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X-ray scattering methods for accurate analyses of flexible complexes
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A grand challenge for structural biology is to efficiently inform macromolecular functions that involve flexible or unstructured regions
and require multiple conformational states including membrane proteins and protein-nucleic acid complexes. Small angle X-ray
scattering (SAXS) can probe at resolutions sufficient to distinguish conformational states, characterize flexible macromolecules, and
screen in high-throughput under most solution conditions. However, methods for analyzing SAXS data and models have restricted
progress. We are therefore developing SAXS methods that provide high-throughput, quantitative and superposition-independent
evaluation of solution-state conformations and quantitatively define flexibility and disorder. The SIBYLS beamline provides hardware
and software to integrate SAXS and crystal structure results. Our SAXS methods aim to improve crystallization and interpretation of
crystal structures and NMR structure quality. We have invented a statistically robust method for assessing model-data agreements
(chi-square free) akin to cross-validation. We also developed a metric and method for rapid quantitative and comprehensive
assessment of molecular similarity suitable to examine functionally important conformational changes. To extend SAXS analysis to low
concentrations and complex mixtures, we are developing SAXS with gold nano-crystal labels to enable examination of protein-induced
DNA distortions along pathways key to the DNA repair, replication, transcription, and packaging. Collective results suggest SAXS can
provide accurate shapes, assembly states, and comprehensive conformations of flexible complexes in solution that inform biology in
fundamental ways.
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