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Studying the structure and functions of cell membranes by single molecule approaches
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[bookmark: _GoBack]Cell membranes play a crucial role in various vital functions within a living cell, including separating the cell from its environment, facilitating cell signaling, and managing solute transportation. Gaining a comprehensive understanding of membrane structure at the molecular level is essential for a wide range of applications, such as drug screening, cancer treatments, and signal transduction control. Over the past fifty years, several theories have been developed, including the liquid mosaic model, lipid raft model, and protein domain model. However, the structure of cell membranes remains a subject of debate as these models are based on indirect evidence or non-native conditions, such as X-ray diffraction and electron microscopy. We utilized in-situ atomic force microscopy, super-resolution fluorescence microscopy, and cryo-electron microscopy to examine cell membranes at a molecular level. Our findings support three intriguing models of cell membrane structure: 1) For the red blood cell membrane (Semi-mosaic Model), proteins are partially embedded within the lipid bilayer rather than protruding out of the outer cell surface. The saccharides are located in the middle of lipid hydrophilic heads, and the membrane proteins are mainly situated on the cytoplasmic side of membranes. Membrane proteins tend to form clusters in cholesterol-enriched domains (or lipid rafts). 2) For mammalian tissue cell membranes (Protein Layer–Lipid–Protein Island model), the lipid bilayer is covered by a dense protein layer as the main functional component in terms of mechanical properties, signaling transduction, and material transport. Protein domains are located on the inner side of cell membranes, which may function as lipid rafts. 3) Based on the novel membrane structure and fluorescent live-cell imaging, we further propose a model of orderly and efficient vesicle transport, namely, the membrane-asymmetry-determined orderly organelle transport (MADOOT) model. Additionally, to examine the morphology and molecular composition of membrane protein aggregates within cell membranes, we have independently developed a microscope that combines morphological and super-resolution fluorescence imaging capabilities.
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