequences of mitochondrial 
genomes of Brassica oleracea (cabbage) and Brassica nigra 
(black mustard). Both the findings that the mitochondrial genome 
of B. oleracea possesses 219,952bp and that the genome of B. 
nigra is assembled into a 232,145bp circular sequence are the 
first reports in the world. 
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. 

H. Yamagishi, S. R. Bhat: Cytoplasmic male sterility in Brassicaceae 

crops. Breeding Science 64, 38-47 

25 , 109-127  

Y.Tanaka, M. Tsuda, K. Yasumoto, T. Terachi, H. Yamagishi: The 

complete mitochondrial genome sequence of Brassica oleracea and 

analysis of coexisting mitotypes. Current Genetics 60, 277-284 

H. Yamagishi, Y. Tanaka T. Terachi: Complete mitochondrial genome 

sequence of black mustard (Brassica nigra; BB) and comparison with 

Brassica oleracea (CC) and Brassica carinata (BBCC). Genome 57, 1–

6 (2014) dx.doi.org/10.1139/gen-2014-0165 
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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. 

     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.  Then, we investigated whether there is a 
growth hormone signal system in the brain, and this signal 
system is deeply related to the development of 
neuropsychiatric disorders. Finally, 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.  It 
was reported in Experimental Brain Research for 
evaluating the presence of brain growth hormone signal 
system in emotional behaviors.   
     Second, we previously demonstrated that the 
sialyltransferase ST3Gal IV was upregulated within the 
neural circuits during epilepstogenesis, in contrast, 
recently that kindling stimulation failed to evoke epileptic 
seizures in ST3Gal IV-deficient mice.  Approximately 
80% of these mice failed to show tonic-clonic seizures 
with stimulation, whereas all littermate wild-type mice 
showed tonic-clonic seizures. This indicates that the loss 
of ST3Gal IV does not cause epilepsy in mice. It was 
reported in Journal of Neurochemistry.  

2: Clarification of the neural network function based on 
emotions that sialylation controls. 

     Epilepsy patients are at a greater risk for developing 
anxiety, depression, psychosis, and learning disorders.  
The sialyltransferase ST3Gal IV gene-deficient mice 
showed emotional symptoms including an anxiety disorder, 
an environmental adjustment disorder, sleep disturbance, 
and hormonal homeostatic disorder.  Furthermore, 
growth hormone and Igf1 mRNAs were down-regulated in 
the brain of the deficient mice, in contrast with 
tremendous up-regulation of growth hormone following 
epileptic seizures.  These data indicate that ST3Gal IV 
modulates side effect of epilepsy and is associated with 
growth hormone signaling. These were included in the 
above Journal of Neurochemistry.  Present our approach 
is to find the acceptor substrate that receives sialylation by 
ST3Gal IV and investigate molecular mechanisms in 
development of emotional side effect of epilepsy via 
ST3Gal IV and the acceptor substrate.    

3: Effect of food intake on stress-sensitive model mice. 

     It has long been known that dietary fatty acids 
improve some limbic and cortical functions in humans. 
However, the mechanisms underlying their influence on 
brain function and metabolism remain unknown. Presently, 
mice were fed pellets made from control feed AIN93G 
powder containing 18% fish oil, soybean oil, or a mixture 
of 1-palmitoyl-2-oleoyl-3-palmitoyl glycerol (POP) and 
1-stearoyl-2-oleoyl-3-stearoyl glycerol (SOS), plus 2% 
soybean oil from 4 weeks old.  After reaching adulthood, 
they were subjected to fear conditioning test to measure 
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cognitive anxiety. Contextual fear memory decreased in 
wild-type mice fed the POP-SOS diet but increased in 
ST3Gal IV-deficient mice fed the fish oil diet. These 
findings indicate that response to contextual fear was 
different between wild-type and the deficient mice.  The 
fear memory was improved in WT mice that consumed 
POP-SOS but was aggravated in the deficient mice that 
consumed fish oils. Oil-rich diets differentially modulate 
anxiety and depression in normal and anxious mice.  We 
applied for a patent in August, 2013 and reported in the 
PLOS ONE in March, 2015.  Next, we aim to investigate 
lipid metabolic mechanisms that were generated from food 
and correlation of the metabolism with emotional 
behaviors. 

4: Clarification of inhibitory mechanism of epileptic 
seizures with botulinum neurotoxin. 

     We investigated the delivery of botulinum 
neurotoxins directly into the seizure focus of the brain to 
prevent epileptic seizures using a model of temporal lobe 
epilepsy.  As a result, administration of the neurotoxin 
into the hippocampus make seizures disappear in 50% of 
mice with kindled seizures.  We aim to investigate the 
mechanisms about how the neurotoxin abolishes the 
abnormal neural plasticity of epilepsy. 

 

1. Srimontri P, Endo S, Sakamoto T, Nakayama Y, Kurosaka A, 

Itohara S, Hirabayashi Y, Kato K. (2014) Sialyltransferase 

ST3Gal IV deletion protects against temporal lobe epilepsy.  

J Neurochem. 131: 675-687. 

2. Srimontri P., Hirota H., Kanno H., Okada T., Hirabayashi Y. 

and Kato K. (2014) Infusion of growth hormone into the 

hippocampus induces molecular and behavioral responses in 

mice. Exp Brain Res. 232:2957-2966.  
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4. Paitoon Srimontri, Yoshiaki Nakayama, Akira Kurosaka, 

Shogo Endo, Toshiro Sakamoto, Shigeyoshi Itohara, Yoshio 

Hirabayashi, and Keiko Kato (2014) Sialyltransferase ST3Gal 

IV is involved in temporal lobe epilepsy and its associated 

disorders. International Symposium on Glyco-Neuroscience 

January 9-11 in Awaji Yumebutai International Conference 

Center. (poster) 
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Research projects and annual reports 
Background and purpose of research: 

The physiological reaction to stressors involves activation 
of the hypothalamic pituitary adrenal (HPA) axis and the 
sympathetic nervous system. Intense or chronic activation 
of both systems may increase a risk for anxiety and stress 
disorders. We are examining neurobiological signs which 
reflect influence by acute and chronic stress in the brain, 
and how neurons are damaged by stress and are regenerated. 
 
Research topics: 
1) Development of detection methods of neuronal signals 
related to degeneration of neurons by stressors in the brain. 
2) Neuromodulators to dysregulate neural communication 
by exposure to stressors, and to promote regeneration of the 
damaged neurons in the brain. 

 

Annual reports: 
1) Study on regulatory mechanisms by bed nucleus of stria 
terminals of the HPA axis 

The purpose of this study is to examine how bed nucleus 
of stria terminals (BNST) regulates activity of the HPA axis 
to secrete corticosteroids. In the anesthetized rats, we are 
examining spatial differences within the BNST to stimulate 
or inhibit corticosteroid secretion. 

 

2) Investigation of influence of stress hormones on 
primary cultured neuronal and glial cells   

We have used the primary culture of neuronal and glial 
cells from the fetal brain of mouse in order to investigate 
influence of such stress hormones as glucocorticoids and 
mechanisms of neuronal degeneration by stress hormones at 
the cellular level. It is well-known that glial cells have an 
important role for supporting activity of neuronal cells. To 
understand how stress induces neurological disorders such 
as depression, we are examining influence of corticosterone 
on cultured astrocytes as well as neuronal cells.  

3) Direct cortical hemodynamics measurement using a 
functional Near-infrared Cortical Imaging (fNCI) 
technique 

Using miniature pigs, we validated the fNCI system in a 
direct cortical measurement. By comparing functional 
mapping with somatosensory-evoked potential (SEP) 
measurements in the brain cortex, our study shows the fNCI 
system realized a direct cortical hemodynamic measurement 

with a spatial resolution compared to that of SEP mapping 
on the rostral region of the pig brain. (Joint research with 
Jichi Medical University and Chuo University).  

Minako Uga, Toshiyuki Saito, Toshifumi Sano, Hidenori Yokota, 

Keiji Oguro, Edmi Edison Rizki, Tsutomu Mizutani, Takusige 

Katura, Ippeita Dan, EijuWatanabe. (2014) Direct cortical 

hemodynamics mapping of somatotopy of pig nostril sensation by 

functional Near-infrared Cortical Imaging (fNCI). Neuroimage 91: 

138-145 

 13: 169-180 
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Research projects and annual reports 
 The microorganism exists in all places, and might 
threaten human and animal health. Zoonotic and food 
poisoning microorganism which can infect both animals 
and humans cause concern for public health.  
 Arthropods can transmit zoonotic pathogens such as 
spotted fever group rickettsiae. Rickettsia japonica, the 
etiological agent of Japanese spotted fever is also 
associated with arthropod vector, mainly ticks (Fig. 3). 
Therefore, the prevalence of ticks in Kyoto was 
investigated. Ticks were collected weekly by flagging 
method and rickettsial DNA was detected by PCR. The 
rate of rickettsial infection depended on tick species. 
 The drug resistant bacterium in food processing can 
spread the drug resistance to commensal microflora in 
human. Therefore, susceptibility to antimicrobials in 
Escherichia coli isolated from slaughterhouse was 
investigated. E. coli isolated from the swab samples 
obtained from the barn tied pigs and cattle for slaughter 
were resistant to ampicillin, gentamicin, streptomycin, 
chloramphenicol and tetracycline and showed multidrug 
resistance. 

Fig. 3 Tick on the plant.

102



PP.19-20.

 2014  

Someya, A., Fukushima, R., Yoshida, M., Tanahashi, Y.,  

Prapeuk, T., Iizuka, R., Hirami, H., Matsuda, A., Takahashi, S.,  

Kurita, G., Kimura, T., Seo, M., Funaba, M., Nishino Y.: A 

study on Borna disease virus infection in domestic cats in Japan.  

J. Vet. Med. Sci. 76:1157-60 (2014)  

 9:95-107 (2014) 

Fernández, I. V., Okamoto, N., Ito, A., Fukuda, M., Someya, A., 

Nishino, Y., Sasaki, N., Maeda, A.: Development of a novel 

protocol for generating flavivirus reporter particles.  J. Virol. 

Methods. 208:96-101 (2014) 

Someya, A., Ito, R., Maeda, A., Ikenaga, M.: Detection of 

rickettsial DNA in ticks and wild boars in Kyoto City, Japan.   

J Vet Med Sci. in press 

Someya, A., Ikenaga, M., Ohnishi, O. Konno, M., Fernandez, I. 

V., Nishino, Y., Maeda, A.: Detection of spotted fever group 

rickettsiae in Kyoto city, Japan. The 12th Japan-Korea 

International Symposium on Microbiology (XII -JKISM). 

Tokyo, Japan. 2014.3.25 

Someya, A., Kozono, S., Ito, A., Okamoto, N., Ikenaga, M., 

Maeda, A.: Tick prevalence and detection of spotted fever 

group rickettsiae in Kyoto city, Japan. International Union of 

Microbiological Societies Congress 2014 (XIVth International 

Congress of Bacteriology and Applied Microbiology) . Montreal, 

Canada. 2014.7.27-8.1 
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Research projects and annual reports 
Currently, outbreaks of highly pathogenic avian 

influenza and other emerging and re-emerging diseases 
have caused serious economical and social disturbances 
worldwide. To control these infections is the most 
important. Our research is focused on:  
1: The evolution and spread mechanism of pathogens 
such as avian influenza virus in nature.  

2: Studies on the host range determinant in pathogens, 
mechanisms of pathogenesis and immune response of the 
hosts through in vivo and in vitro analyses of the 
host-parasite interactions.  
3: Development of strategies for the prevention and 
control of the infections. 
 Due to concerns that wild birds could possibly spread 
H5N1 viruses, surveillance was conducted to monitor the 
types of avian influenza viruses circulating among the 
wild birds migrating to or inhabiting in Vietnam. An The 
H5N6 virus was isolated in 2014 from a Spot-billed 
Duck that is resident in the southern part of its range 
from Pakistan and India to southern Japan.  
Phylogenetic analyses revealed that HA genes of almost 
the H5 virus was classified into clade 2.3.4.6. This 
isolate had a close phylogenetic relationship to H5N6 
viruses isolated in South China in 2014. These findings 
suggest that these H5N6 viruses are circulating and are 
being maintained in the East, South East and South Asia 
regions including Vietnam and China. In November 2014, 
a highly pathogenic H5N8 virus was isolated from tundra 
swan in Japan. The HA genes were more closely related 
to H5N8 viruses in Europe and Asia. These H5N6 and 
H5N8 virus showed high pathogenicity to chickens while 
moderate pathogenicity to domestic ducks. Taken 
together, these results also support that wild ducks such 
are playing a significant role in the spread and 
maintenance of avian influenza in the Asia regions 
including Vietnam.  

1. Kocsis, K., Knapp, L., Gellért, L., Oláh, G., Kis, Z., Takakuwa, 

H., Iwamori, N., Ono, E., Toldi, J., Farkas, T.

Acetyl-l-carnitine normalizes the impaired long-term 

potentiation and spine density in a rat model of global ischemia 

(2014) Neuroscience, 269, 265-272. 
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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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Mediated With DNA Damage In Alveolar Macrophage (AM). 
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Figure 1. Regulation of gut motility by cholinergic nerves  

Figure 2. Hamburg II 
smoking machine 
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Research projects and annual reports 
It is well known that the motility of gastrointestinal tract 

is regulated by acetylcholine (ACh) released from 
cholinergic nerves, which act on the muscarinic receptors. 
The receptors have been classified into five subtypes 
including M1, M2, M3, M4 and M5. In gastrointestinal 
smooth muscles, two subtypes of muscarinic receptor, M2 
and M3, are found with no measurable quantities of other 
subtypes. As shown in Figure 1, stimulation of M2 and M3 
receptors by ACh increases in the intracellular 
concentration of Ca2+ [Ca2+]i, resulting in the smooth 
muscle contractions. The increase in [Ca2+]i results from 
Ca2+ release from internal stores and Ca2+ entry into the cell 
through L-type voltage-gated Ca2+ channels achieved by 
depolarization due to activation of non-selective cationic 
channels. Recently, it has been suggested that interstitial 
cells of Cajal (ICC), which exist in the myenteric and deep 
muscular plexus and express muscarinic receptors, are 
involved in the regulation of gut motility. However, roles of 
M2 and M3 receptors and ICC in regulating the gut motility 
by ACh remain to be elucidated in detail. Therefore, we are 
addressing the above issue using the M2 or M3 muscarinic 
receptor knockout (KO) mice and ICC deficient mice.  
(1) Mechanisms of gastrointestinal motility. 

Our previous studies suggested that muscarinic receptors 
can inhibit the activity of ATP sensitive K+ (KATP) channels, 
which can contribute to the membrane depolarization. KATP 
channels are composed of Kir6 and SUR subunits. Although 
two Kir6 genes (Kir6.1 and Kir6.2) and two SUR genes 
(SUR1 and SUR2) have been identified, little is known 
about the molecular identity of subunits which can be 
responsible for KATP channels in intestinal smooth muscle 
cells. Thus, we tried to identify the Kir6 and the SUR 
isoforms expressed in mouse small intestinal smooth 
muscle cells by RT-PCR and immunofluorescent staining. 
In addition, we investigated effects of the non-selective 
cationic channel blocker SKF96365 (SKF) on the current 
through KATP channels, voltage-gated K+ channels (KV), 
and Ca2+-activated K+ channels in mouse small intestinal 

smooth muscles. Our results indicate that SKF can inhibit 
the KATP channels as well as the KV channels. 
(2) Effects of cigarette smoke exposure on contractility of 
bronchial smooth muscles 

The World Health Organization (WHO) reported that 22 % 
of the world's population aged over 15 are smokers, and 
nearly 6 million people die from exposure to cigarette 
smoke each year. It is well known that cigarette smoke is 
an important factor for chronic obstructive pulmonary 
disease (COPD) and asthma. It has been suggested that 
cigarette smoke exposure can cause airway hyperreactivity, 
which is involved in airway narrowing in patients with the 
diseases. However, little is known about underlying 
mechanisms of the hyperreactivity induced by cigarette 
smoke. Therefore, we are addressing the above issue using 
the mice which are exposed to cigarette smoke. Our studies 
may provide useful information to elucidate the 
pathophysiological conditions of COPD and asthma 
induced by cigarette smoking, leading to development of a 
novel effective medicine for the diseases. In this study, we 
collaborated with Laboratory of Immunopathology in 
Kyoto Sangyo University. 

In this year, we tried to record changes of mechanical 
activity in response to electrical field stimulation (EFS) of 
mouse bronchial ring preparations. We successfully 
recorded EFS-induced cholinergic contractions. Now, we 
investigate effects of cigarette smoke exposure on the EFS-
induced cholinergic contractions. 

A. Someya, R. Fukushima, M. Yoshida, Y. Tanahashi, T. Prapeuk, 

R. Iizuka, H. Hirami, A. Matsuda, S. Takahashi, G. Kurita, T. 

Kimura, M. Seo, M. Funaba, Y. Nishino: A study on Borna 

disease virus infection in domestic cats in Japan. J. Vet. Med. 

Sci. 76(8), 1157-60 

M. Takeuchi, A. Kawazoe, A.Takiguti, Y. Hirono, K. Sasaki, Y. 

Tanahashi, M. Sakura: The Mechanism of Lipopolysaccharide 

(LPS)-Induced Lung Inflammation and Effect of Honey. 

GulfThoracic Congress 2014, Dubai, 13-15 March 2014. 
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Research projects and annual reports 
  Recently, number of patients tends to increase suffering 
from such neuronal dysfunction as major depression, and 
post-traumatic stress syndrome (PTSD). Severe or 
repeated-stress possibly causes the brain malfunction 
possibly due neuronal degeneration and atrophy in the 
prefrontal cortex and hippocampus caused by prolonged 
secretion of glucocorticoid. However, factors remain to be 
unevaluated yet to cause the neuronal dysfunction under 
stressful condition. One possibility may be viral infection 
in the brain, which is inapparent infection and does not 
cause any disease in individuals yet. The purpose of this 
study is to examine and to evaluate whether viral infection 
may cause apparent damage in zinc-containing neurons in 
the brain of the animals that are exposed to stress 
hormone. 
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Borna disease virus (BDV) is a neurotropic virus that 
infects persistently ; BDV infection induces behavioral 
abnormality and movement disorders. Inapparent infection 
has been reported in many species of animals, but precise 
mechanism underlying onset of neurological disorders is
not known yet. BDV infection may modulate 
stress-induced encephalopathy. Thus, the present study 
examined effects of corticosterone or kainic acid in mouse 
primary cerebral cortex neurons infected with BDV. 
Treatment with corticosterone increased invasion of BDV 
into neurons, and kainic acid increased the ratio of 
neuronal damage in infected with BDV. These results 
suggest that corticosterone upregulates transmission 
efficiency of BDV in neurons and that kainic acid 
exposure enhances neuronal excitotoxicity induced by 
BDV infection. High amount of corticosterone during 
stress may widespread BDV replication in the brain, and 
enhance signal transduction mediated by kainic acid 
receptor and AMPA receptor. 

Someya, A., Fukushima, R, Yoshida, M., Tanahashi,Y., Prapeuk, 

T., Iizuka, R., Hirami, H., Matsuda, A., Takahashi, S., Kurita, 

G., Kimura, T., Seo, M., Funaba, M. and Nishino, Y. A study 

on Borna disease virus infection in domestic cats in Japan. J. 

Vet. Med. Sci. 76:1157-1160, 2014. 

Fernández, VI., Okamoto N., Ito A., Fukuda M., Someya A., 

Nishino Y., Sasaki N., and Maeda A. Development of a 

novel protocol for generating flavivirus reporter particles. J. 

Virol. Methods. 208: 96–101, 2014. 

Murakami M., Ohi M., Ishikawa S., Shirai M., Horiguchi H., 

Nishino Y. and Funaba M. Adaptive expression of uncoupling 

protein 1 in the carp liver and kidney in response to changes in 

ambient temperature. Comp. Biochem. Physiol. A. in press. 
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Research projects and annual reports 
Research projects 

Many micro-organisms exist surrounding of natural 
environment. Some of them infect to plants, and some do 
to animals including human. They cause unique diseases 
to their host, but the others do not. Some live in animal 
intestine and help food-digestion of host animals. Or 
some have a role for host evolution. Microbes interact 
with their host and establish micro- and macro-cosmos in 
nature. 
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We are now studying on pathology, ecology, and 
other basic researches of zoonses. Especially, we focus 
on 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. In Japan, it is 
also urgent to establish a detection and prevention 
system for these diseases.  

Now, we are doing research on; 
(1) Epidemiological study on mosquito- and tick-borne 
diseases in Kyoto city, and development of new 
diagnostic and vaccine protocols for these vector-borne 
diseases 
(2) Molecular biology of mosquito- and tick-borne 
pathogens 
 
Annual reports 
(1) Epidemiological study on mosquito- and tick-borne 
diseases in Kyoto city, and development of new 
diagnostic and vaccine protocols for these vector-borne 
diseases 

We collected 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 the arthropods. As the results 
showed no evidence 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 collected many 
species of ticks, and examined pathogens within ticks. 
We detected several viruses by reverse 
transcription-polymerase reaction. We also isolated 
THOV from a tick captured in the studying area. It is a 
first case of THOV isolation in Japan. We also made 
anti-THOV antibodies for serological diagnostic tool for 
THOV. 

   
(2) Molecular biology of mosquito- and tick-borne 

pathogens 
   We newly isolated THOV in Japan, 2013. In this year, 
we characterized the mechanism of THOV infection to 
Vero E6 cells. In early infection of THOV, the viral 
polymerase proteins were produced in the cells. In the 
late of THOV infection, viral structural proteins were 
produced. These results clearly showed the process of 
THOV replication in cultured cells. 

I. Velado Fernández, N. Okamoto, A. Ito, M. Fukuda, A. Someya, 

Y. Nishino, N. Sasaki, A. Maeda: Development of a novel 

protocol for generating flavivirus reporter particles. J. Virol. 

Methods 208, 96-101 

Y. Makino, T. Suzuki, R. Hasebe, T. Kimura, A. Maeda, H. 

Takahashi, H. Sawa: Establishment of tracking system for West 

Nile virus entry and evidence of microtubule involvement in 

particle transport. J. Virol. Methods 195, 250-257 

9, 95-107
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 Diabetes mellitus is considered one of the main threats to 
human health in both developed and developing world. 
Common diseases such as type 2 diabetes mellitus result 
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from complex interplay among multiple genes, signaling 
pathways and environmental factors. There are genetic 
analyses in human on genes extrapolated from the 
functional studies in vitro or in rodents in order to confirm 
the significance in the development of human diseases. Yet 
causative polymorphisms were still largely elusive. An 
alternative to the gene knockout model is the use of 
spontaneous animal models. The OLETF rat is such a 
model of obesity-based type 2 diabetes. Subsequently 
produced congenic strains showed that most of the loci 
examined were shown to contribute to the increased glucose 
levels in 30 week-old males. Interestingly, the phenotypic 
features observed in single congenic strain, low fat weight 
and low leptin levels for Nidd1/of and high fat weight for 
Nidd2/of, were masked in the double congenic, yet 
hyperglycemia were further aggravated than either single 
congenic strain. In order to investigate an affect of obesity 
to these loci, we have also generated a congenic strain 
introgressed obesity gene (lpr deficiency). We have 
produced a double congenic line with a hyperglycemic gene 
(Nidd2, Nidd4, and Nidd6) under obesity condition by 
crossing both strains, so that it would be possible to define a 
gene specifically affecting hyperglycemia under obesity 
condition.  

1. Use of Drosophila as an evaluation method reveals Imp 
as a candidate gene for type 2 diabetes in rat locus 
Niddm22. Kawasaki, K., Yamada, S. Ogata, K., Saito, 
Y., Takahama, A., Yamada, T., Matsumoto, K. and Kose, 
H. J. Diabetes Res. Ivol. 2015, Article ID 758564, 8 
pages, 2015. 

2.  90-Day Oral Toxicities and Modifications on 
Azoxymethane-induced Carcinogenesis of 
2-Tetradecylcyclobutanone as a Radiolytic Product of 
Stearic Acid in F344 Rats. Sato, M., Takahashi, T., 
Hafez, E., Takasu, C., Uehara H., Yamakage, K., Kondo 
T., Matsumoto, K., Furuta, M., and Izumi, K. J. Toxicol. 
Pathol. 28 (2)  In press. 

 

 

 

120



S. Taksinoros

Prof. Hideo Murata, D.V.M., Ph.D.

121



Research projects and annual reports
As well as humans, all human-associated animals, including 

livestock, companion and experimental animals, have the 
same right to acquire safe aliment to maintain their healthy 
conditions, thereby contributing to humans. As researchers in 
veterinary medical science, we have been interested in 
detecting and reducing feed contaminants that could harm 
animal health. Our present research purpose is to (1) elucidate 
the adverse effects of melamine, a toxic chemical that could 
cause kidney stones and kidney failure when ingested, through 
in vivo and in vitro studies, and (2) establish a rapid, easy and 
cheap melamine screening method.  

The results obtained this year are summarized as follows: 
1: On the effects of melamine, cyanuric acid and 

melamine-cyanurate on expression of nephrin and podocin by 
mouse podocytes: 

Treatments with melamine or cyanuric acid alone did not 
induce any significant difference on the levels of nephrin and 
podcin expression between the treatment and control groups. 
In contrast, melamine-cyanurate (needle type) 
supplementation significantly reduced the level of both filter 
proteins. However, no morphologic abnormalities of 
podocytes were evident after any of the treatments. 
2: Development of a melamine screening method 
 No substantial experiments on this theme have been carried 
out this year.

S. Taksinoros (2014) An In Vitro Study on the Mechanism 

of Formation of Rounded Melamine Cyanurate Crystals with 

Special Reference to Melamine-Triggered Urolithiasis in the 

Kidney

The Veterinary Journal Editorial Advisory 

2015 3

S. Taksinoros 2014 9
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