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Solid-State NMR Studies of the Effect of Hydrophobic Mismatch on the Structure of Polytopic Membrane Proteins
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Introduction
In the past decade, solid-state NMR (SSNMR) has emerged as a powerful structure determination method which allows studying membrane proteins in a lipid milieu that closely mimics native cell membranes. We are interested in understanding the effects of environment on membrane protein structure. In particular, variation in the bilayer hydrophobic thickness may affect the coupling between the protein hydrophobic domain and the bilayer hydrophobic core may cause conformational changes in the protein, and/or result in the rearrangement of annular lipids, and affect protein structure. With the availability of spectroscopic assignments for several membrane proteins, these effects can now be investigated site-specifically. Here, we investigate the effect of bilayer thickness on the structure of a 7TM alpha-helical protein, proteorhodopsin (PR).
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Experimental 

We have previously obtained extensive backbone and side chain assignments of PR in DMPC lipids [1]. We now prepare three samples of PR which are reconstituted in different lipids which vary only in the length of their acyl chains, DMoPC (14:1), DOPC (18:1) and DEPC (22:1). In order to provide more native conditions and increase the isolation of PR monomers, PR was reconstituted at a low protein:lipid ratio (~1:80 molar ratio), leading to a decrease in the overall amount of protein in the sample. The 900 MHz solid-state NMR spectrometer equipped with a low-E 1H/13C/15N MAS probe at the NHMFL has been used to perform 3D CANCO and NCACX experiments on these samples in order to obtain site-specific structural information on PR in the three different lipid environments.   

Results and Discussion

Three-dimensional data collection and analysis is currently underway. Analysis of two-dimensional 13C-13C experiments reveals spectra with similar intensity and resolution. Site-specific analysis of chemical shift and signal intensity differences between the three samples will be performed, and from this information we predict that we will be able to observe perturbations to the protein structure which are caused by the bilayer thickness. 
Conclusions

SSNMR will be used to detect small, site-specific perturbations in a large 7TM protein which occur as a result of changes in the membrane environment, and will provide information on the effects of hydrophobic mismatch in a large alpha-helical bundle. 
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Fig 1. Structural models of the lipids used in this study and a 3D model of PR based on homology modeling using the 3D-JIGSAW [2] program and the BR structure (PDB ID: 1C3W) as a template.











