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ABSTRACT: P-type ATPases are essential membrane proteins that maintain cellular homeostasis by 
transporting substrates ranging from protons to lipids through large conformational changes. Despite 
extensive structural studies, the molecular mechanism underlying this transport cycle remains 
incompletely understood, largely due to challenges in membrane protein production, purification, and 
lipid reconstitution, as well as the need for advanced single-molecule methods. Our work addresses 
these challenges by combining defined reconstituted vesicle systems with state-of-the-art single-
molecule techniques to investigate membrane transporters at molecular resolution, providing new 
insights into the functional dynamics of P-type ATPases. 
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