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Professor Giovanna Mallucci, Chair of the Department of Clinical Neuroscience of the University of
Cambridge and the PI of the U.K. side of this project, previously showed that, in many neurodegenerative
diseases, such as the prion and Alzheimer diseases, the structural plasticity of synapses is decayed, leading
to the loss of synapses. The objective of the present project was that Prof. Mallucci and Professor Akihiro
Kusumi of Kyoto University (Institute of Cell-Material Sciences; during the project period; now professor of
Okinawa Institute of Science and Technology), P.I. of the Japanese side of this project, and their groups
collaborate to unravel the mechanism of synaptic plasticity in normal cells and tissues as well as during their
neurodegeneration processes. Prof. Kusumi will develop ultrafast single-molecule imaging, new methods
for fluorescently labeling synaptic receptors, and new lipid probes, and apply them extensively, with Prof.
Mallucci, to reveal synaptic structural plasticity, particularly that induced by low-temperature treatment
found by Prof. Mallucci. In this project, we aimed to reveal how synaptic molecules enter and exit from
synapses by using single-molecule imaging, and by doing so, to understand the mechanisms by which
synapses are generated and maintained. We succeeded in developing basic technologies required for
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revealing the mechanisms by which structural plasticity of synapses is lost, and by using the developed
techniques, our understanding of the mechanism was advanced.

More specifically, we obtained the following results.
(1) We developed a method to specifically label AMPA receptors with photostable organic fluorophores
using the AMPA receptor antagonist. This method provide a good compromise for labeling specificity and
the rate of photobleaching (Nat. Commun. 2017) .
(2) We established a simple method to have Homer1b-mGFP, which works as a synapse/spine marker for
many experiments, and other membrane receptors conjugated to tag proteins expressed in neurons.
(3) We revealed the levels of oligomerization of GPI-anchored receptors, Thyl and prion protein (PrP),
which exhibit high levels of expressions in neurons (Cell Biochem. Biophys. 2017 in press).
(4) New fluorescent ganglioside analogs (GM1, GM2, GM3, GD1b) and new fluorescent sphingomyelin
analogs were synthesized. They are different from the existing “analogs”, in that they behave very much like
their endogenous counterparts. These analogs will be useful for the studies of synaptic structural plasticity
because a ganglioside GM1 was proposed to interact with AMPA receptors, where as gangliosides GM1,
GM2, GM3, and GD1b as well as sphingomyelins might undergo raft-based interactions with proteins in
synapses/spines (Nat. Chem. Biol. 2016; J. Cell Biol. 2017).
(5) Ultrafast single-molecule imaging, which operates at 40,000 frames/s with a reasonable image size (~
6 x 4 um) has been developed (manuscript in preparation).

One of the main objectives of this entire AMED program is to help raise young researchers who will
become core researchers to advance this research area and exchanges of researchers between the U.K. and
Japan. In addition to exchanges of graduate students and postdocs for collaborative research, we held
three symposia: Kyoto in 2015, Cambridge in 2016, and Kyoto again in 2017. The latter two meetings
included two other teams (grantees) of this AMED program, and turned out to be very interesting ones.
Based on the success of these two meetings, the core members of these meetings plan to hold such
meetings every year.
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