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In this research project, we aim to reveal how membrane proteins and lipids interact in order to emerge
signaling functions on plasma membrane. We attempt to develop a new correlative microscope
(MULTUM-PALM) by which membrane proteins can be observed at single-molecule level with super
resolution (PALM) and lipid molecules can be observed with mass spectroscopy (MULTUM). We will
apply this MULTUM-PALM to various membrane proteins including GPCRs and components of
phosphatidylinositol lipids signaling pathway on plasma membrane. Through the development of both
statistical analysis methods for characterizing lipid/protein distributions and their mathematical modeling,
we will try to reconstruct spatiotemporal dynamics of lipid/protein interactions in silico. For this purposes,
we attempt to achieve the following three sub-research projects.



[Research 1] Development of a correlative microscope MULTUM-PALM

[Research 2] Applications to membrane proteins to reveal regulatory mechanisms of its diffusion

[Research 3] Applications to phosphatidylinositol lipids signaling pathway to reveal molecular
mechanisms of polarity formation

In this year, Ueda group (Graduate school of frontier biosciences, Osaka University) and Toyoda groups
(Graduate school of sciences, Osaka University) started to develop MULTUM-PALM by research
collaboration between them. We designed the connection part between mass imaging optics of MULTUM
and super-resolution imaging optics of PALM.

Research collaboration between Ueda group (Graduate school of frontier biosciences, Osaka
University) and Takagi groups (Nara Medical University) developed statistical analysis method for
PALM measurements of membrane proteins. We applied this method to a G-protein coupled
chemoattractant receptor in order to analyze its spatial distributions, oligomerizations, density, and
molecular number with nanometer accuracy. Results revealed that the chemoattractant receptor has a
polarized distribution long the length of the polarized chemotaxing cell directed up the gradients. In the
conventional view, it is assumed that chemoattractant receptors are distributed uniformly on the plasma
membrane and thus chemoattractant gradients are sensed spatially with no bias. The mechanisms of
directional sensing by chemoattractant receptors should be reconsidered by including their heterogeneous
distributions. Such biased distribution of the receptors seems to be due to lipid compositions and/or
cytoskeletons along the cellular polarity. We will further analyze the effects of lipid compositions and/or
cytoskeletons on the spatial distribution of membrane proteins with nanometer scales.

Ueda group (Osaka University) revealed that PTEN, a phosphatase acting on PIP3, adopts 3
interchangeable membrane-binding states by using single-molecule imaging analysis. We developed a
novel analysis method, the ‘lifetime-diffusion analysis method’, to derive the Kinetics of state transition
and membrane dissociation, and the diffusion coefficient of each state from stochastic trajectories of the
lateral diffusion. The proposed statistical model described the variations in the kinetics depending on the
location of the PTEN molecules in polarized cells and accounted for PIP3 polarity along the chemical
gradient. These analyses on the phosphatidylinositol lipids signaling pathway suggests the mutual
inhibition between PTEN and PIP3 by which a part of membrane can adopt exclusively PTEN-enriched
state or PIP3-enriched state leading to cellular polarization.
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