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            Abstract
The hydrosulphide ion (HSâˆ’) and its undissociated form, hydrogen sulphide (H2S), which are believed to have been critical to the origin of life on Earth1, remain important in physiology and cellular signalling2. As a major metabolite in anaerobic bacterial growth, hydrogen sulphide is a product of both assimilatory and dissimilatory sulphate reduction2,3,4. These pathways can reduce various oxidized sulphur compounds including sulphate, sulphite and thiosulphate. The dissimilatory sulphate reduction pathway uses this molecule as the terminal electron acceptor for anaerobic respiration, in which process it produces excess amounts of H2S (ref. 4). The reduction of sulphite is a key intermediate step in all sulphate reduction pathways. In Clostridium and Salmonella, an inducible sulphite reductase is directly linked to the regeneration of NAD+, which has been suggested to have a role in energy production and growth, as well as in the detoxification of sulphite3. Above a certain concentration threshold, both H2S and HSâˆ’ inhibit cell growth by binding the metal centres of enzymes and cytochrome oxidase5, necessitating a release mechanism for the export of this toxic metabolite from the cell5,6,7,8,9. Here we report the identification of a hydrosulphide ion channel in the pathogen Clostridium difficile through a combination of genetic, biochemical and functional approaches. The HSâˆ’ channel is a member of the formate/nitrite transport family, in which about 50 hydrosulphide ion channels form a third subfamily alongside those for formate10,11 (FocA) and for nitrite12 (NirC). The hydrosulphide ion channel is permeable to formate and nitrite as well as to HSâˆ’ ions. Such polyspecificity can be explained by the conserved ion selectivity filter observed in the channelâ€™s crystal structure. The channel has a low open probability and is tightly regulated, to avoid decoupling of the membrane proton gradient.
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                        Genetic analyses and functional characterization of 
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                         and the 
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                         operon.
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Figure 2: 
                        Binding and transport activity of HSC in reconstituted proteoliposomes.
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Figure 3: 
                        Structural and functional characterization of the ion permeation pathway.
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Figure 4: 
                        Structural and functional characterization of possible gating mechanisms.
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                Data deposits

                The atomic coordinates and structure factors of HSC for high, medium and low pH have been deposited in the Protein Data Bank under accession codes 3TDO, 3TDR and 3TDP, respectively, and those of the Lys 16 Ser, Leu 82 Val, Thr 84 Ala, Lys 148 Glu and Phe 194 Ile mutants have been deposited under the codes 3TE2, 3TDX, 3TE1, 3TE0 and 3TDS, respectively.
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Hydrogen sulphide (H2S) and the hydrosulphide ion (HSâˆ’) are metabolic products of anaerobic bacterial growth, and are thought to have had a crucial role in the emergence of life on Earth. At high concentrations, both are toxic to the cell, and therefore call for a release mechanism. For many years, such a channel has remained elusive, but now Bryan Czyzewski and Da-Neng Wang have used genetic, biochemical and structural approaches to identify and characterize a hydrosulphide ion channel in the pathogen Clostridium difficile. The channel is a member of the formate/nitrite transport family, and is polyspecific, facilitating the transport of HSâˆ’, formate and nitrite. Its low open probability is consistent with its physiological role in the cell.
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