Serial Data Collection Approaches and Dose Slicing in Protein Crystallography
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Significant technical developments are revolutionising structural biology, including noise-free X-ray
detection and pulsed X-ray free electron laser sources (XFEL). Serial crystallography is now becoming
firmly established at high-brilliance synchrotron sources. Thousands of nanocrystals are needed, each
contributing a single X-ray exposure, thereby changing the way in which a crystallographic experiment
is approached. Experiments can be carried out at cryogenic temperatures, but they may also be
performed at ambient temperatures, then giving access to more physiological environments and
additionally making structural transitions directly observable. This will add dynamic information on
structural changes or transitions, observed over time. Prominent targets are enzymes or higher order
molecular complexes.

We studied the dodecameric Pdx1 enzyme, capable of forming PLP, an active form of vitamin B6,
through a series of covalent intermediates [1]. Using online UV-Vis spectroscopy we follow not only
formation of catalytic intermediates in crystallo but also detect specific radiation damage through
spectral changes upon X-ray irradiation. Our analysis extended to buffer components contributing
through solvent radiolysis.

Serial crystallography will allow studying systems like PLP synthase and probing the structural changes
in the enzyme complex at different timepoints. Micro- or nanocrystalline samples are required to unlock
this capability for which we developed a workflow optimising crystal growth for size and homogeneity
[2]. Our approach to serial data collection uses a chip-based fixed target capable of dose slicing [3]. The
nano-fabricated chip has 25,600 positions for nanocrystals, and data from 1-3 chips typically yield the
10,000 hits required for a high-quality dataset. The system is capable of delivering one structure per
hour either at the Diamond Light Source (124 microfocus beamline) or at an XFEL source (SACLA,
Japan) where chip motion is synchronous to the XFEL repetition rate of 30 Hz.

There may be additional gains with using nanocrystalline samples, as shown from theoretical
calculations by Nave and Hill [4]. Photoelectrons that are primarily cause of damage are predicted to
escape the crystal volume which should increase crystal lifetimes, an effect that would be pronounced
at higher photon energies [5, 6]. Our measurements of radiation damage at cryogenic temperatures on
lysozyme crystals deliver experimental support for prolonged lifetimes using smaller crystals at higher
energies.
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