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            Abstract
Although membrane proteins often rely on ionizable residues for structure and function, their ionization states under physiological conditions largely elude experimental estimation. To gain insight into the effect of the local microenvironment on the proton affinity of ionizable residues, we have engineered individual lysines, histidines and arginines along the Î±-helical lining of the transmembrane pore of the nicotinic acetylcholine receptor. We can detect individual proton bindingâ€“unbinding reactions electrophysiologically at the level of a single proton on a single side chain as brief blockingâ€“unblocking events of the passing cation current. Kinetic analysis of these fluctuations yields the position-dependent rates of proton transfer, from which the corresponding pKa values and shifts in pKa can be calculated. Here we present a self-consistent, residue-by-residue description of the microenvironment around the pore-lining transmembrane Î±-helices (M2) in the open-channel conformation, in terms of the excess free energy that is required to keep the engineered basic side chains protonated relative to bulk water. A comparison with closed-channel data leads us to propose that the rotation of M2, which is frequently invoked as a hallmark of the gating mechanism of Cys-loop receptors, is minimal, if any.
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                        Protonation of lysines causes partial channel block.
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Figure 2: 
                        Experimental estimates of p
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Figure 3: 
                        pH dependence of proton-transfer reactions.
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