Insights into structure and function of an ion channel by ultrafast magic angle spinning NMR
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A milestone towards understanding of transmembrane channel functionality is the site specific characterization of minimal
changes in structure and dynamics due to the presence (or absence) of metal ions. NMR spectroscopy of proteins in
solution provides the resolution and sensitivity to observe these effects but is inherently limited by the protein size. This
size limitation is in principle absent for solid-state NMR under magic-angle spinning (MAS), for which new state-of-the-art
equipment and new concepts allow nowadays the rapid acquisition of well-resolved, atomic-level fingerprint spectra of
membrane proteins in lipid bilayers (1).
We challenge the capacity of this technique at high magnetic fields and ultrafast (> 100 kHz) MAS on the bacterial
divalent cation channel CorA (2), a pentamer of 5 x 42 kDa, comprised of two transmembrane helices and a large
2+
2+
cytoplasmic domain, hosting various metal binding sites (usually for Mg or Co ). We present strategies to obtain
sequence specific chemical shift information (3), which gives insight into the secondary structure, as well as experiments
that report on motions of different time scales (4). We finally discuss how this unique residue-specific information can be
used to describe the transport of ions through the CorA channel. The data presented is complementary to already
available crystal and cryo-EM structures, and represents a powerful example of integrated structural biology.
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Figure 1. (A) 2D H, N dipolar correlation spectrum of Mg -bound N, C-CorA in DMPC bilayers, obtained on a 1 GHz
15
spectrometer at 110 kHz MAS. (B) The sample in a 0.7 mm Bruker rotor. (C) Representative N R1rho relaxation decays
for two Gly residues in the transmembrane and in the cytoplasmic domains of the channel. (D) Ribbon diagram of the
CorA cryo-EM structure.
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