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Title of Project： Next-generation non-invasive biological deep-tissue 
manipulation by biomolecular engineering and low 
physical energy logistics 

INOUE Keiichi 
(The University of Tokyo, The Institute for Solid State Physics, Associate   
Professor) 

Number of Research Area：20B301 Researcher Number：90467001 

【Purpose of the Research Project】 
The aim of this research area is to develop new molecular 

tools (receiver molecules) that can sense three types of 
low-physical energy (photothermal, ultrasonic, and 
magnetic) and to create new biological manipulation 
methods using state-of-the-art low-physical energy 
logistics methods, instead of conventional biological 
manipulation methods using electrical stimulation, 
medication, and optogenetics. This is expected to create a 
new research field for minimally invasive and site-specific 
biological manipulation at the cellular level including deep 
tissues without the introduction of instruments into the 
body.  

【Content of the Research Project】 
Higher animals have a network of nerves throughout their 

bodies, and, especially, the human brain is composed of 
tens of billions of neurons. Our emotions, memories, and 
behaviors are controlled by the sophisticated neural 
activity generated by these networks. Numerous studies 
using electrical stimulation, morphological observation, 
and medication stimulation have revealed the mechanisms 
of neural activity at the molecular level. Recently, the 
advent of optogenetics, which uses light-dependent ion 
transport proteins, enabled us to manipulate the activity of 
individual circuits with an extremely high spatiotemporal 
resolution to investigate the role of higher-order neural 
activity. 
However, non-invasive manipulation of neural circuits 

deep in the body of large animals such as humans is still 
difficult and remains a major obstacle to a complete 
understanding of neural networks. 
In this research area, we aim to realize a non-invasive 

manipulation method of deep neural circuits, which has 
been difficult to achieve with existing methods, by 
focusing on three types of low-physical energy: 
photothermal, ultrasonic, and magnetic energies. For this 
aim, we develop novel molecular tools (receiver 
molecules) that can sense these low-physical energies and 
regulate the activity of ion channels, enabling us to 
genetically make all cell types responsive to low-physical 
energies. In addition, we advocate the concept of "low-
physical energy logistics," which integrates the 
manipulation of living organisms by low-physical energy, 
and establish a method to freely deliver various low-
physical energies to any part of the body. This will allow 
us to manipulate receiver molecules in the body with high 
spatiotemporal precision and to propose new experimental 
research methods to understand the physiological roles and 
mechanisms of neural activity in deep tissues. 

Figure. The image of low-energy manipulation 

【Expected Research Achievements and 
Scientific Significance】 
By developing a number of molecular systems in this 

research area based on our original concept, we will be 
able to provide a great deal of insight into the relationship 
between protein response to external stimuli and 
functional expression. In addition, the attempt to 
systematize knowledge and technology subdivided by 
physical energy is expected to provide not only a bridge 
to apply cutting-edge technology of each field to others, 
but also to integrate physical energy technology, create 
new technology, and understand the essential interaction 
between physical energy and living matters. In the 
application of brain science, it is expected to realize a 
completely stress-free research method in which neural 
activity of higher animals under free behavior can be 
directly manipulated from the outside. In the future, the 
application of the technology developed in this area to 
medical treatment is expected to lead to the creation of 
therapies that are extremely patient-friendly and do not 
require the introduction of devices into the body.  

【Key Words】 
Receiver molecule: an active molecular system that senses 
three types of low-physical energy with high sensitivity 
and controls the opening and closing of ion channels 
accordingly. 
Low-physical energy logistics: new physical concepts and 
methodologies to deliver low-physical energy into the deep 
tissue with high efficiency, precision, and spatio- temporal 
resolution to manipulate receiver molecules  

【Term of Project】FY2020-2022 
 
【Budget Allocation】121,900 Thousand Yen 
  
【Homepage Address and Other Contact Information】 

https://low-energy-manipulation.com/  
low-energy-manipulation@issp.u-tokyo.ac.jp 
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Title of Project： A new foundation for primate developmental biology 

 NAKAMURA Tomonori 
(Kyoto University, The Hakubi Center for Advanced Research, Program-
specific associate professor) 

Number of Research Area：20B302 Researcher Number：90648429 

【Purpose of the Research Project】 
Developmental biology is the study of mechanisms 

whereby a fertilized egg (embryo) grows into a full-fledged 
organism. The implantation of a human embryo initiates 
dynamic biological processes, such as gastrulation and 
organogenesis, that are essential to the embryo's growth 
and survival. The mechanisms of human embryonic 
development, particularly in the early post-implantation 
stages, are poorly understood because legal, ethical, 
technical, and other issues restrict scientific 
experimentation concerning this biological process.  

Research using model animals, especially mice, has also 
achieved remarkable results, but due to recent 
technological development and accumulation of 
knowledge, the species difference between mice and 
humans has reached a level that cannot be overlooked. 
Also, even in the more closely related non-human primate 
(NHP), it is difficult to collect embryo samples due to 
various primate-specific factors such as cost, long 
generation time, and low number of offspring. Furthermore, 
the production of genetically modified animals, which is 
essential for investigating the molecular mechanism, is still 
difficult even with the remarkable advances of recent gene 
editing technology, and the hurdle to comprehensive 
research is still extremely high. (Fig. 1) 

Thus, study on the primate post-implantation 
development has not progressed much enough for a long 
time due to the difficulty of sampling and research 
experiments at the molecular level. To overcome these 
hurdles, we will lay the new foundation for the primate 
developmental biology using non-human primate (NHP) 
models.  

【Content of the Research Project】 
In this area, using cynomolgus macaques and marmosets, 

we focus on (A) the establishment of the "pseudo-
implantation" culture model of primate embryos 
implanting on in vitro produced endometrial environment 
(ex vivo culture system) that accurately reproduces 
physiological development, and (B) the development of 
innovative genetic engineering techniques optimized for 
primates. 
In (A), we will acquire the necessary knowledge of 

embryogenesis in vivo for the reconstruction of 
physiological development conditions. And reproduce the 
functional endometrial environment corresponding to the 
maturity stage in the sexual cycle, then construct a primate 
embryo implantation model in vitro. In (B), we will 
develop methods by two strategies; improving a method 
of the conventional gene modification technology for 
fertilized eggs and developing stem cell-based method of 
inducing functional germ cells starting from the 
genetically modified ESC / iPSC.  

【Expected Research Achievements and Scientific 
Significance】 
With the novel pseudo-implantation model and genome 

engineering technology for primates, we expect that the 
traditional experiments, such as time lapse imaging and 
loss/gain of function assays which have been carried out 
in other species will be practical. In addition, further 
expansion of the pseudo-implantation model is expected 
to enable comprehensive research on the organogenesis in 
primates, as a system with all related cell types including 
the mother. Furthermore, in vivo research is acceptable 
with NHP. Therefore, it is possible to conduct research 
across in vivo – ex vivo – in vitro, and it will strongly 
promote the study of post-implantation embryogenesis in 
primates. We hope that when these goals are achieved, we 
will be able to understand primate development at 
molecular level and bring a paradigm shift in primate 
developmental biology.  

【Key Words】 
Non-human primate; Among the species of Mammalia 
Primates excluding humans. Cynomolgus macaques and 
marmosets are members of old and new world monkey 
and they are permitted for use in biological research.  

【Term of Project】FY2020-2022 
 
【Budget Allocation】122,000 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

https://www.primate-dev-biol.ashbi.kyoto-u.ac.jp/ 
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Title of Project： Mammalian hibernation biology ~ survival strategies 
via hypometabolism and hypothermia 

 YAMAGUCHI Yoshifumi 
(Hokkaido University, Institute of Low Temperature Science, Professor) 

Number of Research Area：20B303 Researcher Number：10447443 

【Purpose of the Research Project】 
Mammals are homeotherm in that they have the capacity 

to maintain core body temperature by thermogenesis even 
in the cold. However, it is difficult for them to meet energy 
demands for thermogenesis in harsh cold period with little 
or no food. To survive during such period, some mammals 
utilize “torpor”, in which their core body temperature drops 
to the level near ambient temperature by reducing 
thermogenesis. When torpor occurs seasonally and 
repeatedly, it is called “hibernation” (Figure). The fact that 
hibernation and torpor is widely observed among 
mammalian clades leads to the assumption that some 
modifications in systems governing body temperature 
homeostasis may allow mammals to hibernate. However, 
to date, little is known about regulatory mechanisms of 
torpor and hibernation, possibly due to limitation of animal 
models to study the causal relationships between those 
phenomenon and molecules including genes, proteins and 
so on. In this research project, we aim to introduce new 
technologies into hibernation research field, thereby 

providing molecular clues to mechanistic understandings 
of hibernation and torpor. 
 

【Content of the Research Project】 
Our group consists of members who are specialists of the 

following topics or techniques; induction of hibernation / 
torpor / hibernation-like state, temperature receptors, 
circadian clock, breeding of hibernating animals, 
genetically modified animals, and live imaging techniques, 
etc. Focusing on the molecular network responsible for 
active hypometabolism and hypothermia, both of which 
are considered to be the essence of hibernation and torpor, 
we will conduct research from the viewpoints of gene 
function, signal dynamics, and so on. 
We will hold innovative and creative symposiums and 

meeting on hibernation and torpor research. To facilitate 
interactions and communications among researchers who 
are interested in hibernation, we are going to establish a 
website for an “Web forum for hibernation and torpor 
research” to share information on research papers of those 
topics. 
 

【Expected Research Achievements and 
Scientific Significance】 

 Hypothermia that should be experienced during torpor 
causes cytotoxicity and organ damage and is fatal to non-
hibernator mammals such as humans and rats, but no such 
defects are found in mammalian hibernators. This research 
project will elucidate the molecular mechanism of 
hibernation by providing new methodologies and 
molecular clues into hibernation research field, thereby 
opening up a new avenue in the field and have a ripple 
effect on a wide range of other fields. 
 

【Key Words】 
Torpor in mammals: the hypothermic, hypometabolism, 
and immobile state of animals, which could be achieved 
by active, not passive, suppression of thermogenesis.  
Hibernation: the situation when torpor occurs repeatedly 
and frequently during a season. 
 

【Term of Project】FY2020-2022 
 
【Budget Allocation】122,100 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

https://hibernationbiology.jp/ 
 bunbun@lowtem.hokudai.ac.jp  

 Figure. Hibernation and Torpor in mammals 
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Title of Project:  Construction of PLAMP for determination of boundary 
between self and non-self in intracellular pathogens 

 YAMAMOTO Masahiro 
(Osaka University, Research Institute for Microbial Diseases, Professor) 

Number of Research Area：20B304 Researcher Number：00444521 

【Purpose of the Research Project】 
The host has an immune system that 

responds to infection by pathogens 
such as viruses, bacteria, and 
parasites. Initially, the innate and 
acquired immune systems respond to 
these pathogens and then recognize 
pathogen specific patterns as the 
boundary between "self" and "non-
self". On the other hand, in the cell-autonomous immune 
system, which directly attacks pathogens in cells, it is not 
well understood what determines "self" and "non-self". 
This is because most pathogens are decorated by host-
derived membranes inside the cell (Figure. 1), and the 'self-
derived' membrane would be recognized as 'non-self'. We 
hypothesized that this phenomenon is due to the 
recognition of a unique intracellular pattern generated by 
the pathogen life cycle as "non-self", and named this 
pattern PLAMP (Pathogen Life-cycle Associated 
Molecular Pattern). In this Research Project, we aim to 
create a new concept of self/non-self recognition 
mechanism through the study of PLAMP. 
 

【Content of the Research Project】 
The concept of "PLAMP" was proposed based on the idea 

that the "non-self" targeted by cell-autonomous immunity 
is originally derived from the "self". On the other hand, 
pathogens have various virulence factors to hide their 
"non-self" and create a favorable environment for their 
survival in the cell. Therefore, the molecular patterns that 
pathogens produce in the cell for their own survival can be 
regarded as "PLAMPs" in a broad sense. In this Research 
Project, we will demonstrate the PLAMPs produced by 
various pathogens. Dr. Arasaki of Tokyo University of 
Pharmacy and Life Sciences will participate in the research 
on PLAMPs of bacteria, and Dr. Hashiguchi of Kyoto 
University will participate in the research on PLAMPs of 
virus. The specific research topics are as follows.  
(Yamamoto): We will study the recognition mechanism 
against Toxoplasma and Plasmodium falciparum, 
pathogenic parasites, by the cellular autonomic immune 
system during the process of non-self, then demonstrate the 
physiological importance of PLAMP and the cell-
autonomous immune system in determining the boundary 
between self and non-self in intracellular parasitic 
pathogens.   
(Arasaki): We will study the survival mechanism of 
Legionella, a pathogenic bacterium, in host cells, and 
clarify the molecular mechanism of PLAMP in the host by 
Legionella.   

(Hashiguchi): We will study the mechanism of PLAMP 
generation by cell entry (self) and budding (non-self) in 
viral infections, then elucidate the mechanism of virulence 
regulation against pathogenic viruses, combining with the 
correlation with other biological phenomena. 
 

【Expected Research Achievements and 
Scientific Significance】 
This Research Project is expected to identify novel 

PLAMPs that exist between pathogens and hosts and 
elucidate novel virulence mechanisms through the study 
of the cellular autonomic immune system on the host side, 
which will greatly accelerate our understanding of host-
pathogen interactions. Furthermore, by promoting 
multifaceted research on infectious diseases such as 
viruses, bacteria, and parasites, we can contribute basic 
research on infectious diseases worldwide, and build a 
system to prepare for the emergence of new infectious 
diseases. In addition to infectious immunology, membrane 
fusion and fission, which are involved in the 
determination of the boundary between "self" and "non-
self," play an extremely important role in the maintenance 
and disruption of biological homeostasis from 
microorganisms to higher plants and organisms. The 
results of this research project are expected to have a 
ripple effect on the life sciences in general, since these 
phenomena cover a very large range of biological fields, 
including infection, fertilization, development, intra- and 
intercellular transport, and inter-neural communication. 
 

【Key Words】 
Cell-autonomous immune system: An immune system 
that actively stops the growth of pathogens and kills them 
in cells infected by pathogens. It is strongly induced in 
infected cells by interferons which are released by innate 
and acquired immune systems  
PLAMP (Pathogen “Life-cycle” Associated Molecular 
Pattern): Unlike the pathogen-associated molecular 
patterns (PAMPs) recognized by the innate and acquired 
immune systems as non-self, PLAMPs are produced as 
host-derived non-self patterns by pathogens in infected 
cells.  
 

【Term of Project】FY2020-2022 
 
【Budget Allocation】122,300 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

https://plamp.biken.osaka-u.ac.jp/ 
  myamamoto@biken.osaka-u.ac.jp 
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Title of Project： Morphological features and gene expression patterns 
underlying hub neurons  

 MURAYAMA Masanori 
(RIKEN Center for Brain Science, Team leader) 

Number of Research Area：20B305 Researcher Number：30578901 

【Purpose of the Research Project】 
Neurons with high-ranking functions in each brain region 

are considered hub neurons. These neurons influence many 
other neurons and are thought to contribute to the 
efficiency of interactions between the regions. To unravel 
the mystery of the brain's emergent properties, we believe 
that it is essential to elucidate the cortico-cortical 
interaction mechanisms based on hub neurons. Therefore, 
it is necessary to observe brain-wide activity at the single-
cell level; however, due to technical limitations, it has been 
difficult to develop such a method. In this research project, 
we will use a new microscope that allows us to monitor 
large network activity with single-cell resolution and try 
and answer critical questions, such as (1) whether hub 
neurons are associated with efficient cortical 
communications, (2) what factors predestine them to be 
hub neurons? and (3) what morphological features and 
gene expression features make them hubs? We aim to 
understand the morphological features and gene expression 
patterns that determine a neuron hub. 
 

【Content of the Research Project】 
Using the unique microscope developed by us, we will 

perform fast and wide field-of-view (FOV) two-photon 
Ca2+ imaging to elucidate the contribution of hub neurons 
to efficient cortical communication. We will proceed with 
a multidisciplinary approach involving collaboration with 
neurophysiology, statistical physics, and bioinformatics. 

Goals 
(1) Development of cluster/hub identification algorithms 
for large-scale data: [A] Validation by manipulation of hub 
neurons [B] Estimation of neural network/cluster structure 
and hub cells. 
(2) Development of a multidisciplinary approach to 
identify factors (morphology, genes) that define hub cells: 
[A] Development of a platform to extract soft and hard 
factors from data [B] Identification and biological 

interpretation of factors that determine hubness. 
(3) Estimation of hub neurons by transcriptome first 
approach for disease model application: [A] Construction 
of hub/non-hub neuron classifiers [B] Identify diseases 
that increase/decrease hub neurons. 
 

【Expected Research Achievements and 
Scientific Significance】 
The factors and pathogenic mechanisms responsible for 

psychiatric disorders have not yet been identified. If the 
critical factors that determine a neurons hub in cortico-
cortical communications are clarified, it may be possible 
to explain the pathogenesis of psychiatric disorders by 
focusing on the characteristics of hub cells, allowing us to 
propose new therapeutic interventions and to develop 
methods for the early diagnosis of psychiatric disorders. 
We also expect to discover a group of genes related to 
psychiatric disorders that has not been identified till date. 
This research also involves a biochemical approach to 
characterize the molecular function of each gene’s 
products. The biochemical examination of the newly 
discovered gene groups' molecular characteristics will 
enable identification of previously unknown marker genes. 
Furthermore, since this research also includes 
physiological approaches to explore the role of hub cells 
in brain functions such as perception, cognitive functions, 
and memory, collaboration with researchers from different 
fields is expected. 
 

【Key Words】 
Wide FOV two-photon microscope: The FOV of the 
conventional two-photon microscope, which detects 
neural activity in vivo as fluorescence changes, is 
approximately 0.5 x 0.5 mm2. Our novel wide FOV two-
photon microscope expands this FOV to 3 x 3 mm2, 36 
times larger than that of the conventional microscope. 
Using this microscope, we can record the activity of about 
16,000 neurons from multiple brain regions 
simultaneously. This number is the largest in the world at 
present. This large-scale recording will allow us to 
identify many rare hub cells with high accuracy and 
enable network analysis at the cellular level. 
 

【Term of Project】FY2020-2022 
 
【Budget Allocation】122,400 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

https://cluster-hub-dynamism.com/ 
https://twitter.com/ClusterHub_D 
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Title of Project： Remodeling Plant Reproduction System by Cell Fate 
Manipulations. 

 MARUYAMA Daisuke 
(Yokohama City University, Kihara Institute for Biological Research, 
Assistant Professor) 

Number of Research Area：20B306 Researcher Number：80724111 

【Purpose of the Research Project】 
Sexually reproducing organisms propagate via the fusion 

of male and female gametes, a process referred to as 
fertilization. In contrast to animals, flowering plants are 
characterized by a complex double fertilization system in 
which two female gametes (the egg cell and central cell) 
are simultaneously fertilized by two sperm cells 
subsequent to pollination. This production of multiple 
gametes is dependent on the development of haploid 
tissues termed gametophytes. However, although extensive 
studies have led to the identification of key factors that 
contribute to the regulation of male and female 
gametophyte development in flowering plants, our 
knowledge regarding the mechanisms underlying 
gametophyte development and gametogenesis is still 
comparatively limited. In mammals, the reconstruction of 
spermatogenesis or oogenesis is recognized as a powerful 
approach in analyses of the reproductive process, and in 
this project, we adopt a cell fate manipulation approach for 
male and female gametophytic cells to examine the nature 
of the unique gametogenesis system in flowering plants 
(Fig. 1).  
 

 
【Content of the Research Project】 

In this research project, participating groups will attempt 
to manipulate cell fate using different model systems based 
on their specific adopted approaches. Using Arabidopsis 
thaliana and Marchantia polymorpha, the Yamaoka group 
will strive to steer the conversion of somatic to 
reproductive cells via the ectopic expression of BNB 
proteins, which are evolutionarily conserved bHLH 
transcription factors that regulate the differentiation of 
male germ cell linages. In contrast, the Mizuta group will 
examine multiple aspects of cell fate, including the number 
or timing of mitotic events during sperm cell formation, 
based on the live imaging of pollen formation following 

transient gene expression in immature Nicotiana 
benthamiana pollen. Furthermore, the Maruyama group 
will now attempt to induce embryonic development in the 
synergid cell through the prevention of programmed cell 
death and ectopic expression of an embryogenesis-related 
gene. 
 

【Expected Research Achievements and 
Scientific Significance】 
In this research project, we will perform ectopic 

expression of selected genes that control gametogenesis 
and embryogenesis. In contrast to mutant analysis, 
although ectopic gene expression is a relatively simple 
approach, it may be sufficiently effective in enabling us to 
identify the factors that contribute to the induction of 
gamete transition in somatic or other gametophytic cells. 
In the past two decades, transcriptome analyses have 
facilitated the identification of hundreds of gametophyte-
specific genes, and excellent in vitro culture and transient 
gene expression systems have been developed for the 
study of male and female gametophytes, which would 
provide ideal platforms for the analysis of cell fate 
transition at the single-cell level. Accordingly, if we are 
able to gain a sufficiently good understanding of the basic 
principles of gamete formation, this knowledge could be 
used to develop novel techniques to produce functional 
gametes from somatic tissues. This in turn would 
contribute to the development of innovative approaches in 
plant breeding, similar to those that have led to advances 
in the study of mammalian reproduction.   
 

【Key Words】 
Gametophyte: Gametophytes are multicellular 
reproductive tissues generated via a small number of 
mitotic divisions of haploid meiotic cells. Gametophytes 
produce gametes from their germ cell linage.  
 
Double fertilization: A unique reproductive system in 
flowering plants, whereby two sperm cells independently 
fertilize the egg and central cells to produce an embryo 
and endosperm, respectively. 
 

【Term of Project】FY2020-2022 
 
【Budget Allocation】106,100 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

https://www.remod-reprod.com 
rprjim＠yokohama-cu.ac.jp 
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Title of Project： Parametric biology based on translation rate 
regulatory mechanism 

 DOI Masao 
(Kyoto University, Graduate School of Pharmaceutical Sciences, 
Professor) 

Number of Research Area：20B307 Researcher Number：20432578 

【Purpose of the Research Project】 
Living organisms have "parametric" molecular 

mechanisms that allow them to respond flexibly to gradual 
changes. This is not a 0 or 1 on/off control, but a delicate 
control by "velocity change" of continuous response, that 
is often overlooked. In this study, we will focus on the 
concept of "variable translational speed", which is the core 
of parametric biology, a new field of life science. Four 
different research groups, possessing a hierarchical 
diversity from physical chemistry to physiology, will 
develop novel technologies to quantify and visualize the 
translation rate and utilize them mutually to clarify the still 
mysterious molecular mechanisms that regulate the 
translation rate from multiple perspectives. Our goal is to 
elucidate the role of parametric translation in the flexible 
control of life. 
  

【Content of the Research Project】 
Although molecular biology has identified the building 

blocks of life, and omics have described their quantitative 
nature, the mystery of the parametric control of biological 
functions, which lies behind the principle of flexibility of 
life, has been a major challenge in biological science.  
Changes in natural environment are usually continuous 

and gentle unless otherwise disaster. Similarly, organisms 
adapt to these alterations through the continuous 
conversion of the rate of reactions. Irrespective of this fact, 
the rapid "reset" response of the cellular state has been the 
major focus of previous research. It is therefore equally 
important to understand the parametric gradual regulation 
for the comprehension of the flexibility of life. 

In this study, we will 
focus on "translation" to 
nail down the molecular 
mechanisms underlying 
the parametric control 
of numerous biological 
functions. 
Since the dawn of 

molecular biology, it 
has been long assumed 

that translation is conducted through a static manufacturing 
machine, like a conveyor belt, without any dynamics. 
However, such a stereotype is now challenged. Recent 
innovations of next-generation sequencing uncovered the 
fact that translation has a huge dynamic range, changing its 
speed according to the conditions inside and outside of the 
cell. Particularly, the advent of Ribo-Seq, which counts the 
numbers of ribosomes along mRNAs, a technology to 
identify chemical modifications on RNA, the concept of 

subcellular translational regulation, and liquid-liquid 
phase separation by RNA-protein assembly are now 
challenging the traditional "copy number control"-nature 
of translation, rather 
raising an idea of 
parametric regulation of 
protein synthesis. 
In this new framework, 

our team will conduct 
the following 4 projects: 
1) Parametric control of 
sleep, metabolism, and 
circadian clock through 
the control of translation rate (Doi, Kyoto U), 2) Novel 
Disome-Seq: Comprehensive survey of parametric 
ribosomal stalling (Iwasaki, RIKEN), 3) Elucidation of 
the physicochemical regulation mechanism of subcellular 
parametric translation (Harada, Osaka U; Okabe, U 
Tokyo), and 4) Elucidation of parametric translation 
behind the flexible nature of nervous system (Ikeuchi, U 
Tokyo). In addition, we jointly develop new technologies 
to enable quantification and visualization of translation 
speed. Based on this foundation, we build a tight and 
collaborative team to drive the achievement of our 
common goals. 
 

【Expected Research Achievements and 
Scientific Significance】 
We expect our research will elucidate part of 

fundamental parametric regulation of life by reveling the 
intracellular mechanisms that underpin the flexible 
translation control. Since translation is an evolutionarily 
conserved and highly organized system, the knowledge 
and materials/methods obtained in this study will 
probably apply to widespread species and cellular 
contexts, including plants, fungi, and bacteria; cancer, 
brain, immunology, tissue regeneration, aging, metabolism, 
and so on. 
 

【Key Words】 
Parametric: speed control of biological functions 
 

【Term of Project】FY2020-2022 
 
【Budget Allocation】122,000 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

http://parametric-translation.pharm.kyoto-u.ac.jp/ 
https://www.youtube.com/channel/UCL7n9ND9qnpxLC
gVHGDpCyQ 
doimasao@pharm.kyoto-u.ac.jp 
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Title of Project： Establishment of pH Biology 

 TAKAHASHI Nobuaki 
(Kyoto University, The Hakubi Center for Advanced Research, Program-
specific associate Professor) 

Number of Research Area：20B308 Researcher Number：70604635 

【Purpose of the Research Project】 
Cell survival is dependent on sensing and responding to a 

wide variety of stresses. While the mechanisms underlying 
hypoxia and oxidative stress sensing have been highly 
investigated to date, it is poorly defined how cells sense 
and respond to changes in cellular pH, one of the most 
fundamental parameters in biochemical reactions.  
pH sensing and adaptation are of particular importance in 

cancer cells. Most cancer cells rely on glycolysis to 
generate ATP regardless of O2 availability. This causes 
intracellular acidification because glycolysis leads to the 
generation of H+ – one glucose generates two H+. While 
cancer cells are known to upregulate a series of acid 
extruders, the mechanisms underlying sensing and 
responding to pH changes remain unknown. There could 
be a selection of tumor cells that enhance the pH sensing 
mechanisms that all organisms are supposed to have in 
order to adapt to harsh pH stress conditions. Interestingly, 
such an evolution can be also seen in shell-building marine 
organisms, including coral. During the 4.6-billion-year 
history of Earth, the atmospheric partial CO2 pressure, 
which can affect pH of see water, has fluctuated greatly. 
Given that CaCO3, the main component of the shell, is 
highly vulnerable to low pH, there may be a selection of 
shell-building marine organisms that enhance pH 
adaptation mechanisms to protect the shell from low pH.  
Moreover, accumulating evidence has suggested that 

higher organisms utilize low pH to induce signaling 
pathways. For example, anterior–posterior pH gradient, 
which changes the activities of Wnt in a spatial manner, has 
been recently demonstrated in embryos. It is likely that life 
dare to create low pH fields within the cell or body in order 
to change signaling pathways. However, pH-induced 
signaling pathway remains largely unidentified yet.   
To address these questions, the team of this research 

project is made up of talented scientists who are engaged 
in cutting-edge research on pH adaptation and pH-induced 
signal in the field of cancer, development, neuroscience, 
and marine biology. Through this project, we will establish 
a new research field, “Biology of pH", which can change 
our understanding of pH in life.  
 

【Content of the Research Project】 
This project focuses on “mechanisms of pH adaptation” 

and “pH-induced signal” in order to understand 
fundamental roles of pH that life has evolved to acquire 
through interdisciplinary areas of research (Fig. 1).   
A01: Elucidation of pH response/adaptation 
mechanisms in higher organism 
This group aims to elucidate pH response/adaptation 

mechanisms that enable cancer cells to tolerate pH stress.  
A02: Elucidating pH adaptation mechanisms from 
pH-tolerant marine organisms 
This group focuses on shell-building marine animals, 
including corals and foraminifera, to elucidate how these 
animals have evolved to acquire pH tolerant mechanisms 
through selective pressure.   
A03: Evaluation of in vivo pH field as a signaling 
factor 
This group aims to analyze unique signaling pathways 
driven by pH fields within the cell and body and 
investigate the significance of pH field in life.  

【Expected Research Achievements and 
Scientific Significance】 

(A) Impacts on basic medical science 
Given that the biology of O2 and oxidative stress have 
exerted great impacts on life science, this research project 
concerning biology of pH will definitively provide novel 
insight into physiology and pathology. 
(B) Impacts on the issues on ocean acidification 
The information on the history of selection of the 
organisms that exhibit pH tolerance will allow you to 
discuss the future direction concerning the current global 
issues of the ocean acidification. 
 

【Key Words】 
“Stress”: People usually use “stress” as the meaning of
“Mental strain"; however, in the field of biology, stress 
is used as “a mediator that perturb cellular homeostasis”. 
 

【Term of Project】FY2020-2022 
 
【Budget Allocation】122,000 Thousand Yen 
 
【Homepage Address and Other Contact Information】 

https://www.ph-biology.net/ 

 Fig. 1. Organization of this project 
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