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The anaerobic oxidation of methane
The sulfur cycle


In common with the C and N cycles, S is found in multiple oxidation states spanning 8 electrons. 
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Organic sulfur is in the most reduced form (-2), similar to organic C and N.  The most important of the organic S compounds are the amino acids cysteine and methionine.  Degredation of organic S yields HS-, which can be oxidized by O2 chemically or biologically (NO3-, Fe3+, Mn4+ can also oxidize HS-)

The end product is sulfate (and intermediates), but sulfate is most important because of its great abundance in the oceans and it importance in anoxic respiration of organic C, yielding HS- and CO2.  The anoxic oxidation of CH4 has been linked to sulfate reduction.  Sulfate is the second most common anion in seawater with a concentration of 28 mM.
Microbial Populations

The typical cast of microbial characters includes sulfide oxidizers and sulfate reducers:

1. sulfide oxidizers (aka colorless sulfur bacteria) constitute an important group of the Eubacteria and some species of thermophillic archaebacteria).

In these groups the complete oxidation of sulfide proceeds according to:

HS- + 2O2 → SO42- + H+
In addition So and S2O32- occur as intermediate oxidation products and can be used as substrates by some species of these bacterial groups.  

Bacteria performing anoxygenic photosynthesis split H2S rather than H2O for the necessary electrons (and create a PMF by causing protons to accumulate on one side of the membrane) according to:

2H+ + 2HS- + CO2 → CH2O + 2So + H2O

and

5H2O + 2So + 3CO2 → 3CH2O + 2SO42- + 4H+
2. sulfate reducers

Bacterial sulfate reduction (BSR) is an important process in marine sediments and contributes significantly to anaerobic metabolism in freshwater sediments.  These use a modest (yet growing) range of substrates, the most important of which are low molecular weight fatty acids (acetate and lactate), alcohols, and H2 according to:

2 H+ + CH3COO- + SO42-    2CO2 + 2H2O + HS-
or

C106H263O110N16P + 53SO4-2 ( 39CO2 + 67HCO3- + 16NH4+ + HPO4-2 + 53HS- + 39H2O

Fermentative bacteria in which sulfate reducers form a consortium typically supply the organic substrates.  The sulfate reducers include groups of proteobacteria, gram positive eubacteria, and thermophyllic archaebacteria.

Anaerobic methane oxidation is possible (but note that sulfate reducers that can do this have not been cultured, nor have any sulfate reducers been shown to consume methane directly).  Methane oxidation has been documented to be restricted to the sulfate-methane transition zone in sediments.  This transition zone has low sulfate concentrations that still allow sulfate reduction, but also methane levels high enough to support oxidation.  Methane oxidation is an insignificant metabolism in anoxic water columns due to competition for key substrates with sulfate reducers.  Currently the microorganisms responsible for anaerobic methane oxidation are unknown, and it is believed that anaerobic methane oxidation involves a syntrophic association of two or more microorganisms that exchange one or more metabolic intermediates.

Sulfate reducers are typically obligate anaerobes, but some microaerophillic forms appear to occur in cyanobacterial mats.

The Methane Story

Recent models of the early atmosphere predict higher CH4 and H2 concentrations than today.

Archean ~ 1600 ppm

Modern ~ 1.6 ppm

Clearly methane is an important greenhouse gas, so we must consider modulations in CH4 and CO2 as they affect continental weathering.

Methanogenesis (thought to have been a form of fermentation)

1. acetoclastic methanogens

CH3COOH = CO2 + CH4
Go’ = -8.6 kcal/mol

13C ~ -50 to -100‰

2. H2/CO2 methanogens (respiratitive autotrophs)

4H2 + CO2 = CH4 + 2H2O

Go’ = -28 kcal/mol

3. Methanotrophs

These organisms eat “C1” compounds to fix methane and produce 13C-depleted biomass.  Is there evidence in the temporal record for this type of events?
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FiGURE7 O13C values for organic and carbonate carbon, Swaziland Supergroup, South Africa, and
Pilbara Supergroup, Western Australia (Strauss & Moore 1992; shaded areas indicate ranges of all
measurements of Archean and Proterozoic sediments reported in that study).




Very low values of 13C are likely the result in the oxidation of methane by chemolithoautotrophs using molecular oxygen rather than sulfate (organisms living at an oxic/anoxic interface) = methylotrophy

There is some evidence that suggests anaerobic methane oxidation is caused by sulfate reduction, but it has not been possible to isolate SRB that can survive on methane alone (but see article by House on the close association of these microorganisms).
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A consortium of microorganisms is suggested.

1) methanogenic archaebacteria

CH4 + 2H2O = CO2 + 4H2
2) SRB scavenge the H2 from rxn above

SO42- + 4H2 = HS- + 4H2O
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