High-precision, high-accuracy macromolecular crystallography
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This presentation consists of two parts. First, | introduce a novel concept of high-energy data acquisition with a highly
optimized setup and workflow for macromolecular crystallography. The setup is implemented at the undulator beamline P14
at the PETRA 11 storage ring at DESY (Hamburg, Germany). It allows for variable-size top-hat beams, which are particularly
important in structural studies of large macromolecular complexes [1,2] and ultra-high-resolution studies of enzymatic
mechanisms under precise dose control. The combination of a high-flux collimated mode, with a detector of high quantum
efficiency at 26.687 keV increases data quality by reducing radiation damage and enhancing the Signal-to-Noise ratio [3]. To
further improve data quality, Global Phasing Ltd.’s workflow has been deployed on P14 through its interface to MXCuBE2
([4], 8§ 4.4.7). Crystal symmetry and orientation are first determined, then used together with knowledge of the MD3-
goniostat’s reorientation capabilities to design a multi-orientation strategy aiming at achieving completeness (no cusps) and
uniformity of redundancy, within a “dose budget” adapted to the target resolution. The workflow then directly drives the
execution of that strategy via MXCuBE2.

In the second part, | will present how the implementation of these procedures allows us to routinely collect single-crystal
datasets at atomic and sub-A resolution. The precision of these datasets and accuracy in the models derived from them
effectively allow us to achieve single-electron accuracy in macromolecular X-ray crystallography. For instance, we can now
directly visualize the active site and reaction mechanisms of enzymes by cryo-trapped snapshots. On the basis of these new
insights, we are forced to redefine the chemical structure of some enzyme active sites and revise some enzymatic reaction
mechanisms. | will discuss how the accurate, detailed visualization of a wide variety of enzyme reaction mechanisms based
on these data might benefit from the routine deployment of aspherical atom models in macromolecular crystallography.
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