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#4# B : Hidden dynamics in the unfolding
of individual membrane proteins
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# % M % Elucidating the energetics and dynamics of membrane
proteins in their native lipid bilayer remains an ongoing challenge. An
oversimplified view of the folding process emerges when transiently
populated states are undetected because of limited instrumental
resolution. This talk details how we uncover previously obscured
dynamics and mysterious energetics of membrane protein folding by high
resolution force spectroscopy. The technique delivered a 100-fold
improvement over earlier studies. Numerous newly detected
intermediate states—many separated by as few as 2-3 amino acids with
occupancies <10 ps—suggest a strikingly complex, dynamic folding
network of bacteriorhodopsin. Improved free-energy landscape
reconstruction at a higher resolution highlights local variations in the
unfolding energy, providing a path to quantify membrane proteins
energetics under native-like conditions. These results sharpen the
picture of the mechanical unfolding of membrane proteins, enable
experimental access to previously obscured protein dynamics.
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