METHANE PRODUCTION

4H2 + CO2  CH4 + 2H2O

Methane generation = unique property of methanogens


Methanogens belong to Archebacteria

Habitat must be extremely anaerobic


Oxygen must be absent


So must other electron acceptors such as nitrate


Sulfate reducing bacteria (plus sulfate) get the H2 first

Many methanogens found in the rumen of cows


make methane from H2 & CO2 released by other anaerobes 

Methane production is NOT a fermentation


no substrate level phosphorylation


ATP is generated via the PMF


no flavins or quinones


electron transport uses quite different cofactors


about 90-95% of the CO2  methane


energy used to fix rest of CO2 into cell material

In theory  G° = -31 kcal/mole

BUT - in natural habitats concentration of H2 very low


at most one micromolar


actual G = approximately -15kcal/mole


one ATP per CH4

around 50% efficient (as most cells are) 

Methane hydrates 


= ice-like minerals plus trapped gas


form at low temperatures and high pressures in deep sea


symmetrical cage of water molecules – methane inside


contain methane formed by methane bacteria


estimated to be 10,000 gigatons of carbon in methane hydrates – about twice as much as the carbon in all fossil fuels

Hydrogen Carrier F420

Hydrogenase uses H2 gas (E' = -420mV)

Reduces a unique coenzyme = F420 (E' = -380mV)


F420 fluoresces blue at 420nm


allows methanogens to be identified in fluorescence microscope


other organisms have F420 derivatives for DNA repair


only methanogens have enough F420 for cells to look blue 

Coenzyme F420 structure:
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Reduced F420 plays two roles:

a) Transfer of 2[H] to NADP and ferredoxin for biosynthesis

b) Transfer of 2[H] to the methane system
 NAD or NADP - redox potential is only -320mV, not negative enough for making methane

F420 differs from FAD in three respects:

a) No methyl groups on the benzene ring (one -OH instead)

b) N at bottom of centre ring in FAD is replaced by CH in F420

c) The R-group different
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One Carbon Carriers of the Methane Pathway

a) Methanofuran (MFR) picks up CO2 and carries it for the first reduction step which gives formyl-MFR
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b) Tetrahydromethanopterin (THMP) carries the one carbon unit during the next two reductions 
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c) One carbon unit is held by coenzyme M during its reduction to methane in final step
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d) Coenzyme B = HTP-SH (7-mercapto-heptanoyl-threonine phosphate) reacts with methyl CoM  CoM-S-S-HTP disulfide
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e) Methyl reductase step requires the cofactor F430


nickel containing tetrapyrrole


methyl group briefly carried on nickel atom


do NOT confuse with F420
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Energy Production in the Methane Pathway

Energy production occurs in two places

1. Transfer of CH3 group from THMP to CoM results in energy 



generates sodium gradient (not a proton gradient)

[Two ATP synthases in methanogens - one uses proton gradient the other uses sodium gradient]

2. Reduction of disulfide CoM-S-S-HTP



heterodisulfide reductase



generates energy as proton gradient

Electron transfer from F420 to heterodisulfide reductase involves a short electron transfer chain


methanophenazine  b-type cytochrome


2 protons expelled to form the PMF


2 electrons reduce the CoM-S-S-HTP disulfide

Methane from Other Starting Materials

Some methane bacteria can use: HCOOH, CH3OH, CH3NH2
One carbon fragment joins methane pathway at site appropriate for its oxidation level

Only last stage of methane production yields energy


So formate, methanol, etc yield as much energy as CO2
Methanosarcina and some other methanogens can use acetate: 


CH3COOH    CH4 + CO2 


They reverse part of carbon monoxide reductase pathway

In nature, ~70% of methane from acetate (rather than free CO2)

Synthesis of Cell Material

Methanogens do not possess the Calvin cycle 

Use carbon monoxide dehydrogenase (CODH)



CO plus CH3 group  CH3CO-SCoA

Coenzyme B12 needed for this


[Coenzyme B12 is not involved in methane production]

One carbon dioxide


reduced to methyl group by methane pathway


transferred to Coenzyme B12
Another carbon dioxide or carbon monoxide


coupled with the CH3 group


gives an acetyl group

Acetyl-CoA is converted to other metabolic intermediates

Reduced ferredoxin (FdH2) drives decarboxylation of pyruvate and of alpha-ketoglutarate backwards:

FdH2 + CH3CO-SCoA    CH3COCOOH + CoASH + Fd

FdH2 + Succinyl-CoA    alpha-ketoglutarate + CoASH + Fd

Interspecies Hydrogen Transfer

fermenting organism must reoxidize its H-carriers


Either: produce fermentation products 



    or molecular H2
can only make H2 gas if:


either redox potential of reaction is nearly as negative as H2 

(e.g. CO2/HCOOH and 2H+/H2 both have E' = -420mV so that formate dehydrogenase can release H2 and CO2)

or H2 is removed so pulling the reaction over

Artificial removal of H2 



- flush culture with inert gas



- or adsorb H2 onto palladium

Biological removal of H2 by methane producing bacteria

In nature, fermenting bacteria gain energy by dumping H2 onto methane bacteria


Below 1/1000 atmosphere of H2 it is energetically favorable to convert NADH to NAD plus H2

Only bacteria that couple NADH to ferredoxin can take advantage of low H2 pressure


Ferredoxins (Fd) = small iron sulfur proteins

Syntrophy - two organisms cooperate to degrade a compound that neither can use by itself

Often involves H2 production by one and consumption by other


= interspecies hydrogen transfer

Four stages of fermentation in natural habitats:

a) E. coli and most facultative anaerobes

glucose  acetate, ethanol, lactate, etc. 

plus H2 and CO2 from formate

cannot release 2[H] from NADH no Fd/H2 release system

b) Clostridium and many other obligate anaerobes

if grown alone make ethanol, lactate, etc.

if methanogens are present


2[H] from NADH  ferredoxin  H2 gas


no longer make ethanol and lactate


excrete acetate so gaining extra energy


c) Syntrophic anaerobic bacteria
 (e.g. Syntrophomonas or Desulfovibrio in absence of sulfate)

take up and use ethanol anaerobically 

fermentation of ethanol  acetate + hydrogen

only if methanogens remove the hydrogen

other anaerobes: propionate or butyrate  acetate + H2 gas

Note: bacteria cannot live alone by H2 releasing schemes


only operate when methanogens remove hydrogen 

d) Methanogens consume the H2 and the CO2
Most fermenting bacteria make lots of acetate which can be oxidized in air but accumulates in large amounts anaerobically 


Anaerobic breakdown of acetate by three known routes:

1) acetate  CH4 + CO2


by some methanogens 

2) acetate  2CO2  


by Desulfuromonas with sulfur as electron acceptor

3) acetate  2CO2  


by Desulfovibrio with sulfate as electron acceptor
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