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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 three major research projects:

1: Functional analysis of collagen-specific molecular
chaperone Hsp47. We have succeeded in establishing
conditional knockout mice in which hsp47 gene is specifically
deleted in the cartilage. Mice died just after birth with
apparent abnormality in the lack of arms and legs.
Chondrogenic bone formation was severely impaired in these
mice due to the failure of molecular maturation of type II
collagen in the cartilage. These results suggest Hsp47 plays
essential role in type II collagen maturation as a chaperone in
addition to types I and IV collagens.
2: Analysis of molecular mechanism of ER-associated
degradation. We previously found EDEM1 molecule
(EMBO Rep., 2001, Science 2003), which recognizes
misfolded proteins through mannose-trimming of their
N-glycans and segregates them from productive folding
pathway to degradation pathway, so called ER-associated
degradation (ERAD). We also found a novel ER-resident
reductase ERdj5 (Science 2008), which associates with
EDEM1 and reductively cleaves the disulfide bonds of
misfolded proteins to facilitate the ERAD. We succeeded to
solve the crystal structure of ERdj5 this year at 2.5A
resolution. After extensive biochemical experiments, we
established the substrate transfer pathway for glycoprotein
ERAD, and this figure was adopted as a cover of Molecular
Cell.
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 are now
analyzing the detailed features of these thousands of
interactions.
4. Analysis of trans-organelle quality control mechanism.
We cloned novel two proteins, UBIN and POST, involved in
the quality control of proteins misfolded within the nucleus. In
general, nuclearly misfolded proteins have been thought to be
degraded in the nucleus, because nucleus have both ubiquitin
lygase and proteasomes. However, we have got the evidence
that some aggregation-prone proteins misfolded in the nucleus
are ubiquitinated in the nucleus and exported to the cytosol
with the aid of UBIN and POST for the degradation by
cytosolic proteasomes. This study is now undergoing.
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M. Hagiwara, K. Maegawa, M. Suzuki, R. Ushioda, K. Araki, Y.

Matsumoto, J. Hoseki, K. Nagata and K. Inaba: Structural basis of

an ERAD pathway mediated by the ER-resident protein disulfide

reductase ERdj5. Mol. Cell in press

K. Araki and K. Nagata : Functional in vitro analysis of ERO1 and

protein-disulfide isomerase (PDI) pathway.

J. Biol. Chem. in press

Y.Masago, A.Hosoya, S.Kawano, A.Nasu, J.Toguchida, K.Fujita,

H.Nakamura, G. Kondoh and K.Nagata : Molecular chaperone

Hsp47 is essential for cartilage and endochondral bone formation.

J. Cell Sci. in press

W. Liu, D. Morito, (18 ), K. Nagata, N. Hashimoto and

A.Koizumi : Identification of RNF213 as a Susceptibility Gene for

Moyamoya Disease and Its Possible Role in Vascular Development.

Plos one in press

N. Yamagishi , M. Yokota , K. Yasuda , Y. Saito , K. Nagata and T.

Hatayama : Characterization of stress sensitivity and chaperone

activity of Hsp105 in mammalian cells. Biochem Biophys Res

Commun. in press

Y. Iida, T. Fujimori, K. Okawa, K. Nagata, I. Wada, & N. Hosokawa:

SEL1L critically determines the stability of the HRD1-SEL1L

ERAD complex to optimize the degradation kinetics of ERAD

substrates JBC in press

H. Kitamura, S. Yamamoto, H. Nakase, Y. Honzawa, K. Matsumura,

Y. Takeda, N. Uza, K. Nagata and T. Chiba: Role of heat shock

protein 47 in intestinal fibrosis of experimental colitis. Biochem

Biophys Res Commun. in press

D. Hasegawa, R. Fujii, (12 ), K. Nagata, H. Senoo, S.L.

Friedman, K. Nishioka, Y. Yamano, F. Itoh, T. Nakajima: E3

ubiquitin ligase Synoviolin is involved in liver fibrogenesis.

Plos one 5(10):e13590 (2010)

J. Hoseki, H. Sasakawa, Y. Yamaguchi, M. Maeda, H. Kubota, K.

Kato and K, Nagata: Solution structure and dynamics of mouse

ARMET. FEBS Lett. 584:1536-1542 (2010)

Y. Sugiura, K. Araki, S. Iemura, T. Natsume, J. Hoseki and K.

Nagata: The novel thioredoxin-related transmembrane protein

TMX4 has reductase activity. J. Biol. Chem. 285(10):7135-7142

(2010)

Y. Honzawa , H. Nakase, Y. Takeda, K. Nagata and T. Chiba: Heat

shock protein 47 can be a new target molecule for intestinal fibrosis

related to inflammatory bowel disease. Inflamm. Bowel Dis.

16(12):2004-2006 (2010)

N. Hosokawa, L.O. Tremblay, B. Sleno, Y. Kamiya, I. Wada, K.

Nagata, K. Kato and A. Herscovics: EDEM1 accelerates the

-linked mannose on the C branch of N-glycans.

Glycobiology 20(5):567-575 (2010)

J. Hoseki, R. Ushioda and K. Nagata: Mechanism and components of

endoplasmic reticulum-associated degradation. J. Biochem. 147:

19-25 (2010)

K. Araki and K. Nagata : Protein Folding and Quality Control in the

ER. Cold Spring Harbor Perspectives in Biology in press

R. Ushioda, K. Nagata The Endoplasmic Reticulum-Associated

Degradation and Disulfide Reductase ERdj5.

Methods Enzymol. in press

Y. Ishida and K.Nagata Hsp47as a collagen-specific molecular

chaperone. Methods Enzymol. in press

H. Kubota, A. Kitamura and K. Nagata Analyzing the aggregation of

polyglutamine-expansion proteins and its modulation by molecular

chaperones. Methods in press

K Araki, R. Ushioda, J. Hoseki and K. Nagata: Quality control &

Redox regulatory network. Gordon Research Conference, Lucca

(Italy), 2010.5.11

Kazuhiro Nagata: Regulation of electron transfer networks among

endoplasmic reticulum oxidoreductases. The 8th International

Workshop for CSSI, South Korea, 2010.6.2

2010.7.5

Cell Biology

2010.9.10

K. Nagata: Regulation in the electron transfer cascade among the

oxidoreductases in the endoplasmic reticulum. The 3rd International

Symposium on Protein Community, Nara, 2010.9.14

2010.11.4

J. Hoseki and K. Nagata Reduction mechanism of the ERAD

enhancing disulfide reductase, ERdj5. Gordon Research Conference,

Lucca (Italy) ,2010.5.9-14
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S. Vavassori R. Sitia
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ERdj5

2010.8.19-20

J. Hoseki and K. Nagata Glutathione is Required for Activation of the

ERAD Enhancing Disulfide Reductase, ERdj5. The 3rd International

Symposium on Protein Community Nara(Japan) 2010.9.13-16

D. Morito, W. Liu, S. Yamazaki, T. Hitomi, H. Kobayashi, N.

Matsuura, H. Hashikata, K. Harada, S. Takashima, S. Miyamoto, N.

Hashimoto, K. Nagata and Akio Koizumi: Novel ATPase/ubiquitin

ligase Mysterin is responsible for familial Moyamoya disease and is

involved in proper angiogenesis. The 3rd International Symposium

on Protein Community Nara(Japan) 2010.9.13-16

R. Ushioda, J. Hoseki and K. Nagata: Two distinct pathways for

recruitment of misfolded proteins to ERdj5. The 3rd International

Symposium on Protein Community Nara(Japan) 2010.9.13-16

Y. Sugiura, K. Araki, S. Iemura, T. Natsume, J. Hoseki and K.

Nagata: The novel thioredoxin-related transmembrane protein 4

works as a reductase in the endoplasmic reticulum. The 3rd

International Symposium on Protein Community Nara(Japan)

2010.9.13-16

M. Hagiwara, K. Maegawa, M. Suzuki, R. Ushioda, K. Araki, Y.

Matsumoto, J. Hoseki, K. Inaba and K. Nagata: The role of ERdj5

in glycoprotein ERAD pathway. The 3rd International Symposium

on Protein Community Nara(Japan) 2010.9.13-16

T. Kakihana, S. Vavassori, K. Araki, S. Iemura, T. Natume, R. Sitia

and K. Nagata: The novel mechanism for localization of

antioxidative enzyme Peroxiredoxin-4 (Prx4) in the ER. The 3rd

International Symposium on Protein Community Nara(Japan)

2010.9.13-16

N. Hosokawa, Y. Iida, K. Okawa, K. Nagata Formation of

HRD1-SEL1L ubiquitin ligase complex that regulates the

mammalian ERAD. The 3rd International Symposium on Protein

Community Nara(Japan) 2010.9.13-16

T. Fujimori, Y. Kamiya, K. Kato, K. Nagata and N. Hosokawa

Functional analysis of a mammalian lectin XTP3-B in the

endoplasmic reticulum quality control. The 3rd International

Symposium on Protein Community Nara(Japan) 2010.9.13-16

TMX4

2010.11.19-20

Y. Sugiura, K. Araki, S. Iemura, T. Matsume, J. Hoseki, K. Nagata

The Nobel thioredoxin-related transmembrane protein 4 works as a

reductase in the endoplasmic reticulum.

2010.12.7-10

T. Kakihana, S. Vavassori, K. Araki, S. Iemura, T. Natsume, R. Sitia,

K. Nagata The novel mechanism for localization of antioxidative

enzyme Peroxiredoxin-4(Prx4) in the ER.

2010.12.7-10

T. Fujimori, Y. Kamiya, K. Kato, K. Nagata, N. Hosokawa Functional

analysis of a mammalian lectin XTP3-B in the endoplasmic

reticulum quality control.

2010.12.7-10

2010.12.7-10
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Prof. Hiroshi Nakada, Ph.D

Laboratory of Immunoglycobiology

Assist. Prof. Kaoru Akita, Ph.D
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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 infection of influenza virus
and tumor progression.

The first stage of influenza virus entry to a host cell is
recognition of terminal sialic acids on glycosylated epithelial
cell surface molecules by the viral HA protein. To elucidate
the infection mechanism, it is essential to isolate and
characterize the influenza virus receptor from the epithelial
tissues. Since the mucins contain a variety of sialylated
O-glycans, they may play a role as the influenza virus
receptor.

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.
It has been reported that patients with a higher amount of
mucins in their bloodstream have a lower 5-year survival rate.
However, little is known regarding the biological significance
of mucins.

Since many lectins (carbohydrate recognition proteins ) are
found in many immune cells, we predict that mucins may
interact with these lectins such as siglec family, many of
which are characterized by binding to sialoglycans and
possessing immune regulatory motif. Binding of mucins to the
siglec family may lead to down-modulation of immune cells.
On the other hand, when membrane-bound mucins expressed
on the epithelial tumor cells interact with the siglec family, the
signaling through the membrane-bound mucin may play a role
in tumor progression. Our aim is to develop clinical ways to
overcome tumor progression based on these researches.
1: Analyses of influenza virus receptor
We isolated mucins from the avian respiratory tract and found
that avian influenza virus (H5N3) could bind to the mucins
coated on the plate and transferred onto the membrane after
SDS-PAGE. The mucins partially inhibited the binding and
infection of the influenza virus to MDCK cells.
2: Biological significance of epithelial tumor cell-produced
mucins

Mucins produced by human colon cancer cells could bind to
Siglec-9 expressed on immature DCs, leading to
down-modulation of IL-12 production. We found that
infiltrated immune cells such as DCs could interact with tumor
cells through Siglec-9 and MUC1 expressed on DCs and
tumor cells, respectively. Binding of Siglec-9 to MUC1 on
tumor cells enhanced the recruitment of -catenin to MUC1
C-terminal domain and phosphorylation of ERK1/2.

CA125 is commonly used as an ovarian cancer marker, but
its elevated expression is also found in a number of benign
conditions including endometriosis. We found that sialyl-Tn
antigen is expressed on the CA125 core protein prepared from
many patients with ovarian cancer but not from patients with
endometriosis. We developed a sandwich ELISA to
discriminate ovarian cancer from endometriosis.

M. Hamaguchi, Y. Kawahito, H. Ishino, N. Takeuchi, D. Tokunaga, T.

Hojo, A. Yamamoto, M. Kadoya, T. Seno, M. Kohno, and H.

Nakada: Mucin from rheumatoid arthritis synovial fluid enhances

interleukin-6 production by human peripheral blood mononuclear

cells. Hum. Immunol. in press, (2011)

T. Kizumi, A. Matsumoto-Takahashi, H. Nakada, M. Nakata, and Y.

Fujita-Yamaguchi: Preparation of asialo-agalacto-glycophorin A for

screening of anti-Tn antibodies. Biosci. Trends. 4(6):308-311

(2010)

M. Ohta, A. Ishida, M. Toda, K. Akita, M. Inoue, K. Yamashita, M.

Watanabe, T. Murata, T. Usui, and H. Nakada: Immunomodulation

of monocyte-derived dendritic cells through ligation of

tumor-produced mucins to Siglec-9. Biochem. Biophys. Res.

Commun. 402(4): 663-669 (2010)

H. Ishino, Y. Kawahito, M. Hamaguchi, N. Takeuchi, D. Tokunaga, T.

Hojo, M. Wada, A. Yamamoto, M. Kadoya, Y. Tsubouchi, M.

Kohno, and H. Nakada: Expression of Tn and sialyl Tn antigens in

synovial tissues in rheumatoid arthritis. Clin. Exp. Rheumatol.

28(2): 246-249 (2010)

H. Kajihara, M. Toda, T. Mine, H. Nakada, H. Wariishi, and T.

Yamamoto: Visualization of sialic acid produced on bacterial cell

surfaces by lectin staining. Microbes Environ. 25:152-155 (2010)

S. Sirko, K. Akita, A. von Holst, and A. Faissner: Structural and

functional analysis of chondroitin sulfate proteoglycans in the

neural stem cell niche. Methods Enzymol. 479: 37-71 (2010)
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M. Toda and H. Nakada: Immunosuppressive effect of

carcinoma-produced mucins on B cell function. Trends in

Glycoscience and Glycotechnology 22: 226-238 (2010)

H. Nakada: Signal transduction through MUC1-Siglec 9 interaction.

The 7th International Symposium on Glycosyltransferases, GlycoT

2010 Tokyo, 2010.7.31-8.1

T. Murata, T. Hattori, Y. Honda, M. Toda, E. Y. Park, T. Usui, and H.

Nakada: Chemoenzymatic synthesis of artificial mucins carrying

sialylated O-linked glycans with a polylactosamine extension and

interactions with CD22/siglec-2. The 25th International

Carbohydrate Symposium, Chiba, 2010.8.1-6

G. P. Subedi, T. Satoh, S. Hanashima, A. Ikeda, H. Nakada, R. Sato,

M. Mizuno, N. Yuasa, Y. Fujita-Yamaguchi, and Y. Yamaguchi:

Establishment of overproduction procedure for anti-Tn antigen

MLS128 single-chain Fv fragment toward the structural studies

Immunosuppressive effect of

mucin on splenic marginal zone B cells in tumor-bearing state
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Research projects and annual reports
O-Glycosylation is an important post-translational

modification of proteins, and is classified into several
subtypes based on the carbohydrate-protein linkage

structures. GalNAc
observed linkage, and O-glycans with this structure are
called the mucin carbohydrates since they are highly
expressed on mucins secreted from epithelial cells.
There is another O-glycosidic structure,
Man r(Thr). Contrary to the mucin sugars, the
occurrence of O-mannosylated carbohydrates is mostly
confined to the tissues, such as muscle and brain. Our
interest is to define functional roles of these two types of
O-glycosylation in the brain, and we carried out the
following experiments.
1) Analysis of synthesis and function of neuron-specific
mucin-type carbohydrates

a UDP-GalNAc: polypeptide N-acetylgalactosaminyl-
transferase (GalNAc-T) catalyzes the initial step in the
biosynthesis of mucin-type glycans. We previously
cloned a novel neuron-specific isozyme, designated
GalNAc-T9, and more recently identified a putative
GalNAc-T gene, which is also mainly expressed in the
embryonic and adult brain. The gene for this putative
isozyme is also known as WBSCR17, one of the genes
identified in the region critical to Williams- Beuren
syndrome (WBS). We carried out biochemical
characterization of WBSCR17, and knockdown of brain-
specific isozymes (GalNAc-T9, -T13, and WBSCR17),
and obtained the following data.
i) WBSCR17 was predominantly expressed in the

cis-Golgi as is the case with other GalNAc-T
isozymes, when its recombinant molecule with GFP
was expressed in mammalian cells. The subcellular
localization suggests that WBSCR17 may work as a
glycosyltransferase.

ii) Carbohydrate profiles were studied in the cells with
constitutively expressed WBSCR17 by metabolic
labeling of carbohydrates using GalNAz. The
detection of metabolically labeled glycoproteins from
the cells with overexpressed WBSCR17 demonstrated
bands with enhanced expression, indicating the
possible glycosylation by WBSCR17.

iii) The knockdown (KD) of WBSCR17 in zebrafish
generated most severe malformation of hindbrain
compared with the other brain-specific isozymes.
We then examined the expression of some hindbrain
markers, and found that wnt1 and rfng were lost or
ectopically expressed. The KD of either wnt1 or
rfng in zebrafish showed the similar phenotype to that

17



of the WBSCR17 KD embryos. All these data
indicate the WBSCR17 is somehow related to signal
transduction of wnt1 and/or rfng.

2) Analysis of functions of O-glycosidic carbohydrates
in -dystroglycan ( DG)

The aim of this project is to identify GalNAc-T
isozymes involved in mucin-type O-glycosylation of

DG, and to identify the roles of DG
mucin-carbohydrates. To express FLAG-tagged DG
in zebrafish, we generated its construct. We are
introducing the construct into the embryos.

K. Yamauchi, and A. Kurosaka: Expression and function of

glycogen synthase kinase-3 in human hair follicles. Arch.

Dermatol. Res. 302(4): 263-270 (2010)

I, Kimura, Y. Nakayama, M. Konishi, T. Kobayashi, M. Mori, M.

Ito, A. Hirasawa, G. Tsujimoto, M. Ohta, N. Itoh, M. Fujimoto:

Neuferricin, a novel extracellular heme-binding protein,

promotes neurogenesis. J. Neurochem. 112(5): 1156-1167

(2010)

S. Sasaki, Y. Nakayama, M. Konishi, A. Miyake, N. Itoh: The

FGF Family in Humans, Mice, and Zebrafish: Development,

Physiology, and Pathophysiology. Genetic Disease. in press

N. Nakamura, M. Tawara, K. Nishimura, K. Hachiga, H.

Nishizaki, Y. Nakayama, A. Miyake, N. Itoh, A. Kurosaka,

The Biological Roles of Brain-specific Polypeptide

GalNAc-transferases in Zebrafish. International

Carbohydrate Symposium (ICS2010), Yokohama (Japan),

2010.8.1-6.

A. Kurosaka, S. Toba, T. Satoh, N. Nakamura, Y. Nakayama, K.

Ozaki Suppression of a novel brain-specific UDP-GalNAc:

polypeptide N-acetylgalactosaminyltransferase causes cell

death in P19 embryonic carcinoma cells during neural

differentiation. International Carbohydrate Symposium

(ICS2010), Yokohama (Japan), 2010.8.1-6.

N. Nakamura, M. Tawara, K. Nishimura, K. Hachiga, H.

Nishizaki, Y. Nakayama, A. Miyake, Nobuyuki Itoh, A.

Kurosaka, The Biological Roles of WBSCR17, a Gene

Homologous to Polypeptide GalNAc-transferases in

Zebrafish.

H. Fujiwara, T. Satoh, Y. Nakayama, N. Nakamura, A.

Kurosaka, Functional analysis of brain-specific polypeptide

N-acetylglactos- aminyltransferase-related genes,

Y. Nakayama, Y. Tsuji, N. Nakamura, A. Kurosaka,

Characterization of brain-specific polypeptide

GalNAc-transferases in P19 cells,
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Laboratory of Anti-Aging Medicine Prof. Naoki Itano, Ph.D.

3. Research projects and annual reports
We here in Japan are facing a multitude of problems caused by
the rapid growth of what has been termed the “super-aged
society”. The aims of our research are to improve the
morbidities that are characteristic of age progression and to
establish innovative technologies that can ensure a
comfortable quality of life (QOL) for elderly. To this end, our
laboratory has been pursuing the following research programs
using advanced technologies in molecular and cellular biology,
biochemistry, and genetic engineering:

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

GlcNAcGlcA
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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.

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.

3: Recent progress in our laboratory

We recently discovered that tumor-associated macrophages
preferentially traffic to stromal areas formed within tumors in
a manner dependent on an HA-rich tumor microenvironment.
To address the role of stroma-derived HA in macrophage
recruitment, we disrupted the murine HA synthase 2 (Has2)
gene in stromal fibroblasts using conditional gene targeting.
The Has2-null fibroblasts showed severe impairment in
recruiting macrophages when inoculated with tumor cells into
nude mice, suggesting a key role of HA in tumor targeting.
Furthermore, a deficiency in stromal HA attenuated tumor
angiogenesis and lymphangiogenesis concomitantly with
impaired macrophage recruitment. These results suggest that
stroma-derived HA serves as a microenvironmental signal for
the recruitment of tumor-associated macrophages, which are
key regulatory cells involved in tumor neovascularization.
(Published in Cancer Res.2010

H. Yamazaki, M. Takeoka, M. Kitazawa, T. Ehara, N. Itano, H.
Kato, and S. Taniguchi: ASC plays a role in the priming
phase of the immune response to type II collagen in
collagen-induced arthritis. Rheumatol Int. (2011) in press.

N. Kobayashi, S. Miyoshi, T. Mikami, H. Koyama, M.
Kitazawa, M. Takeoka, K. Sano, J. Amano, Z. Isogai, S.
Niida, K. Oguri, M. Okayama, J.A. McDonald, K. Kimata, S.
Taniguchi, and N. Itano: Hyaluronan deficiency in tumor
stroma impairs macrophage trafficking and tumor
neovascularization. Cancer Res. 70(18):7073-7083 (2010)

K. Nakajima, M. Takeoka, M. Mori, S. Hashimoto, A. Sakurai,
H. Nose, K. Higuchi, N. Itano, M. Shiohara, T. Oh, and S.
Taniguchi: Exercise effects on methylation of ASC gene. Int.
J. Sports Med. 31(9):671-675 (2010)

A. Sugaya, M. Takeoka, N. Itano, A. Taguchi, T. Ehara, and S.
Taniguchi: Calponin h1-S175T point mutation enhances
resistance to actin cytoskeleton perturbation in human cancer
cells. Anticancer Res. 30(4):1071-1078 (2010)

K. Kanyama, H. Yabushita, Y. Obayashi, M. Noguchi, L. Zhuo,
N. Itano, K. Kimata, and A. Wakatsuki: Role of hyaluronan
synthase, hyaluronan and serum-derived
hyaluronan-associated protein (SHAP)-hyaluronan complex
in endometrial cancer. J. Aichi Med. Univ. Assoc.
38(1-4):29-42 (2010)
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N. Itano: Stromal hyaluronan accelerates macrophage
mobilization and tumor neovascularization. Hyaluronan
2010 (International Society for Hyaluronan Sciences, 8th

International Conference), Kyoto (Japan), 2010.6.7
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Research projects and annual reports 
Research in our laboratory focuses on the biological functions 
of gamete cells and cancer cells.  More specifically, we are 
interested in analyzing signal transduction in fertilization and 
activation of development, and cancer cell’s anti-death 
behavior and its relevance to cellular malignancy.  Molecules 
of interest include extracellular signals such as hormones (e.g. 
EGF), membrane receptors (e.g. EGF receptor), membrane- 
associated enzymes (e.g. Src tyrosine kinase), transcription 
factors (e.g. myc, STATs), and other adaptor or functional 
molecules (e.g. MAPK, Shc, PLCg, hnRNP K).  We also 
have substantial interest in investigating structure and function 

of membrane microdomains (MDs), where a specific subset of 
signaling molecules as described above are pre-organized 
and/or transiently localized from other cellular compartments.  
By combining studies on the fertilization system by using frog 
eggs and the cancer system by using human cancer cell lines, 
we will explore the idea that life and death of the cell system 
are regulated by a similar signal transduction mechanism.   
     In 2010, we have published one research paper on 
tyrosine phosphorylation of lipovitellin 2, a yolk-associated 
protein in Xenopus laevis oocytes, eggs, and early embryos.  
Shown below is the summary of the study (partly taken from 
the published paper): A tyrosine-phosphorylated protein of 33 
kDa is shown to be present in the solubilized yolk fraction of 
Xenopus laevis oocytes, eggs, and early embryos. The 
phosphoprotein is lipovitellin 2 as demonstrated by 
immunoprecipitation and Mass spectrometry studies and is 
termed pp33/LV2. pp33/LV2 is stably present during 
oogenesis, oocyte maturation, and early embryogenesis. In 
vitro enzyme assays with the use of the tyrosine phosphatase 
LAR and the tyrosine kinase Src demonstrate a reversible 
nature of the tyrosine phosphorylation of pp33/LV2. 
Microinjection studies demonstrate that the solubilized yolk 
fractions, but not those of immunodepleted of pp33/LV2 or 
those pretreated with LAR inhibit progesterone-induced 
oocyte maturation. A pp33/LV2-like protein seems to present 
in two Xenopus subspecies, one other frog species, and two 
fish species, but not in other amphibian species such as newt 
and salamander. These results suggest that LV2, in its 
tyrosine-phosphorylated form, serves in a cellular function in a 
species-specific manner. 

S. Kushima, G. Mammadova, A.K.M. Mahbub Hasan, Y.Fukami, and  

 K. Sato: Characterization of lipovitellin 2 as a tyrosine-phospho-  

 rylated protein in oocytes, eggs, and early embryos of Xenopus  

 laevis. Zool. Sci. in press, 2011. 

 

A.K.M. Mahbub Hasan, Y. Fukami, and K. Sato: Gamete membrane 

microdomains and their associated molecules in fertilization 

signaling. Mol. Reprod. Dev. in press, 2011. 

A.A. Tokmakov, T. Iwasaki, K. Sato and Y. Fukami: Analysis of 

signal transduction in cell-free extracts and rafts of Xenopus eggs. 

Methods 51(1):177-82 (2010) 
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Ken-ichi Sato: Molecular mechanisms of Xenopus egg fertilization: 

Roles of egg membrane microdomains and their associated 

signaling molecules. Friday Harbor labs Research Symposium: 

Mechanisms of Egg Maturation and Fertilization, Friday Harbor 

(WA, USA), 2010.9.12 

Signaling mechanisms of fertilization and activation of 

development: Roles of egg membrane microdomains and their 

associated molecules. 

2010.9.24 

2011.3.6 

4

2010.8.18-20 

4

2010.8.18-20 

K. Sato, Y. Kawada, N. Yamamoto, Y. Fukami Serum-independent 

growth and anti- apoptosis of human bladder carcinoma cells 

require functions of membrane microdomain- associated proteins 

such as Src and uroplakin III. 33

83 2010.12.7-10 

Mahbub Hasan A.K.M.
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Laboratory of Vascular and Neuronal Biology Prof. Misuzu Seo, Ph.D
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3 Research projects and annual reports
Solid tumor growth in animals and in man is accompanied by

neovascularization called angiogenesis. New capillary growth is
elicited by a diffusible factor such as vascular endothelial growth
factor (VEGF) and fibroblast growth factor (FGF) generated by
malignant tumor cells. There is evidence that overexpression of
VEGF and FGF correlate poor prognosis. We are investigating
the molecular mechanisms whereby VEGF and FGF mediate
tumor progression. Anti-VEGF antibodies (such as Avastin) have
received much attention lately for their ability to block tumor
angiogenesis and prolong the life of cancer patients. Neuropilins
(NRP1 and NRP2) are receptors for the VEGF family of
angiogenesis stimulators. Previously, it was shown that VEGFs
act via VEGF receptor tyrosine kinases, but it now appears that
VEGF activity is also modulated by NRPs, which have no kinase
activity. We focus on developing new antitumor agents, which
target the VEGF/NRPs and/or FGF mediated cell signaling in
malignant tumor cells.

Another important project of our group is to investigate the
molecular mechanisms of congenital disorders caused by neuronal
impairment. FGF regulates the survival and motility of neural cells
in vertebrates. Especially, loss of the function of FGF signaling
in the central nervous system accounts for many hereditary and
congenital disorders. We are actively studying the role of FGF
receptor 1 (FGFR1) and downstream signaling cascades in
Kallmann syndrome (KS).

KS is defined by the combination of hypogonadotropic
hypogonadism (HH) and anosmia/ hyposmia. Loss-of-function
mutations in the KS gene KAL2/FGFR1 account for roughly 10%
of KS cases, leading to the autosomal dominant form the diseases.
The smell deficiency in KS is related to a defect in olfactory bulb
development, and hypogonadism is due to gonadotropin-
releasing hormone (GnRH) deficiency, which presumably results
from a failure of the embryonic migration of neuroendocrine
GnRH cells from the olfactory epithelium to the forebrain.
Clinical spectrum in KAL2/FGFR1 mutation positive patients
ranges widely from typical KS phenotype to apparently normal
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phenotype with fertility, including anosmina/ hyposmia only
phenotype.

Our contributions in these research fields are expected to lead to
the development of regenerative therapies for neuronal disorder
patients, which are currently the center of attention, as well as
novel cancer treatments.

1: VEGF-A induces VEGFR-independent signaling, Neuropilin
dependent Tumorigenesis.

Tumor-secreted VEGF-A is a crucial factor for tumor
malignancy i.e tumor angiogenesis. Besides the aspect of tumor
angiogenesis, there are reports to account that VEGF-A may
promote proliferation and survival of tumor themselves. DJM1
cells, obtained from a metastatic squamous cell carcinoma patient,
secrete high levels of VEGF-A (1.4 ng/ml, 1×106 cells, 48h) in
vitro. Indeed, DJM1 tumor highly induced microvessels in vivo,
and the conditioned medium form DJM1 cells stimulated growth
and migration of HUVEC. VEGF-A siRNA treatment decreased
VEGF-A secretion and the colony formations of DJM1 cells in
soft agar. However, VEGFR2 kinase inhibitor did not suppress the
colony formations. siRNA for neuropilin-1, another VEGF-A

receptor, suppressed the colony formations, too. These results
suggest that VEGF-A induces tumor angiogenesis and the
survival and growth of tumor cells.

2: A novel acid box mutant of FGFR1 confers olfactory bulb
aplasia in a Kallmann syndrome patient.

We found a novel KAL2/FGFR1 mutant which induces the KS
symptom. The proband was a 7-year-old Japanese girl who came
to us because of anosmia. Magnetic resonance imaging (MRI)
revealed aplasia of bilateral olfactory bulbs, and an alinamin test
indicated the lack of olfactory acuity. FGFR1 consists of three
extracellular Ig-like domains D1-D3, an acid box domain, one
transmembrane domain and one tyrosine kinase domain. A
heterozygous 3 bp insertion mutation (D132_D133insD; ABinsD)
leading to an expansion of the Asp repeat from six to seven was
identified at exon 4 of FGFR1 in the girl. Our objective is to
explore that the mutation in the Acid box domain of FGFR1
causes functional defects during FGF signaling. We transfected
PC12 cells with expression vectors of FGFR1WT or FGFR1ABinsD,
and cloned the stable expression cells. Using the clone for
FGFR1WTand the clone for FGFR1ABinsD, we analyzed the neurite
outgrowth assay. FGF2, the ratio of the neurite bearing cells was
higher and the length of the neurites were longer in the FGFR1WT

-expressing PC12 cells compared to the FGFR1ABinsD -expressing
PC12 cells. These results demonstrate that the acid box of FGFR1
is important for neurite outgrowth in PC12 cells and the acid box
mutation may be responsible for the olfactory aplasia in the KS
patient.
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Laboratory of Cell and Developmental Biology Prof. Nobuhiro Nakamura, Ph.D

Research projects and annual reports
Research Projects

The Golgi apparatus is situated at the center of the
vesicular transport pathway. It is an organelle where secretory
and membrane proteins and some glycolipids are synthesized
and modified. The Golgi apparatus inspects the quality of the
synthesized and modified proteins and only the approved
proteins are selected, sorted and dispatched to their final
destinations. Our recent experimental results indicated that the
Golgi apparatus plays important roles in the cell
differentiation and polarization during the cell growth, death
and tissue development.

It is proposed that the cell somehow monitors the
functional state of the Golgi apparatus and efficiently
regulates its localization and structure according to the needs
of cellular functions. However, the regulatory mechanism has
not been well understood. We, therefore, trying to elucidate
(1) the molecular mechanism of the maintenance of the Golgi
structure and its relationship with the cell cycle control, (2) the
mechanism of the signal transduction from the Golgi
apparatus to the cytoplasm and the nucleus, by analyzing the
functions and dynamics of the proteins which are propose to
be involved in the cell cycle control, cell movement and cell
death using biochemical, molecular, cellular and
developmental biological methods.

We are also trying to find (3) the role of the Golgi
apparatus in the expression of the higher ordered cellular
functions during embryonic and tissue development using
zebrafish, which is suitable for the observation of
embryogenesis and cell biological analyses, as a model
organism. Especially, we are focusing on the dynamics of the
Golgi apparatus and the associated proteins during the early
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embryogenesis to understand the role of the Golgi apparatus in
the cellular morphogenesis and movement.

Annual report
The Yip1 domain family (YIPF) proteins are

homologues of yeast Yip1p and Yif1p, which are proposed to
function in ER to Golgi transport. We characterized YIPF3
and YIPF4, homologues of human Yif1p and Yip1p,
respectively. Immunofluorescence and immuno-electron
microscopy showed that both YIPF3 and YIPF4 are clearly
concentrated in the cis-Golgi. While YIPF4 was detected as a
single mobility form consistent with its predicted molecular
weight, three different mobility forms of YIPF3 were detected
by western blotting. Biochemical and immunofluorescence
experiments strongly indicated that YIPF3 is synthesized in
the ER as a N-glycosylated form (40 kDa), is then
O-glycosylated in the Golgi apparatus to become a lower
mobility form (46 kDa) and finally becomes a higher mobility
form cleaved at its C-terminal luminal domain (36 kDa).
YIPF3 and YIPF4 form a complex in the Golgi apparatus, and
this was suggested to be important for their proper localization
and function. The knockdown of YIPF3 or YIPF4 in HeLa
cells induced fragmentation of the Golgi apparatus, suggesting
their involvement in the maintenance of the Golgi structure.

M. Sohda, Y. Misumi, A. Yamamoto, N. Nakamura, S. Ogata, S.

Sakisaka, S. Hirose, Y. Ikehara and K. Oda. Interaction of

Golgin-84 with the COG complex mediates the intra-Golgi

retrograde transport. Traffic 11: 1552-1566 (2010)

N. Nakamura. Emerging new roles of GM130, a cis-Golgi matrix

protein, in higher order cell functions. J Pharmacol Sci 112:

255-264 (2010)

D. Tamura and N. Nakamura: Involvement of phospholipase A2 and

rab GTPase in the disassembly of the Golgi apparatus induced by

low pH treatment.

N. Nakamura and N. Sakai: Yip1 domain family members localizing

in the trans-Golgi/trans-Golgi network. BMB2010

M. Sohda, Y. Misumi, A. Yamamoto, N. Nakamura and K. Oda:

Interaction of golgin-94 with the conserved oligomeric Golgi

(COG) complex mediated the intra-Golgi retrograde transport.

BMB2010

N. Nakamura: Emerging new role of the Golgi apparatus in higher

order cell functions: Presentation as a member of Kyoto Sangyo

University delegates, Faculty of Science, Mahidol University

(Bankok, Thailand), March 1, 2011

N. Nakamura: Emerging new role of the Golgi apparatus in higher

order cell functions: Presentation as a member of Kyoto Sangyo

University delegates, Chulabhorn Research Institute (Bankok,

Thailand), March 2, 2011

N. Nakamura: Emerging new role of the Golgi apparatus in higher

order cell functions: Presentation as a member of Kyoto Sangyo

University delegates, Faculty of Veterinary Science, Mahidol

University (Bankok, Thailand), March 3, 2011

N. Nakamura: Emerging new role of the Golgi apparatus in higher

order cell functions: Presentation as a member of Kyoto Sangyo

University delegates, Faculty of Sciences, Kasetsart University

(Bankok, Thailand), March 4, 2011
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Research projects and annual reports
How the brain expresses a variety of neural function still
remains enigmatic. We study molecular mechanisms
underlying specific neuronal events that occur during nervous
system development and also try to understand a genetic
program that globally governs the circuit formation in the
brain. To approach these problems, we employ a small brain
of Drosophila comprising 105 neurons, only a millionth of the
human brain. Our research, based on the analysis of the
mutants that show either a behavioral or morphological
phenotype, is focused on two themes concerning neural circuit
formation.
1: A role of Hig protein in synaptic clefts.
The hig (hikaru geneki) gene, identified by a mutant
phenotype of reduced locomotor activity, encodes a secreted
protein localized to synaptic clefts in the brain. The goal of
this project is to reveal a role for Hig in synaptic clefts. In
addition, the absence of one of the human proteins resembling
to Hig is known to cause epilepsy, mental retardation or brain
malformation. Thus, we are also interested in the functional
relationships between Hig and the human protein.

Analysis of the mutants showing abnormal axonal
projection of olfactory receptor neurons (ORNs).
We have isolated several mutants in which ORN axons
exhibit abnormal projection patterns in the first-order
olfactory center in the brain. The purpose of this project is to
reveal the molecular mechanisms that regulate the precise
axonal projection of ORNs through the analysis of the
mutants and causal genes.

Annual reports
1-1: Identification of a protein that affects the localization of
Hig in synaptic clefts.
Hig is predicted to form a complex with other proteins
because Hig contains several CCP (Complement Control
Protein) domains. Identifying such a complex component
would help us reveal the function of Hig. We therefore
decided to search the mutants exhibiting reduced locomotor
activity, a phenotype similarly shown by hig mutants, and
found two mutants, tentatively named dig and higl. Notably,
Hig disappeared in the synaptic regions of the dig mutant
brains, which indicates that Dig is required for Hig
localization in synaptic clefts. Whether Dig forms a complex
with Hig has to be tested by immunoprecipitation experiments
in the near future. It also remains to be clarified whether Dig

regulates the stability of Hig or transport of Hig to synaptic
clefts. Another gene higl, as analyzed by in situ hybridization,
is expressed in a subset of neurons in the embryonic central
nervous system.
1-2: Hig protein as a possible component of the synaptic
cleft extracellular matrix.
Immunofluorescence with newly generated Hig antibody reveals
that Hig is present in most synaptic regions in the adult brain and
tightly adjacent to both presynaptic and postsynaptic proteins
(Bruchpilot and ALS, respectively), being consistent with Hig
localization in synaptic clefts. During rescue experiments, we
found that Hig-GFP protein expressed by a glia-specific driver
recovered the locomotor activity and longevity of hig mutants.
Notably, Hig-GFP produced by the glia cells is predominantly
present in the synaptic regions. This suggests that Hig protein
transported from a distance through extracellular spaces and not
from synaptic terminals can be incorporated into synaptic clefts.
We propose that Hig protein specifically binds to some of scaffold
components that constitute an extracellular matrix in synaptic
clefts.
2: Identification of the responsible genes for the mutants
showing abnormal axonal projection of ORNs.
We have successfully identified the genes responsible for
three mutations that affect ORN axonal projection. One of the
genes encodes a protein that is involved in the regulation of
histone methylation. The mutant phenotype is ectopic axonal
targeting or overshooting from the correct target. These data
suggest that histone methylation regulates expression of a
gene that controls axon guidance. We will further examine the
details of the phenotype and identify the guidance cue
expressed under the epigenetic control.

M. Nakayama, H. Sato, T. Okuda, N. Fujisawa, N. Kono, H. Arai, E.

Suzuki, M. Umeda, HO. Ishikawa and K. Matsuno. PLoS One in

press, 2011.

HO. Ishikawa, T. Ayukawa, M. Nakayama, S. Higashi, S. Kamiyama,

S. Nishihara, K. Aoki, N. Ishida, Y. Sanai and K. Matsuno. J. Biol.

Chem. 285(6):4122-4129 (2010)

M. Nakayama and C. Hama: Modulation of neurotransmitter receptors

and synaptic differentiation by proteins containing

complement-related domains. Neuroscience Research in press,

2011.
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Laboratory of Glycobiology Prof. Shigeyuki Fukui,Ph.D
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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.

1. S. Fukui and M. Kawahara; Characterization of one of major

Poly-N-acetyl-lactosamine-carrying glycoproteins in PC12 cells and

its variant cells, PC12D. 25 2010 8

2. S. Murakoshi, S. Mizumoto K. Kalayamanitra S. S. Deepa S.

Fukui P. Kongtawelert S. Yamada and K. Sugahara; A series of

novel hexasaccharides isolated from chondroitin sulfate of shark fin

cartilage and recognized by the antibody that stains mouse brain

sections. 25 2010 8
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Research projects and annual reports
1. Rotary mechanism of V-ATPase
Vacuole-type ATPases (VoV1) and FoF1 ATP synthases couple
ATP hydrolysis/synthesis in the soluble V1 or F1 portion with
proton (or Na+) flow in the membrane-embedded Vo or Fo

portion through rotation of one common shaft. Here we
show at submillisecond resolutions the ATP-driven rotation of
isolated V1 and of the whole VoV1 from Thermus thermophilus,
by attaching a 40-nm gold bead for which viscous drag is
almost negligible. V1 made 120 steps, commensurate with
the presence of three catalytic sites. Dwells between the
steps involved at least two events other than ATP binding, one
likely ATP hydrolysis. VoV1 exhibited twelve dwell
positions per revolution, consistent with the twelve-fold
symmetry of the Vo rotor in T. thermophilus. Unlike F1 that
undergoes 80 -40 substepping, chemo-mechanical
checkpoints in isolated V1 are all at the ATP-waiting position,
and Vo adds further bumps through stator-rotor interactions
outside and remote from V1.

2. ATP sensing system in whole nematode
Adenosine 5’-triphosphate (ATP) is the major energy currency
and is involved in many biological processes. The ATP
monitoring system of the single cell of living animal in
real-time can be helpful to study the relation between energy
metabolism and biological processes. The fluorescent ATP
biosensor ATeam, which has been reported to monitor free
ATP levels inside living cultured cells based on fluorescence
resonance energy transfer (FRET), was then introduced into
nematodes by microinjection and UV-irradiation method. It is
confirmed whether ATeam function in nematode cells using
cultured cells derived from the transgenic nematode. The
ATeam expressed and worked in nematode cells. Their vulval
cells allowed detection of different ATP levels in the cytosol
compared to mitochondria. These experiments demonstrate
that ATeam is available for detection of ATP levels change in
nematode cells.

Furuike, S, Nakano, M., Adachi, K., Noji, H., Kinosita Jr., K., and

Yokoyama, K. Resolving stepping rotation in Thermus thermophilus

H+-ATPase/synthase with an essentially drag free probe. Nature

Communications,2 in press
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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

Nascent chain biology

modulated elongation speed

feedback control

co-translational events in protein maturation
(targeting, assembly, folding - - - - -)

nascent chain-exit tunnel interaction
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export and membrane protein insertion are controlled by
regulatory nascent polypeptides that function in concert with
this principle and are studying molecular mechanisms and
physiological outcomes of the regulation. Also, we are
developing experimental methods to visualize cellular
polypeptidyl-tRNAs, essential but poorly studied
intermediates in translation.
This year’s accomplishments:

1. Regulatory nascent polypeptides encoding
ribosome-stalling amino acid sequences provide a novel
mechanism to regulate the expression of genetic information.
Our previous studies have shown that two of these regulatory
nascent chains, B. subtilis MifM and E. coli SecM, are unique
in having two functional elements, with one region (the arrest
module) stalling translation and the other (the sensor module)
monitoring the cellular processes of membrane protein
insertion (in the case of MifM) or protein export (in the case
of SecM) by serving as co-translational substrates of the
respective machineries and thereby controlling release of the
translational arrest. We probed the species specificity and
modularity of these two regulatory polypeptides, using in vitro
and in vivo approaches. The results obtained demonstrate
that the elongation arrest produced by these polypeptides is
species-specific and therefore a result of specific interactions
between the nascent chain and the ribosome. However, we can
convert MifM into a monitor of protein secretion by replacing
its native transmembrane domain with an export signal
sequence. This highlights the modular nature of regulatory
nascent chains and indicates that the translational arrest can be
regulated by different co-translational events that use different
cellular machineries.

2. Polypeptidyl-tRNAs are important components of
translation, which occur as intermediates, but they have not
been profiled in cellular contexts. We are developing
experimental methods that visualize polypeptidyl-tRNAs of
the cell, termed "nascentome", by SDS-PAGE in two
dimensions, first in neutral pH, where peptidyl-tRNA ester
bonds are preserved and subsequently after
hydrolysis-enhancing incubation at high pH/temperature. To
this end, we have characterized stabilities of ester bonds that
bridge the different, last amino acids and tRNA and worked
out conditions for the two-dimensional separation. By
combining this method with pulse-chase schemes, we plan to
follow the fates of cellular polypeptidyl-tRNAs to achieve
deeper understanding of protein biogenesis and quality control
pathways.

Saito, A., Hizukuri, Y., Matsuo, E., Chiba, S., Mori, H., Nishimura, O.,

Ito, K. and Akiyama, Y.: Post-liberation cleavage of signal peptides

is catalyzed by the site-2 protease (S2P) in bacteria. Proc. Natl.

Acad. Sci. USA in press, 2011

Tsukazaki, T, Mori, H., Echizen, Y., Ishitani, R., Fukai, S., Tanaka, T.,

Perederina, A., Vassylyev, D. G., Kohno, T., Maturana, A. D., Ito,

K., and Nureki, O. Structure and function of a membrane

component SecDF that enhances protein export. Nature in press,

2011

Chiba, S., Kanamori, T., Ueda, T., Akiyama, Y., Pogliano, K. and Ito,

K.: Recruitment of a species-specific translational arrest module to

monitor different cellular processes. Proc. Natl. Acad. Sci. USA in

press, 2011

White, R., Chiba, S., Pang, T., Dewey, J.S., Savva, C.G., Holzenburg,

A., Pogliano, K. and Young, R.: Holin triggering in real time. Proc.

Natl. Acad. Sci. USA in press, 2011

Ron, D. and Ito, K.: A translational pause to localize. Science in press,

2011

Ito, K., Chiba, S. and Pogliano, K.: Divergent stalling sequences sense

and control cellular physiology. Biochem. Biophys. Res.

Commun. 393: 1-5 (2010)

Ito, K.: Structure, function and regulation of the Sec translocation

system. International Symposium Life of Proteins in Honor of

the 1st Retirement of Professor Kazuhiro Nagata, Kyoto (Japan)

March 18, 2010.

Ito, K., Chiba, S., Akiyama, Y. and Abo, T.: Visualizing dynamic

nascentome of the cell. FASEB Summer Research Conference

Protein Folding in the Cell. Saxtons River, Vermont (USA). July

25-30, 2010.

Ito, K.: From SecY to nascent chain biology. International

Symposium on Protein Community. Nara (Japan), September

13-16, 2010.

RseP PDZ .

23 2010. 1. 6-9

Tsukazaki, T., Mori, H., Ito, K., and Nureki, O.: Structural analysis of

bacterial Sec translocon machinery. Gordon Research Conferences

on Protein Transport Across Cell Membranes, Galveston (U.S.A),

March 7-12, 2010
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Perederina, A., Vassylyev, D. G.

Sec SecDF .

10 . 2010. 6. 16-18.

:

mifM in vitro .

. , 2010. 9. 2-3

Ito, K., Chiba, S., Akiyama, Y. and Abo, T.: Visualizing dynamic

"nascentome" of the cell. International Symposium on Protein

Community, Nara (Japan), September 13-16, 2010

Mori, H., Tsukazaki, T., Nureki, O., Ito, K. and Akiyama, Y.: A

functionally important intramolecular interaction in SecA:

involvement of hydrophobic amino acids in motif IV and

anti-parallel beta sheet in translocase activation. International

Symposium on Protein Community, Nara (Japan), September 13-16,

2010

Tsukazaki, T., Mori, H., Echizen, Y., Ishitani, R., Fukai, S., Tanaka,

T., Perederina, A., Vassylyev, D. G., Kohno, T., Ito, K. and Nureki,

O.: Crystal structure of SecDF, a Sec translocon-associated

membrane protein. International Symposium on Protein Community,

Nara (Japan), September 13-16, 2010

Yura, T., Lim, B., Gross, C., Ito, K., Mori, H. and Akiyama, Y.:

SRP-dependent targeting of sigma 32 to the membrane: A critical

step for the chaperone-mediated feedback control in bacteria heat

shock response. International Symposium on Protein Community,

Nara (Japan), September 13-16, 2010

Tamura, T., Kiyoto, A., Yoshida, T., Ito, K. and Inagaki, K.:

Combinatorial mutation of the active-site dipeptide sequence

revealed no correlation between the redox potentials and biological

functionality of DsbA[CXXC]. International Symposium on Protein

Community, Nara (Japan), September 13-16, 2010

Fate of signal peptides in bacteria: post liberation cleavage by S2P

protease.

, . 2010. 12. 7-10
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Research projects and annual reports
In our laboratory, 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 germinal cells.
(1) Digestive organs

Digestive organs are necessary for the survival of animals.
In the vertebrates, the esophagus, stomach, small and large
intestines are formed from the simple tube, together with liver
and pancreas. The embryonic gut is consisted of endodermal
epithelium and mesodermal mesenchyme. It has been
repeatedly shown that the interactions between two tissues are
required for the development of normal. For example, in the
chicken embryo, the epithelia of glandular stomach and
muscular stomach differentiate according to the inductive
influence of the mesenchyme. We have identified several
factors such as BMP2 and sonic hedgehog working in the
interactions. In the year 2010, we analyzed more precisely the
action of these factors.

We are interested in the differentiation of stem cells in the
digestive organs. Stem cells exist in the epithelium of adult
digestive organs. However, the derivation and localization of
these cells during the development are not exactly known. We
then aimed to clone Lgr5 genes which is a specific marker
gene of intestinal stem cells and to analyze expression patterns
during the intestinal development.

(2) Heart

The heart is the first organ to function in vertebrate
embryos. The heart, however, initially lacks coronary vessels,
which later supply oxygen to the heart muscle and are crucial
for the heart function in an adult. Precursors of coronary
vessels and the epicardium originate from extracardiac
mesodermal protrusions called the proepicardium (PE). Recent

studies suggest that the PE and its derivatives are potential
sources of stem cells useful for regenerative therapies for
cardiovascular disease. We investigate mechanisms of PE
induction, fusion of the PE to the heart, roles of PE cells in
coronary development, and potential for PE cells for medical
applications, using the chick embryo as a model system.
(3) Embryonic germ cells

No ES cells and iPS cells are established using avian cells.
On the other hand, the primordial germ (PG) cells can be
induced to differentiate into pluripotent stem cells, embryonic
germ (EG) cells. We tried to concentrate PG cells with using
MACS and characterize cells with several markers such as
SSEA-1 and CVH.

Results
(1) Digestive organs

To examine the signaling pathway of BMP, we detected
phosphorylated SMAD with specific antibody. However the
clear results were not obtained, partly because of the small
amount of the antigen. As for the action of the sonic hedgehog,
we cultivated small intestine in the presence of inhibitor,
cyclopamine. The formation of villi seemed to be stimulated
by the addition of cyclopamine.

The intestinal stem cells were detected during the
development with expression of Lgr5 and incorporation of
BrdU. The in situ hybridization with Lgr5 probe gave no clear
results. However cells incorporating BrdU were restricted to
the crypt region rather rapidly at the latest period of
incubation.
(2) Heart

The proepicardium (PE) protrudes toward and attaches to
the atrioventricular junction (AVJ) of the looping heart tube.
However, mechanisms underlying this directional PE
protrusion remained unclear. We demonstrated that the PE
preferentially protrudes toward the AVJ myocardium both in
vitro and in vivo. This preference was suppressed by a BMP
antagonist Noggin and mimicked by BMP2, which is abundant
in the AVJ myocardium. These results support a model in
which a heart-derived soluble factor(s) guides PE protrusions
to a specific region of the heart (see the figure below).
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(3) Embryonic germ cells
We examined the conditions to isolate PG cells from the

gonad of young chicken embryos. Also, CVH gene was cloned
to identify germ cells. These studies will be continued.

W. Kimura, C. Alev, G. Cheng, M. Jakt, S. Yasugi and K. Fukuda:

Identification of region-specific genes in the early chicken

endoderm. Gene Expression Patterns in press

I. Oda-Ishii, Y. Ishii and T. Mikawa: Eph regulates dorsoventral

asymmetry of the notochord plate and convergent

extension-mediated notochord formation. PLoS One 5 (10):e13689

(2010)

R. J. Garriock, C. Czeisler, Y. Ishii, A. M. Navetta and T. Mikawa:

An anteroposterior wave of vascular inhibitor downregulation

signals aortae fusion along the embryonic midline axis.

Development 137 (21): 3697-3709 (2010)

Y. Ishii, R. J. Garriock, A. M. Navetta, L. E. Coughlin and T.

Mikawa: BMP signals promote proepicardial protrusion necessary

for recruitment of coronary vessel and epicardial progenitors to the

heart. Dev. Cell 19: 307-319 (2010)
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Research projects and annual reports
We are studying two independent projects; molecular
chaperones and ATP synthase.
Molecular chaperones

Bacterial chaperonin, GroEL and its co-chaperone GroES, is
best understood molecular chaperone, in which, according a
textbook model, unfolded polypeptide is captured and
enclosed internal cavity of GroEL/GroES complex where it
folds without risk of aggregation. However, using
ATPase-deficient GroEL mutants that keep GroES bound, we
found that, in the rate-limiting intermediate of a chaperonin
reaction, the unfolded polypeptide in the cage partly protrudes
through a narrow space near the GroEL/GroES interface. Then,
the entire polypeptide is released either into the cage or to the
outside medium. The former adopts a native structure very
rapidly and the latter undergoes spontaneous folding. Partition
of the in-cage folding and the escape varies among substrate
proteins and is affected by hydrophobic interaction between
the polypeptide and GroEL cavity wall. The ATPase-active
GroEL with decreased in-cage folding produced less of a
native model substrate protein in Escherichia coli cells. Thus,
the polypeptide in the critical GroEL-GroES complex is
neither free nor completely confined in the cage, but it is
interacting with GroEL’s apical region, partly protruding to
outside.
ATP synthase
FoF1-ATP synthase (FoF1) is ubiquitously found in membranes
of bacteria, chloroplast, and mitochondria, and synthesizes
ATP by the energy of proton flow driven by the proton motive
force. FoF1 is also able to catalyze the reverse reaction, ATP
hydrolysis-driven proton pumping, which actually occurs in
some cases and conditions. FoF1 is a motor enzyme composed
of two rotary motors, membrane integral Fo which converts
the proton motive force into rotation, and water-soluble F1

which converts the rotation into synthesis of ATP. F1 has a
subunit composition of 3 3 and acts as ATPase when
isolated. It has been known for the typical bacterial enzymes
from thermophilic Bacillus PS3 (TFoF1) and Escherichia coli,
that the smallest subunits of F1, acts as an endogenous
inhibitor of ATPase activity under some conditions. exists in
eukaryotic mitochondrial ATP synthase, but it no longer has
inhibitory function. Instead, a small protein, called IF1,

specifically inhibits ATP hydrolysis activity of ATP synthase.
We have made IF1-knockout mouse and found that, to our
surprise, KO-mice grow normally. Growth and physiological
response under the stress conditions are now being tested.

Feniouk BA, Kato-Yamada Y, Yoshida M, Suzuki T. Conformational

transitions of subunit epsilon in ATP synthase from thermophilic

Bacillus PS3. Biophys J. 98(3):434-42 (2010)

Hossain MD, Furuike S, Onoue Y, Adachi K, Yoshida M, Kinosita K

Jr. Stimulation of F(1)-ATPase activity by sodium dodecyl sulfate.

Biochim Biophys Acta. 1797(4):435-42 (2010)

Shimo-Kon R, Muneyuki E, Sakai H, Adachi K, Yoshida M, Kinosita

K Jr. Chemo-mechanical coupling in F(1)-ATPase revealed by

catalytic site occupancy during catalysis. Biophys J. 98(7):1227-36

(2010)

Saita E, Iino R, Suzuki T, Feniouk BA, Kinosita K Jr, Yoshida M.

Activation and stiffness of the inhibited states of F1-ATPase probed

by single-molecule manipulation. J Biol Chem. 285(15):11411-7

(2010)

Kobayashi M, Akutsu H, Suzuki T, Yoshida M, Yagi H. Analysis of

the open and closed conformations of the beta subunits in

thermophilic F1-ATPase by solution NMR. J Mol Biol.

398(2):189-99 (2010)

Mitome N, Ono S, Sato H, Suzuki T, Sone N, Yoshida M. Essential

arginine residue of the F(o)-a subunit in F(o)F(1)-ATP synthase has a

role to prevent the proton shortcut without c-ring rotation in the F(o)

proton channel. Biochem J. 430(1):171-7 (2010).

Motojima-Miyazaki Y, Yoshida M, Motojima F. Ribosomal protein

L2 associates with E. coli HtpG and activates its ATPase activity.

Biochem Biophys Res Commun. 400(2):241-5 (2010).

Fujikawa M, Yoshida M. A sensitive, simple assay of mitochondrial

ATP synthesis of cultured mammalian cells suitable for

high-throughput analysis. Biochem Biophys Res Commun.

401:538-43 (2010).

Motojima F, Yoshida M. Polypeptide in the chaperonin cage partly

protrudes out and then folds inside or escapes outside. EMBO J.

29:4008-19 (2010).

Motojima F, Yoshida M: Fold or escape; fates of substrate

polypeptide in the critical GroEL/GroES intermediate. Cold Spring

Harbor Meeting, New York, USA, 2010. 5. 4
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Yoshida M: Mechanism and Regulation of rotary motor enzyme,ATP

synthase. Sanford-Burnham Medical Research Insititute, San Diego,

USA 2010. 5. 10

Motojima F, Yoshida M: Polypeptide in the chaperonin cage partly

protrudes out and then folds inside or escapes outside. The

3rdInternational Symposium on Protein Community, Nara, 2010. 9.

14

Functional analyses of the minor

subunits in FoF1 complex with a novel assay for mammal FoF1-ATP

synthase. 62 2010.5

Suzuki T, Wakabayashi C, Saita E, Tanaka K, Furuike S, Kinosita K,

Yoshida M: Biochemical and single-molecule analyses of human

F1-ATPase. 16th European Bioenergetics Conference 2010. 2010.7

Hiroki Sata, Noriyo Mitome, Toshiharu Suzuki, Masasuke Yoshida.

Aqueous access channels in subunit a of sodium transporting

FoF1-ATP synthase. 16th European Bioenergetics Conference 2010

2010.7

Naoki Soga, Kazuhiko Kinosita Jr ,Masasuke Yoshida, Toshiharu

Suzuki. Kinetic equivalence of membrane potential and pH

difference across membrane in ATP synthesis by Bacillus PS3

FoF1-ATP synthase. 16th European Bioenergetics Conference 2010

2010.7

Fumitaka Kadoya, Shigeyuki Kato, Kei Watanabe, Toshiharu

Suzuki,Masasuke Yoshida, Yasuyuki Kato-Yamada. ATP binding to

the epsilon subunit of thermophilic ATP synthase is essential for

coupling ATPase and H+-pumping. 16th European Bioenergetics

Conference 2010 2010.7

Fenyuk B. What is the mechanism of Mg

ADP-inhibition in F0F1-ATP synthase? 16th European Bioenergetics

Conference 2010 2010.7

IF1 influences on energy metabolism

not only under energy restricted condition but also under normal

condition. 16th European Bioenergetics Conference 2010 2010.7

Torque generated by one or

two ß subunits in F1-ATPase.

2010.9

Kuruma Yutetsu, Toshiharu Suzuki, Masasuke Yoshida, Takuya Ueda.

2010.9

Toshiharu Suzuki, Chiaki Wakabayashi, Ei-ichiro Saita, Kazumi

Tanaka, Shou Furuike(†), Kazuhiko Kinosita, Masasuke Yoshida.

F1-ATPase

2010.9

Naoki Soga, Kazuhiko Kinosita, Masasuke Yoshida, Toshiharu

Suzuk.i FoF1-ATP ATP

pH . 2010.9

. ATP ?

F1-ATPase . 36

2010.11

Global analyses of

human mitochondrial ATP synthesis regulation mechanism by

MASC assay. 36 2010.11

Toshiharu Suzuki, Chiaki Wakabayashi, Ei-ichiro Saita, Kazumi

Tanaka, Shou Furuike, Kazuhiko Kinosita, Masasuke Yoshida.

F1-ATPase . 33

83 2010.11

IF1 influences on energy

metabolism not only under energy restricted condition but also under

normal condition. 33 83

2010.11

Boris A Fenyuk, Chiaki Wakabayashi,Toshiharu Suzuki, Masasuke

Yoshida. Abolishing the MgADP-inhibition in FoF1-ATP synthase

from Bacillus PS3. 36 2010.11

Yuko Motojima-Miyazaki, Fumihiro Motojima and Masasuke

Yoshida, E. coli HtpG specifically associates with ribosomal protein

L2 and DnaK to form a ternary complex. 36

2010.11

Fumihiro Motojima and Masasuke Yoshida, The intermediate folding

state formed in the chaperonin cage is different from that in the bulk

medium. 33 83
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Laboratory of Plant Breeding Prof.Hiroshi Yamagishi,Dr.Agr

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

49



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 one from scientific view points, especially for
molecular and evolutional genetics. Thus, we have been
studying the CMS of various plants both in order to know the
evolutional processes and to exploit new breeding materials.
1) The most important CMS in Cruciferous plants is that of
Ogura found in Japanese radish. We are investigating the
presence and differentiations of the fertility restorer genes of
the Ogura CMS. In addition to the genes isolated so far, we
have found new one in a radish variety, ‘Kurodaikon’, and
determined the sequences of it.
2) In order to exploit new CMS for cabbage, we produced two
CMS plants by cell fusions between Arabidopsis thaliana and
cabbages. From one of them we obtained progenies that
constantly show the pollen sterility. We are now determining
all the DNA sequences of the mitochondria genomes of those
CMS hybrids.
3) CMS of crop plants have been established maily by the
cytoplasm substitutions after interspecific or intergeneric
hybridizations between a cultivated plant and wild relative
species. Under the collaborative projects with other
institutions, we found novel orfs in mitochondrial genomes of
alloplasmic radish and eggplant stains. The correspondence
of the expressions of the orfs newly found and the phenotypic
variations of pollen fertility suggests that they are causal genes
of CMS in radish and eggplants.

2011.3.15

I.

119 2011.3.29-30
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Laboratory of Animal Genetics and Breeding Prof. Tetsuro Nomura, Ph.D

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 methods for estimating genetic diversity in
animal populations

We are developing methods for estimating genetic
diversity and related population genetic parameters using
molecular genetic markers. We have developed a novel
sampling method for estimating neutral allele frequencies in
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pedigreed populations. The efficiency was evaluated using
Monte Carlo simulation. The obtained method was also
applied to microsatellite data of Japanese Black cattle
population.
2: Survey and monitor of genetic diversity in animal and
insect populations

A common ladybird in Japan, Harmonia axyridis, shows
polymorphism in elytral pattern, which is determined by four
alleles on an autosomal locus. We are surveying the
geographical distribution of the allele frequencies, and
investigating the evolutionary significance of the
polymorphism. We are also evaluating and monitoring the
genetic diversity of cattle and Thoroughbred population using
their pedigree records.

In the last year, we have continued our survey of
geographical distribution of the frequencies of elytral pattern
alleles in H. axyridis, and showed a clear latitudinal cline in
the frequency distribution. It was also shown that a
directional change has occurred in the allele frequencies
during the past five decades. Clarification of mechanism of
this change is a future problem to be solved. A sibling
species, Harmonia edonensis, shows a similar elytral pattern
to H. axyridis. We investigated the inheritance mode of the
elytral pattern, and the geographical distribution of the allele
frequencies in several locations. Furthermore, as a
preliminary study, the possibility of the use of microsatellite
markers for the study of population structure of this species
was preliminarily examined.

As another study, we have evaluated the genetic diversity
in the Japanese Thoroughbred population by pedigree analysis,
and compared the results with those of the Japanese Black
cattle population. It was shown that the decreasing rate of
genetic diversity in the Japanese Black cattle population is
much larger than in the Thoroughbred population, because of
the intensive use of a limited number of sires thorough
artificial insemination in the former breed. A study for
establishing a mating design to minimize the loss of genetic
diversity in a strain of honeybees was also initiated.

J. Yamashita, H. Oki, T. Hasegawa, T. Honda and T. Nomura. (2010)

Demographic analysis of breeding structure in Japanese

Thoroughbred population. J. Equine Sci. 21:11-16.

J. Yamashita, H. Oki, T. Hasegawa, T. Honda and T. Nomura. (2010)

Gene dropping analysis of ancestral contributions and allele survival

in Japanese Thoroughbred population. J. Equine Sci. 21:39-45.

T. Honda, S. Sasazaki, K. Oyama, T. Nomura and F. Mukai. (2010)

Sampling method for estimating neutral allele frequency in a

pedigreed population. 9th World Congress on Genetics Applied to

Livestock Production. Leipzig, Germany. August 1-6, 2010.
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Research projects and annual reports
We have been focusing our research on the structural biology
of infectious disease. Especially our target is macromolecular
complex and we would like to reveal the interaction between
the carcinogenic factor and human protein. Currently we are
continuing the next four projects.

(1) Structural biology of the complex between
ADP-ribosylating Toxin and human protein:
ADP-ribosylation is one of the important enzyme modification
after the protein translation. ADP-ribosylating toxin (ADPRT)
adds ADP-ribosyl group of NAD to target and lead to
disorganization of the cell. It is thought that some pathogenic
bacteria use the ADPRT to infect into the host cell. ADPRT
can be classified into four groups as the target difference.
Actin ADPRT such as iota toxin from C.perfringens
ADP-ribosylates Arg- -Actin, inhibits actin
polymerization and induce cell rounding. It finally causes
diarrhea against human and domestic animals. Up to now,
many actin ADPRT’s structures are available including Ia
(catalytic subiunit of iota toxin ) by us (Tsuge et al. JMB
2003), however, there was no information how toxin binds to
actin and how proceeds the ADP-ribosylation reaction.
Recently, we reported the first crystal structure of Ia-Actin

-TAD, which is nonhydrolyzable NAD analog,
as its ligand (Tsuge et al. PNAS 2008). In this study, we
gained the structural basis of actin ADP-ribosylation and
proceed to next step study to understand the ADPRT`s
specificity.

(2) Structural biology of RNA polymerase from influenza A
virus: In 1918, a pandemic of influenza A virus resulted in ten
millius coon deaths worldwide. Currently, highly pathogenic
H5N1 avian strains are serioncern because of the ability to
infect humans with 60% mortality. It is great importance to
understand the molecular mechanism of avian to human host
adaptation for high virulence. K627 in PB2 is known to be
important for avian influenza virus adaptation to mammals.

Recently we revealed the structure of K627 domain of PB2
and the mechanism of the pathogenicity (Tsuge et al. JBC
2009). RNA polymerase is consists of three different
subunits; PB2, PB1, and PA. The structure of the whole
complex of RNA polymerase has not known yet, so this is
very interesting target for structural biology. Our purpose is to
reveal the whole structure of the RNA polymerase complex in
future.

(3) Structural and functional studies of novel carcinogenic
factors: Stomach cancer is strongly associated with infection
by Helicobacter pylori. In 2005, a new H. pylori gene
encoding a TNF- inducing protein (Tip ) that acts as a
carcinogenic factor were found by our colleague Suganuma.
Tip is secreted from H. pylori as a homodimer whose
subunits are linked by disulfide bonds. Using blast search,
there is no similar sequence with Tip , thus it is unique
carcinogenic factor protein. We also characterized a Tip
deletion mutant (del-Tip ) that lacks the N-terminal six amino
acid residues (LQACTC), including two cysteines (C5 and
C7) that form disulfide bonds, but nonetheless shows a weak
ability to induce TNF-a expression. In 2009, we revealed the
crystal structure of del-Tip at 2.47Å resolution (Tsuge et al.
BBRC 2009). We are continuing the structural study of Tip
understand the TNF- inducing mechanism.

(4) Structural biology of the enzyme to understand the vitamin
and co-factor function

In this year, we started next experiments; We gained the
novel information of the ADPRT specificity using D.
discoideum actin. (2) We collected the new diffraction data
of the Ia-actin with ADP as novel ligand. (3) We are
continuing to express actin mutant to reveal the specificity of
actin ADPRT. (4) We constructed the actin specific ADPRT
SpvB expression system, which is required for the
macrophage infection of S.enterica. (5) For the RhoA-C3
complex structure determination, we constructed the
expression system of RhoA and purified the large amount of
RhoA179F25N. We also checked the ADP-ribosylation by C3.
(6) We are continuing to construct the expression system of
each subunit of RNA-polymerase.
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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 Aegilops
mutica 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 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 Ae. mutica. It is known that the
mitochondrial genome of this species influences on the
phenotype of alloplasmic lines of common wheat. To clarify
the difference between mitochondrial genomes of Ae. mutica
and common wheat, complete nucleotide sequence has been
determined by the second-generation sequencer.
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Laboratory of Plant Population Biology
Prof. Katsuei Yonezawa, Ph.D

3. Research projects and annual reports
Our research works major on the two themes mentioned
below:
1) Optimization of selection procedures for plant breeding:
New breeds of plant are normally obtained by repeated
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selection over several generations from a variant population
produced by methods such as artificial mating. The
probability that outstanding individuals or lines appropriate to
the new breed are obtained as a result of such selection
depends greatly on the size of the population in each
generation, the intensity of selection, the method of evaluating
genetic potential of plants, and the number of times selection
is repeated. We are investigating how to determine these
conditions in an optimum manner from a theoretical
standpoint, given limited labor resources and time. Currently,
we are carrying out researches on the optimization of selection
methods using DNA markers.
2) Methods for the maintenance of genetic diversity of plants:
Maintaining genetic diversity within and between plant
populations is an indispensable prerequisite, both from the
perspective of conserving ecological and biological diversity in
the natural world, and from the viewpoint of protecting valuable
genetic resources that will be useful for breed improvement in
future. We are carrying out theoretical researches on the effective
methods of population management for maintaining the genetic
diversity (management of factors including population size,
mating system, number of offspring per individual, lifespan of
individuals, and pattern of migration between populations).
In this academic year, wehave been devoted to the following
two research subjects.
1: Methods for discriminating QTLs useful for quantitative trait
selection.Quantitative trait loci (QTL) with different
biofunctional roles may occur simultaneously in QTL analysis.
Categorizing these QTL by their functional roles is imperative
for choosing markers suitable for marker-assisted selection and
gene searching. The feasibility of the QTL categorization was
discussed in the context of QTL analysis for chemical
concentration in seed grains. Our simulated QTL analysis
under simple, hypothetical histo-developmental and genetic
models showed that, based on the concentration scores taken
by conventional methods such as near-infrared transmittance
spectroscopy (called score C), a gene can be detected as a QTL
even though it has no role in the synthesis or storage of the
objective chemical. Such QTL, called nominal QTL, will not
be useful as a target of marker-assisted selection for a high
chemical harvest. When QTL patterns obtained with score C
are compared with those obtained with a modified score, score
C × grain weight (called score D), nominal and useless QTL
can be distinguished out and useful QTL can be categorized
into two groups of functional categories, that is, QTL that

control the size of tissues and QTL that control the rate of
chemical synthesis. When QTL patterns are obtained and
compared across multiple chemicals, QTL in each group can
be distinguished by their functional charges.
2: Usefulness of selection methods using DNA markers. The
effectiveness of three marker-based selection methods, called
MR (selection is based on the score that was calculated using a
multiple regression function of statistically significant markers),
GW (selection is based on the score calculated using all
available markers weighted by the ridge regression), and IM
(selection is based on the score calculated using markers
detected by the inclusive composite interval mapping), was
discussed on the strength of computer simulations, leading to
the following conclusions. In outcrossing plants, i) For traits
whose phenotypic value cannot be evaluated before flowering,
all of the three marker-based selection methods are much more
effective than the traditional phenotypic selection method, ii)
For traits that can be evaluated phenotypically before flowering,
the marker-based methods are superior in a short-term selection
program, but not in a long-term selection program, and iii) Of
the three marker-based selection methods, GW is by far the
most effective, although its superiority is much reduced unless
sufficiently many DNA markers (a sufficiently high density of
markers) are available. In self-pollinating plants, i) Although
the advantage of the three marker-based selection methods
against phenotypic selection method is not as high as in
outcrossing plants, GW is substantially superior in a short-term
selection program, ii) The effectiveness of GW is markedly
improved when using intercrossing between plants selected at
each selection cycle, iii) As is the case in outcrossing plants, the
advantage of GW diminishes with a low density of available
markers.

Ishii, T., T. Hayashi, and K. Yonezawa: Categorization of Quantitative

trait loci by their functional roles: QTL analysis for chemical

concentration in seed grains. Crop Sci.50:784-793 (2010).
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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.
Bacterial endophytes and rhizobia have been isolated from
several tissues in numerous plant species. Many bacterial
strains have beneficial effects on plant growth and health.

63



Some beneficial 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, Mesorhizobium loti, Bradyrhizobium japonicum,
and Azospirillum sp. B510. 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.

The nucleotide sequence of a soybean symbiont
Bradyrhizobium japonicum USDA6 was determined. The
chromosomally integrated elements were predicted by
comparing with B. japonicum USDA110 genome. One of
them was identified as a symbiosis island with a length of 693
kb. The island is flanked by a valine-tRNA gene as is the
case in the USDA110 genome. The islands from two strains,
USDA6 and USDA110, share approximately 600 kb of DNA
regions in which the nucleotide level identity is significantly
higher compare to the identitiy in the genomic backbone. The
closely related nucleotide sequences show that the symbiosis
islands of two soybean symbionts would be acquired recently
by lateral transfer process.

Ikeda S, Okubo T, Anda M, Nakashita H, Yasuda M, Sato S, Kaneko

T, Tabata S, Eda S, Momiyama A, Terasawa K, Mitsui H,

Minamisawa K: Community- and genome-based views of

plant-associated bacteria: plant-bacterial interactions in soybean and

rice. Plant Cell Physiol. 2010 Sep;51(9):1398-1410.

Ikeda S, Okubo T, Kaneko T, Inaba S, Sasaki K, Anda M, Eda S, Sato
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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
three 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
replacement pattern of centromere sequences and effect of
different centromeric sequences on the segregation ratio.
2) Patterns of Transposable Element Evolution

In Arabidopsis thaliana, several transposable element
families were identified to have active transposability. We are
analyzing differences of sequences and integration patterns of
these transposon families in Arabidopsis and related taxa.
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. The differences between
epigenetically regulated and non-epigenetically regulated loci
will be studied.

2010.11.10
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SPECIES. the 21st International Conference on Arabidopsis
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Research projects and annual reports
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, Neobeckia aquatica is an
herbaceous perennial aquatic mustard. Typical habitat of lake
cress is at shores of ponds, slow-moving streams and other
quiet waters in North America. The lake cress shows
heterophylly, phenotypic plasticity on leaf shape. In nature,
the leaf shape of this plant depends on whether the plant is
submerged in or emergent from water. Submerged leaves are
usually deeply dissected and has needle-like blade, whereas
emergent leaves are generally entire with serrated or smooth
margins. This phenotypic plasticity on leaf shape 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
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hasn't been investigated. We investigate the mechanism of the
heterophylly of Neobeckia aquatica.

To determine the phylogenetic position of lake cress in
Brassicaseae, a phylogenetic tree was constructed based on the
nucleotide sequence of the chloroplast gene rbcL by UPGMA
method. The molecular data indicated that Neobeckia is
closely related to Rorippa and Cardamine, and belonged to
tribe Cardamineae.

The leaves of lake cress are extremely variable. It is
known that the heterophyllous transition of Neobeckia
aquatica occurs in response to changes in water level. We
investigated that the effect of various environmental
conditions on leaf shape and found that lake cress altered leaf
shape according to the ambient temperature. Lake cress
produced entire leaf with smooth margin when they were
grown at 25 . By contrast, in 20 , they produced dissected
leaf. At lower temperature, 7 , they developed highly
dissected neeldle-like leaves which resembled the submerged
leaves. These results suggested that lake cress can sense the
growing temperature and response to it.

The leaves of seeds plants can be classified as being either
simple or compound according to their degree of leaf complexity.
Simple leaf, which is similar to aerial leaf form of lake cress, is
composed of a single blade and a petiole, while compound leaf,
which is similar to submerged leaf form, has multiple blade units,
termed leaflets, attached to a rachis. Leaf shapes are highly
correlated with expression patterns of KNOX1 genes in leaf
primordia. KNOX1 genes are downregurated in the incipient leaf
primordia in both compound and simple leafed species. However,
KNOX1 gene expression is re-established later in the developing
primordia of most plants with compound leaves. In addition,
overexpression of KNOX1 genes leads to excessive leaf
compounding.Therefore, KNOX1 is thought to be involved in
controlling leaf form. We examined spatial distribution of
KNOX1 protein in shoot apex by immunohistochemistry.
Expression of KNOX1 protein in leaf primordia was found in
lake cress developing submerged-type leaves, but not found in
leaf primordia of aerial-type leaves. These results indicated the
correlation of KNOX1 and leaf shape of lake cress.

One of the downstream targets of KNOX1 is GA20-ox,
gibberellin (GA) biosynthesis gene. KNOX1 suppresses the
expression of GA20-ox by binding to the first intron of the gene.
Thus gibberellin is involved in determination of leaf shape. To
test whether GA is also involved in leaf development in lake
cress, we performed application experiments. Lake cress were
shown to develop aerial type leaves when they were applied with

GA. In contrast, they produced submerged type leaf when they
were applied with uniconazole which is GA biosyntheiss
inhibitor. These results imply that GA has an important roles in
determination of leaf identity in lake cress.

This study would give a new insights into the adaptive
nature of phenotypic plasticity, its underlying mechanisms and
its role in the ecological distribution and evolutionary
diversification of plants.

N. Uchida, S. Kimura, D. Koenig and N. Sinha: Coordination of leaf

development via regulation of KNOX1 genes. J. Plant Res. 123:

7-14 (2010)

S. Kimura: Natural variation in leaf morphology results from

mutation of a novel KNOX gene. Japanese San Francisco Bay Area

Seminar Annual Meeting, Davis, CA, USA, 2010.3.18
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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.
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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 to
regulation of thiol-enzymes, scavenging for reactive oxygen
species, or reducing equivalents transfer system across
thylakoid membranes. How stroma thioredoxins recognize
various target proteins in stroma, without being confused?

Arabidopsis thaliana have five groups of stromal
thioredoxins. We made specific antibodies for 5 groups of
stromal thioredoxins, and have started the research project to
clarify the role of stromal thioredoxins.
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. As expected, CcdA could be reduced, in
which a lumenal thioredoxin-like protein was reduced.

K. Motohashi and T. Hisabori: CcdA is a thylakoid membrane protein

required for the transfer of reducing equivalents from stroma to

thylakoid lumen in the higher plant chloroplast. Antioxid. Redox

Signal. 13: 1169-1176 (2010)

Y. Okegawa, Y. Kobayashi and T. Shikanai: Physiological links

among alternative electron transport pathways reducing and oxidizing

plastoquinone in Arabidopsis. Plant J. 63: 458–468 (2010)

H.S. Jung, Y. Okegawa, P.M. Shih, E. Kellogg, S.E. Abdel-Ghany, M.

Pilon, K. Sjölander, T. Shikanai and K.K. Niyogi: Arabidopsis

thaliana PGR7 encodes a conserved chloroplast protein that is

necessary for efficient photosynthetic electron transport. PLoS ONE

5(7): e11688 (2010)

K. Sugimoto, Y. Okegawa, T.A. Long, A.F. Covert, T. Hisabori and T.

Shikanai A mutation in PGR5 proteins confers antimycin A

resistance in PSI cyclic electron transport, 15th International

Congress of Photosynthesis, Beijing (China), 2010. 8. 22-27
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lumen in the higher plant chloroplast. The 3rd International

Symposium on Protein Community Nara(Japan) 2010.9.13-16

K. Motohashi and T. Hisabori CcdA is a thylakoid membrane protein

for the transfer of reducing equivalents across the thylakoid

membrane in the higher plant chloroplast.
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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.

Takakuwa, H., Maruoka, T., Hata, T., Miyazawa, M., Hata, T.,

Toshimori, T., and Otsuki, K. Development of a new d isinfect ant

with very strong anti-influenza-viral activity -a p reliminary report.
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district of western Japan from 2001 and 2008. J. Vet. Med.

Sci., 72, 963-967, 2010.
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Takakuwa, H.,Yamashiro, T., Le, M. Q., Phuong, L. S.,

Tsunekuni, T., Usui, T., Ozaki, H., Itoh, H.,Yamaguchi, T., Ito,

T., Otsuki, K., Murase, T., and Ono, E. Molecular epidemiology

of avian influenza viruses circulating among healthy poultry bred

in farms in northern Vietnam. 4thAnnual Meeting EPIZONE,

St Malo, France, 7th -10th June 2010

Takakuwa, H., Ito, T., Murase, M., Yamashiro, T., Ono E., and

Otsuki, K. Molecular epidemiology of avian influenza in northern

Vietnam. Workshop on the Influenza Research of J-GRID: The

Inaugural Meeting of the Influenza Consortium, Tokyo, Japan,

16th July 2010

Otsuki, K.Avian influenza occurred in Japan. BIT’s 1st World

Congress of Virus and Infections 2010, Busan, Republic of

Korea, 31st July – 3rdAugust 2010

Takakuwa, H.,Yamashiro, T., Le,M. Q., Phuong, L. S., Ono, E.,

Usui, T., Tsunekuni, R., Itoh, H., Ozaki, H.,Yamaguchi, T., Ito,

T., Otsuki, K., and Murase, M. Asian-African Research Forum

on Emerging and Reemerging Infections 2010, Hanoi, Vietnam,

11th -12th November 2010
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LaboratoryofAnimal Anatomyand Neurobiology Prof. Keiko Kato, D.V.M. Ph.D

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 of
diagnostic methods and therapeutic drugs for the relief of

84



epilepsy, anxiety, and mood disorders based on the
clarification of the mechanism.

Epileptic model mice and stress-sensitive model mice
showing 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 is is 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. We found there
is also 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.
2: Clarification of the neural network function based on
emotions that sialylation controls.

We made a model mouse deficient in alpha 2,
3-sialyltransferase, which is the other molecule responsible
for epilepsy progression. The alpha 2,3-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.
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. We started research to examine
the effect of food intake on the behavior of mice in
November, 2010.
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.

Okada T., Omoto-Kitao M., Mukamoto M., Nakamura J., Mino M.,

Kondo T., Takeshita A., Kusakabe K T., Kato K. Compensatory

Renal Growth in Uninephrectomized Immature Rats:

Proliferative Activity and Epidermal Growth Factor. J Vet Med

Sci. 72:975-80 (2010)

Kusakabe K T., Abe H., Kondo T., Kato K., Okada T., Otsuki Y.

DNA microarray analysis in a mouse model for endometriosis

and validation of candidate factors with human tissues. J

Reproductive Immunol. 85:149-60 (2010)

Kato K. (2011) Introduction of a novel molecular mechanism on

epilepsy progression: roles of growth hormone signaling in a

mouse model of temporal lobe epilepsy. InTech - Epilepsy /

Book (in press)

24

2010.8.27

Kato K, Koda T, Kozaki K Application of A2NTX in the

treatment of refractory epilepsy. 87th Annual Meeting of the

Physiological Society of Japan, Iwate Prefecture Citizen’s

Cultural Exchange Center, 2010. 5. 20

2011.2.23

108

2010.12.10

Keiko Kato, Kanno Hiroki, Yoshio Hirabayashi. Progression of

epilepsy and anxiety via brain growth hormone

signaling.(

) Neuro2010

2010.9.4

K. Kato, Y. Kobayashi, S. Okuma, Y. Hirabayashi. Perinatal

abnormality of alpha 2,3-sialyltransferase (ST3Gal IV)

gene-deficient mice 25

2010.8.5
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2010.5.13
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Research projects and annual reports

Background and purpose of research:

The physiological reaction to stressors involves activation

of the hypothalamic pituitary adrenal (HPA) axis and the

sympathetic nervous system. Chronic activation of both

systems may increase a risk for anxiety and stress disorders.

Dysregulation of functional coupling especially between the

amygdala and other brain regions is considered to underlie

the production of pathological states of anxiety and stress

disorders. In the laboratory, the neural signaling which is

sensitive to acute and chronic stress has been surveyed in

the central nuclei, and how damaged neurons by stress can

be regenerated using experimental animals.

Research topics:

1) Development of the wireless system for measuring neural

signals from the brain in freely moving animals,

2) Neuromodulators to dysregulate neural communication

by exposure to stressors, and to promote regeneration of the

damaged neurons in the brain.

Annual reports:

1) Feasibility of telemetry system

The best way is to record from fully intact, freely moving

animals to understand the neural basis of behavior. We have

recently developed the telemetry system for detecting neural

signals from the freely moving animals. To demonstrate the

fidelity of the telemetry system, we compared local field

potentials by simultaneous recording with a cabled system

in the hippocampus. By analysis of recorded data, the high

square of the correlation values were obtained, and more

than 95% of amplitude difference were within 95% of

confidence intervals between the calculated telemetered

with scale factors and the cabled data. Reproducibility of

the measurements was found between two measurements.

2) Amino acid and nucleotide sequences of the receptor

for arachidonic acid derivatives in the pig brain

To investigate regulatory roles of arachidonic acid

derivatives in the stress response of the pig brain, we

analyzed amino acid and nucleotide sequences of those

receptors. After total RNA was extracted, a polymerase

chain reaction was performed. The final PCR product was,

then, electrophoresed. Targeted protein was finally

identified.

T. Saito, S-E. Fujiwara, K. Hisakura, N. Ohkohchi, T. Akema, S.

Sasamori, K. Konno, E. Kobayashi and T. Yamaguchi: Telemetry

system for recording neural activities in pigs – comparison with

cable system. Brain Res. Bull. in press

K. Hisakura, S. Murata, K. Fukunaga, A. Myronovych, S. Tadano,

T. Kawasaki, K. Kohno, O. Ikeda, Y. Shibasaki, S. Paku, N. Ikeda,

Y. Nakano, R. Matsuo, K. Konno, E. Kobayashi, T. Saito, H.

Yasue, M. Tsutsui, T. Takeshita and N. Ohkohchi: Platelets

prevent acute liver damage after extended hepatectomy in pigs. J.

Hepatobiliary- Pancreat. Sci. 17: 855 864 (2010)

Timm
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2010.3.26-28

150

2010.9.16-18
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Laboratory of Environmental Hygiene Prof. Akihiko Maeda, D.V.M., Ph.D.
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3. Research projects and annual reports
Many micro-organisms are surrounding of our

living environment. Some of them infect with plants
and animals including human, and cause their unique
diseases to their host, but the others do not. Some
microbes live in animal intestine and help host
food-digestion. Some have a role for host plants or
animals evolution. As these aspects, microbes
surrounding our environment interact with their host
plants and animals, and make micro- and
macro-cosmos in nature.

I am studying the pathology, ecology, and other
basic researches on zoonses. I, especially, focus on
mosquito-borne flaviviral diseases; Japanese hepatitis,
West Nile fever, and dengue. Recently, mosquito
vectors are spreading their living places due to global
warming. And these are becoming great threat on
public health of all over the world. In Japan, it is urgent
to establish the detection and prevention system for the
diseases. To do these, I established a reverse-genetic
system of flaviviruses to develop safe and effective
diagnostic protocols, vaccine candidates, and control
and prevention strategies for mosquito-borne flaviviral
diseases.

(1) Development of simple protocol for making
flavivirus Virus-Like Particle (VLP): VLP is a
particle, which is consisted of viral envelope proteins as
particle shell and viral replicon within the particle shell.
Because replicon is defect of viral structural protein
genes within its genome RNA, therefore VLP can infect
with its susceptible cells, but not produce new virus
particles and/or new VLPs. As a standard protocol for
making VLPs, we should prepare in vitro-transcribed
replicons at first, and then, co-transfect with replicons
and the expression vectors of virral structural proteins
(2-step protocol). Here, I developed more simple
protocol for making VLPs (called as 1-step protocol).
Briefly, at first, I established the replicon-replicating
cell line (RprBHK 2G2 cells). To make VLPs, we just
transfect the expression vectors of viral structural
proteins into RprBHK 2G2 cells (Fig. 1).

(2) Development of a differential sero-diagnosis for
flavivirus infections: The advantages of diagnosis
using VLPs as test materials, not live-viruses, are safety
and easiness to do that. As a gold-standard of

differential sero-diagnosis for flavivirus infections, is a
virus-neutralizing test. I developed new protocol, a
VLP-neutralizing test, and compared the efficiency on
sero-differentiation to a virus-neutralization test using
sera obtained from West Nile virus- and Japanese
encephalitis virus-infected animals as test samples (Fig.
2). My results clearly showed the usefulness of a
VLP-neutralizing test as similar to a standard
virus-neutralizing test. Therefore, my new diagnostic
protocol can be use for a differential sero-diagnosis for
flavivirus infections as alternative of a standard
virus-neutralizing test.

Murata, R., Eshita, Y., Maeda, A., Maeda, J., Sakai, A., Tanaka,

T., Yoshii, K., Kariwa, H., Umemura, T., and Takashima, I.

Glycosylation of West Nile virus envelope protein increases

In vivo and In vitro viral multiplication in birds. Am. J. Trop.

Med. Hyg., 82; 696-704 (2010)

Hasebe, R., Suzuki, T., Makinno, Y., Igarashi, M., Yamanouchi,

S., Maeda, A., Horiuchi, M., Sawa, H., and Kimura, T.

Transcellular transport of West nile virus-like particles

across human endothelial cells depends on residues 156 and

159 of envelope protein. BMC Microbiol., 10; 165-164.

(2010)

Moritoh, K., Maeda, A., Sasaki, N., and Agui, T.

Deveropement and application of West Nile virus

subgenomic replicon RNA expressing secreted alkarine

phosphatase. J.Vet. Med. Sci., in press

Ma, H., Ke, C.-W, Maeda, J., Takashima, I., Kurane, I., and

Maeda, A. Epidemiological study of flaviviruses, in

Guangdong province, China, 2005-2007. In “Animal

viruses” Ed. Maeda, A., pp. 89-102. Trans Research

Network, Kerala, India (2010)

Maeda, A., Maeda, J., Murata, R., Akiyama, M., Kariea, H.,

Takashima, I., and Kurane, I. Differential sero-diagnosis of

flaviviruses using subviral particles and virus-like particles.

In “Animal viruses” Ed. Maeda, A., pp. 103-116. Trans

Research Network, Kerala, India (2010)
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Maeda, A., and Ke, Chang-Wen. Epidemiological study of

mosquito-borne diseases in Guangdong province, China.

The Workshop of Network Laboratories on Emergency

Response and Surveillunce of Infectious Diseases in Pan

Pearl River Delta Region (Guangzhou, China), 2010.12.12

Journal reviewer
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Laboratory of . Genetics in Experimental Medicine Prof. Kozo Matsumoto, DVM, Ph.D

Research projects and annual reports
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. Numerous diabetes
animal models have been developed using gene knockout
techniques, which have revealed the critical molecular
events involved in glucose metabolism and the development
of complications. However, it is believed that in common
diseases complete deficiency of a given gene activity is
unlikely the causative mutation, but rather the effect of each
allele induces small changes of gene activity. There are
genetic analyses in human on genes extrapolated from the
functional studies in vitro or in rodents in order to confirm
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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 could
produce a double congenic line with a hyperglycemic gene
(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.
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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, in
experimental animals, and (2) establish a rapid, easy and
cheap melamine screening method.
The results obtained this year are summarized as follows:
1: The possible mechanism of melamine cyanurate formation

We confirmed two different forms, i.e. the needle-shaped
and granular-shaped, of melamine cyanurate, a causative
substance of the kidney failure. We also found that the latter
form is produced under the presence of serum proteins. The
detailed mechanism is yet to be clarified but the present
findings seem an important clue to understand the
pathogenesis of the melamine-induced urolithiasis.
2: Development of a melamine screening method

We developed a tentative melamine screening method in
artificially tainted milk. The method, making use of melamine
cyanurate formation, can detect the contaminant at a level as
low as 5 g/ml, thus indicating the presence of 1mg of
melamine in 200ml of milk (equivalent to a tolerable daily
melamine intake (WHO 2008) for a child weighing 5 kg).

H. Murata, D. Yamaguchi, A. Nagai and N. Shimada: Reduction of

deoxynivalenol contaminating corn silage by short-term ultraviolet

irradiation: A pilot study. J. Vet. Med. Sci., in press, 2011

O. Mikami, M. Kubo, H. Murata, Y. Muneta, Y. Nakajima,

S.Miyazaki, N. Tanimura and K. Katsuda.: The effects of acute

exposure to deoxynivalenol on some inflammatory parameters in

miniature pigs: J. Vet. Med. Sci., in press, 2011

O. Mikami, H. Yamaguchi, H. Murata, Y. Nakajima and S. Miyazaki.:

Induction of apoptotic lesions in liver and lymphoid tissues and

modulation of cytokine mRNA expression by acute exposure to

deoxynivalenol in piglets. J. Vet. Sci. 11:107-113 (2010)

H. Murata and K. Otsuki Swine influenza and cytokines: Less of a

storm, more of a breeze. Vet. J., in press, 2011
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Laboratory of Infectious Disease Assoc. Prof. Hiroki Takakuwa, Ph.D

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.

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,

and K. Otsuki: Possible circulation of H5N1 avian influenza viruses

in healthy ducks on farms in northern Vietnam. Microbiol Immunol

54(1):58-62 (2010)

Y. Fujimoto, H. Ito, K. Shinya, T. Yamaguchi, T. Usui, T. Murase, H.

Ozaki, E. Ono, H. Takakuwa, K. Otsuki, and T. Ito: Susceptibility

of two species of wild terrestrial birds to infection with a highly

pathogenic avian influenza virus of H5N1 subtype. Avian Pathol

39(2):95-98 (2010)

S. Shivakoti, H. Ito, T. Murase, E. Ono, H. Takakuwa, T. Yamashiro,

K. Otsuki, and T. Ito: Development of reverse

transcription-loop-mediated isothermal amplification (RT-LAMP)

assay for detection of avian influenza viruses in field specimens. J

Vet Med Sci 72(4):519-523 (2010)

H. Takakuwa, T. Maruoka, T. Hata, M. Miyazawa, H. Toshimori, and

K. Otsuki: Development of a new disinfectant with very strong

anti-influenza viral activity: a preliminary report. Environ Health

Prev Med 15(2):121-123 (2010)

Y. Sakoda, S. Sugar, D. Batchluun, T. O. Erdene-Ochir, M. Okamatsu,

N. Isoda, K. Soda, H. Takakuwa, Y. Tsuda, N. Yamamoto, N.

Kishida, K. Matsuno, E. Nakayama, M. Kajihara, A. Yokoyama, A.

Takada, R. Sodnomdarjaa, and H. Kida: Characterization of H5N1

highly pathogenic avian influenza virus strains isolated from

migratory waterfowl in Mongolia on the way back from the

southern Asia to their northern territory. Virology 406(1):88-94

(2010)

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

Usui, H. Ozaki, H. Ito, T. Yamaguchi, T. Ito, K. Otsuki, T. Murase,

and E. Ono: Molecular epidemiology of avian influenza viruses

circulating among healthy poultry bred in farms in northern

Vietnam. 4th Annual Meeting EPIZONE, St Malo (France),

2010.6.7-10

H. Takakuwa, T. Ito, T. Murase, T. Yamashiro, E. Ono and K. Otsuki:

Molecular epidemiology of avian influenza in northern Vietnam.

Workshop on the Influenza Research of J-GRID. The Inaugural

Meeting of the Influenza Consortium, Tokyo (Japan), 2010.7.16
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H. Takakuwa, T. Yamashiro, M. Q. Le, L. S. Phuong, E. Ono, T. Usui,

R. Tsunekuni, H. Ito, H. Ozaki, T. Yamaguchi, T. Ito, K. Otsuki,

and T. Murase: Molecular epidemiology of avian influenza viruses

in wild birds in northern Vietnam. Asian-African Research Forum

on Emerging and Reemerging Infections 2010, Hanoi (Vietnam)

2010.11.11-12
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Research projects and annual reports
We are surrounded by a lot of microbes. Virus is
one of microbes and causes disease on animal and
plant. Our laboratory is focused to veterinary and
zoonotic viral disease, especially neurovirology.
We are interested in Borna disease virus (BDV)
that is etiological agent of Borna disease. Borna
disease has been known over 100 years as a fatal
neurological disease of horses and sheep. At
present, it is recognized as an emerging disease in
cats, dog, birds, and a broad host range in
warm-blooded animals, including humans.
However, the definite mechanism underlying
disease outcome is not fully clarified yet. To study
disturbances of movement and behavior in
BDV-infected animals, we examined the following
points: 1) comparing pathogenesis in rats infected
with two viral strains, 2) contribution of gene
expression of TGF- family and viral pathogenesis,
and 3) mechanism of changes in virus genome with
adaptation to host.

K. Sugiyama, R. Ooishi, Y. Nishino, M. Funaba, and M.
Murakami: Nucleotide sequence of canine Smad3. Biochem.
Genet. 48: 202-207 (2010)

M. Murakami, M. Suzuki, Y. Nishino, and M. Funaba:
Regulatory expression of genes related to metastasis by
TGF- and activin A in B16 murine melanoma cells. Mol.
Biol. Rep. 37: 1279-1286 (2010)
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Research projects and annual reports

In this year, I transferred to this university, and spent much

time to start up new environments for research and education

so I was not able to leave a lot of research results.

However, new joint researches can be started up in the inside

and outside of the university, and the research infrastructures

are gradually being set.

S. Hishikawa, M. Kawano, H. Tanaka, K. Konno, Y.

Yasuda, R. Kawano, E. Kobayashi, A. T Lefor :

Mannequin simulation improves the confidence of medical

students performing tube thoracostomy: a prospective,

controlled trial. . 76(1):73-78 (2010)
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K. Hisakura, S. Murata, K. Fukunaga, A. Myronovych, S.

Tadano, T. Kawasaki, K. Kohno, O. Ikeda, S. Pak, N.

Ikeda, Y. Nakano, R. Matsuo, K. Konno, E. Kobayashi, T.

Saito, H. Yasue, N. Ookochi : Platelets prevent acute liver

damage after extended hepatectomy in pigs.

17(6):855-864 (2010)

T. Saito, S. Fujiwara, K. Hisakura, N. Ohkochi, T. Akema, S.

Sasamori, K. Konno, E. Kobayashi, T. Yamaguchi :

Telemetry system for recording neural activities in

pigs-comparison with cable system.

84(1):103-109 (2010)
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Laboratory of Bacteriology Assist. Prof. Azusa Someya, Ph. D

Research projects and annual reports
The microorganism exists in all places, and might threaten health of

humans and animals at time. Zoonotic and food poisoning

microorganism which can infect both animals and humans is greatly

paid to attention in the contemporary society where relationships

between humans and animals are various. These pathogens do not

always cause same symptoms in animals and humans.

Rickettsia felis is an emerging pathogen which causes flea-borne

spotted fever in human. Recently, high prevalence rate of R.

felis-related stains have been reported in hedgehog fleas,

Archaeopsylla erinacei, in Germany. Therefore, the possibility of the

hedgehogs as a reservoir for R. felis or closely related stains was

investigated using molecular techniques. Blood samples, fleas and

ticks were collected on 34 hedgehogs from region of Ils de France and

Picardie in France. These Samples were investigated for the presence

of the rickettsial gltA, ompB, and 16S rRNA genes using PCR method.

Most hedgehog fleas were infected by R. felis-like organisms although

their host animals were not appeared PCR positive for rickettsial

DNA.

H. Ozaki, H. Esaki, K. Takemoto, A. Ikeda, Y. Nakatani, A. Someya,

N. Hirayama and T. Murase. Antimicrobial resistance in fecal

Escherichia coli isolated from growing chickens on commercial

broiler farms. Vet. Microbiol. in press.

2010.6.1

2010.12.10
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Laboratory of Pharmacology Assist. Prof. Yasuyuki Tanahashi, Ph.D

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
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and submucosal 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 contractions 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 (Figure
2).

Recently, patients of functional gastrointestinal disorders,
including irritable bowel syndrome (IBS) are increasing in
Japan. IBS causes the patients abdominal pain, diarrhea and
constipation (Figure 3). Yet, the causes of IBS have not been
identified, but it has been suggested that IBS may be caused
by overactivity of cholinergic nerves and/or gastrointestinal
smooth muscle cells. Thus, our studies may provide useful
information to elucidate the pathophysiological conditions of
IBS, leading to development of a novel effective medicine for
the disease.

In 2010, we focused on roles of ICC in the muscarinic
regulation of longitudinal smooth muscle contractions in small
intestine. Contractile responses to stimulation of cholinergic
nerves due to transmural electrical (TE) stimulation were
studied in longitudinal smooth muscle from ICC deficient
mice and its control mice. TE stimulation induced muscarinic
contractions in preparations from the control mice, but not in
ICC deficient ones. These results suggest that ICC play a
crucial role in regulating muscarinic contractions of
longitudinal smooth muscles. We presented these findings in
the 150th Meeting of the Japanese Society of Veterinary
Science and are preparing to submit a paper. In addition, we
collaborated in studies about mechanisms of muscarinic
activation of cationic channels and muscarinic Ca2+

sensitization in small intestine with Laboratory of Veterinary
pharmacology in Gifu University. The former studies were
presented in the 150th Meeting of the Japanese Society of
Veterinary Science and the 84th Annual Meeting of the
Japanese Pharmacological Society. The latter ones were
published in the Journal of Veterinary Medical Sciences.

Suguro M, Matsuyama H, Tanahashi Y, Unno T, Kitazawa T, Yamada

M, Komori S (2010). Muscarinic Receptor Subtypes Mediating Ca2+

Sensitization of Intestinal Smooth Muscle Contraction: Studies with

Receptor Knockout Mice. (4): 443-451
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