Radiation Damage In Macromolecular Crystallography: What Is It And Why Do We Care?
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ABSTRACT 
Structural biology relies on X-ray crystallography to provide much of the three-dimensional information on proteins and other macromolecules that informs biological function [1], but radiation damage (RD) to the samples remains one of the major bottlenecks to accurate structure determined. The RD can manifest as `global’ changes resulting in the fading of the diffraction pattern with increasing dose, or as `specific’ structural and chemical changes in the protein structures obtained.  It occurs during both room temperature (RT) and cryo-cooled (100 K) X-ray crystallographic diffraction experiments, and is a main-stream concern [2,3]. Our understanding of its characteristics and its effects have significantly increased over the last 60 years since the first study of the phenomenon at RT in 1962 [4]. It has become clear that it is vital for crystallographers to be aware of the artefacts that can result from overexposing crystals, and also important that they have some knowledge of how to minimise/avoid the deleterious effects of the unavoidable absorption of the incident X-rays by the sample.
The fundamental metric against which indicators of radiation damage are plotted is dose, the energy absorbed per unit mass of the sample (J/kg=Gy, gray). The dose can be estimated from knowledge of the beam characteristics (energy, flux, size, intensity profile) and the atomic contents of the sample (protein and solvent composition or small molecule constituents), which allows the amount of X-ray absorption to be calculated. The program RADDOSE-3D [5] permits the dose to be estimated, by full dose modelling of the macromolecular crystallography diffraction experiment. Over the last 10 years RADDOSE-3D [4] has been extended for use in a wide variety of diffraction and scattering experiments (MX, SMX, XFEL, SAXS, XPS, PXRD) and most recently, electron diffraction, RADDOSE-ED [6]. In addition, we have now released a new RADDOSE-3D GUI [6,7] which allows the estimation of dose for any of these modalities.
This contribution will present examples of the main symptoms of RD in MX and give pointers on how to monitor potential RD pathologies. By attention to the particular beam conditions and also inspection of the output from both the diffraction analysis software [8] and the modelling/refinement [9] stages of the experiment, the most deleterious effects of RD progression can be minimised. 
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