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Biomembrane is a place for signal transduction, where protein-membrane interactions are controlled by the mem-
brane environment. This environment could be modified by lipid dynamics, such as interbilayer transport and trans-
bilayer movement, which are governed by lipid transfer proteins and translocase enzymes, respectively. Thus, static and
dynamic structural evaluations of the membranes are important to understand the links among function, structure, and
dynamics of lipid membranes. This review describes our recent studies for 1) the production of lipid nanoparticles with
nonlamellar liquid crystalline phases, 2) membrane-protein interaction that relates to the biogenesis of high-density
lipoproteins, and 3) the characterization of lipid transfer dynamics by small-angle neutron scattering (SANS). It was
demonstrated that different phospholipids have individual effect on membrane—apolipoprotein A-I (apoA-I) interac-
tions that bring about a discoidal lipid—protein complex formation: Phosphatidylethanolamine, possessing the negative
spontaneous curvature, increases both the degree of hydration at the membrane interface and the acyl chain order, and
enhances the binding of amphipathic helices. A gel phase-forming lipid, sphingomyelin, forms heterogeneous interface
of the mixed membranes and facilitates the discoidal particle formation with apoA-I. Phosphatidylserine partly contrib-
utes to a reduction in pH at membrane surface, which induces the conformational change of apoA-I and accelerates the
discoidal complex formation. It was also demonstrated that SANS is available as a novel method to determine the dy-
namics of membrane lipids. This technique is perfectly suited to evaluate the activity of proteins relevant to lipid migra-
tions.
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Fig. 1. Schematic Representation of Nanoparticles with Liq-
uid-crystalline Phases (Cubosomes and Hexosomes) (Left)
and Preparation of the Nanoparticles by High-pressure
Emulsifier (Right)
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Fig. 2. X-ray Diffraction Patterns for Nondispersed MO/OA/
F127 Mixtures (Left) and Their Dispersions (Right)

Diffractions represent the presence of cubic or hexagonal structures even

for dispersed systems, suggesting the cubosome and hexosome formations.
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Fig. 3. The Order Parameter of DPH-PA in POPC/MO
Mixed Membranes Determined by Time-resolved Fluores-
cence Anisotropy

Incorporation of MO into bilayers increases the lateral pressure and
leads to the nonlamellar (cubic) phase formation.
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Fig. 4. Schematic Representation of the HDL Biogenesis
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Fig. 5. Effects of DOPE on Bilayer Lipid Packing and Pep-
tide Binding

(A) The mean fluorescence lifetime () of 2-AS in POPC/DOPE mixed
membranes with DOPE mole fractions of 0, 0.3, and 0.5 in the absence and
presence of 0.5 and 1.0 mol % Ac-18A-NH, at 25°C. (B) van’t Hoff plot for
Ac-18A-NH, binding to POPC/DOPE LUVs with DOPE mole fractions of
0,0.3,and 0.5. (C) Incorporation of DOPE into POPC bilayers increases
the lateral pressure and hydrophobic hydration. These entropically un-
favorable frustrations are released by the binding of the peptide.
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TZIREREEVER 2 K DRI 572912, apoA-
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L, BELEREOWAZBEE L. 2, URY—
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Bl UZeho =0, SMEBDHEMNE & HIZ apoA-
LIZX B b et S 4, PC/SM=1:9 OHLK
THELEEN R K E 72> 72 (Fig. 6). Z DKL
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Fig. 6. Solubilization of PC/SM LUVs by ApoA-I

Changes in the right-angle scattering of incident light at 650 nm after
mixing of apoA-I (5 uM) with PC/SM LUVs (100 uM) with SM mole frac-
tions of 0 to 0.9 (A) and 0.9 to 1.0 (B) at 37°C. The reduction of the scatter-
ing intensity is due to the formation of the discoidal lipid/apoA-I complexes
schematically shown in (C).
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Fig. 7. Interbilayer Transfer and Transbilayer Transfer (flip-
flop) of Lipids
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Fig. 8. Determination of Lipid Dynamics by SANS

(Left) Scattering length densities of solvent (D,0/H,0) and DMPC
LUVs. In 1 : 1 D,O/H,0 mixture, D-and H-LUVs are visible (high scatter-
ing) but D/H-LUV is invisible (low scattering) by neutron, due to the
matching of the scattering length density. (Right) Changes in the neutron
scattering profiles of 1 : 1 mixture of D-LUV and H-LUV.
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Fig. 9. Distinct Dynamic Properties of DMPC and POPC

(Left) Contrast decays of DMPC LUVs after mixing D-and H-LUV at
four different temperatures. (Right) Contrast decays of POPC LUVs in the
absence and presence of methyl-B-cyclodextrin.
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Fig. 10. Close Links among Function, Structure, and Dy-
namics of Lipid Membranes
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