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Elucidation of the significance of the distance between organelle membranes at the
contact sites with nano-scale gap regulation technology
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Membrane contact sites are a major mode of inter-organelle communication in eukaryotic cells, where organelle
membranes are positioned within several to several tens of nanometers of each other. These sites serve as platforms for
molecular transport and signaling and are essential for organelle and cellular functions. At this length scale, the
intermembrane space can accommodate only one to a few protein molecules, creating an environment fundamentally
different from the bulk conditions typically used in vitro. In physical chemistry, spaces of several tens of nanometers are
regarded as transitional regimes between liquid-phase ensembles and isolated single molecules, where molecular behavior
can be influenced by electrostatic effects from surrounding surfaces. In this study, we aimed to establish an experimental
system that mimics membrane contact sites by applying engineering technologies capable of precisely controlling
nanoscale gaps, and to quantitatively analyze lipid transport within this confined space. We successfully formed a fluid
lipid bilayer on a substrate and confirmed that a lipid transport protein could extract lipid molecules from the membrane.
Although technical and structural challenges remain in integrating the substrate into the microscopy system, these findings
provide an important basis for developing a microscopy-compatible platform to analyze lipid transport in nanoscale

confined spaces.
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