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Time-resolved X-ray scattering and diffraction are among the most information-rich
experimental techniques in structural biology. To date, systems that have been
successfully studied are those in which a protein conformational change is coupled to
excitation of a photoactive ligand molecule, because the conformational change can be
initiated with an ultrafast laser pulse. Unfortunately, the number of proteins that undergo
photochemistry as part of their functional cycle is small, and there is a fundamental need
to develop generalized methods that can be used to synchronously excite conformational
transitions in any protein molecule, even in the absence of specific photochemistry. A
recent “multi-temperature” crystallographic study of a model enzyme, cyclophilin A (CypA)
demonstrated that temperature perturbation is an effective way to experimentally
manipulate the conformational ensemble of a crystalline protein. Our current goal is to
develop time-resolved X-ray experiments that utilize laser-induced temperature-jump (T-
jump) excitation methods to synchronize conformational dynamics. Initial SAXS/WAXS
experiments demonstrate that even modest T-jumps produce a measurable change in X-
ray scattering by the protein, and allow us to develop a kinetic model for how the X-ray
scattering signal changes following the IR laser pulse. We are now developing
crystallographic T-jump experiments using the serial femtosecond crystallography
technique at the LCLS. Because laser T-jump methods exploit photochemistry of the
solvent, and not the protein molecules, we hope they will be universally applicable as a
tool for studying protein dynamics at both synchrotron and XFEL light sources.



