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Review and Comments
Institute for Molecular Science
Okazaki, Japan

February 2012

Overall, the Institute is in healthy condition, with active, able researchers carrying out interesting and important research. The
Institute is doing very well in terms of itsimpact on the scientific world, as measured by the citations of its publications. Itisamong
the most cited institutions in Japan, comparable with the leading research universities.

There are issues that need to be addressed, of which the Director and faculty are acutely aware. The most pressing is probably
the retirements of several of the senior faculty, some already carried out and others imminent. To maintain its current strength, the
IMS must of course bring in new faculty who are at least as able asthoseretiring. This opensthe possibility for expanding the scope

of areas of itsresearch, of which we shall say more |ater.

Specific Research Areas and Facilities
The Accelerator Light Source UVSOR: Masahiro Katoh

Thisfacility isuniquein Japan andisone of only afew comparablelight sourcesintheworld. It provides pulsesof electromagnetic
radiation in the far ultraviolet and soft X-ray region, up to aimost 100 eV per photon, a spectral range especially useful for exciting
characteristic spectrasuch asinner-shell excitations, of moleculesand solids. It probably also hasthe capability, with its short pul ses,
to enable investigation of biological processes at the molecular level, such as detecting intermediate states with modest lifetimesin
the processes of protein folding. UV SOR has been going steadily through a series of upgrades, which increase its versatility and
power. The coherent beams it can produce are going to open new capabilities to study quantum properties of molecules and solids

that have heretofore been unobservable.

Total Reflection Fourier Transform Infrared Spectroscopy: Yuji Furutani and Tetsunari Kimura

This is experimental molecular biology in as sophisticated form as can be found. The methods developed have remarkable
sensitivity, at thelevel required to study theintermolecular interactions that are the targets of thisresearch. Understanding precisely
how ions, in this case particularly Mg*™* ions, bind to specific sites of proteinsis the result of very careful, highly sensitive infrared
measurements, and, more specifically, of information virtually hidden in those spectra. Using spectral differencesrequiresexceptional
stahility, which thisgroup maintainsinits spectra, and, asaresult, theinformation that emergesis powerful,, specific and unambiguous.

The work is now being extended from cation binding to anion binding, and to surface spectroscopy.

Electronic Structure and Behavior in Nanostructures and Surfaces: Katsuyuki Nobusada

The Nobusada group is doing some very dramatic, daring work on the interaction of light and matter. A large part of the work

deals with nanoparticles and very concentrated light fields, well below the traditional diffraction limit. This may prove to be a
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powerful probe of the way the behavior of small particles of matter sometimes very different from that of the same substancein bulk
form. The use of optical probes to study materials and phenomena at the nanoscale is an exciting and potentially very important
direction for research. The work being done by this group seemsto be quite innovative. Theinvestigation of “dressed” gold clusters
isaunique part of aglobal effort to understand the chemical and especially the catalytic properties of small gold clusters generally.

The study of adsorbates on surfaces seems to open new ideas and to challenge some traditional concepts.

Attosecond Quantum Engineering: Kenji Ohmori

Thisisaproject that | find extremely appealing to me personally. The idea of investigating the collapse of the wave function as
aresult of ameasurement, and specifically of exploring whether the measurement process could betreated as a process of decoherence,
is probing very deeply into the roots of quantum mechanics. | don’t know whether it will succeed, but the important thing is the
depth and subtlety of the conceptual thinking, and the very sophisticated experimental means being devel oped to probe the problem.
Thework is of course also very intimately related to quantum control and quantum computing, which is another major aspect of the
research being done by this group. | am not sure whether the work on solid para-hydrogen molecules will encounter an unforeseen
symmetry breaking as a result of the quadrupole-quadrupole interactions between the molecules. This is a phenomenon that has
been overlooked in the literature on solid hydrogen, and should be investigated. The quantum simulation may turn out to be avery

powerful tool and certainly should be continued vigorously.

Molecular Dynamics Simulations of Proteins and Peptides: Hisashi Okumura

The simulations carried out and planned in this project are making very interesting advances and suggest a number of concepts
and directions that might even move the work further into new ground. The multi-canonical and especially multi-baric simulations
suggest that the work could be extended to include small proteins that occur specifically in species that thrive under conditions of
very high pressures, e.g. deep-ocean species. A comparison of the pressure variation of the behavior of afew of these proteins with
those already studied, particularly proteinsfound in speciesliving at atmospheric pressure, would be valuable. Another thought that
comes to mind is the possibility of including in the analyses based on backbone angles information on the correlation of the angles
v and ¢ of adjacent amino acids, in contrast to the single-molecule ¢—y correlations usually made. Such correlations have been
explored by K. Freed and collaborators. Overal, the simulations being done by this group are providing valuable information
regarding the way proteins can explore their available configurational space, and, as the future plans become real work with new
information, will undoubtedly lead to new insights into disease-related protein behavior, and also to more powerful meansto study

proteins by simulation. The work isreally on the threshold of addressing real proteins.

Theoretical Studies on Ultrafast and Heterogeneous Dynamics in Condensed Phases: Shinji Saito

The work of the Saito group istheoretical but closely connected to experimental work. For example, the studies of the motional
dynamics and heat capacities of water at different temperatures and frequencies are closely linked to experiment. Yet the theoretical
studies are revealing information about the kinds of motions that go on in water and ice that experiments cannot yet reveal, except
by inferential treatment of experimental results, such asthe pump-probe studies. Some processes, such astheintermolecular relaxation
in water, a very subtle and complex process, does allow comparison of theoretical results with frequency-resolved measurements

over awidefrequency or timescale. One particularly interesting and perhaps unexpected finding from this group was the apparently
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anomalous behavior of the heat capacity of water at constant pressure. Relating the heat capacity and underlying dynamics to the
relative importance of hydrogen bond formation and breaking in water, and to itsintermolecular motion, isamajor step toward our
understanding of this most complex substance. Another important contribution in the same general area is the elucidation of the
structure of supercooled water and other supercooled liquids. Thisgroup alsoisdoing interesting work on protein reaction pathway's,

a subject that deserves much more attention.

Structural Studies of Heme-Based Proteins: Shigetoshi Aono

Thiswork addresses both small-molecul e binding to proteins and interactions of heme with nucleic acidsand proteins. Thefocus
is on the connection between the nature of the activity and binding and the specific structural forms taken on by the interacting
species. Thework has strong implications for conversion of carbon monoxide to carbon dioxide and to rel ease of hydrogen, aswell
as to the in-vivo biological processes involving these species. The investigations rely on kinetic measurements, and on structure

determinations, and give significant insights into a class of biological functions.

Biomolecular Functions: Koichi Kato

TheKato group isinvestigating the areathat probably presentsthe greatest new challengein molecular biology, the understanding
of saccharides and glycoproteinsat themolecular level. Because of their flexibility and large structural changesduring their functioning,
this class of biomolecules is much more difficult to understand than are proteins or nucleic acids. It istruly work at the frontier, at
just the right time to go into thisfield. IMS has the experimental capabilities to contribute very significantly to this broad subject
right now, astheareaopensto research. Of coursethe powerful NMR facility of IMSisone of the most important of those capabilities.
Building a“sugar library” is an excellent thing to be doing now, to advance thisfield. It will, anong other things, probably enable
us to begin to understand the way lectins act as sensor molecules. Simulations of saccharides is another frontier areain which this
groupisworking. Thevariousstudiesof systemswith and without metal atomsisgiving new insightsinto functionality of biomolecules,

asisthe study of fucosolation.

Heterogeneous Catalysis: Mizuki Tada

The Tada group studies metallic and metal-based catalysts, based heavily on x-ray methods as well as on traditional kinetic
studies. The role of the support of the catalyst is one of the components investigated in this group’s research. The x-ray probes
enable the group to study structural details and changesthat occur at the various stages of acatalyzed reaction, even from the earliest
stages of deposition of the catalyst, through release of the product. The group has found a way to protect and preserve a catalyst
that, heretofore, was degraded during its use. One particularly notable contribution in this reviewer’'s view is the investigation,
apparently very successful, of nanoparticle composites of Cerium and Zirconium for conversion of methane and water to carbon
monoxide and hydrogen. Finding effective ways to produce hydrogen is currently a major challenge, notably to have hydrogen
available as a carbon-free fuel. (Of course in the process studied here, there is a challenge to determine what to do with the CO

produced.)

Enzymatic Catalysis: Yasuhiro Uozumi

This group is studying kinetic processes of organic and biological molecules from several perspectives. Some of the work is
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focused on atomic and molecular catalysts behavior; some deals with reactions in microtubules, especialy involving membranes
separating aqueous and lipid flows. Still another aspect concerns catalysisinvolving vesicles. A unifying theme of thisgroup’swork
is the study of systemsinvolving both hydrophilic and hydrophobic components or aspects, which means that the work deals very
much with phenomena at interfaces. This is a challenging area that has been far less studied than processes in homogeneous
environments. Thework clearly will haveimportant applicationsin medical treatment methods, aswell as enhancing our understanding

of the functioning of real cellular systems, for which interfacial phenomena are ubiquitous.

Suggestions of Possible New Directions for Research at the Institute for Molecular Science

Offering suggestionsfor new scientific efforts necessarily involvesthe very personal tastes and preferences of whoever isoffering
such advice. With this clearly understood, we can go ahead with some possible areas and subjects that could enrich the research
program of the IMS.

One area that comes to mind immediately is a broad study of emergence and complexity. We know very well that simple
components, even just atoms, can combine to make systems capable of behavior far more complex than that of which the simple
elements are capable. In effect, we see hierarchies of complexity as atoms build molecules, molecules build complex assemblies,
those in turn build living cells, and so on. But thereis an underlying deep question that science has yet to address: if we know the
properties of the elementary units that assemble to compose an emergent structure, how can weinfer from that knowledge about the
simple components what capabilitieswill be possible for the emergent structures they form at the next level of complexity? Canwe
predict eventhe crystal structurethat abinary compound will have when two elementsform that compound? Can we predict whether
asmall set of amino acids can arrange into asequencethat will find itsway to a specific structure? Thisisan approach to complexity
that has yet to be explored. It might be useful to bring in ideas from network theory, for example, to help move ahead with this
problem.

Another areathat might beexplored at IM S, onenot far from some of the work going on now, would beto develop an understanding,
both from theory and from experiment, of how and why very small assemblages of atoms, atomic clusters of afew or afew tensor
even hundreds of atoms, sometimes behave dramatically differently from their corresponding bulk material. For example, bulk gold
is a nearly inert material, yet gold clusters are remarkably effective catalysts. Another pair of examples are clusters of atoms of
Gallium and of Tin. While conventional wisdom and almost all experience shows that small particles melt at temperatures well
below the melting point of the corresponding bulk material, clusters of gallium and of tin melt at temperatures higher than their bulk
melting temperatures. The broad question here is simply, “What makes small clusters of atoms or molecules behave significantly
different from their bulk counterparts?’

A third direction that could be pursued at IMSwould involve studies of proteins. In particular, there are two commonly accepted
beliefs about proteins which are very probably unsound, possibly quite wrong in some cases. One isthe belief that the active form
of aproteinisstructurally unique. Thereis apparently evidence that different samples of what is ostensibly the same enzyme gives
different reaction rates, even under supposedly identical conditions. This suggests that there could be more than one active form of
such an enzyme. The other isthe supposition that the native form (if there is aunique one) is the free energy minimum structure for
that protein. The native form must be the most kinetically accessible form under the conditions in which the protein functions; it

need not be the state of lowest free energy at al. In fact, the prion phenomenon is ademonstration that the belief isalmost certainly
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wrong. To addressthese questions, one must investigate the kinetics of protein folding (in the second case) and the kinetics of protein
activity for the first case. A related question regarding folding is the question of the degree of uniqueness of successful folding
pathways. Given the enormousvariety of proteins, thisreviewer isinclined to suppose that there are examples ranging from proteins
with nearly uniquefolding pathways, to proteinswith an enormous variety of potentially successful folding pathways. The challenge
thsraisesisthe question of how one can count the number of potentially successful folding pathways any given protein has. Kinetic
results already indicate that some proteins do find agrowing multiplicity of folding pathways as their temperature goes up. But just

finding away to count folding pathways would aready be an advance.

Prepared by R. Stephen Berry
February, March 2012
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Report on Visit to IMS
October 15-21, 2011

General Comments

IM S hasmany spectacular achievementsto itscredit over its 36 year history. After itsinception, it rapidly became aninternational
center for molecular science. Today, with the great growth of multidisciplinary science worldwide, the much stronger connection
of bioscience to physical science, and new imperatives in renewable energy and sustainable practices in many other areas, IMS has
both large opportunities and large challenges.

The IMS leadership has made significant progress toward the creation of a strategic plan for the Institute that recognizes and
accepts these challenges, and brings IMS' current strengths to bear on the opportunities. In my view, to fully capitalize on these
opportunities, IMS will need some substantive changes in the way it works. An important step has already been taken by Director
General Ohminein the plan to create ‘ Independent Young Research Leaders! Many |leading institutions worldwide have found that
a program that gives highly talented young people freedom to work with multiple collaborators has the potential to transform the
multidisciplinary activity and, as abonus, attracts the most creative and adventurous young scientists.

A second changewould, | believe, behigh beneficial: | have, over my many yearsof visitsto IMS, wondered if therule prohibiting
promotion from Associate to Full Professor internally was overly rigid. In this visit, | became convinced that it is. | believe that
IMSwould gain significantly in the quality, engagement, and overall contributionsto the Instituteif, inrelatively rare cases, promation
from Associateto Full Professor werepossibleat IMS. With the potential for afull and fulfilling career at IMS, Associate Professors
will become more engaged in the success and direction of the Institute. | also believe thiswould help to make IMS' more than the
sum of its parts. | take up thistopic in the next paragraph.

During my visit, | heard 23 presentations and visited a small number of labs over 2 %2 days. The quality of the work presented
wasin general very good and, in some cases, was of atop quality international standard. By and large, the work described the efforts
of individual small groups with little evidence of the kind of synergies that should be possible in an institute focused on molecular
science. | believe that to really capitalize on the ambitious plans laid out for IMS, such synergies will be essential. Research
collaborations, both domestic and overseas, are an important component of the strategic plan. From a personal perspective, | would
find it very helpful for my next visit for each presentation to begin with abrief description of theinternational context for theresearch

to be presented.

Discussion of Free Electron Laser

| have separated out the discussion of whether to propose construction of a Free Electron Laser (FEL) at IMS from the genera
discussion because of the cost and complexity of such aproject. The remarkable successes of the LCLS at SLAC have highlighted
both the potential and the drawbacks of the highly expensive machinesthat can only accommodate one or two user groups at atime.

Very long waiting times for access and low probability of successful requests for time are the result with consequent dissatisfaction

ooooooooaasy



for many of the potential users. Specificaly, | believe that the IMS group needs to do much more to build a convincing science case

and seeif there is a substantial user community for the machine they have in mind.

Specific Research Presentations

During thevisit, | heard presentationsin Life and Coordination-Complex Molecular Science, Photo-Molecular Science, Materials
Molecular Science and Theoretical and Computational Molecular Science. | am grateful for the care and thoughtfulness that had
gone into al the presentations, which were uniformly interesting and informative. It is clear from both last year's and this year's
talksthat IMS has atalented and productive faculty. Many of the groups are quite small and clearly greater access to good quality
studentsis atop priority for IMS.

The range of material presented would stretch anyone's technical expertise and as a consequence, | will not provide detailed

technical assessments of the individual research programs.

Suggestions for Next Visit

Asthe strategic plan for IMSis devel oped and refined, | believe a series of group discussions on how the various aspects of the
plan will be implemented would be very valuable.

An update on FEL planswould also be useful. Findly, as| noted earlier, provision of theinternational context would be helpful

for each technical presentation.

Graham R. Fleming
Vice Chancellor for Research
University of California Berkeley

November 1, 2011
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