Membrane lipid coupling GPCRs
As other transmembrane proteins, G protein-coupled receptors (GPCRs) live permanently surrounded by membrane lipids. Nowadays, it is widely accepted that GPCRs are delicately sensitive to the hosting lipid environment comprising ligand binding affinity, receptor activation and receptor oligomerization. In particular, length, saturation degree and polar head groups of phospholipids as well as the content of cholesterol have been reported to modulate GPCR functionality (reviewed in reference1,2). The underlying molecular fundaments of lipid-induced GPCR modulation remain still elusive but are apparently a combination of direct lipid-GPCR interactions and unspecific effects. The latter is mainly mediated via bulk properties of the membrane comprising membrane thickness, fluidity and others. 
The knowledge about the importance of membrane composition stresses the need of adequate representation of membrane complexity in molecular dynamics simulation of GPCRs. Thanks to the improvement of force field parameters,3 we are able to simulate and reproduce important biophysical properties of membranes (surface area per lipid, lipid order, hydration level of lipids, etc.) in a tensionless ensemble (NPT). This is an inevitable condition for simulating realistic effects of membrane lipids on transmembrane proteins. Yet, it has to be noted that certain calculated membrane properties or their effect on transmembrane proteins are approximations of reality as simulations of particularly complex membrane systems tend to converge slowly. Nevertheless, current computational attempts demonstrate that specific lipid-GPCR interaction sites are observable and correlate well with published X-ray structures.4  In addition, also indirect membrane lipid effects have been captured to a certain extend in all-atom simulations. For instance, cholesterol condensation effects and thus increased membrane thickness have been related to distinct conformational GPCR states.5 
Noteworthy, to analyze described membrane properties and their effect on GPCRs, one can apply the user-friendly MEMPLUGIN,6 a plugin that is available for the Visual Molecular Dynamics (VMD) package (freely available at http://sourceforge.net/projects/membplugin/). The MEMPLUGIN provides algorithms to measure several essential biophysical properties of simulated membrane systems (e.g. order parameters, membrane thickness, lipid interdigitation, area per lipid and tilt angle). In addition, in a system consisting of a protein embedded in a membrane, the plugin can be also used to monitor structural perturbations (e.g. lipid order, condensation) that occur upon lipid coupling to the protein. Such structural perturbations are an important consequence of the complex interplay between lipids and transmembrane proteins. Finally, a great benefit of the MEMPLUGIN is the fact that the analysis can be carried out independently of system size and the type of input files (e.g. CHARMM, AMBER, GROMACS).
All in all, continuous advances in computer technology, force field parameters and analysis tools make room for more complex and accurate studies of transmembrane proteins under native-like conditions at an all-atom level. Ultimately, this will bring us a step closer to understand better human biology.
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