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【Purpose and Background of the Research】 
Recently it has been clarified that neurons in the 
brain are active even when animals sleep or rest, 
denoted in this proposal as “idling brain state”. 
Everybody has experiences where they suddenly 
get the answer on an unsolved issue after sleep or 
relaxation. We have recently found in mice that, 
among a number of cell assemblies that were 
activated during hippocampus-dependent learning, 
only cell assemblies that were reactivated during 
subsequent sleep (replay) were again activated 
during the subsequent retrieval session. These 
suggest strongly that idling activity of the brain 
plays important roles in information processing 
than previously thought. In this research project, 
we aim to clarify and characterize the cell assembly 
activities during idling state by means of 
live-calcium imaging with microendoscope. We will 
further clarify the functions of idling brain 
activities. 
 

【Research Methods】 
We will employ micro-endoscopes, nVista and 

nVoke, and in vivo calcium imaging with GCaMP to 
monitor neuronal activity in the brain during 
pre-learning idling state, learning, post-learning 
idling state, and retrieval. We will perform a series 
of experiments in which we will manipulate the 
activity of selected cell assemblies to elucidate the 
roles of idling activity. We will clarify 1) how 
memories are represented as cell assemblies during 
idling state, 2) how distinct memories are checked 
and integrated, if necessary, to create a new 
memory, 3) roles played by idling activity in the 
consolidation, selection, association, and 
dissociation of memories. 
 

【Expected Research Achievements and 
Scientific Significance】 
This work will not only reveal the idling activity 

at the cell assembly level, but also elucidate the 
functional role of the idling activity in information 
processing by employing cutting-edge techniques. 

 
 

Thus, this work will clarify latent abilities of the 
brain based on the scientific background. This 
work would have an impact on the brain science as 
well as a wide variety of sciences and arts. 

 
 

 
 
 
 

【Publications Relevant to the Project】 
1. Abdou, K, ……, and Inokuchi, K. 

Synapse-specific representation of the 
identity of overlapping memory engrams. 
Science 360: 1227-1231 (2018) 

2. Yokose J, ….., and Inokuchi K. Overlapping 
memory trace indispensable for linking, but 
not recalling, individual memories. Science 
355: 398-403 (2017) 
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【Purpose and Background of the Research】 
The oocyte is a female gametocyte essential for 
animal reproduction. It possesses essentially all 
information necessary to support development of 
an entire animal body (developmental program), 
but the molecular networks involved in the 
establishment and/or maintenance of the program 
are poorly understood. In this project, we study the 
roles of putative components of the networks in 
mouse oocyte and identify new components and 
associated factors using genome editing and 
multi-omics analyses. We focus on the repressive 
epigenetic program that is established in the 
oocyte and involved in silencing of tissue-specific 
genes, retrotransposons, and non-expressed alleles 
of imprinted genes in early embryo. Furthermore, 
we develop models to predict the 
heritability/reprogrammability of the program and 
of errors that occur to it. Our study provides the 
basis for better understanding of mammalian 
development and epigenetic inheritance. 
 

【Research Methods】 
Six key epigenetic factors that are potentially 
involved in the networks are studied: a DNA 
methyltransferase (Dnmt3a), a hemimethylated CG 
biding E3 ubiquitin ligase (Uhrf1), histone 
methyltransferases (G9a, Setdb1, Setd2), and a 
factor protecting 5mC from oxidation (Stella). We 
generate mice mutated for the respective genes by 
genome editing, perform micro-scale multi-omics 
analyses, and infer the regulatory networks 
responsible for the repressive program. If necessary, 
we introduce amino acid changes in specific protein 
domains of these factors. Embryological and 
cytological techniques are used to dissect the 
developmental phenotypes of the mutants. We also 
identify new components of the networks and their 
associated factors by, for example, proteomics  

approaches. Machine learning is performed to 
train models to predict the 
methylated/unmethylated state of a DNA region of 
interest in oocyte and early embryo and 
heritability/reprogrammability of the 
modifications. By integrating the results from all 
studies, we will try to resolve the regulatory 
networks involving histone modifications and DNA 
methylation and understand how epigenetic 
inheritance occurs. 
 

【Expected Research Achievements and 
Scientific Significance】 

We expect that this research project will reveal 
both expected and unexpected functions of the 
factors potentially involved in the establishment 
and/or maintenance of the repressive program and 
resolve the regulatory networks. The outcome of 
this study will have impact on the studies of 
infertility, assisted reproduction technology, 
pluripotent stem cells, livestock breeding, and 
inheritance of environmentally induced epigenetic 
changes. 
 

【Publications Relevant to the Project】 
・Kaneda, M. et al. Essential role for de novo DNA 

methyltransferase Dnmt3a in paternal and 
maternal imprinting. Nature 429, 900-903 
(2004). 
・Watanabe, T. et al. Endogenous siRNAs from 

naturally formed dsRNAs regulate transcripts 
in mouse oocytes. Nature 453, 539-543 (2008). 

・Maenohara, S. et al. Role of UHRF1 in de novo 
DNA methylation in oocytes and maintenance 
methylation in preimplantation embryos. PLoS 
Genet. 13, e1007042 (2017). 
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【Purpose and Background of the Research】 
The cell cycle in adult stem cells (ASCs) is arrested, 
and therefore regeneration of nerves and 
cardiomyocytes after injury is limited. 
Understanding the mechanism underlying cell 
cycle arrest will lead to the development of 
strategies for tissue regeneration. In contrast, 
embryonic stem cells (ESCs) proliferate rapidly. We 
have recently discovered that this difference is 
attributable to the expression of CDK inhibitor p57 
and ubiquitin ligase component Skp2. 
The aims of this study are 1) to decipher the 
mechanisms underlying transcriptional regulation 
of p57 and Skp2 genes in ASCs and ESCs, 2) to 
identify the molecular connection between cell cycle 
and metabolism by the next-generation proteomics, 
and 3) to develop new methods to reactivate cell 
cycle in ASCs for tissue regeneration after injury. 
 

【Research Methods】 
In this study, we will elucidate the mechanism 
underlying transcriptional regulation of p57 and 
Skp2 genes in stem cells. Transacting factors 
identified will be ablated in mice to examine the 
biological significance of these factors. Furthermore, 
the next-generation proteomics platform termed 
iMPAQT (Fig. 1) will be applied to delineate the 
entire landscape of metabolic pathways in ASCs 
and ESCs, which will lead to identification of 
molecules connecting cell cycle and metabolism. 

 
Fig. 1 iMPAQT system can measure all proteins 
 
 
 

【Expected Research Achievements and 
Scientific Significance】 

Elucidation of the mechanism for cell cycle arrest 
in ASCs and identification of key molecules are 
expected to promote development of new strategies 
for tissue regeneration after injury by 
cerebrovascular disorder, neurodegenerative 
diseases, ischemic heart disease, hepatic cirrhosis, 
and other diseases. In contrast, cell cycle 
activation by targeting p57 might promote 
proliferation of cancer stem cells (CSCs), which can 
sensitize them to anticancer drugs (Fig. 2). 

 
Fig. 2 Expected research achievements 
 

【Publications Relevant to the Project】 
・Matsumoto, M., et al., Nakayama, K., Nakayama, 

K.I.: A large-scale targeted proteomics assay 
resource based on an in vitro human proteome. 
Nature Methods 14: 251-258 (2017). 

・Takeishi, S., et al., Nakayama, K.I.: Ablation of 
Fbxw7 eliminates leukemia-initiating cells by 
preventing quiescence. Cancer Cell 23: 347-361 
(2013). 
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