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Diffusion property of lipids in a supported lipid bilayer studied by
two-dimensional fluorescence lifetime correlation spectroscopy

oTakuhiro Otosu, Shoichi Yamaguchi
Department of Applied Chemistry, Saitama University, Japan

[ Abstract] To fully understand the various biological functions expressed on biological lipid
membranes, one needs to understand the dynamical properties of lipids on lipid membranes.
In this regard, we have developed fluorescence lifetime correlation spectroscopy with
total-internal reflection microscopy (TIR 2D-FLCS) and applied it to measure the diffusion of
lipids in each leaflet of a supported lipid bilayer (SLB). The results presented in the last
conference have shown that the diffusion property of lipids in each leaflet can be
guantitatively analyzed by TIR 2D-FLCS. In this study, we performed TIR 2D-FLCS to
analyze the effect of solution pH on the diffusion properties of lipids in each leaflet of SLB
deposited on a glass coverslip. The results showed that the interaction between a glass and
lipids in the proximal leaflet becomes stronger with decreasing pH. On the other hand, the
diffusion property of lipids in the distal leaflet was not strongly affected by the change in pH.
We believe that the results in this study give the fundamental insight into the interleaflet
coupling (friction) of a lipid bilayer.
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Fig.3. Fluorescence autocorrelation curves of fluorescent lipids in the distal (red solid line) and proximal (blue
solid line) leaflets of a supported DOPC bilayer. Data measured at pH 5.0 (left), 7.4 (center) and 10 (right) are
shown.
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Three-dimensional Fluorescence Correlation Spectroscopy: Independent
Component Analysis of Temporal Fluctuation of Fluorescence Signals
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[Abstract] When a mixture sample is measured with a spectroscopic method, the sum of
contributions from multiple components are observed. Therefore, it is necessary to separate
them to determine their amplitudes and individual spectroscopic signatures. Independent
component analysis (ICA) is a data processing method used in combination with multichannel
signal detection to resolve a mixed signal into independent components by examining the
high-order correlations, or non-gaussianity, of the fluctuation of the signal. Previously, we
showed that it is possible to analyze fluctuations of time-resolved fluorescence signals
obtained under the single-molecule condition by examining third-order correlations to
separate independent components [1]. In this work, we have attempted to apply ICA to
single-molecule FRET measurements for elucidating conformational heterogeneity of
biopolymers. We report on an experimental apparatus to apply ICA to a sample containing
multiple species with different FRET efficiencies and/or different dye stoichiometries, as well
as the numerical method to analyze the obtained photon data.
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Time- and Space-Resolved Vibrational Spectroscopic Approaches
To Elucidate Complex Molecular Systems:
From Cells to Hybrid Photovoltaic Materials
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Department of Chemistry, Graduate School of Science and Technology,
Kwansei Gakuin University, Japan

[ Abstract] In recent years, an increasing amount of research effort in molecular science has
gone into elucidation of the characteristics and functions of complex molecular systems such
as living cells and energy-related materials. These studies require methods that are capable of
looking at molecules with high chemical, space, and time specificities. Space- and
time-resolved vibrational spectroscopy meets all of the requirements and is therefore very
powerful for a “top-down” approach to complex molecular systems. In this presentation, I
will present applications of the space- and time-resolved vibrational spectroscopies that we
have developed. The topics to be covered include: space-resolved Raman spectroscopy of
living cells that is combined with multivariate data analysis of hyperspectral imaging data and
with stable isotope labeling; and time-resolved IR spectroscopy of organic—inorganic hybrid
perovskite solar cells. I will also report on present recent progress along this line.
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