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【Purpose and Background of the Research】 
piRNAs are small RNAs enriched in animal gonads 

where they arms race with transposons to maintain 
germline genome integrity. Although transposons are 
powerful agents contributing to evolution, they are also 
regarded as selfish DNA parasites. Indeed, loss of 
piRNAs causes derepression of transposons, leading to 
DNA damage and failure in gonadal development and 
fertility. Thus, piRNA-mediated transposon silencing is 
indispensable for animals that undergo obligate sexual 
production. The piRNA studies have intensively been 
conducted worldwide from which fundamental scheme of 
the pathway have emerged. However, the molecular 
mechanism is not yet fully understood. In this proposal, 
we aim to gain insights into the molecular mechanisms 
underlying the piRNA-mediated transposon silencing 
pathway to reach our goal: Comprehensive understanding 
of the pathway.  
 

【Research Methods】 
To reach our final goal, we will pursue five research 

plans, RP-1 to RP-5, which are indicated below. 
 [RP-1] Understanding of the mechanism underlying 

piRNA biogenesis in OSCs 
[RP-2] Understanding the molecular mechanism 
underlying piRNA biogenesis in germ cells 
[RP-3] Understanding the mechanism underlying 
piRNA-driven transcriptional silencing in OSCs 
[RP-4]  Solving the 3D structures of piRNA factors 
[RP-5] Understanding the mechanism underlying 
dynamics of local heterochromatin in mouse gonocytes 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 1. Comprehensive understanding of the piRNA pathway 
 
 
 

 

【Expected Research Achievements and 
Scientific Significance】 
Genetic studies identified maternal effect genes with an 

involvement in the piRNA pathway. Our expertise and 
use of cultured OSCs allow us to biochemically analyze 
their functions, and gain new insights into the molecular 
functions in piRNA biogenesis and piRNA-mediated 
silencing mechanism. Our continued studies will further 
contribute to understanding of the natural biological 
functions of the germline. This is unique, important and 
necessary, as the in vivo engineering of the 
piRNA-mediated gene silencing or related pathways may 
result in biotechnological and biomedical applications 
such as the development of antiviral and cancer therapies, 
and methods to treat diseases related to functional 
defects in the ovaries and testes, including infertility. 
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Figure 1  Social mind and developmental disorders
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【Purpose and Background of the Research】 
Social mind is crucial to live our social life adaptively and 

create our society itself. Nurturing the social mind is 
indispensable to keep good relationships between the self 
and others for our comfortable daily life through 
social/collective behaviors. Therefore, it is a critical issue 
for us to consider how a group or individuals within the 
group should behave. However, individuals suffering from 
developmental disorders, such as autism spectrum disorder 
and schizophrenia, cannot take social/collective behaviors 
in a proper fashion. Exploration of the neural mechanisms 
underlying the social mind and developmental disorders 
caused by its disruption is of high necessity and emergency 
not only for understanding ourselves and our society, but 
also for proposing effective intervention/therapy programs 
against the issue that the contemporary society faces, based 
on the scientific evidence. The present research project 
aims at elucidating the primate basis of neurobiological 
mechanisms underlying the social mind and developmental 
disorders caused by its disruption, by employing monkeys 
(macaques, marmosets) as primate models and attempting a 
paradigm shift from previous “individual-level life science” 
to novel “society/group-level life science”. The major 
objective of this project is to clarify the fundamental 
mechanisms underlying the linkage of a biological triangle 
that comprises social behavior (collective behavior, 
inter-individual interaction) executed by a group or 
individuals within the group, neural network activity 
regulating the social behavior, and cognitive gene 
expression governing the network activity, through 
identifications and functional analyses of genes and neural 
networks involved in generation and control of the social 
mind. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

【Research Methods】 
In the present research project, we employ a wide variety 

of innovative technologies as well as the excellent 
research environment at the PRI (collective cages, open 
enclosures): comprehensive search and functional analysis 
of risk genes for developmental disorders, neuronal 
activity manipulation by intracranial gene transfer with 
viral vector systems, multi-individual behavior 
simultaneous tracing, and dual neuronal activity 
measuring on two monkeys. Six research plans are 
conducted comprehensively to establish pathway-selective 
optogenetic/chemogenetic manipulation and whole-brain 
level gene transfer, product primate disorder models by 
these techniques, and analyze collective behaviors with 
multi-individual behavior simultaneous tracing. 
 

【Expected Research Achievements and 
Scientific Significance】 
The outcome issued by the present research project will 

lead to understanding not only the behavioral properties of 
developmental disorders from a collective viewpoint, but 
also the behavioral features of developmental disorder 
patients within a group or in the society, and may also 
expand into early detection of serious social problems in 
adolescence (i.e., bullying and suicide) and development 
of novel approaches to intervention/therapy against them. 
 

【Publications Relevant to the Project】 
Nagai Y, Inoue K, Takada M, Minamimoto T et al. (2016) 

PET imaging-guided chemogenetic silencing reveals a 
critical role of primate rostromedial caudate in reward 
evaluation. Nature Communications 7:13605. 

Inoue K, Takada M, Matsumoto M (2015) Neuronal and 
behavioral modulations by pathway-selective 
optogenetic stimulation of the primate oculomotor 
system. Nature Communications 6:8378. 
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【Purpose and Background of the Research】 
Epithelial cell sheets that form barriers between two 

biological compartments are a basic feature of metazoans. 
The cells in these sheets are adjoined by a specialized 
cell-cell adhesion apparatus called the Tight Junction (TJ) 
to form paracellular barriers in vertebrates. Although the 
TJ molecular composition is well studied, questions 
remain about the organization and function of the 
TJ-paracellular barrier and its relationship to the apical 
barrier, which forms at the apical side of epithelial cells. 
Based on our previous achievements in TJ research, our 
current project comprises two subjects. One aim is to 
resolve the in vivo TJ molecular structure at the amino 
acid level using a highly advanced technique, single 
particle cryoelectron microscopy (CryoEM). The other 
aim is to establish how the TJ-paracellular barrier is 
integrated with the apical barrier by the “TJ-Apical 
Complex,” a system consisting of TJs, the apical 
cytoskeleton, and apical membranes, to organize the 
epithelial barrier. These analyses will be performed at the 
molecular, cellular, tissue/organ, and animal levels. Our 
project explores broader roles of the TJ-paracellular and 
apical barriers in forming the total epithelial barrier, 
which plays critical roles in biological systems.  
 

【Research Methods】 
(1) Establishment of the hypothetical "Antiparallel double 
row model" for TJs in vivo.  How claudins polymerize to 
form TJs in vivo remains unknown. We seek to resolve the 
in vivo TJ structure by high-resolution cryoEM using 
various TJ preparations.  
(2) TJ-Apical Complex analysis at the molecular~animal 
level. We unbiasedly screened the TJ fractions to identify 
four novel factors that bridge the TJ and apical 
cytoskeleton termed TJ microtubule (MT)-associating 
proteins (TJMAPs). These proteins localize to the TJ and 
bind to MTs and actin filaments (AFs) (and possibly 
intermediate filaments) to organize apical functions. We 
seek to clarify how TJs are integrated with apical 
functions to organize the epithelial barrier.  
 
 
 
 
 
 
 
 
 

【Expected Research Achievements and 
Scientific Significance】 
We will pursue two major lines of study. One is a 

structural physiological study using the highly advanced 
cryoEM to obtain a detailed molecular model for the 
organization and function of the TJ-paracellular barrier. 
The other is a cell biological study in which we establish 
our proposed concept, “The TJ-Apical Complex,” a 
functional cytoskeletal-signaling system that integrates the 
structure and function of the TJ and apical components. 
The data obtained will lead to a systematic understanding 
of biological functions governed by the TJ and TJ-Apical 
Complex in normal and disease states, which may provide 
a conceptual platform for new health management 
strategies, therapeutic approaches, and bioengineered 
tissues.  

 
【Publications Relevant to the Project】 
・Kunimoto,K., …… , and Tsukita,S.  Coordinated 

ciliary beating requires Odf2-mediated polarization of 
basal bodies via basal feet. Cell 148, 189-200 (2012).  

・Saitoh,Y., Suzuki, S., Tani,K., ……, Tsukita,S., and 
Fujiyoshi,Y. Structural insight into tight junction 
disassembly by Clostridium perfringens enterotoxin.   
Science 347, 775-778 (2015). 

・Tsukita,S., Tanaka,H., and Tamura,A. The claudins: 
from tight junctions to biological systems. Trends in 
Biochem. Sci. 44, 141-152 (2019). 
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Figure 1 Epithelial barrier-based biological systems 
and projects in this study 

Figure 2  Molecular~mouse level analyses  
on epithelial barrier-based biological systems 
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