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            Abstract
The ion selectivity of pumps and channels is central to their ability to perform a multitude of functions. Here we investigate the mechanism of the extraordinary selectivity of the human voltage-gated proton channel1, HV1 (also known as HVCN1). This selectivity is essential to its ability to regulate reactive oxygen species production by leukocytes2,3,4, histamine secretion by basophils5, sperm capacitation6, and airway pH7. The most selective ion channel known, HV1 shows no detectable permeability to other ions1. Opposing classes of selectivity mechanisms postulate that (1) a titratable amino acid residue in the permeation pathway imparts proton selectivity1,8,9,10,11, or (2) water molecules ‘frozen’ in a narrow pore conduct protons while excluding other ions12. Here we identify aspartate 112 as a crucial component of the selectivity filter of HV1. When a neutral amino acid replaced Asp 112, the mutant channel lost proton specificity and became anion-selective or did not conduct. Only the glutamate mutant remained proton-specific. Mutation of the nearby Asp 185 did not impair proton selectivity, indicating that Asp 112 has a unique role. Although histidine shuttles protons in other proteins, when histidine or lysine replaced Asp 112, the mutant channel was still anion-permeable. Evidently, the proton specificity of HV1 requires an acidic group at the selectivity filter.
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                    Figure 1: 
                        Identification of five key amino acids that differ in H
                        
                        V
                        1 and C15orf27, and the currents generated in a heterologous expression system by H
                        
                        V
                        1 mutants in which H
                        
                        V
                        1 residues were replaced by the corresponding amino acid in the non-conducting C15orf27.
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Figure 2: 
                        Currents in Asp 112 mutants resemble proton currents, but are not.
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Figure 3: 
                        Dilution of ionic strength by 90% with isotonic sucrose shifted 
                        V
                        
                        rev
                         positively, indicating that most Asp 112 mutants are anion-selective.
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        Editorial Summary
Aspartate key to proton selectivity
Voltage-gated proton channels are considered completely selective for protons — no evidence exists for the permeation of ions other than H+. A study of the underlying mechanism of the high selectivity of the human voltage-gated proton channel reveals an Asp112 residue as the selectivity filter. When this residue was changed to a neutral amino acid, the mutant channel lost proton selectivity and either became anion-selective or did not conduct any ions.
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