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Synchrotron small-angle scattering in biological macromolecules:

application and prospective
LI Na*, LIU Guang-Feng, LI Yi-Wen, SONG Pan-Qi, ZHANG Jian-Qiao

(National Facility for Protein Science in Shanghai, Shanghai Advanced Research Institute,
Chinese Academy of Sciences, Shanghai 201210, China)

Abstract: Synchrotron small-angle X-ray scattering is a powerful technique for high-throughput, rapid structural
characterization of macromolecules in solution, which has become widely applied in structural characterization of
biological macromolecules in solution. The BL19U2 biological small-angle X-ray scattering (BioSAXS) beamline
at Shanghai Synchrotron Radiation Facility (SSRF) enables the structural characterization of biomolecules within
wide spatial scales of 1-100 nanometers and temporal resolutions down to milliseconds. Since the year of 2015,
BL19U2 has been integrated into the development of National Facility for Protein Science Shanghai (NFPS),
providing integrative tools for elucidating the structures and dynamics of biomolecules. Over the past decade,
BL19U2 has devoted to improve the performance of BioSAXS beamline, including the integration of automated
sample changers, inline purification SEC-SAXS system, stop-flow/microfluidic devices for time-resolved
measurements, and enrich sample environmental changer (eg. temperature, X-ray footprinting and pressure). These
developments have substantially enhanced scattering data acquisition efficiency and data analysis precision,
facilitating in situ investigations of protein conformational changes, protein/nucleic acid complex assembly
processes, and evaluating structural stability under various conditions. In summary, this article reviews the global
state and technique developments of BioSAXS, highlighting representative applications in the field of protein
science. It also discusses the prospects of combining BioSAXS with artificiel intelligence (Al) to promote the
scattering data processing and interpretation, enabling more understanding of structure-function relationships of
biomolecules.
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