
 

 

Title of Project：Study of bacterial stratagem to circumvent host  
          innate immune system and its application 
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( The University of Tokyo, The Institute of Medical Science, 
 Professor ) 

Research Area：Medicine, dentistry, and pharmacy 
Keyword：Barrier, Gut, Innate Immunity, Shigella 
【Purpose and Background of the Research】 

The gut epithelium deploys multiple innate 
defense mechanisms to fight microbial intruders, 
those are composed of two distinctive barriers, 
one is intrinsic mucosal barrier, and the other 
one is innate immune barrier. Current our 
studies have indicated that mucosal bacterial 
pathogens have evolved mechanisms to 
circumvent these gut innate defense barriers 
and exploit host cells as the replicative niches.  
Notably, gastrointestinal bacterial pathogens 
such as Shigella are equipped with highly 
evolved infectious mechanisms as the diverged 
array of executioners, called “effectors” delivered 
via their type III secretion system (T3SS). 
Whereby the bacterial pathogens are capable of 
manipulating host factors and signaling 
pathways involved in various cellular events 
related to actin dynamics, cell-cell junction, cell 
polarity, cell proliferation, cell death, membrane 
trafficking, and innate immune response. 
In-depth and comprehensive analyses of Shigella 
pathogenesis and its interaction with intestinal 
mucosa will provide not only important insights 
into understanding bacterial infectious 
stratagem and host innate defense responses, 
but also molecular and cellular bases towards 
development of mouse infection model and 
identification of small compounds to control 
bacterial infection. 
 

【Research Methods】 
In this project, we wish to elucidate the role of 
the bacterial effectors in promoting bacterial 
infection and circumventing the mucosal innate 
immune barriers at molecular, cellular, tissues, 
and whole body levels. To attain our research 
goal, as the first subject, we focus our special 
concern on yet-uncharacterized Shgiella 
effectors and elucidate their dynamic interplays 
between the bacterial effectors and their target 
host factors. As the second subject, we develop 
mice natural infection model for bacillary 

dysentery with Shigella, and wish to define the 
host factor(s) that protect mice from the natural 
infection. As the final subject, we perform 
high-through-put screening for identifying small 
compounds to inhibit Shigella IpaH effector, 
since the IpaH family effectors are highly 
conserved among many other bacterial 
pathogens.  
 

【Expected Research Achievements and 
Scientific Significance】 

The expected output of our project will shed 
further light into understanding basic bacterial 
infectious stratagems as well as that specific to 
Shigella, and provide new paradigm in ’Infection 
Biology’ by strengthening the molecular basis in 
developing animal models, vaccines, and drugs. 
 

【Publications Relevant to the Project】 
1. Ogawa, M., Yoshikawa, Y, Kobayashi, T, 

Mimuro, H, Fukumatsu, M, Kiga, K, Piao, Z, 
Ashida, H, Yoshida, M, Kakuta, S, Koyama, T, 
Goto, Y, Nagatake, T, Nagai, S, Kiyono, H, 
Kawalec, M, Reichhart, J.-M, Sasakawa, C. A 
tecpr1-dependent selective autophagy 
pathway targets bacterial pathogens. Cell 
Host Microbe 9, 376-389, 2011  

2. Kim M, Ogawa M, Fujita Y, Yoshikawa Y, Nagai 
T, Koyama T, Nagai S, Lange A, Fässler R, 
Sasakawa C. Bacteria hijack integrin-linked 
kinase to stabilize focal adhesions and block cell 
detachment. Nature 459, 578-82, 2009 

 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 407, 500 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.ims.u-tokyo.ac.jp/bac/hp/mainpage.html 
sasakawa@ims.u-tokyo.ac.jp 
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Title of Project：Integrative Biological Research on Function and 

Regulation of Kinesin superfamily Molecular 
Motors 

 
Nobutaka Hirokawa 
( The University of Tokyo, Graduate School of Medicine,  
 Project Professor ) 

Research Area：Biology 
Keyword：Kinesin superfamily molecular motors(KIFs), intracellular transport, microtubules
【Purpose and Background of the Research】 

The intracellular transport is fundamental for 
cell morphogenesis and functions by 
transporting various cargos such as membrane 
organelles, protein complexes and mRNAs not 
only in highly polarized cells such as neurons 
but also in all kinds of cells. We discovered 
kinesin superfamily proteins, KIFs in mice brain 
and identified all 45 kif genes, in mammals such 
as human and mice. We have characterized the 
functions of KIFs mainly in neurons showing 
that various cargoes are transported properly by 
distinct motors to proper direction and at 
distinct velocity. We revealed also that KIFs 
typically use adaptor/scaffold proteins for 
recognizing and binding cargos. Our molecular 
genetics also uncovered important functions of 
KIFs at the whole body level and elucidated the 
mechanism of unknown physiological processes 
such as brain wiring, activity dependent 
neuronal survival, left/right determination of our 
body, suppression of tumorigenesis, and control 
of enteric nervous system development. The 
defects of these KIFs cause diseases such as 
neuropathy, brain malformation, brain tumor, 
laterality defect and megacolon. 
However, there are numbers of KIFs whose 
functions are still unknown at the cellular as 
well as whole body levels. The mechanisms of 
regulation of KIFs for controlling motor activity 
and cargo recognition and binding are also 
largely unsolved. As for the neuroscience the 
relationships between neuronal activity and 
control of expression and function of KIFs need 
to be solved. Furthermore, the elucidation of 
the dynamics of motors, adaptors, and cargos 
and the interaction of motors and rail 
microtubules at very high temporal and spetial 
resolution in living cells are final goals for 
solving the mechanisms of intracellular 
transport. This project aims to solve these 
important questions. 
 

【Research Methods】 
We will utilize various methods including 
molecular cell biology, molecular imaging, 
molecular genetics, electrophysiology, and 
structural biology such as cryo-electron 
microscopy and X-ray crystallography. 

【Expected Research Achievements and 
Scientific Significance】 

The intracellular transport is very fundamental 
mechanism for cellular functions and survival. 
This project will answer important questions 
remained unsolved. Further, molecular genetics 
will reveal unexpected new functions of KIFs 
for various fundamental physiological processes. 
Thus this project will contribute significantly 
not only for molecular cell biology and 
neuroscience, but also clinical medicine by 
uncovering pathogenesis of neurological and 
other diseases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

【Publications Relevant to the Project】 
1. Zhou R., S. Niwa, N. Homma, Y. Takei, and N. 

Hirokawa.  KIF26A is an unconventional 
kinesin and regulates GDNF-Ret signaling 
in enteric neuronal development. Cell 139 
(4): 802-813, 2009. 

2. Hirokawa, N., S. Niwa and Y. Tanaka. 
Molecular motors in neurons: Transport 
mechanisms and roles in brain function, 
development and disease. Neuron 18; 
610-638, 2010 
 

【Term of Project】   FY2011-2015 
 
【Budget Allocation】 500,000 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】  
http://cb.m.u-tokyo.ac.jp 
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view to drug development 

 

 

Chikashi Toyoshima 
( The University of Tokyo, Institute of Molecular and Cellular 
 Biosciences, Professor ) 
 

Research Area：Biology 
Keyword：ion pumps, membrane proteins, crystallography, energy conversion 
【Purpose and Background of the Research】 

The project has two aims: one is the complete 
structural understanding of active transport, 
which requires comparison of different pumps 
in different states as well as mutants. The other 
is structure determination of transporters of 
infectious organisms for facilitating drug 
development. 
We have determined crystal structures of 
Ca2+-ATPase in 9 different states and those of 
Na+,K+-ATPase in 2 states, which enabled us to 
describe the scenario of ion pumping in fair 
detail. Nevertheless, our understanding on 
“why the structure has to be so” or “how the free 
energy provided by ATP hydrolysis is utilised” 
still remains to be primitive.  We approach 
these fundamental questions in this project. 
During structure determination, we also 
acquired knowledge on inhibitors of pumps. 
Pumps may be particularly good targets for 
killing infectious organisms. It also appears 
quite possible to carry out good structural 
studies with pumps and transporters of, for 
instance, malaria parasites or Mycobacterium 
tuberculosis, and thereby contribute to human 
welfare at the same time.  
 

【Research Methods】 
To address these questions we need to 
determine mutant structures, carry out 
molecular dynamics simulations and measure 
thermodynamic parameters for every partial 
reaction. These include X-ray crystallography of 
recombinant membrane proteins. For that 
purpose, we have established a system for 
large-scale production using adenovirus-COS1 
cells.  
 

【 Expected Research Achievements and 
Scientific Significance】 
a. Structural study on Ca2+-ATPase and its 
mutants: Here we are going to determine the 
crystal structure of the ATPase in the E1 
state, as it will tell us what is the activation 
signal for phosphoryl transfer elicited by the 

binding of Ca2+, and that of the mutants of 
Glu309, which is the gating residue of 
Ca2+-binding sites, to reveal the structural 
changes achieved by the first Ca2+ binding. 
These crystal structures will nearly complete 
the structural account of ion pumping.  
The atomic structures of the ATPase will be 
correlated to thermodynamic measurements on 
partial reactions to understand how the energy 
of ATP is utilised, which is one of the most 
fundamental questions in modern biology.  
b. Structural study on Na+,K+-ATPase and its 
complexes with drugs and proteins: Other than 
crystal structure determinations of the ATPase 
in the E2K and E1~P states, we plan to study 
the complexes of the ATPase with cardiotonic 
steroids of therapeutic vales and those with 
various proteins, e.g. Src kinase and the IP3 
receptor, which form large signal complexes.  
c. Structural determinations of malarial 
P-type ATPases: The impacts gained by crystal 
structures of pumps and transporters involved 
in infectious diseases will require no 
explanation, as it will greatly facilitate 
development of efficient drugs. 
 

【Publications Relevant to the Project】 
T. Shinoda, H. Ogawa, F. Cornelius and C. 
Toyoshima: Crystal structure of the 
sodium-potassium pump at 2.4 Å resolution. 
Nature 459, 446-450 (2009) 
C. Toyoshima, Y. Norimatsu, S. Iwasawa, T. 
Tsuda and H. Ogawa: How processing of 
aspartylphosphate is coupled to lumenal gating 
of the ion pathway in the calcium pump. Proc. 
Nat. Acad. Sci. USA. 104, 19831-19836 (2007) 
 

【Term of Project】   FY2011-2015 
 

【Budget Allocation】 399, 600 Thousand Yen 
 

【 Homepage Address and Other Contact 
Information】 

http://www.iam.u-tokyo.ac.jp/StrBiol/index. 
html 
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Title of Project：Autophagy: Molecular mechanism and its 
 integration into cell physiology 

 
Yoshinori Ohsumi 
( Tokyo Institute of Technology, Frontier Research Center,  

Professor ) 
 

Research Area：Molecular Cell Biology 
Keyword：autophagy, ATG, Proteolysis, Ubiquitin like protein, Membrane dynamics, Vacuole
【Purpose and Background of the Research】 

Autophagy is a major degradation system of 
cytoplasmic constituents and organelles in 
lysosome/vacuole. Since discovery of autophagy 
in yeast and identification of ATG genes 
essential for autophagosome formation, 
physiological roles of autophagy in various 
organisms have become one of the most hot 
tropics in cell biology. However, there remained 
so many problems to solve the molecular details 
of autophagy.  The first aim of this project is to 
elucidate the molecular mechanisms of 
membrane dynamics during autophagy based 
upon compilation of our works for 23 years in 
yeast as a model system. The second aim is to 
integrate the autophagy of yeast into cell 
metabolism, growth and differentiation under 
defined growth conditions.    

 
【Research Methods】 

The following different approaches will be 
applied to studies on the molecular mechanism 
and physiological significance of autophagy in 
yeast. 
1. Analysis of molecular dynamics of Atg 
proteins in vivo by fluorescence microscopic 
imaging. 
2. Biochemical analyses of interaction between 
Atg proteins, and regulation by 
phosphorylation. 3. Determination of crystal 
structures of all Atg proteins and their 
complexes. 
4. Biochemical characterization of the PAS and 
intermediate structures during the 
autophagosome formation. 
5. In vitro reconstitution of each reaction 
required for autophagosome formation 
6.  Metabolomic analysis during autophagy.  
7. Studies on the role of autophagy in 
maintenance of organelle function, especially 
focusing mitochondrial functions. 
8. Elucidation of various modes of autophagy in 
cell growth and differentiation. 

 

【Expected Research Achievements and 
Scientific Significance】 
Now it is known that most of the core 

machineries for the autophagosome formation 
are well conserved from yeast to higher 
eukaryotes.  Since we have been working for 
long time yeast autophagy we have several 
advantages to reveal the mechanism of 
membrane dynamics during autophagy at a 
molecular level.    
 On the unique de novo formation of 
autophagosome there are many fundamental 
questions are remained to answer. What the 
origin of membrane lipids, and what are the 
determinants of morphogenesis of the 
autophagosome?  We will challenge to solve 
these problems by combination of various 
research methods.  These results will provide 
important insights into mechanism and 
regulation of understand the autophagy in 
mammals and plants.  
 Now using various mammalian cells, tissues 
and organs, it is established that autophagy is 
relevant to so many physiological events, such 
as cellular clearance, organelle quality control, 
and many diseases. By using well controllable 
yeast system, we will study the relation 
between autophagy and cellular metabolism, 
cell growth and differentiation. These 
systematic analyses will provide clues to 
understand the roles of autophagy of highly 
differentiated mammalian cells.   
 

【Publications Relevant to the Project】 
Nakatogawa, H. et al. Cell, 130, 165-178 (2007)  
Okamoto, K. et al. Dev. Cell, 17, 87-97 (2009) 

 
【Term of Project】   FY2011-2015 

 
【Budget Allocation】 423,400 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.ohsumilab.aro.iri.titech.ac.jp 
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