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【Purpose and Background of the Research】 
 We have promoted researches on channels and 
transporters acting as chemical sensors. In this 
study, based on the achievements and techniques so 
far, we will focus on ion channels gated by physical 
stimuli to elucidate structure-function relationship 
of physical sensor at an atomic resolution. Living 
organisms preceive physical stimuli such as light, 
heat, and sound (mechanical stress and gravity), 
and convert them quantally and 
thermodynamically into cation transport by 
channels, which activates neural cells and induces 
proper behavior of the organisms. However, the 
mechanisms how the physical stimuli activates 
physical sensor channels remains unknown. We are 
promoting structural and functional researches on 
rhodopsin-family proteins perceiving light, TRP 
channels perceiving heat, and TMC channel and 
Prestin perceiving sound to elucidate molecular 
mechanisms of physical sensor at an atomic 
resolution.  
 

【Research Methods】 
 For promotion of this research, we will innovate 
the state-of-the-art technologies such as X-ray 
crystallography, X-ray free electron laser and cryo 
EM for structure determination, combined with 
dynamics analyses such as MD simulation, ESR, 
single molecular FRET, high-speed atomic force 
microscopy and functional analyses such as 
genetics, electrophysiology, and liposome-based 
analyses to elucidate structure, dynamics and 
function in various angles. 

【Expected Research Achievements and 
Scientific Significance】 
In addition to the traditional X-ray 

crystallography, we will apply pump-probe 
technique using XFEL to rhodopsin-family 
proteins to preform time-resolved structure 
determination, and will use cryo EM for TRP 
channels, TMC and prestin with large molecular 
weights. These analyses provide dynamics 
information, which will be complemented by MD 
simulation and in vitro and in vivo functional 
analyses. Furthermore, dynamics analyses using 
ESR, single molecular FRET and HS-AFM will 
allow us to integrate all the results to elucidate the 
whole picture of dynamic molecular mechanism of 
how the physical stimuli activates physical sensor 
channels.  
 

【Publications Relevant to the Project】 
・ H. E. Kato, K. Inoue, R. Abe-Yoshizumi, Y. 

Kato, H. Ono, M. Konno, T. Ishizuka, M. R. 
Hoque, S. Hososhima, H. Kunitomo, J. Ito, S. 
Yoshizawa, K. Yamashita, M. Takemoto, T. 
Nishizawa, R. Taniguchi, K. Kogure, A. D. 
Maturana, Y. Iino, H. Yawo, R. Ishitani, H. 
Kandori and O. Nureki “Structural basis for 
Na+ transport mechanism by a light-driven 
Na+ pump”  
Nature 521, 48-53 (2015) 

・ H. E. Kato, F. Zhang, O. Yizhar, C. 
Ramakrishnan, T. Nishizawa, K. Hirata, J. 
Ito, Y. Aita, T. Tsukazaki, S. Hayashi, P. 
Hegemann, A. D. Maturana, R. Ishitani, K. 
Deisseroth and O. Nureki “Crystal structure 
of the channelrhodopsin light-gated cation 
channel” Nature 482, 369-374 (2012). 
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【Purpose and Background of the Research】 

The aim of this project is to elucidate the cellular 
and molecular basis of Treg-mediated suppression, 
their development in the thymus and periphery, 
and the maintenance of their function. The goal is 
to establish the strategies and methods for 
controlling human Tregs in physiological or 
pathological settings. 
 Naturally occurring regulatory T cells (Tregs) play 
indispensable roles in immunological self-tolerance 
and homeostasis. Their functional or developmental 
anomalies can be causative of autoimmune and  

other immunological diseases. Besides delineating 
them as CD4+ T cells constitutively expressing IL-2 
receptor -chain, which constitute ~10% of 
peripheral CD4+ T cells in normal rodents and 
humans, we have shown their specific expression of 
the transcription factor Foxp3 as a key controller of 
Treg function and development. Yet the cellular and 
molecular basis of Foxp3+CD25+CD4+ Treg cell 
development and function remains to be elucidated.    

 
【Research Methods】 

The development of Tregs and the maintenance of 
their functioal stability not only require the 
expression of Foxp3 but also the establishment of 
Treg-type DNA hypomethylation pattern in Treg 
function-associated genes, such as Foxp3, CTLA-4, 
GITR, and Eos. We plan to analyze the sequential 
epigenetic changes in the genome, in particular 
Treg-specific super-enhancer regions, in the course 
of  thymic  Treg  development  by  genome-wide  

sequencing. We will focus on critical factors 
including lncRNAs, genomic regions and signals 
for initiating thymic Treg cell development, and 
assess their contributions to Treg development by 
using various conditional knockout mice.  
 

【Expected Research Achievements and 
Scientific Significance】 

Expected impact of our proposed research would be 
better understanding of Treg cell development and 
function, and establishment of new strategies for 
controlling human Tregs in various immune 
responses. For example, targeted specific depletion 
of Tregs (or a Treg subset) or dampening their 
suppressive function will evoke and enhance 
immune responses against tumor or pathogens. On 
the other hand, antigen-specific expansion of 
natural Tregs or generation of functionally stable 
Tregs from antigen-specific T conventional cells in 
vivo or in vitro by installing Treg-specific 
transcriptome together with Treg-specific 
epigenome can be innovative strategies to treat 
and prevent immunological diseases and to induce 
transplantation tolerance. 
 

【Publications Relevant to the Project】 
・ Maeda Y, et al. Detection of self-reactive CD8+ T 

cells with an anergic phenotype in healthy 
individuals. Science. 346:1536-1540, 2014. 

・ Ito Y, et al. Detection of T-cell responses to a 
ubiquitous cellular protein in autoimmune disease. 
Science. 346:363-368, 2014. 

・ Saito T, et al. Two FOXP3+CD4+ T-cell 
subpopulations distinctly control the prognosis of 
colorectal cancers. Nature Med. 22: 679-684,2016 
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【Purpose and Background of the Research】 
Fourteen mineral elements in soil required for 
plant growth are taken up by the roots, 
translocated to the shoots and then distributed or 
redistributed to different organs according to their 
demands. On the other hands, many toxic mineral 
elements will also be taken up, which affect human 
health through food chain. Therefore 
understanding of mineral element transport system 
from soil to seeds is a very important topic for both 
crop productivity and safety. The purpose of this 
research is to isolate genes involved in uptake, 
translocation, distribution and redistribution of 
mineral elements in crops (mainly in rice and 
buckwheat), to reveal their physiological roles, 
functions and structures and finally to develop 
mathematical models for mineral transport systems 
for comprehensive and integrated understanding of 
mineral transport in crops.   

 
【Research Methods】 

Various approaches including physiological, genetic, 
molecular biological, biochemical, structural and 
mathematic modelling methods will be applied in 
this research. We will use genotypic difference in 
mineral accumulation and mutants to identify 
transporter genes involved in transport of mineral  

elements. We will functionally characterize these 
transporters in terms of expression pattern, 
tissue/cellular and subcellular localization, 
transport activity, etc. We will also investigate the 
regulating mechanisms of transporter 
genes/proteins.  Furthermore, we will express the 
genes identified in this project in cultured cell for 
crystallization and X-ray structural analysis. 
Finally, based on the experimental data, we will 
develop mathematical models for various mineral 
transport systems.     
 

【Expected Research Achievements and 
Scientific Significance】 

Nutrient requirements and mineral stress 
tolerance greatly differ with plant species.  This 
project focuses on crops (mainly rice and 
buckwheat), which may have different mineral 
transport systems from model plants. This project 
will have a deep impact on better understanding of 
mineral transport system in crops.  The outputs 
from this project will contribute to breeding high 
nutrient-use efficient and toxic metal free crops.  

 
【Publications Relevant to the Project】 
・Yamaji, N., Sakurai, G., Mitani-Ueno, N. and Ma, 

J. F.  2015. Orchestration of three transporters 
and distinct vascular structures in node for 
intervascular transfer of silicon in rice.  Proc 
Natl Acad Sci USA 112:11401-11406 

・Clemens, S. and Ma, J. F. 2016. Toxic Heavy 
Metal and Metalloid Accumulation in Crop 
Plants and Foods. Annu. Rev. Plant Biol. 67: 
489–512 

 
【Term of Project】FY2016-2020 
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【Homepage Address and Other Contact  
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http://www.rib.okayama-u.ac.jp/plant.stress/inde
x.html 

 

Fig. 1 Transport processes of mineral elements 
from soil to seed. 
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