Peering into binding sites of membrane drug targets
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       It is now possible to resolve local dynamics within a membrane bound protein at near physiological conditions in natural membrane fragments or in reconstituted complexes, using solid state NMR approaches [1, 2]. This information is obtained by isotopically (2H, 13C, 19F, 15N, 17O) labeling selective parts of either a ligand or the protein understudy, and observing the nucleus in non-crystalline, macromolecular complexes [3,4].

[image: image1.png]


       Ligands with complex structure have differential mobility at their binding sites. Substituted imidazole pyridines, for example, which inhibit the H+/K+-ATPase and have therapeutic use, are constrained in the imidazole moiety, but shows significant flexibility at the pyridine group [5] (see figure). It is this group which has a direct interaction with an aromatic (phe198) residue, with the potential for -electron sharing [6]. Similarly, the steroid moiety of ouabain undergoes motions which are similar to those of the protein, but the rhamnose undergoes a high degree of flexibility at fast rates of motions whilst interacting with Tyr198 [7]. The quaternary ammonium group of acetyl choline, undergoes both kinds of interaction which are driven by thermal fluctuations and may be functionally significant [8]. 

       Membrane protein 2°-structural elements are often considered as relatively well defined, with connections of (relatively unstructured or mobile) loops, which are not necessarily easily defined structurally. However, these loops may be the most important domains for ligand binding, leading to subsequent activation. In addition, these loops are the regions where protein-protein interactions occur, thereby transferring a signal between an activated receptor and protein transduction in the signal cascade. It has been possible to show that solid state NMR detection (from the 15N spectral anisotropy of selectively labeled peptides) of loop regions of a receptor embedded in its natural membrane, permits the identification of the available crystal structure which is closest to the structure for the membrane-embedded, physiologically relevant structure [9]. 
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