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electron lasers

Abstract (500 words maximum) 
Conventional X-ray protein crystallography captures only "static" structures due to the 
limitation of temporal resolution. Recently, X-ray free-electron lasers (XFELs) have become 
available in five countries worldwide, enabling the capture of dynamic structures at the 
atomic level with time resolutions of several tens of femtoseconds. In Japan, the XFEL 
facility, named SACLA (SPring-8 Angstrom Compact Free Electron Laser), began user 
operation in 2012, following the LCLS (Linac Coherent Light Source) in the United States. I 
have been working on the development of serial femtosecond crystallography (SFX), which is 
a protein structure determination technique, at SACLA and successfully obtained a three-
dimensional molecular movie of various light-sensitive proteins, including bacteriorhodopsin, 



chloride pump rhodopsin, channelrhodopsin, and photosystem II, by combining an XFEL 
with a pump laser to initiate photoreaction. This technique is suitable for tracking fast 
reactions, such as chemical reactions, because of its high temporal resolution.

Recently, mix-and-inject serial crystallography (MISC) has allowed visualization of 
structural changes and reactions in light-insensitive proteins, including enzymes and 
receptors. In MISC, microcrystals are rapidly mixed with a small molecule, such as a 
substrate and a ligand, in a microchannel and exposed to an XFEL pulse, resulting in 
visualization of the process of enzymatic reactions. In this presentation, I will present our 
development of techniques for molecular movie analysis and several successful results using 
the techniques.


