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Enveloped viruses and bacteria encode membrane-bound ion channels and transporters that 

are important for the survival of these pathogens. Elucidating the structure, dynamics and mechanism 
of action of these membrane proteins is crucial for advancing our fundamental knowledge of channels 
and transporters in general and for designing antiviral and antibiotic drugs. In this seminar I will 
present my laboratory’s recent studies of the structures and dynamics of the influenza B M2 proton 
channel [1], the SARS-CoV-2 E cation channel [2], and the bacterial transporter EmrE [3]. Using 
multidimensional correlation 13C and 15N NMR and 19F NMR for long-range distance measurements, 
we have determined the atomic structures of these three membrane proteins in lipid bilayers. For 
BM2, our data revealed conformational changes between the closed and open states that explain the 
proton conduction direction of BM2. 13C-detected water proton relaxation data and recoupled 
chemical shift anisotropies revealed that water in the closed and open BM2 channels have distinct 
dynamics and orientations [4]. These results give insights into how water mediates proton hopping 
to the proton-selective histidine of the protein. The structure of the SARS-CoV-2 E protein indicates 
a tight hydrophobic channel stabilized by an aromatic gate. Chemical shift perturbations indicate that 
the N-terminus of the channel is the binding site for two inhibitors, hexamethylene amiloride and 
amantadine. We determined the structure of EmrE bound to a substrate, tetraphenylphosphonium, 
using 1H-detected 3D NMR experiments and 1H-19F distance measurements between the protein 
amide protons and the fluorinated substrate. By changing the pH and hence the protonation state of 
the protein, we found that the substrate-binding structure changes significantly. These results give 
unprecedented insights into the alternating-access mechanism and the proton dependence of 
membrane transport by EmrE.  
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