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            Abstract
Aerobic methanotrophic bacteria consume methane as it diffuses away from methanogenic zones of soil and sediment1. They act as a biofilter to reduce methane emissions to the atmosphere, and they are therefore targets in strategies to combat global climate change. No cultured methanotroph grows optimally below pHâ€‰5, but some environments with active methane cycles are very acidic2,3. Here we describe an extremely acidophilic methanotroph that grows optimally at pHâ€‰2.0â€“2.5. Unlike the known methanotrophs, it does not belong to the phylum Proteobacteria but rather to the Verrucomicrobia, a widespread and diverse bacterial phylum that primarily comprises uncultivated species with unknown genotypes. Analysis of its draft genome detected genes encoding particulate methane monooxygenase that were homologous to genes found in methanotrophic proteobacteria. However, known genetic modules for methanol and formaldehyde oxidation were incomplete or missing, suggesting that the bacterium uses some novel methylotrophic pathways. Phylogenetic analysis of its three pmoA genes (encoding a subunit of particulate methane monooxygenase) placed them into a distinct cluster from proteobacterial homologues. This indicates an ancient divergence of Verrucomicrobia and Proteobacteria methanotrophs rather than a recent horizontal gene transfer of methanotrophic ability. The findings show that methanotrophy in the Bacteria is more taxonomically, ecologically and genetically diverse than previously thought, and that previous studies have failed to assess the full diversity of methanotrophs in acidic environments.
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                        Vertical profiles of methane partial pressures (open circles), O
                        
                        2
                         partial pressures (open triangles) and temperature (filled diamonds) in a geothermal soil.
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Figure 2: 
                        D
                        
                        600
                         (open diamonds), methane consumption (open circles), and O
                        
                        2
                         consumption (open triangles) of isolate V4 growing in liquid medium at pHâ€‰1.5 and 50â€‰Â°C.
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Figure 3: 
                        Growth rate constant based on 
                        D
                        
                        600
                         (open circles) and average methane consumption rates (filled circles) of isolate V4 at a range of pHâ€‰values.
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Figure 4: 
                        Transmission electron micrographs of internal membrane structures observed in some cells of Verrucomicrobia isolate V4.
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Figure 5: 
                        Phylogenetic tree constructed from derived PmoA and AmoA sequences (subunits of particulate methane monooxygenase or ammonia monooxygenase), showing the relative positions of the three sequences from Verrucomicrobia isolate V4.
                      [image: ]
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