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I will present our advancements in next-generation magnetic resonance techniques for atomic-level analysis of large biological complexes and proteins in their natural settings. I will illustrate how we integrate magic angle spinning (MAS) NMR with medium-resolution cryo-EM and data-driven molecular dynamics simulations to enhance our understanding of the structure and dynamics of HIV-1 protein assemblies and their functions. I will also present the use of 19F dynamic nuclear polarization (DNP)-enhanced MAS NMR in studying protein assemblies and proteins within mammalian cells. Achieving over 35-fold signal enhancements, we can capture high signal-to-noise ratio MAS NMR spectra from nanomole amounts of proteins in mere minutes, producing two-dimensional dipolar correlation spectra with exceptional resolution. This research opens avenues for utilizing 19F DNP-enhanced MAS NMR in cellular contexts to investigate protein structure, dynamics, and ligand interactions. I will address the challenges and opportunities presented by magnetic resonance in integrative structural biology.
