Topological accessibilities of the voltage-gated proton channel, VSOP
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VSOP/Hv1 is a protein that contains the voltage sensor domain and lacks the pore domain [1, 2]. It is expressed in phagocytes and microglia, and facilitates production of reactive oxygen species by operating as the voltage-gated proton channel [3]. The putative fourth transmembrane segment (S4) of mouse VSOP (mVSOP) has three positively charged residues in a pattern similar to those conserved in other voltage-gated channels. We have previously shown that the protein truncated at A206 (thus lacking most of their C-terminal region of S4) continues to function as a proton channel, suggesting that the region downstream of the second arginine in S4 is not required for determining proton selectivity [4]. This motivated us to study which region of S4 segment faces the aqueous environment. To address this, we performed site-directed cysteine-scanning of mVSOP proteins heterologously expressed in HEK293 cells in which the accessibility of cysteines to 4-acetamido-4’-maleimidylstilbene-2,2’-disulfonic acid (AMS) or N-ethylmaleimide (NEM) was determined by Western blotting (PEGylation-protection assay) . The data showed a stretch of 17-22 consecutive AMS-inaccessible residues in S1, S2 and S3, long enough to cross the plasma membrane. In S4 segment, E192 to V205 were inaccessible to AMS, while between A206 and I212 were AMS-accessible, indicating that the C-terminal half of S4 (the region downstream of A206) is water-accessible. When we examined the accessibility of the S4 by using NEM, we found only 6 inaccessible residues. These results suggest that the S4 segment is lined by water-accessible crevices interrupted by a small hydrophobic region. To gain more insights, we are currently trying to investigate the topological accessibilities with depolarized membrane voltage. 
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