
 

   

Title of Project：All Solid State Superconducting System for Neutron 
Radiography with One Million Pixels and Submicron 
Resolution 
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Professor ) 
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Keyword : neutron, radiography, MgB2 superconductor, single flux quantum device 
【Purpose and Background of the Research】 

Neutron radiograph is an essential tool to 
lead progresses in science and industry in the 
21st century. Two unique technologies will be 
applied to fulfill prerequisites (submicron 
resolution, one million pixels, high frame rate, 
and all solid-state system). A superconducting 
nanowire array of MgB2 is used to recover a 
change in kinetic inductance LK of the 
nanowire induced by reaction heat between 
neutron and 10B. This enables larger pixel size 
based on the achievement of submicron 
resolution and two-dimensional array of pixels. 
Maximum likelihood circuit of single flux 
quantum device (SFQ) plays a crucial role to 
detect LK at extreme sensitivity, and to 
process acquired data at high rate with ultra 
low power consumption.  
【Research Methods】 

High-quality MgB2 epitaxial films, 
fabrication technique of MgB2 nanowire, and a 
large-scale NxN array of superconducting 
nanowires will be developed. As shown in Fig. 1, 
two systems of linear arrays are installed at 
right angles. Nuclear reaction between neutron 
and 10B yields alpha- and lithium-particle 
emissions in the opposite direction. Two 
particles are simultaneously counted by 
X-direction and Y-direction arrays. The 
principle to detect a signal is to see a change in 
kinetic inductance at 4 K. The 1-ns high speed  
of MgB2 detector requires a 100-GHz SFQ 
circuit.  

Ultimately, we intend to demonstrate our 
evolutional all-solid-state system by neutron 
irradiation at J-PARC or JRR-3M.  

【Expected Research Achievements and 
Scientific Significance】 
Neutron radiography is a powerful method 

for revealing the positions of light elements in 
materials and the observation of magnetic 
structures. A large number of pixels of 
submicron spatial resolution enable us to 
utilize a spintronics tool using spin-polarized 
neutrons. For example, dynamics of water as a 
byproduct of fuel cells can be observed as a fast 
animation with high spatial resolution. Our 
system will influence even other fields such as 
agriculture and biology. 
【Publications Relevant to the Project】 

1. T. Ishida, M. Nishikawa, Y. Fujita, S. 
Okayasu, M. Katagiri, K. Satoh, T. Yotsuya, 
H. Shimakage, S. Miki, Z. Wang, M. 
Machida, T. Kano, M. Kato, 
“Superconducting MgB2 thin film detector 
for neutrons”, J. Low Temp. Phys. 151, 
1074-1079 (2008). 

2. M. Machida, T. Kano, T. Koyama, M. Kato, T. 
Ishida, “Direct numerical simulations for 
non-equilibrium superconducting dynamics 
at the transition edge: Simulation for MgB2 
neutron detectors”, J. Low Temp. Phys., 152, 
58-63 (2008). 

3. Y. Fujita, K. Arai, M. Nishikawa, K. Satoh, T. 
Yotsuya, H. Shimakage, S. Miki, Z. Wang, M. 
Machida, M. Kato, T. Ishida, 
“Nonequilibrium response of a meandered 
MgB2 sensor by the irradiation of a pulsed 
laser”, Physica C 468, 1995-1997 (2008). 

4. Y. Yamanashi, T. Kainuma, N. Yoshikawa, I. 
Kataeva, H. Akaike, A. Fujimaki, M. Tanaka, 
N. Takagi, S. Nagasawa, and M. Hidaka, 
“100 GHz Demonstrations Based on the 
Single-Flux-Quantum Cell Library for the 
10 kA/cm2  Nb Multi-Layer Process,” IEICE 
Trans. Electron., E93-C, 440-444, (2010). 

【Term of Project】    FY2011-2015 
【Budget Allocation】 165,100 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://www.pe.osakafu-u.ac.jp/pe1/ 

Fig. 1. Multiplexing of MgB2 detectors consisting of 
1D array of N detectors to X- and Y- directions 
for simultaneous counting of the event. 
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【Purpose and Background of the Research】 

Plant meristems, which occur at shoots, roots 
and the vascular system, produce all the plant 
tissues. In meristems, stem cells proliferate to 
maintain their number and differentiate into 
specific cells. The balance of cell proliferation 
and differentiation of stem cells supports the 
infinite growth of plants. 

The plant vascular system is composed of 
xylem, phloem and procambium/cambium. 
Procambium/cambium cells as vascular stem 
cells proliferate and differentiate into xylem and 
phloem cells. We have identified various factors 
regulating vascular stem cell fates. In this study 
we aim at elucidating the function of these 
factors and their interrelationship, which results 
in an overview of the regulation of vascular stem 
cell fates. 
 

 
【Research Methods】 

Figure 1 summarizes our previous findings 
on vascular stem cell fates. In this study we will 
identify intracellular signaling pathways 
leading to maintenance of stem cell activity via 
activation or suppression of key transcription 
factors such as WOX4 and VND6/7 by using 
genetic and cell biological methods. In addition, 
we will search key transcription factors 
governing vascular stem cell establishment.   

 
 

【Expected Research Achievements and 
Scientific Significance】 
It is expected that this study will bring about 

the overview of the regulation of vascular stem 
cell fates; TDIF intercellular signaling 
machinery, intracellular signaling pathways 
downstream of TDIF/TDR, network of key 
transcription factors regulating vascular stem 
cell fates and feedback mechanisms of signaling 
between distinctive vascular cells. These 
findings are important for understanding 
vascular meristem but also mersitems in general. 
On the other hand, vascular tissues occupy the 
major part of territorial biomass. Therefore this 
study will provide the excellent base for artificial 
increase and/or modification of biomass for 
human use. 
 
【Publications Relevant to the Project】 

Ito, Y., Nakanomyo, I., Motose, H., Iwamoto, K., 
Sawa, S., Dohmae, N., and Fukuda, H.: 
Dodeca-CLE peptides as suppressors of plant 
stem cell. Science 313: 842-845, 2006. 
Hirakawa Y., Shinohara, H., Kondo, Y., Inoue, 
A., Nakanomyo, I., Ogawa, M., Sawa, S., 
Ohashi-Ito, K., Matsubayashi, Y. and Fukuda, 
H.: Non-cell-autonomous control of vascular 
stem cell fates by a CLE peptide/receptor 
system. Proc. Natl. Acad. Sci. USA, 105: 
15208-15213, 2008. 
Oda, Y., Iida, Y., Kondo, Y. and Fukuda H.: 
Wood cell-wall structure requires local 
2D-microtubule disassembly by a novel plasma 
membrane-anchored microtubule-associated 
protein. Curr Biol. 20: 1197-1202, 2010. 
 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】165,200 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.biol.s.u-tokyo.ac.jp/users/seigyo/la
b.html 

 
 

Fig. 1: Regulation of vascular stem cell fates. 
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Title of Project：Molecular bases of the differences in the physiology  
and cell biology between rods and cones 

 

 

Satoru Kawamura 
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Professor )  
Research Area：Basic biology 
Keyword：Animal physiological chemistry 
【Purpose and Background of the Research】 

  Our visual sensation is mediated by two 
types of photoreceptors, rods and cones (Fig.1A). 
Both respond to light electrically (Fig.1B). Rods 
are highly light-sensitive but cones are not (Fig. 
1C). Because of this sensitivity difference, rods 
mediate night vision and cones mediate 
daylight vision. While a response to a brief light 
flash is rather slow in rods, it is brief in cones 
(Fig.1B). The purpose of this study is to 
understand the molecular bases of these 
differences. In addition to these differences in 
the electrical responses, rods and cones are 
different in other aspects: the shape of the cell 
is different and the energy metabolisms seem to 
be different. These differences could be 
important for a rod to be a rod and for a cone to 
be a cone. In this study, we will also try to 
understand the cellular bases of these 
differences. 
 

Fig. 1 Rod and cone 
differences. (A) A carp 
rod (left) and a carp red 
cone (right) and their 
schematic drawings. 
(B)  A family of light 
responses in a rod (left) 
and a red cone (right) 
to a light flash of 
various intensities. (C) 
Relations between 
flash intensity and 
response amplitude in 
rods (left) and cones 
(right) determined 
from the records in (B). 

 
【Research Methods】 

  Purification of cones in an amount enough to  
do a biochemical study used to be difficult, but 

 
Fig. 2 Purifica- 
tion of carp rods 
(upper right) and 
cones (lower 
right) with use of 
density gradient 
centrifugation. 
 

fortunately we succeeded in it with taking 
advantage of the difference in the bouillon 
density between rods and cones (Fig.2). With 
use of these preparations, we will compare the 
generation mechanisms of a light response 
between rods and cones to understand the 
molecular bases of the differences in the light 
respnse. In addition, we will try to understand 
the rod and cone differences at the cellular level.  
 
【Expected Research Achievements and 

Scientific Significance】 
  Current our knowledge on the molecular 
mechanisms of generation of a light response in 
photoreceptor cells is limited almost to rods. 
However, our daily life vision is mediated cones, 
not rods, and therefore, our study will provide 
key information about the molecular 
mechanism of our daylight vision.  
 
【Publications Relevant to the Project】 

Takemoto, N., Tachibanaki, S., and Kawamura, 
S. (2009) High cGMP synthetic activity in 
carp cones. Proc. Natl. Acad. Sci. USA. 106: 
11788-11793. 

Miyazono, S., Shimauchi-Matsukawa, Y., 
Tachibanaki, S., and Kawamura, S. (2008) 
Highly efficient retinal metabolism in cones. 
Proc. Natl. Acad. Sci. USA. 105: 16051-16056. 

Tachibanaki, S, Arinobu, D, Shimauchi- 
Matsukawa, Y, Tsushima, S. and Kawamura, 
S. (2005) Highly effective phosphorylation by 
G protein-coupled receptor kinase 7 of 
light-activated visual pigment in cones. Proc. 
Natl. Acad. Sci. USA. 102: 9329-9334. 

 
【Term of Project】   FY2011-2014 

 
【Budget Allocation】 67,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
Homepage: 
http://www.bio.sci.osaka-u.ac.jp/~kawamura/
English%20page.htm 
e-mail: kawamura@fbs.osaka-u.ac.jp 
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【Purpose and Background of the Research】 

  Our visual sensation is mediated by two 
types of photoreceptors, rods and cones (Fig.1A). 
Both respond to light electrically (Fig.1B). Rods 
are highly light-sensitive but cones are not (Fig. 
1C). Because of this sensitivity difference, rods 
mediate night vision and cones mediate 
daylight vision. While a response to a brief light 
flash is rather slow in rods, it is brief in cones 
(Fig.1B). The purpose of this study is to 
understand the molecular bases of these 
differences. In addition to these differences in 
the electrical responses, rods and cones are 
different in other aspects: the shape of the cell 
is different and the energy metabolisms seem to 
be different. These differences could be 
important for a rod to be a rod and for a cone to 
be a cone. In this study, we will also try to 
understand the cellular bases of these 
differences. 
 

Fig. 1 Rod and cone 
differences. (A) A carp 
rod (left) and a carp red 
cone (right) and their 
schematic drawings. 
(B)  A family of light 
responses in a rod (left) 
and a red cone (right) 
to a light flash of 
various intensities. (C) 
Relations between 
flash intensity and 
response amplitude in 
rods (left) and cones 
(right) determined 
from the records in (B). 

 
【Research Methods】 

  Purification of cones in an amount enough to  
do a biochemical study used to be difficult, but 

 
Fig. 2 Purifica- 
tion of carp rods 
(upper right) and 
cones (lower 
right) with use of 
density gradient 
centrifugation. 
 

fortunately we succeeded in it with taking 
advantage of the difference in the bouillon 
density between rods and cones (Fig.2). With 
use of these preparations, we will compare the 
generation mechanisms of a light response 
between rods and cones to understand the 
molecular bases of the differences in the light 
respnse. In addition, we will try to understand 
the rod and cone differences at the cellular level.  
 
【Expected Research Achievements and 

Scientific Significance】 
  Current our knowledge on the molecular 
mechanisms of generation of a light response in 
photoreceptor cells is limited almost to rods. 
However, our daily life vision is mediated cones, 
not rods, and therefore, our study will provide 
key information about the molecular 
mechanism of our daylight vision.  
 
【Publications Relevant to the Project】 

Takemoto, N., Tachibanaki, S., and Kawamura, 
S. (2009) High cGMP synthetic activity in 
carp cones. Proc. Natl. Acad. Sci. USA. 106: 
11788-11793. 

Miyazono, S., Shimauchi-Matsukawa, Y., 
Tachibanaki, S., and Kawamura, S. (2008) 
Highly efficient retinal metabolism in cones. 
Proc. Natl. Acad. Sci. USA. 105: 16051-16056. 

Tachibanaki, S, Arinobu, D, Shimauchi- 
Matsukawa, Y, Tsushima, S. and Kawamura, 
S. (2005) Highly effective phosphorylation by 
G protein-coupled receptor kinase 7 of 
light-activated visual pigment in cones. Proc. 
Natl. Acad. Sci. USA. 102: 9329-9334. 
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【Budget Allocation】 67,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
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http://www.bio.sci.osaka-u.ac.jp/~kawamura/
English%20page.htm 
e-mail: kawamura@fbs.osaka-u.ac.jp 
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【Purpose and Background of the Research】 

Highly accurate measurements of X-ray 
diffraction and scattering data are essential to 
obtain detailed structural information in protein 
structural analyses. Therefore the position 
resolution of X-ray detector is crucial in 
achieving fine structure analysis. In recent years, 
attention has been drawn to pixel detectors that 
measure positions with high accuracy and that 
can also record moving images by retrieving hit 
information at high speed. In this study, we will 
focus on the latest pixel detector (Depleted 
P-channel Field Effect Transistor [DEPFET]) 
developed for elementary particle physics 
experiments and will create new DEPFET 
detector system optimized for structural analysis 
of proteins. Our target in this study is creating 
an ultrafine, fast-readout, large-area (8 million 
pixels) detector that is far superior to 
conventional detectors, to give breakthrough on 
very difficult structural analysis and structural 
dynamics research of proteins. 
【Research Methods】 

 
The above figure illustrates a summary of our 
research plan. A DEPFET Sensor Team will 

develop and fabricate a sensor and check 
operations at KEK. A Data Acquisition (DAQ) 
Team will construct the DAQ system while 
addressing two readout modes and increased 
sensor output data bandwidth. A Stage Team 
will create an x-y and rotation stages necessary 
for a large area. A Structural Analysis Team 
will be responsible for conduction of X-ray 
experiments, and analyses, as shown in the 
white rectangles in the figure. In 2015, we will 
perform very difficult crystal structure analyses 
of proteins using the completed new DEPFET 
detector. 
【Expected Research Achievements and 

Scientific Significance】 
This is an interdisciplinary study in which 
researchers in the structural biology field will 
apply their expertise on particle detection 
cultivated through elementary particle physics 
experiments to the synchrotron radiation field. 
We can reduce the initial cost for developing 
sensors significantly, as the development of 
DEPFET detectors and readout electronics was 
already established in the process of aiming for 
the Belle II experiment. The DEPFET detector 
and broadband data collection mechanism 
developed in this study will define the detector 
in the future for difficult crystal structure 
analyses of protein complexes, and for protein 
structural dynamics research with much higher 
time resolution (20 µs). 
【Publications Relevant to the Project】 

[1] “PILATUS: A single photon counting pixel 
detector for X-ray applications”, B. Henrich et 
al., Nucl. Instrum. Meth. A, vol 607, p 247 
(2009). 
[2] “The DEPFET active pixel sensor for 
vertexing at ILC and Super KEKB”, Stefan 
Rummel et al., Nucl. Instrum. Meth. A, vol 623, 
p189 (2010). 
【Term of Project】   FY2011-2015 
【Budget Allocation】161,400 Thousand Yen 
【Homepage Address and Other Contact  

Information】 
http://twiki.hll.mpg.de/twiki/bin/view/DEPFET
/WebHome 
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( The University of Tokyo, Graduate School of Pharmaceutical  
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Research Area：lipid biology 
Keyword：biological membrane, fatty acid, phospholipid, acyltransferase 
【Purpose and Background of the Research】 

 Fatty acids in membrane phospholipids of 
mammalian cells and tissues exhibit 
considerable structural diversity, including 
varying chain lengths and degrees of 
unsaturation. The alteration of the fatty acid 
composition in cell membranes has also been 
implicated in a variety of abnormalities, 
including diabetes, obesity, hypertension, cancer, 
neurological and heart diseases. However, cell 
biological functions of fatty acyl chains in 
biological membranes have remained poorly 
understood. Through genetic screening in C. 
elegans, we have recently identified a group of 
enzymes that regulate fatty acid composition in 
membrane phospholipids. 

 The objectives of this project are as follows: 
(1) To unravel cell phenomena which require a 

specific fatty acyl chain of membrane 
phospholipids. 

(2) To identify membrane proteins and domains 
regulated by a specific fatty acyl chain of 
membrane phospholipids. 

(3) To elucidate molecular mechanisms of 
membrane fatty acyl chain homeostasis. 

(4) To clarify molecular mechanisms of 
pathologies caused by disruption of 
membrane fatty acyl chain homeostasis. 

【Research Methods】 
 We have generated a deletion mutant library 
of C. elegans, which covers almost all genes 
involved in phospholipid metabolism. As for 
some of the newly identified genes, we have 
generated knockout mice. We have succeeded in 
establishing comprehensive lipidomic 
techniques using mass spectrometry, which are 
indispensable for the study of membrane fatty 
acyl chains. Using a combination of genetics 
and lipidomics, we will comprehensively define 
the biological significance of the hydrophobic 
environment of biological membranes. 

【Expected Research Achievements and 
Scientific Significance】 

 Identification of enzymes required for proper 
membrane fatty acid composition will answer 

important but so far unresolved questions in 
membrane biology: “How is the diversity of 
membrane fatty acid composition formed?” and 
“What is the biological significance of the 
hydrophobic environment of biological 
membranes?” The identification of these 
enzymes also enables us to manipulate 
membrane fatty acid composition. This 
methodology will help us to understand the 
crosstalk between membrane proteins and the 
hydrophobic membrane environment. 
 Recently, much attention has been focused on 
lipotoxicity caused by saturated fatty acids as 
an important factor in explaining the metabolic 
syndrome. Our previous studies revealed that 
increase of membrane saturated fatty acids 
contributes to lipotoxicity. Our studies of 
membrane fatty acyl chain homeostasis will 
provide the possibility for the discovery of new 
drug targets in the metabolic syndrome. 

【Publications Relevant to the Project】 
 Imae R., Inoue T., Kimura M., Kanamori T., H. 

Tomioka N., Kage-Nakadai E., Mitani S. and 
Arai H. “Intracellular PLA1 and 
Acyltransferase, Which Are Involved in 
Caenorhabditis elegans Stem Cell Divisions, 
Determine the sn-1 fatty acyl Chain of 
Phosphatidylinositol.” Mol. Biol. Cell, 21, 
3114-3124 (2010) 

 Ariyama H., Kono N., Matsuda S., Inoue T. and 
Arai H. “Decrease in membrane phospholipid 
unsaturation induces unfolded protein 
response.” J. Biol. Chem., 221, 87-95 (2010) 

 Lee H. C., Inoue T., Imae R., Kono N., Shirae S., 
Matsuda S., Gengyo-Ando K., Mitani S. and 
Arai H. “C. elegans mboa-7, a member of the 
MBOAT family, is required for selective 
incorporation of polyunsaturated fatty acids 
into phosphatidylinositol.” Mol. Biol. Cell, 19, 
1174-1184 (2008) 

【Term of Project】   FY2011-2015 

【Budget Allocation】 165,000 Thousand Yen 

【Homepage Address and Other Contact  
Information】 

http://www.f.u-tokyo.ac.jp/~eisei/jp/Home.html 
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【Purpose and Background of the Research】 

 Fatty acids in membrane phospholipids of 
mammalian cells and tissues exhibit 
considerable structural diversity, including 
varying chain lengths and degrees of 
unsaturation. The alteration of the fatty acid 
composition in cell membranes has also been 
implicated in a variety of abnormalities, 
including diabetes, obesity, hypertension, cancer, 
neurological and heart diseases. However, cell 
biological functions of fatty acyl chains in 
biological membranes have remained poorly 
understood. Through genetic screening in C. 
elegans, we have recently identified a group of 
enzymes that regulate fatty acid composition in 
membrane phospholipids. 

 The objectives of this project are as follows: 
(1) To unravel cell phenomena which require a 

specific fatty acyl chain of membrane 
phospholipids. 

(2) To identify membrane proteins and domains 
regulated by a specific fatty acyl chain of 
membrane phospholipids. 

(3) To elucidate molecular mechanisms of 
membrane fatty acyl chain homeostasis. 

(4) To clarify molecular mechanisms of 
pathologies caused by disruption of 
membrane fatty acyl chain homeostasis. 

【Research Methods】 
 We have generated a deletion mutant library 
of C. elegans, which covers almost all genes 
involved in phospholipid metabolism. As for 
some of the newly identified genes, we have 
generated knockout mice. We have succeeded in 
establishing comprehensive lipidomic 
techniques using mass spectrometry, which are 
indispensable for the study of membrane fatty 
acyl chains. Using a combination of genetics 
and lipidomics, we will comprehensively define 
the biological significance of the hydrophobic 
environment of biological membranes. 

【Expected Research Achievements and 
Scientific Significance】 

 Identification of enzymes required for proper 
membrane fatty acid composition will answer 

important but so far unresolved questions in 
membrane biology: “How is the diversity of 
membrane fatty acid composition formed?” and 
“What is the biological significance of the 
hydrophobic environment of biological 
membranes?” The identification of these 
enzymes also enables us to manipulate 
membrane fatty acid composition. This 
methodology will help us to understand the 
crosstalk between membrane proteins and the 
hydrophobic membrane environment. 
 Recently, much attention has been focused on 
lipotoxicity caused by saturated fatty acids as 
an important factor in explaining the metabolic 
syndrome. Our previous studies revealed that 
increase of membrane saturated fatty acids 
contributes to lipotoxicity. Our studies of 
membrane fatty acyl chain homeostasis will 
provide the possibility for the discovery of new 
drug targets in the metabolic syndrome. 

【Publications Relevant to the Project】 
 Imae R., Inoue T., Kimura M., Kanamori T., H. 

Tomioka N., Kage-Nakadai E., Mitani S. and 
Arai H. “Intracellular PLA1 and 
Acyltransferase, Which Are Involved in 
Caenorhabditis elegans Stem Cell Divisions, 
Determine the sn-1 fatty acyl Chain of 
Phosphatidylinositol.” Mol. Biol. Cell, 21, 
3114-3124 (2010) 

 Ariyama H., Kono N., Matsuda S., Inoue T. and 
Arai H. “Decrease in membrane phospholipid 
unsaturation induces unfolded protein 
response.” J. Biol. Chem., 221, 87-95 (2010) 

 Lee H. C., Inoue T., Imae R., Kono N., Shirae S., 
Matsuda S., Gengyo-Ando K., Mitani S. and 
Arai H. “C. elegans mboa-7, a member of the 
MBOAT family, is required for selective 
incorporation of polyunsaturated fatty acids 
into phosphatidylinositol.” Mol. Biol. Cell, 19, 
1174-1184 (2008) 

【Term of Project】   FY2011-2015 

【Budget Allocation】 165,000 Thousand Yen 

【Homepage Address and Other Contact  
Information】 

http://www.f.u-tokyo.ac.jp/~eisei/jp/Home.html 
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Keyword：plasma membrane, inositolphospholipids, membrane shaping, cell dynamics 
【Purpose and Background of the Research】 

Plasma membranes generate a variety of  
ignals for cell growth, differentiation and 
movement in response to extracelluar stimuli, 
such as hormones and growth factors. Basically, 
signals are generated by the interaction 
between cytosolic proteins and plasma 
membranes, mainly composing of lipid bilayers. 
Among components of membrane lipids, 
phosphoinositides are known to play important 
roles in generation of second messengers, such 
as IP3 and diacylglycerol. 

We have shown that phosphoinositides in 
plasma membrane regulate cell movement and 
cell shaping through their specific binding 
proteins.  

However, it is still unclear how 
phosphoinositides play a role in cell movement, 
membrane trafficking and cell adhesion. In this 
project, we would like to clarify a signal 
generating mechanism through 
phosphoinositides in cell dynamism. 
 
【Research Methods】 

We already screened rat brain extracts and 
culture cell lysates to look for 
phosphoinositide-binding proteins and found 
400 hundreds of proteins. Among them, we 
chose three promising binding proteins, such as 
PSTPIP1/2, PIR121/Sra1 and SH3YL1. These 
proteins play important roles in phagocytosis, 
macropinocytosis and cell adhesion, 
respectively. 

We will clarify how these phosphoinositide 
binding proteins form signaling complex at 
plasma membrane and generate signals 
through specific membrane structures. 
 
【Expected Research Achievements and 

Scientific Significance】 
In this project, we looked for new 

phosphoinositide-binding proteins and found 
400 hundreds of proteins. Among them we 
chose three promising proteins, which are 
known as causative proteins of some disease. 
Through examining the function of these 
proteins, we would like to clarify how 
phosphoinositide-binding proteins shape 

membranes and act as interface proteins which 
associate a variety of signaling proteins with 
membranes , resulting in regulation of dynamic 
cell motility. Finally, we would like to develop 
new concept of anti-cancer and 
anti-inflammatory drugs. 
 
【Publications Relevant to the Project】 

Takenawa T. and Suetsugu S.  Cordinated 
regulation of membrane and cytoskeleton by 
WASP/WAVE family proteins and their binding 
partoners. Nature Rev. Mol. Cell Biol. 8, 37-48 
(2007) 
Itoh T., Hasegawa, J., Tsujita, K., Kanaho, Y., 
and Takenawa, T. The tyrosine kinase Fer is a 
downstream target of the PLD-PA pathway 
that regulates cell migration. Sci Signal. 2, ra52. 
(2009) 
 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 154,900 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.med.kobe-u.ac.jp/lipid/ 

 
 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Biology) 
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Title of Project：Structure, regulation and physiology of ATP synthase 
 

 

 

Masasuke Yoshida 
( Kyoto Sangyo University, Faculty of Life Sciences, Professor ) 

 
Research Area：Biology, Biological science, Functional biochemistry 
Keyword：bioenergetics, regulation of enzyme 
【Purpose and Background of the Research】 

Without any exception, all cells in all lives on the 
earth use ATP as an energy coin. ATP should be 
re-synthesized from ADP and Pi and ATP 
synthase carries out this task. It consists of 
proton-motor Fo and ATP-driven motor F1. Two 
motors are connected by a common rotary shaft 
that converts energy of down-hill proton flow 
into ATP synthesis or visa versa. Demand for 
ATP and energy supply for ATP synthesis are 
varying in living cells and ATP synthase should 
be regulated accordingly but the mechanism of 
regulation has been understood very little. Aims 
of this research project are clarification of 
molecular mechanism of regulation and 
physiological consequence of the fault of 
regulation in cultured cells and living animals. 
In addition we pursue crystallization of whole 
ATP synthase complex and determination of its 
atomic structure.   
 
【Research Methods】 

1. Molecular mechanism of regulation of ATP 
synthase 

In general, core function of ATP synthase is 
common in all organisms but regulation 
mechanism can differ from one organism (cell) 
to another organism (cell). However, our recent 
studies reveal that there are at least four 
regulation mechanisms and cells combine them 
appropriately dependent on the situations. 
They are: ADP-inhibition (all organisms), 
inhibition by  subunit (bacteria and plant 
chloroplasts), disulfide bond formation in  
subunit (plant chloroplasts), and specific 
inhibitor protein (animal and plant 
mitochondria). We recently developed two 
powerful experimental systems. One of them is 
expression of human F1 in E. coli cells, which 
enables us to introduce mutations for the first 
time into animal ATP synthase. Also single 
molecule observation of rotation is now possible 
for human F1.  
2. Physiological consequence of failure of the 

regulatory system 
Another powerful method we developed is 
high-throughput screening system of 

mitochondrial ATP synthesis. Combined with 
RNAi techniques, we already started the 
screening of hundred of unknown gene products 
in mitochondria. This screening also enable us 
to find chemical drugs that affect mitochondrial 
functions. Screening of chemical libraries of 
kinase inhibitors, for example, will reveal the 
protein kinase commitment of mitochondrial 
function.  
3. X-ray crystallography of whole complex of 

ATP synthase 
Even though partial structures of ATP synthase 
have been solved, whole structure is not known. 
We generate ATP synthase that is fixed at 
certain rotary angle. Also, mono-clonal  
antibodies that sometimes help crystallization 
of difficult membrane proteins.  
 
【Expected Research Achievements and 

Scientific Significance】 
For example, when starved, mitochondria is not 
fueled and ATP synthase starts the reverse 
reaction: ATP hydrolysis. This wasteful reaction 
should be prevented but we don’t know how. 
Clarification of the regulation mechanisms of 
ATP synthase and their coordination will 
contribute to understanding cellular energy 
regulation system in living cells. 
 
【Publications Relevant to the Project】 

Saita E, et al. Activation and stiffness of the 
inhibited states of F1-ATPase probed by 
single-molecule manipulation. J Biol Chem. 
2010: 285:11411-7 
Masaike T, et al. Cooperative three-step 
motions in catalytic subunits of F1-ATPase 
correlate with 80° and 40°substep rotations. 
Nat Struct Mol Biol. 2008; 15: 1326-33. 
 
【Term of Project】   FY2011-2013 

 
【Budget Allocation】 81,700 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.cc.kyoto-su.ac.jp/~fmotojim/index-j.html 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Biology) 
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Title of Project：Structure, regulation and physiology of ATP synthase 
 

 

 

Masasuke Yoshida 
( Kyoto Sangyo University, Faculty of Life Sciences, Professor ) 

 
Research Area：Biology, Biological science, Functional biochemistry 
Keyword：bioenergetics, regulation of enzyme 
【Purpose and Background of the Research】 

Without any exception, all cells in all lives on the 
earth use ATP as an energy coin. ATP should be 
re-synthesized from ADP and Pi and ATP 
synthase carries out this task. It consists of 
proton-motor Fo and ATP-driven motor F1. Two 
motors are connected by a common rotary shaft 
that converts energy of down-hill proton flow 
into ATP synthesis or visa versa. Demand for 
ATP and energy supply for ATP synthesis are 
varying in living cells and ATP synthase should 
be regulated accordingly but the mechanism of 
regulation has been understood very little. Aims 
of this research project are clarification of 
molecular mechanism of regulation and 
physiological consequence of the fault of 
regulation in cultured cells and living animals. 
In addition we pursue crystallization of whole 
ATP synthase complex and determination of its 
atomic structure.   
 
【Research Methods】 

1. Molecular mechanism of regulation of ATP 
synthase 

In general, core function of ATP synthase is 
common in all organisms but regulation 
mechanism can differ from one organism (cell) 
to another organism (cell). However, our recent 
studies reveal that there are at least four 
regulation mechanisms and cells combine them 
appropriately dependent on the situations. 
They are: ADP-inhibition (all organisms), 
inhibition by  subunit (bacteria and plant 
chloroplasts), disulfide bond formation in  
subunit (plant chloroplasts), and specific 
inhibitor protein (animal and plant 
mitochondria). We recently developed two 
powerful experimental systems. One of them is 
expression of human F1 in E. coli cells, which 
enables us to introduce mutations for the first 
time into animal ATP synthase. Also single 
molecule observation of rotation is now possible 
for human F1.  
2. Physiological consequence of failure of the 

regulatory system 
Another powerful method we developed is 
high-throughput screening system of 

mitochondrial ATP synthesis. Combined with 
RNAi techniques, we already started the 
screening of hundred of unknown gene products 
in mitochondria. This screening also enable us 
to find chemical drugs that affect mitochondrial 
functions. Screening of chemical libraries of 
kinase inhibitors, for example, will reveal the 
protein kinase commitment of mitochondrial 
function.  
3. X-ray crystallography of whole complex of 

ATP synthase 
Even though partial structures of ATP synthase 
have been solved, whole structure is not known. 
We generate ATP synthase that is fixed at 
certain rotary angle. Also, mono-clonal  
antibodies that sometimes help crystallization 
of difficult membrane proteins.  
 
【Expected Research Achievements and 

Scientific Significance】 
For example, when starved, mitochondria is not 
fueled and ATP synthase starts the reverse 
reaction: ATP hydrolysis. This wasteful reaction 
should be prevented but we don’t know how. 
Clarification of the regulation mechanisms of 
ATP synthase and their coordination will 
contribute to understanding cellular energy 
regulation system in living cells. 
 
【Publications Relevant to the Project】 

Saita E, et al. Activation and stiffness of the 
inhibited states of F1-ATPase probed by 
single-molecule manipulation. J Biol Chem. 
2010: 285:11411-7 
Masaike T, et al. Cooperative three-step 
motions in catalytic subunits of F1-ATPase 
correlate with 80° and 40°substep rotations. 
Nat Struct Mol Biol. 2008; 15: 1326-33. 
 
【Term of Project】   FY2011-2013 

 
【Budget Allocation】 81,700 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.cc.kyoto-su.ac.jp/~fmotojim/index-j.html 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Biology) 
 

 

 

Title of Project：Structure and function of an improving factor in  
hippocampal impairment originated from the silkworm 

 －parasitic fungus (Paecilomyces tenuipes) and practical 
use for human brain 

Koichi Suzuki 
( Iwate University, Faculty of Agriculture, Professor ) 

 
Research Area：Agriculture sciences 
Keyword：Insect applications · functional use 
【Purpose and Background of the Research】 

An entomoparasitic fungus, Paecilomyces 
tenuipes, is harvested from dried and dead 
pupae of the silkworm (Bombyx mori). This 
extract is crucial for analyzing the 
neuroprotective effects of entomoresource. We 
found that gliosis occurs in the CA3 area of the 
hippocampus in aged mice and disappears in the 
extract-fed aged mice (Fig. 1). The CA3 area is 
responsible for spatial pattern association and 
completion, detection of novel situations, and 
short-term memory. Our finding may facilitate 
the development of dietary supplementation and 
therapies to improve age-related learning and 
memory of impairment of patients with 
Alzheimer’s disease (AD). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
【Research Methods】 

Our research (Iwate University and Osaka City 
University) has focused on the identification 
and mechanism of biologically active 
molecule(s) originated from the extract of P. 
tenuipes. Another research of patients with AD 
(Iwate Medical University and Osaka 
University) is being performed by ADAS-cog 
assessment and magnetic response methods of 
MRI, MRS, and fMRI. These evaluation of 
patients with AD and administrated with the 
extract is compared with control subjects. 

【Expected Research Achievements and 
Scientific Significance】 

A large percentage of the elderly will go on to 
develop cognitive problems of AD or some other 
form of dementia and these disorders also are a 
profound concern among the incidence of 
Tohoku earthquake. Therefore, it is of 
significant importance that our previous study 
of the extract from P. tenuipes has caused 
neural improvement in the aged mice and the 
present study are being conducted to provide 
new dietary supplementation and medicinal 
candidates to prevent or reduce the impact of 
dementia, especially for reducing the risk of AD 
(Fig.2). 
 
 
 
 
 
 
 
 

 
【Publications Relevant to the Project】 

1. Tsushima M., Yamamoto K., Goryou M., 
Suzuki F. and Suzuki K. Howt-water extract of 
Paecilomyces tenuipes from the silkworm 
pupae improves D-galactose-induced brain 
aging in mice. Journal of Insect Biotechnology 
and Sericology, 79, 45-51 (2010)  

 2. Suzuki K. Introduction to insect technology 
– Current research – Insects : useful resources 
for new industrial products (eds by Kawasaki 
K., Noda H., Kikuchi M.) CMCbooks, 3-12 
(2005) (in Japanese) 

 
【Term of Project】   FY2011-2015 
 
【Budget Allocation】 159,100 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://news7a1.atm.iwate-u.ac.jp/ 
koichi@iwate-u.ac.jp 

 

（Ｃ）

（Ａ） （Ｂ）

Fig. 1. Hippocampal 
structures of mice. 
(A) control group, (B) 
aged group, (C) 
group administrated 
with the extract 25 
mg/kg/day. Arrow 
heads show gliosis in 
CA3 areas. 

Fig. 2. Images of food 
for anti-forgetfulness 
(left) and medical 
candidate for 
Alzheimer’s disease 
(right). Anti-

forgetfulness
Anti-

Alzheimer’s 
disease

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Agricultural sciences) 
 

-139-

G
rant-in-Aid for Scientific

Research (S)



 

 

Title of Project：Comprehensive elucidation and application of  
the function of enzymes involved in cleavage and  
synthesis of a carbon-nitrogen bond 

 
Michihiko Kobayashi 

( The University of Tsukuba, Graduate School of Life and  
 Environmental Sciences, Professor ) 

Research Area：Applied Biochemistry, Applied Microbiology 
Keyword：Enzyme, Reaction 
【Purpose and Background of the Research】 

   A lot of studies on proteases, which act on a 
peptide bond, have widely been carried out.  
But there have been less studies on 
non-proteolytic enzymes involved in the cleavage 
and synthesis of a carbon-nitrogen bond.  At the 
protein and gene levels, we have investigated the 
non-proteolytic enzymes involved in the cleavage 
of a carbon-nitrogen triple bond or a 
carbon-nitrogen single bond.  We discovered 
several new enzymes from microorganisms and 
identified active sites (e.g., active amino acid 
residues) in the enzymes.  So far unknown 
carbon-nitrogen-bond-cleaving enzymes still 
exist in nature.   
   In the present study, focusing on our original 
carbon-nitrogen-bond-cleaving enzymes, new 
carbon-nitrogen-bond-cleaving enzymes and 
carbon-nitrogen-bond-synthesizing enzymes, we 
aim at biochemical elucidation of their functions 
and structures.  We also try to develop a basis 
for the production of useful compounds, utilizing 
the information obtained through the above 
fundamental studies. 
 
【Research Methods】 

   Not only so far known 
carbon-nitrogen-bond-cleaving and synthesizing 
enzymes (e.g., aldoxime dehydratase, isonitrile 
hydratase, and N-substituted formamide 
deformylase) but also unknown enzymes will be 
investigated in detail.  Analyses of their 
enzymological and physiochemical properties by 
means of spectral measurements, etc will be 
carried out.   By utilization of the structural 
information obtained and analysis of mutant 
enzymes, enzymes with new function can be 
constructed and developed for the production of 
useful compounds through versatile enzyme 
reactions, which are different from the original 
reaction.   
 
【Expected Research Achievements and 

Scientific Significance】 
   The functions of many biologically active 
molecules require the presence of 
carbon-nitrogen bonds at strategic positions.  

The carbon-nitrogen bond is of considerable 
importance in life.  Identification of the active 
site in non-proteolytic enzymes involved in the 
cleavage and formation of this bond will 
certainly facilitate elucidating its unique 
specificity for the substrate as well as its 
reaction mechanism, and subsequently help us 
to understand its physiological functions.  This 
study will make a significant contribution to 
the body of basic knowledge on these unique 
enzymes and will allow us to design a new 
process for the production of useful compounds.  
 
【Publications Relevant to the Project】 

1) Abe, T., Hashimoto, Y., Hosaka, H., 
Tomita-Yokotani, K & Kobayashi, M. 
"Discovery of amide (peptide) bond synthetic 
activity in acyl-CoA synthetase"  

    J. Biol. Chem., 283, 11312-11321 (2008)   
2) Konishi, K., Ohta, T., Oinuma, K-I., Hashimoto, 

Y., Kitagawa, T. & Kobayashi, M. "Discovery of 
a reaction intermediate of aliphatic aldoxime 
dehydratase involving heme as an active 
center" Proc. Natl. Acad. Sci. USA, 103, 
564-568 (2006) 

3) Goda, M., Hashimoto, Y., Shimizu, S. & 
Kobayashi, M. "Discovery of a novel enzyme, 
isonitrile hydratase, involved in 
nitrogen-carbon triple bond cleavage"  

    J. Biol. Chem., 276, 23480-23485 (2001) 
 
 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 148,500 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://dpas.agbi.tsukuba.ac.jp/~seikinou/ 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Agricultural sciences) 
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Title of Project：Comprehensive elucidation and application of  
the function of enzymes involved in cleavage and  
synthesis of a carbon-nitrogen bond 

 
Michihiko Kobayashi 

( The University of Tsukuba, Graduate School of Life and  
 Environmental Sciences, Professor ) 

Research Area：Applied Biochemistry, Applied Microbiology 
Keyword：Enzyme, Reaction 
【Purpose and Background of the Research】 

   A lot of studies on proteases, which act on a 
peptide bond, have widely been carried out.  
But there have been less studies on 
non-proteolytic enzymes involved in the cleavage 
and synthesis of a carbon-nitrogen bond.  At the 
protein and gene levels, we have investigated the 
non-proteolytic enzymes involved in the cleavage 
of a carbon-nitrogen triple bond or a 
carbon-nitrogen single bond.  We discovered 
several new enzymes from microorganisms and 
identified active sites (e.g., active amino acid 
residues) in the enzymes.  So far unknown 
carbon-nitrogen-bond-cleaving enzymes still 
exist in nature.   
   In the present study, focusing on our original 
carbon-nitrogen-bond-cleaving enzymes, new 
carbon-nitrogen-bond-cleaving enzymes and 
carbon-nitrogen-bond-synthesizing enzymes, we 
aim at biochemical elucidation of their functions 
and structures.  We also try to develop a basis 
for the production of useful compounds, utilizing 
the information obtained through the above 
fundamental studies. 
 
【Research Methods】 

   Not only so far known 
carbon-nitrogen-bond-cleaving and synthesizing 
enzymes (e.g., aldoxime dehydratase, isonitrile 
hydratase, and N-substituted formamide 
deformylase) but also unknown enzymes will be 
investigated in detail.  Analyses of their 
enzymological and physiochemical properties by 
means of spectral measurements, etc will be 
carried out.   By utilization of the structural 
information obtained and analysis of mutant 
enzymes, enzymes with new function can be 
constructed and developed for the production of 
useful compounds through versatile enzyme 
reactions, which are different from the original 
reaction.   
 
【Expected Research Achievements and 

Scientific Significance】 
   The functions of many biologically active 
molecules require the presence of 
carbon-nitrogen bonds at strategic positions.  

The carbon-nitrogen bond is of considerable 
importance in life.  Identification of the active 
site in non-proteolytic enzymes involved in the 
cleavage and formation of this bond will 
certainly facilitate elucidating its unique 
specificity for the substrate as well as its 
reaction mechanism, and subsequently help us 
to understand its physiological functions.  This 
study will make a significant contribution to 
the body of basic knowledge on these unique 
enzymes and will allow us to design a new 
process for the production of useful compounds.  
 
【Publications Relevant to the Project】 

1) Abe, T., Hashimoto, Y., Hosaka, H., 
Tomita-Yokotani, K & Kobayashi, M. 
"Discovery of amide (peptide) bond synthetic 
activity in acyl-CoA synthetase"  

    J. Biol. Chem., 283, 11312-11321 (2008)   
2) Konishi, K., Ohta, T., Oinuma, K-I., Hashimoto, 

Y., Kitagawa, T. & Kobayashi, M. "Discovery of 
a reaction intermediate of aliphatic aldoxime 
dehydratase involving heme as an active 
center" Proc. Natl. Acad. Sci. USA, 103, 
564-568 (2006) 

3) Goda, M., Hashimoto, Y., Shimizu, S. & 
Kobayashi, M. "Discovery of a novel enzyme, 
isonitrile hydratase, involved in 
nitrogen-carbon triple bond cleavage"  

    J. Biol. Chem., 276, 23480-23485 (2001) 
 
 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 148,500 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://dpas.agbi.tsukuba.ac.jp/~seikinou/ 

【Grant-in-Aid for Scientific Research(S)】  
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Title of Project : Elucidation of Aging Regulatory Mechanisms Related  
to Mitochondrial Function and Identification of  
Anti-Aging Food Factors  

 

Masaru Tanokura 
( The University of Tokyo, Graduate School of Agricultural and 

Life Sciences, Professor ) 
Research Area：Food Science 
Keyword：Aging regulatory mechanism, Mitochondria, Anti-aging food factor 
【Purpose and Background of the Research】 

Age-related hearing loss, known as presbycusis, 
is a universal feature of mammalian aging and is 
the most common sensory disorder in the 
elderly population. We previously provided 
three essential findings for understanding the 
regulatory mechanism of age-related hearing 
loss. (i) The mitochondrial pro-apoptotic factor 
Bak mediates age-related apoptotic cell death 
in the cochlea. (ii) Age-related hearing loss is 
promoted by oxidative stress and is suppressed 
by antioxidants. (iii) The mitochondrial 
deacetylase Sirt3 mediates reduction of oxidative 
damage and prevention of age-related hearing 
loss under caloric restriction. 

In this research project, we focus on the 
regulatory mechanism of apoptotic cell death 
mediated by Bak and Sirt3. There are the 
following major objectives:  
1) Identification of novel pathways in 

age-related hearing loss and caloric 
restriction.  

2) Identification of novel anti-aging food factors 
and elucidation of their action to Bak, Sirt3 
and other regulatory factors. 

 
 
【Research Methods】 

1) We plan to analyze the other regulatory 
factors that work on downstream pathway of 
Sirt3 and the mitochondrial apoptotic-related 
factors that coordinately function with Bak. To 
achieve this purpose, we will make use of 

gene-expression analysis and molecular 
interaction analysis and Sirt3 deacetylation 
analysis of several knockout mice. 
2) To identify anti-aging food factors, we plan to 
perform interaction screening between food 
factors and target regulatory factors such as 
Bak and Sirt3 and to evaluate the effect of 
identified food factors on age-related hearing 
loss. Moreover, the action mechanism of 
anti-aging food factors to target factors will be 
analyzed by using structural biological 
methodology. 
 
【Expected Research Achievements and 

Scientific Significance】 
The molecular mechanism of age-related 
hearing loss and caloric restriction would 
contribute to understanding the mammalian 
aging mechanism and would provide new 
insights into anti-aging research fields. In 
addition, anti-aging food factors are expected to 
decrease the incidence rate of age-related 
hearing loss in the elderly population. 
 
【Publications Relevant to the Project】 
・ Someya, S., Tanokura, M., et al. Age-related 

hearing loss in C57BL/6J mice is mediated 
by Bak-dependent mitochondrial apoptosis. 
Proc Natl Acad Sci USA 106, 19432-19437 
(2009). 

・ Someya, S., Tanokura, M., et al. Sirt3 
mediates reduction of oxidative damage and 
prevention of age-related hearing loss under 
caloric restriction. Cell 143, 802-812 (2010). 

 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 166,300 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http:// 
fesb.ch.a.u-tokyo.ac.jp/english/index.html 

 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Agricultural sciences) 
 

-141-

G
rant-in-Aid for Scientific

Research (S)



 

 

Title of Project：Physiological actions and pathological relevance of  
growth factors in the brain  

 

 

Masugi Nishihara 
( The University of Tokyo, Graduate School of Agricultural and 

Life Sciences, Professor ) 
Research Area：Agricultural sciences 
Keyword：Physiology, Pathological condition 
【Purpose and Background of the Research】 
 Progranulin is a growth factor that has 
gained attention with recent discoveries of its 
multifunctional roles in normal brain 
development and neurodegenerative disorders. 
We have demonstrated that progranulin is a 
sex steroid-inducible gene that is involved in 
masculinization of the perinatal rodent brain. 
We have also found that gene expression of 
progranulin, as well as neurogenesis, is 
enhanced by estrogen in the hippocampus in 
adult rats, suggesting that progranulin 
mediates the mitogenic effects of estrogen on 
neural progenitor cells. Since it has been 
recently reported that mutations in progranulin 
gene are responsible for a type of 
frontotemporal lobar degeneration in humans, 
progranulin appears to be also involved in 
protecting neurons from degeneration. The 
research group of this study has identified 
abnormally phosphorylated TAR DNA-binding 
protein of 43 kDa (TDP-43) as a component of 
inclusions in frontotemporal lobar degeneration 
and amyotrophic lateral sclerosis. The aim of 
this study is to elucidate the molecular 
mechanisms regulating neural cell fate by 
growth factors in the brain under both 
physiological and pathological conditions, and 
the relevance of growth factor insufficiency to 
the deposition of abnormal proteins that lead 
neurodegenerative diseases.  
 
【Research Methods】 
 By means of progranulin-deficient mice and 
other animal models we have generated, 
physiological functions of progranulin and other 
growth factors in the brain in regulating 
neurogenesis, cell differentiation, cell death, 
neurodegeneration and behaviors will be 
studied in vivo. The actions of growth factors at 
cellular levels and their signal transduction 
mechanisms will be also analyzed in vitro using 
neural progenitor cell culture derived from 
various animal models. 
 To explore the molecular mechanisms of the 
deposition of abnormally phosphorylated 
TDP-43 in neurons, pathological and 
biochemical analyses will be performed on 

brain specimens suffering from various 
neurodegenerative diseases. Using animal and 
cellular models, including progranulin-deficient 
mice and TDP-43 transgenic mice, the 
mechanisms underlying TDP-43 deposition and 
resultant neurodegeneration under the 
condition of growth factor insufficiency will be 
also studied. 
 
【Expected Research Achievements and 

Scientific Significance】 
 This study aims to explore physiological 
significance of growth factors in normal 
development and maintenance of brain 
functions. The underlying mechanisms for 
growth factor actions will be also clarified at 
cellular and molecular levels, which lead us to a 
better understanding of the biological roles of 
growth factors in the brain. This study will 
provide molecular basis of neurodegeneration 
due to growth factor insufficiency followed by 
deposition of abnormal proteins and contribute 
to develop new insights for prevention and cure 
of neurodegenerative diseases. 
 
【Publications Relevant to the Project】 
 Nedachi T, Nishihara M et al. Progranulin 
enhances neural progenitor cell proliferation 
through glycogen synthase kinase 3 
phosphorylation. Neuroscience 185, 106-115, 
2011. 
 Ahmed Z, Nishihara M et al. Accelerated 
lipofuscinosis and ubiquitination in granulin 
knockout mice suggests a role for progranulin 
in successful aging. Am J Pathol 177, 311-324, 
2010. 
 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 155,800 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.vm.a.u-tokyo.ac.jp/seiri/ 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Agricultural sciences) 
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Title of Project：Physiological actions and pathological relevance of  
growth factors in the brain  

 

 

Masugi Nishihara 
( The University of Tokyo, Graduate School of Agricultural and 

Life Sciences, Professor ) 
Research Area：Agricultural sciences 
Keyword：Physiology, Pathological condition 
【Purpose and Background of the Research】 
 Progranulin is a growth factor that has 
gained attention with recent discoveries of its 
multifunctional roles in normal brain 
development and neurodegenerative disorders. 
We have demonstrated that progranulin is a 
sex steroid-inducible gene that is involved in 
masculinization of the perinatal rodent brain. 
We have also found that gene expression of 
progranulin, as well as neurogenesis, is 
enhanced by estrogen in the hippocampus in 
adult rats, suggesting that progranulin 
mediates the mitogenic effects of estrogen on 
neural progenitor cells. Since it has been 
recently reported that mutations in progranulin 
gene are responsible for a type of 
frontotemporal lobar degeneration in humans, 
progranulin appears to be also involved in 
protecting neurons from degeneration. The 
research group of this study has identified 
abnormally phosphorylated TAR DNA-binding 
protein of 43 kDa (TDP-43) as a component of 
inclusions in frontotemporal lobar degeneration 
and amyotrophic lateral sclerosis. The aim of 
this study is to elucidate the molecular 
mechanisms regulating neural cell fate by 
growth factors in the brain under both 
physiological and pathological conditions, and 
the relevance of growth factor insufficiency to 
the deposition of abnormal proteins that lead 
neurodegenerative diseases.  
 
【Research Methods】 
 By means of progranulin-deficient mice and 
other animal models we have generated, 
physiological functions of progranulin and other 
growth factors in the brain in regulating 
neurogenesis, cell differentiation, cell death, 
neurodegeneration and behaviors will be 
studied in vivo. The actions of growth factors at 
cellular levels and their signal transduction 
mechanisms will be also analyzed in vitro using 
neural progenitor cell culture derived from 
various animal models. 
 To explore the molecular mechanisms of the 
deposition of abnormally phosphorylated 
TDP-43 in neurons, pathological and 
biochemical analyses will be performed on 

brain specimens suffering from various 
neurodegenerative diseases. Using animal and 
cellular models, including progranulin-deficient 
mice and TDP-43 transgenic mice, the 
mechanisms underlying TDP-43 deposition and 
resultant neurodegeneration under the 
condition of growth factor insufficiency will be 
also studied. 
 
【Expected Research Achievements and 

Scientific Significance】 
 This study aims to explore physiological 
significance of growth factors in normal 
development and maintenance of brain 
functions. The underlying mechanisms for 
growth factor actions will be also clarified at 
cellular and molecular levels, which lead us to a 
better understanding of the biological roles of 
growth factors in the brain. This study will 
provide molecular basis of neurodegeneration 
due to growth factor insufficiency followed by 
deposition of abnormal proteins and contribute 
to develop new insights for prevention and cure 
of neurodegenerative diseases. 
 
【Publications Relevant to the Project】 
 Nedachi T, Nishihara M et al. Progranulin 
enhances neural progenitor cell proliferation 
through glycogen synthase kinase 3 
phosphorylation. Neuroscience 185, 106-115, 
2011. 
 Ahmed Z, Nishihara M et al. Accelerated 
lipofuscinosis and ubiquitination in granulin 
knockout mice suggests a role for progranulin 
in successful aging. Am J Pathol 177, 311-324, 
2010. 
 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 155,800 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.vm.a.u-tokyo.ac.jp/seiri/ 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Agricultural sciences) 
 

 

 

Title of Project：Analysis of the regulation and mode of action of  
atypical G-protein cycles 

 

 

Toshiaki Katada 
( The University of Tokyo, Graduate School of Pharmaceutical  

Sciences, Professor ) 
Research Area：Biological pharmacy, Functional biochemistry 
Keyword：Biochemistry, Cell signal transduction 
【Purpose and Background of the Research】 

 G proteins, which cycle between the two 
different GTP- and GDP-bound conformations 
(G cycles), play important roles as a “molecular 
switch” in many signaling pathways.  G 
proteins have been classified into three major 
families, 1) translation factors, 2) trimeric G 
proteins, and 3) small GTPases, based on their 
structural features.  The small GTPases, such 
as Ras, Rab, Arf, and Rho/Rac family, are 
involved in the regulation of cell growth/ 
differentiation, intracellular vesicle trafficking, 
and cell shape/adhesion.  However, there are 
many other small GTPases, of which functions 
are still unknown.  Recently, several Ras-type 
GTPases appear to function in vesicle 
trafficking and/or cell-shape regulation.  In 
addition, we have also identified many atypical 
G proteins that exhibit unique biochemical 
properties and/or structures different from 
previously characterized small GTPases.  
These findings indicate there are new 
regulatory mechanisms and physiological roles 
of the atypical G proteins.   

 In this research project, we analyze the 
atypical G proteins, which include 1) Arl8 and 
Di-Ras exhibiting unique biochemical 
properties, 2) Arl13b and Rab45 that contain 
many functional regions other than G domain, 
and 3) Rag hetero-dimer involved in the mTOR- 
signaling pathway.  We are planning to 
elucidate how G cycles of the atypical G 
proteins are regulated dependent on their 
structure and modes of actions in intracellular 
signaling pathways.   

【Research Methods】 
 To achieve this research objective, we plan to 
carry out the following analyses at different 
organization levels.   

1) Biochemical characterization of the 
atypical G proteins:  We will purify the 
recombinat and native proteins from baculo- 
virus-transfected Sf-9 cells and mammalian 
tissues to identify their regulators and 
effectors.   

2) Physiological roles of the atypical G 
proteins:  We will identify their roles at intact- 

cell and animal levels with the techniques of 
molecular biology, cell biology, and molecular 
genetics.  We also analyze in C. elegans, since 
the number of each G protein family is limited.  

【Expected Research Achievements and 
Scientific Significance】 
Our goal is to understand a common 

mechanism underlying various G cycles by 
revealing the regulation and functions of the 
atypical G proteins.  These G proteins appear 
to mostly function in endosome dynamics, such 
as lysosome biogenesis, endocytosis, and 
exocytosis.  Furthermore, mutations in genes 
encoding the atypical G proteins are 
responsible for ciliary and lysosomal diseases. 
Thus, our research progress will contribute not 
only to the understanding of organelle 
formation, which is precisely regulated by 
many small GTPases, but also to the diagnosis 
and therapy for the diseases.   

【Publications Relevant to the Project】 
1. Saito K, et al. cTAGE5 mediates collagen 

secretion through interaction with TANGO1 at 
endoplasmic reticulum exit sites. Mol. Biol. 
Cell. 2011 Apr 27 [Epub ahead of print] 

2. Nakae I, et al. The Arf-like GTPase Arl8 
mediates delivery of endocytosed macro- 
molecules to lysosomes in Caenorhabditis 
elegans. Mol. Biol. Cell 21: 2434–2442 (2010) 

3. Cevik S, et al. Joubert syndrome Arl13b 
functions at ciliary membranes and stabilizes 
protein transport in Caenorhabditis elegans. J. 
Cell Biol. 188: 953–969 (2010) 

【Term of Project】   FY2011–2015 

【Budget Allocation】 173,700 Thousand Yen 

【Homepage Address and Other Contact 
Information】 
http://www.f.u-tokyo.ac.jp/~seiri/ 
katada@mol.f.u-tokyo.ac.jp 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Medicine, dentistry, and pharmacyⅠ) 
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Title of Project：Regulation of developmental robustness by cell death  
signaling 

 

 

Masayuki Miura 
( The University of Tokyo, Graduate School of Pharmaceutical  

Sciences, Professor ) 
Research Area：Developmental Genetics 
Keyword：development, robustness, caspase, stress, genetics and biochemistry, imaging 
【Purpose and Background of the Research】 
A developing animal is exposed to both intrinsic 
and extrinsic stresses. Even in these stressful 
environmental conditions, animal development 
is achieved with the surprisingly robust 
patterns. We thought that stress response in 
developing animal is a key for the regulation of 
robustness of development. One important 
stress response will be caspase activation. 
Caspase activation is not only observed in 
apoptosis but also in non apoptotic condition. 
Non apoptotic caspase function includes cell 
proliferation, migration and differentiation. We 
will study the dynamics and roles of caspases 
and other stress signaling molecules that play 
crucial roles for developmental robustness.  
 
【Research Methods】 
Our previous study indicated the involvement of 
caspases in the regulation of the robustness of 
sensory organ precursor (SOP) development. It 
is also suggested that caspase plays important 
roles for the regeneration of imaginal discs. 
Caspase mutant mice show neural tube closure 
defects.  We will perform genetic, biochemical, 
and live imaging approaches to dissect the 
signaling pathways required for the 
achievement of the robustness of development. 
 
【Expected Research Achievements and 

Scientific Significance】 
Our research will establish the fundamental 
mechanisms for developmental robustness that 
is regulated by stress signaling.  Our research 
also provides the new insight for teratology. 
 
【Publications Relevant to the Project】 
Nakajima, Y-I, Kuranaga, E., Sugimura, K., 
Miyawaki, A., and Miura, M.: Non-autonomus 
apoptosis is triggered by local cell cycle 
progression during epithelial replacement in 
Drosophila. Mol. Cell Biol., 31 2499-2512, 2011 
Koto, A., Kuranaga, E., and Miura, M.: 
Apoptosis ensures spacing pattern formation of 

Drosophila sensory organs.  Current Biol.21, 
278-287, 2011 
Ohsawa, S., Hamada, S., Kuida, K., Yoshida, H., 
Igaki, T., and Miura, M.: Maturation of the 
olfactory sensory neurons by 
Apaf-1/caspase-9-mediated caspase activity. 
Proc. Natl. Acad. Sci. USA. 107, 13366-13371, 
2010 
Kondo, S., Senoo-Matsuda, N., Hiromi, Y., and 
Miura, M.: Dronc coordinates cell death and 
compensatory proliferation.  Mol. Cell. Biol. 26, 
7258-7268, 2006. 
Kuranaga, E., Kanuka, H., Tonoki, A., Takemoto, 
K., Tomioka, T., Kobayashi, M., Hayashi, S., and 
Miura, M.: Drosophila IKK-related kinase 
regulates nonapoptotic function of caspases via 
degradation of IAPs. Cell 126, 583-596, 2006 
Kanuka, H., Kuranaga, E., Takemoto, K., 
Hiratou, T., Okano, H., and Miura, M.: 
Drosophila caspase transduces Shaggy/GSK-3b 
kinase activity in neural precuorsor 
development.  EMBO J. 24, 3793-3806, 2005 
 
【Term of Project】  FY2011-2015 
 
【Budget Allocation】 165,200 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.f.u-tokyo.ac.jp/~genetics/index.html 
 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Medicine, dentistry, and pharmacyⅠ) 
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Title of Project：Regulation of developmental robustness by cell death  
signaling 

 

 

Masayuki Miura 
( The University of Tokyo, Graduate School of Pharmaceutical  

Sciences, Professor ) 
Research Area：Developmental Genetics 
Keyword：development, robustness, caspase, stress, genetics and biochemistry, imaging 
【Purpose and Background of the Research】 
A developing animal is exposed to both intrinsic 
and extrinsic stresses. Even in these stressful 
environmental conditions, animal development 
is achieved with the surprisingly robust 
patterns. We thought that stress response in 
developing animal is a key for the regulation of 
robustness of development. One important 
stress response will be caspase activation. 
Caspase activation is not only observed in 
apoptosis but also in non apoptotic condition. 
Non apoptotic caspase function includes cell 
proliferation, migration and differentiation. We 
will study the dynamics and roles of caspases 
and other stress signaling molecules that play 
crucial roles for developmental robustness.  
 
【Research Methods】 
Our previous study indicated the involvement of 
caspases in the regulation of the robustness of 
sensory organ precursor (SOP) development. It 
is also suggested that caspase plays important 
roles for the regeneration of imaginal discs. 
Caspase mutant mice show neural tube closure 
defects.  We will perform genetic, biochemical, 
and live imaging approaches to dissect the 
signaling pathways required for the 
achievement of the robustness of development. 
 
【Expected Research Achievements and 

Scientific Significance】 
Our research will establish the fundamental 
mechanisms for developmental robustness that 
is regulated by stress signaling.  Our research 
also provides the new insight for teratology. 
 
【Publications Relevant to the Project】 
Nakajima, Y-I, Kuranaga, E., Sugimura, K., 
Miyawaki, A., and Miura, M.: Non-autonomus 
apoptosis is triggered by local cell cycle 
progression during epithelial replacement in 
Drosophila. Mol. Cell Biol., 31 2499-2512, 2011 
Koto, A., Kuranaga, E., and Miura, M.: 
Apoptosis ensures spacing pattern formation of 

Drosophila sensory organs.  Current Biol.21, 
278-287, 2011 
Ohsawa, S., Hamada, S., Kuida, K., Yoshida, H., 
Igaki, T., and Miura, M.: Maturation of the 
olfactory sensory neurons by 
Apaf-1/caspase-9-mediated caspase activity. 
Proc. Natl. Acad. Sci. USA. 107, 13366-13371, 
2010 
Kondo, S., Senoo-Matsuda, N., Hiromi, Y., and 
Miura, M.: Dronc coordinates cell death and 
compensatory proliferation.  Mol. Cell. Biol. 26, 
7258-7268, 2006. 
Kuranaga, E., Kanuka, H., Tonoki, A., Takemoto, 
K., Tomioka, T., Kobayashi, M., Hayashi, S., and 
Miura, M.: Drosophila IKK-related kinase 
regulates nonapoptotic function of caspases via 
degradation of IAPs. Cell 126, 583-596, 2006 
Kanuka, H., Kuranaga, E., Takemoto, K., 
Hiratou, T., Okano, H., and Miura, M.: 
Drosophila caspase transduces Shaggy/GSK-3b 
kinase activity in neural precuorsor 
development.  EMBO J. 24, 3793-3806, 2005 
 
【Term of Project】  FY2011-2015 
 
【Budget Allocation】 165,200 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.f.u-tokyo.ac.jp/~genetics/index.html 
 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Medicine, dentistry, and pharmacyⅠ) 
 

 

 

Title of Project：Dissection of Rho-mDia pathway-mediated  
mechanisms of tissue organization and homeostasis 

 

 

Shuh Narumiya 
( Kyoto University, Graduate School of Medicine, Professor ) 

 
Research Area：General medical chemistry 
Keyword：Rho, mDia , Actin cytoskeleton, cell motility, cell adhesion, homeostasis 
【Purpose and Background of the Research】 

Actin cytoskeleton plays important roles in cell 
morphogenesis, migration, proliferation and 
adhesion. During the past 20 years, the 
molecular mechanism of assembly and 
regulation of actin cytoskeleton has been largely 
elucidated. However, most of those studies were 
done in vitro in cultured cells and it remains still 
largely unknown how the principles discovered 
in cultured cells are utilized in tissue 
organization and homeostasis in intact body. 
mDia is an actin nucleator functioning 
downstream of Rho.  In this study, we examine 
mice deficient in three mDia isoforms either 
alone or in combination, and unravel actions and 
action mechanisms of the actin cytoskeleton in 
organization and maintenance of tissue 
structures. 
【Research Methods】 

We examine mice deficient in mDia1, mDia2 or 
mDia3 either alone or in combination and 
analyze the role of Rho-mDia pathway in 
neural stem cell homeostasis, axon guidance, 
neural plasticity, homeostasis of hematopoietic 
stem cells, enucleation, DMBA/TPA-induced 
skin cancer and regulation of coat color. In 
these experiments, we combine in vivo analysis 
of intact animals with in vitro nalaysis of 
cultured cells to reveal molecular mechanisms 
of each action. We also use in utero 
electroporation of exogenous genes and siRNA 
to complement our knockout mice studies and 
generate conditional knockout mice that lacks 
gene expression in a time- and tissue-specific 
manner by exploiting the Cre/LoxP system. 
【Expected Research Achievements and 

Scientific Significance】 
1. Elucidation of mechanisms of stem cell 
proliferation and differentiation: We plan to 
identify the common actin-dependent niche 
mechanism or structure that regulates the 
proliferation of neural stem cells and 
hematopoetic stem cells by analyzing the 
abnormal proliferation phenotype of each stem 
cell in mDia-deficient mice. Results obtained by 
this analysis may promote our understanding 
of pathogenesis of congenital brain anomalies, 

pediatric brain tumor and leukemia. In 
addition, mDia-deficient mice exhibit impaired 
apical-basal polarity of neural stem cells. By 
analyzing this phenotype, we expect to clarify 
the maintenance mechansm of this plarity and 
its significance to brain morphogenesis. 
2. Unraveling the physiological importance of 
Rho-mDia pathway in neural plasticity: In this 
study, we subject our KO mice to 
cocaine-induced addiction and chronic 
stress-induced depression, both of which 
involve plastic change of neural structure. By 
examining heir phenotype, we expect to find 
how Rho-mDia contributes to neural plasticity 
and behavioral change associated with 
drug-addiction and depression.  
3. Determination of the role of Rho-mDia 
pathway in skin homeostasis: While Rho is 
overexpressed in several types of clinical cancer, 
and mutation of a RhoGAP, DLC-1, is the most 
frequently found mutation in cancer next to p53, 
the precise role of Rho in carcinogenesis is still 
largely unknown. We plan to identify the role of 
Rho in this process by subjecting our KO mice 
to DMBA/TPA-induced skin cancer model.  
   In conclusion, this study will elucidate in 
vivo function of Rho signaling and actin 
cytoskeleton in intact body.  
【Publications Relevant to the Project】 

1. Narumiya, S., Tanji, M. & Ishizaki, T. (2009) 
Rho signaling, ROCK and mDia1, in 
transformation, metastasis and invasion. 
Cancer Metastasis Rev., 28, 65-76. 
2. Sakamoto, S et al.  Liprin- controls stress 
fiber formation by binding to mDia and 
regulating its membrane localization. 
J. Cell Sci., in press 
 
【Term of Project】   FY2011-2013 
 
【Budget Allocation】126,000 Thousand Yen 
 
【Homepage and Other Contact Information】 

http://www5.mfour.med.kyoto-u.ac.jp/ 
snaru@mfour.med.kyoto-u.ac.jp 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Medicine, dentistry, and pharmacyⅠ) 
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Title of Project：Crosstalk between maxillofacial immunity and 
 reproductive immunity 

 

 

Hiroshi Kiyono 
( The University of Tokyo, Institute of Medical Science, 

Professor ) 
Research Area：Medical Science 
Keyword：Mucosal immunology 
【Purpose and Background of the Research】  

It is well known that a mucosal sensitization 
at one site results in the induction of 
antigen-specific immune responses at another 
distant mucosa. While the gut imprinting 
molecules associated with the migration of 
antigen-specific immune cells from Peyer’s 
patches to distant intestinal mucosa have been 
recently identified, the molecular mechanisms 
how antigen-specific immune cells induced by 
intranasal or ocular immunization migrate into 
the distant reproductive mucosa have been still 
unknown. In this project, our specific aim is to 
elucidate how antigen-specific effector memory 
CD4+/CD8+ T cells and IgA+ B cells are 
generated in nasopharinx associated lymphoid 
tissue (NALT), tear duct associated lymphoid 
tissue (TALT) and other mucosal immune 
inductive site forming the facial immune 
system and how the effector cells are acquiring 
the ability to migrate into the reproductive 
tissues by identifying reproductive imprinting 
molecules. Our goal is thus to establish the 
immunological foundation for the development 
of novel mucosal vaccine against sexual 
transmitted diseases (STDs). 

 
【Research Methods】 

We are going to investigate the molecular and 
cellular mechanisms for the induction of 
reproductive imprinting molecules for 
antigen-specific effector memory CD4+/CD8+ T 
cells and IgA+ B cells induced by the 
immunization with antigens through nasal or 
ocular mucosa. The specific experiments include 

1) analyzing the  fate of nasally or ocularly  
administered antigens by macro-fluorescent 
imaging system 2) identifying the 
migration-imprinting molecules expressing on 
the effector cells 3) identifying the 
inductive/regulatory factors for the reproductive 
imprinting molecules expressed on dendritic 
cells directing the effector cell migration and 4) 
examining and comparing of NALT or TALT 
dependent and independent pathways of 
antigen uptake for the induction of reproductive 
imprinting molecules.  
【Expected Research Achievements and 

Scientific Significance】  
The vaccine against human papilloma virus 

causing cervical carcinoma has been 
established; however, the vaccine preventing 
other STDs caused by HIV, HSV, or Chlamydia 
has not yet been developed. In this study, we 
are going to investigate the molecular and 
cellular mechanisms how intranasal and ocular 
immunizations induce both humoral and 
cellular immune responses specific for the viral 
or bacterial antigens in the distant 
reproductive mucosa. Especially, elucidation of 
reproductive imprinting molecules will lead to 
the basic foundation for the development of 
STD vaccine. Our project will thus contribute 
scientifically for our understanding of the 
reproductive imprinting system, which leads to 
the development of effective vaccine against 
STDs for the improvement of public health.   
【Publications Relevant to the Project】 

  Fukuyama S, et al. Initiation of NALT 
organogenesis is independent of the IL-7R, 
LTR, and NIK signaling pathways but 
requires the Id2 gene and CD3-CD4+CD45+ cells. 
Immunity. 17:31-40. 2002 
  Nagatake T, et al. Id2-, RORt-, and 
LTR-independent initiation of lymphoid 
organogenesis in ocular immunity. J Exp 
Med.206:2351-64. 2009. 
【Term of Project】   FY2011-2015 
【Budget Allocation】165,200 Thousands Yen 
【Homepage Address and Other Contact  

Information】 
www.ims.u-tokyo.ac.jp/EnMen/index_j.html 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Medicine, dentistry, and pharmacyⅠ) 
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Title of Project：Crosstalk between maxillofacial immunity and 
 reproductive immunity 

 

 

Hiroshi Kiyono 
( The University of Tokyo, Institute of Medical Science, 

Professor ) 
Research Area：Medical Science 
Keyword：Mucosal immunology 
【Purpose and Background of the Research】  

It is well known that a mucosal sensitization 
at one site results in the induction of 
antigen-specific immune responses at another 
distant mucosa. While the gut imprinting 
molecules associated with the migration of 
antigen-specific immune cells from Peyer’s 
patches to distant intestinal mucosa have been 
recently identified, the molecular mechanisms 
how antigen-specific immune cells induced by 
intranasal or ocular immunization migrate into 
the distant reproductive mucosa have been still 
unknown. In this project, our specific aim is to 
elucidate how antigen-specific effector memory 
CD4+/CD8+ T cells and IgA+ B cells are 
generated in nasopharinx associated lymphoid 
tissue (NALT), tear duct associated lymphoid 
tissue (TALT) and other mucosal immune 
inductive site forming the facial immune 
system and how the effector cells are acquiring 
the ability to migrate into the reproductive 
tissues by identifying reproductive imprinting 
molecules. Our goal is thus to establish the 
immunological foundation for the development 
of novel mucosal vaccine against sexual 
transmitted diseases (STDs). 

 
【Research Methods】 

We are going to investigate the molecular and 
cellular mechanisms for the induction of 
reproductive imprinting molecules for 
antigen-specific effector memory CD4+/CD8+ T 
cells and IgA+ B cells induced by the 
immunization with antigens through nasal or 
ocular mucosa. The specific experiments include 

1) analyzing the  fate of nasally or ocularly  
administered antigens by macro-fluorescent 
imaging system 2) identifying the 
migration-imprinting molecules expressing on 
the effector cells 3) identifying the 
inductive/regulatory factors for the reproductive 
imprinting molecules expressed on dendritic 
cells directing the effector cell migration and 4) 
examining and comparing of NALT or TALT 
dependent and independent pathways of 
antigen uptake for the induction of reproductive 
imprinting molecules.  
【Expected Research Achievements and 

Scientific Significance】  
The vaccine against human papilloma virus 

causing cervical carcinoma has been 
established; however, the vaccine preventing 
other STDs caused by HIV, HSV, or Chlamydia 
has not yet been developed. In this study, we 
are going to investigate the molecular and 
cellular mechanisms how intranasal and ocular 
immunizations induce both humoral and 
cellular immune responses specific for the viral 
or bacterial antigens in the distant 
reproductive mucosa. Especially, elucidation of 
reproductive imprinting molecules will lead to 
the basic foundation for the development of 
STD vaccine. Our project will thus contribute 
scientifically for our understanding of the 
reproductive imprinting system, which leads to 
the development of effective vaccine against 
STDs for the improvement of public health.   
【Publications Relevant to the Project】 

  Fukuyama S, et al. Initiation of NALT 
organogenesis is independent of the IL-7R, 
LTR, and NIK signaling pathways but 
requires the Id2 gene and CD3-CD4+CD45+ cells. 
Immunity. 17:31-40. 2002 
  Nagatake T, et al. Id2-, RORt-, and 
LTR-independent initiation of lymphoid 
organogenesis in ocular immunity. J Exp 
Med.206:2351-64. 2009. 
【Term of Project】   FY2011-2015 
【Budget Allocation】165,200 Thousands Yen 
【Homepage Address and Other Contact  

Information】 
www.ims.u-tokyo.ac.jp/EnMen/index_j.html 

【Grant-in-Aid for Scientific Research(S)】  
Biological Sciences (Medicine, dentistry, and pharmacyⅠ) 
 

 

 

Title of Project：The mechanisms of development and differentiation 
in Valpha14 NKT cells 

 
 

Masaru TANIGUCHI 
( RIKEN, Research Center for Allergy and Immunology,  

Lab for Immune Regulation, Group Director ) 
Research Area：Medicine, dentistry, and pharmacy 
Keyword：Valpha14 NKT cells, Cloned mouse, early development, precursor NKT cell,  

NKT specific GFP mouse 
【Purpose and Background of the Research】 
  We have identified NKT cells characterized by 

the expression of invariant Va14Ja18 and by 
mediating protective and regulatory responses. 
However, it remains unclear whether NKT cells 
are different lineages from T cells. Here, we 
identify genes for lineage commitment and 
functions, and establish technology to develop 
artificial NKT cells with desired function. 

 
【Research Methods】 

1) Identification of genes responsible for lineage 
commitment and function of NKT cells: The 
precursor NKT cells we identified do not 
express Va14Ja18 on the surface, while express 
in the cytoplasm. By using these precursor cells, 
we identify genes for lineage commitment and 
function at a single cell level. For this purpose, 
we isolate precursor NKT cells by single cell 
sorting followed by high-throughput qPCR to 
identify specific genes for precursor NKT cells 
and NKT cells. These genes will be analyzed by 
transfection of shRNA in the lenti-virus vector 
into iPS to investigate generation of NKT cells 
in vitro or knock-out mice.  
2) Gene expression profiles and Epigenetic 
analysis: By using subsets of NKT cells with 
different functions, we are analyzing mRNA 
expression profiles by CAGE. We carry out 
epigenetic analysis by characterizing chromatin 
with ChIP-Chip analysis to understand the 
mechanisms of gene regulation of NKT cell 
function. 
3) Generation of artificial NKT cells: Based on 
the genetic and epigenetic profiles of NKT cell 
subsets, precursor NKT cells will be introduced 
gene sets related to specific functions to obtain 
a subset of artificial NKT cells with desired 
function.  
 

【Expected Research Achievements and  
Scientific Significance】 
Identify genes for NKT cell lineage commitment 
and functions to investigate whether NKT cells 
are different lineage from conventional T cells. 
Investigate gene and epigenetic profiles of NKT 
cells with different differentiation stages to 
evaluate the relationship between gene sets 
and their functions. Establish a method to 
generate artificial NKT cells with desired 
functions by the transfer of sets of genes 
identified above. 

 
【Publications Relevant to the Project】 
 Watarai H, Rybouchkin A, Nagata Y, Hongo N, 

Sakata S, Sekine E, Dashtsoodol N, Tashiro T, 
Fujii S, Shimizu K, Mori K, Kawamoto H, 
Koseki H, Taniguchi M. Generation of 
functional NKT cells in vitro from embryonic 
stem cells bearing rearranged invariant 
Va14-Ja18 TCR gene. Blood 115, 230-237, 
2010. 

 Watarai H, Fujii SI, Yamada D, Rybouchkin A, 
Sakata S, Nagata Y, Iida-Kobayashi M, 
Sekine-Kondo E, Shimizu K, Shozaki Y, 
Sharif J, Matsuda M, Mochiduki S, Hasegawa 
T, Kitahara G, Endo TA, Toyoda T, Ohara O, 
Harigaya KI, Koseki H, Taniguchi M. Murine 
induced pluripotent stem cells can be derived 
from and differentiate into natural killer T 
cells. J Clin Invest. 120: 2610-2618, 2010 

 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 82,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://web.rcai.riken.jp/en/labo/regulation/ind
ex.html 

 

【Grant-in-Aid for Scientific Research(S)】  
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Title of Project：Novel glycolytic signalosomes and energy metabolism 
in insulin-resistant heart diseases 

 
 

Hiroaki Matsubara 
( Kyoto Prefectural University of Medicine, Graduate School of  

Medicine, Professor ) 
Research Area：Medicine, dentistry, and pharmacy 
Keyword：Molecular cardiology 
【Purpose and Background of the Research】 

Heart failure (HF) is a terminal stage of 
various heart diseases. The prevalence rate of 
HF is rising with increases in the aging 
population. Despite advances in therapy for HF, 
mortality due to HF is still high. 

Alteration of cardiac energy homeostasis is a 
consistent feature of HF. In HF, insulin 
resistance develops in the myocardium, which 
induces impaired energy metabolism, 
mitochondrial dysfunction, elevated oxidative 
stress, and subsequent cell death. HF therefore 
could be pathologically realized as ‘insulin- 
resistant heart disease’. So far, we have found 
that p53, SCO2 (synthesis of cytochrome oxidase 2), 
and TIGAR (TP53-induced glycolysis and 
apoptosis regulator) regulate energy metabolism 
in the heart, and that ARIA (apoptosis regulator 
through modulating IAP expression) and MURC 
(muscle-restricted coiled-coil protein) are 
potentially involved in insulin signaling and 
regulate cell death in cardiac myocytes through 
glycolytic signalosomes. However, roles of p53, 
SCO2, TIGAR, ARIA, and MURC in insulin- 
resistant heart disease are unknown. Therefore, 
analysis of their roles in insulin-resistant heart 
disease will be important to understand HF and 
may contribute to the development of novel 
therapeutic strategies against HF. Accordingly, 
the following specific aims are proposed: 
1). To elucidate mechanisms regulating energy 

metabolism and cell death mediated by 
TIGAR and SCO2. 

2). To elucidate mechanisms regulating energy 
metabolism and cell death mediated by 
MURC and the caveola system. 

3). To elucidate mechanisms regulating insulin 
resistance and cell death mediated by ARIA. 

4). To develop new and effective therapeutics for 
HF by integrating modulation of energy 
metabolism and cell death 

 
【Research Methods】 

We will use molecular- and cell biological, 
histological, biochemical, and physiological 
methods in cultured cardiac myocytes and 
mouse models. 
 

【Expected Research Achievements and 
Scientific Significance】 

We expect that our study will provide new 
insights into mechanisms of insulin-resistance, 
energy metabolism, and cell death in the heart. 
Our study would also lead to the invention of 
new therapeutics to effectively treat in 
refractory HF. 

 

 
【Publications Relevant to the Project】 

1. Ikeda K, Matsubara H et al. Identification of 
ARIA regulating endothelial apoptosis and 
angiogenesis by modulating proteasomal 
degradation of cIAP-1 and cIAP-2. Proc Natl 
Acad Sci USA 106: 8227-8232, 2009 

2. Ogata T, Matsubara H et al. MURC, a 
muscle-restricted coiled-coil protein that 
modulates the Rho/ROCK pathway, induces 
cardiac dysfunction and conduction 
disturbance. Mol Cell Biol 28: 3424-3436, 
2008 

3. Matoba S et al. p53 regulates mitochondrial 
respiration. Science 312: 1650-1653, 2006 
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Title of Project：Novel glycolytic signalosomes and energy metabolism 
in insulin-resistant heart diseases 

 
 

Hiroaki Matsubara 
( Kyoto Prefectural University of Medicine, Graduate School of  

Medicine, Professor ) 
Research Area：Medicine, dentistry, and pharmacy 
Keyword：Molecular cardiology 
【Purpose and Background of the Research】 

Heart failure (HF) is a terminal stage of 
various heart diseases. The prevalence rate of 
HF is rising with increases in the aging 
population. Despite advances in therapy for HF, 
mortality due to HF is still high. 

Alteration of cardiac energy homeostasis is a 
consistent feature of HF. In HF, insulin 
resistance develops in the myocardium, which 
induces impaired energy metabolism, 
mitochondrial dysfunction, elevated oxidative 
stress, and subsequent cell death. HF therefore 
could be pathologically realized as ‘insulin- 
resistant heart disease’. So far, we have found 
that p53, SCO2 (synthesis of cytochrome oxidase 2), 
and TIGAR (TP53-induced glycolysis and 
apoptosis regulator) regulate energy metabolism 
in the heart, and that ARIA (apoptosis regulator 
through modulating IAP expression) and MURC 
(muscle-restricted coiled-coil protein) are 
potentially involved in insulin signaling and 
regulate cell death in cardiac myocytes through 
glycolytic signalosomes. However, roles of p53, 
SCO2, TIGAR, ARIA, and MURC in insulin- 
resistant heart disease are unknown. Therefore, 
analysis of their roles in insulin-resistant heart 
disease will be important to understand HF and 
may contribute to the development of novel 
therapeutic strategies against HF. Accordingly, 
the following specific aims are proposed: 
1). To elucidate mechanisms regulating energy 

metabolism and cell death mediated by 
TIGAR and SCO2. 

2). To elucidate mechanisms regulating energy 
metabolism and cell death mediated by 
MURC and the caveola system. 

3). To elucidate mechanisms regulating insulin 
resistance and cell death mediated by ARIA. 

4). To develop new and effective therapeutics for 
HF by integrating modulation of energy 
metabolism and cell death 

 
【Research Methods】 

We will use molecular- and cell biological, 
histological, biochemical, and physiological 
methods in cultured cardiac myocytes and 
mouse models. 
 

【Expected Research Achievements and 
Scientific Significance】 

We expect that our study will provide new 
insights into mechanisms of insulin-resistance, 
energy metabolism, and cell death in the heart. 
Our study would also lead to the invention of 
new therapeutics to effectively treat in 
refractory HF. 

 

 
【Publications Relevant to the Project】 

1. Ikeda K, Matsubara H et al. Identification of 
ARIA regulating endothelial apoptosis and 
angiogenesis by modulating proteasomal 
degradation of cIAP-1 and cIAP-2. Proc Natl 
Acad Sci USA 106: 8227-8232, 2009 

2. Ogata T, Matsubara H et al. MURC, a 
muscle-restricted coiled-coil protein that 
modulates the Rho/ROCK pathway, induces 
cardiac dysfunction and conduction 
disturbance. Mol Cell Biol 28: 3424-3436, 
2008 

3. Matoba S et al. p53 regulates mitochondrial 
respiration. Science 312: 1650-1653, 2006 
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Keyword：Rheumatology, Clinical immunology, Connective tissue diseases 
【Purpose and Background of the Research】 

Rheumatoid arthritis (RA) is an autoimmune 
disease characterized by chronic joint 
inflammation. Persistent joint inflammation 
results in the destruction of bone and cartilage, 
which is associated with the impairment of daily 
life. RA has a worldwide distribution with an 
estimated prevalence of 0.5 to 1%.  
  The pathogenesis of RA has not yet been fully 
understood. Nevertheless, decades of research 
revealed that proteins called pro-inflammatory 
cytokines play important roles in the formation 
of inflammation. Recently, biologics which 
suppress the effect of those cytokines are 
employed as therapeutic drugs. Those biologics 
are so effective as RA treatment that nearly half 
of the patients are released from significant 
impairment in daily life. However, long-term 
treatment is required even for the improved 
patients, and many biologics resistant patients 
remain in active disease. Therefore, more 
sophisticated treatments based on the advanced 
understanding of RA pathogenesis are still 
necessary. Previous mice research had a 
limitation in analyzing human disease 
mechanisms because of the difference between 
mice and human immunology. Therefore, our 
purpose of this research is investigating human 
genes and cells in combination with mice system 
and addressing the pathogenesis of RA.   
 
【Research Methods】 

Genes associated with RA development can be 
identified by precisely comparing gene 
variation between healthy individuals and RA 
patients. Our research group has identified 
several RA-associated genes including PADI4, 
which is responsible for protein citrullination. 
Therefore, the molecular roles of these 
RA-associated genes will be evaluated in 
various experimental models.  
  Our group also revealed that T lymphocytes 
from RA patients respond to a specific part of 
BiP protein and produce inflammatory cytokine 
IL-17. Our aim is to elucidate the mode of 
BiP-responsive T cell induction and to prevent 
the T cell priming. 

  In contrast to pathogenic T cells, T cells with 
suppressive capacity for immune response are 
called as regulatory T cells. Recently, we have 
identified a new regulatory T cell subset. The 
function of this regulatory T cells will be 
investigated in RA patients to understand the T 
cell-mediated pathogenesis.  
 
【Expected Research Achievements and 

Scientific Significance】 
Our human based research of RA-associated 
genes, T lymphocytes activated in RA and 
regulatory T cell subset will improve our 
understanding of RA pathogenesis and may 
lead to the development of new therapeutic 
strategies based on human immunology. 

  
【Publications Relevant to the Project】 

Kochi Y, Suzuki A, Yamada R, Yamamoto K. 
Ethnogenetic heterogeneity of rheumatoid 
arthritis-implications for pathogenesis. Nat Rev 
Rheumatol 6:290-295, 2010 
 
Fujio K, Okamura T, Yamamoto K. The family 
of IL-10-secreting CD4+ T cells. Adv Immunol 
105:99-130, 2010 
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Title of Project：The role of glial cells in neuropathic pain 

 
 

 

Kazuhide Inoue 
( Kyushu University, Graduate School of Pharmaceutical Sciences, 

Professor )  
Research Area：Neurochemistry/Neuropahrmacology 
Keyword：Neurotransmitter/receptor, Glia, Neuropharmacology, Neuropathic Pain 
【Purpose and Background of the Research】 

There are over 22 million patients suffering 
from neuropathic pain without effective 
medicines in the world. To create new drugs 
against the pain is now the important issue. For 
this purpose, we have to clarify the mechanism 
responsible for the expression of neuropathic 
pain as soon as possible. We have established the 
important role of microglia in the mechanism 
and identified many molecules that drive 
microglia to initiate the pain (Nature 2003, 
2005). However, it is unknown how and when 
these molecules interact each other and what 
kind of the relationship between microglia and 
astrocytes which are also activated after nerve 
damages. The aim of this project is to clarify the 
role of glia in neuropathic pain signaling. 

 
【Research Methods】 

For the aim, we examine the mechanism of 
the activation and function of astrocytes after 
the nerve damages related to the function of 
microglia as mentioned below. 
1. Astrocytic molecules (cytokines, chemokines, 
receptors and/or transcriptional factors) whose 
expression are increased in the spinal dorsal 
horn after nerve damages will be identified by 
transcription analysis in the long range 
time-course (development, maintenance and 

recovery phases of the pain). 
2. Among the molecules identified in the 
experiment 1, the important molecules closely 
related to the neuropathic pain will be selected 
and the function of the molecules in the pain 
will be clarified by behavioral pharmacological 
methods. 
3. The relationship between the important 
molecules in the pain signaling of astrocytes 
and spinal microglia activation in the 
spatial-temporal analysis will be examined. 
4. The expression pattern of the vesicular 
nucleotide transporter (VNUT) in the spinal 
dorsal horn after nerve damages will be 
examined in order to know the role of VNUT 
being important for the release of nucleotides. 
5. The effects of the important molecules 
identified above experiments will be examined 
by electrophysiological method and two-photon 
imaging analysis using dorsal horn slices 
attached dorsal root neurons (in vitro) and the 
pain animal models of several KO mice . 
【Expected Research Achievements and 

Scientific Significance】 
From the findings on the glia-neuron 

signaling pathway, we are able to understand 
the mechanism of neuropathic pain. We have a 
possibility to create new drugs for treating 
neuropathic pain. 
【Publications Relevant to the Project】 

1. Tsuda M, Shigemoto-Mogami Y, Koizumi S, 
Mizokoshi A, Kohsaka S, Salter MW, Inoue K: 
P2X4 receptors induced in spinal microglia gate 
tactile allodynia after nerve injury. Nature 424: 
778-783, 2003 
2. Koizumi S, Shigemoto-Mogami Y, Nasu-Tada 
K, Shinozaki Y, Ohsawa K, Tsuda M, Joshi BV, 
Jacobson KA, Kohsaka S, Inoue K. UDP acting 
at P2Y6 receptors is a mediator of microglial 
phagocytosis. Nature 446, 1091-1095, 2007 
【Term of Project】   FY2011-2015 
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its application to regenerative medicine 

 
 

Juichi Ito 
( Kyoto University, Graduate School of Medicine, Professor ) 

 
Research Area：Medicine, Dentistry, and Pharmacology 
Keyword：Otlology 
【Purpose and Background of the Research】 

In Japan more than six million people suffer 
from hearing loss. Although conductive hearing 
loss can be treated with surgery, it is very 
difficult to get complete recovery from 
sensorineural hearing loss (SNHL) including 
drug-induced hearing loss, idiopathic sudden 
sensorineural hearing loss, and age-related 
hearing loss. This is because most of SNHL are 
caused by impairment of cochlear sensory 
epithelia that are highly differentiated in the 
mammalian adult. Mammalian sensory epithelia 
stop their proliferation during later stage of 
their development and hardly regenerate after 
impaired at postnatal stage. 

To regenerate cochlear sensory epithelia and 
establish treatment methods of SNHL, it is 
necessary to reproduce the development process 
in adult organs. However, the knowledge 
accumulation related to the development of 
inner ear is much poorer than that of retina that 
is necessary for vision. 

The purpose of this study is to establish the 
methods to regenerate sensory epithelia by 
comprehensively elucidate the molecular 
mechanisms of cochlear sensory epithelia. 
 
【Research Methods】 

1. Elucidation of inner ear development 
mechanisms 

We will take two strategies to elucidate the 
mechanisms of inner ear development. 

Firstly, we will perform comprehensive 
analysis of gene expression patterns from a 
single cell that is dissociated from cochlear 
epithelia at various developmental stages. After 
classification of each single cell into several 
categories based on gene expression profiles, we 
will compare each profile to identify genes 
specific to each category of cells. 
Secondly, we will collect DNA samples from 
patients with congenital SNHL, especially with 
inner ear anomaly and detect responsible genes 
for hearing loss. The identified genes should be 
important for inner ear development because 
most of congenital SNHL are caused by 
deficient inner ear development. 
2. Morphological, chronological, and functional 

assessment of identified genes 
After confirming where and when these genes 
are expressed in inner ears, we will make 
knockout mice of these genes to identify their 
functions. 
 
3. Establishment of regeneration methods for 
cochlear sensory epithelia 

To establish the regenerative medicine of 
cochlear sensory epithelia, we will over-express 
or inhibit the identified genes in ES or iPS cells, 
cochlear explant culture, or mammalian adult 
inner ears (in vivo). Especially inducing 
cochlear sensory epithelia from human iPS cells 
will bring us strong tools to achieve our goal. 
 
【Expected Research Achievements and 

Scientific Significance】 
We will elucidate whole mechanisms of inner 
ear development in this study, resulting in 
establishment of regenerative medicine for 
SNHL. 
 
【Publications Relevant to the Project】 

 
Ono K, Nakagawa T, Kojima K, Matsumoto M, 
Kawauchi T, Hoshino M, Ito J. Silencing p27 
reverses post-mitotic state of supporting cells in 
neonatal mouse cochleae. Mol Cell Neurosci 
42(4):391-8, 2009 
 
Takebayashi S, Yamamoto N, Yabe D, Fukuda 
H, Kojima K, Ito J, Honjo T. Multiple roles of 
Notch signaling in cochlear development. Dev 
Biol. 1;307(1):165-78, 2007 
 
【Term of Project】   FY2011-2015 
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