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For decades, X-ray crystallography has been an indispensable tool for the elucidation of atomic-detail
small-molecule and protein structure. In addition to the information contained in the sharp,
high-intensity Bragg Peaks, X-ray diffraction patterns also contain weaker, more dispersed areas of
intensity around and away from the Bragg Peaks known as “diffuse scattering.” While the Bragg Peaks
can be processed to reproduce the average electron density in the unit cell (a static picture), the diffuse
intensity contains information about the motions of the proteins or small molecules in the crystal, and
correlations in those motions. However, methods for processing or interpreting the diffuse intensity are
less well developed.

Many models have been proposed to characterize and interpret the information contained in the
protein X-ray crystallographic diffuse scattering. Examples include liquid-like lotions (LLM) models1,
rigid-body motion models (TLS2, rigid-body rotation and translation models3), elastic
network/normal-modes models4, and conformational ensemble models5. While many of these models
are reasonably successful at reproducing anisotropic features of the diffuse intensity, they fail to
accurately reproduce the isotropic profile of the diffuse intensity.

Molecular dynamics models simulate protein crystals and the surrounding solvent environment using
all-atom structures and force-fields which determine their dynamics. These models have shown
promise6 in reproducing both the isotropic and anisotropic profiles of the diffuse intensity; however,
the accuracy is still limited compared to what is needed to validate detailed models of molecular
motions.

The aim of our work is to investigate the degrees of freedom that are most important in determining the
accuracy of molecular dynamics models of protein crystallographic diffuse scattering, and to gain
insights into how to improve model accuracy. So far, we have investigated various choices with respect
to the forcefield (AMBER 14SB and CHARMM 27), crystal solvation procedure, solvent/mother liquor
reproductions, and protein termini models. The consequences of these choices on the accuracy of the
resulting diffuse scattering intensity predictions will be discussed.
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