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Overall, this reviewer came away with a very positive impression of the current and ongoing research efforts of the Institute for
Molecular Science, Okazaki. The individual research groups are strong and, so far as this reviewer could tell, have positive, constructive
interactions. They also have very productive collaborations with scientists in other institutions in many countries. There is a healthy
mixture of very experienced, senior scientists and young researchers, with ventures into new, challenging areas. Here, we present

comments on each research group, as presented by its leader, and a few summary comments at the end.

Director General of the Institute for Molecular Science

lwao Ohmine

Okazaki Institute for I ntegrative Bioscience
Presenter: Professor Ryota lino:

Determining the mechanism of molecular motor motion is a long-standing problem; this group is making very important
contributions to solving this problem. They may be very close to achieving such a solution for the mechanism of kinesin motion.
Their new single-molecule methods are improving space- and time-resolution in protein studies. Of course there is always the question
of whether the probe, in this case a gold nanorod, induces a mechanism different from that in the absence of the probe, but that is a
second-level question. Creating new molecular machines is a high-potential direction of “synthetic biology.” Likewise the creation

and application of proteins with “non-natural” amino acids is a real frontier area.

Research Center of Integrative Molecular Systems
Presenters. Professor and Director Shuji Akiyama:
A very elegant and impressive elucidation of the molecular basis of circadian rhythms in cyanobacteria, clearly a key step in

understanding this universal phenomenon in animal organisms; a powerful combination of experimental tools and interpretations.

Associate Professor Nobuyasu Koga:
A very inventive and daring project, designing “artificial” proteins, predicting their properties and checking the extent of validity
of the predictions. The approach gives new insights into the relations between structure and behavior of “real” proteins as well. Quite

an unusual effort.

Professor and Director of the Instrument Center Hiroshi Yamamoto:

Ingenious device development, based on optically-induced state changes in organic semiconductor; is it possible to produce this
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behavior at conditions more accessible than 2 K? The achievement of his group is already at the frontier, with their organic FET.

Might it be possible to fabricate these or their next generation in some very efficient way, to mass-produce them?

Photo-M olecular Science
Presenters: Professor and Director of the Laser Research Center Hiromi Okamoto:

The importance of high-resolution imaging was clearly emphasized by the 2014 Nobel Prize for Chemistry. Hence the work of
this group is obviously very timely. This group’s approach, enabling them to probe electronic structures of nanoparticles, seems
unique to this observer. Could this group’s studies of gold nanoparticles be coordinated with the research of the group of Professor

lino? | was intrigued by the study of chiral nanoparticles, and the possibility of strong circular dichroism at the nanoscale.

Professor Masahiro Hiramoto:

Very sophisticated and ingenious approach to developing organic photocells. This is an area of global interest. The various
approaches used by this group represent significant progress. Whether the need, for example, of very high purity Cgq fullerene will
be a severe constraint on wide application is a question for the future, but one that comes to mind. Since development of efficient
photocells is such an obvious societal need, one can’t help looking at research of this kind with the long-term question in mind of
the potential large-scale applicability of the findings of the research. But the research must be done, and this group is making very

significant, original advances. For example, the codeposition approach seems quite an innovation.

Associate Professor Takunori Taira:

Inasense, a counterpart for photonics of the work of Professor Hiramoto, the research of this group involves theory and experiment
to create micron-sized optical source devices of remarkably high power and high efficiency. The group also demonstrates the utility
of these devices by carrying out precision measurements with them. They also are developing methods for controlling structures of
the devices they are studying. A dramatic application of their work is the laser-ignited internal combustion engine. The breadth of

collaborations of this group is very impressive.

Professor and Department Chair Kenji Ohmori:
Perhaps the most fundamental science presented to me, a very impressive advance in our understanding of many-body interactions
at the atomic level under quantum conditions, showing the need to go deeper than mean-field approaches to understand and explain

interatomic interactions.

Deputy Director General, Professor and Director of UVSOR Nobuhiro Kosugi:

Huge list of collaborators, natural for working with a high-energy synchrotron; the study of the behavior of core electrons of
atoms in different environments provides a new kind of tool to understand the kinds of fundamental interparticle interactions that
occur in those environments. Combining theory and experiment is a very sound and healthy way to do science, and the work of this
group is well-adapted for such an approach. The extensive study of water-methanol interaction is, | believe, unique in approaching
it through the behavior of inner-shell electrons. The observation of catalysis in process is impressive. | hope the study of interactions

in 2-dimensional systems can be helpful in creation of new devices.
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Theoretical and Computational Molecular Science
Presenters: Associate Professor Takeshi Yanai, Professor:

Strikingly wide range of research, from basic quantum mechanics of many-electron systems including correlation effects, to
biological processes, notably photosystems, and possible new mechanisms for artificial water-splitting. I like the recognition that the
in-vivo structure of photosystem Il could differ from that determined by x-ray methods for the crystal. It’s a very ambitious program,

with strong indications that it will succeed in several areas. The collaboration with people at other institutions is very healthy.

Department Chair & Director, Research Center for Computational Science Shinji Saito:

Very much a forefront problem, the behavior of supercooled liquids, especially the onset of heterogeneous distributions and their
effect on dynamics; reinforces how strange water is. The study reveals the difference between traditional freezing to a regular ice
structure and the anomalous behavior involved with glassy ice formation. Multiple time scale analysis of protein dynamics is a
powerful way to determine the molecular level of behavior. The concept of Dynamic Component Analysis is a powerful analogue
and extenson of Principal Coordinate Analysis. The parametrization of Density Functional Theory will be quite useful; I wish this
group could consider trying to do a basic derivation of DFT that would give a rigorous means to evaluate exchange and correlation

effects, to turn DFT from an empirical tool into a truly basic computational tool.

Overall Summary and Comments

The scope and strength of the IMS are quite impressive. The range of topics under study and the means used to study them are
as broad as at any of the very best institutions doing molecular science today. From very basic physical processes, through complex
biological systems to potential applications as tools, the IMS is contributing to science globally. The internal strength and breadth
currently will keep the momentum of the institution for at least the near term. The resilience of the IMS is apparent in the way it has
maintained its strength with new appointments, when several of its senior faculty retired.

I wonder whether a way might be found to enable retired faculty members who wished to continue research to do that. | am quite
aware that that would be contrary to the traditional Japanese system, but in reality, many scientists wish to remain active in research

after their formal retirement and many of those continue to make major contributions.

I wish to thank the IMS and its faculty and staff for the opportunity to visit and make these comments.

R. Stephen Berry
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