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Kinetic X-ray crystallography permits the structural char-
acterization of macromolecular conformational chang-
es along a reaction pathway at the atomic level of spatial
resolution. After triggering the biological reaction within
a macromolecular crystal, functionally relevant confor-
mational changes are either arrested by flash-cooling the
crystal, allowing characterization of the structure by con-
ventional cryo-crystallography (intermediate trapping),
or followed in real time by time-resolved crystallography
at room temperature. The temporal resolution of the lat-
ter is limited to 100 ps if carried out in the form of Laue
crystallography at synchrotrons. The advent of X-ray
free electron lasers (XFELs) has pushed the resolution to
the sub-ps regime, allowing ultrafast changes to be stud-
ied by time-resolved serial femtosecond crystallography.
We will illustrate the cryo-trapping approach by following
product release in an insect carboxylesterase that hydroly-
ses organophosphates [1]. Radiolytic cleavage of the bond
between the active-site serine and the organophosphate is
observed at 150 K but not at 100 K. The increased solvent
and protein mobility at 150 K is thus required to allow for
product release and accompanying protein conformational
changes to occur. Time-resolved crystallography will be
exemplified with the study of ultra-fast photoswitching
in a fluorescent protein from a non-fluorescent (off) to a
fluorescent (on) state further to excitation by a light flash
[2]. Our consortium (see author list of [2]) has employed
time-resolved serial femtosecond crystallography at an
XFEL to identify the transient structure of the photoswitch-
able fluorescent protein rsEGFP2 in its excited state, and to
observe its chromophore in a twisted conformation, midway
between the stable configurations of the on and off states.
This observation has been confirmed by simulations and
has allowed to rationally design a mutant with a two-fold
increased photoswitching quantum yield.
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