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Biomimetic materials 
 
1. Biomimetic Materials: Life is a Best Teacher for Material Design. 
Life is fantastic. It has “ultrafine” structures, “highly-integrated” systems, and “tremendous” 
functions. Thus, life should be a kind of best teacher for us. In fact, the concept of 
“biomimetic” has an old history. We can say that an airplane is a biomimetic product of a 
bird!  
However, the history of characterization of bio-molecules is not so old. At last, we have 
recently obtained much information about bio-system. In addition, due to the recent 
progress of chemistry and nano-sized materials, fabrication accuracy of artificial materials 
finally becomes similar level to natural bio-molecules and bio-systems. Therefore, many 
ideas, hints, and suggestions come to material science from bio-systems nowadays. And, 
biomimetic materials are a hot topic in 
science.  
Also, a bio-process itself is fascinating. 
Its nonlinearity is a key to make 
ultrafine structures of bio-molecules 
and their assembly. Thus, the 
interdisciplinary between 
mathematics and biomimetic 
materials are interesting in future. 
In this session, we would like to 
introduce our two research examples, 
“Biomimetic gating membrane” and 
“Bio-fuel cell”. 
 
2. Ion-recognition gating membrane, 
which is a biomimetic of ion channels 
Potassium channels of biomembrane 
generate active potential of synapse, 
and control nerve systems of our body. 
By utilizing graft polymerization of 
ion-stimuli responsive polymers  
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Fig.1 Concept of an ion-recognition gating 
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composed of crown ether and N-isopropyl acrylamide, we developed an ion-recognition 
gating membrane, which can open and close its pores spontaneously. Although the 
membrane is a synthetic film, it can control permeation of water and osmotic pressure across 
the membrane in response to K+ signal. By combining both process of permeation and 
osmosis, we fabricated a new oscillator like synapse. 
 
3. Bio-fuel cell, which is a biomimetic of 
bioenergetics 
Many cells utilize glucos0e as a fuel, and 
make energy for activity of life. Although 
people expect hydrogen as a clean energy 
source, glucose is safe and rich natural 
energy source on earth. By combining fuel 
cell technology and biochemistry, 
enzymatic bio-fuel cells are expected as a 
future technology. 
 
Acknowledgment : 
I deeply appreciate the collaborators, Prof. 
Yamaguchi and Associate Prof.Tamaki, 
Assistant Prof. Ohashi of Tokyo Institute of  
Technology. 
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Bioinspired Structural Materials 
 
Materials that are strong, ultralightweight, and tough are in demand for a range of 
applications, requiring architectures and components carefully designed from the 
micrometer down to the nanometer scale. Inspiration can be taken from the lessons learned 
from the observation and characterization of natural materials, which are built at ambient 
temperature from a fairly limited selection of components. Nacre, a structure found in many 
molluscan shells, and bone are frequently used as examples for how nature achieves this 
through hybrid organic-inorganic composites. Unfortunately, it has proven extremely 
difficult to transcribe nacre-like clever designs into synthetic materials, partly because their 
intricate structures need to be replicated at several length scales. After introducing the 
concept of bioinspiration, I will illustrate how such ideas can be implemented to process 
advanced structural materials based on a freezing-induced self-assembly approach. 
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Nanoarchitectonics of Biomimetic Nanocarbon 
 
1. Nanocarbons: "Miracle" not only for electronic materials but also for biology. 
Graphene, carbon nanotubes, and fullerene are a family of nanocarbons and they are 
allotropes of carbons, which consist of all sp2 carbons, and have --electron rich structures. 
Their fascinating electronic properties attracted scientists since their discoveries and a part 
of these topics were summarized in this JFFoS symposium last year in the session, graphene 
the "miracle material." Although it is no doubt that nanocarbons including graphene are 
"miracle materials" for electronic devices, it may be surprising to know that they are also 
"miracle materials" for biology [1]. In addition to the electronic properties, high 
hydrophobicity and high self-assembling properties should be noted that enable the 
formation of complex structures [2, 3] desired for platform of controlling cells growth.  
 
2. Nanoarchitectonics of nanocarbons to produce biomimetic materials 
Graphene, carbon nanotubes, and fullerene are representative nanocarbons which have zero 
(sphere), one (line), or two (sheet) dimensional structures, respectively. These nanocarbons 
can be used as building blocks for construction of higher dimensional structures or complex 
properties by nanoarchitectonics; a technology used to control nanoscale structures and 
spaces (Fig. 1). As a results, the assembled structures can mimic hierarchical organization in 
our body, although the mother structures of nancarbons cannot be found in our body.  
 
 
 
 
 
 
 

Fig. 1. Assembly of nanocarbons 
(fullerene, carbon nanotubes, 
and graphene) for biological 
applications 
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3. Application of biomimetic nanocarbons 
Biomimetic nanocarbons not only provide a good platform for cell culture but also they can 
control cell activities such as adhesion, growth, differentiation, etc.  Modification of cell 
morphology and properties are important for tissue engineering, and biomimetic carbon 
materials has become promising materials for controlling cell activities (Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. References 
1 Nakanishi, W.; Minami, K,; Shrestha, L. K.; Qingmin, Ji.; Hill, J. P.; Ariga, K.; Bioactive 
nanocarbon assemblies: Nanoarchitectonics and applications. 
Nano Today, 2014, 9, 378-394. 
 
2 Maeda-Mamiya, R.; Noiri E.; Isobe, H.; Nakanishi, W.; Okamoto, K.; Doi, K.; Sugaya, K.; 
Izumie, T.; Homma, T.; Nakamura, E., In vivo gene delivery by cationic tetraamino fullerene. 
Proc. Natl. Acad. Sci. USA 2010, 107, 5339-5344. 
 
3 Isobe, H.; Nakanishi, W.; Tomita, N.; Jinno, S.; Okayama, H.; Nakamura, E., Nonviral gene 
delivery by tetraamino fullerene.  
Mol. Pharm. 2006, 3, 124-134. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Control of cell morphology and properties on 
nanocarbon assemblies 
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《Biomimetic materials》Glossary 
 
 
Allotrope：【同素体】 

Allotropes are different structural modifications of an element. Graphene, fullerene (C60), 
carbon nanotube, charcoal, graphite, and diamond are all allotropes of carbon. 

 
Anode:【負極】 

An anode is an electrode through which positive electric charge flows into a polarized 
electrical device. The flow of charge is an electric current. 

 
Aspect ratio:【アスペクト比】 

The ratio of the width to the height of the image that shows its shape. If aspect ratio is 10, 
the shape is long and narrow. 

 
Bioenergetics:【生体エネルギー学】 

A field in biochemistry that concerns energy flow through living systems. This is an active 
area of biological research that includes the study of thousands of different cellular 
processes such as cellular respiration and the many other metabolic processes that can 
lead to production and utilization of energy in forms such as ATP molecules. 

 
Ion channel:【イオンチャネル】 

Pore-forming membrane proteins whose functions include establishing a resting 
membrane potential, shaping action potentials and other electrical signals by gating the 
flow of ions across the cell membrane, controlling the flow of ions across secretory and 
epithelial cells, and regulating cell volume. 

 
Capillary:【赤血球】 

The smallest type of blood vessel (=tube carrying blood) in the body. 
 
Cell adhesion:【細胞接着】 

Interaction of cells to other cells or platforms (natural or unnatural substrate). Cell 
adhesion is important not only to form tissues and bodies but also for stages of 
differentiation. 

 
Cell culture platform:【細胞培養基盤】 

Vessels or materials on which cells grow. This is important to control cell morphology and 
properties. 

 
Cell morphology:【細胞形態】 

Size, structure, and appearance of cells. Cells that have function have specific morphology. 
 
Crown ether:【クラウンエーテル】 

Cyclic chemical compounds that consist of a ring containing several ether groups. 
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Differentiation:【分化】 

The process by which a less specialized cell becomes a more specialized cell type to gain 
specific morphology and properties. 

 
Drug Delivery:【薬物送達】 

Approaches, formulations, technologies, and systems for transporting a pharmaceutical 
compound in the body as needed to safely achieve its desired therapeutic effect 

 
Enzymatic biofuel cell:【酵素型バイオ燃料電池】 

An Enzymatic biofuel cell is a specific type of fuel cell that uses enzymes as a catalyst to 
oxidize its fuel, rather than precious metals. 

 
Gating Membrane:【ゲート膜】 

Chemical valve. A membrane which controls permeability or selectivity by opening or 
closing its pores.  

 
GOD, Glucose oxidase:【グルコースオキシダーゼ】 

An oxido-reductase that catalyses the oxidation of glucose to hydrogen peroxide and 
D-glucono-δ-lactone. In cells, it aids in breaking the sugar down into its metabolites. 

 
Lower critical solution temperature, LCST:【下限臨界溶液温度】 

the critical temperature below which the components of a mixture are miscible for all 
compositions. 

 
Mediator, Electron Mediator:【電子伝達体】 

Redox mediators are often added to experimental systems to improve the rate of electron 
export from the biological material and/or electron transfer to the anode, especially when 
whole cells are employed as the light harvesting material. Vinylferrocene is popular.  

 
Molecular recognition:【分子認識】 

The specific interaction between two or more molecules through noncovalent bonding 
such as hydrogen bonding, metal coordination, hydrophobic forces, van der Waals forces, 
π-π interactions, halogen bonding, electrostatic and/or electromagnetic effects. 

 
Nafion:【ナフィオン】 

A proton exchange membrane or polymer electrolyte membrane (PEM) is a 
semipermeable membrane generally made from ionomers and designed to conduct 
protons while being impermeable to gases such as oxygen or hydrogen. One of the most 
common and commercially available PEM materials is the fluoropolymer (PFSA) Nafion, a 
DuPont product. 

 
Nanoarchitectonics:【ナノアーキテクトニクス】 

A technology used to control nanoscale structures and spaces.  
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Nanocarbon:【ナノカーボン】 

Family name of nanosized carbons including graphene, fullerene (C60), and carbon 
nanotube. 

 
π-Electron: 【π 電子】 

Electrons in π-bonds where two lobes of one involved atomic orbital overlap two lobes of 
the other involved atomic orbital. π-Electrons are more diffuse than the sigma bonds, and 
it can participate in electron delivery. 

 
Poly-NIPAM，Poly(N-isopropylacrylamide) :【ニッパム、ナイパム】 

A temperature-responsive polymer. It undergoes a reversible lower critical solution 
temperature (LCST) phase transition from a swollen hydrated state to a shrunken 
dehydrated state, losing about 90% of its volume. 

 
Nonlinear system:【非線形システム】 

In physics and other sciences, a nonlinear system, in contrast to a linear system, is a system 
which does not satisfy the superposition principle – meaning that the output of a 
nonlinear system is not directly proportional to the input. 

 
Red Blood Cell:【赤血球】 

One of the cells in your blood that carry oxygen to every part of your body. 
 
Regenerative Medicine:【再生医療】 

The possibility of growing tissues and organs in the laboratory and safely implant them 
when the body cannot heal itself. 

 
Relaxation oscillation:【緩和振動】 

Relaxation oscillations are characterized by two alternating processes on different time  
scales: a long relaxation period during which the system approaches an equilibrium point, 
alternating with a short impulsive period in which the equilibrium point shifts. 

 
Reverse engineering:【リバースエンジニアリング】 

the process of extracting knowledge or design information from anything man-made. 
 
Self-excited vibration，Self-oscillation:【自励振動】 

Self-oscillation is the generation and maintenance of a periodic motion by a source of 
power that lacks any corresponding periodicity. The oscillator itself controls the phase with 
which the external power acts on it. Self-oscillators are therefore distinct from forced and 
parametric resonators, in which the power that sustains the motion must be modulated 
externally. In linear systems, self-oscillation appears as an instability associated with a 
negative damping term, which causes small perturbations to grow exponentially in 
amplitude. This negative damping is due to a positive feedback between the oscillation 
and the modulation of the external source of power. 
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sp2 Carbon: 【sp2 炭素】 

A form of hybrid orbitals of carbon. It can be found in graphene, fullerene (C60), and 
carbon nanotube and connections of sp2 carbons show planar honeycomb networks. 

 
Stem cells: 【幹細胞】 

Cells that have potentials to develop into many different cell types.   
 
Supramolecule: 【超分子】  

Molecule that is formed via non-covalent weak association including hydrogen bonding, 
metal coordination, hydrophobic forces, van der Waals forces, �-�� interactions and 
electrostatic effects. In spite of the weak association, it can form complex structure.  

 
Tissue engineering: 【再生医学】 

An area of research that aims to create tissue and other organs from cells and outer 
scaffold to produce a fully functional organ for implantation. Directing stem cell 
differentiation become one of a new frontiers in cell and tissue engineering. 
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Population aging is a process which increases the proportion of old people within a given 
society. Within twenty years, many European and East Asian countries will face a situation 
where the largest population cohorts will be those over 65 and the average age will be 
nearly 50. This process will affect both developed and developing countries and is one of 
the world’s major challenges in the present century. The “epidemiological transition” 
(Omran 1971) could partially explain this process. The aging of societies has a paradoxical 
dimension: it can be seen as a success story in the history of mankind (as regards public 
health policies and socioeconomic development), and yet it can also be seen as leading to 
the emergence of new severe diseases associated with old age, such as dementia and 
Alzheimer disease. So, while we may live longer, it should also be asked: in what state of 
health and at what quality of life? Indeed, at the individual level, aging is generally 
described as the major risk  factor  for  diseases and  the  major  cause  of  death. 
In  any  case,  it  seriously  challenges our contemporary societies ‘to adapt in order 
to maintain or maximize the health of older people as well as their social participation and 
security’ (OMS website). As the years go by, there are fewer and fewer people in the 
productive age group able to provide support and protection for old people. The aging of 
societies raises the issue of intergenerational solidarity both within families and in society, 
thus raising the question of our fundamental values. 
The aging of societies is a very complex and intricate phenomenon which has biological, 
chronological (or temporal) and socio-political dimensions. It is at the crossroads of various 
disciplines in the field of social sciences and humanities: demography, sociology, philosophy, 
economics, psychology, etc., and should thus be studied in its multidimensionality. This 
session aims to clarifying what aging is in a multidisciplinary perspective as well as to 
explore what its main ethical and political implications are. In particular, the three following 
issues will be addressed: 
1/ What is aging? How does it relate to death? What do we know about this process? 
There is no unique definition and no non-equivocal characterization of this multilevel and 
multi-dimensional process. It cannot even be said that it is a universal process in living 
beings. Some species do not encounter senescence before death. And, even in case of the 
human species, there is significant heterogeneity: some people encounter negligible 
senescence. It has become customary to distinguish 
‘chronological ageing’ (the numerical age of an individual) from ‘social ageing’ (cultural 
expectations of how people should act as they grow older) and ‘biological ageing’ (an 
organism's physical state as it ages). Biologists do not have a simple and unique explanation  
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of the biological process of aging; there are several competing theories. Where they seem 
to agree, however, is that aging is a highly complex process which occurs at different levels 
of organization (cellular, organismic, population, etc.) and which depends on intricate 
genetic and environmental factors. 
2/ How does aging impact on our perception of life and health? A number of health 
problems become more prevalent as people get older. These include mental health 
problems as well as physical health problems, especially dementia. What are the 
perspectives in reducing the morbidity associated with this process or in delaying, and 
even suppressing, senescence? But should aging be seen as pathological? The problem of 
the demarcation between the normal and the pathological is particularly acute here: the 
distinction between ‘normal aging’ and ‘pathological aging’ has proven very difficult to 
draw for both biologists and scientists in general. Should we thus abandon the vocabulary 
of normal and pathological and rather talk about ‘frailty’, ‘successful aging’ or ‘optimal 
aging’? 
3/ What impact does the aging of societies have on our social and political systems? The 
cost of health care is likely to increase dramatically as populations age. Moreover, younger 
generations need to support larger numbers of seniors in most contemporary social 
systems, via pension provision, nursing care insurance, etc. The aging of societies also 
raises new major issues concerning the isolation of old people. New forms of inequalities 
and intergenerational issues thus emerge that need to be both analysed and anticipated. 
 
The two presentations in this session will primarily explore the two last series of issues. 
Claire Scodellaro (University Paris 1 Panthéon-Sorbonne and INED) will present the 
sociological aspects of aging, particularly the importance of our representations of aging 
and their links with our representation of health. Her contribution will focus on the various 
meanings of aging for men and women. 
Junya TSUTSUI, (Ritsumeikan University) will explore the sociometric and political aspects 
of aging. His contribution will stress the necessity for a global rethinking of our social and 
political systems in this context. The simple adaptation or extension of the solutions 
brought in the context of the welfare regime theory will not be sufficient. He will thus 
argue in favour of social investment to women and children, as well as to migrants. 
 

References 
Harper S., Ageing Societies: Myths, Challenges and Opportunities, Hodder Arnold, London, 
2006. Diamond J., The world until yesterday, What can be learned from traditional societies, 
Viking Adult,2012 
Omran A.R., The epidemiologic transition – A theory of the epidemiology of population 
change,Milbank Memorial Fund Quarterly, 1971, 49, 4, 509-538 
Boorse C., Health as a theoretical concept, Philosophy of Science, 1977, 44, 542-573 
 
Relevant Links: 
WHO website on Ageing 
WHO Study on Global Ageing and Adult Health 
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Population, individual ageing and gender : differences and inequalities between women 
and men 
 
Ageing of societies can be addressed at the macro-level of population, the meso-level of 
social groups or the micro-level of individuals. The stakes and the methodological approaches 
for each level are different. This paper will start from the macro-level to reach the micro-level 
and will use both quantitative and qualitative data. 
 
The growing part of elderly people in developed countries is an unavoidable consequence of 
the demographic transition they experienced during the XXth century but focus on 
sub-groups always shows that women represent a greater part of the elderly than men. Yet, if 
women statistically live longer than men, they also experience more difficult living conditions 
as ageing, in particular worse health status and lower income. This paper will address this 
paradox and discuss the multiple social dimensions that are involved –such as indicators of 
health status, medicalization, social division of work between women and men all along the 
life course- and the interactions between gender, social status and birth cohort. Through 
other social activities, we will underline that individual ageing is a heterogeneous process 
deeply shaped by society. 
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Challenges of an Extreme Aging Society: Toward a "Social Investment State" 
 
1. Introduction 
After the “golden age” of welfare economies in the 1960s, scholars studying the welfare 
regime theory revealed that advanced countries have started to show their varieties 
regarding their economic, demographic and social consequences, as well as welfare policies. 
Most peculiar among those are differences in female labor participation, fertility, and 
subsequently, the extent of aging. Figure 1 shows that Japan is an extreme aging society. The 
female labor participation rates among OECD countries seem rather similar in the figure, but 
in Japanese case, most of female workers are irregular workers. 
 

 
Figure 1: Aged population rate and female labor participation rate in OCED countries 

 
2. Misconceptions about the regime 
Scholars in sociology and social policy studies have investigated possible causes that brought 
the fertility gap between advanced societies after the first demographic transition.  
One important finding so far is that what matter is not just the size of government, therefore 
how much a government is eager or reluctant to implement childcare or work-life balance 
policies. Both the United States and Nordic countries have been produced good results  
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regarding the issue. The old ideological framework of “bigger or smaller” government turned 
out to be useless here.  
A key to explain this fertility gap is whether a society can pull off the problems of 
post-industrial economy, where old "male-breadwinner" family no longer works and how 
well a society can take advantages out of dual-earner couples. In other terms, investing in 
and utilizing women's labor power is a key task.  
 
3. Issues of social investment state 
Raising the productivity is the primary task in aging societies. It can be achieved by increasing 
the quantity and quality of labor. The tradeoff between the fairness and efficiency is 
oftentimes argued about migrant labor force, but it is also a problem in education of children 
as well. Promoting work-life balancing policies may widen the gap among households, for it 
can provide conditions where a man with high income tends to unite with a woman with 
more earning power, once the policy breaks down the reason for a woman to continue her 
job.  
 
4. Conclusion 
Social investment to women and children, as well as to migrants is a solution of aging 
societies where we face the tradeoff between equity and productivity. Policies should be to 
stimulate the investment. Mere transfer of wealth or ample supply of social services cannot 
be an agreeable demarche.  
 
References 
Blossfeld, Hans-Peter and Sandra Buchholz. 2009. “Increasing Resource Inequality among 
Families in Modern Societies: The Mechanisms of Growing Educational Homogamy, Changes 
in the Division of Work in the Family and the Decline of the Male Breadwinner Model.” 
Journal of Comparative Family Studies 40:603–616. 
Esping-Andersen, Gosta. 2009. The Incomplete Revolution. Polity Press. 
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《Aging of Societies》Glossary 
 
 
Cohort：【コホート(統計分析の対象群)】 

in statistics, demography and epidemiology, a cohort designates a group of subjects who 
share a particular characteristic (date of birth, smokers, etc.). 

 
Epidemiological transition：【疫学的変遷、疾病転換】 

designates a series of interconnected changes which include the change from high to low 
fertility rates, a steady increase in life expectancy at birth and at advanced ages and a 
consecutive transition from predominantly contagious diseases to non-transmitted 
diseases and chronic conditions. 

 
The first demographic transition：【第一次人口転換】 

 is a transition of fertility from the state with high rate of birth and high infant mortality to 
the one with low birthrate and low infant mortality. After this transition, fertility levels of 
most advanced societies settled down to the replacement level.  

 
Fertility：【出生力】  

There are several ways to measure the fertility in a society. Most familiar one is the total 
fertility rate (TFR). TFR is the expected average number of children of a woman, if she goes 
through the birth rates of each age periods.  

 
Income transfer：【所得移転】  

is a type of social security system where there is a transfer of money among tax payers or 
social insurance insurers, such as social aid or housing subsidy. Other type of social 
security is a direct provision of social services, such as elderly care.  

 
Welfare regime theory：【福祉レジーム論】 

is a standard framework among sociologists and social policy researchers to understand 
the variety of advanced capitalist economics. It categorizes them to three groups; liberal, 
conservative, and social democratic states (the United States, Germany, and Sweden are 
typical cases, respectively).  
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Modern cosmology and wild goose chase 
 
Introduction 
All the researches today are originated from a simple question, such as “where are we from?”, 
“where do we live?”, “what do we consist of?”, “what natural law are we governed?” Thanks 
to all the scientific and technological developments till today, we live in the era that we can 
probe these questions scientifically.  
 
Probing the early universe with Planck 
The modern cosmology has begun since Einstein has laid out his famous theory, general 
relativity. His theory brought the radical idea (at the time), i.e. dynamical behavior of our 
universe. Shortly after this theory being introduced, Hubble discovered the expansion of the 
universe. These findings lead to the notion that the universe must have the beginning, the 
Big Bang.  
The cosmic microwave background (CMB) is the relic radiation from the Big Bang. The 
measurements of the CMB radiation have been providing the strong evidence to support our 
understanding of the universe, so called ΛCDM cosmology. Planck is an ESA satellite mission 
that observes the full sky at millimeter wavelength between 2009 and 2013, and its primary  

Fig. 1 The history of our universe (from http://www.esa.int/, modified.)  
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mission is to characterize the CMB to the unprecedented accuracy. What is exciting about the 
Planck results is not only to solidify the current understanding of our universe, but also to 
start testing some of the models that are described beyond the paradigm of ΛCDM 
cosmology, including the cosmic inflation, the rapid expansion of the universe at the age of 
the universe as early as 10-36 seconds. There are a number of indirect evidences to point the 
existence of the inflation, but we have not seen the direct evidence yet. Currently Planck 
results provide the limit to the energy scale of inflation.  

 
Conclusions 
In this session, we introduce what the cosmologist thinks of our universe is and how the 
understanding is reached today. We will review the Planck mission and its results, and explain 
the interpretations. Finally we discuss the prospect of revealing the early universe beyond 
what Planck has achieved in next 50 to 100 years time scale.  
 
 
References 
The following references allow you to read the modern cosmology, the CMB, and inflation 
without going through equations. 
 “The inflationary Universe,” Alan H. Guth and Paul J. Steinhardt, Scientific American, 

May 1984. 
 “Brave New Cosmos,” Scientific American, January 2000. 
 “The Cosmic Symphony,” Wayne Hu and Martin White, Scientific American, February 

2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PRESENTATION ABSTRACTS PRESENTATION ABSTRACTS

252524



PRESENTATION ABSTRACTS 
 
 

Field  
Physics and Astrophysics 

 
Session Topic 

Planck mission - revealing the early stage of the universe 
 

Speaker 
Kiyotomo ICHIKI, Nagoya University 

 

 
What does the Cosmic Microwave Background tell us about the universe? 
 
1. Introduction 
 
How does the universe begin? What is the universe made of ?  These questions are now 
partly answered in a scientific manner. The standard model of cosmology and astronomical 
observations, in particular, those of Cosmic Microwave Background (CMB) radiation have 
provided solutions to such questions. In this talk, we review theoretical aspects of the CMB 
and how we use it to derive the answers. 
 
2. Standard cosmology and CMB 
 
The expansion of the universe naturally indicates that every material exists as elementary 
particles in the early universe. The CMB is a thermal relic from such primordial plasma, 
emitted at the epoch when the universe becomes cool enough for protons and electrons to 
recombine and form hydrogen atoms. Remarkably, the CMB is found to be very isotropic with 
temperature about 3 Kelvin [1] and inflation was introduced to explain such isotropy. 
Importantly, quantum fluctuations of energy density excited during inflation should 
inevitably break the isotropy to a small extent, and indeed the small anisotropy was observed 
by the COBE satellite. Furthermore, inflation should leave a fossil of the quantum 
fluctuations of space-time itself, namely, the gravitational wave background (GWB) as the 
smoking gun. The GWB should make an imprint on the CMB polarization, which is generated 
through scattering of anisotropic CMB off free electrons in the primordial plasma, analogous 
to the phenomenon that scattered light from the surface of the sea is polarized. Because the 
anisotropy pattern associated with gravitational waves is different from that with energy 
density fluctuations, the GWB makes its characteristic mark on the polarization pattern, 
called the B-mode. 
 
3. Current status 
 
The latest observational satellite, Planck, has provided a beautiful, all-sky view of the CMB, as 
shown in Fig. 1 [2]. The detailed analysis of the map shows that the anisotropy is statistically 
consistent with fluctuations created during inflation, while a lot of effort has been devoted to 
hunt any deviations [3, 4]. The power spectrum of CMB precisely determines the energy  
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budget, the age, and the geometry of the universe, etc [5]. The GWB has not been observed 
yet, and many experiments are now being on the hunt for the B-mode polarization [6]. 
 
4. Conclusion 
 
We have the standard 
cosmological model at hand that 
successfully explains the results 
of cosmological observations. 
Inflation simultaneously explains 
the isotropy of the CMB and the 
origin of the small anisotropy. 
Analyses of the CMB have 
provided us with information 
about the initial conditions and 
the matter contents of our 
universe. 
 
References 
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Fig.1 Flowchart of CMB analysis. Observed 
map by Planck (top), the angular power 
spectrum (middle) and the energy budget 
of the universe (bottom) 
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I – Introduction 
 
About 380 000 years after the beginning of our Universe, the light, which was still strongly 
embedded with the matter content of the Universe at this time, just started freely its long 
travel through the Universe up to nowadays. This primordial light brought with it the 
thermal picture of the Universe at this epoch during almost 14 billion years, before reaching 
us and delivering the mystery of our past. 
 
The existence of this relic radiation was first predicted in the 1950’s by the ‘Big Bang’ theory, 
and confirmed observationally 14 years later by Penzias and Wilson [1]. Since, two satellites 
(COBE [2] and WMAP [3]) have been launched to make a full picture of this relic radiation 
over the full sky, and more recently the Planck satellite [4], launched in 2009, observed the 
whole sky during 28 months using 9 different filters, and enabled us to build the most 
precise picture ever of our primordial Universe. Hence we observe that this relic radiation is 
not completely uniform over the sky, but presents small fluctuations, like small lumps in the 
primordial cosmic soup. It is suggested that these small irregularities are the seeds of the 
future structures of the Universe leading to Galaxies, stars and planets. 
 
Thanks to the two instruments on board of the Planck satellite, it has been possible to 
confirm what was first observed by the previous experiments, and to go a step further in the 
understanding of the story of the Universe. We are now entering in the era of the precise 
cosmology! 
 
 
II – Content of talk 
 
I will present an overview of the main results the Planck Mission has brought in cosmology, 
and how it is now possible to estimate the age of our Universe with an accuracy better than 
a few million years, or to state that our Universe is extremely flat. I will explain simply how 
we derive these conclusions from the all-sky picture of this relic radiation and the analysis of 
its small irregularities compared to the predictions of a simple modeling [5]. We will see that 
the accuracy of the observations is such that we are now able to look even before the  
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frontier of the 380 000 years, up to the first second of the Universe with the detection of 
primordial neutrino particles. 
    

     
 
I will then discuss how the measurement of the polarized signal (measured by Planck too) 
coming from the early Universe opens a new window on the story of the Universe. I will 
finally explain why it has been crucial to understand the full story of the Universe, in order to 
separate what comes from the early ages and what comes from our nearby Universe, 
starting from our Solar system or our Galaxy, the Milky-Way [6,7].   
 
 
III – Conclusions 
 
This talk will be the opportunity to provide the most up-to-date ‘recipe’ of the present 
Universe, in which we will see that it remains totally mysterious for more than 95% of its 
content. This represents a real challenge for the coming years of the cosmology, starting 
with the release of the Planck data by the end of this month. 
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[1] Penzias & Wilson, ApJ, 142, 419-421 (1964) 
[2] D. J. Fixsen et al., ApJ, 473, 576-587 (1996) 
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《Planck mission - revealing the early stage of the universe》Glossary 
 
 
B-mode：【B モード】  

is an characteristic polarization pattern on the celestial sphere that is generated only by 
gravitational waves when the CMB photons are last scattered by free-electrons in the 
primordial plasma. (On the other hand, another characteristic polarization pattern 
generated by density perturbations is called the E-mode.) 

 
COBE satellite：【コービー衛星】  

(Cosmic Background Explorer) is a satellite launched by NASA in 1989, which is 
dedicated to observe the CMB. 

 
Cosmic Microwave Background (CMB)：【宇宙マイクロ波背景輻射】 

is the thermal radiation from the hot Big-Bang of the universe, which has the strongest 
intensity in the microwave frequency range. 

 
Density perturbations：【密度揺らぎ】 

are spatial fluctuations in mass density which are thought to be created in the early 
universe, and serve as seeds for structure formation in the universe. 

 
ESA：【欧州宇宙機関】 

is an abbreviation of European Space Agency. 
 
General relativity： 【一般相対性理論】 

is the name of the physics theory which Einstein introduced in 1915. The theory 
describes the relationship between the space-time and the matter-energy. This theory 
is experimentally confirmed and widely used in cosmology as well as the time 
correction for a GPS satellite. 

 
Gravitational wave：【重力波】 

is a wave of space-time propagating in speed of light . 
 
Inflation：【インフレーション】 

is an accelerating expansion phase assumed to have realized in the early universe and 
explain the homogeneity and the origin of large scale structure in the universe. 

 
Polarization：【偏光】  

of electromagnetic waves is an orientation of oscillations in the plane perpendicular to 
the direction of the propagation. 
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ΛCDM cosmology：【ΛCDM 宇宙論】 

is a well-established frame work of the standard cosmological model. The first 4 letters 
refer to the energy density that our universe is dominated. Lambda refers to the 
cosmological constant (or dark energy), which is in charge of the current accelerating 
expansion of the universe. CDM refers to the cold dark matter, which is the dominated 
matter component in our universe. Unfortunately, the normal matter that consists us 
today is a minor substance as compared to these, and we know little about dark energy 
and dark matte 
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Molecular and Biomolecular Machines 
 
A molecular machine can be defined as an assembly of a discrete number of molecular 
components designed to perform mechanical-like motion andwork(output) as a 
consequence of appropriate  external stimuli  (input). Such machines  already exist in 
biological systems and the understanding of their mechanism as resulted in two Nobel 
Prices in recent years. In particular, biological motors convert chemical energy to effect 
stepwise linear or rotary motion, and are essential in performing a wide variety functions. 
Linear motor proteins are central to many biological processes including muscle 
contraction, intracellular transport and signal transduction, and ATP synthase, a genuine 
molecular rotary motor, is involved in the synthesis and hydrolysis of ATP. 
In recent years the development of biomolecular motors (and natural–synthetic hybrid 
systems)  towards the construction of sensors, actuators and transporters has seen 
tremendous progress. Biological motors are important components in the fabrication of 
dynamic smart materials, and semi-synthetic DNA-based structures have been explored in 
building a variety of mechanical motor-like functions. 
Artificial molecules are also expected to play a major role since multistep chemical synthesis 
allows chemists to prepare tailor-made compounds 
with predetermined shape and programmed  
movement or functions. This bottom-up approach 
that consists in building functional micro- or 
nanoscopic entities from molecular building blocks, 
has stimulated the development of a wide variety 
of machines inspired by their macroscopic 
counterparts such as molecularmotors, switches, 
shuttles, nanovehicles or muscles…. This chemical 
approach, inspired by what natural systems are 
using, holds promise to develop new molecular 
devices.  
 
 
 
 

Figure 1 ATP Synthase 
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While the control of motion at the morecular scale has been mastered by some artificial 
machines, harvesting  their work remains a challenge. In particular, translating motion from 
the molecular scale to meso or macroscopic level needs to be addressed. In order to 
generate useful work for common fabrication, the  deposition and  study  of  
molecule-sized machines on a surface or their embedding in supramolecular architectures 
is crucial step. 
 
In this session,  after a brief introduction  of the concepts  and challenges  in the 
field, the speakers  will  illustrate  biomolecular  (Ass.  Prof.  Takashi  Kamei)  
and  artificial  molecular machines (Ass. Prof. Frédéric Coutrot). 
 

 
 
 
 
 
 
 
 
 
 

Figure 2 Molecular elevator, muscle, motor and nanovehicle 
 
 
 
References 
[1] V. Balzani, M. Venturi, A. Credi, Molecular Devices and Machines: Concepts and 
Perspectives for the Nanoworld, Wiley-VCH: Weinheim, 2008. 
[2] E. R. Kay, D. A. Leigh, F. Zerbetto, Angew. Chem. Int. Ed. 2007, 46, 72-191.  
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From Rotaxanes to Interlocked Molecular Machines  
 
Interlocked molecules consist of appealing molecular targets because their physical and 
chemical properties are closely related to their single topology. In the rotaxane series (i.e. a 
macrocycle encircling a molecular axle), it has already been demonstrated that both the 
presence and the localization of the macrocycle around a molecular thread allowed 
tremendous variations of the properties of the surrounded molecule. Hence, synthesizing 
molecules that are able to adopt various co-conformational states in response to an external 
stimulus (i.e. stimulus-responsive molecular machines) consists of a very attractive domain 
of research in fields as diverse and wide as material or medicinal chemistry. 
Different chemical accesses to pH-sensitive interlocked molecular machines will be 
described here, especially with crown ether macrocycles.[1] Among the listed pH-sensitive 
molecular machines  (rotaxanes,[2] « molecular muscles »,[3] « lassos »[4,5] and « 
molecular jump-ropes »[5]), we will describe the conformational variations that can be 
obtained via the controlled displacement of a macrocycle along a molecular axle between 
ammonium and triazolium molecular stations (i.e. sites of interactions for the macrocycle). 
A special attention will be paid to the already reported applications of this system of 
molecular machinery as elevators, fluorescent probes, catalyst switch, supramolecular 
polymer with pH-dependent size... 
 
 
 
 
 

(a) (b) (c)              (d) 

Figure 1. Cartoon representation of (a) a [2]rotaxane, (b) a molecular muscle, (c) a 
lasso compound and (d) a double-lasso rotamacrocyle. 
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Smart Control of Biomolecular Machines by Light 
 
1. Introduction (Biomolecules for next-generation devices!?) 
“Molecular machines (synthesized organic or bio molecules as nanomachines) are 
next-generation devices” and such a sentence is frequently written in scientific reports and 
literatures. However, we feel it may realize in the too distant future although there are many 
well-designed molecules[1]. This somewhat pessimistic prediction is caused by the fact that 
synthesized molecular machines as nanodevices have been still primitive in artificial control 
systems and usability comparing to practical NEMS devices made from inorganic materials. 
Living system is very complicated and minute, and sustained by various types of proteins 
which are nanometer scaled molecules regarded as nanomachines. Minute tasks and 
functions of the machines are governed by signal transduction in living systems. If we can 
control protein functions by useful signals or stimuli, “(Bio-)Molecular machines are 
next-generation devices” will realize in the near future. Especially a motor protein as a 
bioactuator, is a suitable candidate for an element of machines, because an actuating system 
is essential for any of mechanized devices. 
 
2. Light-control of kinesin movement 
Kinesin (kinesin-1), one of motor proteins, moves along a rail-type protein, microtubule, by 
utilizing ATP fuel and plays a role in vesicle transport in a cell. Kinesin-microtubule motility 
system has been applied for nano-bio-devices with artificial methods to control the 
movement[2]. We have focused on light stimulus to control kinesin movement because it is 
very useful in regard to high spatio-temporal resolution and non-invasiveness. 
We recently realized light-control of kinesin movement by synthesized molecules containing 
azobenzene (a photochromic molecule) compounds which undergo reversible isomerization 
by light irradiations with different 
wavelengths.  In this session I would like to 
introduce two main topics as shown below. 
(1) Photochromic energy source[3]; We 
synthesized an ATP analogue tethering an 
azobenzene to an ATP molecule (Fig. 1) and 
a non-adenosine type ATP analogue 
tethering an azobenzene to a tri-phosphate 
(Fig. 2).   By using two analogues, speed  
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and binding manner in the kinesin-microtubule system was reversibly tuned by light 
irradiations.  (2) Photochromic inhibitory peptide[4]; We found some synthesized inhibitory 
peptides having azobenzene moieties reversibly tuned the speed of kinesin, furthermore, 
and realized complete regulation on “STOP and GO” motility of kinesin by light-irradiations 
(Fig. 3). 
 

3. Conclusion 
We demonstrate reversible light-control of kinesin motility by deriving an advantage, 
“reversibility”, from azobenzene derivatives. We anticipate that our techniques are widely 
applied to the development of nano-bio-technology, for instance, switching technology for 
enrichment and sorting of drugs on a proposed diagnostic microplate[5]. 
 
4. References 
[1] For examples; Cnossen et al., 2012. JACS 134. 17613.; Perera et al., 2013. Nat. Nanotech. 
8. 46; Bouju et al., 2013. Nanoscale 5. 7005. Miura et al., 2014. Langmuir 30. 7977.  
[2] For examples; Hiratsuka et al., 2001. Biophys. J. 81. 1555.; Hess et al., 2001. Nano Lett. 1. 
235.  
[3] Kamei et al., 2012. Chem. Commun. 48. 7625.; Perur et al., 2013. Chem. Commun. 49. 
9935. 
[4] Kumar et al., ACS Nano 2014. 8. 4157.; [5] Heuvel and Dekker, 2007. Science 317. 333. 
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Actuator:【アクチュエータ】  

is a machine which consists of driving and regulating systems for mechanical works. 
Muscle is one of bioactuators:【バイオアクチュエータ】 for a familiar example. 

 
ATP (adenosine 5’-triphosphate)  

and ATP-related proteins are widely existed in a cell. As one of important roles, ATP 
functions as an energy donor by undergoing hydrolysis to derive mechanical energy. 

 
Azobenzene:【アゾベンゼン】 

is a small molecule which exhibits reversible conformational changes upon irradiation with 
different wavelengths {trans (linear shape)-to-cis (bending shape) and cis-to-trans changes 
upon UV and visible lights irradiations, respectively}. 

 
Kinesin:【キネシン】  

is a linear-motor type protein and widely applied for nano-biotechnology as an actuator 
because of advantages in ease of handling and robustness. 

 
NEMS (Nano Electro Mechanical Systems) 

is a nano-meter scale device and further developed from MEMS (Micro Electro Mechanical 
Systems). 

 
Motor protein:【モータータンパク質】 

is a molecular motor which converts chemical energy of the hydrolysis of ATP into  
mechanical energy. For a familiar example, myosin is a well-known motor protein driving 
muscle contraction. 

 
Microtubule:【微小管】 

is a filament formed by the polymerization of a dimer of globular proteins, � and �-tubulin.  
Kinesin and dynein motors interact with microtubules as rail filaments. 

 
Photochromic compound:【フォトクロミック化合物】 

is a compound which undergoes the reversible transformation induced by light. 
Photochromic molecules are extensively studied for the application to optical switches of 
molecular machines. Azobenzene is one of well-known photochromic molecules. 

 
 
 
 
 
 
 

38

GLOSSARYGLOSSARY

3838



PRESENTATION ABSTRACTS 
 
 

Field  
Mathematics/Informatics 

 
Session Topic 

Economics: Game Theory 
 

Chair 
Ai TAKEUCHI, Ritsumeikan University 

 

 
Game Theory is a theoretical framework for analyzing situations in which the outcome of the 
game for each decision maker depends not only on the action chosen by himself or herself 
but also on the actions chosen by others. Game theory was first started by John von 
Neumann and Oskar Morgenstern’s book “Theory of Games and Economic Behavior” 
published in 1944. This year is the 70th anniversary of the textbook, and the field still grows 
today. Game theory is now a cross-cutting research, being applied and used not just in the 
field of Economics, but also in other fields of research, such as Political Science, Psychology, 
Engineering, and Biology.  
In this session, I will start by introducing Game Theory, and will give some examples of 
institutions that were designed by applying Game Theory. The topics by the two speakers will 
be about theoretical analysis, and its applications to a specific topic of communication and 
information transmission. Frederic Koessler will present about strategic communication and 
information transmission in general: how it is modeled in game theory, general results, and 
insights game theory provides to the subject.  Kenichi Amaya will present more about 
evolutionary game theory in general, and applies the model to the subject of communication 
and information transmission. 
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Evolution in Games: Theory and Applications 
  
The theory of evolution in games studies the behavior of large population in strategic 
interactions. The theory has its origin in mathematical biology. As an example, consider a 
population of animals of a single species. Each individual is randomly matched to another 
individual to play a certain game. Individuals are genetically programmed to play fixed 
actions. The payoffs of the game represents the fitness of the players. Individuals with higher 
fitness are assumed to bear more offspring. The distribution of individuals with different 
actions changes over time. Such a process is called natural selection. The process is also 
under random mutations. 
Evolutionary game theory formalizes such a dynamic process. Much of the theory focuses on 
if the process converges to equilibrium play, and if it does, on predicting which equilibrium 
will be played. Maynard Smith and Price (1973) introduced the concept of evolutionary stable 
strategy (ESS) to capture the possible stable outcomes of a dynamic evolutionary process by 
way of a static definition. Taylor and Jonker (1978) offered the replicator dynamic as an 
explicitly dynamic model of the natural selection process. 
The idea of evolutionary game theory has later been incorporated into economics. The 
theory of evolution in economics studies the behavior of players who actively choose actions. 
The theory typically has three features: 
(i) Inertia: Individuals receives opportunities to switch actions only occasionally and 

keep playing the same action until the next revision opportunity arrives. 
(ii) Myopia: Players with revision opportunities chooses a reasonable action in the light 

of current social state according to a certain revision protocol and do not take into 
account the expectation about other players’ future revisions. 

(iii) Noisy mutations: Every action is selected with positive probability due to mistakes 
or peculiar preferences. 

A population of agents, a game, and a revision protocol together define a stochastic process 
– in particular, a Markov process – on the set of population states. 
How the analysis proceeds depends on the time horizon of interest. Suppose that for the 
application in question, our interest is in moderate time spans. Then if the population size is 
large enough, the idiosyncratic noise in agent’s choices is averaged away, so that the 
evolution of aggregate behavior follows an almost deterministic path (Benaim and Weibull, 
2003). 
If we are interested in behavior over very long time horizons, we must explicitly study the  
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Markov process. Under certain regularity assumptions, the long-run behavior of this process 
is captured by its unique stationary distribution, which describes the proportion of time the 
process spends in each population state. By making the amount of noise in agents’ choice 
vanishingly small, one can often ensure that all mass in the limiting stationary distribution is 
placed on a single population state. This stochastically stable state provides a unique 
prediction of play even in games with multiple strict Nash equilibria (Foster and Young, 1990; 
Kandori, Mailath and Rob, 1993). 
In economic applications, evolutionary game theory has much power in predicting which 
equilibrium will be played in games with multiple equilibria. Costless pre-play 
communication as known as cheap talk, together with evolutionary adjustments, will lead to 
efficient equilibrium in games with multiple equilibria which are Pareto ranked (Matsui, 
1991; Kim and Sobel, 1995; Amaya, 2006). Noldeke and Samuelson (1997) and Amaya (2010) 
studies dynamic models of equilibrium selection in signaling games. 
Evolutionary game theory is also applied to find optimal congestion pricing, a road pricing 
policy to control negative externality caused by congestions (Sandholm, 2002). 
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Strategic Communication and Information Transmission 
 
In this talk I review some important models and results in the game theoretical literature on 
communication and strategic information transmission. I emphasize the role of mediated 
communication and discuss some more recent advances in the analysis of strategic 
communication of certifiable information. 
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《Economics: Game Theory》Glossary 
 

 
Bayesian games: 【ベイジアンゲーム】 

A framework in game theory for analyzing strategic interaction with information 
asymmetry. 

 
Evolutionary game theory: 【進化ゲーム理論】 

A field in game theory which consider the strategic interaction among large populations 
who gradually adjust behaviors according to a certain rule. 

 
Experimental economics: 【実験経済学】 

A research method in economics to test theoretical hypotheses in a laboratory 
experiment with human subjects. 

 
Information asymmetry: 【情報の非対称性】 

A condition of strategic interaction in which at least some relevant information is known 
to some but not all players. 

 
Nash equilibrium: 【ナッシュ均衡】 

A solution concept of game theory, in which no individual player can benefit from 
changing his or her strategy choice while taking other players’ decision as given. 

 
Strategic information transmission: 【戦略的情報伝達】 

Information transmission from an informed agent to an uninformed agent in games with 
asymmetric information, possibly with an incentive to distort information in order to 
affect the other party’s behavior. 
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Optogenetics 
 
Optogenetics is a novel tool in neuroscience. The first breakthrough was the discovery of 
light sensitive, Na ion permeable opsin, called channelrhodopsin in 2002. The second 
breakthrough was the realization of optogenetics in 2005; by taking advantages of optics 
(illumination) and genetics (channelrhodopsin gene expression), activities of specifically 
targeted neurons were controlled in the brain in living animals. 
Why is there a necessity to manipulate specifically targeted cells? From the19th century, 
neuroscientists have developed the methodology to monitor real-time brain activities. The 
establishments of electrophysiological recording and intracellular calcium imaging in the late 
20th century are the noteworthy achievements because specific cell population was 
monitored in behaving animals. 
After any relationship has been clarified between activities of a particular population of 
neuronal cells and behavior of the animal, then we neuroscientists tend to be interested in 
more detailed causal association; if the activity of the particular neuronal cell population 
directly controls the behavior of the animal or not. To elucidate the causal relationships 
between neuronal cell activity and animal behavior, it is necessary for the investigator to 
manipulate activities of neural cell populations. The presence or absence of a causal 
relationship can be indicated only after manipulation of activity. 
Before optogenetics had been developed, no appropriate technology was available to 
manipulate activities of neuronal cell populations even after the cell activity was revealed. 
Thus, causal associations could not be identified from the apparent relationship between the 
activities of particular neuronal cell populations and animal behavior. Optogenetics was the 
long-awaited investigational tool that made manipulation of neuronal cell activity feasible. 
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Targeted excitation (as with a blue light–activated channelrhodopsin) or inhibition (as with a 
yellow light–activated halorhodopsin), conferring cellular specificity and even projection 
specificity not feasible with electrodes while maintaining high temporal (action-potential 
scale) precision. 
 
Nature Methods 8, 26–29 (2011) doi:10.1038/nmeth.f.324 
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Deciphering the functional implication of defined populations of neurons represents one of 
the most challenging issues in today’s neurobiology. To do so, it is necessary to 
manipulate specific sets of neurons to determine their role in brain function. Traditional 
approaches for controlling neuronal circuits use electrical stimulation or chemical activation 
or inactivation of neurons. However, these techniques lack either cellular specificity or 
temporal resolution. Optogenetics, which uses light to manipulate genetically-targeted 
neuronal populations with high temporal control in intact brain, satisfy both the specificity 
and temporal criteria. In the first part of my talk I will give an overview on optogenetics 
development and applications in the field of neuroscience. I will then present the results 
we obtained in my laboratory and show how we used optogenetic tools to understand the 
role of a small neuronal population, the cholinergic interneurons of the striatum, in 
Parkinson’s disease. 
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Neuronal communication in the prefrontal, hippocampal and midbrain networks: 
The application of the combined techniques of optogenetics and electrophysiology 
 
Studying the physiological mechanisms of cognitive functions requires understandings not 
only the responses of single neurons to external stimuli but also circuit computations at the 
level of networks of neurons during cognitive processing. To understand the 'syntax' 
underlying neuronal communications, methods for monitoring and quantifying cooperative 
neuronal activities during cognition are required. To this end, we have been performing 
large-scale high-density recordings of local circuits with multi-channel silicon probes, 
enabling the observation of simultaneous neuronal firing activities in up to 100 neurons, as 
well as local field potentials in behaving animals. Recent advances in molecular optogenetical 
stimulation provide further tools for dissecting individual contributions of neuronal types 
and subpopulations to the dynamics and function of these circuits. We are currently 
developing combined techniques of large-scale extracellular recordings and optogenetics, to 
understand the functional dynamics of neuronal microcircuits during reward-related 
cognitions. 
Taking the advantage of these methods, we have been investigating fine-timescale neuronal 
interactions in the local and across inter-regional network of the prefrontal cortex (PFC), 
hippocampus and midbrain during goal-directed behaviors. While seeking a physiological 
substrate of neuronal interactions in these areas, we found a slow oscillation (2~5Hz) which 
synchronizes neuronal activities in the PFC and midbrain in a task-relevant manner. The slow 
oscillation may support linking the hippocampal spatial-contextual system with the 
mesolimbic dopaminergic reward system. We are also seeking the mechanisms of the 
generation of the slow oscillation using optogenetical techniques. 
 
References 
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Madisen L et al. (2012) Nature Neurosci., 15:793-802. 
Stark E et al (2013) Neuron, 80:1263-76. 
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A multi-channel silicon probe with an array of laser-diodes, which enables to record and 
stimulate multiple neurons simultaneously (top). By using this devise, we try to address the 
mechanisms of fine-timescale synchronizations of the prefrontal, midbrain and hippocampal 
network during goal-directed behaviors (bottom).  
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《Optogenetics》Glossary 
 
 
Action potential:【活動電位】 

Action potential is a short-lasting event in which the electrical membrane potential 
rapidly rises and falls. Action potential represents a unit of neuronal activity. Action 
potential is also known as "spike" and a neuron that emits an action potential is often 
said to "fire". 神経細胞の活動を表す一単位。 

 
Archearhodopsin 

Archearhodopsin is a light-driven proton pumps, found in archeabacteria. It is a key 
molecule to optogenetic inhibition as well as halorhodopsin. 

 
Channelrhodopsin 

Channelrhodpsin is a light-driven sodium channel, found in chlamydomonas :【green 
algae】. It is a key molecule to optogenetic activation. Channelrhodopsin-mediated 
depolarization :【blue arrow】 triggers action potential. 

 
Depolarization:【脱分極】 

depolarization is a change in a membrane potential that makes it less negative. 
Illumination to channelrhodopsin expressing neurons results in depolarization. A 
sufficiently large depolarization :【over threshold, green dashed line】 can evoke an 
action potential. 

 
Extracellular recording :【細胞外記録】 

A method of in vivo electrophyiological recordings of neuronal action potentials. 
Electrodes are placed outside of cell bodies in the brain. 

 
Halorhodopsin 

Halorhodopsin is a light-driven chloride pump, found in halobacteria. It is a key 
molecule to optogenetic inhibition as well as archearhodopsin. 

 
Hippocampus:【海馬】 

The hippocampus is the region of the brain located in the temporal lobe, which is 
important for episodic memory and spatial navigations. 
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Hyperpolarization:【過分極】 

Hyperpolarization is a change in a membrane potential that makes it more negative. 
Illumination to halorhodopsin or archearhodopsin expressing neurons leads to 
hyperpolarization, resulting in the suppression of action potential generation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Membrane potential :【細胞膜電位】: 

Membrane potential is the difference in electric potential between the interior and the 
exterior of a biological cell. With respect to the exterior of the cell, typical values of 
membrane potential range from –70 mV to –80 mV. 

 
Midbrain:【中脳】 

Midbrain is a part of the brain, located blow the cerebral cortex. The ventral tegmental 
area :【VTA】 and substantia nigra pars compacta :【SNc】, which are the subregions of 
the midbrain, possess abundant dopaminergic neurons, which have essential roles on 
reinforcement learning and motor controls. 

 
Prefrontal cortex:【前頭前皮質】 

The prefrontal cortex is the brain regions of neocortex that covers the front part of the 
frontal lobe, which is known to be involved in planning and decision-making behaviors.  
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The planet Mars has been a continuous source of questions and dreams for mankind 
since the first observations by the astronomers Huygens and Cassini in the years 
1660-1670s. These first Earth-based observations showed a fascinating planet with polar 
caps and a thin atmosphere, and astronomers from the 19th century (such as Schiaparelli 
and Flammarion) were debating about intelligent life on Mars. The modern science in the 
20h century killed these hopes: the NASA missions Mariner and Viking in the 60s and 70s 
showed Mars as a desertic planet with freezing conditions (-60°C and a tenuous 
atmosphere) without obvious life form. Nevertheless, these missions and more recent 
ones have improved our understanding of Mars evolution: Although present mainly as 
ice at present, water was liquid in the past (> 3 Gy ago), as evidenced by dry river beds 
and the occurrence of hydrous minerals (discovered by the European probe Mars 
Express). These observations suggest a warmer early Mars climate in which life could 
have developed.  The planet Mars is both a key for the understanding of the processes 
having led to life on Earth and one of the frontier, well beyond the moon, to which 
mankind may once travel away from his birthplace. 

 
The session will start with a review of the most recent developments concerning the 
evolution of Mars climate and geology, and the possibility of ancient life. The first speaker 
(Hirdy Miyamoto) will develop various examples of fluid flows observed at the surface of 
Mars. He also will explain how Japan will try to look for past Mars life in future 
planetary missions. The second speaker (Olivier Gasnault) will develop the aspects of the 
surface chemistry, as obtained from spectrometer in orbital probes and from the 
ChemCam instrument onboard the Curiosity rover. 
 

 
View of the Mt Sharp from the Curiosity Rover (NASA/JPL/MSSS) 
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Curiosity and ChemCam results after one martian year 
 
The Curiosity rover is now in its first extended mission, starting to explore the sedimentary 
layers at the basis of a 5km mound at the center of a 150km crater on Mars. We will 
review the mission status and the results obtained during the first martian year (almost 2 
years on Earth) and a traverse of 9km over the crater floor. We will discuss in particular 
the observations made with ChemCam, a laser- induced chemistry camera. Remote 
sensing with the laser give access to undisturbed soils and the measurements reveal 
compositional variations with grain size. ChemCam and Curiosity found also magmatic 
evolved rocks that may change our perception of the red planet crust. However, the 
community focuses more and more on the sedimentary story of Mars, and the rover 
traverse was used to study in details a 5m stratigraphic section with fluvial and lacustrine 
sedimentary deposits. The clays of that basin suggest a past environment compatible with 
habitability of the area some 3 billion years ago. 
 
 
 
http://www.msl-chemcam.com/ 
 
http://mars.jpl.nasa.gov/msl/ 
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Mission concept of a future Japanese Mars landing-mission 
 
1. Introduction 
More than 11 spacecraft have visited Mars in the last two decades, making it the most 
actively studied extraterrestrial body. There have been major findings regarding its 
evolutionary history, which have significantly changed our view of Mars. For example, even 
though Mars is currently a cold, mostly inactive planet, it records dynamic geologic and 
hydrologic activity, heightened about 4 billion years ago. This includes mountain building and 
ocean formation. At that time, Mars most likely had a strong magnetic field, as well as a 
thicker atmosphere. Generally these findings indicate that the surface environment on Mars 
was similar in many aspects to that of the Earth, making it a habitable planet.  
 
2. Japanese Mars mission 
The MELOS working group, comprised of scientists and engineers mostly of the Japanese 
space agency and universities, is seriously discussing a series of future Japanese 
Mars-missions. Consistent with the technical readiness of the Japanese space program, we 
consider that the first of the series will be centered on engineering aspects including an 
accurate orbital insertion and a secured and precise technique for landing on the surface of 
Mars. Even so, the current design of the mission allows for a small rover, whose science 
payload can be up to 10kg. Thus, we should have an opportunity to perform fruitful scientific 
studies on the surface of Mars. 
 
3. Aim of this talk 
Currently, we have two primary lines of discussions for the MELOS mission. One focuses on 
the detection of possible life on Mars through an instrument that can detect organic 
compounds by using a combination of fluorescent dyes. Another is the age detection of rock. 
In this talk, I will provide a short summary of the current findings of Mars as a background, 
followed by our technical readiness and current discussions for exploring the potentially 
habitable planet.  
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《New discoveries on Mars and a new view of the red planet》Glossary 
 
 

Exploration：【探査】 
Robotic reconnaissance of a solar-system body, which includes orbiting, landing, and 
roving spacecraft. Not all explorations (space missions) are science-oriented. 

 
Geologic activity：【地質学的活動度】 

Activity resulting in surface features of a solid body, which includes volcanism and 
tectonism. Ultimately the activity is dominated by the way a solid body releases its internal 
heat.  

 
Habitability：【ハビタビリティ】 

The measure of environmental potential to develop and sustain life, which may develop on 
a body or be transferred from another body. Habitability criteria is generally considered as 
extended regions of liquid water, conditions favorable for the assembly of complex organic 
molecules, and energy sources to sustain metabolism.  

 
Hydrologic activity：【水の挙動】 

Movement of water or changes in its distribution on a solid body. On Mars, it is revealed 
through mainly study of the landscape, which has been modified by subsurface and 
surface water activity, including the formation of valley networks, oceans, and glaciers, 
pointing to habitable past conditions.  

 
Magnetic field：【固有磁場】 

Earth is like a giant magnet, whose magnetic field lines extend from one pole to the other 
forming magnetosphere, where charged particles are controlled by the magnetic field. 
Thus, the magnetic field protects a body from a space radiation, such as solar wind. 
Without it, the solar wind would strip away atmosphere, which is probably what 
happened to Mars. 

 
MELOS：【ミーロス】 

Japanese mission concept of Mars exploration. Abbreviation of “Mars Exploration of 
Lander and OrbiterS”. MELOS1 emphasizes its engineering demonstration. 
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