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Fig. 1 (Color online) Alternative access model for transporters in
membrane.
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Fig. 3 (Color online) Time-resolved SFX data collection from bR crystals at thirteen time-points from nanoseconds to

milliseconds following photo-activation.
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base in the ground state structure of bR.
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Fig. 9 (Color online) Early structural changes in the photo-cycle.
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(Color online) Superimposition of the structural model for
At=36.2 us and the ground state structure.
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A three-dimensional movie of structural changes
in bacteriorhodopsin captured by X-ray free elec-
tron lasers

Eriko NANGO RIKEN SPring-8 Center, Hyogo 679-5148, Japan
Minoru KUBQO RIKEN SPring—8 Center, Hyogo 679-5148, Japan
So IWATA Graduate School of Medicine, Kyoto University, Kyoto 606-8501, Japan

Abstract The recent advent of time-resolved serial femtosecond crystallography at X-ray free-electron
lasers enables to measure ultra-fast reactions in proteins. We observed conformational changes in
bacteriorhodopsin known as a light-driven proton pump at thirteen time-points from nanoseconds
to milliseconds following photo-activation at 2.1 A resolution using time-resolved serial femtose-
cond crystallography at SACLA. The resulting cascade of structural changes throughout the pro-
tein provided unprecedented insight into how structural changes in bacteriorhodopsin conspire to
achieve unidirectional proton transport.
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