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Ubiquitin is one of the most soluble and stably folded proteins. However, its infracellular aggregates
have often been observed in patients of Alzheimer’s and other neurodegenerative diseases. [t remains
unclear why ubiquitin is contained in such pathological protein aggregates. We previously observed
shear-induced amyloid fibril formation of polymeric forms of ubiquitin (polyubiquitin). The
aggregation kinetics depends on the chain length of polyubiquitin. Intriguingly, when expressed in
cells, we also detected insoluble aggregate formation of pelyubiquitin chains depending on chain
length. I am currently interested in how polyubiquitin forms pathological aggregates by hydrodynamic
(shear) forces. Therefore, in this project,ll tried to investigate shear-induced structural changes by
using Rheo-NMR spectroscopy.

Rheo-NMR spectroscopy was initially established to study the rheological properties of polymers
in 1991. In 2008, Dr. Scheler first investigated protein samples by using Rheo-NMR (Scheler, ef al.
JACS 2008). To date, however, state-of-the-art Rheo-NMR spectroscopy did not provide detailed
structural and dynamical information on pathological protein fibril formation. This would be because
existing Rheo-NMR methodologies have insufficient sensitivity. In this study, to resolve the problem
in NMR sensitivity of Rheo-NMR, we have established a simple and versatile Rheo-NMR
methodology that can be applied for an NMR instrument equipped with a cryoprobe (the manuscript
on the new methodology is in preparation). The high sensitivity of the cryoprobe-based Rheo-NMR
instrument will enable protein NMR measurements that were not achievable by existing Rheo-NMR
systems. In addition, by using inverse Laplace transformation analysis of transverse relaxation data,
we tried to detect changes in distribution of transverse relaxation times. Although we investigated a
tiny change in the distribution of transverse relaxation times of polyubiquitin during the fibril
formation, the observed change did not appear to be significant. In the future, it is important to
combine the inverse Laplace transformation analysis with our established Rheo-NMR methodology.
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During my stay in in the Leibniz Institute of Polymer Research Dresden (IPF), I was impressed
with the efficient research approach of the researchers in the IPF. They spend more time planning and
discussing for experiments than Japanese researchers. Namely, compared with European researches,
many Japanese researchers seem to do a lot of unnecessary experiments. However, it is more
important to find the shortest way for getting results than to do many experiments. This is a basic
thing for researchers, but not easy to do. In fact, I realized that I was doing many of unnecessary
experiments. We should spend sufficient time planning and discussion for our researches. Thanks to
this project, I reconsider my research approach and will spend less time doing unnecessary

experiments.

In addition, while I stayed in the IPF, I had an opportunity to present my recent data as a lecture in
the institute. The audience in the IPF consists of chemists and physicists, but of few biologists.
Because 1 am now studying structural biology, it seemed to be difficult to share the scientific
background with them. However, fortunately, I could have a good discussion with them and this was a
valuable experience for me. In the conferences and meetings that I attended previously, [ presented
my data to the researches who possess similar scientific backgrounds and are interested in similar
scientific field. However, when presenting the data to the researchers who are unfamiliar with my
scientific field, it was found to be more important to focus on the importance of the research rather
than to explain the experimental details. I realized that my previous presentation seemed to be too

professional for audience and therefore, by this experience, I hope my presentation will be improved.



