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1. Comments and Advice about the Department

The Department from the IMS in the Integrative Bioscience Center has been highly productive over the past five years. At
present, the Department consists of three research groups: Those of professors Fujii, Aono and Kitagawa. Each group has
complementary research skills and interest and they have selected projectsto study in which each can contribute in avery significant
way.

Thisisclearly acase where the wholeis greater than the sum of the individual parts and it represents the type of collaboration for
which many institutions strive but very few achieve. The combination of having expertise in model complexes, in several protein
systems and state-of the art spectroscopy in the type of mixture that leads to very sound and insightful studies. There are two central
aspects of the Department that have led to its success: The Laser Spectroscopy Resource Center and awell-defined and collaborative

focus on heme protein chemistry.

The Laser Spectroscopy Resource Center

The centerpiece of the department is the Laser Spectroscopy Resource Center built up over the past several years by Professor
Kitagawa. As| examined the Center, it became clear that it isaworld class center that is utilized not only by Japanese investigators
but by investigators from all over the world. This Center has served as an attraction point for international scientists to carry out
innovative research. Indeed, Professor Kitagawa lists 50 investigators from all over the world who have collaborated on research
projects at the Center over the past five years. When they cometo the Center it is both valuable for them and for the students and the
scientistsin the IMS as each learn from each other. It also affords opportunity for international scientiststo learn about al of the
projectsthat are going on in the Integrative Bioscience Center. We have such Centersin the United States that are supported by the
National Institutes of Health. They are the research Resource Centers and they make available high technology instrumentation in
all areas of Bioscience to the scientific community. They are highly valued as it is very important to have in one place alarge
selection of specialized equipment in order to make rapid advances in the competitive scientific fields. Among the ~70 Research
Resource Centersin the United States there are only two which have some of the capabilities of that of Professor Kitagawa-the one
at MIT under the leadership of Professor Michael Field and the one at the University of Pennsylvania under the leadership of
Professor Robin Hochstrasser. | was a member of the review committee for the last evaluation of the Center at the University of
Pennsylvania and it received an outstanding evaluation, but the Center at Pennsylvaniais no better than that assembled and directed

by Professor Kitagawa. Itis my understanding that the present plan isto deconstruct Professor Kitagawa's Center when he retires.
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| am surethat all of the equipment will be well utilized in other laboratories, but acohesive Center will be permanently lost. Instead,
it is my recommendation that the IMS maintain the Laser Spectroscopy Center and a new Director for it is brought in to run and
expand it even more. | believe that atechnological advantage, presently enjoyed by Japanese scientists, will be lost if the Center is

dismantled.

A Focus on Porphyrin and Heme Protein Chemistry

The primary work that goes on in the Department focuses on porphyrins and heme proteins. Hemes are arguably the most
important and versatile redox centersin Biology. Thisis because they can play so many diverse roles, ranging from electron
transfer, to oxygen storage, to oxygenation of organic substrates, to generation of signaling molecules, to serving as molecular
biosensors, to name but afraction of their many functions. Most significantly, work coming from the Department has made significant
advances in many different areas of heme protein chemistry, such as heme based gas sensors, oxygen activating proteins, high-
vaent heme intermediates and heme degrading proteins. In each of these cases the work has been published in the leading journals
such asthe Journal of the American Chemical Society and the Journal of Biological Chemistry. Furthermore, it isimportant to note
that their studies have received international recognition resulting in invitations to speak at major conferences and invitations to
write in-depth review articles about their work, such as those written for the Accounts in Chemical Research and Coordination
Chemistry Reviews.

Obviously, all areas of biochemistry/biophysics cannot be covered by only three research groups. It is necessary to be selective
in choosing projects. If each of the research groups were working on projects that were unrelated, they would not be able to achieve
such ahigh impact. By focusing on metallo-enzymes and specializing in heme proteins, the Department has maximized the impact

it can have given its limited size.

Future Directions

| recognize that soon the Department will change as Professor Kitagawa will retire and Professor Fuji will move to a different
ingtitution. When they are replaced, it should be with individuals who have interests that complement each other so asto achieve the
same type of synergy that has existed in the past. Continuing to focus on some aspects of metalloproteins would be awise direction
tofollow and it will fitin with the interests of Professor Aono. In addition, metalloproteins lend themselves to avariety of different
types of studies as they offer spectroscopic “ handles’ to study the functional properties of the protein. Furthermore, their diversity
alowsfor studiesto focus on inorganic, organic or biochemical properties. Thus, it will fit in with the general goals of the IMSthat
have a very broad scope.

Another important direction to consider as a centerpiece of the Department is that of membrane proteins. Thisisaresearch area
that has already been initiated by Professor Kitagawa through the research grant he wrote that establishes a collaboration with the
Ingtitute for Protein Research at Osaka University. The Program entitled “ Assembly and reconstruction of membrane proteins and
cellular molecular machineries’ is avery important. Membrane proteins make up about one third of the proteome of the cell.
Nevertheless, the understanding of their structures, mechanisms and interactions are far-less well understood compared to those of
water-soluble proteins, owing to the difficulties in dealing with membrane-bound proteins. The need for new work in this areawas
highlighted in the December 1, 2005 issue of Nature in which an “Insight” series of papers was devoted to Membrane Biology. Over

the next several years, many new developments are anticipated in the understanding of membrane proteins so it could be a very
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fruitful research areafor the Department from IMS in the Integrative Bioscience Research Center.

In Summary, it will be most important the Department from the IMS in the Integrative Bioscience Center to maintain a highly
collaborative group of investigators who have complementary strengths and common interests in some significant problems. | also
wish to re-emphasize the importance of maintaining the Laser Spectroscopy Research Center. It isthrough such centers that major
advances can occur and with which both Japanese and international scientists can have atechnological advantage over those who do

not have access to such a state-of-the-art center.

Sincerely yours,

Denis L. Rousseau, Ph. D.
Professor and University Chairman

Department of Physiology and Biophysics

2. General comments about the IMS

The IMS has an outstanding reputation in the scientific community. Aswe move ahead in the new century it is appropriate to
evaluate the types of research efforts that will be needed to maintain its high reputation. Inthe US, there are clear changes that are
happening in the sciences especially in chemical, biochemical and biophysical fields. If you look back several years ago at various
Science and Technology reports, each discipline and sub-discipline was isolated. This has dramatically changed. It isnow well
recognized that advances in the future will depend on collaborative work in which scientists with very different skills will come

together to address problems.

Research in the 215t Century

The new approach for scientific research is being stressed in both the biological and chemical sciencesfields. For example, in
The NIH Roadmap for biological research in the 21% century presented in 2003 by Elias Zerhouni, the NIH director, [ Science 302,
63 (2003)], one of the three themesis “ Research Teams of the Future.” Theideaisthat they must be far more interdisciplinary than
in the past to address complex problems. To devise and use state-of-the-art technologies will require the expertise of physical
scientists, biological scientists, mathematicians, engineers, computer scientists and others. One of the other themesis*“ New Pathways
to Discovery” in which advances will depend on an extensive “toolbox” in which researchers will have access to new technologies,
databases, and other new resources.

In the Chemical Sciences asimilar need for interdisciplinary is being stressed as described in the National Academy of Science
report published in 2003 entitled “Beyond The Molecular Frontier: Challenges for Chemistry and Chemical Engineering.” In the
Executive Summary of this over 200 page report it is stated: “We conclude that science has become increasingly interdisciplinary,
and it is critical that the disciplinary structures within our fields not hinder the future growth of chemical sciences into new areas.
Interdisciplinary refers here both to the strong integration from the molecular level to the process technology level within the
chemical sciences and to the intersections of the chemical scienceswith al the natural sciences, agriculture, environmental science,

and medicine, as well as materials science, physics, information technology, and many other fields of engineering.”
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The Integrative Bioscience Research Center

It is clear from the Direction for future research discussed above that the leadership of the IMS was very wise and forward-
thinking when it established the Integrative Bioscience Research Center.

Bringing together groups from the IMS, NIBB and NIPS is exactly the way future research teams can make significant new
discoveries and advances. One would hope to have strong collaborative interactions within each Institute as well as interactions
between those from the different Institutes.

Certainly, thethreefrom the IMS, Professors Kitagawa, Aono and Fujii, have achieved to goal of establishing strong collaborations
between their research groups. However, it appears that there have not been strong collaborations between the groups from the
different Institutes and in the future greater efforts should be made to establish collaborations between the scientists from these
different Institutes. In addition, thisis a perfect time to establish strong interactions between the Integrative Bioscience Research

Center and the Research center for Molecular Scale Nanoscience and Coordination Chemistry.

Research Directions

The directions for the research programs should be established by two criteria. 1. What are important problems that can be
addressed by the available personnel with the available resources; and 2. Considerations should be given in the selection of problems
in which the strongest overlap between the groups can be achieved. These two have been met in the past among the IM S researchers
as the focus on heme proteins with the combination of advanced spectroscopy with expertise in several heme protein systems and
model compounds gave outstanding synergy that has led to significant advances in the understanding of these systems. Because of
the vast number of physiological functionsinvolving heme proteins, which play such extensive and diverse rolesin biology it should
be an areain which collaborations between the research groups from the IM S and those from the NIPS and the NIBB could establish
fruitful that could take the research to anew level.

The general area of heme protein structure, function and spectroscopy also lends itself nicely to research on single molecule
processes and nanotechnology. Asyou well recognize, single molecule studies and nanotechnology are important new scientific
areasthat will have an enormousimpact in the future. Indeed, the advances from research in this area are so highly regarded that the
National Institutes of Health in the US has established an “ Alliance for Nanotechnology in Cancer” in which it is projected that
through the power of nanotechnology thereis goal to eliminate suffering and death from cancer by the year 2015. While | think this
istoo optimistic apromise, it does underscore the great expectations from thistype of research. Nanotechnology isawide open field
and isageneral areain which research groupsin the IMS could establish fruitful collaborations with the members of the Research
Center for Molecular Scale Nanoscience and Coordination Chemistry. The ongoing work dendrimers in the group of Professor
Kitagawa could fit well into such a collaboration as dendrimers are a very important class of nanomaterials.

The existing expertise in Raman spectroscopy and fluorescence can be adapted to study kinetics, structure and protein folding,
for example, on the single molecule level.

Another important area to consider is that of membrane proteins. Thisis aresearch areathat has already been initiated by
Professor Kitagawa through the research grant he wrote that establishes a collaboration with the Institute for Protein Research at
Osaka University. Membrane proteins make up about one third of the proteome of the cell. Nevertheless, the understanding of their
structures, mechanisms and interactions are far-less well understood compared to those of water-soluble proteins, owing to the

difficultiesin dealing with membrane-bound proteins. The need for new work in this area was highlighted in the December 1, 2005
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issue of Nature in which an “Insight” series of papers was devoted to Membrane Biology. Over the next several years, many new
developments are anticipated in the understanding of membrane proteins so it could be a very fruitful research areafor IMS and
could involve several research groups.

In order to maintain high research standard, it is necessary to have alarge number of young people around. Apparently, the
Grant for the membrane protein studies obtained by Professor Kitagawa has been used to support several post-docs and students.
Thisis extremely important. The young scientists are the ones who do the work and bring in fresh ideas. Greater support for post-
docs by the Institute would be away to accelerate the research programs and cultivate new ideas and directions.

In Summary, | want to congratulate you for establishing the Integrative Bioscience Research Center and re-emphasize the
importance of continuing strong support for the Center and advances that may be made by further enhancing collaborative projects.
The research directions should be selected by their importance for the advancement of scientific understanding and for their potential

for fruitful multidisciplinary collaborations.
Sincerely yours,
Denis L. Rousseau, Ph, D.
Professor and University Chairman

Department of Physiology and Biophysics
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