




 

 
 













 
 

 
 
 
 
 
 

 

 
 
 

細胞外マトリックス 

（板野：癌微小環境形成の分子機構と癌幹細胞制御） 

核 

成長因子など 

P
 

P
 

（瀬尾：癌細胞と神経細胞におけるシグナル伝達） 

（八杉：器官形成におけるシグナル伝達と細胞間相互作用） 

ムチン 

（中田：腫瘍細胞の悪性化と免疫能の低下） 

各種
受容
体／
接着
分子

 

シグナル伝達 

細胞膜 （佐藤：卵細胞と癌細胞におけるシグナル伝達） 

ゴルジ体 

（中村：ゴルジ体の形成と機能） 

（横山：空胞系プロトンポンプの分子機構） 

ミトコンドリア 

（吉田：エネルギー産生、タンパク質の折れたたみ） 

小胞体 

（嶋本：翻訳過程における分子機械のナノバイオロジー） 

（伊藤：リボソーム上での合成途上ペプチドのはたらき） 

（永田：タンパク質の品質管理機構とオルガネラ恒常性） 

神経シナプス 

（浜：シナプス形成と細胞外マトリックス） 

糖鎖 

（黒坂、福井： 

　　神経細胞の糖鎖の合成と機能） 



科目名 配当学年 担当教員 

フレッシャーズセミナー 1 伊藤、吉田、黒坂、福井、永田、瀬尾、佐藤、八杉、中田、 
嶋本、中村、浜、板野、横山 

生物学通論Ａ、Ｂ 1 八杉、嶋本 

化学通論Ａ、Ｂ 1 横山 

生命システム概論 1 吉田、永田 

物質生物化学 1 黒坂、浜 

分子生物学 2 伊藤、瀬尾 

遺伝子工学 2 伊藤、嶋本 

代謝生物化学 2 吉田、中田 

細胞生物学 2 福井、永田 

発生生物学 2 佐藤、八杉 

システム生物学 3 中村、板野 

バイオ解析科学 3 中村、板野 

タンパク質制御システム 3 吉田、永田 

糖鎖生物学 3 福井、中田 

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 

構造生物学 3 横山 

腫瘍生物学 3 佐藤 

再生システム学 3 八杉 

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 瀬尾、板野、横山、黒坂、中村 

生命システム英語購読Ⅰ、Ⅱ、Ⅲ 2, 3 黒坂、嶋本、吉田、中田、伊藤、永田 

生物学実験 1 福井、佐藤、中村、浜 

生命システム実習Ⅰ、Ⅱ 2, 3 伊藤、吉田、黒坂、福井、永田、瀬尾、佐藤、八杉、中田、 
嶋本、中村、浜、板野、横山 

基礎特別研究 3 伊藤、吉田、黒坂、福井、永田、瀬尾、佐藤、八杉、中田、 
嶋本、中村、浜、板野、横山 

応用特別研究 4 伊藤、吉田、黒坂、福井、永田、瀬尾、佐藤、八杉、中田、 
嶋本、中村、浜、板野、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 
(Figure 2). Hoechst 33342 dye exclusion assay was then 
performed to sort side population (SP) from non-side 
population (non-SP) cells. The SP fraction of 
Has2-overexpressing cancer cells contained more 
CD44high/CD24low CSC-like cells than that of control 
cells. We found that this subpopulation exhibited several 
characteristics that were similar to CSCs, including 
cancer-initiating and mammosphere-forming abilities. 
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Research projects and annual reports 
    We intend to develop a new area of research, which 
might be called “nascent chain biology” by addressing a 
concept that translation elongation speed is fine-tuned by 
intra-ribosomal part of amino acid sequences of the translation 
product as well as by dynamic behaviors of the 
extra-ribosomal part of the same nascent chain.  We found 
that some of cellular factors that facilitate secretory protein 
export and membrane protein insertion are controlled by 
regulatory nascent polypeptides that function in accordance 
with this principle. We are studying molecular mechanisms 
and physiological outcomes of the regulation.  Also, we have 
developed experimental methods that enable us to study 
cellular polypeptidyl-tRNAs, obligatory but poorly studied 
intermediates in translation, which we proposed to call 
collectively "a nascentome". We are combining these 
approaches to uncover still unknown principles and details 
that accompany the processes of genetic information 
transformation into biological outputs.  
 

This year’s accomplishments: 
    1. Analysis of the membrane protein insertase YidC using 
MifM. YidC is an evolutionarily conserved membrane protein 
that facilitates insertion of a class of cellular proteins into the 
membrane. B. subtilis MifM up-regulates translation of the 
cis-located target gene that encodes a YidC homolog (YidC2) 
by undergoing translational elongation arrest. This system 
operates when the activity of the main YidC homolog is 
lowered. We used this MifM-mediated YidC monitoring 
mechanism as a research tool. A lacZ translational fusion, 
mifM-yidC2'-lacZ, can report the cellular activity of the YidC 
pathway, which otherwise is difficult to assess directly. In 
collaboration with the Nureki (University of Tokyo) and the 
Tsukazaki (Nara Institute of Science and Technology) 
laboratories, we carried out functional dissection of YidC that 
was based on its newly solved crystal structure. Our results 
suggest that YidC mediates membrane protein insertion by 
providing a hydrophilic platform within the membrane interior, 
instead of forming a polypeptide-conducting channel.  
     2. Arrest release mechanisms of SecM. E. coli SecM is a 
secretory protein encoded by an upstream open reading frame 
of secA. It controls the expression of SecA, the export-driving 
ATPase, by undergoing translational elongation arrest, which 
is in turn subject to export-coupled release. We found that a 
sequence of 10 amino acids, which resides just upstream of the 
polypeptide region embraced by the exit port of the ribosome, 
participates in the event of arrest release. Thus, not only the 
signal peptide and the arrest motif but also the segment 
flanked by them is important for the regulatory function of 
SecM. 
     3. Profiling translational elongation of E. coli proteins. 
We examined the generality of the occurrence of translational 
pausing by detecting nascent chain intermediates in the 
biosynthesis of E. coli proteins, using methods based on the 
presence of a covalently attached tRNA at the end of each 
nascent chain. Combined approaches by in vivo pulse-chase 
labeling and cell-free translation revealed that a majority of 
the ~1,000 proteins examined underwent one or multiple 
events of pausing either in vitro, in vivo or both. A variety of 
mechanisms can be considered that account for the pausing 
and we are in the process of elucidating them.  
     4. Involvement of membrane localization in the 
regulation of the heat shock transcription factor σ32. A 
collaborative study coordinated by Dr. Yura, a prominent 
guest scientist in this laboratory, revealed that the transcription 
factor σ32 of E. coli is localized to the cytoplasmic membrane. 



This unexpected property of σ32 has been shown to be 
important for the feedback regulation of its activity and, hence, 
for the maintenance of proteostasis both in the cytosol and the 
membrane. 

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

K., Sugano, Y., Mori, T., Dohmae, N., Hirata, K., Nakada-Nakura, 

Y., Maturana, A.D., Tanaka, Y., Mori, H., Sugita, Y., Arisaka, F., 

Ito, K., Ishitani, R., Tsukazaki, T. and Nureki, O. (2014) Structural 

basis for Sec-independent membrane protein insertion by YidC. 

Nature, in press (*These authors contributed equally to this work) 

Mio, K., Tsukazaki, T., Mori, H., Kawata, M., Moriya, T., Sasaki, Y., 

Ishitani, R., Ito, K., Nureki, O. and Sato, C. (2013) Conformational 

variation of the translocon enhancing chaperone SecDF. J. Struct. 

Funct. Genomics, 10.1007/s10969-013-9168-4 
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e1001735. DOI: 10.1371/journal.pbio.1001735 (*Corresponding 

authors) 

Ito, K. and Chiba, S. (2013) Arrest peptides: cis-acting modulators of 

translation. Annu. Rev. Biochem. 82, 171–202 (Review) 
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Research projects and annual reports 
 We have been investigating roles of O-linked sugar 
chains with the linkage structures, GalNAcα1→Ser(Thr), 
Manα1→Ser(Thr), or GlcNAcβ1→Ser(Thr).  
O-GalNAc-type sugar chains are called mucin-type 
carbohydrates and their biosynthesis is initiated by a 
group of enzymes, UDP-GalNAc: polypeptide N-acetyl- 
galactosaminyltransferases (GalNAc-Ts).  GalNAc-Ts 
consist of a large gene family with 20 isozymes in 
humans.  Interestingly, GalNAc-T8, -T9, -T17, and 

-T18 are catalytically inactive, while GalNAc-T9 and 
-T17, which were identified by us, are brain-specific and 
biologically important for the neural differentiation.  
Based on these backgrounds, we have focused on the 
functions of glycosyltransferases to make O-glycan 
carbohydrate-linkage structures, and obtained the 
following findings. 
1) Analysis of mice defective of a GalNAc-T17 gene 
  We found that GalNAc-T17 KO mice showed 
decreased body weight compared with wild-type mice 
(Fig. 1).  Analysis of GalNAc-T17 expression 
demonstrated that it was expressed not only in 
hippocampus and amygdala, but in ventromedial nucleus 
of hypothalamus, which is known as satiety center.  
GalNAc-T17 may therefore positively regulate feeding 
behavior.  
2) Production of zebrafish GalNAc-T mutants  
  To produce zebrafish mutants defective of GalNAc-T 
genes, we employed recently developed genome-editing 
technology, TALEN and CRISPR/Cas systems.  We 
found that mutations were successfully introduced at the 
target sites in the zebrafish embryos using TALEN and 
CRISPR/Cas vectors for GalNAc-T9 and -T18. 
3) A rapid and efficient method for neuronal 
induction of P19 embryonic carcinoma cell line 
  We revised a novel method to efficiently differentiate 
P19 cells into neurons by an adherent culture in 
laminin-coated dish in the presence of several reagents to 
induce neural differentiation and suppress growth of 
non-neural cells.  The new method induced neurons 
within 4 days without gliogenesis.  The mature neurons 
obtained were responsive to several neurotransmitters 
with functional neuronal networks. 
4) Analysis of extracellular O-glycosylation 
  We investigated the function of a glycosyltransferase 
in zebrafish, which catalyzes extracellular novel 
O-glycosylation.  We found that it was strongly 
expressed in the brain of zebrafish embryos, and its 
suppression caused alterations in the brain development.  
 

Y. Nakayama, A. Wada, R. Inoue, K. Terasawa, I. Kimura, N. 

Nakamura, A. Kurosaka: A Rapid and Efficient Method for 

Neuronal Induction of the P19 Embryonic Carcinoma Cell Line. 

Journal of Neuroscience Methods, in press. 
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Research projects and annual reports 
 Research in our laboratory focuses on the physiological 
function of the tyrosine kinase Src and its interacting 
signaling proteins in oocyte/egg of the African clawed 
frog Xenopus laevis and in human bladder carcinoma 
cells (e.g. 5637 cells). In the study of Xenopus 
oocyte/egg, which we call Egg Project, we are currently 
examining whether animal and vegetal hemispheres are 
different with each other in their compositions of 
membrane-associated proteins. To this end, we have 
prepared low density, detergent-insoluble membrane 
fractions (membrane microdomains) from both animal 
and vegetal halves of immature ovarian Xenopus oocytes, 
performed two-dimensional electrophoresis and mass 
spectrometry of proteins. Results obtained so far show 
that there are indeed common as well as distinct protein 
compositions in these samples. Further study will aim to 

identify a change(s) in the proteome compositions during 
hormone-induced oocyte maturation and subsequent 
sperm-induced egg activation.  Other on-going subjects 
in the Egg Project include characterization of rat 
monoclonal antibodies that were raised against 
membrane proteins of unfertilized Xenopus eggs, live 
cell-imaging of ATP in Xenopus oocytes and eggs by the 
use of ATeam, a FRET-based probe for ATP 
visualization and quantification (in collaboration with 
Drs. Ken Yokoyama and Jun-ichi Kishikawa, Kyoto 
Sangyo University; Yasuhiro Iwao, Yamaguchi 
University; and Hiromi Imamura, Kyoto University) and 
analysis of stomatin-like protein 2 as a newly identified 
tyrosine kinase substrate that localizes to membrane 
microdomains and mitochondria in Xenopus eggs (in 
collaboration with Drs. Hitoshi Sawada and Lixy 
Yamada, Nagoya University). In the study of human 
bladder carcinoma cells, which we call Cancer Cell 
Project, we are now investigating phosphorylation state 
of the epidermal growth factor receptor/kinase (EGFR) 
in 5637 cells that are cultured under serum-containing or 
serum-deprived conditions. Results obtained demonstrate 
that EGFR is tyrosine-phosphorylated in serum-deprived 
5637 cells, where sustained Src activation has been 
shown to occur and to play an important role in the 
anti-apoptotic growth of the cells under these culture 
conditions. Our special interest is to determine the 
occurrence of phosphorylation of Tyr-845 of the EGFR, 
a Src-dependent phosphorylation site, and to evaluate its 
physiological function.    

Sato, K.: Cellular functions regulated by phosphorylation of 

EGFR on Tyr845. International Journal of Molecular Sciences 

14, 10761-10790, 2013. 

Ijiri, T.W., Vadnais, M.L., Huang, A.P., Lin, A.M., Levin, L.R., 
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maturation: a link to flagellar angulation in mouse 

spermatozoa? Andrology in press 2013 12 . 
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togenic cell-dpecific triosephosphate isomerase isozymes. 

Molecular Reproduction and Development 80, 862-870, 2013. 
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Research projects and annual reports 
Nanobiology is a biology in which physiological changes 
are described in terms of the movemants of biological 
molecules. We push nanobiology in the fields of 
transcription and survival strategy of bacteria.  
1) B-maggio: a new GFP resistant to photobleaching 
We have invented a new GFP which may replace 
conventional GFPs now used for most purposes. It emits 
a green fluorescent with a peak at 512 nm with the 
excitation maximum at 493 nm as strong as GFPUV4, 
which is supposed to be the brightest in E. coli. 
Therefore, abundant proteins can be easily visualized by 
fusing gfp with their genes in chromosome. Its most 
distinct merit is the resistance against photobleaching, 
which is 250-fold and 110-fold stronger than Venus in 
vitro and in vivo, respectively. This simplifies the focus 
adjustment in imaging, and a big inprovement in the 
tracing single fusion molecules.  
2) Survival strategy of E. coli cells 
Bacteria can survive in non-growing conditions. In 
evolutional selection, this survival is as important as 
their growth, but the underlying mechanism is poorly 
understood because of the complexity of the problem. 
Since cell must degrade their used proteins to salvage 
amino acids for their survival, we at first focused on the 
relationship between this protein turnover and tmRNA. 
The tmRNA (ssrA) and SmpB induce the degradation of 
nascent polypeptide by ssrA-tagging in response to a 
reduced level of amino acids in stationary phase. We 
prepared the disruptants of genes relating to the tmRNA 
system as well as major chaperons and AAA+proteases. 
Unexpectedly and probably fortunately, most examined 
protease/chaperon genes are synthetic lethal with ∆ssrA 
or ∆smpB, demonstrating that there are two parallel 
pathways in the surviving mechanism. One is dependent 
on the tmRNA system, and the other on clpA, clpP, clpX, 
dnaJ, hslU, hslV, htpG, prc, and sspB, at least. Among 
the examined genes, non-synthetic-lethal genes were 
only clpB and lon, which could be thus involved the 
tmRNA pathway. Another conclusion is that the 
tmRNA-dependent degradation is not contributing to the 
protein turnover, because the main proteases in the 
system, ClpXP, ClpAP, and Prc(Tsp), are synthetic 
lethal. 
3) Nanobiology of RNA polymerase 

Among the enzymes, RNA polymerase is one of the 
earliest to which new physical and chemical techniques 
have been applied in mechanistic study. However, the 
following four problems are left contradictory. (1) 
Dillemma on the binding to a promoter sequence: It must 
be strong enough to make a DNA bubble, while it must 
be weak enough to allow the promoter clearance in 
elongation. (2) What is the significance of abortive 
transcription, which seems to waste a lot of energy. (3) Is 
sigma-70 released during transcription initiation. (4) The 
contribution of the sliding along DNA in promotor 
search. I have cited about 200 papers to examine the 
contradictions. I found some contradictions are due to 
ignorance of the technical limit of FRET, and the others 
are due to the confusion between abortive initiation and 
productive initiation with excluded NTP substrates. 
Reconsideration of published results enabled me to 
propose a more consistent model for abortive initiation 
where abortive transcripts are released by backtracking. 
In this model, RNA polymerase can stock enough energy 
as the form of DNA squrunching to clear the promoter 
and release sigma-70 during early transcription in 
productive conformation. The polymerase can 
alternatively form another conformation with less 
contacts with signa-70, which allow itself to backtrack to 
release abortive transcript but inhibits sigma-70release 
and promoter clearance. This model provides the 
answers of the problems (1)~(3). In addition, I pointed 
out the confusion of Brownian motion and the 
transition-state theory. Therefore, the two-pawl ratchet 
mechanism of elongation is still possible to be 
non-Brownian. This misunderstanding led several wrong 
conclusion on the existence of sliding even in the recent 
papers (Chem Rev). This more strict understanding of 
chemicsl reaction enabled the reconsideration of a 
pausing phonomenon (Transcription, 2013). 
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3. Research projects and annual reports 
1) VEGF-A induces VEGFR-independent signaling, 
Neuropilin dependent Tumorigenesis.

In 2004, the U.S. FDA approved the first 
anti-angiogenic drug for the treatment of metastatic 
colon cancer, bevacizumab (Avastin, Genentech) based 
on Judah Folkman’s hypothesis that tumor growth is 
angiogenesis-dependent and that its inhibition might be 
therapeutic. Avastin is a humanized monoclonal 
antibody that neutralizes the vascular endothelial growth 
factor (VEGF-A). Malignant tumors express VEGF-A 
which recruits blood vessels, thereby supplying tumors 
with oxygen and nutrients that promote tumor cell 
migration proliferation, survival, and metastasis. 
VEGF-A signals via a tyrosine kinase receptor, VEGFR2, 
are blocked by Avastin to suppress tumor angiogenesis. 
However the impact on overall survival is not well 
documented and in fact some tumors are no longer being 
treated with Avastin. Neuropilin-1 (NRP1), a 130kDa 
transmembrane protein known as another VEGF-A 
receptor expressed in some malignant cancer cells. 
Therefore, it has been thought that NRP1 may induce 
tumor proliferation, migration and survival, but its 
mechanisms remain to be fully elucidated.
   In this study, we showed that NRP1 indeed acts as 
VEGF-A receptor in tumor cells to transduce 
proliferation signaling into the cells. Actually, VEGF-A 
binding to tumor expressing NRP1 activated RhoA 
activity through the complex formation with GIPC1 and 
Syx that are expressed in the cells with the NRP1 
cytoplasmic domain, thereby inducing a proliferative and 
survival signal in the tumor cells. DJM-1 cell, malignant 
skin cancer cell line, expresses VEGF-A and NRP1 
endogenously. The malignant cancer cells can proliferate 
well in anchorage-independent manner. Silencing 
VEGF-A or NRP1 expression by siRNA treatment in the 
cells inhibited the cancer cell proliferation in 3D agar 
culture condition. However, Avastin did not inhibited 
colony formation, suggesting that NRP1 mediates 
VEGF-A signals. Lentiviral expression of NRP1 
cytoplasmic deletion mutants in DJM-1 cells where 
endogenous NRP1 expression was abrogated with NRP1 
shRNA did not restore the colony formation, while 
lentiviral expression of wild type NRP1 did. 
Co-immunoprecipitation experiments showed that two 
proteins, GIPC1 and Syx interacted with the NRP1 
cytoplasmic region. Knock down of either GIPC1 or Syx 
expression in DJM-1 cells, as well as VEGF-A or NRP1 
siRNA treatment of the cells, inhibited tumor colony 



formation. These results suggest that the NRP1 
cytoplasmic region requires interaction with GIPC1 and 
Syx to induce tumor proliferative and survival signals. 
Pull-down assay of active RhoA showed that siVEGF-A, 
NRP1, GIPC1 or Syx treatment inactivated RhoA 
activity. These results indicate that the NRP1 signal 
activates RhoA to promote DJM-1 cell proliferation.
2: Enhanced Expression of Fibroblast Growth Factor 
Receptor 3 IIIc Promotes Human Esophageal Cancer 
Malignant Progression.

The expression of FGFR isoforms is temporally and 
spatially regulated in embryos and in normal adult 
organs. Alternative splicing of the FGFR gene has been 
implicated in carcinogenesis. Switch expression of 
FGFR to mesenchymal isoforms, enabling cells to 
receive signals usually restricted to the connective tissue. 
FGFR3 has two different transmembrane-type isoforms, 
FGFR3 IIIb and IIIc, which are produced by alternative 
splicing and have distinctive ligand-specificities. In 
normal tissues, IIIb isoform is mainly expressed in the 
epithelium, whereas IIIc isoform is mainly expressed in 
the mesenchyme. In the previous study, we found the 
expression of FGFR3IIIc isoform was upregulated in the 
86% of the human esophageal squamous cell carcinoma 
(ESCC) specimens analyzed by RT-PCR. However, it 
was unclear whether the enhanced expression of FGFR3 
IIIc is due to cancer cells or to increased mesenchymal 
cell population to the tumor region by inflammatory 
infiltration.     

To clarify this, we performed immunostaining of 
tumor sections obtained from esophageal cancer patients 
and showed that FGFR3IIIc was specifically expressed 
in the human ESCC but not the adjacent normal 
epithelial cell suggesting that it is upregulated during 
tumor progression. Moreover, the expression of 
FGFR3IIIc in ESCC was consistent with expression of 
Ki67 by immunostaining, suggesting that the expression 
of FGFR3IIIc in ESCC enhances cell proliferation.

In order to further demonstrate the effects of FGFR3 
IIIc expression, we analyzed cell proliferation of FGFR3 
IIIc-overexpressing human ESCC, ECGI-10. The effects 
of FGFR3IIIc overexpression increased cell proliferation 
by autophosphorylation of FGFR3IIIc in no addition of 
FGFs. Moreover, reactivity of FGFR3IIIc to FGF18 in 
FGFR3IIIc-overexpressed ECGI-10 cells was 
upregulated by cell proliferation assay. It was reported 

that expression of FGF18 was upregulated in fibroblast 
of esophageal cancer. Therefore, cell proliferation of 
esophageal carcinoma may be enhanced by FGFR3IIIc 
binding to FGF18 from fibroblast in esophageal 
carcinoma. These results indicate that the upregulated 
expression of FGFR3 IIIc in human ESCC enhances cell 
proliferation and may promote tumor progression.
3: Anosmin-1 inhibits Netrin-1-induced growth cone 
collapse. 
   Kallmann syndrome is characterized by 
hypogonadism due to gonadotropin-releasing hormone 
(GnRH) deficiency, and a defective sense of smell 
related to the defective development of the olfactory 
bulbs and olfactory tracts. This syndrome is caused by 
mutations affecting the KAL1 gene, which codes for the 
extracellular protein anosmin-1. However, the molecular 
pathogenesis is poorly understood. In the previous study, 
we show that Anosmin-1 FNIII repeats also show 40% of 
homology with Netrin-1 receptors DCC and Neogenin, 
which are expressed by growing nerve cells in the 
developing vertebrate brain. In addition, the Netrin-1 
Knock-out mouse shows defective of the olfactory tracts 
and the migration of GnRH neuron. We hypothesized 
that Anosmin-1 acts as a soluble receptor for Netrin-1, 
thus Anosmin-1 inhibits axon guidance cue of Netrin-1.  

In this study, the role of Anosmin-1 as an inhibitor 
for Netrin-1-induced growth cone collapse was tested. 
First, we tested whether Anosmin-1 and Netrin-1 bind 
directly by immunoprecipitation assay using condition 
medium of Anosmin-1-Myc- and Netrin-1-V5-
expressing HEK293T cells. The result showed that 
Anosmin-1directly bound to Netrin-1. Next, to determine 
Anosmin-1 regulate biological activity of Netrin-1, we 
performed the growth cone collapse assay. As a result, 
Netrin-1 alone induced growth cone collapse. In contrast, 
co-treatment of growth cones with Netrin-1 and 
Anosmin-1 did not induce the collapse. These results 
suggest that normal Anosmin-1 may act as an inhibitor 
for the signal of Netrin-1-mediated growth cone collapse 
in the developmental process of the central nervous 
system, contributing to an elongation pathway of the 
olfactory axons and the associated migration of GnRH 
neuron. 
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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. 
 We have been studying on the function of these mucins 
with respect to tumor progression. It is well-known that 
most of tumor cells are derived from the epithelial cells. 
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 
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: Biological function of membrane-bound mucin, 
MUC1, produced by epithelial cancer cells. Because 
MUC1 carries a variety of sialoglycans that are possibly 
recognized by the siglec family, we found that Siglec-9 
prominently bound to MUC1. An immunochemical study 
showed that Siglec-9-positive immune cells were 
associated with MUC1-positive cells in human colon, 
pancreas, and breast tumor tissues. When mouse 3T3 
fibroblast cells and a human colon cancer cell line, 
HCT116, stably transfected with MUC1cDNA were 
ligated with recombinant soluble Siglec-9, -catenin was 
recruited to the MUC1 C-terminal domain, which was 
enhanced on stimulation with soluble Siglec-9 in dose- 
and time-dependent manners. A co-culture model of 
MUC1-expressing cells and Siglec-9-expressing cells 
mimicking the interaction between MUC1-expressing 
malignant cells, and Siglec-9-expressing immune cells in 
a tumor microenvironment was designed. Brief 
co-incubation of Siglec-9-expressing HEK293 cells, but 
not mock HEK293 cells, with MUC1-expressing cells 
similarly enhanced the recruitment of -catenin to the 

MUC1 C-terminal domain. The recruited -catenin was 
thereafter transported to the nucleus, leading to cell 
growth. These findings suggest that Siglec-9 expressed 
on immune cells may play a role as a potential 
counterreceptor for MUC1 and that this signaling may be 
another MUC1-mediated pathway and function in 
parallel with a growth factor-dependent pathway. 
 In addition, soluble lectins may be present in tumor 
microenvironment. We performed a similar experiment 
using MUC1-expressing 3T3 cells and recombinant 
galectin-3. It is revealed that galectin-3 binds to 
MUC1-N-terminal domain and thereby initiates similar 
MUC1-mediaited signaling. 
 
2: Negative regulation of TLR-4 mediated signaling 
through ligation of CD14 with Siglec-3. When 
monocyte-derived immature dendritic cells (imDCs) 
were stimulated with LPS in the presence of 
anti-Siglec-3/CD33 mAb, the production of IL-12 and 
phosphorylation of NF- B decreased significantly. The 
cell surface proteins of imDCs were chemically 
cross-linked, and Siglec-3-linked proteins were analyzed 
by SDS-PAGE and immunoblotting. It was CD14 that 
was found to be cross-linked with Siglec-3. Sialic 
acid-dependent binding of Siglec-3 to CD14 was 
confirmed by plate assay using recombinant Siglec-3 and 
CD14. Three types of cells: HEK293T cells expressing 
the LPS receptor complex (TLR cells), and the LPS 
receptor complex plus either wild-type Siglec-3 
(TLR/SigWT cells) or mutated Siglec-3 without sialic 
acid-binding activity (TLR/SigRA cells) were prepared, 
and then the binding and uptake of LPS and 
phosphorylation of NF- B were investigated. It is 
revealed that wild-type Siglec-3 but not mutated Siglec-3 
significantly reduced the phosphorylation of NF- B, due 
to inhibitory effect on the presentation of LPS from 
CD14 to TLR4 through ligation of CD14 with Siglec-3. 
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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. Collagen specific molecular chaperone Hsp47 is
essential for correct folding and secretion of procollagen. Thus, 
Hsp47 is thought to be potential therapeutic targets for fibrosis. 
In liver fibrosis, Hepatic Stellate Cells (HSCs) are activated 
and transformed into myofibroblasts which produce collagen 
actively. It is known that reversion of fibrosis is accompanied 
by clearance of myofibroblasts by apoptosis. We have already 
found that some of small molecule compounds inhibit the 
interaction between collagen and Hsp47.

For the therapeutic purpose it is important to investigate the 
turnover of HSCs under Hsp47 inhibition condition. Here, we 
succeeded in knocking out hsp47 gene by Cre-LoxP system in 
isolated HSCs from hsp47 floxed mice. In hsp47-KO HSCs, 
we confirmed that immature type 1 collagen is accumulated in 
the ER. We also observed the induction of caspase 3, an 
apoptosis marker, while we didn’t observe induction of BiP,
an ER stress inducible protein. We are going to further 
characterize the hsp47-KO HSCs in terms of the induction of 
apoptosis. 



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 in terminally 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 .

Furthermore, we found that ERdj5 cleaves the disulfide 
bond of SERCA2, a Ca2+ pump on ER membrane, and 
regulates its function. It suggests that redox activity of ERdj5 
is involved not only in protein quality control but also in Ca2+ 

homeostasis in the ER. As the 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. 

3. Analysis of ER redox networks in the ER quality control 
system. More than 20 oxidoreductases have been reported in 
the mammalian ER, most of which contain thioredoxin 
domains with CXXC motifs for their enzymatic activity. We 
performed the interactome analysis by cloning all of them, 
making CXXA mutant of each proteins to stabilize the 
interaction with downstream proteins, transfecting them and 
immunoprecipitating the associated proteins followed by 
identification by mass spectroscopic analysis. We found that 
Ero1a and PDI make a functional and regulatory hub complex, 
and successively oxidize other ER-resident oxidoreductases.  
Such a network consisting of several oxidoreductases,
so-called redox network in the ER, is essential for proper 
secretion of secretory proteins. We recently revealed that such 
redox network and homeostasis are perturbed by aging and 
abnormal proteins that cause neurodegenerative diseases. It is 
known that proteostasis in the cytosol is impaired by aging 
and neurodegenerative diseases. It is surprising that 
perturbation of proteostasis in the cytosol leads to impairment
of redox homeostasis in the ER. We are now elucidating how 
cytosolic stress interferes the redox homeostasis in the ER 
over the ER membrane. 

4. Functional analysis of a novel protein, mysterin. We 
cloned a novel gene encoding a huge protein, and named it as 
mysterin, which is a causative gene for human steno-occlusive 

disease called as moyamoya disease. Mysterin with a size of 
591kDa contains RING finger domain, which causes a 
polyubiquitination of misfolded proteins, and two AAA+ type 
ATPase domains. Mysterin forms a huge oligomer the size of 
which is comparable to known macromolecules such as the 
ribosome and is supposed to exhibit mechanical activity in the 
cell. Thus mysterin is a novel oligomeric AAA+ protein with
RING finger. We preliminary found that knockdown of 
mysterin in zebra fish caused an aberrantly oriented blood 
vessels during the development, and would continue such 
functional analysis.
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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
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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.



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 analyzed the role of phospholipase 
A2 in the Golgi disassembly by low pH treatment. It was 
reported that cPLA2α (PLA2G4), iPLA2γ (PLA2G6) and 
PAFAHIb (PAFAH1B) were involved in the structural 
and functional maintenance of the Golgi apparatus. 
PAFAHIb is composed of three subunits (B1, B2, B3) 
while other PLA2s are a single molecule. All of these 
PLA2s are reported to induce tubules from the Golgi 
apparatus and function to fuse with other Golgi 
fragments or with other secretary pathway organelles. 
We tried to knockdown these PLA2s and found that only 
PAFAH1B3 knockdown showed protection of the Golgi 
apparatus from fragmentation at the low pH (Fig. 2). 
Surprisingly, knockdown of other subunit of PAFAHIb 
did not protect the Golgi disassembly. Therefore, it was 
suggested that PAFAHIb induces the Golgi 
fragmentation in a B3 subunit dependent manner. 
 

siControl siPAFAH1B3

Cont pH

Low pH

Fig. 2 Knockdown of PAFAH1B3 
protect the Golgi apparatus from 
disassembly under low pH.
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Research projects and annual reports 
How the brain expresses a variety of neural function still 
remains enigmatic. We are studying molecular mechanisms 
underlying neuronal events that 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, based on the analysis 
of the mutants that show either a behavioral or morphological 
phenotype, is currently focused on the mechanisms for 
synaptic differentiation. 
 

Research Project:   
A role for Hig protein in the synaptic clefts.  
The hig (hikaru geneki) gene, identified by a mutant 
phenotype of reduced locomotor activity (Hoshino et al., 
Neuron 1993), encodes a protein localized to the synaptic 
clefts in the brain (Hoshino et al., Development 1996). The 
goal of this project is to reveal roles for Hig and other matrix 
proteins in the synaptic clefts. In addition, the absence of one 
of the human proteins resembling to Hig is known to cause 
epilepsy, mental retardation and brain malformation. One of 
our research aims is to reveal the functional relationships 
between Hig and the human protein. 

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 crucial space for neurotransmission and 
serves as an interface that provides extracellular scaffolds and 
signals for 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), a secreted protein with an Ig motif and CCP 
(Complement Control Protein) domains, 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 trapping 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. 
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Dig
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Hikaru genki protein, localized to the synaptic clefts, is required 
for the normal function of cholinergic synapses. 
Minoru Nakayama and Chihiro Hama 
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Research projects and annual reports 
To explore the biological role of carbohydrate chains 

in the process of nerve cell differentiation, I have carried out 
characterization of the carbohydrate structure of glycoproteins 
by comparing conventional PC12 cells with variant cells 
(PC12D). Previously we showed that the length and content 
of poly-N-acetyllactosamine chains obtained from the 
membrane fraction differed significantly between PC12 and 
PC12D, and also that NGF stimulation decreased the content 
of poly-N-acetyllactosamine chains of PC12 cells, but had no 

effect on PC12D cells. The isolated PL-GPs were analyzed by 
SDS-PAGE and fluorography as well as the susceptibility to 
endo- -galactosidase. The amino acid sequence analysis of 
62kDa PL-GP quite resembled that of rat CD24.  

CD24 is a GPI-glycoprotein that is anchored to the 
surface of cell membrane. To characterize carbohydrate 
chains on 62kDa PL-GP (i.e. CD24), the nitrocellulose based 
microarray system on which partially purified CD24 was 
immobilized, were applied. This assay revealed that CD24 
had not only poly-N-acetyllactosamine chains, but also the 
poly-N-acetyllactosamine chains were terminated with 
O-blood type fucose residues, but not Lewis x and/or sialyl 
Lewis x structures, for example. This microarray assays also 
suggested that the reason for the less content and having 
shorter poly-N-acetyllactosamine chains in PC12D cells 
might be originated in less expression of CD24 gene in 
addition to the less GnT-i activity. 

To explore the role of CD24 in an infection of A-type 
influenza virus, anti-serum against chicken CD24 was 
constructed using some polypeptides that were different from 
amino acid sequence from those of mouse, rat CD24s.  The 
anti-serum revealed the chick CD24, which was isolated from 
DT-40 cells, to be a membrane glycoprotein with GPI-anchor.
Recently I could develop the efficient method to conjugate 
oligosaccharides with AlexaFluor 350. 







Research projects and annual reports 
 
 In the laboratory of Developmental Systems, the molecular 
biological, cell biological and histological aspects of 
organogenesis are being studied. The main targets of the study 
are digestive organs, heart and gonad of the chicken and 
Xenopus embryos. 
(1) Smooth muscle layers of the digestive organs 
 Digestive organs in the vertebrates have specifically arranged 
smooth muscle layers important for the transport of food 
through the gut. We analyzed the effects of environmental 
factors on the differentiation of muscle layers. 
(2) Localization of stem cells in the developing digestive 
organs 
 To analyze the derivation and localization of stem cells in the 
intestine during the development we studied the expression of 
stem cell-specific markers, Lgr5, Sscl2 and Flm4 genes, 
during the intestinal development. 
(3) Degeneration of right ovary in female chick embryo 
 Avian ovary provides an interesting example of left-right 
asymmetric development of organs. We analyzed the 
occurence of apoptosis during the development of ovary. 
(4) Heart 
  An important origin of coronary vessels in the heart, which 
supply oxygen and nutrients to the entire myocardium, is an 
extracardiac rudiment called the proepicardium (PE). We 
studied tissue interactions that control fusion of the PE to the 
heart and molecular basis of these interactions. We also 
established techniques and molecular tools necessary to study 
roles of soluble signaling molecules in coronary vessel 
formation in the maturing heart. 
(5) Eye morphogenesis 



  A cup-like morphology of the eye is a feature shared by 
most vertebrate species. This basic structure is generated 
through coordinated invagination of the optic vesicle and the 
lens ectoderm. We explored molecular and cellular basis of 
this morphogenetic event, using two avian models that exhibit 
failed invagination of the eye. 
(5) Patterning of the retinal primordium 
  During eye development the multipotential primordium of 
the retina, the optic vesicle, is patterned into the neural retina 
and the retinal pigmented epithelium. Using in ovo 
electroporation, we analyzed functions of transcription factor 
genes implicated in this patterning event. 
 
 
Results 
 
(1) Smooth muscle layers of the digestive organs  
 We analyzed the effect of the epithelium on the arrangements 
of smooth muscle layers by implanting mesodermal fragments 
into heterologous presumptive digestive areas. When 
presumptive stomach mesoderm was transplanted into 
presumptive intestinal area, mesoderm differentiated muscle 
layers not identical to those of stomach or intestine. 
Presumptive intestinal mesoderm formed muscle layers very 
similar to those of stomach. Thus the developmental fate of 
the mesoderm is thought to be affected by the environmental 
factors. 
(2) Localization of stem cells in the developing digestive 
organs  
 Last year we cloned chicken Lgr5 and Hairy1 genes and 
revealed that Lgr5-positive cells first appeared on day 15 of 
incubation at the base of the villi. This year we further 
investigated the expression of Ascl2 and Flm4 genes that are 
expressed in adult stem cells. These genes are expressed rather 
widely in the lower half of the villi during the development, 
and become restricted to the crypt after hatch. Thus the 
expression of these genes is not specific to the stem cells 
expressing Lgr5 gene, at least in the course of development. 
(3) Degeneration of right ovary in female chick embryo 
 To assess whether apoptosis is responsible for the 
degeneration of right ovary in chick embryo, we detected 
apoptosis by TUNEL method from day 5 to 20 of embryonic 
development. However, apoptosis was very rare and there was 
no difference in its occurrence between left and right ovaries. 
Therefore, we concluded that apoptosis is not the direct cause 
of degeneration of right ovary. 

(4) Heart 
 The epicardium and coronary vessels of the heart originate 
from an extracardiac rudiment called the proepicardium (PE). 
Although the fusion of the PE to the heart is critical for 
coronary vessel formation, its mechanisms remain unclear.  
 The PE always fuses to the atrioventricular junction (AVJ) of 
the heart, but not to the sinoatrium (SA) despite its proximity 
to the PE. We therefore hypothesized that a short-range 
paracrine signal(s) from the AVJ triggers the fusion of the PE 
to this specific region of the heart. To test this hypothesis, we 
carried out in vivo implantation assay. An AVJ segment 
isolated from a donor quail embryo was implanted into a chick 
host carefully, so that the host-derived PE maintains a contact 
with the outer surface of implanted AVJ. Our histological 
analysis demonstrated that the fusion of the PE to the 
implanted heart segment occurs within two hours and that this 
fusion occurs preferentially to the AVJ (86%), rather than the 
SA (17%), providing evidence that AVJ and SA differ in 
capability to induce (or permit) the PE fusion. To gain insights 
into molecular basis of this regional difference, we carried out 
microarray analysis and in situ hybridization screening of 
candidate genes, and identified EphB3, which encodes a 
membrane-bound tyrosine kinase receptor, and Vcam1, which 
encodes a cell adhesion molecule, as genes expressed 
preferentially in the AVJ. Using an improved protocol of in 
ovo lipofection, we are currently testing a potential role of 
EphB3 in controlling the site of the PE fusion within the heart. 
 Major branches of coronary arteries show a stereotype 
distribution within the heart. Understanding mechanisms 
underlying formation of this pattern will provide a foundation 
for rational therapeutics of coronary disorders, including 
ischemic cardiac disease. Coronary vessels develop via 
multiple steps, including induction and growth of the PE, the 
fusion of the PE to the heart, the epicardial coverage of the 
heart and epithelial-to-mesenchymal transformation of 
epicardial cells. To gain insights into key steps of coronary 
vessel formation, we examined development of Xenopus heart, 
which lacks coronary vessels. Expression of Tbx18 and 
Wilms' tumor-1 (Wt1), markers for the PE and epicardium, 
was detectable in or around the heart at stages when the PE 
develops and fuses to the heart. However, we obtained no 
clear evidence for the presence of subepicardial connective 
tissue even in the adult heart, suggesting that reduced 
epicardial EMT correlates with lack of coronary vessels in the 
amphibian heart.  



 The above information led us to hypothesize that distribution 
pattern of coronary vessels in amniote hearts is affected by the 
epicardial EMT. We have previously shown that soluble 
signaling molecules, BMP2, FGF2, PDGF-BB, VEGF, 
TGF-ß1, TGF-ß2, promote migration of cultured PE-derived 
cells (Ishii et al., 2010). To test potential roles of these factors 
in promoting coronary vessels formation in vivo, we generated 
transposon-based expression vectors.  
(5) Eye morphogenesis 
 The eye in vertebrates has a cup-like retina and a vesicular 
lens. This basic morphology is generated through coordinated 
invagination of the optic vesicle and lens ectoderm. We found 
that the head of chick embryos isolated at embryonic day 2 
and cultured in vitro generates invaginating eyes but fails to 
do so if cultured at a low temperature (29-30 ) or in the 
presence of a Rho-signaling inhibitor Y-27632. Although this 
abnormality was not associated with obvious changes in cell 
proliferation, cell death and expression of developmental 
genes, cell polarity regulators, Par3 and aPKC, and 
cell-adhesion related proteins, N-cadherin and ß-catenin, 
exhibited abnormal distributions along the apicobasal axis of 
the lens ectoderm. Interestingly, such abnormality was not 
seen in the optic vesicle. The data highlight the significance of 
the lens ectoderm in generating cup-like eye as a whole. 
(6) Patterning of the retinal primordium 
 In vertebrates the retina develops from a part of the forebrain, 
the optic vesicle. The distal portion of the optic vesicle (OV) 
mainly gives rise to the light-sensitive neural retina (NR), 
whereas its proximal part differentiates into the retinal 
pigmented epithelium (RPE). While it is well-established that 
the patterning of the OV into NR and RPE domains depends 
on paracrine signals from the surrounding tissues, such as the 
lens and cranial mesenchyme, little is known about the gene 
regulatory networks underlying this patterning event. 
Transcription factor genes, Chx10, Optx2, Six3, Rx1, are all 
expressed in the presumptive NR but not in the RPE. We 
misexpressed these genes in the presumptive RPE ectopically, 
using in ovo electroporation in combination with a 
transposon-mediated gene transfer, and identified Chx10 as a 
gene capable of inhibiting RPE pigmentation. This inhibition 
was associated with ectopic NR-like differentiation and 
ectopic expression of a neural stem cell marker Sox2. Our data 
suggest that Chx10, as well as its downstream gene Sox2, is an 
important component of a gene regulatory network that 
regulate OV cell fate in a cell autonomous manner. 
 

 

 





 

 



 
Research projects and annual reports 

1. Molecular basis of ADP-inhibition of V type 
ATPase/synthase. 

Reduction of ATP hydrolysis activity of V type 
ATPase/synthase (VoV1) as a result of ADP-inhibition occurs 
as part of the normal mechanism of VoV1 of Thermus 
thermophilus, but not VoV1 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 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 different conformation in T. thermophilus V1 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. Common evolutionary origin for the rotor domain of rotary 
ATPases and flagellar protein export apparatus.  
The V1- and F1- rotary ATPases contain a rotor that rotates 
against a catalytic A3B3 or α3β3 stator. The rotor F(1-γ) or 
V1-DF is composed of both anti-parallel coiled coil and 
globular-loop parts. The bacterial flagellar type III export 
apparatus contains a V1/F1-like ATPase ring structure 
composed of FliI6 homo-hexamer and FliJ which adopts an 

anti-parallel coiled coil structure without the globular-loop 
part. Here we report that FliJ of Salmonella enterica serovar 
Typhimurium shows a rotor like function in Thermus 
thermophilus A3B3 based on both biochemical and structural 
analysis. Single molecular analysis indicates that an 
anti-parallel coiled-coil structure protein (FliJ structure 
protein) functions as a rotor in A3B3. A rotary ATPase 
possessing an F1-γ-like protein generated by fusion of the D 
and F subunits of V1 rotates, suggesting F(1-γ) could be the 
result of a fusion of the genes encoding two separate rotor 
subunits. Together with sequence comparison among the 
globular part proteins, the data strongly suggest that the rotor 
domains of the rotary ATPases and the flagellar export 
apparatus share a common evolutionary origin. 
 
3. ATP sensing system in whole nematode 
Adenosine 5′-triphosphate (ATP) is the major energy currency 
of all living organisms. Despite its important functions, the 
spatiotemporal dynamics of ATP levels inside living 
multicellular organisms is unclear. In this study, we modified 
the genetically encoded Förster resonance energy transfer 
(FRET)-based ATP biosensor ATeam to optimize its affinity 
at low temperatures. This new biosensor, AT1.03NL, detected 
ATP changes inside Caenorhabditis elegans cells more 
sensitively than the original biosensor did, at 25 °C. By 
expressing AT1.03NL in Caenorhabditis elegans, we 
succeeded in imaging the in vivo ATP dynamics of these 
model animals at single-cell resolution.that ATeam is 
available for detection of ATP levels change in nematode 
cells. 
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Research projects and annual reports 
 
We are studying two independent projects; molecular 
chaperones and ATP synthase. 
 
Molecular chaperones 
 Chaperonin GroEL mediates the folding of protein 
encapsulated in a large cavity that, when sealed by GroES, is 
referred to as the central cage. Recently, a critical role of 
negative charge clusters on the cage wall in folding 

acceleration was proposed based on experiments using GroEL 
single-ring (SR) mutants SR1 and SRKKK2. We revisited 
these experiments and discovered several inconsistencies with 
the previously reported conclusion. (i) SR1 was assumed to 
bind to GroES stably and to mediate single-round folding in 
the cage. However, we show that SR1 repeats multiple 
turnovers of GroES release/binding coupled with ATP 
hydrolysis. (ii) Although the slow folding by SRKKK2 was 
attributed to mutations that neutralize negative charges on the 
cage wall, we found that the majority of substrate polypeptides 
escape from SRKKK2 and undergo spontaneous folding in the 
bulk medium. (iii) It was proposed that an osmolyte, 
trimethylamine N-oxide, accelerated SRKKK2-mediated 
folding by mimicking the effect of cage wall negative charges 
of WT GroEL and ordering the water structure to promote 
protein compaction. However, our results demonstrate that 
in-cage folding by SRKKK2 is unaffected by trimethylamine 
N-oxide. (iv) Finally, although it was reported that SRKKK2 
lost the ability to assist the folding of 
ribulose-1,5-bisphosphate carboxylase/oxygenase, we found 
that SRKKK2 retains this ability. Our results argue against the 
role of the negative charges on the cage wall of GroEL in 
substrate protein folding. Thus, in chaperonin studies, folding 
kinetics need to be examined thoroughly to determine the 
fraction of the real in-cage folding. 
 
ATP synthase 
1) Rotary mechanism of human mitochondrial F1 
The rotary motor enzyme F1-ATPase (F1) is a catalytic 
subcomplex of FoF1-ATP synthase that produces the majority 
of ATP in respiring cells. Chemo-mechanical coupling has 
been studied extensively for bacterial F1 but very little for 
mitochondrial F1. Here, we visualize and analyze ATP-driven 
rotation of human mitochondrial F1. A rotor-shaft -subunit in 
the stator 3 3 ring rotates 120° per ATP accompanying three 
catalytic steps; ATP binding to one -subunit at 0°, Pi release 
from another -subunit at 65°, and ATP hydrolysis on the 
third -subunit at 90°. Rotation is often interrupted at 90° by 
persistent ADP binding and is stalled at 65° by a specific 
inhibitor azide. These features are different from those of the 
bacterial F1, in which all of the above events except ATP 
binding occur at 80°. A mitochondrial endogenous inhibitor 
for FoF1-ATP synthase, IF1, blocks rotation at 90°. 
2) Chemo-mechanical coupling of bacterial F1 
F1-ATPase (F1) is a motor enzyme, in which  subunit rotates 
120  per ATP in the 3 3 cylinder. During the operation, the 



chemical energy of ATP hydrolysis ( GATP) is converted 
~100% into the mechanical energy of rotation. However, the 
mechanism for such efficient conversion is yet unknown. Here 
we show the profiles of torque as a function of the rotary angle 
under various GATP conditions. The profiles show three 
jumps of torque at about 0  40 and 80  in a 120  rotation 
each followed by a gradual descent, indicating that F1 
generates torque by the transitions between three states. The 
angular position of the transition makes a shift as the 
concentrations of ATP, ADP and Pi vary. These results not 
only suggest how F1 rotates but also explain how F1 varies 
torque reflecting change of environmental GATP, thus 
providing a missing link between its rotation scheme and 
energetics. 
2) IF1 knock-out mice are as healthy as wild-type mice 
IF1 is an endogenous inhibitor protein of mitochondrial ATP 
synthase. It is evolutionarily conserved throughout all 
eukaryotes and it has been proposed to play crucial roles in 
prevention of the wasteful reverse reaction of ATP synthase, 
in the metabolic shift from oxidative phosphorylation to 
glycolysis, in the suppression of reactive oxygen species 
generation, in mitochondria morphology and in haem 
biosynthesis in mitochondria, which leads to anemia. Here, we 
report the phenotype of a mouse strain in which IF1 gene was 
destroyed. Unexpectedly, individuals of this IF1-knockout 
mouse strain grew and bred without defect. The general 
behaviors, blood test results and responses to starvation of the 
IF1-knockout mice were apparently normal. There were no 
abnormalities in the tissue anatomy or the autophagy. 
Mitochondria of the IF1-knockout mice were normal in 
morphology, in the content of ATP synthase molecules and in 
ATP synthesis activity. Thus, IF1 is not an essential protein 
for mice despite its ubiquitous presence in eukaryotes. 
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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) A Rj2 soybean plant (Hardee) is symbiotically 
incompatible with Bradyrhizobium japonicum USDA122. 
The rhizobial rhcJ and ttsI mutants fail to secrete typical 



effector proteins through the type III secretion system 
(T3SS), and they gain the ability to nodulate Hardee. 
This suggests that some effectors secreted via the T3SS 
trigger incompatibility between these two partners. 
(2) We determined the complete nucleotide sequence of 
Mesorhizobium loti strain NZP2037 symbiosis island, 
and we compared it with those of strain MAFF303099 
and R7A.  The determined 533 kb sequence of 
NZP2037 symbiosis island, on which 504 genes were 
predicted, implied its integration into a 
phenylalanine-tRNA gene and subsequent genome 
rearrangement. The core regions of the three symbiosis 
islands consisted of 165 genes. NZP2037 specific-genes 
encoding functional proteins in nodulation-related events 
were found. They suggest that these specific genes 
contribute to broaden the host range of NZP2037. 
(3) Bradyrhizobium elkanii uses the type III secretion 
system (T3SS) to militate for symbiosis with soybean. 
The wild-type strain, but not the T3SS-deficient mutant, 
is able to form nitrogen-fixing nodules on the root of the 
soybean nfr mutant En1282. Expression of the soybean 
nodulation-specific genes ENOD40 and NIN is increased 
in the roots of En1282 inoculated with B. elkanii but not 
with its T3SS mutant.  Therefore, T3SS could activate 
host nodulation signaling by bypassing nod-factor 
recognition.  
(4) Bradyrhizobium japonicum occurs triggering their 
symbiotic interaction with soybean by the detection of 
genistein. A genomic locus (BjG30) that is separated 
from the symbiosis island is induced the expression 
within minutes after the addition of genistein. The 
mRNA levels showed distinct concentration dependence. 
This locus contains genes for the multidrug efflux pump, 
TetR family transcriptional regulator, and 
polyhydroxybutyrate (PHB) metabolism. The deletion of 
genes encoding the multidrug efflux pump resulted in 
defective nodulation performance and lower 
nitrogen-fixing capability. These results indicate that 
BjG30 plays a key role in the early stage of symbiosis as 
a nod gene inducer. 
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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 ONSEN family transposons. 
We found wide distribution of ONSEN family and 
conservation of heat activation among Brassicaceae. 
 
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. 
 
4) Evolution of nuclear transferred cytoplasmic genome 
DNAs 
 We analysed patterns of nuclear plastid DNA-like 
sequences (NUPT) in several plant species. We found 
age dependent degradation patterns and biased 
distribution of NUPTs among species. The findings will 
contribute understanding of general maintenance 
mechanisms about evolution of cytoplasmic genome 
fragment after transferred to nuclear genome.  
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Research projects and annual reports 
 We are interested in plant development and 
environmental interactions. Currently, we have been 
focusing on the following 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. This heterophylly 
is thought to be adaptive response to submergence and 
increase the fitness in water's edge environment where 

most of lake cress populations are found. Despite the 
significance of this plant to study fundamental 
mechanisms of phenotypic plasticity and environmental 
responses in plants, the underlying mechanism hasn't been 
investigated. We investigate the mechanism of the 
heterophylly of lake cress.  
 We hypothesized that phytohormones have important 
roles in determination of leaf shape of lake cress. Thus, we 
quantified various phytohormones in leaf primordia by 
liquid chromatography-tandem mass spectrometry. We 
found that gibberellin and jasmonic acid were more 
abundant when they develop simple leaves than compound 
leaves. We also found that application of gibberellin to 
shoot apex can dramatically change leaf shape of lake 
cress. These results suggested that gibberellin, at least, is 
involved in heterophylly of lake cress.  
 A defect of cell proliferation often triggers enhanced cell 
expansion in leaves. This phenomenon is called 
‘compensation’. We happened to notice that leaf cells of 
lake cress showed compensation reaction when they are 
grown at relatively low temperature. This is the first 
finding that compensation reaction is induced by 
environmental cue, and we are now investigating the 
mechanism of the reaction.  
 (2) The evolutinary-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 (B. 
rapa var laciniifolia), 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. Based on RNA-seq data of Mizuna and 
Mibuna, we developed more than 120 CAPS markers. 
Then Ninety-four F2 individuals from cross between 
Mizuna and Mibuna were analyzed for segregation at 120 
CAPS loci and for variation in leaf shape. Two putative 
quantitative trait loci (QTL) were detected for the leaf 
shape variation.   
(3) Analysis of genome maintenance mechanisms of plants  
Arabidopsis SOG1, which is unique to plants, is a master 
transcriptional regulator of the DNA damage response. To 
identify interacting proteins of SOG1, we performed 
co-immunoprecipitaion and mass-spectorometric analysis. 
We found multiples proteins which associate with or 
dissociate from SOG1 specifically after induction of DNA 
damages by gamma-irradiation.  

図2 野菜に観察される葉形の多様性
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Research projects and annual reports
1: Discovery of a worker of Vespa velutina
(Hymenoptera: Vespidae) from Tsushima Island, 
Japan.

We captured one worker of Vespa velutina on 
Tsushima Island of Nagasaki Prefecture on 20 October 
2012. This is the first collection record of V. velutina
from Japan. Since V. velutina is known for its great 
capacity to adapt to environmental changes, it is 
suggested that the spread of V. velutina is likely to affect 
the unique ecosystem of Tsushima Island in the near 
future.

2: A non-lethal sampling method for estimating the 
trophic position of an endangered giant water bug 
using stable isotope analysis.

We propose a non-lethal sampling method involving 
stable isotopeanalysis for estimating the trophic position 
of the endangered giant water bug Kirkaldyia
(=Lethocerus) deyrolli (Heteroptera: Belostomatidae) in 
the wild. Kirkaldyia deyrolli individuals were collected 
and their d15N and d13C values were measured. The 
d15N and d13C values of periphyton and particulate 
organic matter, the basal food sources in lentic 
ecosystems of rice fields, were also measured to estimate 
the trophic position of K. deyrolli. When individual 
isotopic signatures of the whole body were compared 
with those of their middle leg tarsus, we found strong 
correlations between them for both d15N and d13C. To 
estimate their trophic position without killing individuals, 
we constructed a regression model incorporating their 
middle leg tarsus’s isotopic signatures and their body 
size as explanatory variables. This non-lethal method 
revealed that K. deyrolli showed great individual 
variation in its d15N which is a proxy of trophic position, 
ranging from 5.60&to 8.11&. To evaluate the negative 
effects of our non-lethal method on the fitness of K. 
deyrolli, we examined how the removal of the middle leg 
tarsus affected reproductive performance under 
laboratory conditions. A comparison between the 

manipulated and unmanipulated individuals revealed that 
the removal treatment did not have any negative effects 
on female clutch size or egg hatchability for males. In 
conclusion, stable isotope analysis of the middle leg 
tarsus of K. deyrolli is useful for estimating its trophic 
position without lethal or any negative fitness effects.

3: Herbivore community promotes trait evolution in a 
leaf beetle via induced plant response.

Several recent studies have emphasised that 
community composition alters species trait evolution. 
Here, we demonstrate that differences in composition of 
local herbivore communities lead to divergent trait 
evolution of the leaf beetle Plagiodera versicolora
through plant-mediated indirect interactions. Our field 
surveys, genetic analyses and community-manipulation 
experiments show that herbivore community 
composition determines the degree of herbivore-induced 
regrowth of willows (Salicaceae), which in turn, 
promotes the divergent evolution of feeding preference 
in the leaf beetle from exclusive preference for new 
leaves to a lack of preference among leaf-age types. 
Regrowth intensity depends both on the differential 
response of willows to different herbivore species and 
the integration of those herbivore species in the 
community. Because herbivore-induced regrowth 
involves phenological changes in new leaf production, 
leaf beetle populations develop divergent feeding 
preferences according to local regrowth intensity. 
Therefore, herbivore community composition shapes the 
selection regime for leaf beetle evolution through 
trait-mediated indirect interactions.
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3. 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) Actin ADP-ribosylating toxin (ADPRT) such as iota toxin from 

C.perfringens ADP-ribosylates Arg-177 of α-Actin, inhibits actin 

polymerization and induce cell rounding. Recently we resolved the 

first crystal structure of Ia in complex with actin  and the 

non-hydrolyzable NAD+ analog βTAD; however, the structures of the 

NAD+ bound form (NAD+-Ia-actin) and the ADP-ribosylated form 

(Ia-ADP-ribosylated (ADPR)-actin) remain uncertain. We found that 

ethylene glycol as cryo-protectant inhibits ADP-ribosylation and then 

successfully captured NAD+-Ia-actin in crystal. 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. The structures of NAD+-Ia-actin and Ia-ADPR-actin 

respectively represent the pre- and post-reaction states.  Considering 

all the structures in each reaction step including βTAD-Ia-actin as a 

transition state, the strain-alleviation model of ADP-ribosylation, 

which we proposed previously, is experimentally confirmed and 

improved. Moreover, this reaction mechanism appears to be 

applicable not only to Ia but also to other ADP-ribosyltransferases. 

(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. The structure of the middle 

domain in PB2 has been revealed with or without m7GTP, thus the 

middle domain is considered to be novel target for structure-based 

drug design. Here we report the crystal structure of the middle domain 

of H1N1 PB2 with or without m7GTP at 1.7  and 2.0  resolution 

(Figure B), respectively, which has two mutations (P453H, I471T) to 

increase electrostatic potential and solubility. Here we report the 

m7GTP has unique conformation differ from the reported structure. 

7-methyl-guanine is fixed in the pocket, but particularly significant 

change is seen in ribose and tri-phosphate region: the buried 

7-methyl-guanine indeed binds in the pocket forming by H357, F404, 

E361 and K376 but other region of m7GTP continues directed to the 

outer domain (Figure B, C). The presented conformation of m7GTP 

may be a clue for the anti-influenza drug-design. 

(3) We are currently going on the structural study of poly-ADP-ribose 

glycohydrolase, chaperone of Aeromonas sobria serineproteiase, and 

novel peroxidase DyP. 
 

4.  
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Tsuge H 

Arginine ADP-ribosylation mechanism based on structural 

snapshots  of iota-toxin and actin complex. 

Proc Natl Acad Sci U.S.A. 110(11):4267-4272. (2013)  
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Research projects and annual reports 
 We have performed the following three major research 
projects relating to the organellar genomes in higher 
plants: 
1: Production of transplastomic plants that are useful for 
human beings. 
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.   
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. 



M. Tsujimura, N. Mori, H. Yamagishi, T. Terachi: A possible 

breakage of linkage disequilibrium between mitochondrial and 

chloroplast genomes during Emmer and Dinkel wheat evolution. 

Genome 56(4), 187-193  
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Terachi, H. Yamagishi: Variations in the structure and 
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１．研究概要 

 生物集団内に保有される遺伝的多様性は、進化や動

植物の品種改良（育種）にとって不可欠な素材である。

たとえば、生物種が様々な環境に適応し進化していくた

めには、それぞれの環境に適した多様な遺伝子が集団

内に存在する必要がある。また、動植物の育種において

も、育種家が改良しようとする集団内に保有される遺伝

的多様性に働きかけ、望ましい遺伝子を人為選択によっ

て集積することが基本となる。 

 動物遺伝育種学研究室では、動物集団の遺伝的多様

性の維持と利用について、保全遺伝学および育種学の

観点から研究を進めている。具体的には、つぎのような

研究テーマで研究を展開している。 

１）動物集団の遺伝的多様性の評価方法の開発 

野生動物や家畜について血統記録や DNA 情報を

用いて集団内の遺伝的多様性を評価するための方法

について、理論的研究を行っている。 

２）絶滅が危惧される野生動物の維持集団および家畜希

少系統における遺伝的多様性の維持方法の確立 

動物園や自然公園などで動物を維持するときに、ど

のような個体を親として残し、どのような交配を採用す

れば遺伝的多様性が効率的に維持できるかについて

研究を進めている。 

３）動物および昆虫集団における遺伝的多様性の調査 

日本で普通に見られるナミテントウやその近縁種の

鞘翅斑紋を支配する遺伝子の地理的分布に関する調

査、家畜の血統記録を用いた遺伝的多様性の調査を

行っている。 

 

２．本年度の研究成果 

 １）血統および DNA 情報を用いた黒毛和種の系統再

構築法の開発 

黒毛和種においては、少数の人気種雄牛に繁殖供用

が集中することによって、品種内の遺伝的多様性が激減

していることが指摘されている。遺伝的多様性を維持・回

復させるためには、品種内に遺伝的に分化した系統を

再構築することが有効であると言われている。そこで、血

統および SNP 情報を用いて品種内に系統を再構築する

ための手法を開発した。開発した手法は、まず血統情報

に基づいて各系統のコアとなる個体群を設定し、新たな

候補個体は SNP 情報を用いた判別分析によって適切な

系統に割り振るものである。方法の有効性を、実際の黒

毛和種の血統および SNP 情報を用いて検証した。 

 

２）ミツバチおよびマルハナバチの育種へのＢＬＵP 法に

よる選抜の導入 

BLUP 法による予測育種価に基づく選抜（BLUP 選抜）

は、家畜育種において広く利用され、経済形質の遺伝

的改良に目覚ましい成果を上げてきた。しかしながら、ハ

チ類においては遺伝ならびに繁殖上の２つの特性、すな

わち半倍数性の性決定様式および一妻多夫制の繁殖

様式によって、BLUP 選抜の適用が他の家畜に比べて

立ち遅れている。そこで、ハチ類に固有の遺伝ならびに

繁殖上の特性を考慮に入れて、ハチ類の育種における

BLUP 法の計算アルゴリズムを開発した。さらに、BLUP

選抜のハチ類の育種への適用例を、仮想的なミツバチ

集団を用いて示した。 

 

３．Research projects and annual reports 
 Genetic diversity retained in populations is an essential 
material for adaptive evolution and breeding of plants 
and animals; species can 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 pedigree and 

DNA information 

In the Japanese Black cattle 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 pedigree and 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 
discriminant function with SNP markers.  The 
effectiveness was verified with actual pedigree and SNP 
data of the Japanese Black cattle. 
2: Application of BLUP selection to honeybee and 
bumblebee breeding 
  Selection on predicted breeding values by BLUP 
methodology (BLUP selection) has been widely 
practiced in animal breeding, leading to a remarkable 
genetic improvement in economic traits.  However, the 
application of BLUP selection to bee breeding has not 
been as advanced as in other agricultural species due to 
two distinctive genetic and reproductive peculiarities in 
bees, i.e., haplodiploid sex determination and 
polyandrous breeding system.  Taking the two 
peculiarities into account, we developed a computing 
algorithm for BLUP in bee breeding.  Application of 
BLUP selection was illustrated with a hypothetical honey 
bee population.  
 

４．論文，著書など 

野村哲郎・高橋俊一・竹内 剛 (2013). ハチ類の育種への

BLUP 法による選抜の導入．京都産業大学先端科学技術研

究所所報. 第 12 号. 45-57. 

高橋純一・竹内 実・松本耕三・野村哲郎 (2013). ミツバチお

よびマルハナバチにおける微胞子虫の浸潤調査. 京都産業

大学先端科学技術研究所所報. 第 12 号. 59-67.  

野村哲郎（2013）．遺伝的多様性の確保．”牛疫学（第 3 版）

“  近代出版． 

野村哲郎（2013）, 牛の育種 “牛の科学“  pp.141-159. 朝倉

書店. 

 

５．学会発表など 

野村哲郎（2013）京都産業大学ミツバチ産業科学研究セン

ターの概要. 第25回ミツバチ科学研究会. 玉川大学．

2013.1.13. 

 

６．その他特記事項 

１） 外部資金

科学研究費補助金 基盤研究（B）  

課題名：選抜育種による北海道産マルハナバチの高受粉系

統の作出 

研究代表者：野村哲郎, 取得年度：H24-26 年 (3 年) 

２） 学外活動 

 食料・農業・農村政策審議会委員 

農林水産省独立行政法人評価委員会委員 

全国和牛登録協会 育種推進委員 

Asian-Australasian Journal of Animal Sciences, editor 

３） その他 

なし 

 

 

ハウス栽培の受粉用昆として導入され、北海道で分布域を

拡大している外来種のセイヨウオオマルハナバチ（左）と

セイヨウオオマルハナバチに代わる新たな受粉昆虫とし

て注目される在来種のエゾオオマルハナバチ(右) 

選抜育種によりエゾオオマルハナバチの高受粉能力系統

の作出を目指しています。 
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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. We also made m-type thioredoxins 
deficient line by RNAi method. These RNAi lines have 
showed severe phenotype in growth. 
 
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 
reducing equivalent transfer system across the 
membrane.  
   CcdA, which is a candidate for this system, was 
examined a contribution for reducing equivalent transfer 
assay in vitro, using isolated thylakoid membranes. If 
both a lumenal thioredoxin-like protein and CcdA 
protein function in the same reducing equivalent transfer 
pathway, reduction of a disulfide bond in the CcdA 
molecule should be promoted by stromal thioredoxin. We 



 

 

demonstrated CcdA could be reduced, in which a 
lumenal thioredoxin-like protein was reduced. In this 
year, we screened the ccdA deficient T-DNA insertion 
lines in Arabidopsis thaliana and observed the ccda 
mutant phenotype. 

K. Yoshida, K. Noguchi, K. Motohashi, T. Hisabori: Systematic 

Exploration of Thioredoxin Target Proteins in Plant 

Mitochondria. Plant Cell Physiol. 54, 875-892 (2013) 

Y. Taira, Y. Okegawa, K. Sugimoto, M. Abe, H. Miyoshi, T. 

Shikanai: Antimycin A-like molecules inhibit cyclic electron 

transport around photosystem I in ruptured chloroplasts. FEBS 

Open Bio 3, 406-410 (2013) 

K. Sugimoto, Y. Okegawa, A. Tohri, T. A. Long, S. F. Covert, T. 

Hisabori, T. Shikanai: A single amino acid alteration in PGR5 

confers resistance to Antimycin A in cyclic electron transport 

around PSI. Plant Cell Physiol. 54, 1525-1534 (2013) 
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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 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 BC4 progenies.  The BC4 progenies were segregated 
into completely male sterile plants and partially fertile 
plants.  However, all the BC4 progeny plants had the 
identical structure of mitochondrial genome.  Further 
back-crosses and observation of pollen fertility are now 
undertaken. 
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. 

M. Yoshimi, Y. Kitamura, S. Isshiki, T. Saito, K. Yasumoto, T. 

Terachi, H Yamagishi: Variations in the structure and 

transcription of the mitochondrial atp and cox genes in wild 

Solanum species that induce male sterility in eggplant (S. 

melongena). Theoretical and Applied Genetics. 126, 1851-1859 

 

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

Brassicaceae crops. Breeding Science. 64(No.1), in press 
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Research projects and annual reports 
   Our research is focussed mainly epizootiology on avian 
influenza (AI). We are analysing some properties of AI viruses 
isolated from a few kinds of migratory waterfowls flying from 
Siberia or northern China and staying in the Kansai region, 
particularly Lake Biwa during winter to clarify these isolates from 
an ecological point of view.  
   We are also collaborating with few companies to develop 
anti-viral activity-having useful products, that is, we evaluate 
materials those were experimentally produced by them, analyse 
mechanisms of this activity and search their applications.  
   We are also collaborating with the Avian Zoonoses Research 
Centre, Faculty of Agriculture, Tottori University to investigate AI 
incidence in Viet Nam. We are collecting many foeces and throat 
swabs from few species of domestic fowls reared in that country to 
isolate AI viruses, and serum samples from them to calculate 
antibody titre to these viruses. We expect to get some useful datum 
about not only contaminating situation of AI virus in Vietnamese 
poultry industry but also threatening level of human infection with 

this virus. Our research base is the overseas research station 
“Friendship Laboratory” opened by Nagasaki University in the 
National Institute of Hygiene and Epidemiology in Ha Noi. 
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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 
there is a growth hormone signal system in the brain, and 
this signal system is deeply related to the development of 
neuropsychiatric disorders other than epilepsy.  We aim 
to clarify the whole mechanism of growth hormone 
signaling in the brain.  Now we prepare a revised paper.  
Second, a sialyltransferase ST3Gal IV deletion failed to 
develop temporal lobe epilepsy using the ST3Gal IV 
gene-deficient mice.  It indicates that ST3Gal IV is an 
effective target for treating epilepsy.  Presently, we aim 
to investigate involvement of the sialyltransferase with 
expression of growth hormone in the brain showing 
epilepsy progression.   

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.  
On the other hand, the sialyltransferase gene-deficient 
mice showed emotional symptoms including an anxiety 
disorder, an environmental adjustment disorder, sleep 
disturbance, and hormonal homeostatic disorder.  We 
aim to find the acceptor substrate of alpha 
2,3-sialyltransferase and to investigate the effects of 
sialylation on the development of epileptogenesis and 
emotional symptoms.  We identified that 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 was summarized and submitted to a 
Journal.  On the other hand, the deficient mice showed 
decrease of plasma growth hormone and Igf1 according to 
growth delay.  Furthermore, failures of post-partum 
estrous cycle depending on decrease of FSH, and of 
parturition by sustaining plasma progesterone levels on 
gestation 19 day were observed.  It proposed that ST3Gal 
IV regulates hormonal metastasis on growth hormon-Igf1 
axis and progesterone-GnRH system.  Now we are 
preparing a manuscript.  

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

     The stress-sensitive model mice showed growth 
inhibition according with decreases of growth hormone 
and IGF1 within the plasma.  In this year, we evaluated 
that a specific dietary oil affected depression, anxiety, 
environmental adjustment disorder, and activity.  Then, 
we applied for a patent in August, 2013.  We aim to 
investigate brain 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.  In this year, we 
published several data in Toxicon. 
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Research projects and annual reports 
  ３．Research projects and annual reports 

 Laboratory animal medicine is the new  

specialty field within laboratory animal science, and 

also is one of veterinary medicine that is concerned 

with the diagnosis, treatment, and prevention of 

diseases in animals used in research, testing, and 

teaching. And it includes methods to minimize and 

prevent pain, discomfort, and distress in research 

animals and ways to identify factors that may affect 

animal research. The results of these researches 

contribute to both the improvement in reliability of 

laboratory experiments, and animal welfare. 

 Assist. Prof. Konno is a diplomate of the 

Japanese College of Laboratory Animal Medicine 

(JCLAM) and a member of the Japanese Association 

of Laboratory Animal Medicine (JALAM). He has 

been engaging in the researches of translational 

research including regenerative medicine, organ 



transplantation, investigation of diseases using 

laboratory animals. 

 A main theme of the research in this 

laboratory is a translational research. Translational 

research is one of the scientific researches, and its 

purpose is practical applications to make findings 

from basic science applicable for human, that is, for 

our society.  

(1) Relationships between blood vessel injury and 

hyaluronic acid - mouse model of vascular injury - 

 Although it is thought that hyaluronan 

synthase is a very important for the repair of the 

inner surface of the artery, it has not yet been proved 

in detail. Therefore, in order to prove the hypothesis, 

with the mouse model of the vascular injury, we are 

promoting the analysis. Because only arterial 

endothelial cells of the model mouse are curetted 

surgically, the making of the rodent model is needed 

for the advanced techniques, knowledges and 

experiences. But we have completed the production 

of the disease model, and now the process of the 

repair are being analyzing.  

(2) Anesthesia  - endotracheal intubation and 

inhalation anesthesia for mice and rats -  

 Appropriate and effective anesthesia is critical, 

because it has a strong influence on laboratory 

animals, and its affect greatly impacts the 

experimental data. Inhalational anesthesia by 

endotracheal intubation is currently prevailing in 

general anesthesia and is prefered over injection 

anesthesia, especially for large laboratory animals, 

because it is a safe and easy control agent. However, 

it is not common for small laboratory animals, 

because of the high degree of technical skills 

required.  We assessed the capability of use for 

mice of the endotracheal intubation by using the 

endoscope system “TESALA AE-C1” and 

inhalational anesthesia using a ventilator. 

Endotracheal intubation was successfully performed 

on all 10 C57BL/6 mice injected with M/M/B: 

0.3/4/5 comprised of medetomidine, midazoram and 

butorphanol, at a dose of 0.3 mg/kg + 4.0 mg/kg + 

5.0 mg/kg body weight/mouse, respectively. After 

the intubated mice were connected with the 

inhalational anesthesia circuit and the ventilator, 

vital signs were measured until 15 min after the 

connection. The data with M/M/B: 0.3/4/5 showed 

stable and normal values, which indicated that this 

new endotracheal intubation method was simple, 

reliable and safe, which means that this anesthesia is 

favorable in regard to the animal’s welfare. 

(3) 3D anatomical figures using computer graphical 
technology 

 Interactive visualization is a branch of 

graphics in computer science that involves the 

creation of graphic illustrations using computers. 

And many animals are used for the purpose of 

education or research, and especially miniature pigs 

are used for translational research. Therefore, by 

the fusion laboratory animal science and computer 

science, we have been preparing 3D anatomical 

figures of miniature pigs. These results give both 

useful information for education and research, and 

benefits also useful for animal welfare. 

A. Hirao, T. Kawarasaki, K. Konno, S. Enya, M. Shibata, 
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幹細胞ニッチの形成機構解明と血管再生療法への応用

を行った。

 

 

 

日本実験動物協同組合関西支部会での学術講演 
2013年11月29日(金)にキャンパスプラザ京都で開催され

た日本実験動物協同組合関西支部会の研修会において、

「実験動物としてのブタ」と題して学術講演を行った。 
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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. 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. 

 The prevalence of Bartonella in cattle was also 
investigated. 

Hirono, Y., Tanahashi, Y., Sasaki, K., Konno, K., Shirai, Y., 
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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 northern Vietnam. 
An H5N2 virus isolated from a Eurasian woodcock had a 
close phylogenetic relationship to H5 viruses recently 
isolated in South Korea and Japan, suggesting that H5N2 
has been shared between Vietnam, South Korea, and 
Japan. An H9N2 virus isolated from a Chinese Hwamei 
was closely related to two H9N2 viruses that were 
isolated from humans in Hong Kong, suggesting that an 
H9N2 strain relevant to the human isolates had been 
transmitted to and maintained among the wild bird 
population in Vietnam and South China. The results 
support the idea that wild bird species play a significant 
role in the spread. 

K. Hotta, H. Takakuwa, T. Yabuta, T. T. Ung, T. Usui, H. L. 

Nguyen, T. T. Le, M. Q. Le, T. Yamaguchi, K. Otsuki, T. Ito, T. 

Murase, T. Yamashiro. Antibody survey on avian influenza 

viruses using egg yolks of ducks in Hanoi between 2010 and 

2012. Veterinary microbiology. 2013. 166, 179-183 

H. Takakuwa, T. Yamashiro, M. Q. Le, L. S. Phuong, H. Ozaki, R. 

Tsunekuni, T. Usui, H. Ito,T. Yamaguchi, T. Ito, T. Murase, E. 

Ono, K . Otsuki. The characterization of low pathogenic avian 

influenza viruses isolated from wild birds in northern Vietnam 

from 2006 to 2009. Comparative immunology, microbiology 

and infectious diseases. 2013. 36, 581-590 

Y. Fujimoto, K. Ozaki, M. Maeda, K. Nishijima, H. Takakuwa, K. 

Otsuki, H. Kida, E. Ono. Resistance to influenza A virus 

infection in transformed cell lines expressing an anti-PB2 

monoclonal antibody. Veterinary journal. 2013. 198, 487-493 

H. Takakuwa, K. Hotta, T. Yamashiro, M. Q. Le, L. S. Phuong, T. 

Usui, H. Ozaki, H. Ito, T. Murase, T. Yamaguchi, T. Ito, E. 

Ono, K. Otsuki: Distribution of antibodies to Influenza Virus in 

Wild Birds in Northern Vietnam in 2011. Asia-Africa Research 



Forum on Emerging and Reemerging Infections 2013, Tokyo, 

2013.1.23-24 

K. Hotta, H. Takakuwa, T. Yabuta, T. T. H. Ung, N. L. K. Hang, 

L. T. Thanh, L. Q. Mai, K. Otsuki, T. Ito, T. Murase, T. 

Yamashiro: Antibody Survey on Avian Influenza Viruses using 

Duck’s Egg Yolk in Hanoi, during 2010 to 2012. Asia-Africa 

Research Forum on Emerging and Reemerging Infections 2013, 

Tokyo, 2013.1.23-24 

: . 

24

, , 2013.2.9-11. 

: PB2

A . 156

, , 2013,9,20-22 

: 2

2  

. 61

2013.11.10-12 

 



Prof. Minoru Takeuchi, Ph.D., D.V.M., M.Sci.D.

 



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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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+, 
resulting in the smooth muscle contractions. 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 and/or M3 
muscarinic receptor knockout (KO) mice and ICC 
deficient mice. 
(1) Mechanisms of gastrointestinal motility. 

We investigated roles of M2 and M3 muscarinic receptor 
subtypes and ICC in the regulation of the peristalsis in 
small intestine. Our results show that M2 receptors play 
an essential role in the generation of the peristalsis, and 
that M3 receptors have rather a modulatory role in 
controlling periodicity of the peristaltic activity together 
with the ICC. We also investigated roles of M2 and M3 
muscarinic receptor subtypes and ICC in cholinergic 
neuromuscular transmission in ileal longitudinal smooth 
muscles. Our results suggested that both M2 and M3 
receptors are involved in cholinergic neuromuscular 
transmission together with ICC. In addition, to 
characterize pharmacological properties of ATP sensitive 
K+ (KATP) channels expressed in the intestinal smooth 
muscles, we recorded the current through KATP channels 
induced by several selective KATP channel openers in 
small intestinal smooth muscle cells from wild type mice 
and determined the 50 % effective concentration values 
(EC50) of the openers. 
(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 recorded High K+-induced contractions 
in bronchial muscle ring preparations from the mice 
which were exposed to cigarette smoke (CS mice) and 
compared data from the CS mice with data from the 
control mice which were exposed to the air instead of 
cigarette smoke. In preparations from CS mice, 
application of high K+ solution induced a phasic 
contraction as seen in control mice. Although the 
magnitude of the contractions was not obviously 
different from that in preparations from control mice, the 
contractions reached a peak more quickly in CS 
preparations than those in control preparations. These 
results suggested that exposure to cigarette smoke can 
induce hyperresponsiveness to depolarization in 
bronchial smooth muscles. 
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Research projects and annual reports 
 Borna disease virus (BDV) infection causes 
neurological disease in cats. Here we report BDV 
infection on 199 hospitalized domestic cats in Tokyo 
area. BDV infection was evaluated by detection of 
plasma antibody against BDV-p24 or -p40. BDV-specific 
antibodies were detected in 54 cats (27.1%). 
Interestingly, the percentage of seropositive cats was not 
significantly different among three clinical groups, i.e., 
healthy (29.8%), neurologically asymptomatic disease 
(22.2%) and neurological disease (33.3%). The specific 
antibodies were present even in cats aged below one year. 
The seropositive ratio was constant, irrespective of age 
and sampling season. The present study suggests that 
additional factors are required for onset of Borna disease 
on naturally infected cats, and that BDV is transmitted 
through vertical routes in cats.  

Murakami, M., Shirai, M., Ooishi, R., Tsuburaya, A., Asai, K., 

Hashimoto, O., Ogawa, K., Nishino, Y., and Funaba, M. 

Expression of activin receptor-like kinase 7 in adipose tissues. 

Biochemical Genetics, 51: 202-210. 2013. 
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Research projects and annual reports 
Research projects

Many micro-organisms exist in natural environment. 
Some of them infect to plants, and some do to animals 
including human. They cause unique diseases to their 



host plants and animals. However, the others do not. 
Some are alive in animal intestine and help 
food-digestion of host animals. Some are thought to play 
important roles for host evolution. Microbes interact 
with their host and establish micro- and macro-cosmos in 
nature.

We are now studying on pathology, ecology, and 
other basic researches of zoonoses, especially, 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 vector-borne 
diseases 
(2) Molecular biology of the infection mechanisms 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 vector-borne diseases 

We collected mosquitoes, which are vectors of 
many mosquito-borne diseases, at several fixed 
observation points in Kyorto-City. We then tried to 
detect pathogens within mosquitoes by molecular 
diagnostic protocol. As the result, we did not get any 
signs of infection of the pathogens within mosquitoes 
captured in Kyoto City.  

We also conducted a tick-surveillance at north part 
of Kyoto City. We collected many species of ticks, and 
tried to detect pathogens within ticks. We detected 
several viruses by reverse transcription-polymerase 
reaction. Now, we would identify tick species and 
phylogenic analysis.  

We collaborated with Mr. Ikenaga, Mr. Ito, Miss 
Konno, and Miss Sugie in the Kyoto City Institute of 
Health and environmental Sciences, Dr. Nakaya and 
Miss Yoneshima in Ritsumeikan Universit , and Dr. 
Nihei in Asabu University.  

(2) Molecular biology of the infection mechanisms of
mosquito- and tich-borne pathogens 

Flavivirus is one of etiological agents of tick- and 
mosquito-borne diseases. The infection of the viruses 
starts by attachment to cell surface receptor. However 
the detail mechanisms of virus infection are still unclear. 
To study the first event of virus infection, we tried to 
identify the interaction partners against virus envelope 
protein, E, which is thought to be a virus-factor for 
infection. We identified several candidates of host 
factors for flavivirus infection. Now, we are confirming 
the actual interaction between viral E protein and 
candidate cellular proteins using molecular techniques. 

Mr. Igor and I are now doing research on this 
project.
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Takahashi, H. Sawa: Establishment of tracking system for West 

Nile virus entry and evidence of microtubule involvement in 
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(review) 

, , , Velado Fernandez Igor, 

, :

. . 8,

57-62 

: 4

4) .

. pp.155-157

M. Yonejima, T. Nakaya, N. Nihei, Y. Tsuda, M. Kobayashi, M. 

Watanabe, A. Maeda: Effects of land use pattern on spatial 

distribution of host-seeking mosquitoes within urban areas in 

Kyoto, Japan. International Geographic Union Kyoto Regional 

Conference kyoto, 2013.8.4-9 

, , , , Velado 

Fernandez Igor, , , :

.

65 2013.4.5-7 

, , Velado Fernandez Igor, ,

, :



. 48

2013.5.24-25 



 

Lab. Genetics in Experimental Medicine                      Prof. Kozo Matsumoto, DVM, Ph.D 



 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 
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. High Expression of Atp7b mRNA in the Peripheral 
Blood Mononuclear Cells of the Long-Evans Cinnamon 
Rats: an Animal Model of Wilson’s Disease. Kenji 
Nakayama, Yoshinobu Katoh, Norikazu Shimizu, Toyo 
Okui, Kozo Matsumoto, Yukiharu Sawada, Tsugutoshi 
Aoki. Hereditary Genetics 2, 1-5, 2013 

2. Animal Models of Diabetes and Metabolic Disease. 
Tomohiko Sasase, Marcus G. Pezzolesi, Norihide Yokoi, 
Takahisa Yamada, and Kozo Matsumoto. J. Diabetes 
Res. ID 281928, 1-2, 2013 
 

 



 

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 threshold concentrations of melamine and cyanuric 

acid for formation of melamine-cyanurate crystals: 

 

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



The crystals accumulate as urolites but are not found outside 
the urinary system. In this in vitro experiment we found that 
M-C crystals were not formed in a mixture of melamine and 
cyanuric acid at low concentrations (< 200 μg/ml). The results 
suggest that the plasma melamine and cyanuric acid 
concentrations reported in clinical cases would be too low to 
form and/or accumulate M-C crystals in the bloodstream, thus 
explaining why the crystals are not detected outside the 
urinary organs in affected humans and animals. 
2: Development of a melamine screening method 
 No substantial experiments on this theme have been carried 
out this year.  

S. Taksinoros, H. Murata,: Effects of polyvinylpyrrolidone on in vitro  

melamine cyanurate crystal formation: An electron microscopy  

study. 2013. J. Vet. Med. Sci., 75, 653-655 
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