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Objectives:

(OBackground

Consciousness is for something else that is apart from consciousness itself, but then for what? This
problem has been discussed in philosophy and psychology, but not yet far from any theory is
established and has been thought to be impossible to scientifically prove it.

@ Necessity

It was Fransis Crick and Christof Koch who insisted that the problem of consciousness can be
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scientifically studied. Recent advance of molecular biology and neurobiology may make it possible to
understand higher brain function including consciousness. We think that it may be therefore timely
to plan workshops to discuss such possibilities.

@ Policy

Molecular biology has been solving mechanisms for fundamental biological questions such as
genetic code, antibody diversity and memory. We therefore think it is meaningful to ask a question
how and, if possible, what extent molecular biology that is bottom-up approach is useful to explore
the mechanism underlying higher brain functions including consciousness. We want to discuss this

point among the invited speakers and discussants in each year.
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Achievement:

2010 fiscal year:

We have discussed on the project how it is possible and what the limitation is to understand
higher brain function particularly of consciousness. This year we are having the following
workshops.

1. October 9, 2010 (at ITAS)

2. December 14, 2010 (at ITAS)
3. February 17, 2011 (at ITAS)
4. March 4, 2011 (at ITAS)

Based on the discussion, we are planning to organize an international symposium to discuss the

issue in depth.

2011 fiscal year:

Based upon our last year’s activity, we held the first IIAS international symposium inviting
international prominent researchers including Novel laureate Linda Buck on Dec 6 to 9 at ITAS.

The international symposium represents current most upfront researches with a major focus on
molecular mechanisms of olfaction, the repertoire of the olfactory receptors and pheromones, and
the mechanisms of the neural projection and cognition. Dr. Jean-Pierre Changeux of Institute
Pasteur finally made the concluding lecture how the cognition can be evolved during the
mammalian evolution, suggesting longitudinal connection that connect different areas and the role
of activity upon such connections.

Through the presentations and discussions in this unique and outstanding international
symposium, our project can make the following two conclusions for our original question “Can
molecular biology solve questions upon consciousness?” First, our project concludes that it is truly
possible that molecular biology can answer the questions how cognitive mechanisms are formed and
evolved from the molecular level. Second, however, in regard to consciousness, the definition itself is
a matter of debates. Molecular biology needs a clearly defined question to solve and it seems the
definition on consciousness is far from being established. Therefore, efforts will be necessary to
build experimental systems toward such a goal. We expect and hope that the 2rd ITAS international

symposium organized by Dr. Tetsuro Matsuzawa will give us such an insight.

2012 fiscal year:

In the 2012 fiscal year, we invited two distinguished foreign scholars supported by the JSPS
program and organized workshops.

In September, 2012, Professor J-P Changeux from Pasteur Institute visited ITAS.
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Prof. Changeux gave two lectures on allosteric conformational changes of receptor proteins, one
in the Univ. of Tokyo and the other in Kyoto University. Prof. Changeux also joined an informal
discussion session after the seminar at Kyoto University and discussed recent topics on
neurosciences with approximately 50 young researchers and students. This discussion session
was quite intense and participants were all impressed by Prof. Changeux’s enthusiasms for science.

In February, 2013, Professor Linda Buck, a Nobel laureate in 2004, visited IIAS supported by
the JSPS program. Prof. Buck also visited the Univ. of Tokyo and discussed the topics of sensory
circuits and information processing with Drs. Hitoshi Sakano, Kensaku Mori, Yoshihiro Yoshihara,
and Kazushige Touhara, who are members of the ITIAS project.

From February 11 to 12, we had another major activity of this project was the IIAS Neuroscience
Symposium at the University of Tokyo celebrating the 22nd anniversary of the discovery of odorant
receptors by Prof. Buck. In this Symposium, 25 invited talks and 50 posters were presented.
Major speakers from abroad included Professors Stuart Firestein (Columbia Univ.), Charles Greer
(Yale Univ.), Peter Mombaerts (Max Planck), Adi Mizrahi (Hebrew Univ.), and Noam Sobel
(Weizmann Inst.).

Prior to the Symposium, two satellite workshops were organized in Tokyo inviting foreign
scholars. One was the olfactory workshop supported by the Japan-Israel Exchange Program of
JST, and the other was sponsored by the RIKEN BSI.

On February 13, Prof. Buck gave a seminar at Kyoto University and met with postdocs and
students for a scientific discussion.

Through various activities listed above, this IIAS project has achieved fruitful accomplishments
in the field of Neuroscience.
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Whole Achievement:
This ITAS project began three years ago with the aim of understanding the human consciousness

using molecular biological approaches. What makes up our consciousness has been a
long-standing question to humans. For two thousand years, philosophers have attempted to
understand three fundamental subjects; space, materials and the human mind. Recent progress
in astrophysics and elementary-particle physics unveiled the first two mysteries: the origin of space
and materials. However, the third subject, namely the human mind, had remained mostly
uncovered until recently. Philosophical and psychological approaches have not been successful in
revealing the consciousness. Although medical sciences based on physiology and anatomy have
accumulated massive amounts of descriptive data, molecular bases of memory, learning and
consciousness are still poorly understood.

In the last several years, progress in Molecular Biology, particularly in the field of imaging and
optogenetics, has made it possible to study memory and learning at the molecular level. In this
ITAS project, we have sought molecular biological approaches to understand the human mind.
Through workshops and symposia, we have gathered prominent scientists from abroad to discuss
how to attack this difficult question: What is the molecular basis of the human mind?

The group reached several conclusions:

1. We all agreed that to understand the human mind, it is important to formulate the right question
to be answered.

2. It was also concluded that to understand how decisions are made for the behavioral output based
on the memory, the experimental system must be chosen carefully.

3. To understand the mental struggles, it is important to determine how to balance the two
decisions, one is by an innate hand-wired circuit and the other is by a memory-based learned
circuit.

4. When we design loss-of-function and gain-of-function experiments to answer these questions, it
was agreed that the target has to be a specific neural circuit with known function, but not factors
or genes.

5. Through a discussion with Prof. Matsuzawa, an PI of another ITAS project, we realized that there
still exists a big gap between the molecular biological approaches and psychological approaches in

trying to understand the decision-making for various behaviors based on the sensory information.
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This is in contrast to the starting expectation.

In summary, the project has been quite successful during the funding period. We were able to
discern the direction and limitation of molecular biological approaches for our understanding of the
human mind and consciousness. The project enhanced the discussion and exchange of researchers

in different fields through workshops and conferences supported by this funding.
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I

1. Sigrun Korsching: Evolution of odorant receptors

2. Kensaku Mori: Functional architecture of odorant neural maps

3. Hitoshi Sakano: Molecular mechanisms of the specificity of olfactory projections

Discussion: consciousness and sensory projection
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Professor, University of California, Berkeley

Welcome remarks: Dr. Yoshiro Shimura (ITAS)

Introduction of the project: Dr. Tetsuo Yamamori (Natl. Inst. Basic Biol.)
Dr.Tetsuo Yamamori (NIBB):

Genes specifically expressed in the primate neocortex and their functions

Lunch

Dr. John Ngai (UC Berkeley): The vertebrate olfactory system
Dr. Takashi Kurahashi, Dr. Hiroko Takeuchi (Osaka University):
nanotechnology in olfactory research

Break

Dr. Hitoshi Sakano, Dr. Haruki Takeuchi (University of Tokyo):
Odorant receptor - instructed axonal projection
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Numa Memorial Lecture

Allostery, signal transduction and
drug design: past and future
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