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To counteract the hurdles of low energy yields, these microorganisms establish

, which are mostly located close to each other to further reduce the

way for transport and/or diffusion. Hence, spatially higher concentrations of intermediates

might be reached, which on the other hand might lead to thermodynamic feasible reactions

(Tab. 2) (Jackson & McInerney, 2002; Schink & Stams, 2006). An example for such an

interaction is the syntrophic degradation of propionate, which releases 3 mole H 2 per mole

propionate. If propionate-oxidizing (and thus H 2-producing) bacteria are associated with H 2¬

consumers, both partners take a profit out of it. Firstly, the H 2 partial pressure will be reduced,

thus counteracting an end product inhibition of the propionate degradation, and secondly the

syntrophic partner might use H 2 either to reduce CO 2 to CH 4 (hydrogenotrophic

methanogenesis) (Fig. 5, reaction 3 combined with reaction 4), or to reduce sulfate- and

sulfur-compounds to H 2S (sulfate- or sulfur-reducing microorganisms) to gain energy

(Scherer, 2001; Schink & Stams, 2006).

‘Thermodynamic window’ representing the change of the Gibbs free energy of H 2-producing

reactions (Reaction 1-3) and the H 2-consuming reaction of hydrogenotrophic methanogenesis

(Reaction 4) in dependence on the H 2 partial pressure (PH 2) at standard conditions (modified after

Scherer (2001)).
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Two reactions give the limits for a so¬ called ‘thermodynamic window’ (Fig. 5, grey triangle)

wherein exergonic conditions are prevailing as it is the case for syntrophic degradation

pathways. This means that within the specific range of the H 2 partial pressure both reactions

are feasible at the same time.

In Fig. 6 the available energy through methanogenesis from acetic acid is shown for different

conditions (A, B and C). Additionally, the effects of different pH values are added. The

courses indicate that, although significantly different concentrations of CH 4 , CO 2 and acetic

acid are simulated, the energy available does not change dramatically. However, as

mentioned above, due to the proximate life near the thermodynamic threshold and limits,

several kilojoules difference might determine if a complete degradation cascade is feasible or

not.
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Available energy for acetoclastic methanogenesis (Tab. 2, reaction 4) under different

conditions (concentration of CH 4 and CO 2 , and pH values) for different acetic acid concentrations at

52 °C. Calculations were done according to Lins & Illmer, 2009.
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